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Abstract

Background

There is increasing focus on earlier rehabilitation in patients with traumatic or hypoxic brain

injury or stroke. This systematic review evaluates the benefits and harms of early head-up

mobilisation versus standard care in patients with severe acquired brain injury.

Methods

We searched Medline, CENTRAL, EMBASE, four other databases and 13 selected clinical

trial registries until April 2020. Eligible randomised clinical trials compared early head-up

mobilisation versus standard care in patients with severe acquired brain injury and were

analysed conducting random- and fixed-effects meta-analyses and Trial Sequential Analy-

sis (TSA). Certainty of evidence was assessed by GRADE.

Main results

We identified four randomised clinical trials (total n = 385 patients) with severe acquired

brain injury (stroke 86% and traumatic brain injury 13%). Two trials were at low risk and two

at high risk of bias. We found no evidence of a difference between early mobilisation vs.

standard care on mortality or poor functional outcome at end of the intervention (relative risk

(RR) 1.19, 95% CI 0.93 to 1.53; I2 0%; very low certainty) or at maximal follow-up (RR 1.03,

95% CI 0.89 to 1.21; I2 0%; very low certainty). We found evidence against an effect on qual-

ity of life at maximal follow-up. The proportion of patients with at least one serious adverse

event did not differ at end of intervention or at maximal follow-up. For most comparisons,

TSA suggested that further trials are needed.
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Conclusions

We found no evidence of a difference between early mobilisation versus standard care for

patients with severe acquired brain injury. Early mobilisation appeared not to exert a major

impact on quality of life. This systematic review highlights the insufficient evidence in

patients with severe brain injury, and no firm conclusions can be drawn from these data.

Trial registration

Protocol uploaded to PROSPERO: April 2018 (revised October 2018, CRD42018088790).

Background

Severe acquired brain injury is brain damage that occurs after birth and is unrelated to congen-

ital or degenerative conditions [1]. The World Health Organization considers acquired brain

injury a major public health problem [2]. It affects people of all ages and infers a large burden

on quality of life and health economics [2]. The severity of acquired brain injury is defined in a

variety of ways depending on the aetiology. Severe stroke is often defined by a National Insti-

tute of Health Stroke Scale score > 16 [3], whereas severe traumatic or anoxic brain injury is

characterised by a low Glasgow Coma Score (� 8) [4] or for traumatic injury a post-traumatic

amnesia period of more than 28 days [5–7].

During recent years, increased focus has been given to early physical intervention within

many subspecialties of neurorehabilitation [5,8,9]. Early mobilisation intends to counteract

the adverse effects of prolonged bed rest on primarily the cardiovascular and musculoskeletal

systems, the internal organs, as well as arousal in patients with chronic disorders of conscious-

ness [10–14]. On the other hand, concerns have been voiced that mobilising the patient head

up may reduce cerebral blood flow and/or intracranial pressure, thus negatively impacting

functional level [15]. These concerns were not supported by the cluster randomised trial by

Anderson et al., who showed no difference in functional outcome after three months when ele-

vating the head of the bed early to 30 degrees compared to participants lying flat in supine

positioning [16].

Many clinical guidelines recommend mobilisation of patients with stroke started within the

first 48 hours of ictus [17,18]. The effect of early mobilisation versus standard care in patients

with stroke was investigated in the AVERT II trial [19], which suggested that early mobilisa-

tion lead to earlier return to walking [20]. The subsequent AVERT III trial, however, showed

less positive results [5], finding an odds ratio of a favourable outcome for early mobilisation

compared with standard care as measured by the modified Rankin scale at three months of

0.73 (95% confidence interval (CI) 0.59 to 0.90) (3). However, some criticism was raised

towards this trial. Thus, most of the patients were with mild rather than severe stroke, with

around 40% being able to walk independently after disease onset [21]. Also, a secondary analy-

sis of the AVERT III trial suggested another conclusion, i.e. that early but shorter and more

frequent mobilisation after stroke seemed to be beneficial compared with standard care when

controlling for stroke severity and age [22]. Importantly, such subgroup analyses should only

be considered hypothesis-generating and further research is warranted [23].

Guidelines on the management of severe traumatic brain injury do not have recommenda-

tions on the use or timing of mobilisation after severe brain injury [24–26]. In a quasi-rando-

mised study on patients with traumatic brain injury, Andelic et al. found less 12-months
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disability when comparing an unspecified early rehabilitation regime in the intensive care unit

to delayed treatment [8]. However, such non-randomised studies are known to overestimate

intervention effects [27]. The beneficial or harmful effects of early mobilisation thus remain

incompletely explored in patients with severe acquired brain injury.

Objectives

This systematic review aimed to assess benefits and harms of early head-up mobilisation, with

the head and torso elevated more than 50 degrees above the horizontal level, compared with

standard care in patients with severe acquired brain injury.

Methods

The protocol for this systematic review was submitted to the PROSPERO-database

(CRD42018088790) in April 2018 (see Protocol in S1 File) and adheres to the Preferred

Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) (Checklist in S1 File)

[28].

Criteria for considering studies for this review

Types of studies. Randomised clinical trials aiming at evaluating benefits and harms of

early head-up mobilisation regardless of language, publication date, publication type, or publi-

cation status were included. We did not directly search for quasi-randomised studies or obser-

vational studies, but such studies were included when encountered during our searches. We

reported separately any harms they reported, as they may provide information on rare or late

occurring adverse events we could not identify in randomised clinical trials [29,30]. We are

aware that the decision not to search systematically for all observational studies may have

biased our review towards the assessment of benefits and may overlook certain harms, such as

late or rare harms.

Types of participants. We included patients with severe acquired brain injury. Broadly

defined, this is an acute injury that is not caused by degenerative processes and was not present

at birth. For the present systematic review, acquired brain injury was specifically defined as a

direct brain injury caused by one of the following mechanisms:

• major stroke: interruption of blood supply to the brain usually caused by one or more burst-

ing blood vessels (haemorrhagic) or because of blockage of one or more vessels (ischaemic)

[31] and associated with a National Institute of Health Stroke Scale (NIHSS) score > 16 [5];

or

• severe traumatic brain injury: injury resulting from trauma to the head and any coinciding

or subsequent complications, including hypoxia, hypotension, intracranial haemorrhage,

and raised intracranial pressure [6] and with a duration of post-traumatic amnesia of more

than 28 days or Glasgow Coma Score < 9; or

• severe diffuse hypoxic brain injury: diffuse damage arising from trauma due to a range of

other acute incidents including hypoxia (e.g. resulting from drowning, electrocution, anaes-

thetic accident) [6] and with a duration of post-injury amnesia of more than 28 days or Glas-

gow Coma Score < 9.

Types of interventions. The characteristic of the intervention of interest was defined as

any intervention comparing an early intervention of head and torso mobilisation to at least 50

degrees compared to participants lying flat in supine positioning and comparing this with a
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control intervention of mobilisation to less than 50 degrees compared to participants lying flat

in supine positioning.

Types of outcomes. All outcomes were assessed at the end of the intervention (as defined

by the trials; primary outcome) and at the last follow-up.

Primary outcomes

• Mortality or poor functional outcome: This was defined as a poor functional outcome mea-

sured on any scale. For the modified Rankin scale (mRS), a poor functional outcome was

recorded if the score was from 5 to 6, with 5 being severe disability and 6 being death. For

the Disability Rating Scale (DRS), we defined poor outcome as a score from 12 to 30. The

DRS has a highest score of 30 (equalling death, with 29 equalling an extreme vegetative

state). Finally, for the Functional Independence Measure, we defined a poor outcome as an

improvement of less than 0.5 standard deviations derived from the study data.

• Quality of life: This was defined as any variable recording quality of life continuously such as

the Australian quality of life (AQoL(4D)) scale, which is a validated measure of quality of

life. The score ranges from 1 (best possible quality of life) to 0 (death) to −0.04 (state worse

than death) [32]. For this review, we analysed outcome on a continuous scale using mean,

standard deviation (SD) and the mean difference between the intervention groups.

• The proportion of participants with serious adverse events, defined as any untoward medical

complication that resulted in death; was life-threatening; required hospitalisation or pro-

longation of existing hospitalisation; resulted in persistent or significant disability; or jeopar-

dised the patient [33].

Secondary outcomes

• The proportion of participants with one or more adverse events not considered serious [33].

• The level of consciousness as measured by the Coma Recovery Scale-Revised [34] or other

relevant scales as defined in the individual trial.

Exploratory outcomes

• Individual serious adverse events.

• Individual adverse events not considered serious.

Search methods for identification of studies. We aimed at identifying all relevant rando-

mised clinical trials, regardless of language or publication status. Selected articles were trans-

lated if required.

All reports were uploaded to the Covidence© database for further management [35]. The

Covidence© database removed duplicates and managed the selection process, risk of bias

assessments, and extraction of data (please see below).

Database search: Published reports. A search strategy for the Medline database was for-

mulated and tested before the first search. The formal search was then performed in Medline

(Ovid) (see Search strategy in S1 File) and adjusted to fit the following other databases:

Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane Library); EMBASE

(Ovid); CINAHL (EBSCO); PsycINFO; Science Citation Index Expanded on Web of Science;

and PEDro. The databases were initially searched in May 2018 and then updated in April

2020. The Boolean search used MeSH terms relating to the condition and the intervention.

The intervention term had low specificity in our search as it was our impression that this early

intervention is not specifically mentioned in the literature. We used a modified version of the
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Cochrane sensitivity-maximising clinical trial filter in the Medline search and adopted it to the

other databases except for CENTRAL. We did not use any other limitations in our search.

Database search: Unpublished or ongoing studies. We searched for ongoing and un-

identified trials on Google Scholar; Database on Research in Stroke (DORIS); The Turning

Research into Practice (TRIP) Database; ClinicalTrials.gov; EU Clinical Trial Register; Chinese

Clinical Trial Registry (ChiCTR); International Standard Randomised Controlled Trial Num-

ber (ISRCTN) registry; Pan African Clinical Trials Registry (PACTR); Australian New Zealand

Clinical Trials Registry (ANZCTR); Clinical Trials Registry—India (CTRI); and the World

Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP) search

portal.

The references of included trials were screened to identify further trials of interest.

Data collection and analysis

Selection of studies

All titles and abstracts were screened by VW and either CGR or JM, using the above-men-

tioned inclusion criteria. Any disagreement between authors was solved by discussion; if any

uncertainty remained, the study was included for full-text assessment. Full-text papers were

obtained and read by CGR and VW independently; clinical trials to be included were identi-

fied based on study type, types of participants, and intervention. The studies were then classi-

fied as either eligible, not eligible, or uncertain. Studies that both authors had classified as not

eligible were excluded and studies classified as eligible were included. Studies classified as

uncertain were discussed between CGR and VW, and additional information was retrieved

from corresponding authors of the trials. If individual patient data were not already made

available, the corresponding authors were asked to supply data for data extraction for those

patients with severe brain injury as defined in our inclusion criteria. Multiple publications on

the same trial were analysed as one trial.

Data extraction and management

All data extraction was done independently by CGR and VW using a standardised data-extrac-

tion checklist set-up in Covidence©. CGR is the first author of one included trial [36]. There-

fore, data extraction of this trial was assessed by VW and JL.

We extracted the following data:

• General information: publication status, title, authors’ names, source, country, contact

address, language of publication, year of publication, duplicate publication; trial characteris-

tics: design and setting.

• Interventions: type of intervention used for mobilisation, dose, duration, type of control

intervention; participants: inclusion and exclusion criteria, number of participants rando-

mised in intervention and control groups, participant demographics such as sex and age,

and baseline characteristics for patients relevant for subgroup analysis.

• Outcomes: number of patients analysed for each outcome. For details, please see the primary

and secondary outcome measures section above.

• Risk of bias: please see the risk of bias (quality) assessment below.

• Data relevant for subgroup and sensitivity analyses; for details, please see “Subgroup analysis

and investigation of heterogeneity” below.
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After data extraction, the Covidence© extraction form was compared by the two authors to

ensure detailed and correct extraction. Subsequently, all information was transferred from

Covidence© to Review Manager [37].

Assessment of risk of bias in included studies

Two authors (CGR and VW) assessed all included studies using the Risk of Bias tool ver. 1.0

from The Cochrane Collaboration [38]. CGR is the first author of one included trial [36].

Therefore, the risk of bias of this trial was assessed by VW and JL. We evaluated the following

study characteristics: random sequence generation, allocation concealment, blinding of partic-

ipants and treatment providers, blinding of outcome assessors, incomplete outcome data,

selective outcome reporting, and other bias. Furthermore, the domains ‘blinding of outcome

assessment’, ‘incomplete outcome data’, and ‘selective outcome reporting’ were assessed for

each outcome result. Finally, the overall risk of bias assessment was dichotomised into high

(high or unclear) or low.

The observational studies did not undergo formal risk of bias assessment. We are aware

that the observational data carry a high risk of selection bias. However, if observational studies

do report harms, then in all likelihood harms occurring is at least at that level or above [29,30].

Measures of treatment effect

Treatment effects were analysed using the statistical programs Review Manager 5 [37], SAS/

STAT software [39], and Trial Sequential Analysis (TSA) [40]. For the primary outcomes and

adverse events considered not serious, data were dichotomised and analysed as the relative

risk (RR) with 95% CI. Individual events reported was presented with a RR and 95% CI. If no

event existed for one of the groups, we employed continuity correction with 0.5 in the Trial

Sequential Analysis program [40]. When analysing data from single trials, we checked the P

values with Chi-square if outcome data from both intervention groups were reported or with

Fischer’s exact test if one group had zero outcomes. All serious adverse events were reported.

As different outcomes measures were used in different trials, we chose to dichotomise these

scales and to classify outcomes as either ‘good’ or ‘poor’ (please refer to Types of outcome mea-

sures section). Level of consciousness was analysed as a continuous outcome using mean dif-

ference and minimal clinically relevant differences of 0.5 standard deviations calculated from

the observed variance of the trials.

Sensitivity analysis

The meta-analysis was conducted using random-effects and fixed-effect models as sensitivity

analyses); the most conservative result was reported, using a P-value for the primary outcomes

of 2.5% as significant [41]. For the primary outcome ‘mortality or poor functional outcome’

we did a sensitivity analysis for mortality and for poor functional outcome among survivors at

both time points.

Trial sequential analysis

Cumulative meta-analyses are at risk of producing random errors due to sparse data and/or

multiple testing of accumulating data [38,42–47]. TSA can be applied to control for random

errors and assess the risks of imprecision (http://www.ctu.dk/tsa/) [40,41,48]. Similar to a sam-

ple size calculation in a randomised clinical trial, TSA calculates the required information size

or meta-analytic sample size (i.e. the number of participants needed in a meta-analysis to

detect or reject a certain intervention effect reliably) to control random errors [47,49]. The
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required information size for a dichotomous outcome takes into account the event proportion

in the control group, the assumption of a plausible risk ratio (RR) reduction, and the heteroge-

neity of the meta-analysis [49,50]. TSA with Lan-DeMets’ stopping boundaries enables testing

for significance to be conducted each time a new trial is included in the meta-analysis. Based

on the required information size, trial sequential monitoring boundaries for benefit, harm,

and futility can be constructed. This enables one to determine the statistical inference concern-

ing cumulative meta-analysis that has not yet reached the required information size [46,47].

Firm evidence for benefit or harm may be established if the trial sequential monitoring bound-

ary is crossed before reaching the required information size, in which case further trials may

turn out to be superfluous. In contrast, if the boundary is not surpassed, one may conclude

that it is necessary to continue with further trials before a certain intervention effect can be

detected or rejected. Firm evidence for lack of the postulated intervention effect can also be

assessed with TSA. This occurs when the cumulative Z score crosses the trial sequential moni-

toring boundaries for futility.

For dichotomous outcomes, we estimated the required information size based on the propor-

tion of patients with an outcome in the control group, a relative risk reduction (RRR) of 20%, an

alpha of 2.5% for primary outcomes and 3.33% for secondary outcomes, a beta of 10%, and the

variance suggested by the trials in a random-effects meta-analysis (diversity-adjusted required

information size (DARIS)) [41,49,51]. Additionally, we calculated diversity-adjusted TSA CI. In

case there was some evidence of the effect of the intervention, a supplementary TSA was planned

based on an anticipated intervention effect equal to the limit of the CI closest to 1.00 [41].

For continuous outcomes, we were unable to identify valid previous data on effect sizes on

quality of life, so we chose SD/2 as the anticipated intervention effect [52]. Hence, we estimated

the required information size based on the SD observed in the control group of trials at low

risk of bias or lower risk of bias and a minimal relevant difference of the observed SD/2, an

alpha value of 2.5% for primary outcomes and 3.33% for secondary outcomes, a beta of 10%,

and the variance suggested by the trials in a random-effects meta-analysis (DARIS) [41,49].

Additionally, we calculated the diversity-adjusted TSA CI. In case there was evidence of the

effect of the intervention, a supplementary TSA was planned to be used based on an antici-

pated intervention effect equal to the limit of the CI closest to 0.00 [41].

Assessment of heterogeneity

The statistical heterogeneity was examined between trials using the I2 statistic. Considerable

heterogeneity was defined as an I2 between 75% and 100%, substantial heterogeneity between

50% and 90%, moderate heterogeneity between 30% and 60%, and no or low heterogeneity

(might not be important) between 0% and 40% [38].

Subgroup analysis and investigation of heterogeneity

We categorised the results of included studies according to the following considerations:

Methodological

• Trials at low risk of bias compared to trials at high risk of bias.

Clinical

• Type of injury (stroke patients, traumatic brain injury, or diffuse acquired hypoxic brain

injury).

• Type of mobilisation intervention used (tilt-table intervention compared to other experi-

mental interventions).
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• Duration of the intervention period (studies with long duration were defined as those with a

duration above the median time and were compared to those with a duration below the

median time).

• Intensity of the intervention (studies with high intensity were defined as those with an exer-

cise duration of more than one hour per day and were compared to those with a duration of

one hour or less per day).

• Frequency of the intervention (studies with a high intensity frequency were defined as those

with four or more intervention sessions per day during the intervention period and were

compared to those with three or less sessions per day).

• Timing of the intervention (studies in which the intervention was started earlier than 48

hours after brain injury, compared to those in which it was started later than 48 hours after

the brain injury).

GRADE

A summary of findings table was produced summarising the results of the trials at overall low

risk of bias and for all trials, separately. The quality of the available evidence was downgraded

if the risk of bias evaluation found evidence of publication bias, heterogeneity, imprecision, or

indirectness (e.g. surrogate outcomes) [53,54]. We compared the imprecision assessed accord-

ing to GRADE using our plausible parameters with that of TSA (i.e. the diversity-adjusted TSA

CI) [55,56]. Imprecision was downgraded in GRADE (please see below) by two levels if the

accrued number of participants was below 50% of the DARIS, one level if between 50% and

100% of DARIS, and no downgrade if the cumulative Z-curve reaches benefit, harm, futility,

or DARIS. Each outcome was evaluated as critical, important or not important as recom-

mended by the GRADE guidelines [57].

Results

Description of studies

Results of the search. After the removal of duplicates, the initial literature search revealed

13,480 records (for Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) flow diagram, please refer to Fig 1). 13,393 records were excluded initially because

their title or abstract indicated the study was not related to acquired brain injury or the inter-

vention was not within the scope of the present study. Accordingly, a total of 87 full-text arti-

cles were retrieved for full-text assessment. Of these, 82 were excluded (S1 Table in S1 File).

One trial was still ongoing, but it was possible to include data from the trial as the data analysis

was finished during the review process [36].

Of the 87 full-text articles, 17 primary investigators were contacted to verify if their trial

suited our inclusion criteria or for further extraction of patient data. Eleven trialists responded,

resulting in the conclusion that six of the trials did not fit our inclusion criteria [58–63]. Six tri-

alists and their affiliated institutions did not respond [64–69]. Therefore, these trials are await-

ing classification. We have not been able to retrieve further information from these studies to

clarify the eligibility of them and they were not included in the analysis. This left four rando-

mised trials for inclusion in the review [5,19,36,70] and one observational study [71]. Data

from the latter study was retrieved from the primary investigator [66].

Included studies. We included four trials with a total of 385 participants [5,19,36,70]

(Table 1). The included patients had a severe traumatic brain injury (n = 50), severe anoxic
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brain injury (n = 3), severe other brain injury (n = 1), or severe stroke (n = 331). In total,

patients with stroke represented 86% of the population in this review. One trial from the latter

category was much larger than the remaining trials (n = 291) [5]. One trial only included

patients with severe traumatic brain injury [36]. These two trials had a maximal follow-up of

three months [5] and one-year [19]. The trial including patients with traumatic brain injury

had a maximal follow-up of one year [36] and the last trial had a maximal follow-up of approx-

imately 4 to 5 months [70].

The intervention was categorised as either mobilisation to the edge of the bed and stand-

ing/walking [5,19], or tilt-table mobilisation [36,70]. Two trials performed early intensive

mobilisation with a high daily frequency of out of bed mobility within 24 hours versus stan-

dard care [5,19]. The other two trials mobilised patients in the intervention group on a tilt

table daily starting as early as possible and performed standard mobilisation in the control

group [36,70]. In the latter, the experimental intervention was applied at a later stage (mean

14 ± 6 days from injury when studies are combined).

One observational cohort study was included for reporting of harms [71].

Excluded studies. We excluded 84 studies as described in the Characteristics of excluded

studies (S1 Table in S1 File). The reasons for exclusion were that the study was not a rando-

mised clinical trial or observational study, that the intervention did not include mobilisation

Fig 1. Flow chart. Study flow chart through the systematic review. �Detailed search history can be found in S1 Table in

S1 File.

https://doi.org/10.1371/journal.pone.0237136.g001
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Table 1. Characteristics of included randomised clinical trials.

Trial AVERT II AVERT III Frazzitta et al. Riberholt et al.

Year 2008 2015 2016 2018

Trial characteristics RCT RCT RCT RCT

Number of trial

sites

2 56 1 1

Intervention used Out of bed mobilisation Out of bed mobilisation Erigo tilt table Erigo tilt table

Criteria for

inclusion

> 18 years. First or recurrent stroke

Admitted within 24 hours of

symptom. Able to react to verbal

commands (but did not need to be

fully alert). Systolic blood pressure

between 120 and 220 mmHg,

Oxygen saturation >92%. Heart rate

between 40 and 100 beats per

minute. Temperature 38.5˚C.

> 18 years. First or

recurrent stroke. Admitted

within 24 hours of symptom.

Treatment with rtPA was

allowed.

> 18 years. GCS� 8 for� 24h

from the event. VS or MCS on

third day after injury. Arterial O2

pressure/O2 flux ratio� 250.

Stable hemodynamic

> 18 years. GCS < 11 at inclusion.

Tentative diagnose of prolonged VS

or MCS. No fractures in lower

extremities. Intracranial

pressure < 20 mmHg for 24 hours

Population Stroke (n = 4 haemorrhagic) Stroke (n = 35

haemorrhagic)

Stroke (n = 22, 20 haemorrhagic),

traumatic brain injury (14), anoxic

brain injury (3)

Traumatic brain injury

Participants

Early mobilisation
Number of

participants

10 147 20 19

Age 78 (SD ±11) 77.1 (IQR: 67.7;82.3) 53 (SD ±15) 47.8 (18.1)

Sex (male) 5 83 9 13

First stroke or head

injury

5 129 Not reported 19

Severity NIHSS 22 (IQR: 19 to 23) NIHSS 20 (IQR: 18 to 23) GCS: 7.0 (IQR: 4 to 8) GCS: 6 (IQR: 4 to 7)

Standard care
Number of

participants

7 144 20 19

Age 76 (SD±6) 74.6 (IQR: 66.6;82.1) 69 (SD±16) 41.8 (SD ±18.3)

Sex (male) 3 91 11 14

First stroke or head

injury

5 115 Not reported 19

Severity NIHSS 21 (IQR: 18 to 22) NIHSS 21 (IQR: 18;24) GCS: 8.5 (IQR: 6.3,10.0) GCS: 6 (IQR: 4;9)

Interventions

Degree of elevation To sitting or standing (90 degrees) To sitting or standing (90

degrees)

60 degrees 70 degrees

Dose of

mobilisation in

early mobilisation

group

40.9 minutes (±31.2) 186 minutes (IQR: 65;375) 450 minutes (15 sessions of 30

minutes)

10.7 ±5.9 times of 20 minutes

sessions

Dose of

mobilisation in

standard care group

12.3 minutes (±9.2) 102 minutes (IQR: 32;162) 0 minutes 0 minutes

Time to first

mobilisation in

early mobilisation

group

21.5 hours (IQR: 16 to 27) 20 hours (IQR: 13;23) 12.4 days (SD ±7.3) 15 days (IQR: 11;16)

Time to first

mobilisation in

standard care group

35 hours (IQR: 20 to 95) 29 hours (IQR: 22;43) 25.1 days (SD ±11.2) 12 days (IQR: 10;18)

Outcomes

Death mRS mRS Incident reported Incident reported as serious adverse

event

(Continued)
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head up to at least 50 degrees, that the comparator included head up mobilisation to at least 50

degrees (or this could not be ruled out), or that the patient population did not comprise

patients with severe acute brain injury. Also, studies, with a broader defined patient popula-

tion, where less than 10 of the included participants matched our inclusion criteria, were

excluded.

Risk of bias in included studies. All four included trials were at risk of bias (Figs 2 and 3).

Given the exercise nature of the intervention, it was not possible to blind participants nor the

persons that delivered the intervention. Some effort at single blinding was done in the AVERT

trials; thus, the patients were only informed that they were given one of two rehabilitation

approaches without explaining the details of the intervention. Furthermore, all interventions

were carried out behind a curtain to avoid unblinding of the remaining investigators, staff, or

family [5,19]. The trial by Frazzitta et al. [70] was registered as having an unknown risk of bias

with regard to selective outcome reporting, since the trial was registered in clinicaltrials.org

only after patient inclusion was completed. The trial used fixed block sizes of 4 and did not

blind patients and personnel to the allocation, which increases the risk of selection bias and

performance bias. Finally, differences in age and the occurrence of hypertension between the

two groups could directly influence the results of the trial. The trial by Riberholt et al. [36] was

at risk of bias regarding lack of blinding for the intervention both for the included patients, the

staff, and for outcome assessors for some of the outcomes (functional scales). Furthermore, the

study was at risk of attrition bias due to incomplete outcome data at follow-up.

Effects of interventions

Primary outcomes. Mortality or poor functional outcome. Three trials reported on mortal-

ity and poor functional outcome at the end of intervention [19,36,70] and all four trials

reported on mortality and poor functional outcome at maximal follow-up [5,19,36,70]. At the

end of the intervention, 36 (80%) patients died or had a poor functional outcome in the early

mobilisation group versus 31 (67%) in the standard care group. The fixed-effect meta-analysis

showed no difference between groups (RR 1.19, 95% CI 0.93 to 1.53; I2 0%) (Fig 4A) and the

TSA-adjusted CI was 0.43 to 3.29 [GRADE certainty VERY LOW] (Table 2). The TSA showed

that only 14% of the required information was accrued (S1 Fig in S1 File). At maximal follow-

up, 121 (63%) patients died or had a poor functional outcome in the early mobilisation group

compared with 114 (60%) for the standard care group. Fixed-effect meta-analysis showed no

difference between the two treatment groups (RR 1.03, 95% CI 0.89 to 1.21; I2 0%) (Fig 5A)

and the TSA-adjusted CI was 0.78 to 1.38 [GRADE certainty VERY LOW] (Table 2). The

Table 1. (Continued)

Trial AVERT II AVERT III Frazzitta et al. Riberholt et al.

Functional outcome mRS mRS DRS FIM

Quality of life AQoL (4D) AQoL (4D) Not measured Not measured

Adverse events Registered SAE and AE (predefined)

for three months

Registered SAE and AE

during intervention and

IME (predefined) for three

months

Registered SAE and AE during

intervention

Retrospective analysis of all serious

and non-serious adverse events

during intervention period

Level of

consciousness

Not measured Not measured CRS-R CRS-R

rtPA: recombinant tissue plasminogen activator; GCS: Glasgow Coma Scale; VS: vegetative state; MCS: Minimally conscious state; IQR: inter quartile range; SD:

Standard deviation; NIHSS: National Institute of Health Stroke Scale; mRS: modified Rankin Scale; DRS: Disability Rating Scale; FIM: Functional Independence

Measure; AQoL(4D): Assessment of quality of life (4D); SAE: Serious adverse event; AE: Adverse event not considered serious; CRS-R: Coma Recovery Scale-Revised

https://doi.org/10.1371/journal.pone.0237136.t001
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accrued information size from the TSA at maximal follow-up was too small to reject a 20%

RRR achieved by early mobilisation (S2 Fig in S1 File).

Subgroup analysis in patients with stroke alone compared to patients with non-stroke

acquired brain injury showed no difference between groups in mortality or poor functional

Fig 2. Risk of bias assessment: Review authors’ judgements about each risk of bias item for each included study.

https://doi.org/10.1371/journal.pone.0237136.g002
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outcome either at the end of the intervention or at maximal follow-up with moderate to low

heterogeneity (Figs 4B and 5B).

We found no evidence for a difference between the early mobilisation group versus stan-

dard care on mortality at the end of the intervention (RR 1.32, 95% CI 0.88 to 1.98; I2 0%) (Fig

6A) with the TSA-adjusted CI from 0.25 to 6.89 (Table 2) and severe lack of required informa-

tion (S3 Fig in S1 File). At maximal follow-up there was no between group difference in mor-

tality (RR 1.26, 95% CI 0.93 to 1.72; I2 0%) (Fig 7A) and the TSA-adjusted CI between 0.36 to

4.47 (Table 2). The TSA showed a severe lack of required information at maximal follow-up as

more than 3,000 patients were needed (S4 Fig in S1 File). Subgroup analysis on patients with

stroke alone or patients with non-stroke acquired brain injury also showed no difference at the

end of the intervention or maximal follow-up (Figs 6B and 7B).

We found no evidence of a difference between the early mobilisation group versus standard

care on poor functional outcome (among survivors) at the end of the intervention (RR 1.22,

95% CI 0.89 to 1.68; I2 0%) (Fig 8A) and the TSA-adjusted CI was 0.32 to 4.41 (Table 2). The

TSA estimated an inclusion of 811 patients in the analysis to reach the required information

size (S5 Fig in S1 File). Poor functional outcome (among survivors) at maximal follow up had

a RR of 1.12 (95% CI 0.84 to 1.49; I2 0%) (Fig 9A) and the TSA-adjusted CI was 0.35 to 3.53

(Table 2). Poor functional outcome (among survivors) did not reach the boundaries of benefit,

harm, or futility in the TSA with estimated required information size of 1867 patients at maxi-

mal follow-up (S6 Fig in S1 File).

Quality of life. Two trials reported quality of life at maximal follow-up [5,19]. We found

no evidence of a difference between the early mobilisation group versus standard care with a

mean difference of 0.0 points (95% CI -0.05 to 0.05; I2 0%) and the TSA-adjusted CI was -0.2

to 0.2 [GRADE certainty MODERATE] (Fig 10A and S7 Fig in S1 File). The TSA reached futil-

ity and beyond the required information size indicating that a minimum relevant difference of

0.1 points is not likely to be found.

Serious adverse events. All four trials reported serious adverse events at the end of the

intervention. The AVERT II trial reported events for three months by categorically searching

for prespecified adverse events [19]. The AVERT III trial reported adverse events during the

intervention period (14 days) and reported important medical events for the ensuing three

Fig 3. Risk of bias graph: Review author’s judgements about each risk of bias item presented as percentages across

all included studies.

https://doi.org/10.1371/journal.pone.0237136.g003
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months (also prespecified) [5]. Frazzitta et al. reported that they experienced no adverse event

during the three-week intervention period in the critical care unit. The trial did, however,

report deaths during the intervention period, and we included these as serious adverse events

in the analysis [70]. In the trial by Riberholt et al., patient reports were retrospectively screened

for serious adverse events by two blinded investigators during the intervention period (up to

four weeks) [36]. We found no evidence of a difference between early mobilisation and stan-

dard care on serious adverse events at the end of the intervention (RR 1.10, 95% CI 0.86 to

1.39) (Fig 11A) with the TSA-adjusted CI from 0.41 to 3.12 [GRADE certainty VERY LOW].

Fig 4. Comparison of early mobilisation versus standard care–mortality or poor functional outcome at the end of the intervention. Fig 4A and 4B. Forest-

plots showing the results from the fixed-effect meta-analysis of the primary composite outcome mortality or poor functional outcome at the end of intervention

with subgroup divided according to risk of bias (A) or diagnosis (B).

https://doi.org/10.1371/journal.pone.0237136.g004
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The TSA showed that 18% of the required information size was obtained and the boundaries

of benefit, harm, or futility were not surpassed (S8 Fig in S1 File). The estimate did not change

after subdividing the patients according to diagnosis (Fig 11B). For serious adverse events at

maximal follow-up, the RR was 1.08 (95% CI 0.87 to 1.35) (Fig 12A) and the TSA-adjusted CI

was 0.53 to 2.42 [GRADE certainty VERY LOW] (S9 Fig in S1 File). The TSA showed that

only 24% of the required information size was obtained and the boundaries of benefit, harm,

or futility were not surpassed.

Secondary outcomes

Consciousness. Two trials measured the level of consciousness using the Coma Recovery

Scale-Revised at the end of the intervention and maximal follow-up [36,70]. The I2 was 80%

and 65% at the end of the intervention and maximal follow-up, respectively, indicating moder-

ate to substantial heterogeneity. We found no evidence of a difference between groups at the

end of the intervention (mean difference -0.00 points, 95% CI -8.23 to 8.23; I2 80%) (Fig 13A)

and the TSA-adjusted CI from -33.60 to 33.60 [GRADE certainty VERY LOW] (Table 2). The

cumulative Z score did not reach the boundaries of benefit, harm or futility and would require

an information size of 816 patients (S10 Fig in S1 File). The subgroup analysis between patients

Table 2. Results of trial sequential analysis of early mobilisation versus standard care.

Outcome No. of

trials

Pc RRR MIREDIF /

variance

D2 DARIS� % of DARIS

obtained

TSA boundaries crossed? TSA-

adjusted CISuperiority

boundaries

Futility

boundaries

Primary outcomes

Mortality or poor functional outcome at

the end of intervention

3 67.4% 20% NA 0% 652 14% No No 0.43 to 3.29

Mortality 4 17.4% 20% NA 0% 5415 7% No No 0.25 to 6.89

Poor functional outcome 4 61.5% 20% NA 0% 811 9% No No 0.32 to 4.41

Mortality or poor functional outcome at

the longest follow-up

4 60.3% 20% NA 0% 848 45% No No 0.78 to 1.38

Mortality 4 26.3% 20% NA 0% 3242 12% No No 0.36 to 4.47

Poor functional outcome 4 40.3% 20% NA 0% 1867 14% No No 0.35 to 3.53

QOL at the longest follow-up 2 NA NA 0.1 / 0.04 0% 199 105% No Yes -0.2 to 0.2

Proportion of participants with at least one

SAE at the end of intervention

4 35.8% 20% NA 0% 2115 18% No No 0.41 to 3.12

Proportion of participants with at least one

SAE at the longest follow-up

2 48.3% 20% NA 0% 1308 24% No No 0.53 to 2.42

Secondary outcomes

Proportion of participants with at least one

AE considered not serious at the end of

intervention

4 41.6% 20% NA 0% 1574 25% No No 0.61 to 1.67

Proportion of participants with at least one

AE considered not serious at the longest

follow-up

2 39.7% 20% NA 0% 3278 9% No No 0.39 to 3.20

Level of consciousness CRS-R at the end of

intervention

2 NA NA 3.9 / 60.2 80% 766 8% No No -33.6 to 33.6

Level of consciousness CRS-R at the

longest follow-up

2 NA NA 3.5 / 50.2 70% 545 10% No No -21.57 to

22.81

No: number; RRR; assumed relative risk reduction (dichotomous outcomes); Pc: proportion in control group; MIREDIF: minimal relevant difference; SD: standard

deviation; D2: diversity (squared); DARIS: diversity-adjusted required information size; QOL: quality of life; SAE: serious adverse events; AE: adverse event.

�α-level (type 1 error) of 2.5% and β-level (type 2 error) of 10% used in calculation of DARIS.

https://doi.org/10.1371/journal.pone.0237136.t002
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with stroke or other acquired brain injury showed no difference between groups (mean differ-

ence 1.38, 95% CI -6.57 to 9.33; I2 88%) and considerable heterogeneity (Fig 13B). At maximal

follow-up, a mean difference of 0.62 (95% CI -4.82 to 6.06; I2 65%) was found (Fig 14A) and

the TSA-adjusted CI from -21.57 to 22.81 [GRADE certainty VERY LOW]. Only 10% of the

TSA required information size was accrued (Table 2).

The proportion of participants with one or more adverse events not considered seri-

ous. Non-serious adverse events were reported in four trials at the end of the intervention

[5,19,36,70]. The fixed-effect meta-analysis revealed no difference between early mobilisation

and standard care at the end of the intervention (RR 1.02, 95% CI 0.88 to 1.19; I2 0%) and no

Fig 5. Comparison of early mobilisation versus standard care–mortality or poor functional outcome at maximal follow-up. Fig 5A and 5B. Forest-plots

showing the results from the fixed-effect meta-analysis of the primary composite outcome mortality or poor functional outcome at maximal follow-up with

subgroup divided according to risk of bias (A) or diagnosis (B).

https://doi.org/10.1371/journal.pone.0237136.g005
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heterogeneity (Fig 15A and 15B). The TSA-adjusted CI ranged from 0.68 to 1.50 (Table 2)

with the cumulative Z score reaching 23% of the required information size (S12 Fig in S1 File).

At the maximal follow-up, only two trials reported data [5,19]. There was no difference

between groups at this time (RR 1.07, 95% CI 0.84 to 1.37; I2 30%) but moderate to low hetero-

geneity was found (Fig 16A). Furthermore, the TSA-adjusted CI for adverse events not consid-

ered serious was between 0.39 and 3.20 at maximal follow-up; only 9% of the required

information size was obtained (Table 2).

Fig 6. Comparison of early mobilisation versus standard care–mortality at the end of the intervention. Fig 6A and 6B. Forest-plots showing the results from the

fixed-effect meta-analysis of the outcome mortality at end of intervention with subgroup divided according to risk of bias (A) or diagnosis (B).

https://doi.org/10.1371/journal.pone.0237136.g006
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Exploratory outcomes

Three trials reported data on other adverse events besides death [5,19,36]. The RR of patients

experiencing serious adverse events and adverse events not considered serious in the early

mobilisation group versus the standard care group can be found in S2 Table in S1 File. For

death, please see analysis in Figs 6 and 7. Because there were no events in the standard care

group, we calculated the RR with a 0.5 event correction. The results from the fixed-effect

model yielded a RR of 4.43 for acute myocardial infarction (95% CI 0.4 to 51.5) and a RR of

13.0 for confusion (95% CI 0.2 to 723.5).

Fig 7. Comparison of early mobilisation versus standard care–mortality at maximal follow-up. Fig 7A and 7B. Forest-plots showing the results from the fixed-effect

meta-analysis of the outcome mortality at maximal follow-up with subgroup divided according to risk of bias (A) or diagnosis (B).

https://doi.org/10.1371/journal.pone.0237136.g007
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Adverse events in observational studies. We were able to retrieve data on serious adverse

events and adverse events not considered serious from the observational case-control study by

Karic et al. 2016 [71]. This study included 25 patients with severe subarachnoid haematoma

(Hunt and Hess grade IV or V) [72]. Serious adverse events occurred in 11/14 patients in the

early mobilisation group compared to 10/11 patients in the standard care group. Adverse

events not considered serious were reported in 13/14 of patients in the early mobilisation

group compared to 10/11 in the standard care group. These events were not described further.

Fig 8. Comparison of early mobilisation versus standard care–Poor functional outcome among survivors at the end of the intervention. Fig 8A and 8B. Forest-

plots showing the results from the fixed-effect meta-analysis of the outcome poor function at the end of intervention with subgroup divided according to risk of bias (A)

or diagnosis (B).

https://doi.org/10.1371/journal.pone.0237136.g008
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Summary of findings

Please see Table 3.

Discussion

Summary of main results

We identified four trials assessing early mobilisation compared with standard care. In general,

the sample size was far from large enough to make firm conclusions on the benefits or harms

Fig 9. Comparison of early mobilisation versus standard care–Poor functional outcome among survivors at maximal follow-up. Figs 9A and 8B. Forest-plot

showing the results from the fixed-effect meta-analysis of the outcome poor functional outcome at the longest follow-up with subgroup divided according to risk of bias

(A) or diagnosis (B).

https://doi.org/10.1371/journal.pone.0237136.g009
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of early mobilisation. Thus, no difference between early mobilisation or standard care was

found on death or poor functional outcome either at the end of intervention or at maximal fol-

low-up. In patients with a severe stroke, there seems to be enough evidence to conclude that

early mobilisation does not change the quality of life. However, given the moderate certainty

of the evidence and the fact that this conclusion was based on a subgroup analysis, this result

should be confirmed by future trials. Serious adverse events were almost evenly divided

between intervention groups but given that only 18% to 24% of the required information size

was reached more trials are needed. However, we noted increased risk of acute myocardial

infarction and confusion in the experimental group. It should be emphasised that the small

number of trials and patients in this review only provides limited evidence.

Early intervention was started far sooner in the two trials including patients with severe

stroke [5,19] than in the two trials including patients with severe traumatic brain injury

[36,70]. The type of mobilisation used also differed, as the two latter trials used a tilt table

whereas the former used manual mobilisation to the edge of bed/chair or standing position if

possible. However, these differences did not seem to affect the estimated intervention effects as

we found no heterogeneity and no difference in subgroup analyses.

The subgroup analysis between patients with stroke and non-stroke acquired brain injury

showed no difference in the estimates of the primary outcomes.

The other outcomes investigated in this trial did not reach the boundaries for futility but

required larger information sizes (between 393 and 4,342). Thus, this review strongly indicates

a need for more research on patients with severe acquired brain injury to answer questions on

the effects of early mobilisation.

Overall completeness and applicability of evidence

Our search was comprehensive and employed an inclusive approach. Besides searching medi-

cal databases, we also searched clinical trial registries and grey literature (Google Scholar etc.).

We contacted 17 primary investigators of other trials with experience in the field of early

mobilisation and brain injury. The six non-responders could potentially have trials that fitted

our inclusion criteria.

There is a clear growing interest in early mobilisation in other patients than the stroke pop-

ulation, although the latter constituted the majority in this review. Besides ‘wrong study

design’ (observational or quasi-randomised), ‘not doing early mobilisation’ but rather other

early interventions and ‘wrong patient population’ were the main reasons for excluding stud-

ies. Thus, one very large trial [16] using elevation of the head of the bed to 30 degrees did not

fulfil our inclusion criteria.

In general, information about the effect of mobilising in patients with severe acquired brain

injury is limited. Even when we combine patients with different types of brain injury (which

Fig 10. Comparison of early mobilisation versus standard care–Quality of life at maximal follow-up. Fig 10 A. Forest-plot showing the results from the fixed-effect

meta-analysis of the outcome quality of life at maximal follow-up with subgroup divided according to risk of bias.

https://doi.org/10.1371/journal.pone.0237136.g010
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could be considered going too far), the amount of data is still sparse within every single

pathology.

Quality of the evidence

All four trials used random sequence generation and one trial showed risk of attrition bias

[36]. Two trials attempted to blind patients and staff [5,19] by not revealing details of the treat-

ment protocols and providing the treatment behind curtains so the risk of bias was reduced.

The staff and the patients in two trials were not blinded to the protocol or treatment allocation

[36,70]. One could argue that the patients had low enough Glasgow Coma Score to be

Fig 11. Comparison of early mobilisation versus standard care–Serious adverse events at the end of the intervention. Fig 11 A and B. Forest-plots showing the

results from the fixed-effect meta-analysis of the outcome serious adverse events at the end of intervention with subgroup divided according to risk of bias (A) or

diagnosis (B).

https://doi.org/10.1371/journal.pone.0237136.g011
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considered indirectly blinded. Blinded outcome assessors were used in different degree in all

four trials. The AVERT trials [5,19] blinded assessors for all outcomes, the trial by Frazzitta

et al. blinded for all outcomes except for all adverse events [70] while the last trial [36] only

blinded for two outcomes (Coma Recovery Scale-Revised and adverse events). Risk of selective

outcome reporting was not possible to assess in one trial [70] since the trial was retrospectively

reported to clinicaltrials.gov. There were some differences in baseline characteristics in the two

small trials [36,70] in that those in the early mobilisation group were older in one study and

younger in the other.

The homogeneity of the interventions applied in the included studies could be questioned.

There was a large variety of the definition of early mobilisation ranging from hours to weeks

after injury. Nevertheless, some common ground can be found. Thus, all trials attempted to

administer mobilisation at an earlier time than was standard for the respective patient groups.

This should be considered when interpreting the findings in the context of clinical practice.

Potential biases in the review process (strengths and limitations)

The strength of this review is that we published the protocol on PROSPERO

(CRD42018088790) before searching. We conducted thorough searches on relevant databases,

trial registries, searched for unpublished data and a wide search strategy was applied for the

intervention ‘early mobilisation’ as the term is poorly defined. We also used a rigorous selec-

tion procedure by only including randomised clinical trials where at least 10 patients matched

our inclusion criteria. All included studies were assessed using Cochrane’s Risk of Bias Tool

and the quality was assessed using the GRADE methodology. Furthermore, we utilised the

TSA to control for random errors.

Chinese- and Russian-language trials were translated into English before the full text was

assessed for relevance. Some discrepancies could occur during the translation process, which

may have affected the decision of exclusion. Also, the interventions and patient populations

were somewhat loosely described in Chinese-language trials, probably due to cultural

differences.

Fig 12. Comparison of early mobilisation versus standard care–Serious adverse events at maximal follow-up. Fig 12 A. Forest-plot showing the results from the

fixed-effect meta-analysis of the outcome serious adverse events at the longest follow-up with subgroup divided according to low risk of bias or risk of bias.

https://doi.org/10.1371/journal.pone.0237136.g012
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Due to our selection of designs in this review our chances of discovering harms were lim-

ited, especially long-term and exceedingly rare harms resulting from the interventions. There-

fore, we decided to present the characteristics of serious adverse events and adverse events not

considered serious and to include observational studies for the investigation of harms. Because

we applied a “randomised clinical trial”-filter in our search, only one relevant study was

identified.

The results of this review are highly driven by the data from the AVERT III trial and, there-

fore, mostly reflects the effect of the intervention on patients with severe stroke. The younger

population of patients with traumatic brain injury could react differently to this intervention,

Fig 13. Comparison of early mobilisation versus standard care–Coma Recovery Scale-Revised at the end of the intervention. Fig 13A and 13B. Forest-plot

showing the results from the random-effects meta-analysis of the outcome Coma Recovery Scale-Revised at the end of intervention with subgroup divided according to

risk of bias (A) or diagnosis (B).

https://doi.org/10.1371/journal.pone.0237136.g013
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Fig 14. Comparison of early mobilisation versus standard care–Coma Recovery Scale-Revised at maximal follow-up. Fig 14A and 14B. Forest-plot showing the

results from the random-effects meta-analysis of the outcome Coma Recovery Scale-Revised at the longest follow-up with subgroup divided according to risk of bias (A)

or diagnosis (B).

https://doi.org/10.1371/journal.pone.0237136.g014

Fig 15. Comparison of early mobilisation versus standard care–Adverse events not considered serious at the end of the intervention. Fig 15A and 15B. Forest-plot

showing the results from the fixed-effect meta-analysis of the outcome adverse events not considered serious at the end of intervention with subgroup divided according

to risk of bias (A) or diagnosis (B).

https://doi.org/10.1371/journal.pone.0237136.g015
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Fig 16. Comparison of early mobilisation versus standard care–Adverse events not considered serious at maximal follow-up. Fig 16A. Forest-plot showing the

results from the fixed-effect meta-analysis of the outcome adverse events not considered serious at the maximal follow-up with subgroup divided according to risk of

bias.

https://doi.org/10.1371/journal.pone.0237136.g016

Table 3. Summary of findings for early mobilisation versus delayed mobilisation.

Early mobilisation compared with standard care (delayed mobilisation) for patients with severe acquired brain injury

Patient or population: patients with severe acquired brain injury including traumatic brain injury, stroke, anoxic brain injury

Setting: stroke unit or critical care unit

Intervention: early mobilisation

Comparison: standard care (delayed mobilisation)

Outcomes (Importance) Anticipated absolute effects
�

(95% CI) Relative

effect

(95% CI)

№ of

participants

(studies)

Certainty of the

evidence

(GRADE)

Comments

Risk with control Risk with early

mobilisation

Death or poor functional

outcome at the end of

the intervention

(Critical)

565 per 1.000 673 per 1.000

(526 to 865)

RR 1.19

(0.93 to

1.53)

91 (3 RCTs) ⊕◯◯◯VERY

LOW a, b
Large difference in the populations

between trials, although we did not

observe subgroup differences

regrading intervention effects. Small

number of patients in trials. Large

beneficial effects to harmful effects are

possible according to the TSA-

adjusted CI.

Death or poor functional

outcome at the maximal

follow-up (Critical)

603 per 1.000 621 per 1.000

(537 to 730)

RR 1.03

(0.89 to

1.21)

381 (4 RCTs) ⊕◯◯◯ VERY

LOW a, b
Large difference in the populations

between trials, although we did not

observe subgroup differences

regrading intervention effects.

Beneficial effects to harmful effects are

possible according to the TSA-

adjusted CI.

(Continued)
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although they are a very heterogeneous group. More trials are needed to draw firm conclu-

sions, for younger patients and traumatic brain injury.

The four included trials used different outcome scales for our primary outcome exploring

physical function. Therefore, we dichotomised these outcomes as a poor or good outcome and

this incurs a risk of losing information. The analysis of the results can then be greatly affected

by the distribution of the outcome and the specific cut-off between ‘poor’ or ‘good’. Further-

more, the statistical power of the analysis is lower when dichotomising a continuous scale

[73,74]. We dichotomised the mRS with 5 and 6 as a poor outcome and 1 to 4 as a good out-

come. This could be considered somewhat uncommon. But given that we are including

patients with severe brain injury it could also be considered successful to move patients to a

better outcome than 5 or 6. Alternatively, we could have used the standardised mean difference

Table 3. (Continued)

Early mobilisation compared with standard care (delayed mobilisation) for patients with severe acquired brain injury

Quality of Life at the

maximal follow-up

assessed with: AQoL

(4D) (Critical)

The mean quality of Life

was 0 AQoL points

MD 0 AQoL

points (0.05 lower

to 0.05 higher)

- 208 (2 RCTs) ⊕⊕⊕◯
MODERATEx

Patients included in this analysis are

from trials only including patients

with severe stroke.

Patients with at least one

serious adverse event at

the end of the

intervention (Critical)

358 per 1.000 394 per 1.000

(308 to 497)

RR 1.10

(0.86 to

1.39)

385 (4 RCTs) ⊕◯◯◯ VERY

LOW q, b
Large difference in the populations

between trials, although we did not

observe subgroup differences

regrading intervention effects.

Beneficial effects to harmful effects are

possible according to the TSA-

adjusted CI.

Patients with at least one

serious adverse event at

the maximal follow-up

(Critical)

483 per 1.000 522 per 1.000

(421 to 653)

RR 1.08

(0.87 to

1.35)

308 (2 RCTs) ⊕◯◯◯ VERY

LOW q, b
Patients included in this analysis are

from trials only including patients

with severe stroke. Beneficial effects to

harmful effects are possible according

to the TSA-adjusted CI.

Coma Recovery Scale-

Revised (CRS-R) at end

of the intervention

(Critical)

The mean coma Recovery

Scale-Revised (CRS-R) at

end of the intervention was

-0.00 CRS-R points

MD 0 CRS-R

points (8.23 lower

to 8.23 higher)

- 60 (2 RCTs) ⊕◯◯◯ VERY

LOW b, e, f
The two trials have high risk of bias.

There is inconsistency between the

two trials estimates. Large beneficial

effects to harmful effects are possible

according to the TSA-adjusted CI.

Coma Recovery Scale-

Revised (CRS-R) at the

maximal follow-up

(Critical)

The mean coma Recovery

Scale-Revised (CRS-R) at

the maximal follow-up

(Random) was 0.62 CRS-R

points

MD 0.62 CRS-R

points higher

(4.82 lower to 6.06

higher)

- 56 (2 RCTs) ⊕◯◯◯ VERY

LOW b, e, f
The two trials have high risk of bias.

There is inconsistency between the

two trials estimates. Extreme beneficial

effects to harmful effects are possible

according to the TSA-adjusted CI.

�The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention

(and its 95% CI). CI: Confidence interval; RR: Risk ratio; MD: Mean difference

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

a. Downgraded for indirectness by one level due to differences in outcome measures for measuring poor functional outcome; b. Downgraded for imprecision by two

levels as the accrued information size was below 50% of the diversity-adjusted required information size; c. downgraded one level due to indirectness as the trials only

consist of patients with stroke. d. Downgraded for indirectness by one level due to differences in intervention. e. Downgraded one level for high risk of bias as both

included trials was at high risk of bias; f. Downgraded one level for inconsistency as considerable to substantial heterogeneity was found.

https://doi.org/10.1371/journal.pone.0237136.t003
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to analyse different outcome measures used to assess physical function, but we believe this

method can be hard to interpret for clinical relevance.

We were only able to complete the subgroup analysis exploring the low risk of bias versus

the high risk of bias and one of the planned clinical subgroup analyses (stroke versus other

brain injuries). The included trials did not differ enough in duration, intensity, frequency, tim-

ing or type of mobilisation to make these analyses relevant.

The small sample sizes in this review were exposed when compared to the TSA required

information sizes for the different selected outcomes. Future trials are needed to gain sufficient

knowledge about the benefits and harms of the treatment, but will most likely increase the het-

erogeneity and the required information size would increase accordingly [75].

Because of the low number of included trials in this review, it was not rational to make a

funnel plot for analysing publication bias. The published randomised controlled trials were

few, and future studies should emphasise blinding participants, personnel, and outcome

assessments to avoid downgrading the certainty of evidence.

Agreements and disagreements with other studies or reviews

No other review has undertaken the challenge of investigating the effect of early mobilisation

in patients with severe acquired brain injury. A Cochrane review on patients with stroke and

early mobilisation found no benefits of early mobilisation on the number of people who sur-

vived or made a good recovery [76], but patients with severe stroke are underreported in these

trials, even though 14% of the patients in the single largest study [5] had a severe stroke. Inter-

estingly, these results are very similar to the results in the present review on the outcome of

death or poor function at three months [76]. It could, therefore, be hypothesised that patients

with severe stroke (NIHSS>16) experience the same harms from an early mobilisation as do

other patients with stroke. Likewise, a recently published analysis from the AVERT III trial

showed that quality of life is not improved from early mobilisation, which aligns with our

results [77].

Another recently published review found benefits on functional recovery of early rehabilita-

tion interventions in patients with traumatic brain injury starting at the trauma centre and

more intensive neurorehabilitation afterwards [78]. The included studies were small (largest

n = 86) and included a quasi-randomised trial, which could lead to a risk of type I or II errors.

Trials investigating complicated rehabilitation programs such as ‘systematic reality orientation

program’ or ‘multisensory stimulation’ can be difficult to replicate in a rigid clinical trial and

therefore also difficult to transform into a clinical setting.

This review differs from other reviews because patients with severe acquired brain injury

were specifically selected for analysis. In the search for more homogenous patient populations,

the patients with severe brain injury have often been excluded from other randomised clinical

trials of early mobilisation in critically ill patients.

Authors’ conclusions

Implications for practice

We found no evidence of a difference between the early mobilisation of patients with severe

acquired brain injury compared with standard care in important outcomes such as death and

poor functional outcome, or serious adverse events. Our analyses also do not indicate a major

impact on the quality of life as measured with AQoL(4D), although smaller effects and effects

on other measures of life quality cannot be excluded. Our systematic review strongly highlights

the insufficient evidence in patients with severe brain injury, and no firm conclusions on the

potential benefit or harm from early mobilisation can be drawn from these data.
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Implications for research

More research is needed within the area of early mobilisation for severe brain injury, especially

in the subgroups of participants, namely patients with traumatic brain injury, stroke, and hyp-

oxic brain injury. Outcomes such as the effect on death alone or functional outcome alone and

quality of life in other patients with a brain injury than stroke, as well as harms (serious adverse

events) should be further investigated. Future trials should closely monitor patients for poten-

tial adverse events like AMI and confusion.
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11. Krewer C, Luther M, Koenig E, Möller F, Müller F. Tilt table therapies for patients with severe disorders

of consciousness: a randomized, controlled trial. PLoS One. 2015; 10: e0143180. https://doi.org/10.

1371/journal.pone.0143180 PMID: 26623651

12. Luther MS, Krewer C, Müller F, Koenig E. Comparison of orthostatic reactions of patients still uncon-

scious within the first three months of brain injury on a tilt table with and without integrated stepping. A

prospective, randomized crossover pilot trial. Clin Rehabil. 2008; 22: 1034–41. https://doi.org/10.1177/

0269215508092821 PMID: 19052242

13. Riberholt CG, Olesen ND, Thing M, Juhl CB, Mehlsen J, Petersen TH. Impaired cerebral autoregulation

during head up tilt in patients with severe brain injury. PLoS One. 2016; 11: e0154831. https://doi.org/

10.1371/journal.pone.0154831 PMID: 27168188

14. Riberholt C, Olesen N, Hovind P, Mehlsen J, Petersen TH. Intravenous saline administration in patients

with severe acquired brain injury and orthostatic intolerance for tilt-table mobilization. Brain Inj. 2018;

32: 252–6. https://doi.org/10.1080/02699052.2017.1408144 PMID: 29190150

15. Olavarrı́a V V., Arima H, Anderson CS, Brunser AM, Muñoz-Venturelli P, Heritier S, et al. Head position

and cerebral blood flow velocity in acute ischemic stroke: A systematic review and meta-analysis. Cere-

brovasc Dis. 2014; 37: 401–8. https://doi.org/10.1159/000362533 PMID: 24993471

16. Anderson CS, Arima H, Lavados P, Billot L, Hackett ML, Olavarrı́a V V, et al. Cluster-randomized,

crossover trial of head positioning in acute stroke. N Engl J Med. 2017; 376: 2437–47. https://doi.org/

10.1056/NEJMoa1615715 PMID: 28636854

17. NICE. Stroke and transient ischaemic attack in over 16s: diagnosis and initial management. 2019. Avail-

able: https://www.nice.org.uk/guidance/ng128

18. Scottish Intercollegiate Guidelines Network. Management of patients with stroke: Rehabilitation, pre-

vention and management of complications, and discharge planning Scottish Intercollegiate Guidelines

Network Part of NHS Quality Improvement Scotland. Edinburgh; 2010. Available: https://www.sign.ac.

uk/assets/sign118.pdf

19. Bernhardt J, Dewey H, Thrift A, Collier J, Donnan G. A very early rehabilitation trial for stroke (AVERT):

phase II safety and feasibility. Stroke. 2008; 39: 390–6. https://doi.org/10.1161/STROKEAHA.107.

492363 PMID: 18174489

20. Cumming TB, Thrift AG, Collier JM, Churilov L, Dewey HM, Donnan GA, et al. Very early mobilization

after stroke fast-tracks return to walking: Further results from the phase II AVERT randomized con-

trolled trial. Stroke. 2011; 42: 153–158. https://doi.org/10.1161/STROKEAHA.110.594598 PMID:

21148439

21. Luft AR, Kesselring J. Critique of A Very Early Rehabilitation Trial (AVERT). Stroke. 2016; 47: 291–292.

https://doi.org/10.1161/STROKEAHA.115.010483 PMID: 26658440

22. Bernhardt J, Churilov L, Ellery F, Collier J, Chamberlain J, Langhorne P, et al. Prespecified dose-

response analysis for A Very Early Rehabilitation Trial (AVERT). Neurology. 2016; 86: 2138–45. https://

doi.org/10.1212/WNL.0000000000002459 PMID: 26888985

PLOS ONE Early head-up mobilisation versus standard care

PLOS ONE | https://doi.org/10.1371/journal.pone.0237136 August 13, 2020 30 / 33

https://doi.org/10.1016/S0140-6736%2876%2992215-7
https://doi.org/10.1016/S0140-6736%2876%2992215-7
https://doi.org/10.1016/S0140-6736%2815%2960690-0
https://doi.org/10.1016/S0140-6736%2815%2960690-0
http://www.ncbi.nlm.nih.gov/pubmed/25892679
https://doi.org/10.1016/B978-0-444-52892-6.00002-7
https://doi.org/10.1016/B978-0-444-52892-6.00002-7
http://www.ncbi.nlm.nih.gov/pubmed/25702207
https://doi.org/10.1136/jnnp.2010.222489
http://www.ncbi.nlm.nih.gov/pubmed/21242285
https://doi.org/10.1089/neu.2011.1811
http://www.ncbi.nlm.nih.gov/pubmed/21864138
https://doi.org/10.1007/s00134-016-4612-0
http://www.ncbi.nlm.nih.gov/pubmed/27864615
https://doi.org/10.1016/j.apmr.2004.03.024
http://www.ncbi.nlm.nih.gov/pubmed/15605335
https://doi.org/10.1371/journal.pone.0143180
https://doi.org/10.1371/journal.pone.0143180
http://www.ncbi.nlm.nih.gov/pubmed/26623651
https://doi.org/10.1177/0269215508092821
https://doi.org/10.1177/0269215508092821
http://www.ncbi.nlm.nih.gov/pubmed/19052242
https://doi.org/10.1371/journal.pone.0154831
https://doi.org/10.1371/journal.pone.0154831
http://www.ncbi.nlm.nih.gov/pubmed/27168188
https://doi.org/10.1080/02699052.2017.1408144
http://www.ncbi.nlm.nih.gov/pubmed/29190150
https://doi.org/10.1159/000362533
http://www.ncbi.nlm.nih.gov/pubmed/24993471
https://doi.org/10.1056/NEJMoa1615715
https://doi.org/10.1056/NEJMoa1615715
http://www.ncbi.nlm.nih.gov/pubmed/28636854
https://www.nice.org.uk/guidance/ng128
https://www.sign.ac.uk/assets/sign118.pdf
https://www.sign.ac.uk/assets/sign118.pdf
https://doi.org/10.1161/STROKEAHA.107.492363
https://doi.org/10.1161/STROKEAHA.107.492363
http://www.ncbi.nlm.nih.gov/pubmed/18174489
https://doi.org/10.1161/STROKEAHA.110.594598
http://www.ncbi.nlm.nih.gov/pubmed/21148439
https://doi.org/10.1161/STROKEAHA.115.010483
http://www.ncbi.nlm.nih.gov/pubmed/26658440
https://doi.org/10.1212/WNL.0000000000002459
https://doi.org/10.1212/WNL.0000000000002459
http://www.ncbi.nlm.nih.gov/pubmed/26888985
https://doi.org/10.1371/journal.pone.0237136


23. Oxman AD. Subgroup analyses: The devil is in the interpretation. BMJ (Online). 14 Apr 2012344.

https://doi.org/10.1136/bmj.e2022 PMID: 22422834

24. Carney N, Totten AM, O’Reilly C, Ullman JS, Hawryluk GWJ, Bell MJ, et al. Guidelines for the Manage-

ment of Severe Traumatic Brain Injury, Fourth Edition. Neurosurgery. 2017; 80: 6–15. https://doi.org/

10.1227/NEU.0000000000001432 PMID: 27654000

25. Shigemori M, Abe T, Aruga T, Ogawa T, Okudera H, Ono J, et al. Guidelines for the Management of

Severe Head Injury, 2nd Edition guidelines from the Guidelines Committee on the Management of

Severe Head Injury, the Japan Society of Neurotraumatology. Neurol Med Chir (Tokyo). 2012; 52: 1–

30. https://doi.org/10.2176/nmc.52.1 PMID: 22278024

26. NICE. (No Title). Head Injury: Triage, Assessment, Investigation and Early Management of Head Injury

in Children, Young People and Adults. 2014. Available: http://www.ncbi.nlm.nih.gov/pubmed/25340248

27. Chalmers TC, Celano P, Sacks HS, Smith H. Bias in Treatment Assignment in Controlled Clinical Trials.

N Engl J Med. 1983; 309: 1358–1361. https://doi.org/10.1056/NEJM198312013092204 PMID:

6633598

28. Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes G, et al. Preferred reporting items for sys-

tematic reviews and meta-analyses: The PRISMA statement. PLoS Medicine. 2009. https://doi.org/10.

1371/journal.pmed.1000097

29. Ioannidis JPA. Adverse events in randomized trials: neglected, restricted, distorted, and silenced. Arch

Intern Med. 2009; 169: 1737–9. https://doi.org/10.1001/archinternmed.2009.313 PMID: 19858427

30. StorebøOJ, Pedersen N, Ramstad E, Kielsholm ML, Nielsen SS, Krogh HB, et al. Methylphenidate for

attention deficit hyperactivity disorder (ADHD) in children and adolescents—assessment of adverse

events in non-randomised studies. Cochrane Database of Systematic Reviews. John Wiley and Sons

Ltd; 2018. https://doi.org/10.1002/14651858CD012069.pub2

31. Endres M, Dirnagl U, Moskowitz MA. The ischemic cascade and mediators of ischemic injury. Hand-

book of Clinical Neurology. Elsevier; 2008. pp. 31–41. https://doi.org/10.1016/S0072-9752(07)88002-X

PMID: 18631685

32. Hawthorne G, Richardson J, Osborne R. The Assessment of Quality of Life (AQoL) instrument: a psy-

chometric measure of health-related quality of life. Qual Life Res. 1999; 8: 209–24. https://doi.org/10.

1023/a:1008815005736 PMID: 10472152

33. ICH GCP. International Conference on Harmonisation of Technical Requirements for Registration of

Pharmaceuticals for Human Use (ICH) adopts Consolidated Guideline on Good Clinical Practice in the

Conduct of Clinical Trials on Medicinal Products for Human Use. Int Dig Health Legis. 1997; 48: 231–4.

Available: http://www.ncbi.nlm.nih.gov/pubmed/11656783 PMID: 11656783

34. Giacino JT, Kalmar K, Whyte J. The JFK Coma Recovery Scale-Revised: measurement characteristics

and diagnostic utility. Arch Phys Med Rehabil. 2004; 85: 2020–9. https://doi.org/10.1016/j.apmr.2004.

02.033 PMID: 15605342

35. Covidence©. Covidence systematic review software [Computer program]. Melbourne: Veritas Health

Innovation; Available: www.covidence.org

36. Riberholt CG, Olsen MH, Søndergaard CB, Gluud C, Ovesen C, Jakobsen JC, et al. Early orthostatic

exercise by head-up tilt with stepping versus standard care after severe traumatic brain injury–a ran-

domized clinical feasibility trial. Neurorehabilitation Neural repair, Submitt May 2020.

37. Nordic Cochrane Centre. Review Manager 5 (RevMan 5). Copenhagen: Nordic Cochrane Centre, The

Cochrane Collaboration; Available: https://training.cochrane.org/online-learning/core-software-

cochrane-reviews/revman

38. Higgins J, Green S. Cochrane Handbook for Systematic Reviews of Interventions. Version 5. Higgins J,

Green S, editors. The Cochrane Collaboration; 2011. Available: www.handbook.cochrane.org

39. SAS Institute. SAS/STAT software. Cary, NC, USA: SAS Institute Inc; Available: https://www.sas.com/

en_us/software/stat.html

40. Thorlund K, Engstrøm J, Wetterslev J, Brok J, Imberger G, Gluud C. User manual for Trial Sequential

Analysis. Copenhagen: Copenhagen Trial Unit; 2011. Available: http://www.ctu.dk/tsa/

41. Jakobsen JC, Wetterslev J, Winkel P, Lange T, Gluud C. Thresholds for statistical and clinical signifi-

cance in systematic reviews with meta-analytic methods. BMC Med Res Methodol. 2014; 14. https://

doi.org/10.1186/1471-2288-14-120 PMID: 25416419

42. Brok J, Thorlund K, Gluud C, Wetterslev J. Trial sequential analysis reveals insufficient information size

and potentially false positive results in many meta-analyses. J Clin Epidemiol. 2008; 61: 763–9. https://

doi.org/10.1016/j.jclinepi.2007.10.007 PMID: 18411040

43. Brok J, Thorlund K, Wetterslev J, Gluud C. Apparently conclusive meta-analyses may be inconclusive

—Trial sequential analysis adjustment of random error risk due to repetitive testing of accumulating

PLOS ONE Early head-up mobilisation versus standard care

PLOS ONE | https://doi.org/10.1371/journal.pone.0237136 August 13, 2020 31 / 33

https://doi.org/10.1136/bmj.e2022
http://www.ncbi.nlm.nih.gov/pubmed/22422834
https://doi.org/10.1227/NEU.0000000000001432
https://doi.org/10.1227/NEU.0000000000001432
http://www.ncbi.nlm.nih.gov/pubmed/27654000
https://doi.org/10.2176/nmc.52.1
http://www.ncbi.nlm.nih.gov/pubmed/22278024
http://www.ncbi.nlm.nih.gov/pubmed/25340248
https://doi.org/10.1056/NEJM198312013092204
http://www.ncbi.nlm.nih.gov/pubmed/6633598
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1001/archinternmed.2009.313
http://www.ncbi.nlm.nih.gov/pubmed/19858427
https://doi.org/10.1002/14651858
https://doi.org/10.1016/S0072-9752%2807%2988002-X
http://www.ncbi.nlm.nih.gov/pubmed/18631685
https://doi.org/10.1023/a%3A1008815005736
https://doi.org/10.1023/a%3A1008815005736
http://www.ncbi.nlm.nih.gov/pubmed/10472152
http://www.ncbi.nlm.nih.gov/pubmed/11656783
http://www.ncbi.nlm.nih.gov/pubmed/11656783
https://doi.org/10.1016/j.apmr.2004.02.033
https://doi.org/10.1016/j.apmr.2004.02.033
http://www.ncbi.nlm.nih.gov/pubmed/15605342
http://www.covidence.org
https://training.cochrane.org/online-learning/core-software-cochrane-reviews/revman
https://training.cochrane.org/online-learning/core-software-cochrane-reviews/revman
http://www.handbook.cochrane.org
https://www.sas.com/en_us/software/stat.html
https://www.sas.com/en_us/software/stat.html
http://www.ctu.dk/tsa/
https://doi.org/10.1186/1471-2288-14-120
https://doi.org/10.1186/1471-2288-14-120
http://www.ncbi.nlm.nih.gov/pubmed/25416419
https://doi.org/10.1016/j.jclinepi.2007.10.007
https://doi.org/10.1016/j.jclinepi.2007.10.007
http://www.ncbi.nlm.nih.gov/pubmed/18411040
https://doi.org/10.1371/journal.pone.0237136


data in apparently conclusive neonatal meta-analyses. Int J Epidemiol. 2009; 38: 287–98. https://doi.

org/10.1093/ije/dyn188 PMID: 18824466

44. Pogue JM, Yusuf S. Cumulating evidence from randomized trials: Utilizing sequential monitoring bound-

aries for cumulative meta-analysis. Controlled Clinical Trials. 1997. pp. 580–593. https://doi.org/10.

1016/s0197-2456(97)00051-2 PMID: 9408720

45. Thorlund K, Devereaux PJ, Wetterslev J, Guyatt G, Ioannidis JPA, Thabane L, et al. Can trial sequential

monitoring boundaries reduce spurious inferences from meta-analyses? Int J Epidemiol. 2009; 38:

276–86. https://doi.org/10.1093/ije/dyn179 PMID: 18824467

46. Wetterslev J, Thorlund K, Brok J, Gluud C. Trial sequential analysis may establish when firm evidence

is reached in cumulative meta-analysis. J Clin Epidemiol. 2008; 61: 64–75. https://doi.org/10.1016/j.

jclinepi.2007.03.013 PMID: 18083463

47. Wetterslev J, Jakobsen JC, Gluud C. Trial Sequential Analysis in systematic reviews with meta-analy-

sis. BMC Med Res Methodol. 2017; 17: 1–18. https://doi.org/10.1186/s12874-016-0277-1

48. Thorlund K, Engstrøm J, Wetterslev J, Brok J, Imberger G, Gluud C. User manual for Trial Sequential

Analysis (TSA). Available: www.ctu.dk/tsa/files/tsa_manual.pdf

49. Wetterslev J, Thorlund K, Brok J, Gluud C. Estimating required information size by quantifying diversity

in random-effects model meta-analyses. BMC Med Res Methodol. 2009; 9: 86. https://doi.org/10.1186/

1471-2288-9-86 PMID: 20042080

50. Turner RM, Bird SM, Higgins JPT. The impact of study size on meta-analyses: Examination of under-

powered studies in Cochrane reviews. PLoS One. 2013; 8. https://doi.org/10.1371/journal.pone.

0059202 PMID: 23544056

51. Kotecha D, Manzano L, Krum H, Rosano G, Holmes J, Altman DG, et al. Effect of age and sex on effi-

cacy and tolerability of β blockers in patients with heart failure with reduced ejection fraction: individual

patient data meta-analysis. BMJ. 2016; 353: i1855. https://doi.org/10.1136/bmj.i1855 PMID: 27098105

52. Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in health-related quality of life: the

remarkable universality of half a standard deviation. Med Care. 2003; 41: 582–92. https://doi.org/10.

1097/01.MLR.0000062554.74615.4C PMID: 12719681

53. Guyatt GH, Oxman AD, Kunz R, Brozek J, Alonso-Coello P, Rind D, et al. GRADE guidelines 6. Rating

the quality of evidence—imprecision. J Clin Epidemiol. 2011; 64: 1283–93. https://doi.org/10.1016/j.

jclinepi.2011.01.012 PMID: 21839614
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