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CONTEXT AND POLICY ISSUES

Traumatic injury can result in pain that leads to subsequent activation of the sympathetic
nervous system, suppression of humoral and cellular immune responses, a hypercoagulable
state, and an increased risk of hyperglycemia." If inadequately treated, the acute pain can
potentiate the adverse effects of trauma,” resulting in respiratory, cardiovascular and
hemodynamic instability.™® Therefore, it is imperative that acute pain be treated? and an ideal
analgesic agent should ameliorate pain without causing further instability.*

Ketamine, a non-competitive NMDA receptor antagonist, is a potent dissociative agent used for
its sedative, anesthetic, and analgesic properties.® First used clinically in the 1970 as an
anesthetic, the use of low-dose ketamine in the pre-hospital setting is gaining favour as it
possesses profound analgesic properties, while having the ability to preserve cardiovascular
stability, spontaneous respiration, and protective airway reflexes.®’ These properties allow for
the performance of painful procedures with minimal risk of complications.? Therefore, ketamine
is an appealing agent for analgesia in traumatic injury,® and has been used as part of
multimodal analgesia for acute and chronic pain.*°

However, there are lingering concerns about the safety of ketamine in trauma patients,
especially in those with traumatic brain or eye injuries. There have been concerns that ketamine
can increase intracranial pressure (ICP), thereby having the potential to worsen traumatic brain
injuries.* As a result, it has been historically contraindicated for use in patients with head
injury.> However, more recent evidence surrounding ketamine’s impact on ICP has been
mixed,*? with some studies suggesting no association between ketamine and increased ICP.°
Ketamine also stimulates ciliary blood flow and as a consequence, concerns have been raised
over its potential to increase intraocular pressure and worsen traumatic eye injuries.” It is
unknown whether these concerns regarding ketamine extend to use in analgesia, where
administered doses are generally lower than those used in anesthesia and sedation.®
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This report will review the evidence surrounding the clinical effectiveness, safety, and cost-
effectiveness of ketamine and guidelines for its use in adult patients who have suffered painful
and traumatic brain or eye injury. This report will also review the evidence around the optimal
dose of ketamine and its safety in adults with moderate to severe pain from traumatic injury who
are conscious, and the comparative safety of ketamine against fentanyl and morphine in this
population.

RESEARCH QUESTIONS

1. What are the clinical effectiveness and safety issues of ketamine for adult patients who
have suffered painful and traumatic brain or eye injury?

2. What is the optimal dose of ketamine (1V, IM, and intranasally) and the safety surrounding
its use at this dose in adults with moderate to severe pain from traumatic injury who are
conscious?

3.  What are the safety issues regarding the use of ketamine at low doses when compared to
fentanyl and morphine for adults with moderate to severe pain from traumatic injury?

4.  What is the cost-effectiveness of using ketamine for adult patients who have suffered
painful and traumatic brain or eye injury?

5.  What are the guidelines associated with the use of ketamine for adult patients who have
suffered painful and traumatic brain or eye injury?

KEY FINDINGS

One study failed to show a difference between ketamine and morphine for analgesic effect in a
post hoc analysis of a subset of patients with head trauma. No published trials were identified
examining the clinical effectiveness and safety of ketamine in adult patients who have suffered
painful and traumatic eye injury. No published trials were identified examining the optimal dose
of ketamine in adults with moderate to severe pain from traumatic injury who are conscious. No
published trials were identified examining the safety of low dose ketamine as compared to
fentanyl and morphine for adults with moderate to severe pain from traumatic injury. No
economic evaluations or evidence-based guidelines regarding the use of ketamine in adult
patients who have suffered painful and traumatic brain and eye injuries were identified.

METHODS
Literature Search Strategy

A limited literature search was conducted on key resources including PubMed, The Cochrane
Library (2014, Issue 1), University of York Centre for Reviews and Dissemination (CRD)
databases, Canadian and major international health technology agencies, as well as a focused
Internet search. No filters were applied to limit the retrieval by study type. Where possible,
retrieval was limited to the adult population. The search was also limited to English language
documents published between January 1, 2009 and February 6, 2014.
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Selection Criteria and Methods

One reviewer screened the titles and abstracts of the retrieved publications, and evaluated the
full-text publications for final article selection, according to the selection criteria presented in
Table 1:

Table 1: Selection Criteria

Population Q1, 4, 5: Adults 218 year of age who have suffered painful and
traumatic brain injury (TBI) or traumatic eye injury

Q2 and 3: All patients experiencing moderate to severe pain from
traumatic injury.

Intervention Ketamine
Comparator Opioid and non-opioid analgesic agents
Outcomes Clinical effectiveness
Safety
Cost-effectiveness
Guidelines
Study Designs Health technology assessment, systematic review, meta-analysis,

randomized controlled trials, non-randomized studies, economic
evaluations, guidelines

Exclusion Criteria
Studies were excluded if they did not meet the selection criteria.
Critical Appraisal of Individual Studies

Randomized controlled trials were assessed using the Scottish Intercollegiate Guidelines
Network, Methodology checklist 2 (SIGN 50 Checklist 2).** A numeric score was not calculated
for each study. Instead, the strengths and weaknesses of each study were summarized and
described.

SUMMARY OF EVIDENCE
Quantity of Research Available

The literature search yielded 443 citations. Upon screening titles and abstracts, 420 citations
were excluded, and 23 potentially relevant articles were retrieved for full-text review. In addition,
21 potentially relevant reports were retrieved by grey literature search. Therefore, a total of 44
potentially relevant reports were retrieved for full text review. Of the 44 reports, 43 did not meet
the inclusion criteria. One report* was included in this review. The study selection process is
outlined in a Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
flowchart (Appendix 1). The one study was an RCT to assess the clinical efficacy and safety of
ketamine versus morphine in trauma patients that included a subset of patients with head
trauma. No studies were identified to assess the clinical efficacy and safety of ketamine in
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patients with traumatic eye injury or evaluating the optimal dose and safety of ketamine in
conscious patients with moderate to severe pain from traumatic injury. No studies were
identified assessing the safety of low dose ketamine compared to morphine or fentanyl in
patients with moderate to severe pain from traumatic injury. No studies evaluating cost-
effectiveness or guidelines regarding the use of ketamine in adult patients who have suffered
painful and traumatic brain or eye injury were identified.

Summary of Study Characteristics

1. What are the clinical effectiveness and safety issues of ketamine for adult patients who
have suffered painful and traumatic brain or eye injury?

One RCT* was identified examining the clinical effectiveness and safety issues of ketamine for
adult patients who have suffered painful and traumatic brain injury. The identified RCT was a
prospective, cluster-randomized, non-blinded study conducted in the Quang Tri Province in
Vietnam from September 2007 to March 2009. Trauma patients (n=312) in need of analgesia
were treated by first responders in-field (i.e., prehospital at the site of the trauma) with either
ketamine 0.2-0.3mg/kg through slow intermittent intravenous injections or a single morphine
intramuscular injection of 10mg for adults or 5mg for children. The Quang Tri Province was
divided equally into two, and analgesia treatment was alternated systematically at one month
periods between the two geographical groups for the study duration. The main outcome of
interest was change in pain rating using a Visual Analogue Scale (VAS) recorded by the same
doctor at first in-field encounter and on hospital admission. Other outcomes included: events of
agitation, vomiting and excessive salivation; and changes in respiratory rate, blood pressure,
and level of consciousness. A subset of patients with head trauma was analyzed separately as
a post hoc analysis.

Mean ketamine dose used in the study was 15mg, with 75% of patients requiring a single dose
of medication. In the subset of patients with head trauma (n=57), the mean age was 34 years,
and mean injury severity score (ISS) was 4.4 in the ketamine group (n=28) and 3.4 in the
morphine group (n=29), which corresponds to injury severity of moderate and minor,
respectively.’® The mean time from injury to first in-field contact was 59 minutes and 55 minutes
in the ketamine and morphine groups, respectively. Specific demographic information for this
subset was unavailable, but the majority of patients enrolled in this study were male (77%) and
older than 15 years in age (92.2%).

No evidence was identified regarding the clinical effectiveness and safety issues of ketamine for
adult patients who have suffered painful and traumatic eye injury.

2. What is the optimal dose of ketamine (IV, IM, and intranasally) and the safety
surrounding its use at this dose in adults with moderate to severe pain from traumatic
injury who are conscious?

No evidence was identified examining the optimal dose of ketamine, and the safety surrounding
the use of this dose in adults with moderate to severe pain from traumatic injury who are
conscious.

3. What are the safety issues regarding the use of ketamine at low doses when compared
to fentanyl and morphine for adults with moderate to severe pain from traumatic injury?
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No evidence was identified examining the safety issues regarding the use of ketamine at low
doses when compared to fentanyl and morphine for adults with moderate to severe pain from
traumatic injury.

4. What is the cost-effectiveness of using ketamine for adult patients who have suffered
painful and traumatic brain or eye injury?

No evidence was identified examining the cost-effectiveness of using ketamine for adult patients
who have suffered painful and traumatic brain or eye injury.

5. What are the guidelines associated with the use of ketamine for adult patients who have
suffered painful and traumatic brain or eye injury?

No guidelines regarding the use of ketamine for adult patients who have suffered painful and
traumatic brain or eye injury were identified.

Summary of Critical Appraisal

The methodological quality of the identified RCT was considered poor as allocation
concealment was unclear and there was no blinding of patients or doctors. Strengths of this
study include a clearly defined research question, clearly described intervention and
comparators, comparable baseline characteristics between the two groups, low drop-out rate;
and inclusion of important outcomes of interest (e.g., change in clinician-rated VAS rating,
adverse events).

Limitations of the identified RCT include its open-label design, lack of patient-rated pain
outcomes, low inter-rater agreement between in-field doctors and hospital staff for the clinician-
rated VAS rating, and lack of long-term follow-up. Limitations of this study more specific to
patients with head trauma include small sample size, no measurement of intracranial pressure
(ICP), and the post hoc nature of the analysis. No sensitivity analysis data was presented
examining the effect of risk variables on the primary outcome. Moreover, there is limited
generalizability of the study results as it was conducted at a single centre in rural Vietham.

Summary of Findings

1. What are the clinical effectiveness and safety issues of ketamine for adult patients who
have suffered painful and traumatic brain or eye injury?

With respect to the clinical effectiveness and safety issues of ketamine for adult patients who
have suffered painful and traumatic brain injury, one RCT* was available as evidence. In a post
hoc analysis of the subset of patients with head trauma, ketamine failed to show a difference
when compared to morphine for the outcome of change in clinician-rated VAS rating, with a
mean change on the VAS score of 2.9 points (95% confidence interval [CI] -0.9 to 1.1) in both
groups. A similar number of patients in each group maintained the same level of consciousness
on hospital admission as in-field (27/28 ketamine patients vs. 26/29 morphine patients). No
specific safety data was provided for the subset of patients with head injury. In the overall RCT,
more nausea and vomiting was seen in the morphine group [14% difference (95% CI 8% to
22%)], and more agitation was seen in the ketamine group [9.5% difference (95% CI 4% to
16%)]. No differences were seen between the two groups with respect to changes in blood
pressure and respiratory rate.
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No information was available regarding the clinical effectiveness and safety issues of ketamine
for adult patients who have suffered painful and traumatic eye injury.

2. What is the optimal dose of ketamine (IV, IM, and intranasally) and the safety
surrounding its use at this dose in adults with moderate to severe pain from traumatic
injury who are conscious?

No information on the optimal dose of ketamine and the safety surrounding its use in adults with
moderate to severe pain from traumatic injury who are conscious was identified.

3. What are the safety issues regarding the use of ketamine at low doses when compared
to fentanyl and morphine for adults with moderate to severe pain from traumatic injury?

No information on the safety issues regarding the use of ketamine at low doses when compared
to fentanyl and morphine for adults with moderate to severe pain from traumatic injury was
identified.

4. What is the cost-effectiveness of using ketamine for adult patients who have suffered
painful and traumatic brain and eye injuries?

No information on the cost-effectiveness of using ketamine for adult patients who have suffered
painful and traumatic brain or eye injury was identified.

5. What are the guidelines associated with the use of ketamine for adult patients who have
suffered painful and traumatic brain or eye injury?

No evidence-based guidelines regarding the use of ketamine for adult patients who have
suffered painful and traumatic brain or eye injury were identified.

Limitations

There is a lack of high quality evidence to support the use of ketamine monotherapy in adult
patients with painful traumatic brain injury. There was a lack of blinding, allocation concealment,
and long-term follow-up in the identified RCT. Moreover, sample size was small and analysis
was done post hoc for the subset of patients with head trauma. Pain was measured by care
providers, but no pain rating was performed by the patients, which may lead to inaccuracies in
ratings for a subjective outcome such as pain. The RCT population included both children and
adults, and the number of children in the subset of patients with head trauma is unknown.
Therefore, the findings may not be entirely generalizable to either group. No information was
available regarding effects on intracranial pressure. There is limited generalizability of available
results from the RCT as it was conducted at a single centre in rural Vietnam.

No studies or information was identified for patients with traumatic eye injury, the optimal dose
and safety of ketamine in adults with moderate to severe pain from traumatic injury who are
conscious, and the safety of ketamine compared to fentanyl and morphine in adults with
moderate to severe pain from traumatic injury. No economic evaluations and evidence-based
guidelines were identified for use of ketamine in patients with painful and traumatic brain or eye
injury.
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CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING

Limited evidence is available to compare the effectiveness and safety of ketamine to morphine
in patients with head trauma. In a post hoc analysis of a subset of patients with head trauma,
investigators failed to show a difference between ketamine and morphine, with a similar number
of patients in both groups maintaining the same level of consciousness. No evidence is
available to compare ketamine to other analgesic agents in patients with traumatic brain injury.
No information on the effectiveness and safety of ketamine for analgesia in patients with
traumatic eye injury was identified. No information on the optimal dose of ketamine and the
safety surrounding its use in adults with moderate to severe pain from traumatic injury who are
conscious was identified. No information on the safety issues regarding the use of ketamine at
low doses when compared to fentanyl and morphine for adults with moderate to severe pain
from traumatic injury was identified. No economic evaluations or evidence-based guidelines
were identified. Therefore, no conclusions can be made for these research questions. Well-
designed RCTs are needed to assess the clinical effectiveness and safety of ketamine as
monotherapy for the indication of analgesia in patients who have suffered traumatic injury.

PREPARED BY:

Canadian Agency for Drugs and Technologies in Health
Tel: 1-866-898-8439
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APPENDIX 1: Selection of Included Studies

443 citations identified from
electronic literature search and
screened

420 citations excluded

v

23 potentially relevant articles
retrieved for scrutiny (full text, if

available)
21 potentially relevant
reports retrieved from
other sources (grey >
literature, hand
search)
v

44 potentially relevant reports

43 reports excluded:

-irrelevant population (21)
-irrelevant intervention (6)
-irrelevant outcomes (2)

-other (review articles, editorials)
(14)

v

1 report included in review
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