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Abstract

Purpose We sought to understand the beliefs and

practices of Canadian intensivists regarding their use of

ketamine as a sedative in critically ill patients and to gauge

their interest in a randomized controlled trial (RCT)

examining its use in the intensive care unit (ICU).

Methods We designed and validated an electronic self-

administered survey examining the use of ketamine as a

sedative infusion for ICU patients. We surveyed 400

physician members of the Canadian Critical Care Society

(CCCS) via email between February and April 2022 and

sent three reminders at two-week intervals. The survey was

redistributed in January 2023 to improve the response rate.

Results We received 87/400 (22%) completed

questionnaires. Most respondents reported they rarely

use ketamine as a continuous infusion for sedation or

analgesia in the ICU (52/87, 58%). Physicians reported theSupplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s12630-
023-02608-x.
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following conditions would make them more likely to use

ketamine: asthma exacerbation (73/87, 82%), tolerance to

opioids (68/87, 77%), status epilepticus (44/87, 50%), and

severe acute respiratory distress syndrome (33/87, 38%).

Concern for side-effects that limited respondents’ use

of ketamine include adverse psychotropic effects

(61/87, 69%) and delirium (47/87, 53%). The majority of

respondents agreed there is need for an RCT to evaluate

ketamine as a sedative infusion in the ICU (62/87, 71%).

Conclusion This survey of Canadian intensivists

illustrates that use of ketamine as a continuous infusion

for sedation is limited, and is at least partly driven by

concerns of adverse psychotropic effects. Canadian

physicians endorse the need for a trial investigating the

safety and efficacy of ketamine as a sedative for critically

ill patients.

Résumé

Objectif Nous avons cherché à comprendre les croyances

et les pratiques des intensivistes pratiquant au Canada

concernant leur utilisation de la kétamine comme sédatif

chez la patientèle gravement malade et à évaluer leur

intérêt pour une étude randomisée contrôlée (ERC)

examinant son utilisation à l’unité de soins intensifs (USI).

Méthode Nous avons mis au point et validé un sondage

électronique auto-administré examinant l’utilisation de la

kétamine comme perfusion sédative pour les patient�es aux

soins intensifs. Nous avons envoyé le sondage à 400

médecins membres de la Société canadienne de soins

intensifs (SCCC) par courriel entre février et avril 2022 et

envoyé trois rappels à intervalles de deux semaines. Le

sondage a été redistribué en janvier 2023 afin d’améliorer

le taux de réponse.

Résultats Nous avons reçu 87 questionnaires remplis sur

400 (22 %). La plupart des personnes répondantes ont

déclaré qu’elles utilisaient rarement la kétamine en

perfusion continue pour la sédation ou l’analgésie à

l’USI (52/87, 58 %). Les médecins ont déclaré que les

conditions suivantes les rendraient plus susceptibles

d’utiliser de la kétamine : une exacerbation de l’asthme

(73/87, 82 %), une tolérance aux opioı̈des (68/87, 77 %),

un état de mal épileptique (44/87, 50 %) et un syndrome de

détresse respiratoire aigu (33/87, 38 %). Les inquiétudes

quant aux effets secondaires qui ont limité l’utilisation de

la kétamine par les répondant�es comprennent les effets

psychotropes indésirables (61/87, 69 %) et le delirium

(47/87, 53 %). La majorité des personnes répondantes

étaient d’accord qu’une ERC est nécessaire pour évaluer

la kétamine en tant que perfusion sédative à l’USI

(62/87, 71 %).

Conclusion Cette enquête menée auprès d’intensivistes au

Canada montre que l’utilisation de la kétamine comme

perfusion continue pour la sédation est limitée, au moins en

partie en raison d’inquiétudes liées aux effets psychotropes

indésirables. Les médecins pratiquant au Canada

reconnaissent la nécessité d’une étude sur l’innocuité et

l’efficacité de la kétamine comme sédatif pour la patientèle

gravement malade.

Keywords critical care � ketamine � sedation � survey

Sedation is administered to critically ill patients in the

intensive care unit (ICU) to treat discomfort, anxiety, and

agitation, and to help facilitate care (e.g., optimize

mechanical ventilation). The recognition and management

of pain, oversedation, and delirium are crucial as they are

associated with increased morbidity and mortality in ICU

patients.1 Pain, in particular, is essential to identify and

manage as it is prevalent in the majority of ICU patients at

various points during their clinical course.2 Consequences

of untreated pain include delirium, agitation with higher

energy expenditure, posttraumatic stress disorder, anxiety,

and depression.1 Furthermore, pain is the most common

memory patients have of their ICU stay.2

The most commonly used drugs for sedation in the ICU

include propofol, midazolam, and dexmedetomidine;

however, most of these drugs lack analgesic effects.3

Ketamine is a general anesthetic with sedative and

analgesic properties and is frequently used for procedural

sedation by anesthesiologists and emergency physicians,

but has not been well studied in the ICU. In addition to its

analgo-sedative properties, ketamine has favourable

physiologic properties as it preserves cardiac output,

maintains airway reflexes, and causes bronchodilation;

this makes it an attractive substitute to opioids.4

Alternatives to opioid-based analgesia have become

increasingly relevant as the COVID-19 pandemic resulted

in significant drug shortages worldwide.5 Furthermore,

opioid use has been associated with delirium in a

dose-dependent fashion.6 Prolonged use of opioids may

precipitate tolerance, dependence, hyperalgesia, and

iatrogenic opioid withdrawal.7 In a study of opioid-naı̈ve

patients, 20% of invasively mechanically ventilated

patients received a prescription for opioids after hospital

discharge and 2.6% met criteria for persistent use.8 This is

particularly problematic with an aging population being

hospitalized more frequently,9 and being at a higher risk of

developing opioid-related side-effects.10 Adjunctive

ketamine may decrease opioid use in the ICU.5

At present, it is unclear how often ketamine is used in

Canadian ICUs, and the perspectives of Canadian

intensivists regarding the role of ketamine for critically

ill patients are not known. It is important to explore

ketamine use in Canadian ICUs to better understand
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barriers and facilitators to expanded clinical use, and

acceptability of clinical trials.

The objective of this survey was to understand the

beliefs and practices of Canadian intensivists regarding

their use of sedatives in the ICU and to gauge their support

for a randomized controlled trial (RCT) examining the use

of ketamine in this setting. The results of this survey will

inform a research program examining the role of ketamine

in mechanically ventilated ICU patients.

Methods

Ethics

The Hamilton Integrated Research Ethics Board approved

the study (Hamilton, ON, Canada; project number 13586).

We deidentified survey responses using LimeSurvey

(LimeSurvey GmbH, Hamburg, Germany).11

Instrument development

We designed a survey instrument adhering to formal

development and testing methods.12 We generated an

exhaustive list of items based on an informal literature

review and email correspondence among coinvestigators

representing Canadian intensivists and pharmacists. We

performed item reduction to ensure parsimonious,

functional, and internally consistent items were

included.13 This was conducted by assessing for

duplication and prioritizing questions based on relevance

with coinvestigators. The self-administered instrument

(Electronic Supplemental Material eAppendix) consisted

of 15 items that focused on four domains: respondent and

ICU characteristics, current personal sedation practices,

views about the risk of current sedatives used in the ICU,

and interest in participating in a future trial. Responses

were yes/no, ‘‘select all that apply,’’ Likert scales, and

optional free-text entry.

Instrument testing

We conducted a sensibility assessment and pilot testing of

the survey. We invited seven colleagues (five intensivists

and two pharmacists, including four methodologists) with

clinical and methodologic expertise to evaluate the

comprehensiveness, clarity, and text of the instrument.

This feedback helped refine the questions and assess

content validity. Furthermore, six members of the

Canadian Critical Care Trials Group (CCCTG) pilot

tested the instrument to ensure functionality and ease of

completion.

Instrument administration

Following approval from the Canadian Critical Care

Society (CCCS), we sent the survey to all critical care

physician members of the CCCS (n = 400). On February

2022, we sent an e-mail with a link to the web-based

survey on LimeSurvey, which included instructions for

completing the survey. We raffled three gift cards as

incentives for survey completion. We distributed three

standardized reminders every two weeks. The link to the

survey was closed two weeks after the final reminder email

in April 2022 (a total response window of ten weeks). We

distributed the survey once more for a two-week period on

10 January 2023 because the response rate to the initial

distribution was low.

Statistical analysis

We used descriptive statistics for reporting. Data are

presented as mean (standard deviation [SD]). Absolute

counts and proportions are presented as appropriate. The

American Association for Public Opinion Research defined

a completed questionnaire as at least 80% of complete

responses;14 however, for the purposes of this survey

manuscript, a ‘‘complete questionnaire,’’ is one with

100% complete responses. At the request of reviewers,

we analyzed the frequency of the use of ketamine as an

infusion by medical specialty.

Results

Of the 400 potential respondents, we received 101 responses

from 63 centres across Canada. Of those, 14 partially

completed the survey and these partially completed

surveys were excluded from the analysis, leaving

87 (22% completed questionnaires) in the final analysis.

Upon initial distribution of the survey, we had a completed

questionnaire rate of 16%. The answers to the survey

questions in 2023 were remarkably similar compared with

those of the initial distribution in 2022, suggesting there was

no big temporal impact on ketamine use or views and

preferences related to ketamine during this short interval

between distributions. Close to half of the respondents were

in practice for more than ten years (47%) (Table 1). The

highest proportion of respondents had a background in

internal medicine (43/87, 49%), followed by anesthesia

(16/87, 18%), emergency medicine (9//87, 10%), and

general surgery (6/87, 7%) (Table 1). Three-quarters

of the survey respondents work at an academic centre

(63/87, 72%), and a smaller proportion work at an academic

community centre (17/87, 20%) or a nonacademic

community centre (7/87, 8%).
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Survey respondents reported propofol as the most

common first-line sedative infusion agent in the ICU

(82/87, 91%), followed by midazolam (5/87, 6%),

dexmedetomidine (2/87, 2%), and ketamine (1/87, 1%)

(Fig. 1). With respect to the second sedative infusion agent

of choice if the first was not available, survey respondents

reported using midazolam (52/87, 58%), followed by

dexmedetomidine (18/87, 20%), opioids only (5/87, 6%),

propofol (8/87, 9%), and ketamine (6/87, 7%) (Fig. 1).

When asked about adjunctive sedative medications when

the first-choice infusion was not adequate to attain the goal

sedation depth, respondents reported using midazolam

(32/87, 36%), ketamine (22/87, 24%), dexmedetomidine

(21/87, 23%), and opioids (9/87, 10%). Importantly, the

aforementioned questions focused only on sedative agents

and outlined that appropriate analgesia had already been

achieved.

In terms of patient populations, most survey respondents

reported that they rarely use ketamine as a continuous

infusion for sedation/analgesia in the ICU for general

medical mechanically ventilated patients (52/87, 58%)

(Fig. 2) while a smaller proportion said they sometimes use

ketamine in this circumstance (26/87, 29%). When

comparing ketamine use among different medical

specialties, we did not find any meaningful differences

between the specialties of anesthesia, emergency medicine,

general surgery, or internal medicine (Fig. 3). Survey

respondents reported that the following clinical

circumstances would make them more likely to use

ketamine as an adjunctive infusion: 1) pain refractory

to opioids (78/87, 87%), 2) asthma exacerbation

(73/87, 82%), 3) known tolerance to opioids

(68/87, 77%), 4) to minimize the side-effects of other

sedatives (54/87, 61%), 5) status epilepticus (44/87, 50%),

6) deep sedation for acute respiratory distress syndrome

(33/87, 38%), and 7) noninvasive positive-pressure

ventilation (22/87, 25%) (Fig. 4).

With respect to side effects that would limit their wider

use of ketamine, respondents reported the following:

1) possible psychotropic effects (61/87, 69%), 2) delirium

(47/87, 53%); 3) tachycardia (20/87, 23%); 4) increased

secretions (15/87, 17%); 5) arrhythmias (13/87, 15%), and

6) hypertension (10/87, 11%) (Table 2).

Most survey respondents reported it was more important

to study the use of ketamine as an adjunctive sedative

infusion (64/87, 74%) rather than a primary sedative

infusion (12/87, 14%). Overall, 71% of respondents

responded that they would be willing to enrol their

patients in a RCT to examine the efficacy and safety of

ketamine as an adjunctive sedative in the ICU.

Discussion

In this national survey, 1% of Canadian intensivists reported

using ketamine as a primary sedative infusion, and 24% as an

adjunctive sedative infusion when the first-choice sedative

was insufficient to maintain the goal depth of sedation.

Importantly, 71% of respondents expressed their interest in

participating in a trial examining the efficacy and safety of

ketamine as a sedative in the ICU.

Ketamine has been the most commonly used agent for

painful emergency department (ED) procedures in children

for over 20 years.15 Studies done in adult EDs have also

shown the safety and efficacy of ketamine for dissociative

transient sedation to facilitate care for procedures

such as cardioversion, and reduction of fractures.16–19

Table 1 Characteristics of physician survey respondents

Years in critical care practice (yr), n/total N (%)

0–4 30/87 (35%)

5–10 16/87 (18%)

11–15 11/87 (13%)

[ 15 30/87 (35%)

Primary specialty

Internal medicine 43/87 (49%)

Anesthesiology 16/87 (18%)

Emergency medicine 9/87 (10%)

General surgery 6/87 (7%)

Respirology 4/87 (5%)

Pediatrics 3/87 (3%)

Cardiology 1/87 (1%)

Neurology 1/87 (1%)

Number of beds in the ICUs of respondents, n/total N (%)

0–9 7/87 (8%)

10–15 10/87 (12%)

16–30 27/87 (31%)

31–50 27/87 (21%)

[ 50 16/87 (18%)

ICU patients cared for by respondents,* n/total N (%)

Medical 84/87 (97%)

Surgical 84/87 (97%)

Cardiac surgery 20/87 (23%)

Trauma 48/87 (55%)

Burns 31/87 (36%)

Neurologic 54/87 (62%)

Pediatrics 4/87 (5%)

Other 6/87 (7%)

This table shows the practice profiles of 101 physician survey

respondents (not all answered all questions)

*Categories are not mutually exclusive

ICU = intensive care unit
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A 2018 survey of 10,737 paramedics in the USA found that

two-thirds of them had administered ketamine for acute

sedation or pain and 94% were comfortable with its use.20

This comfort with ketamine use among emergency providers

is also reflected in Canadian prehospital practice, as well as

in medical directives for its use by paramedics, which exist in

several provinces.21 Despite this, our survey findings

indicate that ketamine use as an infusion in the ICU is

fairly consistent among different medical specialties.

This survey showed clear interest among respondents in

participating in a RCT to further investigate the role of

ketamine in critically ill patients. This may, in part, be due

to the potential benefits of ketamine in other settings. In the

ED, procedural sedation with ketamine has rare associated

adverse events while preserving pharyngeal reflexes and

stimulating cardiovascular tone thereby avoiding

hemodynamic sequalae.19 Furthermore, for perioperative

analgesia, ketamine has been found to significantly reduce

opioid consumption.22 In mechanically ventilated patients,

use of adjunctive ketamine infusions has been associated

with decreased vasopressor requirements compared with

propofol and fentanyl.23 In addition to a more optimal side

effect profile, another reason for the interest in ketamine in

the ICU may be the increased comfort of physicians given

it has been used more often since the COVID-19 pandemic

because of drug shortages and standardization of intubation

protocols.24,25 With reports of drug shortages worldwide

due to manufacturing issues and supply being outstripped

by demand, it is incredibly important to establish the

efficacy and safety of multiple sedative options, including,

but not limited to, ketamine.26

Despite its potential benefits, more than half of our

survey respondents were concerned about possible

psychotropic effects and delirium as a side effect of

Fig. 1 First- and second-choice sedatives of survey respondents for patients in the intensive care unit

Fig. 2 Frequency with which

survey respondents use

ketamine as a continuous

infusion for sedation/analgesia

in the intensive care unit
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ketamine. Given that the duration of ICU delirium may be

associated with mortality up to one year after ICU

admission,27 it is important to determine the safety

profile of ketamine as it is being used with increasing

frequency in ICUs since the COVID-19 pandemic.28,29

From a physiologic perspective, ketamine is a rapid-acting

antidepressant drug.30 Nevertheless, ketamine is also a

psychoactive drug with known hallucinogenic properties31

that could theoretically contribute to agitation

and delirium, especially in vulnerable patients

Fig. 3 Frequency with which survey respondents from different medical specialties use ketamine as a continuous infusion for sedation/analgesia

in the intensive care unit

A = anesthesiology; B = emergency medicine; C = general surgery; D = internal medicine

Fig. 4 Factors or conditions that would make respondents more likely to use ketamine as a first line continuous sedative/analgesic infusion or as

an adjunct

ARDS = acute respiratory distress syndrome; NIPPV = noninvasive positive pressure ventilation
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(i.e., alcohol use disorder, substance use disorders).32 At

present, the evidence evaluating the association of delirium

with ketamine is conflicting and inconclusive.

Ketamine is associated with adverse emergence

phenomena, including recovery agitation and delirium, in

10–20% of patients in the ED undergoing procedural

sedation.19 In the perioperative setting, physicians

sometimes use benzodiazepines to attenuate the

emergence phenomenon associated with ketamine.33

Whether ketamine infusions in the ICU would result in

patients requiring benzodiazepines to curb emergence

phenomena is unclear. In a multicentre retrospective

study, ketamine use in the ICU was not associated with

an increased risk for delirium.34 Furthermore, in an RCT of

162 patients, an adjunctive ketamine infusion

(0.20 mg-1�kg-1�hr-1) was associated with a decreased

duration of delirium compared with placebo.35 Whether

related to side effects or other considerations, the findings

of this survey are consistent with other data reporting that

intensivists express a lack of comfort with ketamine use

and rarely use it.25 All sedatives used in the ICU have been

associated with potential adverse effects. Propofol can

cause bradycardia, hypotension, propofol infusion

syndrome, hypertriglyceridemia, and pancreatitis;1

midazolam is associated with a higher risk of delirium

and prolonged sedation;1 and dexmedetomidine can cause

hypotension, bradycardia, and nausea.1 Although ketamine

also has side-effects, the reported data associates it with

fewer complications.19

This reported discomfort with ketamine use in the ICU

setting is relatively pervasive. Guidelines for managing

mechanically ventilated patients continually acknowledge

the lack of high-quality evidence on which to base

recommendations for use of this drug to facilitate

sedation and analgesia.36,37 In fact, there are no specific

recommendations for ketamine use as an infusion in the

ICU apart from a conditional recommendation for its use in

postsurgical patients to help reduce opioid consumption.37

Commonly employed justification for this lack of guidance

includes the heterogeneity of the eligibility criteria of

published studies and the fact that published studies have

not focused on patient important outcomes.

Strengths of this study include the novel question,

rigorous survey development with interprofessional input,

and the diverse medical specialty background and broad

geographic representation of respondents. To our

knowledge, this is the first survey evaluating ketamine

practice and beliefs among Canadian intensivists.

Furthermore, we employed a comprehensive approach to

the development of this survey using rigorous methods,

exhaustive item generation, item reduction, and piloting.

The limitations of this study include the low response rate,

limited number of pediatric practitioners, and possible

response bias, including the overrepresentation of

academic intensivists. Of note, although 72% of

respondents practiced in an academic ICU, this is only

slightly higher than a 2019 Canadian Medical Association

poll, which reported that 59% of all intensivists in Canada

work at an academic teaching hospital.38 Another

limitation of this study was the redistribution of the

survey to garner more responses eight months after the

initial invitation. Of note, the responses acquired after

the initial survey distribution were similar to the original

responses indicating that practice and perceptions around

sedatives did not change over that eight-month span.

Reasons for the low survey response rate are likely

multifactorial and likely, in part, due to increased

burnout among intensivists (64% in a survey).39

Furthermore, there is emerging evidence on survey

fatigue during the COVID-19 pandemic with

postpandemic survey response rates significantly reduced

compared with prepandemic levels.40 In the future, we

could perhaps increase our survey response rate by using

means other than email to disseminate the survey.

Conclusion

This survey of Canadian intensivists illustrates that current

use of ketamine as a continuous infusion is limited and is

likely driven by concerns of adverse psychotropic effects

or delirium. Canadian physicians agree with the need for a

trial investigating the safety and efficacy of ketamine as a

sedative in the ICU.

Table 2 Reported reasons for not using ketamine

Reason for not using ketamine n/total N (%)

Possible psychotropic effects 61/88 (69%)

Delirium 47/88 (53%)

Tachycardia 20/88 (23%)

Increased secretions 15/88 (17%)

Arrhythmias 13/88 (15%)

No side-effects limit my wider use 13/88 (15%)

Hypertension 10/88 (11%)

Laryngospasm 6/88 (7%)

Other 9/88 (10%)

Others: cost; lack of experience; nausea/vomiting; dysphoria
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