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Abstract

Ketamine is a unique medication with a long history of use in the emergency depart-

ment. Out-of-hospital indications for ketamine have been explored and are currently

expanding in some systems. This article provides background on ketamine history and

pharmacology, its use in the hospital environment and possible applications for emer-

gency medical services usage of this medication. Contraindications and adverse reac-

tions are discussed to provide education on the nuances of ketamine administration and

mitigation strategies. Out-of-hospital indications for ketamine are discussed including

airway management, rapid sequence induction, analgesia, sedation, and treatment of

excited delirium.
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1 INTRODUCTION

Ketamine is a unique medication with decades of use in the medical

field, originally used in veterinarymedicine and for pediatric sedation.1

First developed in the late 1960s and early 1970s, it has seen a recent

upswing of interest due to its unique properties and multiple indi-

cations. Since the mid-2000s, and most recently in the past 5 years,

increasing volumes of literature, resources, and clinical practice have

involved this medication.15 Although primarily used in the emergency

department and inpatient setting, the movement is growing for use

of ketamine in the out-of-hospital setting.3 A review of this medica-

tion and summary of select relevant literature is useful for the field

provider, medical directors, and emergency physicians who receive

emergencymedical services (EMS) patients.

Ketamine is classified as a dissociative agent. It has direct action

primarily at the NMDA receptors in the central nervous system, but

also has activity at opioid sites and other neurotransmitter pathways

as well. The most similar compound to ketamine is the drug of abuse,

phencyclidine.1 Ketamine is classified as a schedule III controlled sub-
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stance in theUnited States.When administered at sedation/anesthesia

doses, the patient enters a dissociated statewhich is unlike other seda-

tives. The patient is often not unarousable as seen with medications

like etomidate and propofol, but rather their consciousness is discon-

nected from their sensory input.4 Patients have been noted to speak or

have occasional movement with this medication; however, they remain

unaware of their surroundings. Patientswill often have non-purposeful

eye movements including various patterns of nystagmus.4 The unique

patient response to this sedative requires provider experience to gain

comfort, as the dissociative state can be unsettling. The effectiveness

of ketamine comes from its ability to render a patient unresponsive to

painful stimuli, while also providing amnesia to the procedure aswell as

analgesia.4

2 EMERGENCY DEPARTMENT USE

As with many medications, the implementation of a out-of-hospital

intervention such as ketamine is likely to mirror clinical practice inside
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TABLE 1 Comparison of ketamine versus fentanyl/midazolam versus haloperidol

Ketamine Fentanyl/midazolam Haloperidol

Respiratory drive Intact, preserved airway

reflexes

Hypoventilation and apnea

common

Intact, largely unaffected

Hemodynamics Increased cardiac output;

may have transient sinus

tachycardia

Hypotension occurs especially

in unstable patients

Hemodynamically neutral but potential for

arrhythmia with qtc prolongation

Time of onset 30 s IV, 3–4min IM 2–3min IV, 10–15min IM 15–30min IM, IV use discouraged by FDA

Effects Analgesia, sedation,

anxiolysis, amnesia

Fentanyl: analgesia, light

sedation

Midazolam: anxiolysis,

sedation, amnesia

Sedation, treatment of psychosis

Dose for sedation 1–2mg/kg IV, 4–5mg/kg

IM

Fentanyl: 0.5–1.5mcg/kg IV

every 1–2min

Midazolam: 1–2.5mg IV over

2min, repeat every 2min

until desired effect

5–10mg IM

Drug–drug interactions None proven; possible

interactionwith St.

John’s wort only.

Many, including increased risk

of apnea with other

sedatives and alcohol

Concern for torsades when givenwith other

medications prolonging qtc; interactions

with other dopaminemodulators

the hospital. Ketamine is presently being used in many ED for a vari-

ety of indications.5 The pediatric emergency medicine community has

had familiaritywith thismedication as an agent for procedural sedation

where it is known to be well tolerated with limited side effects. Its use

in pediatric patients is well studied in the literature and carries a Level

A recommendation with regards to safety from the American College

of Emergency Physicians (ACEP).5 Using ketamine for adult procedural

sedation is gaining traction, although literature basis for safety is less

well defined and carries a Level C recommendation for safety. The dis-

cussion on the use of ketamine for sedation purposes is largely driven

by the reported risks and benefits of the drug, which will be discussed

in detail.

Aside from procedural sedation and general anesthesia in the oper-

ating room, the two Food and Drug Administration (FDA)-labeled indi-

cations, other uses have been considered by some departments, and

widely used by others. Rapid sequence induction for the purposes of

airway management involves the use of a fast-acting sedative and a

neuromuscular blocking agent. Ketamine has been used for the former

indication as an ideal agent due to many of its physiologic properties.

In the United States, drug shortages of etomidate in 2011 drove ED

and EMS agencies to select a newmedication that could induce uncon-

sciousness without hypotension; ketamine was the agent of choice in

many locations.6 Another use of this drug is for rapid sedation of the

agitated patient. As it does during rapid sequence induction, ketamine

produces rapid, reliable onset of unconsciousness with limited side

effects, making it an ideal sedative for chemical restraint. Ketamine

has also been shown to have bronchodilatory effects, and some con-

sider it an adjunctive therapy for asthma exacerbation.7 Lower doses

of ketamine than required for sedation are shown to have a role in

analgesia.8 Last, interest is increasing in the use of ketamine for treat-

ment of neuropsychiatric conditions such asmigraine, chronic pain, and

major depression.9

The recent surge in interest in the use of ketamine for a variety of

conditions in the ED has led to a similar push for use and study in the

out-of-hospital setting. Many of the current uses of ketamine in the

hospital have begun in recent years and are not universally practiced

throughout the emergency medicine community. Factors such as

hospital protocols, credentialing/privileging of providers, training, and

comfort levels all play a role with regards to in-hospital ketamine and

influence the adoption of new indications.10

3 REPORTED BENEFITS/RISKS

Many of ketamine’s benefits are a reflection of its advantages over

other medications. The reported side effects or adverse properties

must also be discussed so that an informed choice can bemade regard-

ing medication selection. Specific properties of ketamine deserve fur-

ther explanation in the following section; comparison to othermethods

of sedation can be found in the table (see Table 1).

3.1 Airway, breathing, and circulation

One of the most important and clinically relevant effects of seda-

tion/analgesia is the effect on respiratory drive and airway protection.

Most all medications that can be used for sedation in rapid sequence

induction induce apnea and loss of airway reflexes. Because ketamine

works through an alternative pathway inducing dissociation rather

than unconsciousness, the patient remains breathing on their own and

able toprotect their airway.11 A large trialwithover800patients noted

that apnea with ketamine use is very rare and found that the airway

and respiratory adverse events associated with ketamine was 3.9%. In

this study risk factors that predicted ketamine-associated airway and
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TABLE 2 Routes and dosing for ketamine

Route Indication Dose Time of onset Duration of action

Intranasal Analgesia 1mg/kg 2–3min Hours

IV—slow push/infusion Analgesia 0.1–0.3mg/kg 1–2min Hours

IV—slow push Sedation/induction 1–2mg/kg 1–2min 10–20min

Intramuscular Sedation 4–5mg/kg 4–7min 20–30min

respiratory adverse events were high intravenous doses, administra-

tion to children younger than 2 years or aged 13 years or older, and the

use of co-administered anticholinergics or benzodiazepines.12

Some concern for increased salivation with ketamine exists; how-

ever, limited data exist to show a clinical impact, and traditional suc-

tion techniques have been effective in practice. Use of additional med-

ications to manage secretions is generally not needed or advised.13

Ketamine’s ability to allow for airwaymanagementwithouthypoxiahas

led some to consider its use for sedating a critically ill patient to pre-

oxygenate prior to paralysis and intubation.14

Many medications used for sedation or analgesia can cause cardio-

vascular side effects. Common therapies such as intravenousmorphine

are well known to induce hypotension, often in a dose-dependent

fashion. To the contrary, ketamine has sympathomimetic properties,

increasing blood pressure and cardiac index.15 This makes ketamine

an ideal agent for use in the hypotensive trauma or critically ill med-

ical patient.6 Some concern exists that increasing cardiac output in

patients with advanced cardiac disease is ill-advised; many providers

avoid ketamine in this population; however, evidence is lacking

regarding safety.16

4 ADMINISTRATION

Ketamine proves itself to be a useful agent by its multiple routes of

administration. Intravenous is the most rapid and predictable method

to deliver the drug. Through the intravenous route, onset of action and

recovery are most rapid and when given as a slow push over several

minutes, adverse effects can be reduced.17 Intramuscular use is also

easily used, with higher doses required than the intravenous route. It

is considered safe and is well studied largely through its role in pedi-

atric sedation, where obtaining intravenous access can be as difficult

as the originally intended procedure. Safety is so well defined that

ACEP guidelines on ED ketamine use do not mandate obtaining intra-

venous access during intramuscular ketamine sedation.18 The ability

to achieve full dissociation through an intramuscular route has great

implications for out-of-hospital management of conditions such as

excited delirium and combative/intoxicated individuals. The intranasal

route is also biologically favorable. Although literature is limited due to

the ease of intramuscular use, intranasal ketamine has been used for

analgesia with some success.19

Dosing varies depending on level of sedation needed. In 1 small

adult out-of-hospital study ketamine dosing ranged 2.25–9.42 mg/kg

intramuscular (mean, 5.26 mg/kg). Significant differences were noted

between those who required intubation versus those who did not

(6.16 ± 1.62 mg/kg vs 4.90 ± 1.54 mg/kg).20 Selection of the route

of administration is largely dependent on patient factors. While the

intravenous route allows for the most versatile and reliable drug

response, intramuscular may be beneficial in children for whom the

intravenous procedure is potentially traumatic, or in the combative

patient where obtaining intravenous access is dangerous for staff. The

intranasal route is best used for analgesia only in patients for whom

the use of a needle is not preferred (see Table 2).

5 EMERGENCE REACTIONS

Perhaps the most anecdotally cited concern regarding ketamine use

in adults is that of the emergence reaction. Occasionally a patient

waking up from ketamine dissociation can become agitated, confused

and combative. Patients who suffer from this reaction are easily and

best managed with benzodiazepine administration.18 Multiple studies

have shown that benzodiazepines can be administered in escalating

doses to rapidly and successfully reduce emergence effect, titrating

based on patient response to therapy. Additionally, a benzodiazepine

such as diazepam given prior to or alongside ketamine can potentially

reduce emergence phenomenon.16,18 Patients with schizophrenia are

considered at higher risk for this adverse effect. Many providers have

reported that emergence reactions can be avoided by reducing stimuli

such as commotion and loud noises, in addition to calming the patient

prior to ketamine use.16

5.1 Elevated intracranial pressure

One of the other concerns that had traditionally limited ketamine use

to the healthy pediatric patient is the report of increasing intracra-

nial pressure with administration. The greatest concern lies in the

head injured or critical neurosurgical patient; increasing intracranial

pressure with a medication in the setting of baseline pressure eleva-

tion could potentially be detrimental. Current guidelines and literature

refute these concerns, as they are not evidence based. The initial fears

of intracranial pressure elevation stem from case reports of patients

with tumors and hydrocephalus from over 40 years ago.21

A systematic review in Annals of Emergency Medicine analyzed the

available body of high quality evidence regarding intracranial pressure

changes with ketamine use. Some studies showed scant increase in

intracranial pressure while others actually showed a decrease. Blood

flow to the brain (represented by cerebral perfusion pressure) was not

changed. Even in patients having a slight intracranial pressure increase,
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no adverse effect was reported on mortality, neurologic findings or

length of stay in the ICU.21 Some have suggested that aside from

patients with massive swelling in the ventricles of the brain (hydro-

cephalus), ketamine is completely safe to use with regards to intracra-

nial pressure.22 ACEP considers intracranial pathology only a relative

contraindication to ketamine use, not absolute.18

5.2 Laryngospasm

Another risk of ketamine is laryngospasm, a closing of the vocal cords

in the glottis leading to airway compromise. This complication is

uncommon, occurring in less than third a percent of patients in a large

compiled case series.12 In such a rare event it is difficult to identify

risk factors, but it seems associated with higher intramuscular doses

of medication. Laryngospasm can at times be overcome by positive

pressure mask ventilation (bag valve mask) or in severe cases with

neuromuscular blockade. Airway positioning such as jaw-thrust and

head-tilt may be beneficial in partial laryngospasm; however, if this is

not successful, a complete spasmmaybeoccurring and require positive

pressure ventilation.23 It should be noted that other commonly used

sedative/induction agents such as etomidate and propofol both list

laryngospasm as a possible adverse effect.

5.3 Emesis

Ketamine has been known to cause nausea and vomiting, particularly

when waking from sedation.24 This is somewhat more pronounced in

the pediatric population. Intramuscular use may have higher rates of

emesis. Antiemetics, as typically used in EDs and EMS units, can be

administered; vomiting is rarely severe.25

6 OUT-OF-HOSPITAL USE

The varying applications for ketamine in the inpatient and ED settings

have had much study for the past decade and are rapidly becoming

part of clinical practice. Many emergency medicine residency-trained

physicians are gaining comfort with this medication for sedation. Out-

of-hospital research is currently underway and several studies and

reports have recently been published regarding EMS use of ketamine

for several indications including:

6.1 Airwaymanagement

In regions and services where rapid sequence induction is a com-

monly practiced skill, ketamine has rapidly gained traction as an induc-

tion agent prior to paralysis. Research has been published comparing

ketamine for rapid sequence induction with usual therapies, often eto-

midate, and showed that ketaminehas similar success andcomplication

rates.6 Although out-of-hospital intubation is logistically much differ-

ent than ED intubation, pharmacologic properties are identical in both

locations, and safety/efficacy data well established in the ED should

logically translate to EMS. As a large number of patients receiving

hospital rapid sequence induction are involved in trauma, the afore-

mentioned data regarding lack of effect on intracranial pressure in

head-injured patients should be considered as more evidence for the

ability to safely use this drug. Additionally, the use of ketamine as

an induction agent may cause resolution of the underlying pathology,

allowing the skilled EMS provider to resuscitate a patient without par-

alytic use or endotracheal tube placement.14 This situation may occur

when a patient is combative from hypoxia and unable to tolerate face-

mask or other non-invasive ventilation. Dissociative dose ketamine as

used for rapid sequence induction would calm the patient, allowing for

appropriate oxygenation. The use of ketamine with a pause for oxy-

genation prior to paralysis and intubation may have benefit in reduc-

ing adverse effects associated with apnea and lead to improved clinical

outcomes.14

6.2 Chemical restraint

The EMS practitioner is one of the most likely medical providers to

encounter acutely agitated, combative or dangerous patients who

rapidly require care. These patients may be suffering from life-

threatening injuries causing or coinciding with their mental status

changes. The recently recognized excited delirium syndrome is a

unique setting wherein the patient’s agitation itself is life threatening.

This critical illness often presents itself as a behavioral issue initially

evaluated by law enforcement, timing of EMS involvement is variable

and acuity is often high.26 Rapid sedation and chemical (preferred over

mechanical) restraint are essential to prevent morbidity and mortal-

ity. In all cases of acute behavioral/medical agitation, the EMS provider

needs to bemindful of their own safety. They need to be able to rapidly

administer a medication to control the patient without themselves

being harmed. Themedication needs to reliably sedate the patient and

not induce additional harms such as hypoxia or seizures. Duration of

action of the agent used should be long enough to allow initial assess-

ment, interventions, and plans for further sedation/restraint. Ketamine

is the ideal agent for chemical sedation, as it meets all the desired

capabilities.20 Although traditionally benzodiazepines have been used

for sedation, dose response varies from patient to patient. Agitated

patients may require higher than usual doses, sometimes exceeding

offline protocol limits or even ambulance medication supply. Depend-

ing on co-ingestion, at high doses benzodiazepines can cause respira-

tory depression. Antipsychotics also have a role in sedating the com-

bative patient but through the intramuscular route may have a longer

than desired onset of action.27 Haloperidol, a typical antipsychotic act-

ing as a dopamine receptor antagonist, has been demonstrated to have

some ability to provide out-of-hospital sedation of the agitated patient,

with sedation occurring in about 25 minutes after 5 mg intramuscu-

lar administration.28 When compared to10mg intramuscular haloperi-

dol, ketamine 5 mg/kg intramuscular was able to provide much more

rapid onset of sedation in the severely agitated patient. Sedation was
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noted to occur at 5 minutes in the ketamine group and 17 minutes in

the haloperidol group.29

Several EMS services have created and implemented protocols to

use ketamine for chemical restraint and treatment of excited delirium

syndrome.27,30 Asexciteddeliriumrepresents a severehypermetabolic

state with a high mortality risk, rapid sedation to allow for cardiovas-

cular support and resuscitation is essential to reduce mortality. Addi-

tionally, a patient suffering from excited delirium has high potential to

cause harm to first responders or endanger the public requiring the use

of lethal force.31 With its rapid onset and predictable complete disso-

ciative anesthesia, ketamine seems to be an ideal agent for the treat-

ment of excited delirium syndrome.27,30-31

Recent literature published regarding ketamine for chemical

restraint does reveal issues that need to be addressed or further

studied for clarification. Unfortunately, as is often the case when only

a few articles exist, a single report of laryngospasm in a patient has

propagated through the body of evidence and frequently cited as a

cause for concern.13 Carefully reviewing the initial report, the patient

was well ventilated by bag valve mask and was electively intubated

as a precaution, rather than an emergent intubation. Despite this 1

case that has been mentioned in multiple other papers, the rate of

laryngospasm in large studies remains low and is referenced in the

ACEP clinical policy on ketamine safe use.18

A report of ketamine use by the Columbus (Ohio) Division of Fire

reported a clinical improvement of 91% of their agitated patients. This

report also indicates that 23% of the patients were intubated either

out-of-hospital or in the ED.30 A separate study assessed this concern

specifically and through analysis of a single center’s data set, found a

29% intubation rate (all in the ED) of patients receiving intramuscu-

lar ketamine by EMS for restraint. The article notes that intubation

rates of this level are not unique to ketamine and are common among

EMS chemically restrained patients. Furthermore, the article cites that

the main reason for intubation was “inability to protect the airway”.

This indication for intubation is highly subjective and was not further

clarified from the emergency physician documentation. The receiving

physician’s familiarity with dissociative agents can easily play a role

into the decision to intubate. Classic ED teaching of “Glasgow Coma

Score (GCS) less than 8? Intubate!” for head trauma patients is often

interpretedbroadly, literally anddogmaticallywithout considerationof

confounding variables. A patient sedated with ketamine may well have

a low GCS but be breathing and protecting their airway perfectly. If

the ED care team is unaware that ketamine was administered, it would

often be prudent to act quickly to manage the airway in a seemingly

obtunded patient.

Patients requiring chemical restraint by EMS are high risk, high

acuity patients regardless of intervention performed. Ketamine from

a pharmacologic standpoint is the ideal agent; however, a mechanism

to communicate with receiving staff of its use must be clearly defined.

Ideally, physicians in the ED would have experience and comfort with

this medication and its effects. Agencies currently using ketamine for

agitation are encouraged to report their outcomes and protocols to

increase the body of evidence and determine best safe practices for

this indication.

6.3 Analgesia

Pain is one of the most common reasons that patients present to EMS

and ED. Treatment options available out-of-hospital are often limited

by a variety of concerns, in addition to a lack of evidence supporting

traditional therapies.32 Although awide variety exists among EMS sys-

tems, a typical paramedic level unit will have 1 or 2 parenteral opi-

oids, and at least 1 oral or non-opioid parenteral medication. Largely,

acute severe pain is managed by opioid medications, as nonsteroidal

anti-inflammatory drugs such as intravenous/intramuscular ketorolac

provoke concerns of bleeding and renal injury. Opioids carry the well-

documented risks of respiratory depression and hypotension. Barriers

exist to effective out-of-hospital pain control, including limited doses

in written protocols, need for online medical control, provider fears

of being scolded for their use of medication, fear of “drug-seeking”

patients, amongmany others.33

Ketamine shows potential as a medication that can be used for safe

and effective analgesia. The safety profile of ketamine used for seda-

tion and induction is well established and discussed above. At much

lower doses, ketamine can produce effective analgesia without dis-

sociation. A systematic review analyzed the published out-of-hospital

literature, finding 6 quality papers for analysis.34 The majority of the

contributing papers found that ketamine reduced additional analgesic

needs or was just as efficacious as an opioid. Side effects weremild and

airway complicationswere not observed. Another review article points

out that specific studies regarding safety of out-of-hospital ketamine

are very limited, but an identical paucity exists of evidence for cur-

rent analgesia in use today. The authors of this study also conclude

that the available evidence points towards safe and effective use of

ketamine for analgesia by EMS as long as continued quality improve-

ment and review of outcomes are performed.8 In a prehospital ran-

domized control study, patients received either morphine or morphine

plus ketamine for a long bone fracture. This study showed statistically

significant decreases in morphine use and pain in the patients who

received ketamine without any hemodynamic depression or adverse

events.35 A further margin of safety can be provided by ensuring the

medication is given at a slow rate rather than a rapid intravenous

push.36 Lowdosesof ketaminehave thepotential to alleviate painwith-

out significant side effects in the out-of-hospital population.

6.4 Expanding out-of-hospital indications

As the medical community expands the use of ketamine to new

indications in the hospital and clinic setting, some applications likely

have future roles in the EMS environment.2 The use of ketamine as an

adjunctive agent for asthma management has growing potential and

an increasing amount of research is being done to explore safety and

efficacy.37 Ketamine has some intrinsic properties as a bronchodilator

and may be effective in improving the respiratory status during an

asthma attack, either as an additional therapy or in place of other

second and third line agents.38 While traditional inhaled beta-agonists,

steroids, and ventilation remain most important, the ease of which
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ketamine can be administered may make it an ideal addition to the

out-of-hospital formulary for this indication.37 It has been suggested

that ketamine may have a role in treating migraines and refractory

headaches; however, randomized control trials have not been able

to demonstrate the benefits seen in case reports.39,40 Ketamine has

been mentioned as a possible treatment for depression and even

suicidality.41 While the evidence is growing for this indication, the

treatment requires further psychiatric evaluation, close monitoring,

and results are not rapid enough in onset to fit the short out-of-hospital

time frame.42 As further study of ketamine continues, some of the

novel applications will likely become relevant to out-of-hospital care.

7 CONCLUSIONS

Ketamine is a unique and versatile medication that is rapidly gaining

popularity for a variety of emergency medical indications. Emergency

physicians currently use ketamine for intubation, procedural sedation,

analgesia, and chemical restraint. The efficacy of ketamine is proven, as

is its safety. The historical concern of increased intracranial pressure

was based on poor quality outdated reports and has been refuted

by current evidence. Emergence reactions in adults are rapidly man-

aged with benzodiazepines. Although little literature exists directly

reporting EMS use, this medication could easily be implemented into

out-of-hospital protocols. Ketamine offers a safe and effective method

of controlling the severely agitated patient. EMS professionals, now

a recognized medical subspecialty, must take the lead to educate the

in-hospital emergency providers of the properties of this medication.

It is a safe and effectivemedication for out-of-hospital sedation as long

as the receiving ED staff is well educated on dissociative anesthesia

and its management. Ketamine also can allow the out-of-hospital

provider to augment analgesia in a safe and effective manner, reducing

opioid requirements while decreasing suffering.

Continued research needs to be developed and published specific

to EMS as our specialty reinforces itself with science and evidence.

Additional direct studies of ketamine out-of-hospital use would defi-

nitely prove its place in the approved formulary. Regardless, the exist-

ing body of knowledge indicates use of ketamine is well within the out-

of-hospital scope of practice and can be used to aid us all in providing

safe and high quality patient care.
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