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Abstract

Traumatic brain injury (TBI) management based on Brain Trauma Foundation (BTF) guidelines is widely accepted and

thought to improve outcome. The objectives of this study are to provide an overview of adherence to BTF guidelines and

to explore which factors influence adherence. We conducted a search of relevant electronic bibliographic databases.

Twenty articles met inclusion/exclusion criteria out of 666 articles screened. All were cohort studies. Wide variation in

adherence to BTF guidelines was observed with a median of 66.2% (range 0–100%). The lowest median adherence was

observed with surgical management (14%), whereas the highest was observed with oxygenation (100%), steroid (97.8%),

and blood pressure recommendation (92.3%). Variability was primarily explained by the variation in the strength of

evidence of each recommendation. Treating patients with higher severity of injury as well as treatment in a Level I trauma

center positively influenced adherence. Overall, adherence to BTF guidelines varies. Further research is required to

strengthen the current evidence and to identify factors related to adherence to guidelines from a professional prospective.
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Introduction

Traumatic brain injury (TBI) is a leading cause of death and

disability around the world. In the United States, the preva-

lence of TBI is estimated to be 2% in the general population,1 and

the reported mortality rate is 18.4 per 100,000 persons, with an

annual average of 53,014 deaths.2 A Canadian Institute for Health

Information (CIHI) report indicated that there were 16,811 hospi-

talizations annually for TBI, with 1368 (8%) related deaths.3

Among residents in the Calgary Heath Region in Alberta, Canada,

the annual incidence of severe TBI was 11.4 per 100,000 persons,

with a mortality rate of 5.1 per 100,000 persons per year.4

Clinical practice guidelines are mostly developed and distrib-

uted by well-recognized organizations to improve quality of care,

to decrease discrepancy in practice, and to ensure that evidence is

followed.5 Guideline recommendations, defined as ‘‘any statement

that promotes or advocates a particular course of action in clinical

care,’’6 are systematically developed recommendations to guide

practitioners in choosing the appropriate healthcare decision for

specific clinical circumstance.7 In the treatment of TBI, guidelines

are proposed to be an important aspect of patient management.

There are many published guidelines in the management of TBI

that are released from different countries, which target different

aspects of TBI management. These include but are not limited

to, pre-hospital, emergency department, in-hospital, intensive

care unit, surgical management, and indication for CAT scan of

the head.8–12

Internationally, Brain Trauma Foundation (BTF) guidelines are

widely disseminated. They have been translated into >15 different

languages and applied in Europe, South America, and parts of

China. The BTF maintains and revises some of the following TBI

guidelines: Guidelines for Prehospital Management of Traumatic

Brain Injury; Guidelines for the Management of Severe Traumatic

Brain Injury; Guidelines for the Surgical Management of Trau-

matic Brain Injury; Guidelines for the Acute Medical Management

of Severe Traumatic Brain Injury in Infants, Children, and Ado-

lescents; Guidelines for the Field Management of Combat Related

Head Trauma; and Early Indicators of Prognosis of Severe
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Traumatic Brain Injury. Some of these guidelines are developed

and maintained in collaboration with the American Association

of Neurological Surgeons (AANS)/Congress of Neurological Sur-

geons (CNS) Joint Section on Neurotrauma and Critical Care,

European Brain Injury Consortium, and other stakeholders in TBI

patient outcome.11

Guidelines for Management of Severe Traumatic Brain Injury

address key topics that are useful for in-hospital medical management

of severe TBI in adult patients with a Glasgow Coma Scale (GCS)

score of 3–8. These include blood pressure (BP) and oxygenation,

hyperosmolar therapy, prophylactic hypothermia, infection prophy-

laxis, deep vein thrombosis prophylaxis, intracranial pressure (ICP)

monitoring, cerebral perfusion thresholds, brain oxygen monitoring

and thresholds, anesthetics, analgesics and sedatives, nutrition, anti-

seizure prophylaxis, and hyperventilation through steroids use. These

guidelines were published in 1995, 2000, and 2007.4,11,13 with a

fourth edition released in 2017.14 Guidelines published in 2006 for

the Surgical Management of Traumatic Brain Injury address im-

portant issues in acute surgical management of TBI, which include:

acute epidural and subdural hematomas, parenchymal mass lesions,

and depressed skull fractures through posterior fossa lesions, with a

focus on indications and technique and timing of surgery.12

Studies suggest that implementation and strict adherence to BTF

guidelines results in improvement in neurological outcomes and

reduction in mortality from severe TBI.15,16 However, there is still

significant variability and inconsistency in management of trau-

matic TBI.17,18

Objectives

The first objective of this study is to present a systematic review

of practitioners’ adherence to the BTF guidelines for the manage-

ment of severe TBI. The second objective is to explore which

factors influence adherence to the guidelines. Identification of these

factors may provide valuable insight into the development of

strategies to increase adherence.

Methods

Protocol and study overview

The methods of this systematic review and meta-analysis have
been developed in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta- Analyses (PRISMA) guide-
lines19 and the Meta-Analysis of Observational Studies in Epide-
miology (MOOSE).20 We assembled a comprehensive database
containing all published literature that addresses adherence to BTF
guidelines in management of severe TBI. The goals of this study are
to comprehensively and critically analyze the world’s relevant
literature in order to evaluate the utilization of BTF guidelines in
clinical practice, and to study the factors that influence guideline
utilization. This protocol has been registered in the PROSPERO
International Prospective Register of Systematic Reviews (ID:
CRD42015017794) and published in Systematic Reviews as
‘‘Adherence to Brain Trauma Foundation Guidelines for Man-
agement of Traumatic Brain Injury Patients: Study Protocol for a
Systematic Review and Meta-Analysis.21 Detailed descriptions of
methods can be found in these two sources.

Search strategy

The primary search strategy was developed by the primary
investigator (Y.H.K.) in collaboration with an expert searcher/
librarian (S.C.). We searched eight electronic bibliographic
databases.

Study selection

All titles, abstracts and articles were screened to identify
studies addressing the adherence to BTF guidelines for in-hospital
management of adult civilian patients with TBI who were >17
years of age. Our search included in-hospital guidelines regard-
ing BP and oxygenation, hyperosmolar therapy, prophylactic
hypothermia, infection prophylaxis, deep vein thrombosis pro-
phylaxis, indications for ICP monitoring, ICP monitoring tech-
nology, ICP thresholds, cerebral perfusion thresholds, brain
oxygen monitoring and thresholds, anesthetics, analgesics, sed-
atives, nutrition, antiseizure prophylaxis, hyperventilation, and
steroids. We also included guidelines for surgical management
for acute epidural and subdural hematomas, parenchymal lesions,
posterior fossa mass lesions, and depressed cranial fractures in
our search.

Articles were included if they reported adherence rates and
factors influencing adherence. We excluded: (1) animal studies, (2)
studies with a majority of pediatric patients, (3) case reports and
non-original articles, (4) studies that included <10 patients, (5)
studies addressing adherence to pre-hospital guidelines, and (6)
studies focused on military/combat-related TBI. Studies related to
pre-hospital management were excluded because failure to achieve
target recommendation might be an indicator of severe injury.
Studies focused on military/combat-related TBI were excluded
because the results would not be generalizable to the study popu-
lation of civilian patients with TBI.

Data extraction and synthesis

Data were extracted from eligible studies using a predesigned
and pilot-tested standardized electronic data extraction form.
Narrative synthesis and quantitative analysis were used. Synthesis
was based on clustering of selected studies by type of recommen-
dation. Adherence to BTF-based protocol was extracted as a sep-
arate category if the full description of the protocol and the protocol
adherence rate were reported. Data synthesis included description
of study characteristics such as design, year and language of pub-
lication, publishing journal, country (mono-center/multicenter),
study period, professionals studied for adherence, number of par-
ticipants, median age, GCS, injury severity score, and quality as-
sessment measure. From each article, adherence percentages for
each recommendation were extracted. These indicate the number
of patients managed based on guidelines divided by all patients
managed. In the case of a pre and post-intervention design for
evaluation of an intervention (for example, introducing a protocol
or teaching program), only the post-intervention percentages were
extracted, because we wanted to assess the current clinical practice.
The median percentage of adherence for each recommendation was
calculated. Additionally, factors influencing adherence were ex-
tracted when a statistically significant relationship between the
factor and adherence was demonstrated in the article. Analysis was
performed using Stata Statistical Software version 13.1. (StataCorp
LP, College Station, TX).

Quality assessment

The quality of reporting of observational studies was assessed
using a checklist, which is based on the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement.

Study selection, as well as data extraction, synthesis, and quality
assessment were performed by two independent investigators
(Y.H.K., I.G). Differences of opinion were resolved by discus-
sion with other researchers (C.O. and D.Z.). To assess inter-rater
reliability, the percent agreement was calculated on adherence
percentage for number of guideline recommendations by the third
investigator (A.S.).
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Results

Study selection

In total, 666 studies were identified. Initial title screening

identified 228 ineligible studies, which were excluded. Next, 438

abstracts were evaluated based on inclusion/exclusion criteria,

and 377 studies were excluded. The full texts of the remaining 61

studies were subjected to detailed evaluation. Based on inclusion/

exclusion criteria, 41studies were excluded and 20 studies were

included in the analysis (Fig. 1). Authors of 24 abstracts presented

in a conference were e-mailed; we only received one response

indicating that their result has not been finalized. The overall

inter-rater agreement between the two investigators was moderate

(j statistic = 0.402).

Description of the studies

The studies that were included were observational (cohort

studies) and are summarized in Table 1. The majority of the studies

included were retrospective cohort studies. Only three studies

collected data prospectively, and one study utilized both pro-

spective and retrospective approaches to collecting the data. The

majority of the studies were conducted in multi-center settings,

whereas six studies were based on a single center. Included studies

were conducted in North America, (n = 13, 12 in the United States

and 1 in Canada), Europe (n = 5) and Asia (n = 2) and the Middle

East (n = 1, from Saudi Arabia). Table 2 summarizes the recom-

mendations assessed, level of evidence, and the number of studies

that addressed each recommendation.

FIG. 1. Study selection process.

ADHERENCE TO BRAIN TRAUMA FOUNDATION GUIDELINES 1409



www.manaraa.com

T
a

b
l

e
1

.
S

u
m

m
a

r
y

o
f

I
n

c
l

u
d

e
d

S
t

u
d

i
e

s

S
tu

d
y

L
a

n
g

u
a

g
e

o
f

th
e

p
u

b
li

ca
ti

o
n

P
u

b
li

sh
in

g
jo

u
rn

a
l

N
u

m
b

er
o

f
ce

n
te

rs
C

o
u

n
tr

y
S

tu
d

y
ty

p
e

a
n

d
te

m
p

o
ra

li
ty

S
tu

d
y

p
er

io
d

,
st

a
rt

S
tu

d
y

p
er

io
d

,
en

d
In

cl
u

si
o

n
/E

xc
lu

si
o

n
cr

it
er

ia

N
u

m
b

er
o

f
p

a
ti

en
ts

T
al

v
in

g
et

al
.1

8
E

n
g

li
sh

Jo
u

rn
al

o
f

N
eu

ro
su

rg
er

y
2

ce
n

te
rs

U
n

it
ed

S
ta

te
s

P
ro

sp
ec

ti
v

e
co

h
o

rt
Ja

n
u

ar
y

1
,

2
0

1
0

D
ec

em
b

er
3

0
,

2
0

1
1

In
cl

u
si

o
n

:
G

C
S

£8
,

h
ea

d
A

IS
‡3

,
m

et
th

e
B

T
F

cr
it

er
ia

fo
r

IC
P

m
o

n
it

o
ri

n
g

,
ad

m
it

te
d

to
th

e
su

rg
ic

al
IC

U
E

x
cl

u
si

o
n

:
ag

e
<1

8
y

ea
rs

,
m

o
ri

b
u

n
d

p
at

ie
n

ts
,

an
d

th
o

se
w

h
o

w
er

e
n

o
t

ex
p

ec
te

d
to

im
p

ro
v

e
p

ri
o

r
to

th
e

d
ec

is
io

n
o

f
w

h
et

h
er

an
IC

P
m

o
n

it
o

ri
n

g
d

ev
ic

e
w

o
u

ld
b

e
p

la
ce

d

2
1

6

B
ie

rs
te

k
er

et
al

.1
7

E
n

g
li

sh
C

ri
ti

ca
l

C
ar

e
M

ed
ic

in
e

5
(L

ev
el

I
tr

au
m

a
ce

n
te

r)
N

et
h

er
la

n
d

s
P

ro
sp

ec
ti

v
e

co
h

o
rt

Ju
n

e
1

,
2

0
0

8
M

ay
3

1
,

2
0

0
9

In
cl

u
si

o
n

:
p

at
ie

n
ts

m
et

B
T

F
cr

it
er

ia
fo

r
IC

P
m

o
n

it
o

ri
n

g
E

x
cl

u
si

o
n

:
ag

e
<1

6
y

ea
rs

an
d

h
o

sp
it

al
ad

m
is

si
o

n
>7

2
h

af
te

r
th

e
in

ju
ry

w
as

su
st

ai
n

ed

2
6

5

F
ar

ah
v

ar
et

al
.2

5
E

n
g

li
sh

Jo
u

rn
al

o
f

N
eu

ro
su

rg
er

y
2

2
tr

au
m

a
ce

n
te

rs
(2

0
L

ev
el

I
an

d
2

le
v

el
II

)

U
n

it
ed

S
ta

te
s

P
ro

sp
ec

ti
v

e
co

h
o

rt
Ju

n
e

6
,

2
0

0
0

D
ec

em
b

er
3

1
,

2
0

0
9

In
cl

u
si

o
n

:
p

at
ie

n
ts

m
et

B
T

F
cr

it
er

ia
fo

r
IC

P
m

o
n

it
o

ri
n

g
an

d
at

le
as

t
o

n
e

o
f

th
e

fo
ll

o
w

in
g

IC
P

tr
ea

tm
en

t
re

g
im

en
s

w
as

ad
m

in
is

te
re

d
in

th
e

fi
rs

t
2

d
ay

s
fo

ll
o

w
in

g
ad

m
is

si
o

n
:

m
an

n
it

o
l,

h
y
p
er

to
n
ic

sa
li

n
e,

b
ar

b
it

u
ra

te
s,

d
ra

in
ag

e
o

f
C

S
F

,
o

r
d

ec
o

m
p

re
ss

iv
e

cr
an

ie
ct

o
m

y
E

x
cl

u
si

o
n

:
n

o
n

p
ar

al
y

ze
d

p
at

ie
n

ts
o

n
d

ay
1

o
r

2
fo

ll
o

w
in

g
tr

au
m

a,
w

it
h

a
G

C
S

sc
o

re
o

f
3

o
r

4
,

an
d

w
it

h
fi

x
ed

an
d

d
il

at
ed

p
u

p
il

s

1
3

0
7

S
h

afi et
al

.3
3

E
n

g
li

sh
T

h
e

Jo
u

rn
al

o
f

T
ra

u
m

a
In

ju
ry

,
In

fe
ct

io
n

,
an

d
C

ri
ti

ca
l

C
ar

e

P
ar

ti
ci

p
at

in
g

tr
au

m
a

ce
n

te
rs

n
at

io
n

al
ly

T
h

e
N

at
io

n
al

T
ra

u
m

a
D

at
a

B
an

k
o

f
th

e
A

m
er

ic
an

C
o

ll
eg

e
o

f
S

u
rg

eo
n

s
(U

S
A

)

R
et

ro
sp

ec
ti

v
e

co
h

o
rt

1
9

9
4

2
0

0
1

In
cl

u
si

o
n

:
ad

m
is

si
o

n
to

a
d

es
ig

n
at

ed
L

ev
el

I
o

r
II

tr
au

m
a

ce
n

te
r,

b
lu

n
t

m
ec

h
an

is
m

,
ag

e
2

0
–

5
0

y
ea

rs
,

ad
m

is
si

o
n

to
an

in
te

n
si

v
e

ca
re

u
n

it
fo

r
at

le
as

t
3

d
ay

s,
an

d
m

et
th

e
B

T
F

cr
it

er
ia

fo
r

IC
P

m
o

n
it

o
ri

n
g

.
E

x
cl

u
si

o
n

:
p

at
ie

n
ts

w
it

h
A

IS
o

f
<3

,
p

at
ie

n
ts

w
h

o
d

ie
d

w
it

h
in

4
8

h
o

f
ad

m
is

si
o

n
,
an

d
th

o
se

w
h

o
w

er
e

ad
m

it
te

d
to

a
tr

au
m

a
ce

n
te

r
2

4
h

o
u

rs
af

te
r

su
st

ai
n

in
g

th
e

in
ju

ry

1
6

4
6

B
ar

m
p

ar
as

et
al

.2
2

E
n

g
li

sh
T

h
e

A
m

er
ic

an
S

u
rg

eo
n

2
ce

n
te

rs
T

h
e

N
at

io
n

al
T

ra
u

m
a

D
at

a
B

an
k

re
se

ar
ch

d
at

a
se

ts
(U

S
A

)

R
et

ro
sp

ec
ti

v
e

co
h

o
rt

2
0

0
7

2
0

0
8

In
cl

u
si

o
n

:
p

at
ie

n
ts

m
et

th
e

B
T

F
cr

it
er

ia
fo

r
p

la
ce

m
en

t
o

f
an

IC
P

m
o

n
it

o
r,

b
lu

n
t

m
ec

h
an

is
m

o
f

in
ju

ry
,

ad
m

is
si

o
n

to
a

L
ev

el
I

o
r

a
L

ev
el

II
tr

au
m

a
ce

n
te

r,
an

d
ag

e
>1

4
y

ea
rs

E
x

cl
u

si
o

n
:

A
IS

in
an

y
b

o
d

y
re

g
io

n
=

6
,

h
ad

m
is

si
n

g
h

ea
d

A
IS

o
r

G
C

S
sc

o
re

s,
d

ie
d

in
th

e
em

er
g
en

cy
ro

o
m

1
5

,9
2

1

(c
o

n
ti

n
u

ed
)

1410



www.manaraa.com

T
a

b
l

e
1

.
(C

o
n

t
i
n

u
e

d
)

S
tu

d
y

L
a

n
g

u
a

g
e

o
f

th
e

p
u

b
li

ca
ti

o
n

P
u

b
li

sh
in

g
jo

u
rn

a
l

N
u

m
b

er
o

f
ce

n
te

rs
C

o
u

n
tr

y
S

tu
d

y
ty

p
e

a
n

d
te

m
p

o
ra

li
ty

S
tu

d
y

p
er

io
d

,
st

a
rt

S
tu

d
y

p
er

io
d

,
en

d
In

cl
u

si
o

n
/E

xc
lu

si
o

n
cr

it
er

ia

N
u

m
b

er
o

f
p

a
ti

en
ts

T
an

g
et

al
.3

4
E

n
g

li
sh

Jo
u

rn
al

o
f

S
u

rg
ic

al
R

es
ea

rc
h

M
o

n
o

ce
n

te
r

U
n

it
ed

S
ta

te
s

R
et

ro
sp

ec
ti

v
e

co
h

o
rt

2
0

1
0

2
0

1
2

In
cl

u
si

o
n
:

p
at

ie
n
ts

w
h
o

m
et

th
e

B
T

F
g
u
id

el
in

es
fo

r
p
la

ce
m

en
t

o
f

an
IC

P
m

o
n
it

o
r

E
x
cl

u
si

o
n
:

P
at

ie
n
ts

tr
an

sf
er

re
d

fr
o
m

o
th

er
in

st
it

u
ti

o
n
s

an
d

p
at

ie
n
ts

w
it

h
u
n
sa

lv
ag

ea
b
le

b
ra

in
in

ju
ry

w
er

e
ex

cl
u
d
ed

1
9

4

S
h

afi et
al

.3
2

E
n

g
li

sh
Jo

u
rn

al
o

f
th

e
A

m
er

ic
an

C
o

ll
eg

e
o

f
S

u
rg

eo
n

s

5
ce

n
te

rs
U

n
it

ed
S

ta
te

s
R

et
ro

sp
ec

ti
v

e
o

b
se

rv
at

io
n

al
C

en
te

r
A

:
Ja

n
u
ar

y
1
,

2
0
0
6

C
en

te
rs

B
,
C

,
D

,
an

d
E

:
Ja

n
u
ar

y
1
,

2
0
0
9

C
en

te
r

A
:

D
ec

em
b

er
3

1
,

2
0

0
8

C
en

te
rs

B
,

C
,

D
,

an
d

E
:

D
ec

em
b

er
3

1
,

2
0

1
0

In
cl

u
si

o
n

:
ag

e
>1

6
,

G
C

S
£8

in
tr

ac
ra

n
ia

l
b

le
ed

o
n

h
ea

d
C

T
an

d
en

d
o

tr
ac

h
ea

l
in

tu
b

at
io

n
E

x
cl

u
si

o
n

:
ti

m
e

fr
o

m
in

ju
ry

to
ar

ri
v
al

in
em

er
g
en

cy
d
ep

ar
tm

en
t

o
f

>1
d

ay
;

b
u

rn
s,

p
o

is
o

n
in

g
,

d
ro

w
n

in
g

,
h

an
g

in
g

,
su

b
m

er
si

o
n

,
o

r
as

p
h

y
x

ia
ti

o
n

;
g

u
n

sh
o

t
w

o
u

n
d

s
to

th
e

h
ea

d
;

an
d

d
ea

d
o

n
ar

ri
v

al
in

em
er

g
en

cy
d

ep
ar

tm
en

t

8
3

1

M
au

ri
tz

et
al

.2
8

E
n

g
li

sh
E

u
ro

p
ea

n
Jo

u
rn

al
o

f
P

u
b

li
c

H
ea

lt
h

1
3

ce
n

te
rs

E
u

ro
p

e
(A

u
st

ri
a,

B
o

sn
ia

,
C

ro
at

ia
,

M
ac

ed
o

n
ia

,
an

d
S

lo
v

ak
ia

)

R
et

ro
sp

ec
ti

v
e

co
h

o
rt

Ja
n

u
ar

y
,

2
0

0
1

Ju
n

e,
2

0
0

5
In

cl
u

si
o

n
:

G
C

S
£8

af
te

r
re

su
sc

it
at

io
n

o
r

a
G

C
S

sc
o

re
d

et
er

io
ra

ti
n

g
to

£8
w

it
h

in
4

8
h

o
f

in
ju

ry
an

d
su

rv
iv

ed
at

le
as

t
u

n
ti

l
ad

m
is

si
o

n
to

th
e

IC
U

w
er

e
en

ro
ll

ed
in

to
th

is
st

u
d

y
E

x
cl

u
si

o
n

:
G

C
S

o
f

3

1
1

7
2

B
u

lg
er

et
al

.2
4

E
n

g
li

sh
C

ri
ti

ca
l

C
ar

e
M

ed
ic

in
e

2
8

(L
ev

el
I

tr
au

m
a

ce
n

te
rs

)
an

d
6

(L
ev

el
II

tr
au

m
a

ce
n

te
rs

)

U
n

it
ed

S
ta

te
s

R
et

ro
sp

ec
ti

v
e

co
h

o
rt

M
ay

1
,

1
9

9
8

D
ec

em
b

er
3

1
,

1
9

9
8

In
cl

u
si

o
n

:
G

C
S

o
f

8
o

r
le

ss
an

d
h

as
a

fr
ac

tu
re

o
f

th
e

ti
b

ia
,

fi
b

u
la

,
o

r
fe

m
u

r.
E

x
cl

u
si

o
n

:
b

u
rn

in
ju

ry
,

p
re

g
n

an
cy

,
sp

in
al

co
rd

in
ju

ry
w

it
h

p
ar

al
y
si

s
an

d
p
at

ie
n
ts

tr
an

sf
er

re
d

fr
o

m
an

o
th

er
in

st
it

u
ti

o
n

>2
4

h
af

te
r

in
ju

ry

1
8

2

G
er

b
er

et
al

.2
7

E
n

g
li

sh
Jo

u
rn

al
o

f
N

eu
ro

su
rg

er
y

2
2

(2
0

ar
e

L
ev

el
I

tr
au

m
a

ce
n

te
rs

an
d

2
ar

e
L

ev
el

II
tr

au
m

a
ce

n
te

rs
)

U
n

it
ed

S
ta

te
s

R
et

ro
sp

ec
ti

v
e

co
h

o
rt

2
0

0
7

2
0

0
9

In
cl

u
si

o
n

:
is

o
la

te
d

o
r

m
u

lt
i-

tr
au

m
a

T
B

I,
ar

ri
v

al
at

th
e

p
ar

ti
ci

p
at

in
g

tr
au

m
a

ce
n

te
r

w
it

h
in

2
4

h
o

f
in

ju
ry

,
G

C
S

<9
w

it
h

a
G

C
S

m
o

to
r

sc
o

re
<6

fo
r

at
le

as
t

6
h

af
te

r
in

ju
ry

an
d

af
te

r
re

su
sc

it
at

io
n

E
x

cl
u

si
o

n
:

P
at

ie
n

ts
w

it
h

se
v

er
e

T
B

I
w

h
o

d
ie

d
in

th
e

em
er

g
en

cy
d

ep
ar

tm
en

t
o

r
w

er
e

ad
m

it
te

d
w

it
h

th
e

d
ia

g
n

o
si

s
o

f
b

ra
in

d
ea

th

1
1

3
3

E
n

g
li

sh
W

ie
n

er
K

li
n

is
ch

e
W

o
ch

en
sc

h
ri

ft
5

ce
n

te
rs

A
u

st
ri

a
R

et
ro

sp
ec

ti
v

e
co

h
o

rt
2

0
0

7
2

0
0

9
In

cl
u

si
o

n
:

fu
lfi

ll
ed

th
e

cr
it

er
ia

fo
r

se
v

er
e

b
ra

in
tr

au
m

a
E

x
cl

u
si

o
n

:
P

at
ie

n
ts

w
h

o
d

ie
d

at
th

e
sc

en
e,

d
u

ri
n

g
tr

an
sp

o
rt

to
th

e
h

o
sp

it
al

,
o

r
im

m
ed

ia
te

ly
af

te
r

ad
m

is
si

o
n

to
th

e
em

er
g

en
cy

ro
o

m
w

er
e

ex
cl

u
d

ed

4
1

5

(c
o

n
ti

n
u

ed
)

1411



www.manaraa.com

T
a

b
l

e
1

.
(C

o
n

t
i
n

u
e

d
)

S
tu

d
y

L
a

n
g

u
a

g
e

o
f

th
e

p
u

b
li

ca
ti

o
n

P
u

b
li

sh
in

g
jo

u
rn

a
l

N
u

m
b

er
o

f
ce

n
te

rs
C

o
u

n
tr

y
S

tu
d

y
ty

p
e

a
n

d
te

m
p

o
ra

li
ty

S
tu

d
y

p
er

io
d

,
st

a
rt

S
tu

d
y

p
er

io
d

,
en

d
In

cl
u

si
o

n
/E

xc
lu

si
o

n
cr

it
er

ia

N
u

m
b

er
o

f
p

a
ti

en
ts

T
h

o
m

p
so

n
et

al
.3

5
E

n
g

li
sh

In
te

n
si

v
e

an
d

C
ri

ti
ca

l
C

ar
e

N
u

rs
in

g

M
o

n
o

ce
n

te
r

U
n

it
ed

S
ta

te
s

R
et

ro
sp

ec
ti

v
e

co
h

o
rt

2
0

0
0

2
0

0
2

In
cl

u
si

o
n

:
p

at
ie

n
ts

ad
m

it
te

d
to

a
L

ev
el

I
tr

au
m

a
ce

n
te

r
fo

ll
o

w
in

g
a

p
ri

m
ar

y
d

ia
g

n
o

si
s

o
f

se
v

er
e

T
B

I

1
0

8

G
ri

es
d

al
e

et
al

.3
7

E
n

g
li

sh
Jo

u
rn

al
o

f
C

ri
ti

ca
l

C
ar

e
M

o
n

o
ce

n
te

r
C

an
ad

a
R

et
ro

sp
ec

ti
v

e
co

h
o

rt
2

0
0

6
2

0
1

2
In

cl
u

si
o

n
:

al
l

p
at

ie
n

ts
w

h
o

w
er

e
ad

m
it

te
d

to
th

e
IC

U
if

th
ey

h
ad

an
ad

m
is

si
o

n
d

ia
g

n
o

si
s

o
f

T
B

I
an

d
h

ad
an

IC
P

m
o

n
it

o
r

in
se

rt
ed

d
u

ri
n

g
th

ei
r

st
ay

E
x
cl

u
si

o
n
:

IC
P

m
o
n
it

o
r

in
se

rt
ed

fo
r

re
as

o
n
s

o
th

er
th

an
a

cl
o
se

d
T

B
I

o
r

p
en

et
ra

ti
n
g

T
B

I

1
2

7

N
eu

m
an

n
et

al
.2

9
E

n
g

li
sh

Jo
u

rn
al

o
f

In
te

n
si

v
e

C
ar

e
M

ed
ic

in
e

2
2

ce
n

te
rs

E
u

ro
p

e
R

et
ro

sp
ec

ti
v

e
co

h
o

rt
Ju

ly
,

2
0

0
3

Ju
n

e
2

0
0

5
In

cl
u
si

o
n
:
al

l
T

B
I

p
at

ie
n
ts

w
it

h
a

k
n
o
w

n
ti

m
e

o
f

tr
au

m
a

an
d

at
le

as
t

o
n
e

re
co

rd
A

B
G

1
5

1

F
ro

h
li

ch
et

al
.2

6
E

n
g

li
sh

Ir
is

h
Jo

u
rn

al
o

f
M

ed
ic

al
S

ci
en

ce
M

o
n

o
ce

n
te

r
Ir

el
an

d
R

et
ro

sp
ec

ti
v

e
co

h
o

rt
2

0
0

5
2

0
0

7
In

cl
u

si
o

n
:

al
l

T
B

I
p

at
ie

n
ts

4
6

S
h

afi et
al

.3
1

E
n

g
li

sh
Jo

u
rn

al
o

f
N

eu
ro

su
rg

er
y

1
1

L
ev

el
I

tr
au

m
a

ce
n

te
rs

U
n

it
ed

S
ta

te
s

R
et

ro
sp

ec
ti

v
e

co
h

o
rt

Ja
n

u
ar

y
1

,
2

0
0

8
S

ep
te

m
b

er
9

,
2

0
0

9
In

cl
u

si
o

n
:

G
C

S
£8

E
x

cl
u

si
o

n
:

u
n

su
rv

iv
ab

le
b

ra
in

in
ju

ri
es

(A
IS

o
f

6
)

p
at

ie
n

t
ag

e
>9

9
y

ea
rs

2
0

5
6

B
h

u
ll

ar
et

al
.2

3
E

n
g

li
sh

Jo
u

rn
al

o
f

T
ra

u
m

a
an

d
A

cu
te

C
ar

e
S

u
rg

er
y

L
ev

el
1

tr
au

m
a

ce
n

te
rs

N
at

io
n

al
T

ra
u

m
a

R
eg

is
tr

y
o

f
th

e
A

m
er

ic
an

C
o

ll
eg

e
o

f
S

u
rg

eo
n

s
(U

S
A

)

R
et

ro
sp

ec
ti

v
e

co
h

o
rt

Ja
n

u
ar

y
,

2
0

0
8

Ja
n

u
ar

y
,

2
0

1
0

In
cl

u
si

o
n

:
ag

e
>1

8
y

ea
rs

,
b

lu
n

t
se

v
er

e
T

B
I

(p
o

si
ti

v
e

C
T

sc
an

o
f

th
e

h
ea

d
an

d
G

C
S

o
f

3
–

8
)

an
d

re
m

ai
n

ed
in

th
e

h
o

sp
it

al
at

le
as

t
7

d
ay

s
af

te
r

in
ju

ry
E

x
cl

u
si

o
n

:
an

ti
se

iz
u

re
p

ro
p

h
y

la
x

is
w

it
h

le
v

et
ir

ac
et

am
,

se
iz

u
re

b
ef

o
re

p
o

ss
ib

le
A

E
D

lo
ad

in
g

o
p

p
o

rt
u

n
it

y
,

an
d

d
ea

th
w

it
h

in
7

2
h

o
f

h
o

sp
it

al
ad

m
is

si
o

n

9
3

T
sa

i et
al

.3
6

E
n

g
li

sh
S

u
rg

ic
al

N
eu

ro
lo

g
y

6
m

ed
ic

al
ce

n
te

rs
T

ai
w

an
R

et
ro

sp
ec

ti
v

e
co

h
o

rt
Ja

n
u

ar
y

,
1

,
2

0
0

3
Ju

n
e

3
1

,
2

0
0

3
In

cl
u

si
o

n
:

‡1
8

y
ea

rs
o

f
ag

e,
su

st
ai

n
ed

b
ra

in
in

ju
ry

w
it

h
a

p
o

st
re

su
sc

it
at

io
n

G
C

S
o

f
3

–
8

,
an

d
re

q
u

ir
ed

m
ec

h
an

ic
al

v
en

ti
la

ti
o

n
E

x
cl

u
si

o
n

:
lo

st
to

fo
ll

o
w

-u
p

at
6

m
o

n
th

s
af

te
r

th
e

in
ju

ry
.

9
4

A
ra

b
i

et
al

.4
0

E
n

g
li

sh
Jo

u
rn

al
o

f
C

ri
ti

ca
l

C
ar

e
M

o
n

o
ce

n
te

r
S

au
d

i
A

ra
b

ia
R

et
ro

sp
ec

ti
v

e
co

h
o

rt
M

ar
ch

,
1

9
9

9
D

ec
em

b
er

,
2

0
0

6
In

cl
u

si
o

n
:

p
at

ie
n

ts
>1

2
y

ea
rs

o
f

ag
e

w
it

h
se

v
er

e
T

B
I

(G
C

S
£8

)
E

x
cl

u
si

o
n

:
b

ra
in

d
ea

th
o

n
ad

m
is

si
o

n

4
3

4

P
al

m
er

et
al

.1
5

E
n

g
li

sh
Jo

u
rn

al
o

f
T

ra
u

m
a

In
ju

ry
In

fe
ct

io
n

an
d

C
ri

ti
ca

l
C

ar
e

M
o

n
o

ce
n

te
r

U
n

it
ed

S
ta

te
s

C
o

m
b

in
ed

re
tr

o
sp

ec
ti

v
e

an
d

p
ro

sp
ec

ti
v

e
co

h
o

rt

1
9

9
4

1
9

9
9

In
cl

u
si

o
n

:
G

C
S

3
–

8
,

C
T

sc
an

h
ad

fi
n

d
in

g
s

in
d

ic
at

iv
e

o
f

b
ra

in
in

ju
ry

,
ag

e
>8

y
ea

rs
,

cl
o

se
d

h
ea

d
in

ju
ry

an
d

p
at

ie
n

t
h

ad
to

h
av

e
IC

P
m

o
n

it
o

r
E

x
cl

u
si

o
n

:
d

ea
d

w
it

h
in

2
4

h
o

f
ad

m
is

si
o

n
.

9
3

G
C

S
,

G
la

sg
o
w

C
o
m

a
S

ca
le

;
B

T
F

,
B

ra
in

T
ra

u
m

a
F

o
u
n
d
at

io
n
;

IC
P

,
in

tr
ac

ra
n
ia

l
p
re

ss
u
re

;
IC

U
,

in
te

n
si

v
e

ca
re

u
n
it

;
C

S
F

,
ce

re
b
ro

sp
in

al
fl

u
id

;
T

B
I,

tr
au

m
at

ic
b

ra
in

in
ju

ry
;

A
B

G
,

ar
te

ri
al

b
lo

o
d

g
as

;
A

IS
,

A
m

er
ic

an
S

p
in

al
In

ju
ry

A
ss

o
ci

at
io

n
(A

S
IA

)
Im

p
ai

rm
en

t
S

ca
le

;
A

E
D

,
an

ti
ep

il
ep

ti
c

d
ru

g
.

1412



www.manaraa.com

Table 2. Brain Trauma Foundation (BTF) Recommendations Being Evaluated for Adherence in Included Studies

Guideline Recommendations
Number of studies

(Reference)

Pre and post guidelines based
protocol implementation

Levels I, II, and III all guidelines 2 (15,40)

Indication for intracranial
pressure (ICP) monitoring

Level II
ICP should be monitored in all salvageable patients with a severe traumatic brain

injury (TBI) (Glasgow Coma Scale [GCS] score of 3–8 after resuscitation) and
an abnormal CT scan. An abnormal CT scan of the head is one that reveals
hematomas, contusions, swelling, herniation, or compressed basal cisterns.

Level III
ICP monitoring is indicated in patients with severe TBI with a normal CT scan if

two or more of the following features are noted at admission: age >40 years,
unilateral or bilateral motor posturing, or systolic blood pressure (BP) <90 mm
Hg.

15 (18,17, 22, 23,24,
25, 26,27,28, 30,
31,32,33, 34, 36)

ICP thresholds Level II
Treatment should be initiated with ICP thresholds >20 mm Hg.

3 (30,34, 36)

BP Level II
BP should be monitored and hypotension (systolic BP <90 mm Hg) avoided.

5 (26,27,30, 31, 34)

Oxygenation Level III
Oxygenation should be monitored and hypoxia (PaO2 < 60 mm Hg or O2

saturation <90%) avoided.

2 (26, 30)

Cerebral perfusion
thresholds

Level II
Aggressive attempts to maintain cerebral perfusion pressure (CPP) >70 mm Hg

with fluids and pressors should be avoided because of the risk of adult
respiratory distress syndrome (ARDS).

Level III
CPP of <50 mm Hg should be avoided.
The CPP value to target lies within the range of 50–70 mm Hg. Patients with

intact pressure autoregulation tolerate higher CPP values.
Ancillary monitoring of cerebral parameters that include blood flow,

oxygenation, or metabolism facilitates CPP management.

6 (27,30, 31,34, 36, 37)

Hyperventilation Level II
Prophylactic hyperventilation (PaCO2 £ 25 mm Hg) is not recommended.
Level III
Hyperventilation is recommended as a temporizing measure for the reduction of

elevated ICP.
Hyperventilation should be avoided during the first 24 h after injury when

cerebral blood flow (CBF) is often critically reduced.
If hyperventilation is used, jugular venous oxygen saturation (SjO2) or brain

tissue oxygen tension (PbrO2) measurements are recommended to monitor
oxygen delivery.

2 (26, 29)

Steroids Level I
The use of steroids is not recommended for improving outcome or reducing ICP.

4 (26, 27, 28, 30)

Antiseizure prophylaxis Level II
Prophylactic use of phenytoin or valproate is not recommended for preventing

late post-traumatic seizures (PTS).
Level III
Anticonvulsants are indicated to decrease the incidence of early PTS (within

7 days of injury). However, early PTS is not associated with worse
outcomes.

3 (23, 26, 30)

Nutrition Level II
Patients should be fed to attain full caloric replacement by day 7 post-injury.

3 (26, 27, 32)

Temperature Normothermia 1 (35)
Surgical management

of acute subdural
hematoma (SDH)

Acute SDH with a thickness >10 mm or a midline shift >5 mm on CT scan
should be surgically evacuated, regardless of the patient’s GCS score.

All patients with acute SDH in coma (GCS score <9) should undergo ICP
monitoring.

1 (26)

Surgical management
of traumatic parenchymal
lesion

Signs of progressive neurological deterioration referable to the lesion,
medically refractory intracranial hypertension, or signs of mass effect on CT
scan should be treated operatively.

Patients with GCS scores of 6–8 with frontal or temporal contusions >20 cm3 in
volume with midline shift of at least 5 mm and/or cisternal compression on CT
scan, and patients with any lesion >50 cm3 in volume should be treated operatively.

1 (26)

Level of recommendations based on third edition of BTF Guidelines for the Management of Severe TBI.
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Adherence to BTF Guidelines for management of TBI

Eighteen studies reported adherence to the BTF guidelines.

These studies mostly assessed the adherence of neurosurgeon and

intensivist.17,18,22–37 Adherence by critical care nurses to the rec-

ommendation to normothermia was assessed in one study.35

Agreement between investigators was high (93.8% for guideline

adherence percentage). The median percentage of adherence to the

BTF guidelines for management of TBI was 60.7%, ranging from 0

to 100%. Upon investigating the adherence level according to the

location of the study, there was no significant difference in ad-

herence level between the studies conducted in North America

(59.2%) and those conducted in other countries (67.1%). The ad-

herence level in North American centers had less variability than

studies conducted in other countries, ranging between 13.5% and

55.9% and between 0 and 100% respectively. Overall adherence to

BTF guidelines was 40% in 1997. An increase in the adherence to

the guidelines was observed, reaching 60% in 2002. Nonetheless, it

seems that no further improvement in the median adherence has

been observed since 2002.

Adherence to BTF guidelines for medical management
of severe TBI

Eighteen studies reported adherence for 10 different medical

management guidelines for severe TBI, as illustrated in Table 2.

The most commonly studied recommendation for medical man-

agement of severe TBI was indication for ICP monitoring. This was

reported in 15 of the studies. The remaining recommendations were

reported less frequently as follows: cerebral perfusion threshold,

BP and oxygenation, steroid use, ICP threshold, nutrition, antisei-

zure prophylaxis, and hyperventilation.

Overall median percentage of adherence was 66.2%, varying

from 0 to 100%. Figure 2 demonstrates the median percentage

adherence and interquartile range of different recommendations.

Smaller median adherence percentages (31% and 40.1%) were

reported in two studies for normothermia and cerebral perfusion

thresholds (CPT) recommendations, whereas higher median ad-

herence percentages (100%, 97.8%, 92.3%) were reported in three

studies with recommendations of oxygenation, steroids, and BP,

respectively. These were followed by the adherence to nutrition,

ICP threshold, and hyperventilation, which were 79% 78.4%, and

70%, respectively. Moderate adherences were reported in two

studies for antiseizure prophylaxis and indication for ICP recom-

mendation, which were 58.1% and 46.4% respectively. One study

reported the adherence for six different guidelines, including the

indication for ICP monitoring, BP, and CPT, which was 73%.

Another study reported the adherence to oxygenation and BP rec-

ommendation combined, which was 79.2%.

Adherence to BTF guidelines for surgical management
of severe TBI

Only one study29 assessed the adherence to the surgical rec-

ommendation for management of acute subdural (ASD) hematoma

and intraparynchemal lesions (IPL). In this study, the percentages

of adherence to the recommendation for management of ASD he-

matoma and IPL were 13% and 14% respectively.

Adherence to BTF guidelines organized based
on the level of evidence

Reported guidelines were organized based on the level of evi-

dence in Table 2 to examine whether level of evidence could in-

fluence the level of adherence to the BTF guidelines. We observed

that recommendations with the higher the level of evidence were

associated with the higher median percentage of adherence, 96.9%,

79%, 32% and 13.5% for Levels I, II, III, and unclassified recom-

mendations, respectively (Fig. 3).

FIG. 2. Median percentage adherence and interquartile range for
Brain Trauma Foundation (BTF) recommendations.

FIG. 3. Median percentage adherence and interquartile range for
Brain Trauma Foundation (BTF) recommendations grouped by
level of evidence.
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Influencing factors

Six studies addressed factors influencing adherence in the context

of indication for ICP monitoring, BP, and cerebral perfusion pressure

management. These factors were clustered in relation to patient

characteristics: age, sex, severity of injury, neurological status,

systemic injury, management, and organization factors (Table 3).

Adherence to the indication for ICP monitoring was higher when

treating younger patients.17,18,22 patients with severe neurological

injury,22,31 and patients who underwent surgical treatment.18,22

Adherence was lower for treatment of patients whose neurological

status improved within 24 h or who were coagulopathic.18

Patients with lower systolic blood pressure (SBP) were less likely

to be treated based on guidelines for ICP monitoring, despite the fact

that the guidelines recommend ICP monitoring for these patients.18,22

Adherence to BP and cerebral perfusion pressure management

guidelines was higher when treating younger patients and patients

with higher severity of neurological injury.31

Findings related to adherence to recommendations concerning

papillary abnormality were contradictory. Biersteker and cowork-

ers reported that the presence of more pupillary abnormalities in-

creased the adherence level,17 whereas Farahvar and coworkers

reported that more pupillary abnormality decreased the adherence

to ICP monitoring.25

Two studies reported that more abnormality in the CT increased

adherence, and normal CT scans decreased adherence.17,18 Shafi

and coworkers reported the opposite, with a Marshal score £2 as-

sociated with increased adherence.31 These contradictions are most

likely the result of not incorporating specific information on CT

findings, and using different classifications for CT head findings.

As for organizational factors, treatment in a Level I trauma

center and living in a country with a higher economic status posi-

tively influenced adherence,22,28 whereas lack of health insurance

negatively influenced adherence.31

Methodological quality; quality of reporting

Out of the 20 studies, 9 studies presented key elements of study

design early in the article; 19 studies described the setting, location,

and relevant dates, including period of recruitment; 19 studies gave

the eligibility criteria, source, and method of selection; 17 studies

gave the method of assessment for each variable; 4 studies de-

scribed plans to address the potential sources of bias; 8 studies

explained how study size was determined; 17 studies described

statistical methods, including those used to control for confounding,

and described any methods used to examine subgroups or interac-

tions; 8 studies presented flow diagrams for participants; 17 studies

adequately described their study populations (included informa-

tion on exposure and potential confounders), 13 studies reported

confounder-adjusted estimates and made clear for which confound-

ers adjustments were made, subgroup analysis or sensitivity analysis;

15 studies discussed limitations; 13 studies discussed external va-

lidity; and 8 studies listed the sources of funding. Other items were

reported by all studies. Tables 4 and 5 provide more details of the

evaluation of the methodological quality of reporting.

Discussion

This systematic review is the first to look at adherence to BTF

guidelines for management of severe TBI. It is designed to provide

an overview of professionals’ adherence to BTF guidelines, and to

explore factors influencing adherence to these guidelines. Eighteen

articles reported adherence to medical management recommenda-

tions, and only one small-size study reported the adherence to

surgical management recommendations.

Despite the urgency and life-threating nature of severe TBI, as

well as the worldwide dissemination since 1996 of BTF guidelines

for management of severe TBI, results show a wide variation in

adherence even among the studies conducted in North America.

The adherence to recommendations related to steroids, oxy-

genation, and blood pressure was >88%. Adherence to nutrition,

ICP threshold, and hyperventilation ranged from 70% to 79%.

Moderate adherence (between 46% and 58%), was reported for

antiseizure prophylaxis and indication for ICP recommendation.

Lower adherence to guidelines for medical management was noted

for normothermia and CPT recommendations ranging between

30% and 40%. The lowest adherence was for surgical recommen-

dations, at *14%. However, it is difficult to draw a valid conclu-

sion based on adherence to specific recommendations, when study

number and size are small, and studies are conducted in different

settings and countries over different periods of time.

This review found that the level of adherence was proportionally

associated with the strength of evidence. Level I evidence recom-

mendations were associated with optimal adherence, Level II rec-

ommendations had reasonable adherence, suboptimal adherence

was detected with Level III evidence recommendations, and very

poor adherence was associated with unclassified recommendations

(13.5%). These findings explain the large variation in adherence to

BTF guideline recommendations, which might indicate a barrier

Table 3. Factors Influencing Adherence with BTF Guidelines

Influencing factors

Adherence

Increased Decreased

Patient characteristic
Age � Younger age17,18,22,31

Sex � Female sex31

Severity of Injury
Neurological status � Head AIS greater than 322,31 � Improved neurological

status within 24 h18

Systemic Injury � Severe systemic injuries; high ISS,17,22

extremity AIS score ‡318

� Higher SBP31

� Hypotension on admission18,22

� Coagulopathy18

Management � Decompressive craniectomy/craniotomy18,22

Organizational factors � Admission to a Level I trauma center22

� Higher economic status countries28
� Lack of health insurance31

BTF, Brain Trauma Foundation; AIS, American Spinal Injury Association (ASIA) Impairment Scale; ISS, Injury Severity Score; SBP, systolic blood pressure.
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specifically for individual recommendations rather than guidelines

as a whole. Another explanation could be that guidelines containing

a large number of recommendations would interfere with an ap-

propriate level of adherence; therefore, translation of guidelines

into more efficient, practical, and feasible protocols and algorithms

would enhance adherence, as has been shown before.38

Factors influencing adherence were reported in six stud-

ies17,18,22,25,28,31 These factors related to the patients and health

institute. No factors related to profession were studied. More re-

search focusing on the perspectives of professionals would be

valuable. This systematic review demonstrates that stronger evi-

dence would increase adherence to BTF guidelines as whole. Pa-

tients’ characteristics were addressed mostly in the context of

indication for ICP monitoring recommendation. Generally adherence

was higher when treating surviving patients with more severe TBI.

Patients with lower SBP were less likely to be treated based on

guidelines for ICP monitoring, although low SBP is one of the indi-

cations for insertion ICP monitoring. This was reported in two stud-

ies,18,22 which have insufficient information to make a solid

conclusion. Either this was an indicator of lower adherence because

this recommendation represents Level III evidence, or hypotension in

this group of patients was a representative of devastating systemic

injury (not survivable by the patient), which also decreases adherence.

The lack of agreement of the effect of pupillary abnormality on

adherence between two studies17,25 might be explained by the

difference in the duration of the pupillary abnormality between the

patients in the two studies, as neither study accounted for that in its

analysis. It has been shown that bilateral pupillary abnormality and

longer duration of the abnormality has a worse outcome.39

It is not possible to draw a conclusion about the effect of the CT

findings on adherence, as only three studies reported on this vari-

able,17,18,31 and they each used different classifications of CT

findings in their analyses.

In terms of organizational factors, there are consistent patterns

showing that treatment in a Level I trauma center or being in a higher

economic status country positively influences adherence,22,28

whereas lack of health insurance negatively influences adherence.31

This knowledge can be used to improve guidelines and to es-

tablish strategies to improve adherence. These strategies should

also focus on individual guideline recommendations as well as on

the guidelines as a whole.

Limitations of included studies

This study has a few limitations; first, the included studies were

observational, and most used retrospective design and patient da-

tabases. These methods have high risk of bias. Second, only four

studies described plans to address the potential sources of bias,

indicating that the risk of bias might be high.

Review limitations

First, the differences in recommendations, settings, and patient

characteristics do increase the generalizability of the results, but they

also make the analysis and interpretation of the results extremely

challenging. Second, although high methodological standards were

followed in conducting this systematic review with good inter-rater

reliability, the results are limited by the quality of the studies included.

Study strength

A very comprehensive systematic search was conducted based

on established guidelines for systematic reviews. Fairly good inter-

rater reliability was achieved. Finally, the standard protocol for

reporting systematic reviews was followed.

Conclusions

Adherence to BTF guidelines shows high variability in the re-

ported literature despite the wide dissemination of these guidelines,

as well as the urgency needed in treating this life-threatening

condition. The most likely explanations are the weakness of evi-

dence for some recommendations. This emphasizes the need for

more well-conducted research to strengthen the current evidence, to

focus on the perspectives of professionals, and to develop strategies

to increase adherence. These could include treating severe TBI

patients in Level I trauma centers and supporting economic im-

provements to the health system.
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