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ABSTRACT

Background: Following traumatic brain injury (TBI), optimization of cerebral physiology is recommended
to promote more favourable patient outcomes. Accompanying pain and agitation are commonly treated
with sedative and analgesic agents, such as opioids. However, the impact of opioids on certain aspects
of cerebral physiology is not well established.

Objective: To conduct a systematic review of the evidence on the effect of opioids on cerebral
physiology in TBI during acute care.

Methods: A comprehensive literature search was conducted in five electronic databases for articles
published in English up to November 2017. Studies were included if: (1) the study sample was human
subjects with TBI; (2) the sample size was >3; (3) subjects were given an opioid during acute care; and (4)
any measure of cerebral physiology was evaluated. Cerebral physiology measures were intracranial
pressure (ICP), cerebral perfusion pressure (CPP), and mean arterial pressure (MAP). Subject and study
characteristics, treatment protocol, and results were extracted from included studies. Randomized
controlled trials were evaluated for methodological quality using the Physiotherapy Evidence
Database tool. Levels of evidence were assigned using a modified Sackett scale.

Results: In total, 22 studies met inclusion criteria, from which six different opioids were identified:
morphine, fentanyl, sufentanil, remifentanil, alfentanil, and phenoperidine. The evidence for individual
opioids demonstrated equally either: (1) no effect on ICP, CPP, or MAP; or (2) an increase in ICP with
associated decreases in CPP and MAP. In general, opioids administered by infusion resulted in the
former outcome, whereas those given in bolus form resulted in the latter. There were no significant
differences when comparing different opioids, with the exception of one study that found fentanyl was
associated with lower ICP and CPP than morphine and sufentanil. There were no consistent results when
comparing opioids to other non-opioid medications.

Conclusion: Several studies have assessed the effect of opioids on cerebral physiology during the acute
management of TBI, but there is considerable heterogeneity in terms of study methodology and
findings. Opioids are beneficial in terms of analgesia and sedation, but bolus administration should be
avoided to prevent additional or prolonged unfavourable alterations in cerebral physiology. Future
studies should better elucidate the effects of different opioids as well as varying dosages in order to
develop improved understanding as well as allow for tighter control of cerebral physiology.

Abbreviations: CPP: Cerebral Perfusion Pressure, GCS: Glasgow Coma Scale, ICP: Intracranial Pressure,
MAP: Mean Arterial Pressure, PEDro: Physiotherapy Evidence Database, RCT: Randomized Controlled
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Trial, TBI: Traumatic Brain Injury

Introduction

In 2013, one in every 50 emergency department visits in the
United States was related to traumatic brain injury (TBI); this
totalled approximately 2.5 million visits, which was a dramatic
increase from roughly 1.6 million in 2007 (1). Further, there
were approximately 282,000 TBI-related hospitalizations and
56,000 deaths within the same year (1). Clinical management
of TBI in the acute phase is focused on attending to primary
injuries and preventing secondary injuries. Primary injury
occurs as a direct result of forces at the time of impact,
whereas secondary injury can be a consequence of the natural

evolution of the primary injury or due to secondary insults,
which produce additional damage (2).

Given that TBI can lead to cerebral swelling and brain
herniation, the Guidelines for the Management of Severe
Traumatic Brain Injury recommend that patients with severe
TBI be managed using intracranial pressure (ICP) monitor-
ing to reduce both in-hospital and two-week post-injury
mortality (Level II B) (3). Through ICP monitoring, there
may be an increase in favourable functional outcomes, and
decreases in the rate of electrolyte disturbances and renal
failure (4). The guidelines suggest treatment of ICP above
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22 mmHg, as values higher than this are associated with
increased mortality (Level II B) (3).

Cerebral perfusion pressure (CPP) drives cerebral blood
flow (CBEF), which is necessary for the delivery of oxygen to
brain tissues. CPP is the difference between mean arterial
pressure (MAP) and ICP (CPP = MAP - ICP) (5).
Following TBI, the brain’s ability to regulate CBF may be
impaired, which can cause CBF to decrease and lead to
brain ischemia (5). Management of severe TBI using guide-
line-based recommendations for CPP is recommended to
decrease two-week mortality (3). In addition, the guidelines
recommend a target CPP between 60 and 70 mmHg in
order to promote survival and favourable outcomes (Level
1T B) (3).

Pain and agitation are common post TBI and are often
treated with various sedatives and analgesics. Similar medica-
tions may be used to prevent and treat elevations in ICP.
Roberts et al. (2011) conducted a systematic review examining
the effects of sedative agents on ICP and CPP, and found that
sedation generally improved ICP and CPP. The review found
three studies showing that opioids given in bolus or short
infusions resulted in clinically and statistically significant
increases in ICP as well as decreases in CPP and MAP (6).
A more recent review by Alnemari et al. (2017) reported that
there was a lack of understanding concerning the effects of
fentanyl and other opioids on ICP reduction. The review also
found that sufentanil did not have an effect on ICP unless
there were also changes in MAP, in which case sufentanil may
actually increase ICP (7).

The impact of opioids on ICP, CPP, and MAP requires
further clarification. To the authors’ knowledge, no review
comprehensively examining this topic has been conducted.
Therefore, the objective of this systematic review was to
examine the evidence regarding the effect of opioids on cere-
bral physiology in TBI during acute care.

Methods

The current review was reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (8).

Search strategy

A comprehensive literature search was conducted in five elec-
tronic databases (i.e., PubMed, Scopus, Embase, CINAHL, and
PsycINFO) for articles published from database inception up to
November 2017. Filters were applied in each database to restrict
searches to articles published in English. The following key-
words were used: brain injury, head injury, narcotic, analgesic,
opioid, and opiate. Variations of keywords were tailored to each
database. References of included studies were scanned to ensure
no relevant articles were missed in the original search.

Study selection

Studies were included in the current review if they met the
following four a priori criteria:

(1) the entire study population was human subjects with
TBI;

(2) the sample had three or more subjects;

(3) subjects were given an opioid during acute care (e.g.,
emergency department, trauma center, intensive care,
critical care setting); and

(4) any one or combination of measures of cerebral phy-
siology (i.e., ICP, CPP, and/or MAP) was evaluated.

After removal of duplicates, studies were screened for eligibility
based on title and abstract. Full-text articles were retrieved for the
remaining studies and further screened for eligibility. Studies were
not included if there was insufficient information to extract
regarding subject characteristics, methods, and/or results.

Study appraisal

Randomized controlled trials (RCTs) were evaluated for meth-
odological quality using the Physiotherapy Evidence Database
(PEDro) tool (Table 1) (9). The PEDro tool consists of 11 items,
each answered with a “yes” (score = 1) or “no” (score = 0). The
first item is not used in calculating the final score, thus the tool
yields a maximum score of 10. PEDro scores were then used to
categorize RCT's as poor (<4), fair (4-5), good (6-8), or excel-
lent (9-10) quality (10). Studies were assigned levels of evidence
using a modified Sackett scale, which simplifies the original ten-
level scale into five levels (Table 2) (11).

Data extraction and synthesis

Study characteristics (i.e., authors, year of publication, coun-
try of origin, study design, and sample size), subject charac-

Table 1. Physiotherapy evidence database (PEDro) tool (9).

Item Description

Eligibility criteria were specified

Subjects were randomly allocated

Allocation was concealed

Groups were similar at baseline regarding the most important

prognostic factors

All subjects were blinded

All therapists who administered therapy were blinded

All assessors who measured at least one key outcome were blinded

Measures of at least one key outcome were obtained from >85% of the

subjects initially allocated to groups

9 All subjects for whom outcome measures were available received the
treatment or control condition as allocated or, where this was not the case,
data for at least one key outcome was analyzed by intention-to-treat

10 Results of between-group statistical comparisons were reported for at
least one key outcome

11 Study provided both point measures and measures of variability for at

least one key outcome

HwnN —
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Table 2. Modified sackett scale (11).

Level of

Evidence Study Design

1 RCT with PEDro score =6

2 RCT with PEDro score <6, Prospective Controlled Trial,
Cohort Study

3 Case-Control Study

4 Pre-Post Test, Post Test, Case Series

5 Observational Study, Case Report, Clinical Consensus

Abbreviations: RCT = Randomized Controlled Trial; PEDro =
Evidence Database

Physiotherapy



teristics (i.e., age, sex, and TBI severity), study setting (i.e.,
hospital unit and baseline medications), treatment protocol
(i.e., drug, dosage, and delivery), and results were extracted
from the included studies. Data were organized into tables
and grouped by intervention. Levels of evidence assigned to
each study were used to determine the strength of the evi-
dence for each intervention.

Results
Study characteristics

For the current review, 22 studies met inclusion criteria (Figure 1);
no studies were excluded due to an inability to extract data. The
characteristics of the included studies are summarized in Table 3.
Nine studies (13,15,16,20,23,24,27,30,33) were RCTs, of which
four (13,20,30,33) utilized a crossover design. Three RCTs
(15,20,30) were good quality (PEDro = 6-8) and six RCTs
(13,16,23,24,27,33) were fair quality (PEDro = 4-5). Three studies
(22,26,31) were prospective controlled trials. One study (25) was
a prospective cohort study. Nine studies (12,14,17-19,21,28,29,32)
were pre-post test studies. The total pooled sample size of all
included studies was 792, with study sample sizes ranging from 6
to 161.

)
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Subject characteristics

Subject characteristics are summarized in Table 3. The major-
ity of studies (N = 15) reported a mean/median age between
20 and 40 years old; two studies (32,33) did not report age.
There were considerably more male (N = 536) than female
(N = 187) subjects overall; four studies (16,22,27,33) did not
report sex. Injury severity was measured using the Glasgow
Coma Scale (GCS), and ranged from moderate (GCS = 9-12)
to severe (GCS = 3-8). Four studies (23,24,26,31) included
subjects with moderate to severe TBI. One of these studies
(26) did not report GCS scores, but specified that injuries
were moderate to severe. The remaining studies included
subjects with severe TBI only.

Study setting

All included studies were conducted in intensive care units,
such that all patients were receiving mechanical ventilation.
Sedation was administered prior to intervention in the majority
of studies: midazolam in 12 studies (15,16,19,20,23,26-32), pro-
pofol in 6 studies (12,13,17,18,21,23), etomidate in 1 study (14),
and diazepam in 1 study (33). Four studies (22-25) reported
that no sedatives were administered before at least one of the
interventions. Analgesia administered prior to intervention was

c
.g Records identified through Additional records identified
3 database searching through other sources
E (n=3423) (n=0)
c
]
=
v v
. Records after duplicates removed
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g v
Q
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(n = 2654) e (n=2624)
4
Full-text arti‘cI.eS- :assessed Full-text articles excluded
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= (n=28)
3 (n=30)
)
w
4
- Studies included in
qualitative synthesis
(n=22)
° v
s
S Studies included in
£ quantitative synthesis
(meta-analysis)
(n=0)

Figure 1. Study selection process.
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Table 3. Study and subject characteristics.

Study Country Design LoE PEDro Sample Sex (M: F) Age (Years) GCS
Albanese et al. 1993 (12) USA Pre-Post 4 NA 10 10: 0 28.2 (11.4) 6.1 (1.4)
Albanese et al. 1999 (13) USA RCT Crossover 2 5 6 6: 0 33.3 (12.5) 6.0 (1.4)
Bingham et al. 1987 (14) UK Pre-Post 4 NA 7 5:2 11-37 <8
Bourgoin et al. 2003 (15) France RCT 1 8 I: 13 9:4 27 (7) 5
C12 10: 2 30 (11) 6
Bourgoin et al. 2005 (16) France RCT 2 5 I: 15 NR 29 (12) 6
C 15 29 (11) 5
Colton et al. 2014 (17) USA Pre-Post 4 NA 117 93: 24 40.0 (17.7) 6 (5-7.5)
Colton et al. 2016 (18) USA Pre-Post 4 NA 98 79: 19 39.2 (17.8) 6 (6-7)
De Nadal et al. 1998 (19) Spain Pre-Post 4 NA 30 23:7 30 (13) 5.7 (1.7)
De Nadal et al. 2000 (20) Spain RCT Crossover 1 6 30 23:7 30 (13) <8
Engelhard et al. 2004 (21) Germany Pre-Post 4 NA 20 13:7 46 (18) <8
Hanowell et al. 1993 (22) USA PCT 2 NA 7 NR 22-34 5-8
Karabinis et al. 2004 (23) Greece RCT 2 5 I: 84 44: 40 46.8 (16.3) 8.4 (2.7)
Cy: 37 24:13 49.6 (16.9) 8.8 (2.9)
Cy: 40 25:13 47.3 (20.0) 8.6 (2.5
Kelly et al. 1999 (24) USA RCT 2 5 I: 19 17: 2 33 (13) 6 (3-10)
C 23 18: 5 39 (18) 7 (3-9)
Kerr et al. 1998 (25) USA Cohort 3 NA ly: 21 16: 5 27.6 (8.4) 3.2 (0.6)
I: 18 16: 2 34.4 (17.0) 6.0 (1.5)
C 32 22: 10 35.2 (16.0) 5.4 (1.5)
Kolenda et al. 1996 (26) Germany PCT 2 NA 1: 12 8: 4 29 (16-59) NR
C12 11:1 38 (18-72) NR
Lauer et al. 1997 (27) USA RCT 2 5 I: 5 NR 21 (6) 6 (2)
I: 5 22 (9) 5(2)
I5:5 35 (12) 6(2)
Leone et al. 2004 (28) France Pre-Post 4 NA 20 16: 4 30 (11) 5(2)
Scholz et al. 1994 (29) Germany Pre-Post 4 NA 10 7:3 34 (10-76) <6
Sperry et al. 1992 (30) USA RCT Crossover 1 7 9 6:3 34 (5) 6 (1)
Stewart et al. 1994 (31) UK PCT 2 NA I: 6 6: 0 31 (12-57) <13
(GR°] 8:1 31 (12-62) <13
Werner et al. 1995 (32) Germany Pre-Post 4 NA 30 21: 9 NR <6
White et al. 1982 (33) USA RCT Crossover 2 4 15 NR NR 3
Abbreviations: C = Control Group; F = Female; GCS = Glasgow Coma Scale; | = Intervention Group; LoE = Level of Evidence; M = Male; NA = Not Applicable;

NR = Not Reported; PCT = Prospective Controlled Trial; PEDro = Physiotherapy Evidence Database tool; RCT = Randomized Controlled Trial
Note: Age and GCS reported as Mean (Standard Deviation), Median (Range), or Range

reported as morphine in four studies (19,20,27,33), fentanyl in
four studies (17,18,29,32), and sufentanil in two studies (21,28).
As well, four studies (22,25,28,33) investigated treatments dur-
ing endotracheal suctioning.

Outcomes

For the purpose of this review, three analyses on cerebral
physiology were conducted: (1) the pre-post effects of indi-
vidual opioids; (2) the comparative effects of different
opioids; and (3) the comparative effects of opioids versus
other medications. Cerebral physiology was evaluated in
terms of change in ICP, CPP, and/or MAP, as available in
each study.

1) Opioids. Six different types of opioids were identified in
the included studies: morphine, fentanyl, sufentanil, remifen-
tanil, alfentanil, and phenoperidine (Table 4).

Morphine was evaluated in six studies. One study (20)
reported that a bolus injection of morphine was associated
with a significant increase in ICP and significant decreases in
CPP and MAP. Three studies (24,27,31) reported no signifi-
cant changes to ICP, CPP, or MAP following morphine infu-
sion. The pre-post effects of morphine infusion were not
reported in two comparative studies (23,25).

Fentanyl was evaluated in 11 studies. Four studies
(13,19,20,30) reported that fentanyl was associated with
a significant increase in ICP and significant decreases in

CPP and MAP, three by bolus and one by infusion. Two
studies (17,18) found that fentanyl infusion resulted in
significantly decreased ICP, but did not report on CPP or
MAP. Three studies (26,27,33) reported no significant
changes to cerebral physiology following fentanyl adminis-
tration, two by infusion and one by bolus. The pre-post
effects of fentanyl were not reported in two comparative
studies (23,25).

Sufentanil was evaluated in eight studies. Three studies
(12,13,30) reported that sufentanil was associated with
a significant increase in ICP and significant decreases in
CPP and MAP, one by bolus and two by infusion. One
study (29) found that sufentanil infusion resulted in sig-
nificantly decreased ICP and MAP, and found no signifi-
cant change in CPP. Four studies (15,16,27,32) reported
no significant changes to cerebral physiology following
sufentanil administration, three by infusion and one by
bolus.

Remifentanil was evaluated in three studies (21,23,28). One
study (28) reported that remifentanil infusion was associated with
a significant increase in ICP and significant decreases in CPP and
MAP. One study (21) found no significant changes in cerebral
physiology following remifentanil infusion. The pre-post effects
of remifentanil were not reported in one comparative study (23).

Alfentanil was evaluated in two studies (13,22), which
reported that alfentanil, delivered intravenously by bolus or
infusion, was associated with increased ICP and decreased
CPP and MAP.



Table 4. Effect of opioids on cerebral physiology.

Results
Study Protocol ICP CPP  MAP
Morphine
De Nadal et al. 2000 Bolus, 0.2 mg/kg + - -
Lauer et al. 1997 Infusion, 0.03 mg/kg/hr ns ns ns
Stewart et al. 1994 Infusion, 0-4 mg/hr ns ns ns
Kelly et al. 1999 Infusion, 10 mg/hr ns ns NR
Kerr et al. 1998 Infusion, 5 mg/hr NR NR NR
Karabinis et al. 2004 Infusion, NR NR NR NR
Fentanyl
De Nadal et al. 1998 Bolus, 2 pg/kg + - -
De Nadal et al. 2000 Bolus, 2 pg/kg + - -
Sperry et al. 1992 Bolus, 3 pg/kg + - -
White et al. 1982 Bolus, 1 ug/kg ns ns ns
Albanese et al. 1999 Infusion, 4.5 pg/kg/hr + - -
Colton et al. 2014 Infusion, 25-550 pg/hr - NR NR
Colton et al. 2016 Infusion, 25-550 pg/hr - NR NR
Lauer et al. 1997 Infusion, 2 pg/kg/hr ns ns ns
Kolenda et al. 1996 Infusion, 4.2-8.4 pg/kg/hr  ns ns ns
Kerr et al. 1998 Infusion, 90 pg/hr NR NR NR
Karabinis et al. 2004 Infusion, NR NR NR NR
Sufentanil
Sperry et al. 1992 Bolus, 0.6 pg/kg + - -
Albanese et al. 1993 Infusion, 0.3 pg/kg/hr + - -
Albanese et al. 1999 Infusion, 0.3 pg/kg/hr + - -
Scholz et al. 1994 Infusion, 150 pg/hr - ns -
Bourgoin et al. 2003 Infusion, 0.3-0.6 pg/kg/hr  ns ns ns
Bourgoin et al. 2005 Infusion, 0.4-0.8 pg/kg ns ns ns
Lauer et al. 1997 Infusion, 0.3 pg/kg/hr ns ns ns
Werner et al. 1995 Bolus, 3 pgrkg ns NR ns
Remifentanil
Leone et al. 2004 Infusion, 15-60 pg/kg/hr + - -
Engelhard et al. 2004  Infusion, 15 pg/kg/hr ns ns ns
Karabinis et al. 2004 Infusion, 9-18 ug/kg/hr NR NR NR
Alfentanil
Hanowell et al. 1993 Bolus, 15-30 pg/kg + - -
Albanese et al. 1999 Infusion, 42 pg/kg/hr + - -
Phenoperidine
Bingham et al. 1987 Bolus, 1-2 mg ns - -

Abbreviations: CPP = Cerebral Perfusion Pressure; ICP = Intracranial Pressure;

MAP = Mean Arterial Pressure; NR = Not Reported

Note: + = significant increase; — = significant decrease; ns = no significant

change (pre-post effects)

Phenoperidine was evaluated in a single study (14), which
demonstrated significant decreases in CPP and MAP, but no

significant changes in ICP.

Table 5. Cerebral physiology: Comparison of different opioids.
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Levels of evidence

Bolus:

® There is Level 1 evidence that bolus morphine, fentanyl, and
sufentanil each increase ICP and decrease CPP and MAP.

® There is Level 2 evidence that bolus alfentanil increases
ICP and decreases CPP and MAP.

® There is Level 4 evidence that bolus phenoperidine does
not alter ICP but decreases CPP and MAP.

Infusions:

® There is Level 1 evidence that sufentanil infusion does not
alter ICP, CPP, or MAP, which conflicts with Level 2
evidence that it increases ICP and decreases CPP and MAP.

® There is Level 2 evidence that fentanyl infusion does not
alter ICP, CPP, or MAP, which conflicts with Level 2
evidence that it increases ICP and decreases CPP and MAP.

® There is Level 2 evidence that morphine infusion does
not alter ICP, MAP, or CPP.

® There is Level 2 evidence that alfentanil
increases ICP and decreases CPP and MAP.

® There is Level 4 evidence that remifentanil infusion
increases ICP and decreases CPP and MAP, which con-
flicts with Level 4 evidence that it does not alter ICP,
CPP, or MAP.

infusion

2) Opioid vs Opioid. Seven comparisons between different
opioids were identified in the included studies (Table 5). All
studies reported on ICP, CPP, and MAP.

Only one study (27) reported a significant difference between
opioids, which found that fentanyl infusion was associated with
significantly lower ICP and CPP compared to infusion of either
morphine or sufentanil. Another study (20) found no significant
differences between boluses of fentanyl and morphine. Two

Protocol Results
Study Intervention Comparison ICP CcpP MAP
Morphine
vs Fentanyl
Lauer et al. 1997 Infusion, 0.03 mg/kg/hr Infusion, 2 pg/kg/hr * * ns
De Nadal et al. 2000 Bolus, 0.2 mg/kg Bolus, 2 pg/kg ns ns ns
vs Sufentanil
Lauer et al. 1997 Infusion, 0.03 mg/kg/hr Infusion, 0.3 pg/kg/hr ns ns ns
vs Remifentanil
Karabinis et al. 2004 Infusion, NR Infusion, NR ns ns ns
Fentanyl
vs Sufentanil
Lauer et al. 1997 Infusion, 2 pg/kg/hr Infusion, 0.3 ug/kg/hr * * ns
Albanese et al. 1999 Infusion, 4.5 pg/kg/hr Infusion, 0.3 ug/kg/hr ns ns ns
Sperry et al. 1992 Bolus, 3 pg/kg Bolus, 0.6 pg/kg ns ns ns
vs Remifentanil
Karabinis et al. 2004 Infusion, NR Infusion, NR ns ns ns
vs Alfentanil
Albanese et al. 1999 Infusion, 4.5 pg/kg/hr Infusion, 42 ug/kg/hr ns ns ns
Sufentanil
vs Alfentanil
Albanese et al. 1999 Infusion, 0.3 pg/kg/hr Infusion, 42 pg/kg/hr ns ns ns

Abbreviations: CPP = Cerebral Perfusion Pressure; ICP = Intracranial Pressure; MAP = Mean Arterial Pressure; NR = Not Reported
Note: * = significant difference; ns = no significant difference (between-group comparisons)
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other studies found no significant differences between fentanyl
and sufentanil, either by bolus (30) or infusion (13).

The remaining comparisons demonstrated that morphine
infusion was not significantly different than infusion of sufen-
tanil (27) or remifentanil (23) in terms of its effects on
cerebral physiology, and that fentanyl infusion was not sig-
nificantly different than infusion of remifentanil (23) or alfen-
tanil (13). As well, one study (13) found no significant
differences between infusions of sufentanil and alfentanil.

Levels of evidence

Bolus:

® There is Level 1 evidence that bolus morphine and
fentanyl have similar effects on ICP, CPP, and MAP.

® There is Level 1 evidence that bolus fentanyl and sufen-
tanil have similar effects on ICP, CPP, and MAP.

Infusions:

® There is Level 2 evidence that morphine versus sufenta-
nil or remifentanil infusions have similar effects on ICP,
CPP, and MAP.

® There is Level 2 evidence that fentanyl versus remifen-
tanil or alfentanil infusions have similar effects on ICP,
CPP, and MAP.

® There is Level 2 evidence that sufentanil versus alfentanil
infusions have similar effects on ICP, CPP, and MAP.

® There is Level 2 evidence that fentanyl infusion results
in lower ICP and CPP but similar MAP when compared
to morphine infusion.

® There is Level 2 evidence that fentanyl infusion results
in lower ICP and CPP but similar MAP when compared
to sufentanil infusion, which conflicts with Level 2 evi-
dence that fentanyl and sufentanil have similar effects on
ICP, CPP, and MAP.

Table 6. Cerebral physiology: Comparison of opioids and other medications.

3) Opioid vs Other Medication. Seven comparisons between
opioids and other medications were identified in the included
studies (Table 6).

Morphine was compared to propofol in two studies
(24,31); both studies administered the medications by infu-
sion. One study (24) reported that morphine was associated
with significantly higher ICP than propofol, but similar MAP,
while the other study (31) found no significant differences in
ICP, CPP, or MAP between the two medications.

Sufentanil was compared to ketamine in two studies
(15,16). Both studies reported that infusions of either medica-
tion were similar in terms of their effects on cerebral physiol-
ogy. One study (26) compared fentanyl and ketamine
infusions, and found that fentanyl was associated with lower
ICP and CPP, as well as higher MAP.

Opioids were compared to saline in two studies (22,33);
both studies administered the medications by bolus injection.
One study (33) reported that fentanyl was associated with
significantly lower ICP than saline, while the other study
(22) found that alfentanil resulted in significantly lower CPP.

A single study (25) evaluated the effects of morphine or
fentanyl infusion alone or in combination with vecuronium
bromide, a neuromuscular blocker. The combined regimen
was found to result in significantly smaller changes to ICP,
CPP, and MAP than opioids alone. However, the study did
not draw a direct comparison between the opioids and the
neuromuscular blocker.

Levels of evidence

Bolus:

® There is Level 2 evidence that, compared to saline,
bolus fentanyl results in lower ICP, but similar CPP
and MAP.

® There is Level 2 evidence that, compared to saline, bolus
alfentanil results in lower CPP, but similar ICP and MAP.

Protocol Results
Study Intervention Comparison ICP CcPP MAP
Morphine
vs Propofol
Kelly et al. 1999 Infusion, 10 mg/hr Infusion, 0.6-12 mg/kg/hr * ns NR
Stewart et al. 1994 Infusion, 0-4 mg/hr Infusion, 150-400 mg/hr ns ns ns
vs Vecuronium Bromide + Morphine
Kerr et al. 1998 Infusion, 5-10 mg/hr Infusion, 5-9 mg/hr * * *
Fentanyl
vs Ketamine
Kolenda et al. 1996 Infusion, 4.2-8.4 pg/kg/hr Infusion, 4.7-7.5 mg/kg/hr * * *
vs Saline
White et al. 1982 Bolus, 1 ug/kg Bolus, NR * ns ns
vs Vecuronium Bromide + Fentanyl
Kerr et al. 1998 Infusion, 90-100 pg/hr Infusion, 5-9 mg/hr * * *
Sufentanil
vs Ketamine
Bourgoin et al. 2003 Infusion, 0.3-0.6 pg/kg/hr Infusion, 3 mg/kg/hr ns ns ns
Bourgoin et al. 2005 Infusion, 0.4-0.8 pg/kg Infusion, 3-6 mg/kg ns ns ns
Alfentanil
vs Saline
Hanowell et al. 1993 Bolus, 15-30 pg/kg Bolus, NR ns * ns

Abbreviations: CPP = Cerebral Perfusion Pressure; ICP = Intracranial Pressure; MAP = Mean Arterial Pressure; NR = Not Reported
Note: * = significant difference; ns = no significant difference (between-group comparisons)



Infusions:

® There is Level 1 evidence that sufentanil versus ketamine
infusions have similar effects on ICP, CPP, and MAP.

® There is Level 2 evidence that, compared to ketamine,
fentanyl infusion results in lower ICP and CPP, and
higher MAP.

® There is Level 2 evidence that morphine versus propofol
infusions have similar effects on ICP, CPP, and MAP,
which conflicts with Level 2 evidence that morphine
infusion results in higher ICP when compared to
propofol.

Discussion

TBI often requires immediate emergency medical attention;
the regulation of both ICP and CPP is frequently a primary
objective. In the acute care setting, these patients typically
receive medications to alleviate pain, provide comfort, and
control agitation as nociceptive stimuli can lead to increases
in ICP. Benzodiazepines and opioids are often given together
to provide sedating, analgesic, and anxiolytic effects. They
can also serve to reduce the metabolic demands being placed
on critically-injured or at-risk neurons in the brain. Much
controversy exists regarding the relationship between
opioids and measures of cerebral physiology including ICP,
CPP, and MAP. Given their widespread use, a synthesis of
the research literature is necessary to develop a better
understanding.

Among 22 studies, this systematic review evaluated six
different opioids either alone or in comparison to another
opioid or a non-opioid during the acute care management
of patients with TBI. In studies examining the pre-post effects
of individual opioids, ICP was shown to increase (N = 11) or
remain stable (N = 11); conversely, CPP and MAP were
shown to decrease (N = 12 and N = 13, respectively) or
remain stable (N = 11 and N = 10, respectively). There were
no significant differences when comparing the effectiveness
between two opioids, with the exception of one study (27) that
found fentanyl to be associated with lower ICP and CPP when
compared to morphine and sufentanil.

The initial brain insult, especially in combination with
additional distressing maneuvers such as intubation, can
cause ICP to rise. Inadequate management of pain and agita-
tion can also alter cerebral physiology and be associated with
increases in ICP and secondary brain damage (34,35).
Generally, the scientific evidence on the administration of
opioids in acute care post TBI has demonstrated equally
either: (1) no effect on ICP, CPP, or MAP; or (2) an increase
in ICP with associated decreases in CPP and MAP. These
differences may be related to the mode of administration
(i.e., bolus versus infusion) (12,13). Among studies reporting
increases in ICP and decreases in CPP, 63.6% reported on
opioids given in bolus form; comparatively, 81.8% of studies
reporting no change in ICP or CPP reported on opioids given
as infusions. Over-sedation from high doses of bolus opioids
can cause cerebral vasodilation, which accounts for increased
ICP and decreased CPP (6). However, these effects can be
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mitigated by obtaining optimal sedation level and maintaining
constant MAP (36).

Opioids certainly have a beneficial effect in terms of
analgesia and sedation, and thus may be indicated during
the acute management of TBI. Fentanyl was the most fre-
quently studied drug of all the opioids, accounting for 50.0%
of the studies included in the review. While morphine was
once the most common opioid administered to patients with
TBI, its use has declined in favour of the use of fentanyl,
owing to its rapid onset and short duration of effect (37).
This trait is useful for clinicians requiring prompt and inter-
mittent neurological assessment. At present, it is not clear
whether one opioid is more effective than another, although
according to the limited evidence available, this does not
appear to be the case. Future research should prospectively
and directly compare the effect of different opioid medica-
tions on cerebral physiology.

Another consideration when examining the evidence is in
relation to drug dosing. Infusion dosing varied widely across
studies; for example, fentanyl infusion doses ranged from
2 pg/kg/hr (27) to 4.5 pg/kg/hr (13). Other studies reported
dose ranges per hour without regard for patient weight (25--
550 pg/hr) (17,18). Even with individual patient variances
aside, these ranges are still too broad; greater specificity in
medication dosage is required to guide clinical decision-
making surrounding opioid administration. Additional stu-
dies should better explore the effects of various dose regimens
on cerebral physiology post TBI in acute care.

The current review is not without limitations. Despite
a significant attempt to describe and organize the included
studies in a logical manner, it was difficult to draw substantive
comparisons. There were varying dosing regimens for each
drug, and most studies included patients receiving various
sedatives and/or analgesics at baseline. Furthermore, opioid
administration was not always the primary intervention being
studied, nor was cerebral physiology always the primary out-
come assessed. As such, all reported findings and subsequent
conclusions should be taken with caution.

Conclusion

Numerous studies have been conducted to assess the effect of
opioids on cerebral physiology in the acute management of
TBI. Owing to the heterogeneity of patients with TBI, the
nature of the studies’ findings was diverse as well. In general,
opioids given in bolus form were shown to increase ICP and
decrease CPP and MAP, whereas those given as infusions did
not appear to change these parameters. Future studies should
elucidate the effects of different opioids and varying dosages
in order to develop improved understanding as well as allow
for tighter control of cerebral physiology. Moreover, studies
should evaluate how opioids may improve outcomes over the
short and long term with respect to unique patient subgroups;
this type of analysis may facilitate the development of indivi-
dualized treatment strategies.
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