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IntroductiondAlthough ketamine use in emergency medicine is widespread, studies investigating prehospital use are scarce. Our goal was to assess the self-reported modalities of ketamine use, knowledge of
contraindications, and occurrence of adverse events associated with its use by physicians through a prospective online survey.
MethodsdThe survey was administered to physicians working for Air-Glaciers, a Swiss alpine helicopter-based emergency service, and was available between September 24 and November 23, 2018. We
enrolled 39 participants (participation rate of 87%) in our study and collected data regarding their characteristics, methods of ketamine use, knowledge of contraindications, and encountered side effects linked to the
administration of ketamine. We also included a clinical scenario to investigate an analgesic strategy.
ResultsdKetamine was considered safe and judged irreplaceable by most physicians. The main reason
for ketamine use was acute analgesia during painful procedures, such as manipulation of femur fractures.
The doses of ketamine administered with or without fentanyl ranged from 0.2 to 0.7 mg$kg -1 intravenously.
Most physicians reported using fentanyl and midazolam along with ketamine. The median dose of midazolam was 2 (interquartile range 1e2) mg for a 70-kg adult. Monitoring and oxygen administration were used
infrequently. Hallucinations were the most common adverse events. Knowledge of ketamine contraindications was poor.
ConclusionsdKetamine use was reported by mountain rescue physicians to be safe and useful for acute
analgesia. Most physicians use fentanyl and midazolam along with ketamine. Adverse neuropsychiatric
events were rare. Knowledge regarding contraindications to the administration of ketamine should be
improved.
Keywords: analgesia, contraindications, drug-related side effects and adverse reactions, HEMS

Introduction
Ketamine is widely used in prehospital medicine and
mountain rescue, both in a military and civilian context. 1-6
It may be used to provide analgesia or procedural sedation,
as well as anesthesia induction, depending on the dose and
mode of administration. 7-10 Ketamine may also be used for
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its antihyperalgesic or opioid-sparing effect. It has a favorable safety proﬁle. 11 The method of administration depends
not only on the indication, but also on the setting (hospital,
prehospital, or austere environment) and experience of the
providers (paramedics, anesthesiologists, emergency physicians). Few studies have investigated the use of ketamine in
a prehospital setting. To the best of our knowledge, no studies have directly surveyed emergency physicians on its use
in this setting.
Air-Glaciers is an alpine helicopter emergency medical
service (HEMS) in the French-speaking part of Switzerland. The helicopter crew includes a prehospital physician
speciﬁcally trained in mountain rescue, whose postgraduate
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medical training is either emergency medicine or anesthesiology. Physicians work part-time in the HEMS; the rest
of their time is spent as staff physicians in hospitals or private practice. About 1700 rescue missions are performed
annually, most of them for trauma during snow sports in
the winter or other recreational activities in the summer.
The analgesic drugs available in this HEMS are fentanyl
and ketamine. Analgesia is almost always provided in the
ﬁeld.
The main goal of this study was to assess the methods of
ketamine use by HEMS physicians through a prospective
online survey. Secondary goals were to assess HEMS physicians’ knowledge of contraindications and adverse events
associated with the use of ketamine.
Methods
ETHICS
Because the collection of the data was anonymous and data
were only accessible from the survey administrator’s LimeSurvey account, we were exempted from formal approval
by the institutional ethical committee (CER-VD-201800676).
SURVEY DESIGN AND ELABORATION
The online survey was conducted by using open source
software (LimeSurvey GmbH, Hamburg, Germany; version 3.14) hosted on a server administered by the Lausanne
University Hospital Emergency Department. The survey
consisted of 65 questions divided into 5 themes. Response
to all questions was mandatory to validate the survey.
Before the survey was distributed, the content was tested
by 4 physicians who did not belong to the target physician
population.
RECRUITMENT OF PARTICIPANTS
All prehospital physicians working at the HEMS Air-Glaciers were contacted by email by the chief physician to
introduce the study and the survey. They then received an
invitation email with a personal link (which contained a
unique code generated randomly from the list of participants) to access the survey. Only those with a link could
access the survey, and the software ensured anonymization
of the answers. Participants beginning the survey had the
opportunity to modify their answers or complete the survey
later. The use of cookies prevented a participant from submitting more than 1 questionnaire. The survey was accessible for a period of 2 mo, between September 24, 2018 and
November 23, 2018. Up to 4 reminders were sent by email
to doctors who had not completed or validated the questionnaire responses during this period, and the survey was then
closed.
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SURVEY CONTENT AND DATA COLLECTION
The data collected were included in the following main
categories: the characteristics of physicians, their methods of ketamine use, their knowledge of the contraindications to ketamine use, and the side effects that they
encountered after administering ketamine. In addition,
we provided a clinical scenario regarding the choice
and dosages of intravenous (IV) analgesic medications
(fentanyl and/or ketamine) for severe acute pain from a
suspected femur fracture in a 70-kg man in a prehospital
mountain setting.
The number of lifetime prehospital missions for each of
the physicians was estimated by multiplying their estimated
number of rescue missions by the number of prehospital
years. The physicians were divided into 2 cohorts based
on the median number of lifetime prehospital missions to
assess a possible link between prehospital experience and
methods of ketamine use. The physicians’ knowledge of
contraindications was assessed from the clinical practice
guideline for the use of ketamine. 10 We used 6-point Likert
scales without a neutral position (eg, strongly disagree [1],
disagree [2], slightly disagree [3], slightly agree [4], agree
[5], strongly agree [6]). 12,13
The full questionnaire and the comprehensive clinical
scenario can be found in the Appendix (see online
Appendix).
STATISTICS
Data were entered into an Excel spreadsheet (Microsoft,
Redmond, WA), and the statistical analyses were conducted with Stata version 14 (Stata Corporation, College
Station, TX). We present continuous data as mean±SD
with range when normally distributed or as medians and
interquartile ranges (IQRs) when non-normally distributed.
Categorical data are presented as numbers and percentages.
We performed comparisons by using the Student’s t-test for
continuous and normally distributed data and the MannWhitney 2-sample statistic for continuous and nonnormally
distributed data. We used Pearson’s chi-squared test and
Fisher’s exact test for categorical variables and the t-test
to compare ordinal values. 14 A 2-tailed P-value of <0.05
was considered signiﬁcant.
This article follows the CHERRIES checklist for internet surveys. 15
Results
DEMOGRAPHICS
Forty-ﬁve physicians were contacted, and 39 completed the
questionnaire (participation rate of 87%). Their age was
42±9 y (range 30e68), and most (n=29, 74%) were male.
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Table 1. Three most frequent indications for ketamine use reported by physicians

Acute analgesia during painful
procedures (eg, fracture
manipulation, casualty lifting)
Maintenance of analgesia
Opioid-sparing during acute analgesia
Induction of general anesthesia
Procedural sedation
Other
a
b
c

Most frequent
indication (n=39)
n (%)

Second most frequent
indication (n=39)
n (%)

Third most frequent
indication (n=37)
n (%)

Total

38 (97)

0

1 (3)

39 (100)

0
0
0
0
1 (3) a

10 (26)
16 (41)
1 (3)
9 (23)
3 (8) b

14 (36)
6 (15)
9 (23)
6 (15)
1 (3) c

24 (62)
22 (56)
10 (26)
15 (38)
4 (10)

Use if no airway access (eg, trapped patient).
In addition to fentanyl if analgesia is insufﬁcient; analgesia in an unstable patient to avoid opioid-related blood pressure drop; use in technical terrain.
Potentially unstable patient or patient in pain with severe injuries.

Most physicians (n=34, 87%) were certiﬁed in prehospital
emergency medicine and 19 (49%) were board-certiﬁed
anesthesiologists. The median experience in prehospital
emergency medicine was 8 y (IQR 4.5e16.5; range
2e38). The median annual number of rescue missions
was 100 (IQR 75e130; range 19e250). The median
approximate total number of prehospital missions per participant was 760 (IQR 368e1825; range 110e6000).
METHODS OF USE
All physicians had used ketamine in a prehospital setting.
The self-reported number of times they had used ketamine
was 10 for 25 physicians (64%). Most physicians (n=
26, 67%) reported using ketamine for most patients
(>50%) presenting with acute and severe pain. The main
reported indication for ketamine use in the prehospital setting was acute analgesia during painful procedures. Other
indications are summarized in Table 1. The availability of
ketamine in the prehospital arsenal was judged to be at
least useful by 39 (100%) and irreplaceable by 24 (62%)
of the participants.
INJURY SITES
We asked participants to name 5 anatomic sites of injury for
which they would be the most inclined to administer ketamine. Thirty-seven (95%) of the participants named the
femur, and 29 (74%) named this site ﬁrst. The shoulder
(n=17, 44%) and the knee (n=16, 41%) were also named
by many participants.
COADMINISTRATION OF KETAMINE AND
FENTANYL FOR ANALGESIA
Twenty-ﬁve participants (64%) reported using fentanyl
with ketamine for analgesia. Fifteen of 25 (60%) reported
using fentanyl with ketamine over half the time. The

reported goals of coadministration were to provide deeper
analgesia (n=20, 80%), to provide an opioid-sparing effect
(n=12, 48%), and to calm patients in case of agitation (n=
10, 40%).
INTRAMUSCULAR (IM) AND INTRANASAL (IN)
KETAMINE
A third of the participants (n=13, 33%) had administered
intramuscular ketamine, mostly (n=9, 69%) for agitated or
aggressive patients and for analgesia in the case of failure
to establish peripheral venous access (n=7, 54%). Seven
participants (18%) reported having used intranasal (IN)
ketamine, mostly in a mountain setting where it was cold
and on-scene time was short (n=5, 71%) or for children
(n=4, 57%).
MONITORING AND OTHER INTERVENTIONS WITH
THE USE OF KETAMINE
Physicians reported use of various monitoring and other
interventions with ketamine administration, as summarized
in Table 2. Twenty-two participants (56%) reported using
the visual analog scale or verbal numeric rating scale
(VNRS) to assess the efﬁcacy of analgesia, and 36 (92%)
mentioned using clinical judgment. As a reason for not
using scales, most participants (11 of 17, 65%) referred to
the inability of the patient to provide a reliable answer
while under the inﬂuence of ketamine.
USE IN CHILDREN
Most physicians (n=26, 67%) reported administering ketamine proportionally less often in children than in adults,
mainly due to their lack of familiarity with use in children
(n=15, 58%) rather than a fear of adverse events (n=4,
15%).
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Table 2. Monitoring and interventions reported by physicians when using ketamine in the prehospital setting

Standard monitoring
3-lead ECG
Noninvasive (cuff) measure of blood pressure
SpO2
Heart rate by palpation of the pulse
Estimated respiratory frequency
Estimated arterial pressure by palpation of
peripheral pulses
Other a
Crystalloid infusion
Always (100%)
In >75% of cases
In >50-75% of cases
In >25-50% of cases
In >10-25% of cases
In >0-10 % of cases
Never
Oxygen administration (n=37) b
Always (100%)
Only in cases of desaturation or no signal
In >75% of cases
In >50-75% of cases
In >25-50% of cases
In >0-25% of cases
Midazolam coadministration
Always (100%)
In >75% of cases
In >50-75% of cases
In >25-50% of cases
In >0-25% of cases
Never (0%)
Midazolam median dose, mg (IQR) c
Hypnosis used
Therapeutic communication/hypnosis
techniques used (n=21) d
Always (100%)
In >75% of cases
In >50-75% of cases
In >25-50% of cases
In >0-25% of cases

Study
population (n=39)
n (%)

Less prehospital
experience (n=20)
n (%)

More prehospital
experience (n=19)
n (%)

P value

5 (13)
11 (28)
37 (95)
24 (62)
18 (46)
11 (28)

1 (5)
6 (30)
18 (90)
12 (60)
8 (40)
3 (15)

4 (21)
5 (26)
19 (100)
12 (63)
10 (53)
8 (42)

0.134
0.798
0.157
0.839
0.429
0.060

2 (5)
0
4 (10)
3 (8)
17 (44)
8 (21)
5 (13)

0
0
3 (15)
1 (5)
10 (50)
4 (20)
2 (10)

2 (11)
0
1 (5)
2 (11)
7 (37)
4 (21)
3 (16)

5 (13)
9 (23)
6 (15)
6 (15)
5 (13)
6 (15)

2 (10)
4 (20)
3 (15)
4 (20)
3 (15)
3 (15)

3 (16)
5 (28)
3 (16)
2 (11)
2 (11)
3 (16)

17 (44)
10 (26)
8 (21)
2 (5)
2 (5)
0
2 (1-2)
21 (54)

7 (35)
6 (30)
6 (30)
1 (5)
0
0
1.5 (1-2)
9 (45)

10 (53)
4 (21)
2(11)
1 (5)
2 (11)
0
2 (1-2)
12 (63)

13 (33)
4 (10)
1 (3)
2 (5)
1 (3)

5 (35)
1 (5)
1 (5)
1 (5)
1 (5)

8 (42)
3 (16)
0
1 (5)
0

2 (5)
0.544

0.949

0.297

0.795
0.256
0.504

ECG, electrocardiogram; IQR, interquartile range
a
Two participants (5%) speciﬁed that in addition to all the other possible answers concerning monitoring, they perform noninvasive (cuff) measure of
arterial pressure as well as a 3-lead ECG depending on the clinical context.
b
One participant speciﬁed that oxygen administration would depend on the injury assessment; one other would give oxygen except when the airway
was not accessible.
c
One physician in the more experienced group used 1 mg midazolam for each 20 mg of ketamine; considered as missing data.
d
Reported examples included reassuring, explaining clearly and calmly the effects and suggesting positive thoughts before administering ketamine
(n=18), maintaining physical and/or verbal contact during sedation (n=3), hypnosis (n=1), and advising family not to stimulate the patient after administration (n=1). Perceived beneﬁts of these techniques were a reduction of adverse neuropsychiatric side effects, such as “bad trip,” anxiety, hallucinations, or
agitation, as well as a better control of analgesia or sedation. The main disadvantages were that these methods were time-consuming and not always possible depending on weather and possibly a noisy environment.
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Table 3. Contraindications to ketamine administration reported by the physicians and according to the literature
Reported answers
Contraindicated

Absolute contraindication
Unstable schizophrenia
Children <3 mo old
Stable schizophrenia
Relative contraindication
Increased intracranial pressure
Preeclampsia or eclampsia
Uncontrolled arterial hypertension
Poorly controlled hyperthyroidism
Patients requiring endoscopy
Asthma
Not contraindicated
Severe head trauma
Mood disorders
Pregnancy
Noisy environment
History of stroke
Agitated patients
Children <5 y old
Ambient temperature <0 C

Not contraindicated
n (%)

Absolute
n (%)

Relative
n (%)

24 (62)
15 (38)
4 (10)

12 (31)
15 (38)
25 (64)

3 (8)
9 (23)
10 (26)

12 (31)
24 (62)
3 (8)
7 (18)
0
1 (3)

23 (59)
9 (23)
23 (59)
15 (38)
10 (26)
5 (13)

4 (10)
6 (15)
13 (33)
17 (44)
29 (74)
33 (85)

6 (15)
2 (5)
11 (28)
0
3 (8)
1 (3)
0
0

24 (62)
25 (64)
13 (33)
23 (59)
18 (46)
16 (41)
12 (31)
5 (13)

9 (23)
12 (31)
15 (38)
16 (41)
18 (46)
22 (56)
27 (69)
34 (87)

Results are expressed as numbers (%). In italics: reported answers corresponding to the guideline in the literature. In bold: reported as not contraindicated
although absolutely contraindicated or contraindications reported as absolute although not contraindicated.

CLINICAL SCENARIO

ADVERSE EVENTS

Regarding the clinical scenario proposed (see online
Appendix), 14 participants (36%) chose a combination of
fentanyl (104±24 mg) and ketamine (39±25 mg). Thirteen
(33%) chose ketamine (35±14 mg) alone and 12 (31%)
chose fentanyl (90±31 mg) alone. In the case of insufﬁcient
analgesia after the initial bolus, all participants chose titration with additional boluses of fentanyl (57±18 mg) or ketamine (19±6 mg).

A number of adverse events were reported (Table 4). The
frequency of adverse events was not related to the lifetime
number of prehospital missions. Hallucinations were the
most common adverse event, being reported by 28 participants (72%), and were most often visual (n=28, 100%) or
auditory (n=16, 57%). Methods used to avoid hallucinations were the coadministration of midazolam for 10 physicians (36%), reassurance of the patient for 3 (11%), and use
of hypnosis for 1. Fourteen participants (50%) did not use
any particular strategy.
According to physicians’ observations (n=36), patients
experienced mostly positive neuropsychiatric side effects.
Twenty-three physicians (64%) responded that patients’
experience was generally positive (n=13, 36%), positive
(n=9, 25%), or always positive (n=1). Despite the reported
adverse events, all participants considered ketamine to be
generally rather safe (n=7, 18%), safe (n=29, 74%), or totally
safe (n=3, 8%). The majority of participants (n=35, 90%)
also considered opiates to be rather safe, safe, or totally
safe. Participants preferred to administer ketamine rather
than fentanyl mainly because ketamine produces less respiratory depression (n=34, 87%), allows for deeper analgesia (n=
32, 82%), and has a superior safety proﬁle (n=28, 72%).

KNOWLEDGE OF THE CONTRAINDICATIONS TO
KETAMINE
The answers of physicians regarding their knowledge about
the contraindications to ketamine are summarized in
Table 3. 10 Ten physicians (26%) reported that ketamine is
not contraindicated in stable schizophrenia, and 9 (23%)
reported that ketamine is not contraindicated in children
<3 mo old. Both factors are described as absolute contraindications in the guideline. Eleven physicians (28%)
reported ketamine as absolutely contraindicated in pregnancy and 6 (15%) as absolutely contraindicated in severe
head trauma. According to the guideline, neither of these
factors contraindicates the use of ketamine.

390

Vanolli et al

Table 4. Reported side effects encountered at least once in prehospital career by a participant after ketamine administration in prehospital
Side effects,
n (%)

Study population
(n=39)
n (%)

Less prehospital
experience
n (%)

More prehospital
experience
n (%)

P value

Hallucinations
Agitation
Hypersalivation
Tachycardia
Arterial hypertension
Anxiety
Bradypnea
Desaturation
Emergence reaction
Respiratory depression
Hypertonia
Apnea
Nausea/Vomiting
Stereotypy (repetitive behavior)
Clonus
Hiccups
Anaphylactic reaction
Airway obstruction
Laryngospasm

28 (72)
19 (49)
16 (41)
15 (38)
14 (36)
14 (36)
10 (26)
10 26)
9 (23)
5 (13)
5 (13)
4 (10)
4 (10)
3 (8)
2 (5)
2 (5)
2 (5)
1 (3)
1 (3)

14 (70)
8 (40)
8 (40)
7 (35)
5 (25)
7 (35)
4 (20)
6 (30)
4 (51)
2 (10)
2 (10)
1 (5)
3 (15)
1 (5)
1 (5)
0
0
0
0

14 (74)
11 (58)
8 (42)
8 (42)
9(47)
7 (37)
6 (32)
4 (21)
5 (26)
3 (16)
3 (16)
3 (16)
1 (5)
2 (11)
1 (5)
2 (11)
2 (11)
1 (5)
1 (5)

0.798
0.264
0.894
0.648
0.146
0.905
0.408
0.522
0.640
0.589
0.589
0.267
0.316
0.517
0.970
0.136
0.136
0.299
0.299

Discussion
METHODS OF USE
All physicians in our study had used ketamine in the prehospital setting, and they all considered ketamine to be useful or irreplaceable. A study on paramedics reported that
most (94%) felt comfortable with ketamine administration;
95% would use it again in an analogous situation. 16 A smaller survey of hospital emergency physicians showed a satisfaction rate of 72% after ketamine use for analgesia and that
96% would use ketamine again. 17 In our study, ketamine
was mostly used by emergency physicians to manage
acute pain. This usage was also reported to be the case in
a hospital setting. 18 The most frequently reported indication
for ketamine was pain relief, especially to decrease the pain
of fracture manipulation, which is not surprising because
long-bone fractures induce severe pain. 19 The most frequent reason for use of ketamine instead of or with fentanyl
is that ketamine provides deeper analgesia. This response is
consistent with a retrospective study conducted in the same
HEMS that found a positive correlation between the severity of pain and ketamine administration. 20 However, a
recent report did not show a signiﬁcantly greater reduction
in the numerical rating scale with ketamine than with
morphine. 21 The other reported reason was that participants
considered ketamine to have a better safety proﬁle than fentanyl. A better safety proﬁle in favor of ketamine has not
been clearly established in the literature. 21

A survey of emergency physicians revealed that 96% of
participants considered ketamine to be underused for
analgesia in adults. Most of the respondents saw the possible emergence reactions as a reason for this underuse. 17
Another survey of emergency physicians revealed that the
most feared side effects were psychedelic effects and
hallucinations. 18 In the present study, we deﬁned emergence reactions as vivid visual hallucinations or dreaming
occurring during the recovery phase that the patient can
experience as pleasant or unpleasant. 22-24 Twenty-three
percent of physicians encountered emergence reactions.
Previous studies reported that 0 to 76% of patients experience an emergence reaction with ketamine. The deﬁnition
of these reactions varies between studies, but unpleasant
emergence reactions seem to be uncommon. 3,22,24,25 Hallucinations were frequently encountered in our study, and
physicians mostly reported patients’ experiences of neuropsychiatric side effects to be positive.
The coadministration of midazolam is supported by
guidelines for reducing emergence reactions after procedural sedation. 10,26,27 We found that, as in other prehospital studies, midazolam was frequently coadministered with
ketamine. 28-31 The use of empathy (reassurance, addressing
the patient by name, informing the patient about the dissociative effects and the ongoing procedure to reduce emergence reactions and pain) was another frequently
proposed intervention. Many participants reported using
therapeutic communications such as guiding patients to
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picture pleasant dreams, with the goal of reducing the
occurrence of neuropsychiatric side effects. 10 , 32 , 33 A
recent study suggested that administering ketamine as a
15-min infusion rather than a bolus reduces emergence
reactions, although this strategy is usually not practical in
a prehospital setting. 34
The favorable safety proﬁle, combined with considerations of the difﬁcult terrain and austere conditions, may partially explain the low reported rate of monitoring when
administrating ketamine. In spite of recent guidelines that
no longer recommend the administration of oxygen, even
for procedural sedation, we found that a high proportion
of physicians administered oxygen to patients receiving
ketamine. Studies on the adverse effects of ketamine
showed that cardiorespiratory adverse events were
rare. 7,10,35
A study on the epidemiology of pain in the prehospital
settingdwhich did not include use of ketaminedreported
the availability of initial and ﬁnal VNRS pain scores in
93,613 of 108,853 (86%) patients. 36 In our study, only
56% of physicians reported using a visual analog scale or
VNRS to assess pain. Pain perception is complex, and
self-reporting with a unidimensional scale may not be a reliable predictor of the patient’s wish for analgesia. 37 Pain
scales in patients receiving ketamine may be invalid due
to ketamine’s dissociative effects (dissociation may be
deﬁned as a trancelike state, characterized by catalepsy, catatonia, analgesia, and amnesia 38), a point that many participants in our study underlined.
Only a minority of physicians had used the IM or IN
routes for ketamine. A retrospective study conducted 6 y
prior in the same HEMS reported no use of IM or IN
ketamine. 28 Although IM use in pediatrics has been well
demonstrated with a good efﬁcacy and safety proﬁle, 26,39
IV use is still preferred in adults because it allows rapid
administration of midazolam in the case of unpleasant neuropsychiatric effects. IM administration is associated with
more vomiting and a longer recovery time. 26 A recent randomized clinical trial in children showed that IN ketamine
was noninferior to IN fentanyl for pain relief for acute extremity injuries. 40 Our participants emphasized the advantages of IN administration in mountain rescue but also
reported that the unpredictability of the IN route was an
obstacle to its widespread use.
CLINICAL SCENARIO
The ketamine dose for treating acute pain was in the upper
range of what was recommended in a systematic review of
ketamine analgesia in a prehospital setting (0.1e0.5
mg$kg -1 IV). 3 We found a relatively wide dose range for
ketamine with or without fentanyl (0.2e0.7 mg$kg -1 IV,
which equals 14e49 mg IV for a 70-kg person). These
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interphysician variations probably reﬂect the fact that our
HEMS does not have a dosing protocol for ketamine, and
thus the dose is left to the discretion of the physician.
We did not ﬁnd a decrease in the dose of fentanyl when
administered with ketamine in our clinical scenario. Combining fentanyl and ketamine may augment the effect
of analgesia and allows for the reduction of the opiate
dose. However, some studies have found an increased incidence of minor events when opiates and ketamine are
combined. 24,30,41-44
KNOWLEDGE OF THE CONTRAINDICATIONS TO
KETAMINE
Knowledge of ketamine contraindications was poor. Intracranial hypertension and traumatic brain injury were previously considered to be contraindications to the use of
ketamine. Recent systematic reviews failed to show a signiﬁcant increase of intracranial pressure with ketamine,
including in patients with traumatic brain injury. 45-47
Many physicians thought that stable schizophrenia and
age of <3 mo were not contraindications, although they
are absolute contraindications. 48-50 Many physicians mentioned pregnancy as an absolute contraindication, although
it was not speciﬁed in the clinical practice guideline used in
our study. 10 There is a paucity of data regarding the use of
ketamine in pregnancy and no human data on
teratogenicity. 51
LIMITATIONS
Our study has some limitations. It was a single-center study
with a limited sample size (39 participants) that might not
reﬂect the use of ketamine in other centers. All of our data
were self-reported and based on opinions made by physicians, and we had no way of verifying the accuracy of the
data. We do not know whether the nonresponders had different patterns of using ketamine than the respondents did.
The focus on ketamine may have led participants to overestimate their use of ketamine and may not have reﬂected
actual practice, especially in the clinical scenario. We proposed a single clinical scenario, and it may not be possible
to extrapolate the responses to another scenario. Only racemic ketamine was available in our HEMS. Studies showed
that the racemic mixture may cause more neuropsychiatric
adverse events and have less analgesic potency than Sketamine. 52,53 These effects could lead to bias when comparing doses and adverse events from studies that use Sketamine. We did not ask physicians to report whether
adverse events occurred with ketamine alone or when ketamine was used with other drugs, such as fentanyl or midazolam. We do not know whether our data accurately
portray the adverse event proﬁle of ketamine.
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Conclusions
In this prospective survey, the physicians of an alpine
HEMS reported high satisfaction regarding the safety and
utility of ketamine for analgesia in the prehospital setting.
The main reason for ketamine use was acute analgesia during painful procedures, such as manipulation of femur fractures. Most physicians use fentanyl and midazolam along
with ketamine; few had experience in the use of IN ketamine. Adverse neuropsychiatric events were seldom
reported. We found a lack of knowledge regarding contraindications to the administration of ketamine, which may
be improved through targeted educational efforts.
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