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A Prospective Study of Ketamine as Primary Therapy for 

Prehospital Profound Agitation 
 

 

 

 

ABSTRACT: 

 

Objective: We investigated the effectiveness of ketamine as a primary therapy for 

prehospital profound agitation.  

 

Methods: This was a prospective observational study of patients receiving 5 mg/kg of 

intramuscular ketamine for profound agitation, defined as a score of +4 on the Altered 

Mental Status Scale (AMSS), a validated ordinal scale of agitation from -4 (unresponsive) 

to +4 (most agitated). The primary outcome was time to adequate sedation (AMSS < 

+1). Secondary outcomes included need for additional sedatives, intubation frequency, 

complications associated with ketamine, and mortality. 

 

Results: Forty-nine patients were enrolled. Median age was 29 years (range 18 - 66); 

76% (37/49) were male. Median time to adequate sedation was 4.2 minutes (95% CI: 2.5 

– 5.9, range 1-25 min) and 90% (44/49) had adequate sedation prehospital. Seven 

patients (14%) received a second sedative prehospital. Intubation occurred in 57% 

(28/49) of patients. Mechanical ventilation lasted less than 24 hours in 82% (23/28) of 

patients, and less than 48 hours in 96% (27/28) of patients. A single physician intubated 

36% (10/28) of the patients. Complications related to ketamine included hypersalivation 

(n = 9, 18%), vomiting (n = 3, 6%), and emergence reaction (n = 2, 4%). One patient died 

from complications of septic shock on hospital day 29, likely unrelated to ketamine.  

 

Conclusions: In patients with prehospital profound agitation, ketamine provides rapid 

effective sedation when used as a primary therapy. Intubation was common but 

accompanied by a short duration of mechanical ventilation and appears to have been 

subject to individual physician practice variation. 
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1. INTRODUCTION 

 

1.1. Background 

Agitation is a common problem for prehospital providers.[1] Agitation exists on a 

spectrum from those patients who respond to verbal de-escalation techniques[2] to 

profound agitation requiring immediate sedation for the safety of the patient and their 

caregivers.[3] Profound agitation may culminate in excited delirium syndrome (ExDS), a 

condition associated with significant morbidity and mortality where patients experience 

metabolic acidosis and hyperadrenergic autonomic dysfunction that may result in 

death.[4, 5] 

Profound agitation, including ExDS, is best managed with rapid chemical 

sedation to decrease endogenous heat and acid production and to facilitate additional 

evaluation and care.[6] Though the optimal drug for parenteral chemical sedation of 

agitated patients in the prehospital environment is not yet known, multiple options 

have been proposed including droperidol,[7] haloperidol,[7, 8] and benzodiazepines 

such as midazolam.[8, 9] Recently the use of ketamine for agitation in the prehospital 

environment has gained favor.[3, 10-12] 

 We recently completed a trial of ketamine versus haloperidol for severe 

agitation. In that trial we used the Altered Mental Status Scale (AMSS), a validated,[13, 

14] ordinal scale of agitation from -4 (unresponsive) to +4 (combative, most agitated 

possible) to define severe agitation as an AMSS score of +2 or +3, and profound 

agitation as an AMSS score of +4.[15] That prior study included only patients with an 

AMSS score of +2 or +3, and demonstrated that ketamine effectively sedated patients 
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with severe agitation (AMSS +2 or +3) typically within 5 minutes. Patients with profound 

agitation (AMSS +4) were specifically excluded from that comparative trial for purposes 

of patient and provider safety. Based on over a decade of experience successfully 

treating profound agitation with ketamine, our institution at the time deemed it 

unethical and unsafe to withhold ketamine from these patients for their safety as well 

as the safety of EMS. Although these profoundly agitated patients were excluded from 

that trial, prospective data were still collected on them for quality assurance purposes, 

which we now report in the present study.  

 

1.2. Importance  

Profound agitation may be a precursor to ExDS and its significant metabolic 

disturbances.[16] Though the final common pathway for death in ExDS is not known, 

expert consensus suggests it involves a combination of acidosis, hyperthermia, and 

sympathomimetic surge.[4] Volunteer law enforcement studies on “use of force” 

encounters demonstrate these conditions, if left unchecked, worsen over time.[17] 

Therefore, if ketamine can rapidly sedate these patients it may curb or prevent the 

complications of ExDS. To our knowledge no study has prospectively assessed the 

effectiveness of ketamine as a primary therapy for profound agitation in the prehospital 

environment. 

 

1.3. Goals of this investigation 

The aim of the current study was to prospectively assess the effectiveness of 
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ketamine 5 mg/kg intramuscular (IM) for profound agitation (AMSS +4) in the 

prehospital environment, by analyzing data collected on profoundly agitated patients 

during our comparative trial. Time to adequate sedation was the primary outcome. 

Secondary outcomes included additional sedatives required prehospital, complications 

associated with ketamine, intubation frequency, ECG and laboratory data, and hospital 

length of stay. 

 

2. METHODS 

2.1. Study design 

This was an IRB approved Waiver of Consent[18] observational study of patients 

receiving ketamine for profound agitation (AMSS +4) within the EMS primary service 

area subsequently transported to the study hospital’s Emergency Department (ED) 

during our comparative trial on severe agitation (AMSS +2 or +3).[15] The comparative 

trial was originally designed as a blinded, randomized trial, and registered at 

ClincalTrials.gov under identifier number NCT02103881. For feasibility reasons the 

comparative trial was later redesigned as a before and after open label trial and 

withdrawn from ClinicalTrials.gov.  

 

2.2 Study setting and population 

This study was conducted from October 2014 to November 2015 at an urban 

Level 1 trauma center safety-net hospital (in conjunction with its hospital-based EMS 

agency) with more than 110,000 annual ED visits. Data were collected during the period 
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our comparative trial took place. The participating EMS agency is 1 of 5 agencies within 

the EMS system. This EMS agency responds to over 75,000 calls annually, serving an 

urban and suburban population of over 1,000,000 covering more than 200 square miles. 

All ambulances are staffed with two EMT-paramedics at all times. Mean scene time for 

the agency is 17.9 minutes; mean transport time is 12.2 minutes. Approximately 500 

patients per year receive chemical sedation for agitation (severe or profound combined) 

within the EMS agency. The EMS agency regularly transports patients to the study 

hospital as well as 10 other hospitals; only patients transported to the study hospital 

were included for analysis. 

All paramedics within the EMS agency were trained in the Altered Mental Status 

Scale (AMSS), a validated[14] agitation scale regularly used in research at our 

institution[15, 19] (Table 1). The AMSS was chosen as an agitation measurement tool 

not only because of our familiarity with it, but because it was developed on intoxicated, 

agitated, ED patients[13] and has been used in agitation studies in both the United 

States[15, 19] and Australia.[14, 20] Because the AMSS provides information on both 

the degree of agitation and the depth of sedation, it can be used to determine time to 

adequate sedation. Training was completed both via an online video and at in-person 

training sessions led by the primary investigator. All paramedics were required to pass a 

quiz containing example patients for all nine points on the AMSS; a correct AMSS score 

needed to be assigned for all nine cases. The study hospital’s ED was staffed 24 hours a 

day, 7 days a week, 365 days a year with research associates (RAs) trained in an identical 

manner in the AMSS. Research associates consisted of undergraduate and medical 
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students reporting to research coordinators. In addition, RAs were proctored by senior 

RAs for their initial cases, and intermittently took refresher quizzes designed to keep 

scoring standardized. 

Profound agitation was defined by two criteria, both of which were required for 

enrollment. This first criterion was based upon our EMS agency’s standard operating 

procedure for behavioral emergencies, and is defined as “a patient with active physical 

violence to himself/herself or others evident, and usual chemical or physical restraints 

may not be appropriate or safely used.”[3] The second criterion for inclusion was an 

AMSS score of +4. All patients in our EMS agency with profound agitation receiving 

ketamine who were transported to the study hospital’s ED were included, regardless of 

the etiology of agitation. Exclusion criteria included obviously gravid women and 

persons who appeared to be or were known to be less than 18 years of age.  

 

2.3 Study protocol 

All patients with profound agitation (AMSS +4) received ketamine dosed at 5 

mg/kg IM with dose calculation made by paramedic-estimated weight in the field if the 

weight was unknown. AMSS scores were recorded by medics on a standard data 

collection form at time = 0 and every five minutes thereafter until adequate sedation 

was achieved. Paramedics calculated total time to adequate sedation in minutes 

(primary outcome) by using a hand held stopwatch. Time to adequate sedation was 

defined as the time from ketamine administration, until the patient achieved an AMSS 

score < +1. 
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Immediately upon ED arrival, paramedics transferred both the stopwatch and 

data collection form to RAs. In the circumstance where adequate sedation was not 

reached prehospital, RAs continued recording AMSS scores every 5 minutes or until 

adequate sedation was reached.  

 

2.4 Measurements 

In addition to time to adequate sedation and AMSS scores, RAs also 

prospectively assessed, in conjunction with the treating physician, for complications 

associated with ketamine (hypersalivation, vomiting, emergence phenomena, 

tachydysrhythmias, laryngospasm), intubation (including indications for intubation), 

history of mental illness or chemical dependency as recorded in the electronic medical 

record (Epic, Verona, WI), initial ED vital signs, and laboratory data including serum 

lactate, venous pH, serum bicarbonate, serum potassium, serum creatinine, serum 

creatinine kinase (CK), breath and serum ethanol concentrations, QTc duration as 

measured by computer calculated Bazett’s formula, and urine drug screening. Urine 

drug screens included a battery of 12 immunoassays in addition to liquid and gas 

chromatography with mass spectrometry capable of screening for over 1000 different 

compounds, though the vast majority of novel psychoactive substances (such as 

synthetic cannabinoids and “bath salts”) were not detectable.  

 

2.5 Analysis 

Descriptive statistics were used to analyze data. Data were collected on 
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Microsoft Excel 2010 (Microsoft, Redmond, WA) and analyzed using STATA (Version 12, 

Statacorp, College Station, TX). 

 

 

3. RESULTS 

3.1 Characteristics of study subjects 

A total of 545 patients received chemical sedation for agitation during the study 

period. One hundred and forty-six patients with an AMSS of +2 or +3 were enrolled in 

the comparative trial. Of the remaining patients, 158 were assigned an AMSS score of +4 

and received ketamine making them eligible for inclusion.   Of these 158 patients, 56 

were transported to the study hospital; of these, 7 patients were excluded (1 for age 

less than 18, 6 for inactivated stopwatches) leaving 49 patients for final analysis. 

Enrollment is displayed in figure 1. Prehospital data, including paramedic impressions 

and vital signs before and after ketamine, are described in table 2. Baseline 

demographics and vital signs are described in table 3. Initial laboratory and ECG data are 

described in table 4. Though we did not assess for this a priori, 3 of the 49 patients who 

were enrolled may not have met the traditional definition of profound agitation, but 

were in fact active “jumpers” threatening or attempting suicide. Two were preparing to 

jump off bridges; a third had jumped into highway speed traffic but did not suffer severe 

traumatic injuries. This patient population has been managed with IM ketamine in our 

EMS agency since 2004.[21] 
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3.2 Main results 

Median time to adequate sedation was 4.2 min (95% confidence interval [CI]: 2.5 

– 5.9, range 1-25 min). Adequate sedation was achieved prehospital in 90% (44/49) of 

cases. Seven patients (14%) received a second sedative medication prehospital (1 

patient received 10 mg of IM midazolam, 6 patients received additional doses of IM 

ketamine ranging from 100-500 mg). Median initial ketamine dose was 4.9 mg/kg (range 

2.1 – 7.5 mg/kg, based upon weights obtained in the ED). Complications included 

hypersalivation (n = 9, 18%), vomiting (n = 3, 6%), and emergence phenomena (n = 2, 

4%). Four patients received atropine for hypersalivation, two of which were intubated. 

No patient suffered a tachydysrhythmia or laryngospasm. One patient died 29 days into 

his hospitalization from complications related to septic shock. This patient presented 

with hypoglycemia, a condition described to mimic or contribute to ExDS.[6] Details of 

the case are available in figure 2. No other fatalities occurred. 

 Intubation was common and occurred in 57% (28/49) of patients, all in the ED. 

No patients were intubated prehospital; all 7 patients receiving additional sedation 

prehospital were intubated. For intubated patients who had a weight recorded in the ED 

(n = 28), the median ketamine dose was 4.7 mg/kg (range, 2.1 – 7.5). For patients who 

were not intubated that also had a weight recorded (n = 18), median ketamine dose was 

5.2 mg/kg (range, 3.4 – 6.8). Primary indications for intubation, determined by the 

intubating physicians, are listed in table 5. Of the approximately 30 physicians providing 

attending coverage in the ED during the study period, a single physician who works 

exclusively night shifts intubated 10/28 (36%) study patients. Emergency Medicine 
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fellows, physicians pursuing subspecialty fellowship training in ultrasound, EMS, or 

critical care medicine and all in their first year of practice, intubated another 6 patients 

(21%). One physician intubated 3 patients, another intubated 2 patients, and the 

remainder of the physicians in the group intubated one or no patients. Duration of 

mechanical ventilation for all intubated patients is displayed in figure 3. Five patients 

self-extubated in the ICU. 

 Disposition of patients included intensive care (n = 28), acute psychiatric 

services, (n = 13), home (n = 7), and homeless shelter (n = 1). For admitted patients, 

median time in hospital was 35 hours (range 6 – 690). For patients discharged from the 

ED, median ED time was 542 minutes (range 229 – 995). Final discharge diagnoses from 

either the ED or inpatient wards are noted in table 6. 

 

4. DISCUSSION 

 Based on the short time to adequate sedation demonstrated in this study, 

ketamine appears effective for profound agitation in the prehospital environment. 

Profound agitation is important to recognize and treat aggressively in order to ensure 

patient and provider safety.  Prospective studies evaluating treatment strategies for 

agitation of any severity in the prehospital environment are sparse.  A small study 

comparing haloperidol and midazolam with only 5 patients in each arm found the 

average time to adequate sedation for IM midazolam (maximum dose, 5 mg) for 

prehospital agitation was 13.5 minutes, and 25 minutes for IM haloperidol (maximum 

dose 5 mg).  None of these patients had ExDS.[8] In our recently completed comparative 
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trial, we found the median time to adequate sedation for 10 mg of IM haloperidol was 

17 minutes, though none of these patients had an AMSS score of +4 or ExDS. 

Benzodiazepines, most commonly midazolam, are often recommended for ExDS, though 

time to adequate sedation may be problematic. A larger study of midazolam for 

agitation in the ED, given as an initial 15 mg IM dose, found that even at 20 minutes 11% 

of patients had not yet reached adequate sedation.[22] 

The median time to adequate sedation of 4.2 minutes observed in the present 

study of profoundly agitated patients (AMSS +4), with 90% of patients achieving 

adequate sedation prehospital, was quite similar to our findings in the ketamine arm of 

our comparative trial on severe agitation (AMSS = +2 or +3) where the median time to 

adequate sedation for the same dose of ketamine was 5 minutes.[15] This suggests a 5 

mg/kg dose of IM ketamine should provide rapid sedation regardless of the patients’ 

degree of agitation. 

 ExDS is an important clinical subset of profound agitation, characterized by 

acidosis and hyperadrenergic autonomic dysfunction, typically in the setting of acute on 

chronic drug abuse, serious mental illness, or a combination of the two.[4] Recognition 

and treatment of ExDS is essential, as this syndrome is associated with significant 

morbidity and mortality.  No prior clinical trials have compared sedative agents in ExDS, 

but expert recommendations suggest using midazolam or ketamine.[4] While 

midazolam is theoretically attractive in ExDS as many ExDS patients are intoxicated on 

sympathomimetics, there is concern midazolam may be too slow to adequately sedate 

the patient in a timely manner and may also contribute to respiratory depression, thus 
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worsening acidosis.  The success of ketamine in achieving rapid sedation in this 

profoundly agitated cohort, some of whom likely had ExDS, suggests ketamine is a 

promising treatment in this population. 

 Intubation was extremely common in the present study with 57% of patients 

intubated in the ED. Studies on the use of ketamine for prehospital agitation that 

include ED data report intubation rates of 23%,[12] 29%,[23] 38%,[15] and 63%.[24] As 

agitation is a vaguely defined disorder and can result from myriad conditions including 

psychiatric illness, trauma, metabolic disturbances, sepsis, or drugs of abuse, it is 

expected rates of intubation would vary from study to study. Previous work at our 

institution revealed intubation after prehospital ketamine for profound agitation was 

associated with male gender and ED arrival between 11 pm and 7 am, but not higher 

ketamine doses, additional sedatives administered, or concomitant intoxication on 

ethanol or sympathomimetics.[24] This analysis also demonstrated tremendous 

individual practice variation; of the 10 attending physicians in our ED encountering at 

least 5 profoundly agitated patients treated with prehospital ketamine, intubation rates 

ranged from 0 to 100% (median = 60%, IQR = 25 – 92%).[24]  

It is noteworthy that with the present data included, the three studies on 

prehospital use of ketamine for agitation with the highest intubation rates all originate 

from our institution.[15, 24] While it is possible that these cohorts have been more ill 

than others due to chance, it is likely this represents either a local practice variation or 

specific physician practice variation. For instance, examination of the practice of the 

physician in the present study responsible for 36%  (10/28) of all intubations is 
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enlightening. Previous analysis of 135 patients receiving prehospital ketamine for 

profound agitation at our institution found this physician, along with one other, (both of 

whom work almost exclusively night shifts) were responsible for 51% (28/55) of night 

encounters, but 65% (27/41) of overnight intubations.[24] These same two physicians 

saw 7.5% (6/80) of patients receiving ketamine on the day shift but were responsible for 

11.4% (5/44) daytime intubations.[24] Though we have not previously observed 

intubation to be associated with ketamine dosing, other authors have posited lower 

doses may be associated with fewer intubations.[23] Prospective, comparative data are 

needed to assess the effect of ketamine dose on intubation, and to assess the relative 

risks and benefits of higher doses. 

In addition, the indications for intubation in the present study also suggest some 

of the intubations may have been unnecessary. The most common intubation indication 

was “Airway Unprotected NOS.” This vague indication for intubation suggests there may 

be other factors in the decision to intubate the patient. Improper use of other clinical 

scores such as the Glasgow Coma Scale (GCS) may have played a role; for instance, it is 

possible the often quoted axiom of “intubate for a GCS of 8” was misapplied in some 

cases,[25] as a patient dissociated on ketamine would appear to have a GCS of 3, or 

perhaps more accurately, “GCS 3K” to denote the dissociative effect of ketamine on the 

score.[15] Misapplication of a GCS score to a patient dissociated on ketamine may have 

been used to justify inappropriate intubations. 

Hypersalivation was the second most common indication for intubation, yet only 

2 of 5 patients intubated for hypersalivation received atropine. The fact that intubation 
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was used as primary therapy for hypersalivation over a trial of an anticholinergic drug 

coupled with suction suggests some of these intubations may have been unnecessary as 

well.  Examination of the 3 “jumper” cases is also revealing. Two of these three patients 

were intubated; both were cared for by the physician responsible for 36% of 

intubations. These two patients had normal laboratory studies (with the exception of 

ethanol intoxication) and were rapidly extubated in the ICU; one 4 hours later, the other 

6 hours later. It is likely these patients were unnecessarily intubated.  Last, 18% of 

intubated patients in the present study were cared for by Emergency Medicine fellows, 

all in their first year of practice. The sum of shifts worked by fellows in our ED is similar 

to the number of shifts worked by one full-time faculty physician; thus when taken as 

one “whole physician” our ED fellows were the second most likely to intubate. The 

experience of the receiving emergency physician may be related to the decision to 

intubate a patient who arrives dissociated. Targeted education for both paramedics and 

physicians about ketamine’s effect on GCS as well as pharmacotherapy for 

hypersalivation before the study may have curbed the intubation rate. EMS agencies 

and receiving hospitals looking to adopt a similar protocol may benefit from such 

education prior to initiating a similar ketamine protocol. Regular quality reviews of 

patients who are intubated may also ensure intubation for these patients is performed 

in a judicious manner. 

 Some authors have argued that intubation following ketamine for agitation 

should be classified as an adverse event.[26] Complications may arise from the 

intubation itself, such as tube malpositioning, aspiration, hypoxia, and 
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pneumothorax.[27] Intubation is associated with longer hospital stays,[28] and 

mechanical ventilation itself may have complications, including ventilator-associated 

pneumonia (VAP) and tracheal stenosis. The duration of mechanical ventilation, 

however, plays an important role in complications. Tracheal stenosis is most commonly 

a complication of prolonged ventilation,[29] and VAP, by definition, requires mechanical 

ventilation for greater than 48 hours.[30] In 23 of 28 of our intubated cases (82%), the 

duration of mechanical ventilation was less than 24 hours. Of the remaining 5 patients 4 

were extubated within 48 hours. As the duration of mechanical ventilation in our study 

was short, it is likely the intubation itself and not the subsequent mechanical ventilation 

that is most likely to represent risk to the patient. The rate of difficult intubation in this 

patient population has not been established; as such minimizing unnecessary 

intubations should be a priority. When intubation does occur, post-intubation 

monitoring is critical; 5 patients in our study self-extubated, consistent with previous 

literature demonstrating agitation is a risk factor for self-extubation.[31] 

While some patients with profound agitation clinically require intubation either 

to control agitation refractory to multiple sedative doses or facilitate a medical work-up, 

the general goal of the emergency physician should be to avoid intubation in a patient 

with a protected airway. While not all intubations for agitation should be regarded as 

untoward outcomes, in our study it is likely a considerable, though indeterminate, 

number of intubations were indeed adverse events. Even when intubation occurs 

without complications, the inappropriate use of mechanical ventilation represents a 

potential risk for the emergency department as a whole. Reduced ICU bed availability is 
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associated with a decreased likelihood of admission,[32] and delays in ICU disposition 

from the ED are associated with adverse outcomes.[33] If inappropriately intubated 

patients are occupying ICU beds, adverse outcomes may occur in the other critically ill 

patients simultaneously in the ED. 

 

 

4.1 Limitations 

 This study has several important limitations. First, as this is a prospective 

observational study, no formal comparison with any other agent is possible. Certainly 

there are advocates for both antipsychotics, such as droperidol,[34] as well as 

benzodiazepines, most commonly midazolam.[35] Previous work suggests midazolam, 

droperidol and haloperidol would all have a longer onset time compared to ketamine, 

though no comparative studies exist for profound (AMSS +4) agitation in the prehospital 

environment. 

 Second, this study may be limited by its patient selection. As this study is a 

subgroup of excluded patients from a larger trial, it is subject to inherent selection bias. 

Adherence to inclusion criteria may not have been strict. While all paramedics in the 

agency completed AMSS training, AMSS scores of +4 may have been assigned 

incorrectly. The 3 “jumper” cases are worth scrutinizing as an example. While these 

three patients met the descriptive definition of profound agitation (“active physical 

violence to him or herself”) they likely did not meet the intended definition of AMSS +4 

as they were not actively combative or out of control in a traditional sense.  It is possible 
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patients such as these biased the laboratory and drug screen results making the cohort 

appear less agitated overall. Furthermore the fact that these less agitated patients were 

included among the AMSS +4 patients may have biased our results to favor ketamine; it 

is possible ketamine may have been less effective if only truly actively combative 

patients were included. This effect may have been exacerbated further by the fact that 

the majority of eligible AMSS +4 patients were transported to other hospitals and thus 

excluded from final analysis.  

Third, this study was conducted partially during an outbreak of synthetic 

cannabinoid abuse which was associated with significant morbidity and mortality.[36] 

Though we have a robust toxicology laboratory the vast majority of novel psychoactive 

substances were not detectable by our lab. This may have biased the results of our urine 

drug screens to make the prevalence of acute drug intoxication, and perhaps ExDS, 

appear lower than it actually was.  

 Fourth, paramedics and RAs were unblinded to the treatment medication. 

Paramedics may have been biased towards ketamine’s effectiveness and assigned lower 

agitation scores to declare adequate sedation sooner. This significant limitation may be 

addressed by future blinded, randomized studies. 

 Fifth, while there appears to be significant benefit to rapid sedation of patients 

with ExDS, the assumption cannot be made that all patients in this study had ExDS. A 

patient with an AMSS score of +4 will have some features of ExDS, but the 

heterogeneity of our subjects’ final diagnoses (table 6) suggests that while some of our 

patients may have had ExDS, some did not. Previous retrospective work using a very 
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similar agitation scale (-4 to +4) has equated a score of +4 with ExDS,[16] but the lack of 

standardized criteria for ExDS[37] makes prospectively identifying patients extremely 

difficult. Nevertheless, control of profoundly agitated patients, even without ExDS, is 

still important as it facilitates rapid diagnosis and may prevent ExDS from developing. 

Sixth, complications were assessed for based upon clinical definitions and 

experience. While this is not problematic for vomiting or tachydysrhythmias, apnea, 

emergence phenomenon, and laryngospasm may have been less accurately diagnosed. 

For example, emergence phenomenon was diagnosed clinically by the treating 

physician; it is possible the physicians were merely witnessing the unmasking of the 

underlying agitation as ketamine’s effect waned. 

Last, the high intubation rate makes assessing for complications such as 

vomiting, emergence phenomenon, and apnea difficult. Our comparative trial on less 

agitated patients suggested rates of all three of these complications occurred more 

frequently. If physicians chose to immediately intubate the patient on arrival due to 

their personal practice pattern, there may not have been time for these complications 

to develop. Individual practice variation, including the relative inexperience of 

Emergency Medicine fellows, also limits the generalizability of our findings to other 

systems. Larger, prospective, multi-center studies including prehospital and hospital 

data would address this limitation. 

 

4.2 Conclusions 

 In summary, ketamine administered at 5 mg/kg IM provided rapid sedation 
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(median time to adequate sedation 4.2 minutes) to patients with profound agitation 

(AMSS +4) in the prehospital environment. Intubation was common but was 

accompanied by a short duration of mechanical ventilation and appears to have been 

subject to individual physician practice variation. These data highlight the need for 

prospective, comparative data to assess both the effectiveness and optimal dose of 

ketamine compared to other sedatives for the profoundly agitated patient in the 

prehospital environment. 
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Figure 1: Study enrollment. 

 

 

* One patient excluded for age < 18, 6 patients excluded for inactivated stopwatches 

 

 

 

 

 

 

  

545 agitated 
sedated patients

158 AMSS = +4

102 transported to 
other hospitals or 

RA unavailable
56 to study hospital

7 excluded*

49 enrolled

387 excluded with 
AMSS +2 or +3

146 patients with 
AMSS +2 or +3 

enrolled in 
comparative trial
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Figure 2: Case Narrative of the Single Fatality 

 
 

Paramedics were called to the home of a 66-year-old 157 kg insulin-dependent diabetic man 
who had recently been ill; he had seen his primary physician the day before who had 
recommended hospital admission. On arrival the patient was agitated and uncooperative. His 
initial vital signs were as follows: pulse 120 beats/min, blood pressure 182/100, respiratory rate 
26 breaths/min, pulse oximetry 100% on room air, point-of-care glucose, 45 mg/dL. He became 
progressively agitated and violent; 15 minutes of verbal de-escalation attempts failed. Multiple 
firefighters and police officers were at the scene but because of the patient’s size and degree of 
violent behavior they believed physical restraint was unsafe. Online medic control was 
contacted; at the physician’s direction 500 mg of IM ketamine was administered. In the 
emergency department the patient was found to be in acute renal failure (serum creatinine 7.8 
mg/dL) and septic shock from a urinary tract infection (culture positive for Enterobacter 
cloacae). He also had bilateral pneumonia. His blood gas revealed uncompensated respiratory 
and metabolic acidosis; he was subsequently intubated. He had persistent encephalopathy 
after resolution of his infectious and metabolic conditions attributed to his prolonged 
hypoglycemia which resulted from his septic shock and impaired insulin clearance in the setting 
of acute renal failure. He died on hospital day 29 after care was withdrawn.  
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Figure 3: Bar graph displaying duration of mechanical ventilation for intubated patients 

(n = 28).* 

 

 
 
*The single fatality in the study was the patient intubated for 672 hours. 
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Tables: 

Table 1: The Altered Mental Status Scale 

Score Responsiveness Speech Facial Expression Eyes 

+4 Combative, very violent, 
or out of control 

Loud outbursts Agitated Normal 

+3 Very anxious, agitated, 
mild physical element of 
violence 

Loud outbursts Agitated Normal 

+2 Anxious, agitated Loud outbursts Normal Normal 

+1 Anxious, restless Normal Normal Normal 

0 Responds readily to 
name in normal tone 

Normal Normal Clear, no 
ptosis 

-1 Lethargic response to 
name 

Mild slowing or 
thickening 

Mild relaxation Glazed or 
mild ptosis   
(< half eye) 

-2 Responds only if name 
is called loudly 

Slurring or 
prominent 
slowing 

Marked relaxation 
(slacked jaw) 

Glazed and 
marked ptosis 
(> half eye) 

-3 Responds only after mild 
prodding 

Few 
recognizable 
words 

Marked relaxation 
(slacked jaw) 

Glazed and 
marked ptosis 
(> half eye) 

-4 Does not respond to 
mild prodding or shaking 

Few 
recognizable 
words 

Marked relaxation 
(slacked jaw) 

Glazed and 
marked ptosis 
(> half eye) 
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Table 2: Prehospital Data 

Primary EMS Impressions 
 Agitated combative 
 Behavioral 
 Substance abuse 
 Altered mental status 
 Traumatic injury or mechanism 
 Seizure 

(n) 
23 
14 
4 
3 
3 
2 

Vital signs before ketamine  (n = 12)* 
 Heart rate (beats/min) 
 
 Systolic Blood Pressure (mmHg) 
 
 Respiratory Rate (breaths/min) 
 
 Pulse oximetry (%) 

Median (range) 
115 (64 – 150) 
  n = 9 
148 (112 – 182) 
  n = 7 
22 (16 – 30) 
  n = 9 
100 (100) 
  n = 2  

Vital signs after ketamine (n = 41)** 
 Heart rate (beats/min) 
 
 Systolic Blood Pressure (mmHg) 
 
 Respiratory Rate (breaths/min) 
 
 Pulse oximetry (%) 
 

Median (range) 
120 (65 – 176) 
  n = 41 
166 (120 – 260) 
  n = 31 
16 (12 – 30) 
  n = 40 
98 (74 – 100) 
  n = 39 

* one patient had no prehospital vital signs recorded 

** five patients had vital signs recorded both pre and post ketamine 
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Table 3: Demographics 

 AMSS = +4, received ketamine (n = 49) 

Age (median, years) 29 (range, 18 – 66) 

Gender (n) 
 Male 
 Female 

 
37 (76%) 
12 (24%) 

Race (n) 
 Caucasian 
 Black American 
 American Indian 
 Hispanic 
 Somali 
 Unknown or mixed 

 
24 (49%) 
17 (35%) 
3 (6%) 
1 (2%) 
1 (2%) 
3 (6%) 

History of Mental Illness 
 Any mental illness 
 Depression 
 Generalized anxiety disorder 
 Previous suicide attempt  
 Bipolar disorder  
 PTSD 
 ADHD  
 Antisocial personality disorder 
 Adjustment disorder  
 Borderline personality disorder 
 Conduct disorder 
 Fetal alcohol syndrome 
 Learning disability NOS 
 Mood disorder NOS 
 Personality disorder NOS 
 Psychosis NOS 
 Schizoaffective disorder 
 Schizophrenia 
 Traumatic brain injury 

 
34 (69%) 
17 (34%) 
9 (18%) 
7 (14%) 
6 (12%) 
4 (8%) 
4 (8%) 
4 (8%) 
3 (6%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

History of Chemical Dependency 
 Polysubstance abuse  
 Alcohol abuse 
 Chemical dependency NOS 
 Cocaine abuse 

 
9 (18%) 
8 (16%) 
4 (8%) 
2 (4%) 

Initial ED Vital Signs 
 Weight (kg)* 
 Heart Rate (beats/min) 
 Systolic Blood Pressure (mmHg) 

Median  (range) 
86  (61.6 – 149.7) 
118  (54 – 152) 
155  (100 – 201) 
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 Respiratory Rate (breaths/min) 
 Pulse oximetry (%) 
 Temperature (oC) 

18.5  (8 – 33) 
97  (72 – 100) 
36.7  (34.7 – 39.4) 

ED Arrival Time of Day 
 Day shift (7am-3pm) 
  Number intubated 
 Evening shift (3pm-11pm) 
  Number intubated 
 Night shift (11pm-7am) 
  Number intubated 

 
10 
8 (80%) 
24 
8 (33%) 
15 
12 (80%) 

*weights recorded for only 39 patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

Table 4: Presenting ED Laboratory and ECG Data: 

 Median (range) 

Serum lactate (mmol/L) 3.0 (1.2 - >14.8) 
  n = 42 

Venous pH 7.33 (6.91 – 7.49) 
  n = 39 

Venous pCO2 42 (27 – 60) 
  n = 38 

Serum bicarbonate (mmol/L) 22 (6 – 30) 
  n = 48 

Anion gap 12 (2 – 31) 
  n = 48 

Serum potassium (mmol/L) 3.8 (2.9 – 5.9) 
  n = 48 

Serum creatinine (mg/dL) 1.03 (0.57 – 7.05) 
  n = 48 

Serum total CK (IU/L) 342 (52 – 4699) 
  n = 18 

Breath ethanol (mg/dL)∧ 194 (78 – 363) 
  n = 17 

Serum ethanol (mg/dL)∧ 161 (47 – 316) 
  n = 39 

QTc interval ∧∧ 409.5 (271 – 468) 
  n = 47  

Urine Drug Screen Results (n = 33) 

Negative screens 3 (9%) 

Amphetamines* 4 (12%)  

Antidepressants** 3 (9%)  

Antipsychotics*** 5 (15%)  

Benzodiazepines 6 (18%) 

Caffeine 3 (9%) 

Cocaine 4 (12%) 

Cocaine metabolite (benzoylecgonine) 6 (18%) 

Diphenhydramine 4 (12%) 
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Ketamine 25 (76%) 

Ketamine metabolite (norketamine) 8 (24%) 

Opioids**** 7 (21%)  

Other drugs***** 4 

Phencyclidine 1 (3%) 

∧reported median of detectable concentrations. Among those with undetectable ethanol 
concentrations: (breath, n = 5), (serum, n = 22) 
∧∧computer calculation using Bazett’s formula 

* amphetamine [1], methamphetamine [3] 

** citalopram [2], venlafaxine [1] 

*** haloperidol [3], quetiapine [1], risperidone metabolite [1] 

**** fentanyl [2], oxycodone [2], buprenorphine & metabolite [1], hydrocodone [1], methadone [1] 

***** cyclobenzaprine [1], hydroxyzine [1], levamisole [1], phenytoin [1] 
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Table 5: Primary Indications for Intubation (n = 28) 

Airway unprotected NOS 36% (n = 10) 

Hypersalivation 18% (n = 5) 

Respiratory failure NOS 14% (n = 4) 

Hemodynamic instability/acidosis 11% (n = 3) 

Failure to treat agitation 7% (n = 2) 

“Expected return of anticipated behavior” 7% (n = 2) 

Status epilepticus 3.5% (n = 1) 

Hypoxia 3.5% (n = 1) 
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Table 6: Final Discharge Diagnoses 

 (n) 

Patients discharged from ED (total) 
  
 Agitation 
 Altered mental status 
 Alcohol intoxication 
 Amphetamine intoxication 
 Hallucinations 
 Huffing 
 Hypokalemia 
 Laceration 
 Lactic Acidosis 
 Mood disorder 
 Psychosis 
 Rhabdomyolysis 
 Suicide attempt 
 Suicidal ideation 
 Tooth subluxation 

21 
 

14 
14 
9 
1 
1 
1 
1 
2 
1 
2 
2 
1 
4 
3 
1 

Patients discharged from inpatient medical ward (total) 
  
 Acute hypoxic respiratory failure 
 Acute kidney injury 
 Acute toxic encephalopathy 
  due to alcohol 
  due to cocaine 
  due to “gravel”/”flakka” 
  due to methamphetamine 
  due to phencyclidine 
  due to synthetic cannabinoids 
 Agitation 
 Anticholinergic delirium 
 Aspiration pneumonia 
 Encephalopathy NOS* 
 Heart failure 
 Hepatic encephalopathy 
 Hypernatremia 
 Hyperpyrexia 
 Hypertensive crisis 
 Hypoglycemia* 
 Hypothermia 
 Lactic acidosis 
 Mood disorder 
 Psychosis 

28 
 

1 
6 
21 
10 
5 
1 
3 
1 
1 
4 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
7 
2 
1 
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 Rhabdomyolysis 
 Seizures 
 Septic shock* 
 Stab wound of face 
 Status epilepticus 
 Transaminitis 
 Traumatic brain injury 

3 
3 
1 
1 
1 
1 
1 

*the single fatality 
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