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A B S T R A C T   

Introduction: In the early phase after severe brain injury, patients are often bedridden in an attempt to control 
intracranial homeostasis; however, prolonged immobilisation may trigger complications. There is limited 
knowledge about the physiological effects of mobilisation in this early phase. 
Objective: To investigate changes in brain tissue oxygen tension when patients are mobilised using a Sara 
Combilizer® in the early phase after severe brain injury, in a randomised cross-over design. 
Methods: Patients with traumatic brain injury, subarachnoid haemorrhage or intracranial haematoma, will be 
randomised to early mobilisation or rest (no mobilisation = control) on the first day that the patient is deemed to 
be fit for mobilisation, and the opposite on the next day. On both days, patients will undergo continuous 
multimodal monitoring measuring brain tissue oxygen tension (primary outcome), invasive blood pressure, heart 
rate, middle cerebral artery blood flow velocity by transcranial Doppler ultrasound, intracranial pressure, and 
microdialysis markers of cerebral oxidative metabolism. 
Discussion: Intensive care unit patients with acute brain injury are frequently immobilised in the early phase after 
the ictus. The optimal timing and intensity of mobilisation is unknown. The present study attempts to establish if 
early mobilisation is safe with respect to intracranial homeostasis. 
Protocol version 1.1. 
Date: 19.02.2022. 
Ethical registration: H-21002728; approved on August 11, 2021. 
GDPR registration: P-2021 − 105; approved on February 10, 2021. 
ClinicalTrials.govidentifier:NCT05038930; approved on September 8, 2021. 
Electronic case report file: REDCap-database; created on August 13, 2021.   

1. Introduction 

Patients with severe brain injury are often sedated for an extended 
period in an attempt to control intracranial homeostasis and avoid 
secondary brain injury [1,2]. However, immobilisation increases the 
risk of extracerebral complications, such as pulmonary infections, 

contractures, and general deconditioning including skeletal muscle 
wasting [3–5]. 

We have recently reported that mobilisation in the early phase of 
severe traumatic brain injury (TBI) using a tilt-table is feasible in the 
neuro-intensive care unit (neuro-ICU) [6]. Also, in a randomised pilot 
trial Frazzitta et al. found a tendency towards beneficial effects on 

Abbreviations: CPP, cerebral perfusion pressure; GCS, Glasgow Coma Scale; ICP, intracranial pressure; MAP, mean arterial pressure; MCAv, middle cerebral artery 
flow velocity; PaCO2, arterial carbon dioxide tension; PbtO2, brain tissue oxygen tension; RASS, Richmond agitation and sedation scale. 
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functional outcome and arousal from the same intervention in a broad 
population of patients with acquired brain injury [7]. However, none of 
these trials [6,7] were able to draw any definite conclusions on the ef-
fects of this intervention due to their small sample sizes. A recent sys-
tematic review including both of these studies concluded that there is 
insufficient power to conclude that there are beneficial or harmful ef-
fects from early mobilisation in patients with TBI and other types of 
acquired brain injury [8]. 

Early mobilisation may prevent embolism, delirium, and orthostatic 
reactions to mobilisation later in the rehabilitation phase [9–11]. 
Furthermore, some studies have found positive effects on the severity of 
contractures [12]. 

In intensive care patients without brain injury, early mobilisation 
after >72 h of mechanical ventilation in the intensive care unit was 
associated with earlier discharge to home [13]. Accordingly, current 
clinical practice advocates mobilisation of such patients to a chair or 
sitting on the edge of the bed at some point during the patient’s recov-
ery. However, neither the timing nor the dose of the intervention is 
specified in any of the international guidelines [1,2]. 

If compensatory systemic and cerebral haemodynamic regulatory 
mechanisms are insufficient to maintain cerebral perfusion in the early 
phase after acute brain injury, mobilisation may jeopardise cerebral 
oxygen delivery, but this has not previously been investigated [14]. For 
the purpose of the study protocol presented here, we hypothesize that in 
patients in whom the intracranial pressure (ICP) has stabilised after 
severe acquired brain injury, early mobilisation to sitting or passive 
standing is associated with an unchanged brain tissue oxygen tension 
(PbtO2). 

1.1. Objectives 

The primary purpose of this study is to measure PbtO2 during 
mobilisation of patients with severe brain injury to the passive standing 
position and to compare it with PbtO2 during rest in the supine position. 

As secondary objectives, we will investigate other aspects of cerebral 
haemodynamic function through multimodal neuromonitoring, 
including invasive blood pressure, heart rate, middle cerebral artery 
blood flow velocity by transcranial Doppler ultrasound, intracranial 
pressure, microdialysis markers of cerebral oxidative metabolism, and 
the level of agitation and arousal (using the Richmond Agitation and 
Sedation Scale, RASS, and the Glasgow Coma Scale, GCS) before, during 
and after mobilisation. 

2. Methods 

This study is an open label, randomised, parallel-group, cross-over 
trial in adult patients with stable ICP in the early phase after severe 
acquired brain injury. The protocol was developed in accordance with 
the guidelines and checklists for Standard Protocol Items: Recommen-
dations for Interventional Trials (SPIRIT) (Additional file 1) [15]. Re-
sults will be reported as stated in the Consolidated Standards of 
Reporting Trials (CONSORT) statement [16]. The participants are after 
stabilisation of ICP randomly assigned to (1) an intervention protocol on 
the first day and a rest protocol on the second day, or (2) a rest protocol 
on the first day followed by an intervention protocol on the second day. 
The study is conducted at the Department of Neuroanaesthesiology, The 
Neuroscience Centre, Rigshospitalet, Copenhagen. The study has been 
registered on clinicaltrials.org (NCT05038930; August 9, 2021) and is in 
compliance with the latest version of the Helsinki Declaration [17]. 

2.1. Study population 

Adults aged at least 18 years with TBI, spontaneous subarachnoid 
haemorrhage (SAH) or intracranial haematoma (ICH) admitted to the 
neuro-ICU at Rigshospitalet in Copenhagen, Denmark, whose next of kin 
understands written and spoken Danish, and who are sedated for at least 

48 h after admission will be assessed for eligibility. Patients must be 
multimodally monitored with continuous measurement of ICP and 
PbtO2 as a minimum requirement. Informed consent from the next of kin 
and trial guardian will be obtained. ICP must be measured directly, 
either through an external ventricular drain or parenchymal electrode, 
and must be stable for 24 h, defined as pressure below 20 mmHg, before 
initiation of the protocols. Short peaks in ICP due to routine care (suc-
tion, turning the patient etc.) will be allowed, but not spontaneous ICP 
peaks. Patients with unstable spinal cord injuries and fractures of the 
lower extremities that prohibit mobilisation, and those without consent 
are excluded from the study. For a detailed flowchart on patient inclu-
sion please see (Fig. 1). 

2.2. Randomisation 

As soon as ICP has stabilised, participants are randomised to start 
with either the intervention or rest protocol, with the opposite protocol 
on the second day. A computer-generated randomisation algorithm will 
be created in REDCap (Research Electronic Data Capture), with age and 
GCS as dichotomised stratification variables. Patients will be stratified 
by age (between 18 and 60 years or over 61 years old) and the GCS at the 
time of randomisation (GCS 3–8, signifying severe brain injury, and 
9–15, indicating moderate to mild injury). REDCap is a browser-based, 
metadata-driven electronic data capture software for clinical research, 
which functions as an electronic case report form. 

2.3. Protocols 

Mobilisation is also part of the usual care in the neuro-ICU, where 
patients are intermittently mobilised to sitting on the edge of the bed or 
in a chair. The Sara Combilizer® (Arjo Huntleigh, Malmø, Sweden) is 
routinely used for mobilisation in the unit and has previously been re-
ported to be an easy and efficient tool for mobilising severely injured 
patients to the seated or standing position [18]. Briefly, the Sara Com-
bilizer is a tilt table that can transform to a chair for mobilisation to the 
seated position. The study time frame will extend over two consecutive 
days starting from the time of stable ICP. The patients will be observed 
for the following three days for registration of any adverse event. We 
aim to start the protocols before noon each day. 

2.3.1. Intervention protocol 
Phase 1. The patient will be placed in a supine position for 20 min on 

the tilt table, during which baseline measurements will be performed. If 
necessary, the head of the bed can be elevated to a maximum of 30 
degrees during the 20 min baseline measurements (Fig. 2). 

Phase 2. The patient will be placed in a seated position for 10 min 
with the trunk and head elevated to at least 70 degrees. 

Phase 3. The patient will be moved to the standing position for 20 
min with an elevation angle of between 50 and 70 degrees. As most of 
these patients are dependent on noradrenalin infusion to maintain suf-
ficient cerebral perfusion pressure, we will allow adjustment of the 
infusion in the seated and standing position. Nevertheless, if patients 
become haemodynamically unstable despite increased noradrenalin 
infusion, they are returned to the supine position and the intervention 
will be terminated. For definitions of haemodynamic instability, please 
see Table 1. The safety limits also act as indicators of orthostatic reaction 
and the reason for interrupting the intervention will be registered. If this 
phase is interrupted due to an orthostatic reaction, phase 4 will be 
extended to complete the full 70-min measurement period. 

Phase 4. The patient is returned to supine position. Measurement is 
continued for at least 20 min. 

2.3.2. Rest protocol (usual care) 
The rest protocol will follow the same four phases as the intervention 

protocol; however, the patient will remain in the supine position. During 
supine rest, the head of the bed will be elevated to the same extent as on 
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the intervention day. Ideally, no other clinical interventions (e.g. no 
change in infusion rates or mechanical ventilator settings) will occur 
during the 70-min protocol. 

All medications and interventions during the two study protocols 

will be registered. 

Fig. 1. Trial flow diagram. ICP: Intracranial pressure; PbtO2: brain tissue oxygen tension.  

Fig. 2. Measurements during the two protocols. 
RASS: Richmond Agitation and Sedation Scale; GCS: Glasgow Coma Scale; Continuous measured outcomes are shown with a full line. 
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2.4. Outcomes 

We will measure haemodynamic and cerebrovascular variables with 
patients in the supine, seated and standing position, thus acting as their 

own control. Table 2 shows the distribution of the different measures 
during inclusion in the study (SPIRIT table) and Fig. 2 shows the two 
protocols and timing of measurements. 

The primary outcome is the change in the PbtO2 from supine to 
standing position, measured using a Licox-probe (Integra LifeSciences, 
Princeton, New Jersey, USA). PbtO2 measures the oxygen tension in the 
white matter of the brain and is a function of the balance between ox-
ygen delivery, which again is a function of tissue perfusion and arterial 
oxygen content, and oxygen consumption [19]. The PbtO2 is widely 
used in clinical practice [20]. Bardt et al. found an association between 
low PbtO2 and outcome [21], and Okonkwo et al. reported it was 
feasible to measure PbtO2 and use it to guide clinical management of 
patients with severe TBI [22]. PbtO2 will be measured continuously 
throughout the two protocols. 

Table 1 
Safety limits during mobilisation.  

Absolute Heart rate > 180 bpm  

Systolic/diastolic blood pressure < 80/50 mmHg  
Cerebral perfusion pressure < 50 mmHg  
Intracranial pressure > 25 mmHg 

Relative Heart rate increase from supine 30 bpm  
Systolic/diastolic decrease in blood pressure 20/10 mmHg 

bpm: beats per minute; 

Table 2 
SPIRIT table of enrolment, intervention, and assessments. 

STUDY PERIOD

Enrolment Allocation Post-allocation Close-out

TIMEPOINT -1 0 24 h 48 h Day 5 Discharge 
NICU

ENROLMENT:

XEligibility screen

Informed consent X

Allocation X

INTERVENTIONS:

Intervention protocol

Rest protocol

ASSESSMENTS:

Demographic data. X

Primary outcome

PbtO2 X X

Secondary outcomes

Continuous measures: HR, 
MAP, CPP, MCAv, ICP, 

PaCO2, MD 
X X

RASS, GCS X X X X

Adverse events and 
reactions

Demographic data: Age, sex, disease onset, comorbidities, surgical procedures, functional status prior to injury, sedation level, days 
intubated NICU: neurointensive care unit; PbtO2: brain tissue oxygen tension; GCS: Glasgow Coma Scale; HR: heart rate; MAP: mean 
arterial pressure; CPP: cerebral perfusion pressure; MCAv: middle cerebral artery flow velocity; ICP: intracranial pressure; Mx: mean flow 
index; PaCO2: arterial carbon dioxide tension; MD: microdialysis; RASS: Richmond Agitation and Sedation Scale. 
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The secondary outcomes are the changes in systemic and cerebral 
haemodynamics, as well as awareness and agitation, between supine 
and standing position. Systemic haemodynamic variables are heart rate, 
arterial blood pressure (ABP), and arterial carbon dioxide tension 
(PaCO2), while cerebral haemodynamic variables are ICP, CPP, and the 
concentration of cerebral metabolic markers in cerebral microdialysate 
(MD) (glucose and lactate/pyruvate ratio). Awareness and agitation are 
measured by RASS and GCS, respectively. 

We have one pre-planned substudy investigating the respiratory ef-
fects of mobilisation on a tilt-table. For this, arterial blood gas analysis 
(PaO2, SaO2, Hgb, CaO2, PaCO2, pH, standard HCO3− , and base excess) 
will be analysed and related to the outcomes described in this study. 
Data from these participants will be analysed alongside corresponding 
data from participants in a previously published trial [10]. 

2.5. Data collection 

All haemodynamic variables data will be collected continuously 
using either LabChart (ADInstruments, version 8.0, Oxford, UK) and 
extracted at 1000 Hz, or ICM+ (Cambridge Enterprise, Cambridge, 
United Kingdoms) and extracted at 1 Hz. 

ABP is measured using a radial arterial catheter and heart rate is 
monitored by three‑lead electrocardiography. ICP is measured intra-
parenchymally and transcranial Doppler ultrasound will be used to 
measure cerebral blood flow velocity of the middle cerebral artery 
(MCAv) unilaterally using a 2 MHz probe (Multi-Dop® T digital, Com-
pumedics Germany GmbH, Singen, Germany). 

MD will be used to assess cerebral oxidative metabolism before and 
after the intervention and analysed using an ISCUSflex Microdialysis 
Analyzer (M Dialysis, Stockholm, Sweden). MD samples extracellular 
fluids through a small catheter with a semipermeable membrane [23]. 
Regional changes in the cerebral metabolic rates of glucose, lactate and 
pyruvate will be measured [20,24]. The sample for MD will be taken 23 
min after phase 2 has started since the delay for the cerebral extracel-
lular fluid to enter the microdialysis vial is approximately 23 min. 
Therefore, the second MD sample will be taken 23 min after the mobi-
lisation has ended (end of phase 3). This will ensure that the first sample 
will contain cerebral extracellular fluid from the resting period while the 
second sample primarily will be fluid extracted during mobilisation, at 
least in patients who remain stable during this intervention (Fig. 2). 

To measure the arterial carbon dioxide tension (PaCO2), an arterial 
blood sample will be drawn from the arterial line also used to measure 
ABP. A total of five blood samples will be drawn during the 70-min 
protocols at the supine baseline period, after each change in position 
and at the end of the protocols. Concurrently, we will investigate 
whether the intervention would have immediate effect on agitation or 
level of arousal using the Richmond Agitation and Sedation Scale (RASS) 
[25] and the Glasgow Coma Scale (GCS) [26]. 

Data from PaCO2, MD, RASS and GCS will be entered into the 
REDCap database hosted at Rigshospitalet, Denmark [27,28] after the 
protocol is finished, or (for the MD) after the analysis has been 
completed. 

2.6. Data analysis 

All physiological measures will be visually inspected for artefacts 
before data analysis. In case of signal noise, data will be deleted from 
nadir to nadir during the given period. We aim to include a 5-min period 
during each phase. If less than 5% are missing, the artefacts will be 
deleted, and the analysis will be conducted on the remaining data. If 
more than 5% data is missing, we will impute data from the measure-
ments before the prior five minutes but within the same phase, ensuring 
a full 5-min recording. As we take blood samples from the arterial line 
intermittently during protocols, some artefacts in the blood pressure 
signal will occur. 

PbtO2 will be calculated for each phase as the average of the last 5 

min within that phase (1 to 4). For the primary outcome, ΔPbtO2, be-
tween Phase 1 and 3 will be calculated as ΔPbtO2 = PbtO2 (Phase 3) – 
PbtO2 (Phase 1). 

The mean arterial pressure (MAP) will be calculated as the average 
arterial blood pressure from the cyclic mean pressure (area under the 
curve) during the protocols extracted using the LabChart software. 

The cerebral perfusion pressure (CPP) will be calculated continu-
ously as CPP = MAP − ICP during the protocols using the LabChart 
software. 

In the same way as the primary outcome HR, MAP, CPP, MCAv, and 
ICP will be averaged during the last 5 min of each phase. 

2.7. Statistical analysis 

All analysis will be done by a statistician blinded to the intervention 
or rest protocol. Stored data will be named according to patient ID, 
assigned a letter according to the protocol and a number according to 
the measurement phase (e.g. ID1011A2). 

Previous publications have only measured PbtO2 in the supine po-
sition. In a cohort of 46 patients an average value of 30.79 ± 1.91 mmHg 
was found during the first three days after subarachnoid haemorrhage 
[29]. Likewise, in a cohort of patients with severe traumatic brain injury 
(n = 20) a mean value of 31.0 ± 1.7 mmHg was found after craniectomy 
was performed [30] and a study by Lin et al. found a PbtO2 of 22.8 ± 9.9 
in patients with acute severe traumatic brain injury (n = 23) over a five 
day period [31]. For this shorter measurement period, we will assume a 
lower standard deviation than in the latter paper, but a higher value 
than those reported in the first two papers. Assuming a standard devi-
ation of 6 mmHg and using a one-sample t-test and equal variances, a 
sample size of 18 patients will be needed to detect a clinically relevant 
difference in PbtO2 of 5 mmHg between supine and standing position 
with a two-tailed alpha of 0.05 and a power (1 minus beta) of 0.9. 
Adjusting for drop-out or missing data we will include 20% more pa-
tients, resulting in a total of 22 patients with severe brain injury (11 in 
each group). 

Continuous data will be presented as mean and 95% confidence in-
terval (95% CI) or median and interquartile range if the assumptions of 
normal distribution are not met. Dichotomous data are presented as 
proportions with percentages. 

2.7.1. Primary analysis 
The primary analysis is the difference (delta-value) in PbtO2 between 

supine (phase 1) and standing position (phase 3) of the intervention 
protocol compared to the delta-value between the same phases in the 
rest protocol. All intervention protocols will be used and compared to all 
rest protocols using the delta value between the last five minutes of 
phase 1 and 3. A paired Student’s t-test with equal variance will be used 
to test for a significant difference. If data are not normally distributed, 
we will use the corresponding non-parametric test, i.e. Wilcoxon-signed 
rank test. There will be no correction for multiplicity and an alpha-level 
of 0.05 or below will be accepted as significant. 

As mentioned above the sample size is calculated from a power of 
0.9. If less than 14 patients can maintain a standing position for at least 
5 min due to orthostatic reactions the power of the study will be less than 
0.8. If this is the case, the primary analysis will be a comparison of the 
delta value between supine and sitting (instead of supine and standing) 
to the corresponding delta value of the resting protocol. The power 
calculation for this alternative primary analysis would include the same 
SD and minimal relevant difference and result in identical power 
estimations. 

2.7.2. Secondary analyses 
The secondary outcomes are adjusted for multiplicity issues, as 10 

hypothesis generating outcomes are analysed in the study. Therefore, an 
adjustment as suggested by Jakobsen et al. will be set at an alpha level of 
0.01, by dividing the original alpha-level (0.05) by the value halfway 
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between no adjustment (1) and the Bonferroni adjustment (10) [32]. All 
secondary outcomes will be considered hypothesis generating regardless 
of the P-value and will be presented alongside a calculated effect size 
using Cohen’s D, Glass’s delta or Hedges’ g depending on the group sizes 
and standard deviations. 

All secondary outcomes will be tested in the same way as the primary 
outcome except PaCO2, RASS, GCS, MD glucose, and MD lactate/pyru-
vate. PaCO2 will be analysed using a mixed effects model to adjust for 
correlated data when using multiple assessments on the same individual. 
RASS and GCS will be analysed using a Mann-Whitney U test comparing 
supine with standing. MD glucose concentration and lactate/pyruvate 
relation will be analysed using a paired Student’s t-test. 

2.8. Missing data 

Missing data are considered a problem for statistical analysis in 
general. In this study missingness is expected to primarily be due to poor 
data requisition. Missingness may also occur due to deterioration of the 
patient’s condition although this was not common in our previously 
conducted trial [6]. 

If less than 5% of data are missing, data will be analysed as complete 
case analysis, excluding the missing data from the analysis. As a sensi-
tivity analysis we will use best-worst-case and worst-best-case scenario 
to investigate if these data are missing completely at random [33]. For 
continuous outcomes, two standard deviations of the group mean are 
used to create a worst-case or a best-case scenario. This allows us to see if 
the missing values could shift the results in a positive or negative 
direction. 

Should more than 5% of the data be missing (and less than 30%) we 
will consider using multiple imputation to deal with the missing data. 
This is dependent on the proportion of missing data, whether it is the 
primary outcome that is missing, if data are truly missing at random 
[33]. 

2.9. Timeline 

This study started inclusion on the 1st of September 2021. We expect 
to reach the desired number of patients within one year after the first 
patient was included. 

2.10. Adverse events and reactions (patient risks) 

A few expected adverse reactions of the intervention should be 
considered. Orthostatic hypotension during mobilisation commonly 
occurs in these patients. In a randomised feasibility trial, we found that 
orthostatic reactions occurred in 24% (95% CI 12% to 40%) of the initial 
mobilisations [10]. This could potentially lower cerebral blood flow of 
the patient and have larger consequences if autoregulation of cerebral 
blood flow is affected. Therefore, during mobilisation the patients’ 
blood pressure, heart rate and cerebral perfusion pressure will all be 
closely monitored. In the case of orthostatic hypotension, i.e., a mean 
arterial pressure below a pre-set limit (please see Table 2), the patient 
will be placed in the supine position. In the feasibility trial, we observed 
a large number of other serious adverse events and adverse events not 
considered serious. However, we found no indications that the adverse 
events were causally linked to the early mobilisation. Adverse reactions 
(i.e., causally linked to the mobilisation) were few and not considered 
serious [6]. Furthermore, in a systematic review on early mobilisation 
including patients with stroke and traumatic brain injury, we detected 
no difference in serious or non-serious adverse events in the three 
included trial. The most common adverse events were pneumonia, 
stroke progression or recurrent stroke, depression, falls, urinary tract 
infection and pressure ulcer [8]. 

For the purpose of this study, serious adverse events, adverse events 
not considered serious and adverse reactions will be registered from 
inclusion in the study in both groups and continue for five days after the 

inclusion. Data will be collected directly during the protocols and 
through screening of the patients’ medical chart. The primary investi-
gator will assess the potential relationship between serious adverse 
events and study intervention on a daily basis. 

All adverse events or reactions (serious and not considered serious) 
will be reported in the final publication. 

3. Discussion 

Mobilisation of patients in the intensive care unit has gained 
acceptance over the last two decades in an attempt to initiate early 
rehabilitation and reduce risk of immobility related complications [34]. 
In contrast, for patients with severe brain injury, current international 
clinical guidelines neither recommend nor reject mobilisation, and no 
recommendations exist concerning when to start mobilisation [1,2]. 

The potentials of early mobilisation include reduced contractures or 
stiffness in weight bearing joints (hip, knee and ankles) [12,35], 
improved ventilation of the lungs [36], and increased arousal [7,37,38]. 
Nevertheless, all the cited studies are at high risk of bias and further 
randomised clinical trials are needed to establish if an effect exists on 
these outcomes. The potential risk of early mobilisation is a decrease in 
cerebral perfusion pressure and therefore reduced oxygen tension. This 
has not been investigated but is highly relevant as a cerebral hypoxia 
may lead to tissue injury or ischemic stroke. In a multicentre trial by 
Anderson et al. (2016), patients with stroke were randomly allocated to 
supine position or head elevation to more than 30 degrees within the 
first 24 h after stroke onset [39]. They found no difference between 
groups on disability outcomes. Furthermore, the authors used trans-
cranial Doppler to investigate linear flow velocity ipsilateral to the 
stroke in patients with anterior circulation stroke and found an increase 
in the lying flat (supine) group at one and 24 h post stroke, compared to 
those allocated to head elevation [40]. These patients were not as 
severely injured as patients in the neurointensive care setting and had 
not undergone intracranial surgery. 

In the present trial, to decrease the risk of hypoxemia we have 
defined safety physiological limits that are identical to those of the 
feasibility trial published in 2021, where we found no significant dif-
ference in adverse events [6]. However, we have narrowed the relative 
limits of a drop in systolic or diastolic pressure, so that we potentially 
can react sooner to the orthostatic challenge the patients are facing. 

Previous studies have mobilised patients for a duration between 15 
and 40 min [6,7,41]. As we have shown it to be feasible to complete 
mobilisation for 20 min in the standing position in most majority of 
patients this duration was chosen for the current trial [6]. There are 
currently no data supporting shorter or longer bursts of duration. 

As a secondary outcome we did originally plan to analyse cerebral 
autoregulation using the mean flow index (Mx) and the pressure reac-
tivity index (PRx). However, we have since published three studies 
questioning the validity and reliability of the Mx index, and therefore 
chose to exclude these outcomes in favour of presenting the raw phys-
iological data [42–44]. 

An important step would be to establish safety for these patients 
before initiating trials to determine efficacy of the treatment. This study 
attempts to investigate if mobilisation is haemodynamically safe when 
performed using the Sara Combilizer®. 

4. Trial status 

The first patient was enrolled on the 22nd of September 2021. At the 
time of this submission six patients have been enrolled 
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