
Cochrane
Library

 

Cochrane Database of Systematic Reviews

 
Elevation of the head during intensive care management in people
with severe traumatic brain injury (Review)

 

  Alarcon JD, Rubiano AM, Okonkwo DO, Alarcón J, Martinez-Zapata MJ, Urrútia G, Bonfill Cosp X  

  Alarcon JD, Rubiano AM, Okonkwo DO, Alarcón J, Martinez-Zapata MJ, Urrútia G, Bonfill Cosp X. 
Elevation of the head during intensive care management in people with severe traumatic brain injury. 
Cochrane Database of Systematic Reviews 2017, Issue 12. Art. No.: CD009986. 
DOI: 10.1002/14651858.CD009986.pub2.

 

  www.cochranelibrary.com  

Elevation of the head during intensive care management in people with severe traumatic brain injury (Review)
 

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

https://doi.org/10.1002%2F14651858.CD009986.pub2
https://www.cochranelibrary.com


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

T A B L E   O F   C O N T E N T S

ABSTRACT..................................................................................................................................................................................................... 1

PLAIN LANGUAGE SUMMARY....................................................................................................................................................................... 2

SUMMARY OF FINDINGS.............................................................................................................................................................................. 4

BACKGROUND.............................................................................................................................................................................................. 6

Figure 1.................................................................................................................................................................................................. 7

OBJECTIVES.................................................................................................................................................................................................. 8

METHODS..................................................................................................................................................................................................... 8

RESULTS........................................................................................................................................................................................................ 10

Figure 2.................................................................................................................................................................................................. 11

Figure 3.................................................................................................................................................................................................. 13

Figure 4.................................................................................................................................................................................................. 14

DISCUSSION.................................................................................................................................................................................................. 16

AUTHORS' CONCLUSIONS........................................................................................................................................................................... 16

ACKNOWLEDGEMENTS................................................................................................................................................................................ 17

REFERENCES................................................................................................................................................................................................ 18

CHARACTERISTICS OF STUDIES.................................................................................................................................................................. 20

DATA AND ANALYSES.................................................................................................................................................................................... 26

Analysis 1.1. Comparison 1 Altered backrest position compared with flat position for severe traumatic brain injury, Outcome
1 ICP.......................................................................................................................................................................................................

26

Analysis 1.2. Comparison 1 Altered backrest position compared with flat position for severe traumatic brain injury, Outcome
2 CPP......................................................................................................................................................................................................

27

APPENDICES................................................................................................................................................................................................. 27

CONTRIBUTIONS OF AUTHORS................................................................................................................................................................... 30

DECLARATIONS OF INTEREST..................................................................................................................................................................... 30

SOURCES OF SUPPORT............................................................................................................................................................................... 30

DIFFERENCES BETWEEN PROTOCOL AND REVIEW.................................................................................................................................... 30

NOTES........................................................................................................................................................................................................... 31

INDEX TERMS............................................................................................................................................................................................... 31

Elevation of the head during intensive care management in people with severe traumatic brain injury (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

i



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

[Intervention Review]

Elevation of the head during intensive care management in people with
severe traumatic brain injury

Jose D Alarcon1, Andres M Rubiano2, David O Okonkwo3, Jairo Alarcón4, Maria José Martinez-Zapata5,6, Gerard Urrútia5, Xavier Bonfill

Cosp5,7

1Iberoamerican Cochrane Network, Surcolombian University, Neiva, Colombia. 2MEDITECH Foundation, Neiva, Colombia. 3Brain

Trauma Research Centre, Department of Neurological Surgery, University of Pittsburgh, Pittsburgh, PA, USA. 4Department of Pediatrics,

Universidad del Valle, Cali, Colombia. 5Iberoamerican Cochrane Centre, Biomedical Research Institute Sant Pau (IIB Sant Pau), CIBER

Epidemiología y Salud Pública (CIBERESP), Barcelona, Spain. 6Cochrane Ecuador. Center for Research in Public Health and Clinical

Epidemiology (CISPEC). Eugenio Espejo School of Health Sciences, Equinoccial Technological University, Quito, Ecuador. 7Universitat
Autònoma de Barcelona, Barcelona, Spain

Contact: Gerard Urrútia, Iberoamerican Cochrane Centre, Biomedical Research Institute Sant Pau (IIB Sant Pau), CIBER Epidemiología y
Salud Pública (CIBERESP), Sant Antoni Maria Claret 167, Pavilion 18, Barcelona, Catalunya, 08025, Spain. gurrutia@santpau.cat.

Editorial group: Cochrane Injuries Group.
Publication status and date: New, published in Issue 12, 2017.

Citation:  Alarcon JD, Rubiano AM, Okonkwo DO, Alarcón J, Martinez-Zapata MJ, Urrútia G, Bonfill Cosp X. Elevation of the head during
intensive care management in people with severe traumatic brain injury. Cochrane Database of Systematic Reviews 2017, Issue 12. Art.
No.: CD009986. DOI: 10.1002/14651858.CD009986.pub2.

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Traumatic brain injury (TBI) is a major public health problem and a fundamental cause of morbidity and mortality worldwide. The burden
of TBI disproportionately aPects low- and middle-income countries. Intracranial hypertension is the most frequent cause of death and
disability in brain-injured people. Special interventions in the intensive care unit are required to minimise factors contributing to secondary
brain injury aQer trauma. Therapeutic positioning of the head (diPerent degrees of head-of-bed elevation (HBE)) has been proposed as a
low cost and simple way of preventing secondary brain injury in these people. The aim of this review is to evaluate the evidence related to
the clinical ePects of diPerent backrest positions of the head on important clinical outcomes or, if unavailable, relevant surrogate outcomes.

Objectives

To assess the clinical and physiological ePects of HBE during intensive care management in people with severe TBI.

Search methods

We searched the following electronic databases from their inception up to March 2017: Cochrane Injuries' Specialised Register, CENTRAL,
MEDLINE, Embase, three other databases and two clinical trials registers. The Cochrane Injuries' Information Specialist ran the searches.

Selection criteria

We selected all randomised controlled trials (RCTs) involving people with TBI who underwent diPerent HBE or backrest positions. Studies
may have had a parallel or cross-over design. We included adults and children over two years of age with severe TBI (Glasgow Coma Scale
(GCS) less than 9). We excluded studies performed in children of less than two years of age because of their unfused skulls. We included
any therapeutic HBE including supine (flat) or diPerent degrees of head elevation with or without knee gatch or reverse Trendelenburg
applied during the acute management of the TBI.
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Data collection and analysis

Two review authors independently checked all titles and abstracts, excluding references that clearly didn't meet all selection criteria, and
extracted data from selected studies on to a data extraction form specifically designed for this review. There were no cases of multiple
reporting. Each review author independently evaluated risk of bias through assessing sequence generation, allocation concealment,
blinding, incomplete outcome data, selective outcome reporting, and other sources of bias.

Main results

We included three small studies with a cross-over design, involving a total of 20 participants (11 adults and 9 children), in this review.
Our primary outcome was mortality, and there was one death by the time of follow-up 28 days aQer hospital admission. The trials did
not measure the clinical secondary outcomes of quality of life, GCS, and disability. The included studies provided information only for the
secondary outcomes intracranial pressure (ICP), cerebral perfusion pressure (CPP), and adverse ePects.

We were unable to pool the results as the data were either presented in diPerent formats or no numerical data were provided. We included
narrative interpretations of the available data.

The overall risk of bias of the studies was unclear due to poor reporting of the methods. There was marked inconsistency across studies for
the outcome of ICP and small sample sizes or wide confidence intervals for all outcomes. We therefore rated the quality of the evidence as
very low for all outcomes and have not included the results of individual studies here. We do not have enough evidence to draw conclusions
about the ePect of HBE during intensive care management of people with TBI.

Authors' conclusions

The lack of consistency among studies, scarcity of data and the absence of evidence to show a correlation between physiological
measurements such as ICP, CCP and clinical outcomes, mean that we are uncertain about the ePects of HBE during intensive care
management in people with severe TBI.

Well-designed and larger trials that measure long-term clinical outcomes are needed to understand how and when diPerent backrest
positions can aPect the management of severe TBI.

P L A I N   L A N G U A G E   S U M M A R Y

Elevation of the head during intensive care management in people with severe traumatic brain injury

Review question

How does the position of the backrest of the bed (and therefore the position of the head) aPect people who have had an injury to the head
that caused serious brain damage?

Background

Raised pressure within the skull (intracranial hypertension) because of swelling is the most common cause of death and disability in
brain‑injured people. How well someone with intracranial hypertension recovers oQen depends on how they are treated. Some
people think that some positions of the backrest of the bed (called the 'head-of-bed elevation' or HBE) might aPect this pressure and
improve the person's recovery. The position of the backrest of the bed is a simple and cheap intervention. This is important as most brain
injury happens in low- and middle-income countries with relatively undeveloped health systems and few resources to deal with brain
injury.

Search date

In March 2017 the review authors searched for randomised studies.

Study characteristics

We found three small studies, with a total of 20 people (11 adults and 9 children). The studies had a cross-over design (participants received
the study interventions in a random order, and served as their own control) and looked at the ePect of diPerent head positions. Researchers
measured the pressure inside the skull (intracranial pressure (ICP)) and the pressure gradient causing blood flow to the brain (cerebral
perfusion pressure (CPP)). Two studies were funded by research grants from the national Department of Health, and one study received
no funding.

Key results

At the time of follow-up 28 days following hospital admission, one child had died. None of the studies assessed quality of life, Glasgow
Coma Scale (a measurement of how conscious someone is), or disability. The studies gave varied results and our certainty in the results
is very low, so we do not consider the body of evidence to be reliable. None of the studies found any evidence of a change in CPP due
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to diPerent backrest positions. The results for ICP were more mixed but there is still no convincing evidence that HBE changes ICP. There
is insuPicient evidence to say whether the intervention is safe. One child experienced an increase in ICP in response to the intervention,
which resolved when the height of the bed was returned to the normal position. We are uncertain about the ePects of diPerent backrest
positions in people with serious brain injury.

Quality of the evidence

The body of evidence for this research question is very low due to variability in physiological response in the study participants, unclear
risk of bias in the study methods, and the small number of people enrolled in each study.

Conclusions

We are uncertain about the ePects of diPerent backrest positions in people with serious brain injury. Well-designed and larger trials are
needed. Trials also need to measure the right patient outcomes over a longer period of time in order to understand how and when diPerent
backrest positions can aPect people with brain injury.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Altered backrest position for severe traumatic brain injury

Altered backrest position for severe traumatic brain injury

Patient or population: people with severe traumatic brain injury (adults and children)

Settings: intensive care

Intervention: altered backrest position (head-of-bed elevation (HBE))

Comparison: any other backrest position (the studies used a flat position or 30 degree elevation as the baseline)

Outcomes Results No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Mortality Out of a total of 20 participants who
served as their own control, there
was one death at final follow-up 28
days after hospital admission

20
(3 studies)

⊕⊝⊝⊝

Very low1,2

We are uncertain about the ef-
fects of altered backrest po-
sition in participants with se-
vere TBI

Intracranial
pressure
(ICP)
Follow-up: ≤ 1 h

The findings across these three
small studies were inconsistent,
with two showing no evidence of an
effect of HBE on ICP, and one show-
ing a negative linear association
with high intra-study heterogeneity

20
(3 studies)

⊕⊝⊝⊝

Very low1,2,3

Due to the unclear risk of bias,
inconsistency and the very
small number of participants,
we are uncertain about the
effect of altered backrest po-
sition on ICP in participants
with severe TBI

Cerebral perfu-
sion pressure
(CPP)
Follow-up: ≤ 1 h

These three small studies showed
no effect of HBE on CCP

20
(3 studies)

⊕⊝⊝⊝

Very low1,2

Due to the unclear risk of bias,
and in particular the very small
number of participants, we are
uncertain about the effect of
altered backrest position on
CPP in participants with se-
vere TBI

Quality of life;

Glasgow Coma
Score;

Disability

No studies measured quality of life, Glasgow Coma Score or disability

Adverse events All three studies reported adverse
events, and none occurred. One par-
ticipant experienced an increase in
ICP in response to the intervention,
which resolved when the height of
the bed was returned to the base-
line position.

20

(3 studies)

⊕⊝⊝⊝

Very low1,2

We are uncertain about the
adverse effects of altered
backrest position in partici-
pants with severe TBI

CPP: cerebral perfusion pressure; HBE: head-of-bed elevation; ICP: intracranial pressure; TBI: traumatic brain injury

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.

Elevation of the head during intensive care management in people with severe traumatic brain injury (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

4



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded one level due to limitations in design and execution leading to risk of bias: there are methodological aspects that are unclear
(allocation concealment, blinding of participants and personnel, and outcome assessment).
2Downgraded two levels due to a high imprecision: the number of participants is very low and the confidence intervals very wide.
3Downgraded one level due to inconsistency: the three studies that measured this outcome had inconsistent results.
 

Elevation of the head during intensive care management in people with severe traumatic brain injury (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

5



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

B A C K G R O U N D

Description of the condition

Traumatic brain injury (TBI) is a major public health
problem and a fundamental cause of morbidity and mortality
worldwide. Improving patient outcomes following TBI requires
the implementation of ePective, evidence-based interventions
(March 1990; Meixensberger 1997; Ng 2004; Puvanachandra 2009).
The global incidence of TBI is approximately 200 per 100,000
population, with mortality of 20 per 100,000 population. The
incidence in diPerent countries ranges from 91 per 100,000
population to 430 per 100,000 hospital admissions. Some studies
show regional variations, with higher mortality for people injured
in rural and low-income settings compared to urban and high-
income areas (Reilly 2007). It has been estimated that TBI aPects
over 10 million people annually and that TBI will surpass many
diseases as the leading cause of mortality and morbidity by the
year 2020 (Zitnay 2005). It is also the most common disabling injury
accounting for 26% of all deaths due to trauma in the USA, where
it is also the leading cause of death for children (Bergen 2008).
Children are over-represented in the 1.4 million cases of TBI and
the 50,000 deaths each year estimated by the Centers for Disease
Control and Prevention (Langlois 2005).

The burden of TBI injury disproportionately aPects low- and
middle-income countries (LMICs), which not only face a higher
prevalence of risk factors for TBI, but also have less developed
health systems than high-income countries and fewer resources to
deal with the associated health outcomes. Thus, both the incidence
and case-fatality of this type of injury in LMICs can be devastating
(Puvanachandra 2008). Simple, cost-ePective interventions that
improve outcomes following TBI would be of particular importance
to physicians in LMICs.

Intracranial hypertension is a common pathophysiology in TBI that
contributes to worsened outcomes. The prognosis of people with
intracranial hypertension oQen depends on the medical, surgical
and critical care management resources available to treat it.
Intracranial hypertension may result from one or more secondary
injury mechanisms in the injured brain, including cerebral oedema
and intracranial mass lesions.

Intracranial hypertension is the most frequent cause of death
and disability in brain-injured people. Early medical treatment
for hypoxia and hypotension, in the pre-hospital phase and
in the emergency department, are essential. However, special
interventions in the intensive care unit (ICU) are also required
to minimise factors contributing to secondary brain injury,
cerebral oedema, and raised intracranial pressure. Some of
these interventions include head-of-the-bed elevation (HBE)
(also known as backrest elevation), sedation, use of paralytic
agents, cerebrospinal fluid drainage, osmotic therapy including
mannitol and hypertonic saline, barbiturates, hyperventilation
and hypothermia (Meyer 2010a; Meyer 2010b). There has
been increasing clinical and basic research to understand
the pathophysiologic responses associated with TBI, including
diPerences between paediatric brain responses that are distinct
from the traumatised adult brain. In addition, there appear to be
age-dependent responses following trauma (Adelson 1997; Aldrich
1992; Huh 2009).

Description of the intervention

The aim of this review is to evaluate the evidence related to the
clinical and physiological ePects of diPerent backrest positions of
the head including flat, 30° elevated, 30° with knee gatch elevation
and reverse Trendelenburg, and more than 30° of elevation, in
people with severe TBI (Glasgow Coma Score less than 9) during the
acute management of TBI. These diPerent backrest positions are
illustrated in Figure 1.
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Figure 1.

 

How the intervention might work

Management of people with TBI in the ICU focuses on prevention
of secondary brain injury through resuscitation, multi-system
stabilisation, and the treatment of intracranial hypertension.
Therapeutic head positioning has known ePects on multiple organ
systems, including beneficial ePects on brain physiology in severe
TBI (Sullivan 2000).

Prevention of secondary injury resulting from increased
intracranial pressure (ICP) and the promotion of adequate cerebral
blood flow (CBF) are major concerns of healthcare professionals
taking care of people with TBI. Some researchers argue that people
with intracranial hypertension should be placed in a horizontal
position. The rationale behind this is that this position will increase
the cerebral perfusion pressure (CPP) and thereby improve CBF.
However, ICP is generally substantially higher when the person is
in the horizontal position (Meixensberger 1997). Since the 1990s,
studies have indicated that raising the head of the bed lowers
the ICP. However, when perfusion pressure has been measured
along with ICP, results have been conflicting: some investigators
found that CPP decreased with HBE, while others found no change
(March 1990). Brain oedema and the resulting increase in ICP may
be reduced using HBE as a conventional procedure for people
with TBI with intracranial hypertension. It is performed with the
intention of reducing ICP by means of a non-invasive physical

intervention. Venous return improvement and cerebrospinal fluid
(CSF) distribution to the subarachnoid spinal space are, in theory,
some of the benefits of raising the head above the heart level
(Fan 2004; Magnaes 1978). Major routes for cerebral venous
drainage include the deep and superficial sinus system and the
internal and external jugular veins (Kenning 1981). These venous
systems are valveless channels that allow cerebral venous return
without interruption aQer HBE. Postural impact on the systemic
haemodynamics causes sudden displacement of approximately
30% of the blood volume from the upper body into the peripheral
veins. In addition to the intravascular pressure in the heart, gravity
contributes to more pressure to the vessels below the heart, which
is why standing up causes the compliant veins to distend (Fan 2004).
This is known as a venous pooling, an ePect of hydrostatic pressure.
Together, the redistribution of CSF and venous pooling decrease the
venous return to the heart (Fan 2004).

It is a common practice to position people with TBI in bed
with the head elevated above the level of the heart in order to
reduce ICP. The theoretical basis is that the head is above the
level of the heart on the vertical axis and, as a result, CSF is
redistributed from the cranial to the spinal subarachnoid space
(Kenning 1981), facilitating cerebral venous return (Magnaes 1976;
Magnaes 1978; Marmarou 1975; Potts 1973). However, it has been
reported that the supine position may improve CPP (Ng 2004).
In summary, the ePect of 0°, 30º and more than 30° HBE on ICP,
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CPP, CBF, mean carotid pressure, and other cerebral and systemic
physiological parameters has been studied in people with head-
injuries (Meixensberger 1997) with diPerent results, and to date
there is no strong evidence to suggest a beneficial influence from
any HBE strategy. Some data suggest that an individual approach
to HBE at diPerent degrees is preferred over a flat position. HBE
can produce a dilemma for healthcare providers because, in certain
circumstances, elevating the head of the bed may decrease ICP,
while HBE may risk increasing ICP and cerebral ischaemia in people
with impaired cerebral auto-regulation or unstable arterial blood
pressure (Ledwith 2010; Rosner 1986; Simmons 1997). Aditionally,
to date, paediatric TBI case series rarely include a description of
the degree of HBE (Tasker 2012). It is currently unknown what the
optimal or 'age-appropriate' CPP for paediatric TBI is, and there is
no evidence that targeting a specific CPP for a specific age of the
paediatric patient improves outcome (Chambers 2001; Huh 2009).
In a recent study, CPP values of 53 mmHg for two to six year-olds,
63 mmHg for seven to 10 year-olds, and 66 mmHg for 11-16 year-
olds were suggested to represent minimum values for a favourable
outcome (Chambers 2005).

Why it is important to do this review

Several studies have reached divergent conclusions regarding
the impact of HBE (Durward 1983; March 1990; Meyer 2010b;
Winkelman 2000), and to date there is no strong evidence that
suggests a beneficial ePect from any one specific HBE strategy.
Paediatric TBI case series rarely include a description of degree of
HBE and while no paediatric studies are known, the same degree of
HBE in adults with midline position to promote venous drainage is
currently recommended in the paediatric guidelines (Adelson 2005;
Figaji 2009; Huh 2009; Prabhakaran 2004; Tasker 2012). For these
reasons, a systematic analysis of the available literature is needed.

In addition, many of the interventions used in the acute
management of TBI in intensive or critical care are not available in
low-income countries where the majority of the TBI population is
present (Stelfox 2008). Therefore, assessing the utility of this simple
intervention is of great interest.

O B J E C T I V E S

To assess the clinical and physiological ePects of HBE during
intensive care management in people with severe TBI.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All randomised controlled trials (RCT) involving patients with TBI
who underwent HBE or backrest elevation. Studies may have had a
parallel or crossover design.

Types of participants

Adults and children over two years of age with severe TBI (Glasgow
Coma Scale Score less than 9).

Studies performed in participants less than two years old were
ineligible, because small children have unfused skulls (the ICP
pathophysiology seems to be the same in children as in adults, but
there is still a lot of discussion regarding the diPerences between
ICP physiology in fused and unfused skulls).

Types of interventions

Any therapeutic HBE including supine (flat) or diPerent degrees
with or without knee gatch or reverse Trendelenburg (Figure 1), that
is applied during the acute management of the TBI.

Types of outcome measures

Primary outcomes

• Mortality at the end of study follow-up.

Secondary outcomes

• Quality of life (Short Form-36 or other validated scale) at 90 days
or at the end of study follow-up (if it lasted less time)

• Glasgow Coma Score at the end of study follow-up

• Disability (Glasgow Outcome Scale, Glasgow Outcome Scale-
Extended) at 90 days or at the end of study follow-up (if it lasted
less time)

• Intracranial Pressure (ICP) aQer the intervention

• Cerebral Perfusion Pressure (CPP) aQer the intervention

• Adverse ePects over the course of the study

Information size calculation

We require outcome data from at least 6,084 people in order to
have certainty in the ePect of the treatment on mortality, assuming
25% mortality in the control group and a 10% benefit with the
intervention, at 90% power at the 5% statistical significant level. We
are aware that this estimate may be under- or over-estimated with
the current lack of prior data. In a future update of this review, if
there are additional studies to consider we may revise this estimate
accordingly.

Search methods for identification of studies

In order to reduce publication and retrieval bias we did not restrict
our search by date, language or publication status.

Electronic searches

The Cochrane Injuries Group's Information Specialist ran searches
on the following electronic databases:

• Cochrane Injuries' Specialised Register (SR-INJ) (2 March 2017);

• Cochrane Central Register of Controlled Trials (CENTRAL; 2017,
Issue 2) in the Cochrane Library;

• MEDLINE (Ovid SP) (1950 to 2 March 2017);

• Embase (Ovid SP) (1980 to 2 March 2017);

• CINAHL (EBSCO) (1982 to 2 March 2017);

• ISI Web of Science: Science Citation Index Expanded (SCI-
EXPANDED) (1970 to 2 March 2017);

• ISI Web of Science: Conference Proceedings Citation Index-
Science (CPCI-S) (1990 to 2 March 2017);

• International trial registers (ClinicalTrials.gov and the WHO
International Clinical Trials Registry Platform (ICTRP).

The search strategies are reported in Appendix 1.

Searching other resources

We reviewed the bibliographies of all identified RCTs and other
review articles on management of TBI.
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In March 2017, the Cochrane Injuries Group's Information Specialist
ran a cited reference search on the Web of Science for research
citing the three included studies to date (Agbeko 2012; March 1990;
Winkelman 2000). We were also in contact with the authors of
studies selected for inclusion in the review.

Data collection and analysis

Selection of studies

The Cochrane Injuries Group's Information Specialist ran the
search for studies, collated the search results, removed duplicates
and sent the list of individual records to the review authors for
screening. Two review authors (JDA, AR) checked all titles and
abstracts independently and excluded references that did not
clearly meet all selection criteria. For those that were unclear or
potentially relevant, we obtained the full text for independent
assessment. These same two review authors decided which trials
met the inclusion criteria. There were no cases of multiple
reporting. There were no disagreements in the decisions made. A
third author (GU) verified the study selection.

Data extraction and management

Two review authors (JDA, AR) extracted data from selected studies
on to a data extraction form specifically designed for this review and
a third author (GU) verified the data extraction.

Assessment of risk of bias in included studies

Two review authors (JDA, AR) independently assessed the studies
for methodological quality using the Cochrane 'Risk of bias' tool,
which examines bias in studies (Higgins 2011), and a third author
(GU) verified the judgements.

We examined the adequacy of the methods used to generate the
allocation sequence, the methods of allocation concealment and
the level of blinding (clinician, participant or outcome assessor).
We further examined the presence of incomplete outcome data,
selective reporting, and other potential sources of bias (see 'Risk of
bias in included studies').

We classified each domain as 'high', 'unclear', or 'low' risk of
bias. We described the reason for each judgment from details
provided in the trial reports. We considered a trial to be at 'low'
risk of bias when it concealed allocation and blinded participants
and outcome assessors, if it reported complete outcome data,
and where we did not suspect selective outcome reporting (we
assessed prespecification of outcomes from methods sections of
trial publications). If one or more of these key domains were not
met, we considered the trial to be at 'high' risk of bias. If one or
more of these key domains were unclear, we considered the trial as
'unclear' with respect to risk of bias (see table 8.7.a of the Cochrane
Handbook for Systematic Reviews of Interventions) (Higgins 2011).

Where there was disagreement in judgements of bias, we discussed
this and reached a consensus. Where information was unavailable
to make a judgement, we contacted the study authors and sought
further information.

Measures of treatment e<ect

We had planned to calculate the pooled risk ratio (RR) for
dichotomous outcomes, and the mean diPerence (MD) and its
variance for continuous outcomes, and the corresponding 95%

confidence intervals (CI) using study data based on an intention-to-
treat (ITT) analysis. However, we have only presented a narrative
description of results, as we thought pooling of results across
studies was not appropriate, and therefore we did not calculate any
measure of global ePect. We have presented and discussed results
in the review as they were reported in the study reports. Data were
available for continuous outcomes (ICP and CPP), and results were
expressed as a mean diPerence in one study, in a graphical form in
another and as an average change per 10 cm of head elevation in
another. We considered a P value < 0.05 as statistically significant.

Unit of analysis issues

The unit of analysis was the participant. All RCTs included in
the review were cross-over trials, where participants received all
interventions being tested across the study in a random order and
served as their own control. We analysed these studies according
to Elbourne 2002.

Dealing with missing data

For each outcome variable we had planned to evaluate the number
of losses, their distribution in each study group, and analyse data on
an intention-to-treat basis. If there were a greater number of losses
in one branch, we planned to conduct a sensitivity analysis, with
missing values considered as therapeutic failure or no response.
However, due to a lack of data, we were unable to carry out a
sensitivity analysis.

In the Winkelman 2000 study, four out of 12 recrutied patients
dropped out before randomisation. Data from the eight study
participants are incuded in the review. In the Agbeko 2012 study,
one out of 10 recruited patients dropped out before randomisation.
One participant dropped out following randomisation and one
head of bed change. As there are no comparison data to analyse for
this one participant, the study reported the usable data for eight
participants. Data were analysed as presented in the trials, without
performing any type of statistical manipulation such as imputation.

Assessment of heterogeneity

We would have assessed heterogeneity through inspection of a
graphical display of the estimated treatment ePects from the

included trials. We had planned to use the Chi2 statistic, with
statistical significance set at P value < 0.10 (Deeks 2011). In addition,
we had planned to investigate the degree of heterogeneity by

calculating the I2 statistic (Higgins 2003).

However, because we could not combine results in a meta-analysis,
we did not formally assess heterogeneity. Moreover, due to the
limited data available and the lack of statistical power in all the
RCTs, we have only considered the consistency of the results
(trends).

Assessment of reporting biases

We planned to assess publication bias by funnel plots, however,
there were fewer than 10 included studies and so the analysis would
not have been meaningful (Sterne 2011). We planned to assess
reporting bias by comparing the protocol for each study with the
final study report.
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Data synthesis

We had planned to use a fixed-ePect model if I2 was less than
40% and a random-ePects model if there was more statistical
heterogeneity between studies in the meta-analysis.

For cross-over studies, we calculated the RR or the MD for
diPerences of paired outcomes, along with the standard errors and
95% CIs following the indications of Elbourne 2002 and we assumed
a within-participant correlation coePicient of 0.05.

Subgroup analysis and investigation of heterogeneity

It was not possible to perform a subgroup analysis according to the
age (less than 55 years or 55 years and over) of the participants and
severity (Acute Injury Score: 3 or less or more than 3) of the injuries,
as we stated in the protocol, due to lack of data.

Sensitivity analysis

We had planned to carry out sensitivity analyses to explore the
ePect of potential bias associated with inadequate allocation
concealment and the ePect of published versus unpublished
studies on the outcomes of the review. However, given the very
limited data available, we were unable to perform a sensitivity
analysis.

'Summary of findings' tables

We constructed a 'Summary of findings' table using the GRADEpro
Guideline Development Tool (GRADEpro GDT 2015). We included
all outcomes in the 'Summary of findings' table, although the
included studies only measured mortality, ICP, CCP, and provided
limited information on adverse ePects. Since we could not pool the
results, we summarised them narratively. We used the principles
of the GRADE system to assess the quality of the body of evidence

associated with these outcomes. The GRADE method appraises the
quality of a body of evidence based on the extent to which one
can be confident that an estimate of ePect or association reflects
the item being assessed. Evaluation of the quality of a body of
evidence considers within-study risk of bias, the directness of the
evidence, heterogeneity (inconsistency) in the data, precision of
ePect estimates, and risk of publication bias (Schünemann 2011).

R E S U L T S

Description of studies

Results of the search

The electronic searches retrieved a total of 686 individual
references aQer removing duplicates (Figure 2). We excluded 533
aQer reading the abstracts, as they did not fulfil the inclusion
criteria. We excluded 153 studies aQer reviewing the full text
and selected 17 studies potentially relevant for this review. We
excluded 14 of the 17 studies because all except one were not
truly randomised trials (they were controlled studies where all
participants were placed in diPerent positions in a sequential
order). In addition, many of them studied a mixed population
of critical patients with intracranial hypertension including but
not limited to traumatic brain injury (TBI). Only one randomised
controlled trial (RCT) with a parallel design that was performed
in children with severe TBI was excluded (Prabhakaran 2004).
We excluded it because it compared two diPerent strategies for
TBI management. Head-of-bed elevation (HBE) was included in
one strategy along with various other interventions. It was not
possible to examine the ePect of HBE separately from the other
interventions. Additionally, we excluded one case-series study
(Ropper 1982). Ultimately, three studies that met all the selection
criteria were included (Agbeko 2012; March 1990; Winkelman 2000).

 

Elevation of the head during intensive care management in people with severe traumatic brain injury (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

10

https://correuhsp.santpau.cat/owa/UrlBlockedError.aspx


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 2.   Flow diagram of study selection.
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Figure 2.   (Continued)

 
Included studies

Studies in adults

March 1990 is a randomised cross-over trial conducted in a single
centre in Seattle (USA), that included three adults (age range 19
to 30 years) with a diagnosis of severe TBI (Glasgow Coma Scale 8
or less). There was no information given regarding the method of
recruitment or the recruitment period. All of the participants were
included in the analysis. The main outcomes were: intracranial
pressure (ICP), measured by a Spectramed TDX transducer; cerebral
perfusion pressure (CPP), calculated by the formula mean atrial
pressure (MAP) minus ICP; arterial blood pressure (ABP) and
cerebral blood flow (CBF), measured with transcranial Doppler
(TCD) at five and 12 minutes aQer each change in backrest position.
This study examined the ePect of four diPerent positions of the
head: supine position (flat); head elevated to 30°; head up to 30°
with high strapped knees; and head elevated at 30° in reverse
Trendelenburg. Each participant took part in the study on one
day. Participants were initially placed in the flat position for 15
minutes, followed by 15 minutes in each of the other three positions
of supine with the head elevated at 30º in a random order. The
evaluation of the results was unblinded.

Winkelman 2000 is a randomised cross-over trial conducted in
Cleveland (USA) from 1996 to 1997. Each participant took part
in the study on one day, for two to four hours total. The study
recruited 12 participants between 18 and 45 years old with closed
severe head injury (Glasgow Coma Scale 8 or less). The participants
had been injured within the preceeding 12 to 36 hours. Four
participants became ineligible to participate in the study due to
instability in the period between obtaining permission to enrol from
surrogtaes and randomisation. Eight people participated in, and
completed, the study. The study compared the horizontal supine
(flat) position and 30° head elevation with reverse Trendelenburg
position; all positions for a period of 60 minutes, with a period of
inactivity of 15 minutes between them. At baseline, participants
had been previously placed in the opposite position to their
randomly assigned position for 65 to 75 minutes until they had
reached haemodynamic balance. During this period there were no
measurements. The main outcomes (ICP and CPP) were measured
by the Physiologic Data Acquisition System ICP Camino® at five,
15, 30 and 60 minutes aQer the change of position was performed.
No other interventions were implemented during this period of 60
minutes.

Studies in children

Agbeko 2012 is a randomised cross-over trial carried out in Portland
(USA) and London (UK). Participants were recruited from two

reference centres of neurotrauma in the period 2004 to 2006. Both
centres applied the same management protocol for TBI in children
(aged under 18 years) with a diagnosis of severe TBI (Glasgow Coma
Scale 8 or less), intubated and ventilated, and with the presence of
a device for ICP monitoring (Physiologic Data Acquisition System
ICP Camino®). The number of participants recruited was 10, but
one child was not randomised due to consciousness, and one
child dropped out shortly aQer randomisation having undergone
a single change in elevation of the head of the bed. Eight children
completed the study, with an age range from two to 16 years (mean:
10 years). The study compared various head positions between
0° and 40°, with successive increments (increases in angle) or
decrements (decreases in angle) of 10°, from a basal position of
30° elevation. The order of the positions was determined randomly,
and participants remained in each position for ten minutes. The
intervention was performed for a maximum daily total of six HOB
changes (including baseline and recovery recordings) during which
time the device for ICP monitoring was in place. Children took part
in the study for one to four days. This resulted in a total of 18
experimental sessions, where 66 position changes were evaluated.
The outcomes measured were ICP and CPP (calculated by MAP
minus ICP), five minutes before and two minutes aQer each change
of position.

Further details of these studies are reported in the table
'Characteristics of included studies'.

Excluded studies

The only RCT that we excluded was a parallel-design trial
conducted in children with severe trauma (Prabhakaran 2004). We
excluded it because it was not possible to separate HBE from
the other interventions. Additionally, we excluded one case-series
study (Ropper 1982) and 12 non-randomised controlled studies
because they compared diPerent elevation positions of the head in
a non-randomised but sequential order (pre-post test). All but two
were conducted in adults (Durward 1983; Feldman 1992; Ledwith
2010; Mahfoud 2010; Meixensberger 1997; Moraine 2000; Ng 2004;
Parsons 1984; Ropper 1982; Rosner 1986; Schneider 1993; Schulz-
Stubner 2006). Many of them studied a mixed population of critical
care patients with intracranial hypertension including but not
limited to TBI (Durward 1983; Ledwith 2010; Mahfoud 2010; Moraine
2000; Ropper 1982; Rosner 1986; Schneider 1993; Schulz-Stubner
2006).

We have described excluded studies, along with the reasons for
exclusion in the Characteristics of excluded studies table.
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Risk of bias in included studies

The three studies included were RCTs with a cross-over design, and
described the methods used for randomisation. None of the studies
reported how they had concealed allocation, so the risk of bias
was unclear. They had an open design, given the impossibility of
masking the evaluated interventions. None reported performing a
blinded evaluation of outcomes. They all measured only surrogate
physiological variables (especially ICP and CPP) in the short term,
with a low risk of bias due to the nature of variables that were
measured (automated measures).

All of the studies were very small in sample size (3 to 9 participants),
and with a cross-over design (each participant was subjected to

diPerent positions, and served as their own control). In this context,
this was not a major cause of bias, because the main variables
analysed by the studies were mortality, ICP and CPP, which appear
to be stable shortly aQer performing the change of position.

Overall, we assessed these studies as being of unclear risk of
bias. Given the specific context (management of people with
severe TBI in intensive care), it is diPicult to perform high-quality
methodological studies that also analyse clinical outcomes in the
longer term.

Figure 3 and Figure 4 show a visual representation of the risk of bias
assessments.

 

Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies. Three studies are included in this review.

 
 

Elevation of the head during intensive care management in people with severe traumatic brain injury (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

13



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 4.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

The risk of bias for Agbeko 2012 is unclear. Although the use
of envelopes is stated as a method for assigning the order of
interventions, it is uncertain whether the envelopes were opaque
and were closed and sequentially numbered. March 1990 did not
describe the method used for randomisation of the head positions
and concealing the allocation sequence, thus we judged the risk of
bias to be unclear. Through correspondence with Winkelman 2000,
we learned that randomisation was by coin toss and there was no
concealment of the randomisation sequence.

Blinding

None of the studies reported that they performed a blinded
assessment of outcomes. We assumed that the study design
was completely open for practical reasons. However, due to the
objective nature of the physiological outcome variables (ICP and
CPP with automated measurements), it is reasonable to think that

there was no significant risk of bias because of this open design. We
judged the risk of bias for this domain to be low.

Incomplete outcome data

Agbeko 2012 analysed eight of the nine randomised participants.
The reason for exclusion seemed justified; the one participant
received only a single change of HBE. In addition, participants were
subjected to a variable number of sessions of position changes
(from the data it appears to be between two to three, with a total of
66 changes analysed in a total of 18 sessions for eight participants).
The reasons for not completing all sessions was not clear. We
analysed all the changes for which data were available. Given the
number of analysed changes we judged the risk of bias to be low.

March 1990 reported the outcomes for all three participants, and
Winkelman 2000 reported the outcomes for all eight participants.
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Selective reporting

The review authors did not have access to the study protocols, so
we assessed the risk of bias to be unclear.

Other bias

We did not identify any other sources of bias.

E<ects of interventions

See: Summary of findings for the main comparison Altered
backrest position for severe traumatic brain injury

Primary outcomes

Mortality

There were no deaths in the March 1990 and Winkelman 2000
studies.

One out of ten participants in the Agbeko 2012 study had died at the
time of final follow-up at 28 days.

Secondary outcomes

Quality of life

The Agbeko 2012 and March 1990 studies did not report measuring
quality of life. The Winkelman 2000 study did not measure quality
of life.

Glasgow Coma Score

The Agbeko 2012 and March 1990 studies did not report measuring
GCS at the end of the study. The Winkelman 2000 study did not
measure GCS at the end of the study.

Disability (GOS, GOS-E)

The Agbeko 2012 and March 1990 studies did not report measuring
disability at the end of the study.

The Winkelman 2000 study did not measure GOS at the end
of the study. APACHE and MEDICUS scores were obtained from
participants' records at the time of enrollment, but as the scores
were not recorded at the end of the study a comparison cannot be
made.

Intracranial pressure (ICP)

We assessed the body of evidence for this outcome to be very
low quality (see Quality of the evidence) and we are therefore
uncertain about the ePect of HBE on ICP. The body of evidence was
downgraded due to inconsistency, imprecision and risk of bias.

Agbeko 2012 showed a negative and linear association between
ICP and an increase in head elevation with marked inter-individual
variability (mainly attributable to the participant's height and
thus the vertical height at the level of foramen of Monro) (eight
participants, very low-quality evidence). According to a linear
regression analysis, each increase of 10 cm in the elevation of the
head was associated with a decline of the ICP of -3.9 mmHg (SD
± 3.2 mmHg, P value < 0.001) on average. Participants showed a
wide variability in the observed change of the ICP (range: -8.4 to
1.9 mmHg/10 cm). At higher elevations of the backrest, greater
reductions in the ICP were generally observed, although in 21%

of cases we observed the opposite response. This was partially
attributed to the height of the participant.

March 1990 did not provide numerical data, they presented
the results graphically, which prevents a more precise analysis.
However, the study authors presented no evidence of an increase of
ICP with a HBE at 30º compared to a flat position (three participants,
very low-quality evidence).

In the Winkelman 2000 study there was a statistically significant
improvement in ICP (decrease) with the HBE at 30º compared to
a flat position (very low-quality evidence) (an average change of
-4.0 mmHg that was judged as clinically important by the study
authors). However, we performed a re-analysis of the data taking
into account the cross-over design, and found no evidence of a
reduction of ICP (MD -5.05, 95% CI -73.02 to 62.92) (Summary of
findings for the main comparison).

Cerebral perfusion pressure (CPP)

We assessed the body of evidence for this outcome to be of very low
quality (see Quality of the evidence) and we are therefore uncertain
about the ePect of HBE on CPP.

In Agbeko 2012 there was no evidence of a change in CPP aQer
position changes at 10 minutes (eight participants, very low-quality
evidence). The regression model showed a 0° slope (P value < 0.957)
with a marked variability among participants.

March 1990, showed no evidence of a decrease in CPP with HBE at
30º aQer 15 minutes compared to a flat position (three participants,
very low-quality evidence). There was marked variability among
participants.

In the Winkelman 2000 study, taking into account the cross-over
design, we calculated the ePect size of CCP comparing HBE at 30º
with a flat position. There was no diPerence between groups at
60 minutes: MD 4.12 (95% CI -100.10 to 108.33) (eight participants,
very low-quality evidence) (Summary of findings for the main
comparison).

Adverse e'ects

One study reported adverse events specifically (Agbeko 2012).
No adverse events were identified during the 66 HBE changes.
However, for one participant, ICP increased by 20 mmHg aQer the
HBE was reduced from 10° to 0°. ICP returned to baseline level as
soon as the head position was increased to 30º (baseline). This
increase in ICP was not classified as an adverse event because
the intervention protocol was stopped within the 5-minute cut-oP
point.

The March 1990 study authors did not report adverse ePects, and it
is unclear if any data were collected on adverse ePects.

There were no adverse events in the Winkelman 2000 study.

We assessed the body of evidence for this outcome to be very low
quality and we are therefore uncertain about the adverse ePects of
HBE.

Elevation of the head during intensive care management in people with severe traumatic brain injury (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

15



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

D I S C U S S I O N

Summary of main results

Three small cross-over studies including a total of 20 randomised
participants are incuded in this review. The participants served
as their own control through the cross-over design. The scarcity
of available data, inconsistency across studies, heterogeneity of
individual responses to the intervention, unclear risk of bias and
low power of the included studies mean that we are uncertain
about the ePect of HBE on severe TBI from this body of evidence.

At the time of follow-up 28 days following hospital admission, one
participant had died. None of the studies assessed the clinical
outcomes quality of life, disability or Glasgow Coma Score. None
of the participants experienced a lasting adverse event during the
study.

Very low quality evidence from two RCTs conducted in adults with
severe TBI showed no evidence of a benefit of HBE at 30º on ICP or
CPP (March 1990; Winkelman 2000).

In children, a single study of nine participants (Agbeko 2012)
indicated that HBE (at least 30°) decreases ICP without
compromising CPP. However, there was high heterogeneity among
participants, which seems to relate to participant height, and there
were some paradoxical responses. We have very little confidence in
this result due to the very low quality of the evidence.

Two studies used the same technique for ICP measurement
(Agbeko 2012; Winkelman 2000). All three studies used the same
approach to measure CPP (Agbeko 2012; March 1990; Winkelman
2000).

Overall completeness and applicability of evidence

In general, the objective of this review was not completed because
none of the included studies evaluated the clinical outcomes of
interest such as quality of life and disability. Consequently, no
conclusions can be drawn about the ePects of HBE on these
outcomes.

The applicability of the evidence is low, because the RCTs included
in this review are too small and limited in their design to be
able to determine whether there were clinical benefits or risks
associated with the use of HBE. Newer, high-quality studies are
necessary, preferably RCTs, with larger samples, of both adults and
children. These studies ideally need to measure clinical outcomes
or, alternatively, they need to show the relationship between ICP,
CPP and mortality, disability or time to recovery. Many of the
interventions used in the acute management of TBI in intensive or
critical care are not available in low-income countries where the
majority of the TBI population is present (Stelfox 2008). Therefore,
assessing the usefulness of this simple intervention is of great
interest for those settings.

Quality of the evidence

The quality of the overall body of evidence for the intervention
of HBE for severe TBI is very low due to the scarcity of available
data, inconsistency across studies, heterogeneity within studies,
unclear risk of bias and low power of the included studies. This
means that we have very little confidence in these results and we

are very limited in the conclusions we are able to draw about this
intervention.

Potential biases in the review process

We did not detect any potential biases in the review process.

Agreements and disagreements with other studies or
reviews

There are two other systematic reviews on the same topic. Fan 2004
included 11 studies (the two RCTs in adults included in this review
and nine other non-RCTs conducted in people with severe brain-
injury, not necessarily caused by trauma) and concluded that HBE
of 30° is a therapeutic intervention to be considered for preventing
ICP in brain-injured people. Due to the same general limitations
with the quality of the evidence that we found in our review, as well
as the inter-individual variability observed in most of the studies,
the authors concluded that "in clinical practice, intensive care unit
staP members need to cautiously perform head elevation with
a thorough understanding of its physiologic ePect and potential
hazard."

The authors also commented on the need for new evidence for best
practices of positioning neurosurgical patients in the ICU, although
we foresee major practical diPiculties in conducting RCTs in ICUs
due to the unpredictable and debilitating conditions of critically ill
individuals. We also agree that there is a necessity for new studies,
ideally RCTs, to confirm these suggested beneficial ePects. Similar
studies of head positioning in diPerent conditions (i.e. stroke)
indicate that such studies are also feasible in this context (Anderson
2017).

The second review is a systematic review of non-pharmacological
interventions in acquired brain injury (Meyer 2010a). One of
the included interventions was head position, and the authors
analysed data from two RCTs in adults and five additional non-
randomised controlled studies. This review has been subsequently
updated and published as an extensive report (Module 16: Acute
Interventions for Acquired Brain Injury) and is available at the
website of Evidence-Based Review of Moderate To Severe Acquired
Brain Injury (ERABI), a "joint project to develop an evidence-based
review of the literature for rehabilitation or rehabilitation-related
interventions for acquired brain injury" (www.abiebr.com). The
review included the three RCTs already included in this review
plus seven other quasi-experimental studies. Taking into account
this body of evidence, the authors concluded: 1. "there is Level
2 evidence suggesting a 30° head elevation reduces intracranial
pressure with concomitant increments in CPP", and 2. "there is
Level 2 evidence to suggest head elevation does reduce ICP in
children post TBI; however, it was not found to have a significant
impact of CPP." The levels of evidence used to summarise the
findings in this review were based on the modified Sackett criteria
(Sackett 1989), where Level 2 means, "Randomized controlled trial
(PEDro score < 6); Non-RCTs and Cohort studies (using at least 2
similar groups with one exposed to a particular condition)."

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The lack of consistency among studies, the scarcity of data, the
variability in responses observed among participants, and the
absence of evidence to show an appropriate correlation between
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this ePect and the clinical outcomes, prevent us from drawing
conclusions about practice.

According to these results it seems reasonable to suggest that the
optimum angle of the head-of-bed elevation (HBE) needs to be
decided individually aQer an analysis of the response of intracranial
pressure (ICP), cerebral perfusion pressure (CPP) and cerebral
blood flow (CBF) in each backrest position. This relationship may
need to be analysed on a daily basis, keeping in mind what clinical
goal is desirable (decrease of ICP or maintenance/increase in CPP)
for each particular person.

Implications for research

There is very little evidence in the existing literature to determine
ePects of HBE for severe traumatic brain injury (TBI). More, well-
designed clinical trials are needed, that include children and adults
and have larger sample sizes to increase the power to detect
potential ePects. Ideally these trials should measure long-term
clinically relevant outcomes, and not just physiological outcomes
such as ICP and CPP, as the relationship between ICP and CPP, and
survival, disability or time to recovery is not clear.

Similar studies that are currently ongoing support the idea that
such studies are feasible (Muñoz-Venturelli 2015). These studies will
probably have a cross-over design, with participants as their own
control in order to control for between participant variability. These
studies should fully describe the experimental and control groups,
and should state how long the participants stayed in each position
before the measurements were taken so that it is clear whether the
values reflect an immediate response or an equilibrated response.

Multiple time point measurements would capture whether the
ePects were transient or sustained over time.

In addition, the safety of HBE for severe TBI should be assessed
more carefully in future trials, and adverse ePects recorded
systematically.

As most people with TBI have combined multisystem injuries or
underlying diseases, or both, a more comprehensive approach is
needed with respect to selecting a variety of outcomes that may
reflect the impact of the intervention on the relevant systems. In
addition, these studies should evaluate the ePect of other backrest
and body positions (e.g. lateral side-lying positions) for brain-
injured people who have multisystem involvement.
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Characteristics of included studies [ordered by study ID]

 

Methods Design: RCT (cross-over design)

Unit of randomisation: participant

Unit of analysis: the participant, while engaged in a study position

Follow-up: 28 days

Participants Number of centres: 2

Setting: Paediatric ICU
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Country: UK and USA

Number of participants: 9

Age (years; mean and SD): 10 (± 5) years; range 2–16 years for the 8 participants who completed the
study (the age was not provided for the one participant who withdrew from the study)

Gender: 7 male and 1 female (the gender was not provided for the one participant who withdrew from
the study)

Inclusion criteria: age < 18 years, with a diagnosis of severe TBI (GCS ≤ 8) necessitating ICP monitoring

Method of recruitment: not reported

Recruitment dates: 2004-2006

Interventions Intervention: the physiological challenge protocol was identical for both study sites. The degree of
HBE was routinely maintained at 30°. From this baseline position, the degree of HBE was varied be-
tween 0° and 40° in 10° increments/decrements in a random order, with the axis of rotation at the foot
of the bed. The angle of elevation was measured with a protractor. Midline position of the head relative
to the neck and thorax was maintained. Including baseline and recovery recordings, a maximum daily
total of 6 physiologic signal recording episodes during HBE changes were obtained, each of 10-min du-
ration. If an intraventricular ICP-monitoring device was in place, then this remained closed during the
HBE challenges.

A set of physiological challenges, including 4 random changes in HBE were administered in random or-
der each day to each participant as long as there was an ICP-monitoring device in place and the partici-
pant was deemed clinically stable by the treating physician.

Routine neurocritical care included supine position with the HBE at 30° (hips extended); intubation
and ventilation to normocapnia; sedation/analgesia with morphine, fentanyl, or midazolam, or a com-
bination of these; and norepinephrine or phenylephrine to increase mean arterial pressure to maintain
CPP at 40–70 mmHg dependent on age. In addition, if treatment goals were not met, then barbiturate
coma to burst suppression on electroencephalogram monitoring, muscle paralysis with a short-acting
paralytic, and drainage of cerebrospinal fluid via an intraventricular drain were used at the discretion of
the attending physician.

Outcomes ICP, both parenchymal and ventricular, was measured with the Physiologic Data Acquisition System
ICP Camino® (Camino Laboratories, San Diego, CA)

CPP was calculated: MAP minus ICP

ABP was measured with the Physiologic Data Acquisition System ICP Camino®

Notes Quote: The change in orthostatic pressure (ICP) attributable to a change in HBE angle is proportional to
the change in vertical height between the subject’s jugular venous bulb and right atrium. This relation-
ship was confounded by subject height in this paediatric cohort. Therefore, the relationship between
ICP change and change in HBE position was normalised to the vertical distance change between the
subject’s jugular bulb and right atrium. This was estimated by measuring the distance between the leQ
tragus and ipsilateral nipple.

A linear model was used based on the premise that hydrostatic mechanisms would account for most of
the change in ICP changes.

Ethical approval for the study was obtained from the "Great Ormond Street Hospital for Children Na-
tional Health Serice Trust/Institute of Child Health Research Ethics Committee and Oregon Health and
Science University Institutional Review Board. Parental or legal guardian informed consent was ob-
tained at both sites according to the Declaration of Helsinki guidelines." p. e40

Funding source: "This work was undertaken at Great Ormond Street Hospital/UCL Institute of Child
Health, which received a proportion of funding from the Department of Health's NIHR Biomedical Re-
search Centre's funding scheme." p. e39
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The order of the interventions was determined by pulling folded pieces of pa-
per stating the angle degrees from an envelope by a member of the clinical
staP not involved in the study.

Allocation concealment
(selection bias)

Unclear risk The paper reported the use of envelopes for the assignment of interventions,
but it is uncertain whether the envelopes were opaque or not and if they were
closed or sequentially numbered.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Although the study seems to have had an open design (no blinding was men-
tioned in the paper), the short duration of the HBE challenges protocol (10
min) and the prespecified criteria (clinical status deterioration) to stop the pro-
tocol make a performance bias unlikely to have occurred.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Although the study seems to have had an open design (no blinding was men-
tioned in the paper), the nature of the outcomes with an automated measure
makes it unclear to what extent a detection bias may have occurred.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 8 participants were analysed from a total of 10 that had been initially recruit-
ed. Reasons for exclusion seem justified (1 participant was conscious at the
beginning of the protocol and was not randomised into the study, and another
participant was randomised but only received one change of HBE instead of 3).

In addition, participants received a variable number of sessions of change in
position (HBE "challenges"). Usable data were obtained from 8 participants
during 18 sessions, resulting in a total of 66 HBE challenges. Number of ses-
sions per participant ranged between 1 and 4.

Selective reporting (re-
porting bias)

Unclear risk We did not have access to the study protocol. From the information published
in the articles, all outcomes seemed to be reported. However, we cannot ex-
clude a risk of selective reporting.

Other bias Low risk No other sources of bias were identified.

Agbeko 2012  (Continued)

 
 

Methods Design: RCT (cross-over design)

Unit of randomisation: participant

Unit of analysis: the participant, while engaged in a study position

Follow-up: not specified

Participants Number of centres: 1

Setting: Harborview Medical Center (Seattle)

Country: USA

Number of participants: 3

Age (range): 19-30 years

Gender: 1 male and 2 female
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Method of recruitment: not reported

Inclusion criteria: not reported. Participants consisted of 3 comatose head-injured people ranging
from 19-30 years old with a GCS score ranging from 4-7

Recruitment dates: not reported

Interventions Interventions: each participant underwent backrest manipulation 3 times:

1. flat to 30º HBE;

2. flat to 30º HBE with knee gatch raised;

3. flat to reverse Trendelenburg.

The order of positions was randomly assigned.

Procedure: each participant was placed in the flat position for 15 min followed by 15 min in 1 of the
3 randomly assigned elevated backrest positions. CBF, as measured with a transcranial Doppler, was
obtained at the 10th min in the flat position and at 2 and 15 min after backrest elevation. ICP and sys-
temic ABP were monitored continuously but digital data were used from the 10th min prior to position
change and the 5th and 10th min after each position change. This process was repeated at hourly inter-
vals for each of the study positions with the participants placed in their non-study positions between
study positions.

Outcomes ICP was measured by a ICP subarachnoidal bolt connected to a Spectramed TDX transducer

CPP was calculated: MAP minus ICP

Systemic ABP was measured by a Spectramed TDX transducer connected to a radial catheter anchored
at the wrist and aligned with a reference point at heart level. An extension was added to enable the
measurement of systemic ABP at head level (foramen of Monro)

CBF was measured with a transcranial Doppler

Notes Quote: "Consent was obtained from next of kin prior to data collection on all subjects." p. 376

Funding source: "The study was partially supported by a training grant, Number NU 00218 from the Di-
vision of Nursing, Bureau of Health Manpower, Health Resources Administration, U.S. Public Health
Service." p. 375

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk No details were provided regarding the randomisation procedure. Quote: "the
order of positions was randomly assigned".

Allocation concealment
(selection bias)

Unclear risk The paper did not describe the method used to conceal the allocation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Although the study seems to have had an open design (no blinding was men-
tioned in the paper), the short duration of the HBE challenges (15 min each po-
sition) make a performance bias unlikely to occur.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Although the study seems to have had an open design (no blinding was men-
tioned in the paper), the nature of the outcomes with an automated measure
makes unclear to what extent a detection bias may have occurred.

Incomplete outcome data
(attrition bias) 

Low risk The outcomes were reported for all participants.

March 1990  (Continued)
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All outcomes

Selective reporting (re-
porting bias)

Unclear risk We did not have access to the study protocol. From the information published
in the articles, all outcomes seemed to have been reported. However, we can-
not exclude a risk of selective reporting.

Other bias Low risk No other sources of bias were identified.

March 1990  (Continued)

 
 

Methods Design: RCT (cross-over design)

Unit of randomisation: participant

Unit of analysis: the participant, while engaged in a study position

Follow-up: not specified

Participants Number of centres: 1

Setting: Level I trauma centre emergency department (Metromedical Center, Cleveland, Ohio)

Country: USA

Number of participants: 8

Age (years; mean and SD): 28 (± 7.2) years

Gender: 6 male and 2 female

Method of recruitment: "In this crossover experimental study, a homogeneous sample of adult pa-
tients admitted to an intensive care unit with brain injury was selected from daily admissions to a large,
urban teaching hospital."

Inclusion criteria: people with a diagnosis of a closed head injury who had an ICP monitor in place.
The convenience sample consisted of adults 18-45 years old with closed, nonvascular head injuries
who had a GCS of ≤ 8 at the time of arrival. All participants had either a subarachnoid or an intravascu-
lar device for monitoring ICP and an intra-arterial catheter for monitoring blood pressure in place. Par-
ticipants with a sustained ICP > 25 mmHg or a CPP < 60 mmHg were excluded.

Recruitment dates: May 1996 through November 1997

Interventions Interventions: the purpose of the study was to determine the effect of 2 backrest positions on both ICP
and CPP during the first 36 h after severe TBI:

1. flat position (0° elevation) and

2. reverse Trendelenburg position with 30º with knee gatch elevation.

Backrest position was randomly assigned to each participant. Each participant was studied in both po-
sitions, between 12 and 36 h after injury. All participants had a 15 min rest before the study began so
that the effects of interventions known to affect ICP in people with brain injury (e.g. medications, suc-
tioning, family visits) would not be a factor.

Procedure: after randomisation to the initial study position, the participant was placed in the position
alternative to the study position, with attention to alignment of the neck and trunk. The participant
remained in the alternative position for 65-75 minutes to achieve haemodynamic equilibrium; no in-
terventions were implemented during the final 15 min. Each participant was then placed in the initial
study position.

Measurements of ICP and systemic ABP were recorded 5, 15, 30, and 60 min after the change in posi-
tion. Then, after a 15-min period with no interventions, the participant was placed in the second (al-

Winkelman 2000 

Elevation of the head during intensive care management in people with severe traumatic brain injury (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

24



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

ternative) study position, and measurements of ICP and systemic ABP were recorded 5, 15, 30, and 60
min after the change in position. Equilibrium was defined as the mean of the values obtained at 15, 30,
and 60 min. An interval for care as needed could occur before the participant was placed in the second
study position. No interventions occurred during the 60-min observation period.

Outcomes ICP was measured by the Physiologic Data Acquisition System ICP Camino® (not specified if parenchy-
mal or ventricular; Camino Laboratories, San Diego, CA)

CPP was calculated: MAP minus ICP

Notes Quote: "Approval from the appropriate institutional review board was obtained before the study be-
gan. Before a subject was enrolled in the study, informed consent was obtained from the person re-
sponsible for making medical decisions for the subject." p. 375-6

Source of funding: The study was unfunded. The study was part of a PhD project. (Confirmed through
correspondence with the author.)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The study reported: "Backrest position was randomly assigned to each pa-
tient, and each patient was studied in both positions."

Correspondence with the author confirmed: "A coin toss immediately prior to
placing the patient in a resting position. Heads = Up first. Tails = Flat first."

Allocation concealment
(selection bias)

Unclear risk Correspondence with the author confirmed: "I did not know the allocation un-
til I completed the coin toss. But I did toss the coin and I did know the alloca-
tion immediately following the coin toss."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Although the study seems to have had an open design (no blinding was men-
tioned in the paper), the short duration of the HBE challenges (60 min each po-
sition) make a performance bias unlikely to have occurred.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Although the study seems to have had an open design (no blinding was men-
tioned in the paper), the nature of the outcomes with an automated measure
makes it unclear to what extent detection bias may have occurred.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 12 participants were recruited to the study. 4 participants experienced
changes in vital signs or ICP before randomisation and never took part in the
study. Complete data for the eight participants who took part in the study are
presented.

Selective reporting (re-
porting bias)

Low risk 12 participants were recruited to the study. 4 participants experienced
changes in vital signs or ICP before randomisation and never took part in the
study. Complete data for the eight participants who took part in the study are
presented.

Other bias Low risk No other sources of bias were identified.

Winkelman 2000  (Continued)

A BP: arterial blood pressure; CBF: cerebral blood flow; CPP: cerebral perfusion pressure; GCS: Glasgow Coma Score; HBE: head-of-bed
elevation; ICP: intracranial pressure; ICU: intensive care unit; MAP: mean arterial pressure; RCT: randomised controlled trial; TBI: traumatic
brain injury
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Study Reason for exclusion

Durward 1983 Quasi-experimental study (pre-post test). Mixed population

Feldman 1992 Quasi-experimental study (pre-post test)

Huh 2008 Study was not randomised.

Ledwith 2010 Quasi-experimental study (pre-post test). Mixed population

Mahfoud 2010 Quasi-experimental study (pre-post test). Mixed population

Meixensberger 1997 Quasi-experimental study (pre-post test)

Moraine 2000 Quasi-experimental study (pre-post test). Mixed population

Ng 2004 Quasi-experimental study (pre-post test)

Parsons 1984 Quasi-experimental study (pre-post test)

Prabhakaran 2004 RCT did not compare different backrest positions isolated from other interventions

Ropper 1982 Case series. Mixed population

Rosner 1986 Quasi-experimental study (pre-post test). Mixed population

Schneider 1993 Quasi-experimental study (pre-post test). Mixed population

Schulz-Stubner 2006 Quasi-experimental study (pre-post test). Mixed population

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Altered backrest position compared with flat position for severe traumatic brain injury

Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

1 ICP 1   Mean Difference (Fixed, 95% CI) Totals not selected

2 CPP 1   Mean Difference (Fixed, 95% CI) Totals not selected

 
 

Analysis 1.1.   Comparison 1 Altered backrest position compared
with flat position for severe traumatic brain injury, Outcome 1 ICP.

Study or subgroup Experimental Control Mean Dif-
ference

Mean Difference Mean Difference

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

Winkelman 2000 0 0 -5 (34.68) -5.05[-73.02,62.92]

Backrest 30º elevation 10050-100 -50 0 Backrest flat
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Analysis 1.2.   Comparison 1 Altered backrest position compared
with flat position for severe traumatic brain injury, Outcome 2 CPP.

Study or subgroup Experimental Control Mean Dif-
ference

Mean Difference Mean Difference

  N N (SE) IV, Fixed, 95% CI IV, Fixed, 95% CI

Winkelman 2000 0 0 4.1 (53.17) 4.12[-100.1,108.33]

Backrest 30º elevation 200100-200 -100 0 Backrest flat

 

 

A P P E N D I C E S

Appendix 1. Search strategies

The date of the latest search was 2 March 2017 and the databases searched are listed below.

1. Cochrane Injuries Specialised Register (SR-INJ)
(posture OR "patient* position" OR (head NEAR/3 elevat*) OR backrest* OR "back rest" OR recumbent OR HOBOE OR "head of bed") AND
("intracrani* pressure" OR “intra-crani* pressure” OR head OR crani* or brain* or cerebr* or swell* or oedema or edema) [All Fields In
Register]

2. Cochrane Central Register of Controlled Trials (CENTRAL; 2017, Issue 2) in the Cochrane Library
#1 MeSH descriptor Patient Positioning explode all trees
#2 MeSH descriptor Posture explode all trees
#3 (patient* near/3 position*):ti,ab,kw
#4 ((upper* near/3 body near/5 elevat*) or ((backrest* or back-rest*) near3 position*)):ti,ab,kw
#5 ((head near/3 elevat*) or "head of bed"):ti,ab,kw
#6 (head near/3 bed* near/5 (rais* or low*)):ti,ab,kw
#7 ((backrest* or "back rest*") near/3 position*)
#8 ("intracranial pressure" and bed*):ti,ab,kw
#9 (bed* and "30 degrees" or "45 degrees"):ti,ab,kw
#10 (semirecumbent or semi-recumbent):ti,ab,kw
#11 MeSH descriptor: [Beds] this term only
#12 MeSH descriptor: [Bed Rest] this term only
#13 MeSH descriptor: [Head] this term only
#14 ((#11 or #12) and #13)
#15 (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #14)
#16 ((head or crani* or cerebr* or brain* or intra-cran* or intracran* or intra-cereb* or intracereb*) near/3 (haematoma* or hematoma* or
haemorrhag* or hemorrhag* or hernia* or bleed* or pressure or hypertension or oedema or edema or swell*))
#17 (((traumatic or severe) near/3 (brain or head) adj3 injur*) or TBI or sTBI)
#18 (#16 OR #17)
#19 (#15 AND #18)

3. MEDLINE (Ovid) 1950 to 2 March 2017
1. exp Patient Positioning/
2. exp Posture/
3. HOBOE.ab,ti.
4. (patient* adj3 position*).ab,ti.
5. (upper* adj3 body adj5 elevat*).ab,ti.
6. ((backrest* or back rest*) adj3 position*).ab,ti.
7. (head adj3 elevat*).ti,ab.
8. head of bed.ti,ab.
9. (head adj3 bed* adj5 (elevat* or rais* or low*)).ab,ti.
10. (bed* adj5 "intracranial pressure").ab,ti.
11. (bed* adj5 ("30 degrees" or "45 degrees")).ab,ti.
12.  (semirecumbent or semi recumbent).ab,ti.
13. ((Beds/ or Bed Rest/) and Head/)
14. or/1-13

Elevation of the head during intensive care management in people with severe traumatic brain injury (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

27



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

15. Intracranial Pressure/
16. ((head or crani* or cerebr* or brain* or intra-cran* or intracran* or intra-cereb* or intracereb*) adj3 (haematoma* or hematoma* or
haemorrhag* or hemorrhag* or hernia* or bleed* or pressure or hypertension or oedema or edema or swell*)).ti,ab.
17. (((traumatic or severe) adj3 (brain or head) adj3 injur*) or TBI or sTBI).ti,ab.
18. or/15-17
19.  randomi#ed.ab,ti.
20.  randomised controlled trial.pt.
21.  controlled clinical trial.pt.
22.  placebo.ab.
23.  clinical trials as topic.sh.
24.  randomly.ab.
25.  trial.ti.
26.  or/19-25
27.  (animals not (humans and animals)).sh.
28.  26 not 27
29.  (14 and 18 and 28)

4. Embase (Ovid SP) 1980 to 2 March 2017
1. exp patient positioning/
2. HOBOE.ti,ab.
3. (patient* adj3 position*).ti,ab.
4. (upper* adj3 body adj5 elevat*).ti,ab.
5. ((backrest* or back rest*) adj3 position*).ti,ab.
6. (head adj3 elevat*).ti,ab.
7. (head adj3 bed* adj5 (elevat* or rais* or low*)).ti,ab.
8. (bed* adj5 "intracranial pressure").ti,ab.
9. (bed* adj5 ("30 degrees" or "45 degrees")).ti,ab.
10. (semirecumbent or semi recumbent).ti,ab.
11. ((Beds/ or Bed Rest/) and Head/)
12. or/1-11
13. Intracranial Pressure/
14. Traumatic Brain Injury/
15. *Head Injury/
16. ((head or crani* or cerebr* or brain* or intra-cran* or intracran* or intra-cereb* or intracereb*) adj3 (haematoma* or hematoma* or
haemorrhag* or hemorrhag* or hernia* or bleed* or pressure or hypertension or oedema or edema or swell*)).ti,ab.
17. (((traumatic or severe) adj3 (brain or head) adj3 injur*) or TBI or sTBI).ti,ab.
18. or/13-17
19. exp Randomized Controlled Trial/
20. exp Controlled Clinical Trial/
21. exp Controlled Study/
22. randomi#ed.ab,ti.
23. placebo.ab.
24. *Clinical Trial/
25. exp Major Clinical Study/
26. randomly.ab.
27. (trial or study).ti.
28. Cross-over Procedure/
29. or/19-28
30. exp animal/ not (exp human/ and exp animal/)
31. 29 not 30
32. (12 and 18 and 31)
33. limit 32 to exclude medline journals
34. Conference Abstract.pt.
35. 32 or (32 and 34)

5. CINAHL (EBSCO) to 2 March 2017
1 (MH "Patient Positioning")
2 (MH "Posture+")
3 TX hoboe
4 TX patient* n3 position*
5 TX upper* n3 body n5 elevat*
6 TX ((backrest* or back-rest*) n3 position*)
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7 TX (head n3 bed* n5 (elevat* or rais* or low*))
8 TX (bed* n5 "intracranial pressure")
9 TX (bed* N5 ("30 degrees" or "45 degrees"))
10 TX semirecumbent or semi-recumbent
11 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10
12 (MM "Intracranial Pressure")
13 TX ((head or crani* or cerebr* or brain* or intracran* or intercran* or intra-cran* or inter-cran*) N3 (haematoma* or hematoma* or
haemorrhag* or hemorrhag* or bleed* or pressure))
14 TX ((brain or cerebral or intracranial or intra-cran*) N3 (oedema or edema or swell*))
15 S12 or S13 or S14
16 (MH "Clinical Trials")
17 PT clinical trial*
18 TX clinical N3 trial*
19 TI ( (singl* N3 blind*) or (doubl* N3 blind*) or (trebl* N3 blind*) or (tripl* N3 blind*) ) or TI ( (singl* N3 mask*) or (doubl* N3 mask*) or
(trebl* N3 mask*) or (tripl* N3 mask*) ) or AB ( (singl* N3 blind*) or (doubl* N3 blind*) or (trebl* N3 blind*) ) or AB ( (singl* N3 mask*) or
(doubl* N3 mask*) or (trebl* N3 mask*) or (tripl* N3 mask*) )
20 TX randomi?ed N3 control* N3 trial*
21 (MH "Placebos")
22 TX placebo*
23 (MH "Random Assignment")
24 TX random* N3 allocat*
25 MH quantitative studies
26 S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 or S24 or S25
27 S11 and S15 and S26 (Limiters - Exclude MEDLINE records)

6 & 7. ISI Web of Science: Science Citation Index Expanded (SCI-EXPANDED)
ISI Web of Science: Conference Proceedings Citation Index-Science (CPCI-S)
Search 1 (to March 2016):
1. TS=((brain or cerebral or intracranial or intra?cran*) near/3 (oedema or edema or swell*)) OR ((head or crani* or cerebr* or brain* or
intracran* or intercran* or intra?cran* or inter?cran*) near/3 (haematoma* or hematoma* or haemorrhag* or hemorrhag* or bleed* or
pressure))
2. TS=(Semirecumbent or semi?recumbent) OR (bed* and "intracranial pressure") OR (backrest* position*) OR (upper body elevat*) OR
(patient* position*) OR (posture OR position*) OR HOBOE
3.TS=((singl* OR doubl* OR trebl* OR tripl*) SAME (blind* OR mask*)) OR TS=(controlled clinical trial OR controlled trial OR clinical trial OR
placebo) OR TS=(randomised OR randomised OR randomly OR random order OR random sequence OR random allocation OR randomly
allocated OR at random OR randomised controlled trial) AND TS=(human*)
4. 1 and 2 and 3

Search 2 (2 March 2017):
TS=((semirecumbent OR semi-recumbent OR “head of bed” OR (bedrest SAME "intracranial pressure*") OR ((backrest* or “back rest”) SAME
(position* or elevat*)) OR “patient* position*” OR posture OR ((head OR “upper body”) SAME elevat*)) AND (((trauma* or severe) SAME
(brain or head) SAME injur*) OR ((crani* OR intracran* OR intra-cran*) SAME (oedema or edema or swell* OR haematoma* or hematoma*
or haemorrhag* or hemorrhag* or pressure* or hypertens*))) AND (((singl* OR doubl* OR trebl* OR tripl*) SAME (blind* OR mask*)) OR
“controlled clinical trial” OR placebo OR randomised OR randomised OR (random* SAME (order or allocat* or sequence)) OR “at random”
or crossover or cross-over)) NOT TI=(rat OR rats OR rodent* OR mice OR mouse OR murine OR horse* OR equine OR pig OR pigs OR piglet*
OR swine) Indexes=SCI-EXPANDED, CPCI-S, CPCI-SSH, ESCI Timespan=2016-2017

A citation search was also conducted in March 2017 for research citing the three included studies.

8. International trials registers
ClinicalTrials.gov basic search 1: (intracranial AND pressure) AND (backrest OR head elevation OR head of bed or HOB or HOBE)
ClinicalTrials.gov basic search 2: (brain injury) AND (backrest OR head elevation OR head of bed or HOB or HOBE)
Records were screened for relevant studies.

ICTRP advanced search 1: Intervention=head elevation or head of bed or HOB or HOBE and Title=brain injury or intracranial pressure
ICTRP advanced search 2: Intervention=head elevation or head of bed or HOB or HOBE and Condition=brain injury or intracranial pressure

The following synonyms were automatically applied to the ICTRP search 2: - PRESSURE, INTRACRANIAL, PRESSURE, SUBARACHNOID,
PRESSURES, INTRACRANIAL, PRESSURES, SUBARACHNOID, SUBARACHNOID PRESSURE, SUBARACHNOID PRESSURES, intracranial
pressure - BRAIN DAMAGE, BRAIN INJ, BRAIN INJURIES, BRAIN LESION (FROM INJURY), BRAIN TRAUMA, CONCUSSION, INJ BRAIN, INJURIES,
BRAIN, INJURY, BRAIN, brain injury - head elevation - head of bed - hob
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C O N T R I B U T I O N S   O F   A U T H O R S

 

Development of and running the search
strategy

We had the assistance of Ivan Solà (Information Specialist at the Iberoamerican Cochrane
Center) and Deirdre Beecher (Information Specialist with Cochrane Injuries)

Obtaining copies of studies Alarcón JD, Rubiano AM

Selection of studies to include Alarcón JD, Rubiano AM, Urrútia G

Extraction of data from studies Alarcón JD, Rubiano AM, Urrútia G

RevMan analysis Martínez-Zapata MJ

Interpretation of the analysis Alarcón JD, Rubiano AM, Okonkwo DO, Alarcón J, Martínez-Zapata MJ, Urrútia G, Bonfill X

Drafting of the final review Alarcón JD, Rubiano AM, Okonkwo DO, Alarcón J, Martínez-Zapata MJ, Urrútia G, Bonfill X

 

D E C L A R A T I O N S   O F   I N T E R E S T

Jose D Alarcon: none known

Andres M Rubiano: none known

David O Okonkwo: none known

Jairo Alarcón: none known

Maria José Martinez-Zapata: none known

Gerard Urrútia: none known

Xavier Bonfill Cosp: none known

S O U R C E S   O F   S U P P O R T

Internal sources

• Iberoamerican Cochrane Center. IIB-Sant Pau, Barcelona, Spain, Colombia.

• Surcolombian University, Neiva, Colombia.

External sources

• Instituto de Salud Carlos III, Spain.

Dr. Mª José Martinez Zapata is funded by a Miguel Servet research contract from the Instituto de Salud Carlos III (CP15/00116).

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We have expanded the focus of the review to include children, but analysed separately studies performed in adults and children.
Accordingly, we have renamed the title of the review, eliminating the term 'adult'. We have also modified the following sections accordingly:
Background (Description of condition and How the intervention might work), Objectives, Criteria for considering studies for this review
(Types of participants), and Measures of treatment ePect.

Changes were made with respect to the initial protocol with regard to the methods of analysis. Given the way results are expressed in the
original papers, we could not calculate any pooled-ePect measure nor display them in a plot. Nor was it possible to perform sensitivity
analyses and subgroup analyses as planned, given the very limited data available. In conclusion, we have presented results only in a
descriptive or narrative manner. We included the secondary outcome of adverse ePects in the review as we considered that looking at
potential harms was important.
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We added information on the time to follow-up and scale for each outcome, although this was not specified in the protocol. This was to
improve the quality of the review and comply with MECIR reporting standards. We also added a 'Summary of findings' table to improve
the reporting of results.

N O T E S

In the future when this review is updated:

• we may conduct a network meta-analysis of the various head-of-bed elevations;

• we will group data for all outcomes and analyse them in clinically similar periods.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Critical Care;  *Head;  *Posture;  Brain Injuries, Traumatic  [mortality]  [physiopathology]  [*therapy];  Cerebrovascular Circulation; 
Cross-Over Studies;  Intracranial Pressure;  Patient Positioning  [adverse ePects]  [*methods];  Randomized Controlled Trials as Topic

MeSH check words

Adult; Child; Humans
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