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Abstract
Introduction: Ketamine has been used extensively for analgesia and anesthesia in many situations,
including disaster surgery where extra personnel and advanced monitoring are not available. There are
many features of ketamine that seem to make it an ideal drug for prehospital use. The reported use of
ketamine in the prehospital environment is limited, however. The purpose of this study is to review the
experience in the use of ketamine in a regional air ambulance service and suggest indications for its use
in the prehospital setting.
Methods: This was a retrospective study of all patients transported by a regional aeromedical program.
Patients were included in this study if the crew had used ketamine at any time during the flight. Data
regarding the transport collected included patient age, type of transport, indications for ketamine use,
and adverse reactions.
Results: During the period studied, ketamine was used in 40 patients. The age range was 2 months to
75 years. The indications and situations requiring use were varied and included both trauma and medical
patients. Hypotension with need for analgesia, agitation or combativeness and intact airway, or pain
unresponsive to narcotic medications were the most common indications for use. Ketamine was used
both intravenous and intramuscular, even without intravenous access. There were no adverse reactions.
Conclusions: Ketamine is an ideal drug for use in many prehospital situations. Our experience suggests
that it is safe, effective, and may be more appropriate than drugs currently used by prehospital providers.
D 2007 Elsevier Inc. All rights reserved.

1. Introduction
Ketamine has been used extensively for analgesia and
anesthesia in many situations, including disaster surgery
where extra personnel and advanced monitoring are not
available [1-3]. There are many features of ketamine that
seem to make it an ideal drug for prehospital use [4]. It
provides effective analgesia and provides amnesia to pain
and events. Airway responses are protected; there are
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minimal cardiovascular effects. Furthermore, it has a rapid
onset, short duration, and is titrateable. The reported use of
ketamine in the prehospital environment is limited, however
[5,6]. The purpose of this study is to review the experience
in the use of ketamine in a regional air ambulance service
and suggest indications for its use in the prehospital setting.

2. Methods
This was a retrospective study of all patients transported
by a regional aeromedical program over the period January
1, 2003 to June 30, 2006. Patients were included in this
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study if the crew had used ketamine at any time during the
flight. The program is a regional aeromedical critical care
transport service. This program has 1 helicopter in service
24 h/d and a second helicopter availability 12 h/d. The
medical crew consists of an attending flight physician and a
flight nurse. Data regarding the transport were collected
included patient age, type of transport, indications for
ketamine use, and adverse reactions.

3. Results
During the period studied, ketamine was used in 40
patients. The age range was 2 months to 75 years. Twentythree were trauma patients, 4 had burns, 4 were cardiac
patients, and 9 were for other medical issues, mostly
respiratory. Most patients received only 1 dose of ketamine,
but 12 patients needed repeated doses to maintain analgesia
during flight. Doses of ketamine ranged from 1 mg/kg IV to
5 mg/kg IM if intravenous (IV) access had not been
established. Intramuscular (IM) doses were used for pain
control and relief of agitation before extrication in 1 patient
because of combativeness and inability to establish IV
access in another 3. There were no adverse effects from
ketamine use in these patients.
For the burn patients, ketamine was used for pain control
and sedation. All had already received large doses of
narcotics without relief. For those who had already been
intubated, lack of pain control was assessed by significant
tachycardia and hypertension, which responded to ketamine
analgesia. All had significant relief.
All of the cardiac patients were hypotensive and
intubated requiring sedation. One was hypotensive on
propofol, and this was stopped. Blood pressure was
maintained after ketamine dosing in these patients.
For the other medical patients, most had asthma, and
ketamine was used for sedation, if intubated, or as part of a
rapid sequence protocol for intubation. In 2 patients, a
difficult airway was anticipated, so ketamine was used to
maintain the patient’s own ventilatory response.
Finally, for the trauma patients, most received ketamine
for sedation and analgesia. In 8 patients, ketamine was
used for pain control. In 3 of them, ketamine was used for
pain control before extrication with or without IV access,
the others had significant pelvic or long bone injuries and
had no relief of pain with narcotics. Four patients were
already hypotensive and, so, ketamine was considered
safer than repeated doses of narcotics. As with the cardiac
patients, none of these had any drop in their blood
pressure after ketamine doses. In 5 patients, ketamine was
used as an aid to procedural sedation: 2 with chest tubes,
2 for reduction of fractures before transport, and 1 patient
for a lateral canthotomy. Four patients were combative but
had intact airways and so ketamine was used for sedation
during flight. All maintained airway responsiveness and
oxygen saturations.
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4. Discussion
Our experience and those of others, suggest that
ketamine is a safe and effective drug to be used in the
prehospital environment [5,6]. Although ketamine was
used infrequently during the study period, our increasing
experience and drug safety profile suggest that there are
many more cases where it might have been used. The
aeromedical crew consists of a physician and nurse, but
ketamine can be used safely by nonphysician personnel
[6]. There are a variety of situations and conditions for
which ketamine may be more appropriate than the current
more common field medications, such as narcotics and
benzodiazepines.
Ketamine has both analgesic and dissociative properties.
Analgesia is dose-related, but the window before the
dissociative state is small [7,8]. It has been used perioperatively as an analgesic and bnarcotic-sparingQ agent, but it is
unclear whether the doses used are less than dissociative
doses [9-11]. Doses for analgesia are 0.5 to 1.0 mg/kg IM or
0.2 to 0.5 mg/kg IV [4]. In somewhat higher doses,
ketamine disconnects the thalamoneocortical and limbic
systems, essentially dissociating it from outside stimuli.
Thus, painful procedures or tolerance of extreme pain may
be superior to that achieved even with large doses of
benzodiazepines and opioids. Dissociative states can be
induced with 1.0 to 2.0 mg/kg IV or 4 to 5 mg/kg IM. In our
experience, we used ketamine in dissociative doses for
sedation in the aeromedical setting. In several patients,
extreme pain not responsive to large doses of opioids was
controlled, or fracture reduction and stabilization were able
to be performed. For example, a patient with bilateral
displaced femur fractures had these quickly reduced and
splinted in the field with one dose of ketamine, rather than
repeated and titrating doses of opioids.
One advantage of ketamine is that dissociation is not
dose-related [12]. It is either present or absent. This
dissociative state has no progressive depth nor level, and
additional doses do not enhance or deepen sedation. Thus,
adequate sedation can be reliably and safely achieved with
one dose or without IV access [12]. There are no reported
cases in which IV access averted or would have averted an
adverse outcome. IM use has been reported to control of
combative patients and in prolonged extrication [13,14]. We
used it for sedation in patients with extremely painful long
bone injuries before extrication and IV access and for use
with combative injured patients.
Ketamine induces the analgesic and dissociative state
within 60 seconds after a single IV dose and within 3 to
5 minutes for an IM dose. This sedation lasts approximately
10 to 15 minutes for IV doses and 20 to 30 minutes for IM
doses [15]. These kinetics have both advantages and
disadvantages for prehospital care. First, the duration of
analgesia and anesthesia are long enough for many transports, and so, the patient is not overly sedated or dissociated
on arrival in the emergency department and can be
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adequately examined by the staff. On the other hand, the
duration is short enough that repeated doses may be
necessary. It is often difficult to monitor these effects in
the intubated patient. Thus, repeated doses or even a
continuous infusion in order to avoid undersedation for
long transports may be necessary. We rarely required more
than 1 dose of ketamine for our transports and achieved
adequate analgesia for the entire flight.
Ketamine has been shown to alleviate bronchospastic
activity and reduce airway resistance in patients with
pulmonary disease [16]. Case reports and series have
suggested a beneficial effect of ketamine in airway
dynamics of intubated asthmatic patients or in avoiding
mechanical ventilation in those with severe asthma, although not all studies show a positive effect [16-18]. Given
the safety profile of ketamine and its known effects on
bronchospasm, it would seem to be a reasonable alternative
for use in sedation of asthmatic patients, if needed. We used
ketamine in several patients with asthma during transport.
One potential use is for those requiring advanced airway
support in which a difficult airway is anticipated. Thus, in
these critical ventilatory situations, patients’ airway drive
and responses are maintained.
There have been concerns about the use of ketamine in
the trauma setting or in patients with altered level of
consciousness because of the potential for raising intracranial pressure [19-21]. However, subsequent studies have
reported that ketamine may have a direct neuroprotective
role and may, in patients being ventilated, have superior
effects in cerebral circulation [22-24]. It has been suggested
that ketamine may indeed be suitable for use in patients with
head injury for induction of anesthesia [25]. Because both
hypotension and hypoxia contribute to poor outcomes in
patients with head injury, and since ketamine has mild
sympathomimetic effects on blood pressure and maintains
ventilatory drive, use for those with head injuries may be
advantageous [26,27]. Our limited experience suggests that
ketamine is safe for those with head injuries in the
prehospital setting.
Ketamine exerts sympathomimetic effects producing
mild increases in blood pressure, heart rate, cardiac output,
and myocardial oxygen consumption. Concern has been
raised that these increases may not be accompanied by
parallel increases in coronary perfusion so that ketamine
may provoke ischemia in patients with coronary artery
disease [27]. In limited studies, patients undergoing cardiac
surgery had hemodyamic stability with ketamine [28].
Ketamine has been safely used for adult procedural sedation
even in those with systolic blood pressures as high as
218 mm Hg [29]. We used ketamine in patients with known
cardiac disease with relative hypotension. In addition, we
found that ketamine had beneficial hemodynamic effects in
hypertensive patients in the need for sedation. Although
advanced age (and the potential for unknown coronary
disease), known cardiac disease, or hypertension may be
relative contraindications for the use of ketamine, we would
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suggest that even in these patients, cardiac instability or the
beneficial hemodynamic effects of needed sedation may
outweigh these risks.
Ketamine can induce dreaming and hallucinations during
recovery, and these effects have traditionally limited its use
in adults. However, the number and incidence of these
reactions may be lower and less intense than what has been
traditionally reported [30]. Furthermore, ketamine appears
to have a wide margin of safety. Adverse outcomes have not
been reported even with inadvertent overdoses of 5 to 100
times the intended dose [31]. We had no adverse events in
our patients regardless of age. Although this is a small
sample, this again mirrors the known safety profile of
ketamine in a number of settings.
Because of its wide margin of safety, ketamine is used
regularly for surgery in the developing world. Ketamine has
been used effectively in surgery in disaster and war
situations. Patients maintain spontaneous ventilation, and
surgeries can be performed with minimal additional
personnel and no monitoring equipment [1-3]. In addition,
the simplicity and efficacy of its administration make it
effective in battlefield and disaster situations where general
anesthesia is not available. We suggest that these same
effects make it ideal for prehospital use both in the
developed and undeveloped world.

4.1. Potential for airway deterioration and need for
airway skills
The most common respiratory side effect of ketamine is
laryngeal spasm. This is transitory, and patients can be
bagged throughout. Patients also have excessive salivation.
Vomiting occurs in about 10% of patients [32]. This can be
ameliorated with the addition of midazolam. Many of our
patients had ketamine and rapids sequence intubation. Short
of failed airway, the respiratory complications in this
situation are no different than those of failed airways with
other situations. Airway responses are maintained, rather,
than may be the case in those excessive sedated with
narcotics and benzodiazepines.

5. Conclusions
Ketamine is an ideal drug for use in many prehospital
situations. Our experience suggests that it is safe, effective,
and may be more appropriate than drugs currently used by
prehospital providers.
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