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ABSTRACT
Introduction Traumatic brain injury (TBI) is a leading cause of death and morbidity worldwide. Evidence-based guidelines for managing severe TBI have
been available for over 25 years. However, adherence to guidelines remains variable despite evidence highlighting improvement in outcomes with
individual recommendations. There is limited evidence to support a superior outcome with compliance to whole sets of recommendations. The aim of
this review was to determine whether adherence to TBI guidelines as a package improves outcomes in adults and paediatric patients with severe TBI.
Methods A structured literature search was conducted using the MEDLINE®, Embase™, PubMed and CINAHL® (Cumulative Index to Nursing and Allied
Health Literature) databases. Studies were considered eligible for inclusion in this review if they were quantitative studies investigating the use of TBI
guidelines in relation to one or more of the following outcomes: mortality, functional outcome and length of hospital stay.
Results Nine cohort studies were identified that fulfilled the inclusion criteria and answered the clinical question. A review of these papers was conducted.
Conclusions Mortality after severe TBI improves with increasing adherence to evidence-based guidelines in both adults and children. The evidence also
suggests that compliance with guideline recommendations results in improved functional outcomes and reduced length of hospital stay.
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Introduction
The Brain Trauma Foundation (BTF) first published its
evidence-based guideline for severe traumatic brain
injury (TBI) in 1996.1 These guidelines have evolved over
the last 25 years; they were first updated in 2000, then in
2007 and 2016. The aim of these guidelines is to provide
healthcare staff with a comprehensive set of
recommendations to support best practice for patients
following severe TBI. They have helped reduce variability
in TBI care around the world and have become a global
standard.2 Guidelines have also been published by other
authors3,4 but the BTF guideline is the most widely used.5

A paediatric version was introduced in 20036 and last
revised in 2019.7

The current version of the BTF severe TBI guideline
includes 28 recommendations, each of which is based on
varying levels of evidence.8 Recommendations based on
low-quality evidence have been discarded over time.
High-quality evidence has increased, although class 1
evidence remains scarce.9 The 2016 guideline contains 18
topics.8 This compares with ten topics in 1996.1 In more
recent editions of the guideline, topics such as deep vein

thrombosis prophylaxis, brain oxygen monitoring and
treatment, infection prophylaxis, cerebrospinal fluid
drainage and decompressive craniectomy have been
included.

Of the 28 recommendations in the 2016 guideline, there
are eight recommendations based on level 1 and level 2a
evidence.8 These include three positive treatment
recommendations: providing adequate nutrition to
reduce mortality, performing early tracheostomy to
reduce mechanical ventilation days and performing a
larger rather than smaller decompressive craniectomy to
improve outcomes. The guideline recommends against the
use of steroids, which is the only level 1 recommendation.
The other high-quality recommendations advise against
the use of seizure prophylaxis for prevention of late
post-traumatic seizures and against the prophylactic use
of a bifrontal craniectomy in diffuse head injury.8,9 The
topics covered in the BTF paediatric guidelines7 are
similar to those in the adult guidelines.

There is considerable variability in TBI guideline
adherence and implementation among neurotrauma
centres in Europe.5 Individual elements of the guidelines
have been shown to improve patient outcomes but there
remains a lack of evidence to support a superior outcome
when adhering to the full package. Two previously*joint first authors
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published systematic reviews report on guideline
adherence but focus on individual recommendations
without linking adherence to outcomes.10,11 The authors
found adherence was greater for recommendations that
were based on high levels of evidence. However, only
three recommendations in the current BTF guidelines
are based on high-level evidence (levels 1 and 2a).8

Neither review examined guideline adherence in paediatric
patients. Evidence of the impact of a combined set of
recommendations may improve their implementation,
potentially affecting patient outcomes.

The aim of this review was to determine whether
adherence to TBI guidelines as a package improves
outcomes in adult and paediatric patients with severe
TBI. The primary objective was to assess impact on
mortality, functional neurological outcome and length of
hospital stay. The secondary objective was to assess
whether the degree of improvement in outcomes is
related to the degree of guideline adherence.

Methods
This review was conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic
reviews and Meta-Analyses) guidelines.12 An electronic
literature search was performed using the MEDLINE®,
Embase™, PubMed and CINAHL® (Cumulative Index to
Nursing and Allied Health Literature) databases. A
combination of free text words and medical subject
headings was used. The search terms included (traumatic
brain injury OR head injury OR TBI OR brain trauma
OR head trauma OR cerebral trauma) AND (guideline
OR protocol OR guidance OR recommendation) AND
(adher* OR compliance).

The titles and abstracts of these papers were
independently screened for relevance by two authors
(SD and KMR), and discrepancies were resolved by
discussion. Papers published in English were considered
and the reference lists of all relevant papers were
searched for secondary references. The search was
current as of 23 May 2020.

The inclusion and exclusion criteria for studies were:

• Population: Adult and paediatric patients with blunt or
penetrating severe TBI, which was defined as those with
prolonged unconsciousness following head injury or a
Glasgow coma scale score of ≤8.1 Studies that included
predominantly military-related TBI were excluded as
they are unlikely to reflect the pattern of severe TBI
experienced in the civilian population.13

• Intervention: Use of in-hospital TBI guidelines; studies
that had, within their design, datasets relating to
adherence to guidelines.

• Outcomes of interest: Mortality, functional outcome,
length of hospital stay.

• Study design: Quantitative studies published since the
first evidence-based guideline for TBI was produced in
1996.1 There were no randomised controlled trials.
Cohort studies (both prospective and retrospective) and

case-controlled series were considered. Small case
series (sample size <30) and case reports were excluded.

Results
The database search identified 514 articles, and an
additional 10 articles were identified from forwards and
backwards citation searching of all relevant papers
(Figure 1). After excluding duplicates, titles and abstracts
were screened, and 40 publications were reviewed in full.
Of these, nine papers fulfilled the inclusion criteria, all of
which reported prospective or retrospective observational
studies. A review of these selected papers was conducted
and the results are summarised in Table 1. Each study
was assigned a level of evidence based on its quality
according to the Oxford Centre of Evidence-Based
Medicine.14

The included studies were published between 2004 and
2018, and included 6,824 TBI patients.15–23 Seven studies
were from the US, and the remaining two were from
Austria and India. Five studies were purely retrospective
observational studies15,18–20,22 but four collected data
prospectively.16,17,21,23 One study had two distinct cohorts:
one cohort with prospectively collected data from India
and the other with retrospectively collected data from
the US.21 These cohorts were treated as two separate
groups when analysing the data. Most studies were
multicentre (n=6) and all included patients with
extracranial trauma.

Adherence and mortality
Eight studies showed that adherence to evidence-based
guideline recommendations was associated with a
significant reduction in mortality in severe TBI
patients.15,17–23 Gerber et al reported a statistically
significant reduction in case fatality rate in their
prospective observational multicentre study involving
2,347 patients.17 They demonstrated an increasing trend
of guideline adherence between 2001 and 2009, and over
this time period their case fatality rate reduced from
22.4% to 13.3% (p=0.0001). In a retrospective single-
centre study of 831 patients by Fakhry et al, the group
that demonstrated 88% compliance with the TBI protocol
had a significant reduction in mortality compared with
both the low (50%) compliance group and the patient
cohort treated before the protocol was implemented
(p=0.047).15 Similarly, in a retrospective multicentre
study of paediatric patients by Reisner et al, guideline
implementation led to a significant mortality reduction
(32% pre-guideline vs 19% post-guideline; p=0.04).22

There is also evidence that the degree of guideline
adherence correlates with a reduction in mortality. In a
retrospective multicentre study involving 2,056 patients,
Shafi et al found that for every 10% improvement in
guideline compliance, there was a 12% reduction in risk
of death.18 Gupta et al reported a 3% reduction in risk of
death for every 1% increase in adherence.21 They also
found that guideline adherence of <65% was associated
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with a nearly twofold higher inpatient mortality. Similarly,
Lee et al reported that compliance of <55% was a
significant predictor of mortality in their retrospective
single-centre study.20 In a retrospective multicentre
study of paediatric TBI patients, Vavilala et al found
mortality rates continued to improve with increasing
adherence up to 60–80% compliance, beyond which
there was no further improvement.19

Adherence and functional outcome
The relationship between functional outcome and guideline
adherence was reported in five studies.15,16,19,22,23 Fakhry
et al found a significant improvement in functional
outcomes at hospital discharge with increased protocol
compliance.15 There were a higher proportion of patients
with a Glasgow outcome scale (GOS) score of 4 or 5 in the

high-compliance group (61.5% high compliance vs 50.3%
low compliance vs 43.3% in cohort before protocol;
p<0.001).

Vavilala et al demonstrated a clear association with
increased adherence and favourable functional outcomes
(GOS 4–5) at hospital discharge.19 They found that
compliance with over 40–60% of the guideline was
associated with a significantly lower rate of unfavourable
outcomes (GOS 2–3) compared with less than 20%
guideline compliance.

Another study of paediatric patients by Vavilala et al
noted that adherence to a severe TBI clinical care
pathway (in particular maintaining cerebral perfusion
pressure [CPP] and early initiation of nutrition) was
associated with favourable functional outcomes at
discharge from hospital.23 The other two studies did not

Figure 1 Flowchart of studies included in review
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Table 1 Summary of studies reviewed

Study Patient group and guideline used
Study type and
level of evidence Outcomes Key results

Fakhry,
2004,15 US

831 TBI patients aged >14 years, with GCS ≤8 and who lived
>48h were compared as 3 groups:
• Before protocol (n=219)
• Low (50%) protocol compliance (n=188)
• High (88%) protocol compliance (n=423)
Guideline:
Protocol based on BTF guidelines (1996 version)

Retrospective
cohort, single
centre
Evidence level 3

Mortality Significant reduction in mortality in the high compliance group
compared with other groups (p=0.047).

Functional outcomes
• GOS and RLAS measured at hospital
discharge

Significant improvement in functional outcomes. Increase in
proportion of patients with GOS 4–5 in the high compliance group
(61.5% high compliance vs 50.3% low compliance vs 43.3% before
protocol; p<0.001). RLAS also showed similar trend (p=0.004).

ICU/hospital LOS ICU LOS (p=0.021) and total hospital LOS (p=0.005) were reduced
in the high compliance group compared with before the protocol
was implemented.

Rusnak,
2007,16

Austria

405 severe TBI patients were included.
Compliance with TBI guidelines was evaluated using a complex
scoring system based on the level of evidence for each
recommendation.
Guideline:
BTF guidelines (1996 version)

Prospective cohort,
multicentre
Evidence level 4

Mortality
• ICU survival

Overall guideline compliance did not affect ICU survival (OR: 1.01).
Resuscitation of BP and oxygenation, and maintaining CPP
>70mmHg were the only recommendations found to significantly
improve ICU survival.

Functional outcomes
• Favourable (GOS 4–5) vs unfavourable
(GOS 1–3)

Overall guideline compliance did not increase probability of
favourable outcome (OR: 1.02).
Resuscitation of BP and oxygenation was the only recommendation
to significantly improve functional outcome.

ICU/hospital LOS Following all recommendations resulted in an increase in ICU stay
and a reduction in total hospital LOS.

Gerber,
2013,17 US

2,320 TBI patients who presented within 24h of injury and had
GCS ≤8 were included.
Patients were grouped by time period: 2001–2003, 2004–
2006, 2007–2009.
Guideline:
BTF guidelines (2000 and 2007 versions)

Prospective cohort,
multicentre
Evidence level 2

Guideline adherence General trend of increasing guideline adherence over time.
ICP monitoring increased from 55.6% (2001–2003) to 75.2%
(2007–2009) (p<0.0001). ICP compliance significantly reduced
mortality (p=0.0002). ICP elevations of >25mmHg on days 1 or 2
dropped (p=0.0001).
Adherence to CPP treatment thresholds increased over the decade
(p<0.0001).

Mortality
• Case fatality rate at 2 weeks

Case fatality rate decreased from 22% to 13% over the decade (OR:
0.53, p<0.0001).

Shafi,
2014,18 US

2,056 TBI patients with admission GCS ≤8 were included.
Guideline:
6 ‘processes of care’ developed based on BTF guidelines
(2007 version)

Retrospective
cohort, multicentre
Evidence level 4

Mortality Increased compliance with 6 processes of care was associated with
a reduced mortality rate (OR: 0.88). Every 10% increase in
compliance was associated with a 12% reduction in risk of death.

Guideline adherence Overall mean compliance in the entire study population was 73%.

Vavilala,
2014,19 US

236 patients aged <18 years with TBI (GCS ≤8) who were
intubated for at least 48h were included.
The impact of adherence to guidelines in the first 72h of
hospital admission was assessed.
Guideline:
Paediatric severe TBI guidelines (2003 version)

Retrospective
cohort, multicentre
Evidence level 4

Mortality Increasing guideline adherence was associated with better survival
(adjusted HR: 0.94).
Every 1% increase in adherence resulted in a 6% lower hazard of
death. Significant association with increasing compliance up to 60–
80%.

Functional outcomes
• GOS at discharge: favourable (GOS 4–5)
vs unfavourable (GOS 2–3)

Increasing guideline adherence was associated with favourable
GOS (adjusted HR: 0.99). Adherence of 40–60% or above was
significantly associated with lower rates of unfavourable GOS
compared with <20% compliance.
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Lee, 2015,20

US
185 TBI patients with GCS ≤8 were compared as 3 groups:
• Low compliance (<55%)
• Moderate compliance (55–75%)
• High compliance (>75%)
Guideline:
BTF guidelines (2007 version)

Retrospective
cohort, single
centre
Evidence level 3

Mortality Low guideline compliance was a significant predictor of mortality.
Reduced odds of mortality were seen in patients with moderate
compliance (OR: 0.20) and high compliance (OR: 0.27) compared
with low compliance. No significant difference in mortality between
the high and moderate compliance groups.

Gupta,
2016a,21

India

200 severe TBI patients aged ≥18 years and alive with
tracheal intubation for >48h were compared as 3 groups:
• Low compliance (<65%)
• Moderate compliance (65–75%)
• High compliance (>75%)
Guideline:
BTF guidelines (2007 version)

Prospective cohort,
single centre
Evidence level 3

Mortality
• Inpatient mortality

3% reduction in mortality for every 1% increase in guideline
adherence (adjusted RR: 0.97, 95% CI: 0.95–0.99).
Adherence of <65% was associated with twofold higher inpatient
mortality.

Gupta,
2016b,21 US

200 severe TBI patients aged ≥18 years and alive with
tracheal intubation for >48h were compared as 3 groups:
• Low compliance (<65%)
• Moderate compliance (65–75%)
• High compliance (>75%)
Guideline:
BTF guidelines (2007 version)

Retrospective
cohort, single
centre
Evidence level 3

Mortality
• Inpatient mortality

No relationship between guideline adherence rate and inpatient
mortality.

Reisner,
2018,22 US

192 TBI patients aged <18 years with GCS ≤8 and who had
undergone placement of an ICP monitor were compared as 2
groups:
• Pre-guideline (n=71)
• Post-guideline (n=121)
Guideline:
Developed an evidence-based paediatric TBI guideline

Retrospective
cohort, multicentre
Evidence level 3

Mortality Mortality rate was significantly lower following implementation of TBI
guideline (32% pre-guideline vs 19% post-guideline, p=0.04).

Functional outcomes
•WeeFIM® score on rehabilitation admission
and discharge

No difference in functional outcome score.

ICU/hospital LOS Mean hospital LOS and number of days on a ventilator was similar
between groups.

Vavilala,
2019,23 US

199 TBI patients aged <18 years, of which 193 (97%) had
severe TBI (GCS ≤8).
Assessed adherence in the first 72h after diagnosis of severe
TBI to three key performance indicators: early initiation of
nutrition, avoidance of unwanted hypocarbia and maintenance
of CPP (>40mmHg)
Guideline:
Clinical care pathway based on BTF guidelines for severe
paediatric TBI (2012 version)

Prospective cohort,
single centre
Evidence level 3

Mortality Adherence to CPP and nutrition targets was significantly associated
with higher discharge survival.

Functional outcomes
• Favourable (discharge home or to a
rehabilitation service) vs unfavourable
(in-hospital death, or discharge to a
nursing or long-term facility)

Adherence to CPP and nutrition targets was significantly associated
with favourable discharge disposition.

BP = blood pressure; BTF = Brain Trauma Foundation; CI = confidence interval; CPP = cerebral perfusion pressure; GCS = Glasgow coma scale; GOS = Glasgow outcome scale; HR = hazard
ratio; ICP = intracranial pressure; ICU = intensive care unit; LOS = length of stay; OR = odds ratio; RLAS = Rancho Los Amigos scale; RR = relative risk; TBI = traumatic brain injury

404
Ann

R
CollSurg

Engl2023;105:400
–406

DHEAN
SA

RAJW
AN

I
PAN

G
BEN

CH
KAILAYA-VASAN

M
ARATO

S
LAVRADO

R
BHAN

G
O
O

TO
LIAS

R
ELATIO

N
SH

IP
B
ETW

EEN
G
U
ID
ELIN

E
AD

H
ER

EN
C
E
AN

D
O
U
TC

O
M
ES

IN
SEVER

E
TR

AU
M
ATIC

B
R
AIN

IN
JU

R
Y



find an association between guideline adherence and
functional outcome.16,22

Adherence and intensive care/hospital stay
Three studies investigated the association between length
of stay (LOS) and levels of adherence.15,16,22 Fakhry et al
found that high guideline compliance resulted in a
reduction in mean intensive care unit LOS by 1.9 days
(p=0.021) and mean total hospital stay by 5.4 days
(p=0.005) compared with before the protocol was
implemented.15 However, there was no difference
between low and high adherence rates, suggesting a
weak association. A prospective multicentre study by
Rusnak et al reported a mixed picture.16 They noted that
complying with all the guideline recommendations
resulted in an increase in intensive care unit LOS but a
reduction in total hospital LOS. Reisner et al found that
implementation of guidelines for severe TBI did not
affect hospital LOS or number of days patients were on a
ventilator.22

Specific recommendations
Individual recommendations that had the most significant
impact on survival were maintaining blood pressure
and oxygentation,16,19 intracranial pressure (ICP)
monitoring,17,20,22 maintaining CPP16,17,23 and early
nutrition.17,19,23 Recommendations linked to improved
functional outcome were maintaining blood pressure and
oxygenation,16 and maintaining CPP.19,23

Discussion
This aim of this reviewwas to determine whether adherence
to TBI guidelines improves outcome in severe TBI patients.
The evidence reviewed clearly demonstrates that
compliance with TBI guidelines is associated with a
significant reduction in mortality in adult and paediatric
patients with severe TBI.15,17–23 Furthermore, increasing
guideline adherence correlates with a reduction in
mortality. Five studies assessed the influence of guidance
adherence on functional outcomes, with three finding a
significant improvement in functional outcomes with
guideline adherence and two showing no
association.15,16,19,22,23 Two large cohort studies found a
benefit with guideline adherence and total hospital LOS.15,16

Results from this review suggest that some specific
recommendations may have greater weight than others.
Maintaining blood pressure and oxygenation, ICP
monitoring, maintaining CPP and early nutrition were
most frequently associated with improved outcomes. The
level of evidence associated with these recommendations
is graded as level 2a (nutrition), level 2b (ICP monitoring,
CPP monitoring) and level 3 (maintaining blood pressure).8

There does not appear to be a direct link between the
quality of evidence supporting a recommendation and its
impact on outcomes. Further research to strengthen the
evidence base underpinning specific recommendations

may be beneficial as increasing adherence has been
reported with better levels of evidence.11

This review demonstrates that using multiple
recommendations from a guideline can have a combined
effect. What is not so clear is whether focusing on a more
limited number of recommendations may bring about a
similar or greater effect. The current literature does not
fully clarify which recommendations when grouped
together improve outcomes. Addressing this may lead to
the development of more focused guidelines and
therefore the potential for easier implementation.24,25

Our findings reinforce some of the themes that have
developed in healthcare over the last two to three
decades in relation to evidence-based medicine and
guideline implementation. Clinical guidelines reduce
variation in practice and increase the use of
evidence-based interventions.26 Although guidelines may
be developed through a consensus approach with a
combination of research evidence, clinical experience
and economic pragmatism,27 some (such as the BTF
guidelines)8 are based primarily on evidence with clear
indications of the level of evidence supporting their
recommendations.

There are some limitations to this review. All the
included studies were prospective or retrospective
observational studies. These types of studies are
particularly susceptible to bias and confounding;
consequently, the results need to be treated with caution.

In the included studies, there was no consistency in the
duration of guideline implementation. Two studies looked
at the impact of guideline adherence for the first 72
hours19,21 while Gerber et al looked at 10 days of intensive
care unit data.17 It remains unclear whether early use
alone is beneficial or whether guidelines should be
implemented throughout the hospital stay. In standard
practice, clinical judgement is used to determine the
duration of guideline adherence. Further evidence is
needed to inform this debate.

Similarly, in the reviewed studies, no differentiation
was made between patients with extracranial trauma
and those with isolated TBI. Although outcomes from
isolated TBI are widely recognised to be better,28 there is a
dearth of knowledge on whether guideline implementation
has a similar impact on both of these groups.

Further variation across the studies was noted in how
guidelines were introduced, from simple introduction
and education19,20 to developing an integrated pathway
of care triggered by the diagnosis of severe TBI.15,18,22,23

In some cases, a whole network of hospitals was involved
in the implementation of severe TBI guidelines, working in
collaboration with the BTF itself, hospital administration
teams and clinicians.17 This approach mirrors suggestions
that many levels of healthcare need to be involved in
implementation to improve engagement and use of
guidelines.25,29

Guidelines are likely to have the greatest impact if all
appropriate patients are treated using their
recommendations.30 Some authors attempted to overcome
this by engineering the guidelines into an approach where
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they were more likely to be used. Reisner et al did this by
developing a patient care protocol and using a computerised
patient management system.22 Shafi et al developed six
‘processes of care’ that incorporated guidelines into patient
treatment, resulting in significantly improved compliance.18

Fakhry et al recommended repeated education and
assessment.15 Gerber et al described an integrated
programme of implementation involving all levels of
healthcare and the guideline developers with regular
meetings to assess progress while also linking increased
funding to increased adherence.17

We identified several areas of consideration for future
research. Few studies have sought to analyse the
combination of pre and in-hospital guideline-directed
care. Early intervention and arrival in a more stable
condition may allow further improvements in hospital
care and outcome. The difference in outcomes between
isolated severe TBI and severe TBI associated with
extracranial trauma is also an area for further research,
highlighted by this review. Furthermore, having more
knowledge of which recommendations have the greatest
influence on outcome and which combinations work to
produce cumulative benefits may allow the development
of more abbreviated guidelines that are easier to
implement.

Conclusions
This review suggests that mortality after severe TBI
improves with increasing adherence to evidence-based
guidelines in both adults and children. The evidence also
suggests compliance with guideline recommendations
improves functional outcomes and reduces hospital LOS.
There is considerable variability in reported TBI guideline
use among neurotrauma centres in Europe.5 Further
research to strengthen the evidence base for TBI
guidelines and addressing implementation barriers can
potentially improve outcomes in patients with severe TBI.
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