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Abstract Our goal was to perform a systematic review of
the literature on the use of ketamine in traumatic brain
injury (TBI) and its effects on intracranial pressure (ICP).
All articles from MEDLINE, BIOSIS, EMBASE, Global
Health, HealthStar, Scopus, Cochrane Library, the Inter-
national Clinical Trials Registry Platform (inception to
November 2013), reference lists of relevant articles, and
gray literature were searched. Two reviewers independently
identified all manuscripts pertaining to the administration of
ketamine in human TBI patients that recorded effects on
ICP. Secondary outcomes of effect on cerebral perfusion
pressure, mean arterial pressure, patient outcome, and
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adverse effects were recorded. Two reviewers indepen-
dently extracted data including population characteristics
and treatment characteristics. The strength of evidence was
adjudicated using both the Oxford and GRADE methodol-
ogy. Our search strategy produced a total 371 citations.
Seven articles, six manuscripts and one meeting proceed-
ing, were considered for the review with all utilizing
ketamine, while documenting ICP in severe TBI patients.
All studies were prospective studies. Five and two studies
pertained to adults and pediatrics, respectively. Across all
studies, of the 101 adult and 55 pediatric patients described,
ICP did not increase in any of the studies during ketamine
administration. Three studies reported a significant decrease
in ICP with ketamine bolus. Cerebral perfusion pressure and
mean blood pressure increased in two studies, leading to a
decrease in vasopressors in one. No significant adverse
events related to ketamine were recorded in any of the
studies. Outcome data were poorly documented. There
currently exists Oxford level 2b, GRADE C evidence to
support that ketamine does not increase ICP in severe TBI
patients that are sedated and ventilated, and in fact may
lower it in selected cases.

Keywords Ketamine - ICP - Traumatic brain injury

Introduction

Ketamine’s use as a dissociative anesthetic agent has
afforded its application in a variety of instances where the
side effect profile of standard anesthetics has negated their
use [1, 2]. The quick action and lack of significant hemo-
dynamic derangements with ketamine make it attractive as
an agent for procedural sedation and induction [3] in those
patients suffering from shock. However, despite the
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advantages of ketamine, one area of medicine that has yet to
widely implement this medication is neurosurgery [4].

Anesthetic texts and literature [5—8] have perpetuated
the concern that the use of ketamine can lead to uncon-
trollable intracranial pressure (ICP). Thus, especially in
those patients where there is concern for elevated ICP, the
medication has been avoided. The postulated mechanism
surrounds large vessel vasodilation from an elevation in
Pco, in nonventilated patients [4], and the small vessel
vasoconstriction effects related to ketamine’s nitric oxide
(NO) synthase inhibition [9] leading to a potential increase
in cerebral oxygen extraction.

Despite this concern first documented in the 1970s,
there has yet to be substantial evidence within the liter-
ature to support ICP elevations with ketamine use in
traumatic brain injury (TBI) and the most other neuro-
surgical pathology. Furthermore, there are studies to date
that refute claims of ICP issues, when ketamine is used in
TBI [10-16]. In addition, recent randomized control trials
(RCT) utilizing N-methyl-p-aspartate (NMDA) antago-
nists as neuroprotective agents have failed to document
any issues with ICP control in large cohorts of patients
[17-19].

The goal of our study is to perform a systematic review
of the literature on the use of ketamine in TBI and its
effects on ICP.

Methods

A systematic review using the methodology outlined in the
Cochrane Handbook for Systematic Reviewers [20] was
conducted. The data were reported following the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) [21]. The review questions and search
strategy were decided upon by the primary author and
supervisor.

Search Question, Population, Inclusion, and Exclusion
Criteria

The question posed for systematic review was: In patients
with TBI, what is the effect of ketamine on ICP? All
studies, prospective and retrospective of any size based on
human subjects were included. The reason for an all-
inclusive search was based on the small number of studies
of any type identified by the primary author during a pre-
liminary search of MEDLINE.

The primary outcome measure was documented effect
on ICP post-ketamine administration. Secondary outcome
measures were cerebral perfusion pressure (CPP), mean
arterial blood pressure (MABP), patient outcome, and
adverse effects of ketamine.

@ Springer

Inclusion criteria were: All studies including human
subjects with TBI whether prospective or retrospective, all
study sizes, any age category, the use of ketamine, and
documentation of ICP response to ketamine administration.
Exclusion criteria were: animal and non-English studies.

Search Strategy

MEDLINE, BIOSIS, EMBASE, Global Health, HealthStar,
SCOPUS, and Cochrane Library from inception to
November 2013 were searched using individualized search
strategies for each database. The search strategy for
MEDLINE can be seen in Appendix A of the supplemen-
tary material, with a similar search strategy utilized for the
other databases. In addition, the World Health Organiza-
tions International Clinical Trials Registry Platform was
searched looking for studies planned or underway.

As well, meeting proceedings for the last 10 years looking
for ongoing and unpublished work based on NMDA antag-
onists utilized in TBI were examined. The meeting
proceedings of the following professional societies were
searched: Canadian Neurological Sciences Federation
(CNSF), American Association of Neurological Surgeons
(AANS), Congress of Neurological Surgeons (CNS), Euro-
pean Neurosurgical Society (ENSS), World Federation of
Neurological Surgeons (WFNS), American Neurology
Association (ANA), American Academy of Neurology
(AAN), European Federation of Neurological Science
(EENS), World Congress of Neurology (WCN), Society of
Critical Care Medicine (SCCM), Neurocritical Care Society
(NCS), World Federation of Societies of Intensive and
Critical Care Medicine (WFSICCM), American Society for
Anesthesiologists (ASA), World Federation of Societies of
Anesthesiologist (WFSA), Australian Society of Anesthe-
siologists, International Anesthesia Research Society
(IARS), Society of Neurosurgical Anesthesiology and Crit-
ical Care (SNACC), Society for Neuroscience in
Anesthesiology and Critical Care, and the Japanese Society
of Neuroanesthesia and Critical Care (JSNCC).

Finally, reference lists of any review articles or sys-
tematic reviews on sedation or ketamine in neurologically
ill patients were reviewed for relevant studies on ketamine
or NMDA antagonist usage in TBIL

Study Selection

Utilizing two reviewers, a two-step review of all articles
returned by our search strategies was performed. First, the
reviewers independently screened all titles and abstracts of
the returned articles to decide if they met the inclusion
criteria. Second, full text of the chosen articles was then
assessed to confirm if they met the inclusion criteria and
that the primary outcome of ICP response was reported in



Neurocrit Care (2014) 21:163-173

165

the study. Any discrepancies between the two reviewers
were resolved by discussion.

Data Collection

Data were extracted from the selected articles and stored in
an electronic database. Data fields included: patient
demographics, type of study (prospective or retrospective),
number of patients, dose, and route of ketamine used,
timing to administration of drug, duration of drug admin-
istration, effect on ICP, effect on CPP, effect on MABP,
adverse effects, and patient outcome.

Quality of Evidence Assessment

Assessment of the level of evidence for each included
study was conducted by two independent reviewers, uti-
lizing the Oxford criteria [22] and the Grading of
Recommendation Assessment Development and Education
(GRADE) criteria [23-28] for level of evidence.

The Oxford criteria consist of a 5 level grading system
for literature. Level 1 is split into subcategories 1a, 1b, and
Ic which represent a systematic review of RCT with
homogeneity, individual RCT with narrow confidence
interval, and all or none studies, respectively. Oxford level
2 is split into 2a, 2b, and 2c representing systematic review
of cohort studies with homogeneity of data, individual
cohort study or low quality RCT, and outcomes research,
respectively. Oxford level 3 is split into 3a and 3b repre-
senting systematic review of case—control studies with
homogeneity of data and individual case—control study,
respectively. Oxford level 4 represents case-series and poor
cohort studies. Finally, Oxford level 5 represents expert
opinion.

The GRADE level of evidence is split into four levels: A,
B, C, and D. GRADE level A represents high evidence with
multiple high-quality studies having consistent results.
GRADE level B represents moderate evidence with one
high-quality study, or multiple low-quality studies. GRADE
level C evidence represents low evidence with one or more
studies with severe limitations. Finally, GRADE level D
represents very low evidence based on either expert opinion
or few studies with severe limitations.

Any discrepancies between the grading of the two
reviewers were resolved via discussion and a third
reviewer, when required.

Statistical Analysis
A meta-analysis was not performed in this study due to the

heterogeneity of data within the articles and the presence of
a small number of studies/patients involved.

Results

The results of the search strategy across all databases and
other sources are summarized in Fig. 1. Overall a total of
371 articles were identified, with 368 from the database
search and 3 from the search of published meeting pro-
ceedings. By applying the inclusion/exclusion criteria to
the title and abstract of the articles, we identified 39 articles
that fit these criteria. Of the 39 identified, 36 were from the
database search and 3 were from published meeting pro-
ceedings. After removing duplicates, there were a total of
22 articles. Applying the inclusion/exclusion criteria to the
full text documents, only seven articles were eligible for
inclusion in the systematic review, with six from database
and one from meeting proceeding sources. The 15 articles
that were excluded were done so because they either did
not report details around the administration of ketamine in
TBI patients, or because they were review articles. Refer-
ence sections from these review articles were searched for
any other articles missed in the database search, with none
being identified.

Of the seven articles included in the review, all seven
were original studies [10-16]. All studies were prospective
studies, with four prospective randomized trials [12, 13, 15,
16], two prospective single arm trials [11, 14], and one
prospective case—control (non-randomized) study [10].
Two studies focused on pediatric patients [10, 11], for a
total of 55 children with TBI treated with ketamine.

Across all studies, a total of 156 TBI patients were
studied utilizing ketamine continuous sedation [12, 13, 15,
16], intermittent bolus for preventative measures in stim-
ulating events [10, 11] or bolus for attempts at ICP
reduction [14]. All patients were classified as severe TBI,
with Glasgow Coma Scores (GCS) of 8 or less, and all
being ventilated and sedated. Fifty-five patients were
pediatric (age range 1-16 years), and 101 were adult (age
range 16-75 years). Study demographics and patient
characteristics can be seen in Table 1, while treatment
characteristics and effect on ICP, CPP, MABP, and adverse
events are reported in Table 2.

Ketamine Treatment Characteristics

Within the seven studies [10-16], four utilized continuous
infusions of ketamine [12, 13, 15, 16]. Two studies pro-
spectively compared the use of ketamine/midazolam
versus sufentanil/midazolam as continuous infusions for
sedation in mechanically ventilated TBI patients [12, 13].
One study compared ketamine to sufentanil with a tar-
geted plasma ketamine concentration of 1 mcg/mL,
followed by titration to behavioral pain scale [12]. The
second study compared ketamine to sufentanil started an
initial ketamine dose at 50 mcg/kg/min followed by
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Fig. 1 Flow diagram of search

results

Articles from Database

368

Articles from Search of
Search Other Sources

3

\ \

Total Number of Articles from
Database and Other sources
371

Articles After Application of
Inclusion/Exclusion Criteria to
Titles and Abstracts
39

Articles After Removal of
Duplicates
22

Articles After Application of
Inclusion/Exclusion Criteria to
Full Text :

- 7 articles (6 manuscripts; 1

meeting abstract

332 removed due to failure to
meet inclusion criteria in title or
abstract

17 removed due to duplication
of reference

15 removed because:

- 10 review articles
- 5 not focused on ketamine as
the NMDA antagonist in TBI

titration to sedation level, with a mean dose of 82 mcg/kg/
min for a mean duration of 6.2 days [13]. A third study
utilizing continuous infusions prospectively focused on
ketamine/midazolam versus fentanyl/midazolam as seda-
tion for TBI patients [15]. This study utilized a ketamine
infusion at 65 mg/kg/day, titrated to sedative effect for a
duration of 1-10 days. The final study utilizing a con-
tinuous infusion prospectively compared fentanyl/
methohexitone versus ketamine/methohexitone for seda-
tion in TBI, with a loading dose of 50 mcg/kg followed
by titration to a Ramsay Sedation Score of 6 for a dura-
tion of 5 days [16].

The three remaining studies used bolus dosing of keta-
mine [10, 11, 14]. The first focused on the use of ketamine
bolus prospectively in pediatric patients with normal ICP
and high ICP during suctioning of their endotracheal
tube [10]. The dose used was 1-1.5 mg/kg administered
1-3 min prior to stimulation. The second study focused
on ketamine bolus prospectively for a cohort of pediatric
patients during stimulation and during episodes of ICP
elevations, with a dose of 1-1.5 mg/kg at 1-3 min either

@ Springer

prior to stimulation or at ICP elevation [11]. The final study
evaluated the ICP effect of three separate bolus doses of
ketamine, 1.5/3/5 mg/kg, separated by 6 h [14]. Ketamine
treatment characteristics can be seen in Table 2.

ICP Response
Continuous Infusions

Among the four studies looking at continuous ketamine
infusion [12, 13, 15, 16] all failed to show clinically sig-
nificant elevations in ICP during the administration of
ketamine. When comparing infusions of ketamine/midaz-
olam versus fentanyl/midazolam, there was no difference
in ICP between groups within the two prospective ran-
domized studies [12, 13]. Prospectively comparing
ketamine/midazolam versus fentanyl/midazolam infusions,
there was a statistically significant (at days 8 and 10) yet
not clinically significant 2 mmHg elevation of ICP in the
ketamine group [15]. Finally, prospectively comparing
ketamine/methohexitone versus fentanyl/methohexitone as
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continuous infusions, there was no difference in ICP values
between groups.

Bolus Dosing

Within the three studies focused on bolus dosing of keta-
mine in severe TBI patients [10, 11, 14], all failed to
demonstrate elevations in ICP, and all trended toward
reduction of ICP. Two of the three bolus dose studies were
conducted on pediatric patients [10, 11]. Both studies
demonstrated a reduction in ICP of 32 % [10] and 33 %
[11], respectively, in patients with elevated ICP. One study
demonstrated a reduction of ICP by a mean of 7.3 mmHg
in those patients undergoing stimulation, and this reduction
was sustained throughout the duration of the event [11].
Finally, the last study on bolus dosing prospectively eval-
uated severe TBI patients on propofol sedation receiving
three separate boluses of ketamine (1.5, 3, and 5 mg/kg)
6 h apart. In this study, there was a statistically significant
but nonsustained decrease in ICP after ketamine
administration.

CPP and MABP Response
Continuous Infusions

In those four studies utilizing continuous infusions of
ketamine, one study failed to document effect of CPP and
MABP [13]. Two studies documented an increase in CPP
and MABP [15, 16], with one documenting decreased
vasopressor requirement compared to the fentanyl group
[16] and the other documenting a statistically significant
increase in CPP by 8 mmHg compared to the fentanyl
group [15]. The fourth study failed to document a differ-
ence in CPP and MABP comparing ketamine to sufentanil
[12].

Bolus Dosing

Within the three studies utilizing bolus dosing of ketamine,
two failed to document the effect of CPP and MABP [10,
14]. The third study documented a statistically significant
increase in CPP by a mean of 4 mmHg, with a decrease of
MABP of 4 mmHg [11].

Adverse Effects of Ketamine

Only two patients in all of the studies reviewed displayed
adverse events related to ketamine. These patients dis-
played nonclinically significant tachycardia related to
ketamine [13]. This data were acquired directly from the
manuscripts when reported.

@ Springer

Outcome

Patient outcome was reported sparingly and heteroge-
neously in most studies, and any conclusions on the use of
ketamine in TBI patients as it pertains to outcome cannot
be made.

Outcome was recorded as Glasgow Outcome Scale
(GOS) scores in only three studies [13, 15, 16], two at
six months [13, 15] and one at discharge from the ICU
[16]. Outcome at discharge from ICU was reported as the
same with GOS as 2.6 versus 2.0 in fentanyl versus keta-
mine groups [16]. Similarly, at six months, GOS was
reported as “comparable” [15] between fentanyl versus
ketamine groups, and “favorable” in four of the ketamine
patients versus six of the sufentanil patients [13]. Gener-
alizations across all studies on outcome using ketamine in
TBI patients could not be made.

Level of Evidence

Based on two independent reviewers, there were a total of
seven studies reviewed. Six studies were level 2b [10-13, 15,
16], and one was level 4 [14] evidence against ICP elevation
with the administration of ketamine in severe TBI.

Similarly, two studies were GRADE B [12, 13], four
were GRADE C [10, 11, 15, 16], and one was GRADE D
[14] level of evidence against the elevation of ICP with the
administration of ketamine in severe TBI.

Opverall, we can recommend Oxford 2b, GRADE C level
of evidence against the elevation of ICP with the admin-
istration of ketamine in severe TBI patients that are
intubated and sedated. A summary of all levels of evidence
for individual articles can be seen in Table 3.

Discussion

Ketamine is an interesting medication with a variety of
potential applications in the neurologically ill. Centrally,
ketamine functions via NMDA receptor antagonism, inhibit-
ing glutamate activation [1]. This inhibition leads to
suppression of the sensory cortex, limbic system, and thala-
mus [1], providing a dissociative anesthesia. Ketamine and
other NMDA antagonists have also been postulated to provide
aneuroprotective effectin TBI[17-19]. In addition, ketamine
works peripherally at NMDA receptors, leading to pain
modulation. Finally, ketamine also inhibits NO synthase
inhibition, leading to pain modulation and vasoconstriction
[9]. This vasoconstrictive property of ketamine provides
hemodynamic stability in higher doses, in contrast to the usual
hypotensive effects of other induction agents. Thus, with all of
these benefits, ketamine has the potential for multiple uses
within the neurological patient.
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Table 3 Oxford and GRADE level of evidence

References Study type

Oxford [22] Level
of Evidence

GRADE [23-28] Level
of Evidence

Bar-Joseph et al. [10] Prospective case—control

(non-randomized)
Bar-Joseph et al. [11]
Boirgoin et al. [12]

Prospective single arm
Prospective randomized
Boirgoin et al. [13]
Albanese et al. [14]
Kolenda et al. [15]
Schmittner et al. [16]

Prospective randomized
Prospective single arm
Prospective randomized

Prospective randomized

2b C

2b
2b
2b
4

2b
2b

QOO0 wW®mAO

The cerebral hemodynamic effects of ketamine have been
of concern for decades. Reported elevations in ICP have
emerged, thought initially to be related to increase CBF from
vasoconstriction and increased cerebral oxygen consump-
tion [1]. However, upon further analysis it seems that in those
patients spontaneously breathing, once given ketamine, have
anincrease in pco, likely causing the ICP elevation [4]. Thus,
based on this presumed mechanism ketamine is theoretically
safe in a sedated ventilated patient [1, 4].

Despite this, the controversy surrounding the use of
ketamine in the neurologically ill has existed since the
1970s. Throughout the majority of literature sources in
neurosurgery and neuroanesthesia, the same articles are
quoted when referring to the ICP elevation secondary to
ketamine administration [5—8]. All of these studies focused
on the use of ketamine as a dissociative anesthetic for
elective neurosurgical procedures,the most of which were
shunt revisions. In the few patients described [5-8] the
ICP, as measured via transduction from a ventricular
catheter or Ilumbar catheter, elevated post-ketamine
administration. Despite the small number of patients in
these four studies, the fear over ketamine use has perpet-
uated since. This fear has particularly been prominent in
the TBI population, where concerns over ICP crisis have
led to almost complete avoidance of the medication.

The goal of our study was to perform a systematic review
of the literature on the effect of ketamine use on ICP in
patients with TBI. In addition, our secondary interest was the
impact on CPP, MABP, and any adverse effects. Our review
identified seven prospective studies that met the inclusion
and exclusion criteria. Within these 7 articles, a total of 156
patients (101 adults, 55 pediatric) with severe TBI were
treated with varying doses of ketamine. Four articles focused
on comparing ketamine versus opiates infusions (with either
background benzodiazepine or methohexitone in both
groups) [12, 13, 15, 16]. All four demonstrated no difference
in ICP control, no ICP fluctuations with ketamine adminis-
tration, and finally equal sedative properties. The remaining
three studies focused on bolus dosing of ketamine to prevent
ICP elevation during stimulus [10, 11], or as a means to

reduce ICP during an episode of acute elevation [11, 14]. In
all of these studies, the trend was toward a reduction in ICP
with ketamine bolus, and a sustained effect when used pre-
emptively for stimulating procedures. CPP and MABP were
identical compared to control in all but two studies, which
displayed higher mean CPP and lower vasopressor require-
ments [15, 16]. No significant adverse effects of ketamine
were identified. Overall, we can make an Oxford 2b,
GRADE C recommendation that ketamine does not lead to
an elevation in ICP in severe TBI, in the setting of an intu-
bated and sedated patient. In addition, bolus dose ketamine
may provide a means of acute ICP reduction in these patients
under intravenous sedation.

Our review has shed light on some important aspects of
ketamine use in severe TBI. First, when utilized as an infusion,
it has equal effectiveness to opiate based infusions in terms of
sedation effect. We however, cannot comment on the effec-
tiveness of ketamine in TBI when used in isolation, since all
studies utilized background low-dose infusions of other sed-
ative compounds. Second, when used in an infusion, ketamine
does not lead to ICP elevations or fluctuation, and in fact
causes an increase in CPP and decrease in vasopressor usage
when compared to opiates. This may have impact on future
use of ketamine as a second sedative infusion for severe TBI,
as the deleterious effects of high-dose vasopressors should be
avoided when possible. Third, when utilized in bolus dosing,
ketamine seems to provide a dramatic decrease in ICP, whe-
ther at baseline or during an episode of ICP elevation. This
further highlights the lack of an uncontrolled ICP increase
with ketamine, on contrary to previous thoughts. However,
again these patients were on background sedatives, and the
effect of ketamine bolus in isolation is unknown. It could be
postulated that if pco, was controlled by mechanical ventila-
tion, that bolus ketamine in isolation would be well tolerated
without ICP fluctuations. Finally, the use of ketamine in
severe TBI patients that are sedated and ventilated has little
serious adverse effects, as demonstrated by the lack of com-
plications identified in our review.

Despite what we have learned about ketamine in TBI
through this review, there are several important limitations
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to this study. First, there were a small number of studies
with small patient numbers, making the conclusions of this
review difficult to generalize to all TBI patients. Further-
more, all patients in the studies identified had severe TBI,
thus comments on the use of ketamine as described cannot
be extrapolated to other groups of TBI patients at this time.
Second, within the studies identified, there was a signifi-
cant heterogeneity in study design thus negating the ability
to perform a meaningful meta-analysis. Third, the use of
background sedative compounds, in addition to ketamine
and the control medications, makes it difficult to make
comments on the use/safety of ketamine in isolation for
TBI patients. Fourth, ketamine has been known to induce
vasoconstriction [9], however, in all of the studies identi-
fied that there were no reports of a negative impact on
cerebral blood flow. Similarly, to our knowledge, there are
no papers utilizing cerebral microdialysis, brain tissue
oxygen monitoring or regional perfusions monitors during
ketamine administration in humans. Such further research
may shed light on ketamine’s potential for central vaso-
constriction, and its impact on cerebral blood flow and
metabolism. Finally, there may be a significant publication
bias with only those studies utilizing ketamine in TBI
patients with good results making it to publication within
the literature.

We believe that through this review, the lack of dele-
terious ICP effect of ketamine in severe TBI has been
identified. The potential benefits of NMDA receptor
antagonists in TBI warrants further investigation into the
safety and utilization of ketamine. Further prospective tri-
als need to be conducted to confirm the efficacy of
ketamine bolus dosing for ICP reduction in TBI, potentially
during planned noxious stimulus or for directed therapy in
acute ICP elevations, and the effectiveness of ketamine as a
primary sedative infusion.

Conclusions

There currently exists Oxford level 2b, GRADE C evi-
dence to support that ketamine does not increase ICP in
severe TBI patients that are sedated and ventilated, and in
fact may lower it in selected cases. Further prospective
study of ketamine in TBI is warranted.
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