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1.0 SUMMARY/DISCLAIMER 
  
The following final technical report provides results regarding a clinical trial that explored the use 
of 50mg Intranasal Ketamine in addition to Fentanyl Standard of Care. The primary reasons 
were to determine if Intranasal Ketamine could improve early pain control after an injury and 
reduce the rates of PTSD and chronic pain 90 days after injury. The University of Cincinnati 
Institutional Review Board and the United States Air Force Human Research Protection Office 
approved the clinical trial.  Intranasal ketamine administration was approved by the Food and 
Drug Administration under an Investigational New Drug application (IND: 131,895).  The trial 
has been registered at ClinicalTrials.gov (NCT02866071). The final report will include 
information covering the methods, results for each research activity.   
 
Disclaimer 1: This material is based on research sponsored by 711th Human Performance Wing 
(HPW) under agreement number FA86550-15-2-6605: Task Order number: FA8650-16-2-6G02. 
The U.S. Government is authorized to reproduce and distribute reprints for Governmental 
purposes notwithstanding any copyright notation thereon.  
 
Disclaimer 2: The views and conclusion herein are those of the authors and should not be 
interpreted as necessarily represent the official policies, guidance, position or endorsement, 
either expressed or implied, of 711 HPW, Department of Defense, the United States Air Force. 
or the U.S. Government.    
  
 
2.0 ABSTRACT 
 
Introduction:  Parenteral opiates, including fentanyl, are the mainstay of prehospital treatment of 
pain after traumatic injuries, but many experience suboptimal pain control.  Ketamine is 
increasingly used and may offer opiate-sparing effects, but the combination of fentanyl and 
ketamine is inadequately studied.  Early pain management, with or without ketamine, may 
decrease the risk of developing PTSD and/or chronic pain.  We hypothesized that adding 
intranasal ketamine to standard of care fentanyl, compared to fentanyl alone, improves early 
pain control after an injury and reduces the rates of PTSD and chronic pain 90 days after injury. 
 

2.1. Methods 
This single center, placebo controlled, blinded, randomized clinical trial was conducted by 
our region’s largest, urban, fire-based EMS agency and only adult Level I Trauma Center. 
Consecutive men, ages 18-65 years, requiring standard of care fentanyl to treat severe 
acute traumatic pain prior to hospital arrival were screened for inclusion. Women were 
excluded because required pregnancy testing was not available.  After obtaining informed 
consent, subjects were randomized to receive 50mg intranasal ketamine or placebo; 
fentanyl route and dose was determined by the treating paramedic as standard of care.  The 
primary outcome was the proportion of subjects experiencing at least a two-point reduction 
in self-described pain on the 11-point Verbal Numerical Rating Scale (VNRS) administered 
thirty minutes after ketamine/placebo administration.  Secondary outcomes included 
adverse events, pain control, and the need for additional pain medications through three 
hours of care.  The study was powered to detect a 20% absolute difference in the proportion 
of subjects meeting the primary outcome.  Analyses used descriptive statistics and Chi-
square testing.  To assess for PTSD and chronic pain development, enrolled subjects were 
recruited to complete additional surveys prior to discharge and at 90-days. 
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2.2. Results 
192 men aged 36 [27-51] (median [IQR]) years old, rating pain of 10 [9-10] were enrolled 
and analyzed.  There was no difference in the proportion experiencing improved pain thirty 
minutes after treatment (32/89 receiving fentanyl and placebo and 46/103 receiving fentanyl 
and ketamine, p=0.22) or at any time point through 180 minutes.  There was no difference in 
the proportion requiring additional pain medications at any time point or those experiencing 
side effects or adverse events.  Prior to discharge after the index injury, 154 subjects agreed 
to 90-day follow-up, with 96/154 completing all follow-up assessments.  At 90-days, there 
was no difference in the rate of PTSD development (7/39 receiving fentanyl and placebo 
and 7/49 receiving fentanyl and ketamine, p=0.165), pain severity or pain interference with 
activities, or overall satisfaction with life (p>0.9). 
2.3. Conclusion 
Adding 50mg intranasal ketamine to standard of care fentanyl prior to hospital arrival did not 
improve early pain management or reduce additional pain medication need.  Other 
strategies for prehospital pain management may be more effective.  There were no long-
term benefits with the addition of ketamine to standard of care fentanyl. 

 
 
3.0 BACKGROUND 
 
Pain management after an acute traumatic injury is a fundamental part of trauma care [1] and 
treatment of acute pain after injury has been identified as a need by the US military [2]. There is 
little to no comparative evidence to guide decision-making about treatment of severe, acute, 
pain in the prehospital setting (i.e., preferred agent, dose, route of administration accounting for 
efficacy, onset, feasibility of use, and adverse effects) [3].   
 
The ideal agent should be administered without requiring intravenous (IV) access, have a short 
onset of action, and minimally impact hemodynamic or respiratory status.  Fentanyl meets many 
of these characteristics but, as an opiate, may lead to respiratory depression at higher doses [4-
6]. Ketamine, a non-opiate N-methyl-D-aspartate (NMDA)-receptor antagonist, is a promising 
agent that also meets the attributes of an ideal agent for field care of the injured soldier.  
Ketamine has been used by prehospital providers for more than a decade [7-9] including the 
resource constrained environments of civilian EMS in Vietnam [9] and Iraq [10]. Ketamine, alone 
or combined with opiates, is the most common analgesic used on the battlefield by the US 
military [11]. The use of ketamine with a short acting opiate such as fentanyl may have a 
synergistic analgesic effect [12] such that higher doses of narcotics can be avoided while 
maintaining a calm and comfortable patient. When used in Afghanistan by US Special Forces 
medics at the point of injury or during tactical evacuation, the combination of fentanyl and 
ketamine was as safe as use of morphine alone [13].   
 
As a secondary consequence, effective acute pain management may have beneficial long-term 
effects, such as reducing the development of post-traumatic stress disorder (PTSD) and chronic 
pain syndromes.  Even in the civilian environment, development of chronic pain [14] or PTSD 
[15,16] is common after injury.  The early administration of morphine, and to a lesser extent 
fentanyl, has a decreased association with PTSD development in combat casualties [17,18]. 
Early ketamine has not been evaluated, but intra-operative ketamine has been associated with 
decreased PTSD in burned soldiers [19] and single-dose ketamine may be an effective 
treatment of chronic PTSD [20].  A Cochrane review suggests that intravenous ketamine may 
decrease the risk of chronic pain [21]. The Tactical Combat Casualty Care (TCCC) analgesia 
guidelines have recently been updated to prioritize the use of fentanyl and ketamine as first line 
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agents for management of acute pain in the combat setting. The use of ketamine in US 
combatants has been approved at the level of the Assistant Secretary of Defense/Health Affairs. 
Ketamine has replaced morphine as the most frequently used analgesic agent in the military 
setting [11].  
 
The primary objective of the trial is to determine whether the addition of intranasal ketamine to 
fentanyl is more effective for the treatment of acute traumatic pain than administration of 
fentanyl alone. Secondary outcomes include reduction in reported pain at the time of ED arrival 
and at 30 minutes intervals for up to three hours of ED care; the incidence of adverse events; 
additional opiate requirements prior to ED arrival and within the first three hours of ED care; 
overall satisfaction with life and development of post-traumatic stress disorder or chronic pain at 
90-days after injury as measured by the Satisfaction With Life Scale, PTSD Checklist for DSM-
5, and the Brief Pain Inventory, respectively. 
 
 
4.0 METHODS 
 

4.1. Design 
We performed a single center, placebo controlled, blinded, randomized clinical trial 
conducted 10/3/2017 to 12/31/2021.  Enrollment was paused 3/13/2020 to 5/31/2021 due to 
COVID-19.  The trial methods [22] and regulatory approval process [23] have been 
previously published. The study was approved by the University of Cincinnati Institutional 
Review Board and the United States Air Force Human Research Protection Office.  
Intranasal ketamine administration was approved by the Food and Drug Administration 
under an Investigational New Drug application (IND: 131,895).  The trial has been registered 
at ClinicalTrials.gov (NCT02866071). 

 
4.2. Interventions and Duration 
Adult men qualifying for prehospital pain treatment under paramedic standing orders were 
screened for inclusion.  Paramedics obtained signed informed consent to administer study 
drug and for up to three hours of observation in the ED.  After ED arrival, subjects who 
consented for the primary trial were approached to provide additional informed consent for 
inclusion in the follow-up trial.     

 
Prehospital consent for primary trial enrollment and study drug administration occurred 
concurrent with receiving a single dose fentanyl (IV, IM, or IN per current standard practice).  
Consenting subjects were 1:1 randomized to receive either 50mg IN ketamine or IN saline 
placebo.  Subjects rated pain on a 0-10 scale by the subject prior to treatment and at 30 
minutes following treatment, with additional pain assessments at 30-minute intervals for the 
first three hours of their ED care.  Additional pain medications given prior to hospital arrival 
and within the first three hours of ED care were be recorded.  Baseline overall satisfaction 
with life and symptoms of PTSD and chronic pain were assessed before hospital disposition 
(in-person) and via phone follow-up at 90-days (+/- 14 days) after injury.   

 
 

4.3. Data Safety and Monitoring 
A trial-appointed study monitor oversaw protocol compliance and data reporting.  A data 
safety and monitoring board used interim safety and outcomes data to make 
recommendations on trial continuation or suspension. 
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4.4. Study Setting and Organization 
The University of Cincinnati and Cincinnati Fire Department (CFD) partnered for this trial.  
CFD is a large, urban, fire-based EMS agency that is the sole 911 responder for the City of 
Cincinnati.  All first-responding fire apparatus and ambulances are staffed with at least one 
paramedic.  University of Cincinnati Medical Center (UCMC) is the region’s only adult Level I 
Trauma Center, and CFD represents approximately 85% of ground EMS volume to UCMC’s 
Center for Emergency Care. 

 
4.5. Selection of Subjects 
Adults (18-65 years old) experiencing acute pain after trauma were considered for 
enrollment if paramedics planned to administer parenteral fentanyl as part of standard of 
care.  Females were excluded due to the inability to perform pregnancy testing.  Complete 
inclusion and exclusion criteria are shown in the Box. 

 
4.6. Interventions 
All subjects received intravenous or intramuscular fentanyl at the dose and route of the 
paramedic’s discretion based on local protocols.  During the trial, the maximum initial dose 
of fentanyl was changed from 50mcg to 100mcg.  After informed consent was obtained and 
documented, subjects received a single intranasal dose of 50mg ketamine, or matching 
volume of saline placebo.  All other treatments, including additional pain medications, were 
determined by the prehospital and emergency department clinical teams.  Subjects, 
paramedics, emergency department staff, and study team members were blinded to the 
study intervention. 

 
The single dose of 50mg was based on existing clinical practice and TCCC 
recommendations [24]. Based on the bioavailability of ketamine after intranasal 
administration [25,26], the dose is equivalent to 18-23mg given intravenously and within the 
typical 0.1-0.3 mg/kg range for treating pain in an adult. 

 
4.7. Randomization 
Study kits containing ketamine (or placebo) were prepared by the investigational pharmacy 
in a 1:1 randomized ratio using permuted small blocks with no stratification or control for 
imbalance.  Each EMS unit was stocked with a single study kit, and kits were replaced after 
each enrollment. 

 
4.8. Outcomes 
The primary outcome was the proportion of subjects experiencing a two-point reduction in 
pain at 30 minutes after study drug administration.  Pain was self-reported by subjects using 
the eleven-point (0-10) Verbal Numerical Rating Scale (VNRS). 27,28   Secondary 
outcomes included pain control measured every thirty minutes after hospital arrival for three 
hours, additional pain medication use through three hours, and side effects at arrival and 
after three hours.  Total opiate use will be converted to “morphine equivalents” for statistical 
comparisons (Appendix 4 Opiate Conversion) [29].  Side effects were assessed using the 
Side Effects Rating Scale for Dissociative Anesthetics (SERSDA) [30,31], the Richmond 
Agitation-Sedation Scale (RASS) [32] and select items from the General Assessment of 
Side Effects (GASE) tool.  Except for the “general discomfort” item on the SERSDA, any 
side effect rated as “bothersome” or “very bothersome” was considered an adverse event.  
Sedation at ED arrival and after 3 hours was assessed using the Richmond Agitation-
Sedation Scale (RASS).  
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To evaluate for longer-term outcomes, symptoms of PTSD [33], chronic pain [34], and 
overall satisfaction with life [35] were assessed prior to the time of hospital disposition and 
three months after enrollment.  A score of 33 or more (out of 80) on the PTSD Checklist for 
DSM-5 (PCL-5) tool is indicative of possible PTSD and considered positive in analysis; any 
subject with a “positive” score was referred to a hospital-based stress center for further 
evaluation and care.    The Brief Pain Inventory (BPI) short form was used to assess the 
severity of pain and its impact on function.  Subjects score several domains on a zero 
(none/does not interfere) to ten (as bad as can be imagined/completely interferes).  The 
Satisfaction with Life Scale (SWLS) assesses the subject’s overall satisfaction with their life 
and classifies into one of seven ranked categories from “extremely satisfied” to “extremely 
dissatisfied.” 

 
4.9. Sample size and Power 
A 2-point reduction in pain is considered clinically significant, and thus our primary outcome 
compared the proportion of subjects achieving a 2-point reduction in pain at 30 minutes 
post-medication administration between the treatment group and the control group. Sample 
size considerations were based on this primary analysis, using an intent to treat approach. A 
20% difference in the proportion of subjects experiencing important pain relief was felt to be 
a reasonable threshold to prompt operational changes or changes in care guidelines.  We 
expected the response rate in the two groups to be 40% and 60%, respectively, based on 
the response rates in a study comparing pain management efficacy between subjects 
treated with morphine alone and morphine plus ketamine [36]. With this magnitude of effect, 
a sample size of 97 per group would have 80% power to detect the difference between the 
two groups when the critical level of significance is set to 5%.  To allow for subject drop-out, 
protocol deviations, and missing outcome data, we planned to enroll up to an additional 15% 
in each arm, for a maximum total of 224 subjects. 

 
4.10.  Data Analysis 
Primary and secondary outcomes were analyzed on an intention-to-treat basis.  The Chi-
Square Test was used to compare the proportion of subjects with a two-point reduction in 
pain. The difference in proportions with 95% confidence intervals was also computed. 

 
Sensitivity analyses for the primary and secondary outcomes were performed using a per-
protocol approach.  These analyses include all randomized participants who correctly 
received the assigned treatment (study drug or placebo) and did not incur any major 
protocol deviations or violations, with participants classified according to the treatment they 
received. Exclusions were based on major protocol violations defined prior to unblinding: i) 
found to violate any inclusion or exclusion criterion ii) administration of study treatments in a 
manner inconsistent with the protocol. 

 
 
5.0 RESULTS 
 

5.1. Subject Characteristics 
Of 569 men receiving fentanyl as part of prehospital clinical care, 199 were randomized, and 
192 included in the primary analysis (103/192 receiving intranasal ketamine and 89/192 
receiving placebo, Figure).  Two subjects were enrolled twice, with each randomized to each 
of the interventions.  Reasons for non-enrollment are further described in Table 1; subject 
demographic and clinical characteristics are shown in Table 2.   
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Dose and route of initial pain treatment was incompletely documented in the prehospital 
care reports.  For subjects receiving placebo, initial prehospital fentanyl was given 
intravenously (48/70, median dose 100mcg), intramuscularly (10/70, median dose 100mcg), 
or intranasally (12/70, median dose 50mcg).  Subjects receiving ketamine were treated 
similarly (intravenous 48/88, 100mcg; intramuscular 19/88, 75mcg; intranasal 19/88, 
100mcg; intraosseous 2/88, 100mcg).  
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Table 1: Screened participants (unenrolled). Multiple exclusion reasons are 

possible 
 N 
Unenrolled Eligible Patients (n=169)  

Approached but refused consent 76 
Not approached 60 
No box available 17 

Paramedic not trained 15 
Other 4 

Ineligible Patients (n=201)  
Age < 18 or >65 49 

Altered level of consciousness, mental status change, or suspected head 
injury 30 

Systolic blood pressure >=180mmHg 29 
Pain not due to acute trauma 23 

Systolic blood pressure < 100mmHg 20 
Paramedic judgment that subject cannot consent due to underlying 

cognitive impairment. 20 

Facial injury or suspicion of nasal bone fracture 18 
VNRS < 7 14 

Not English-speaking 9 
Other 8 

Prisoners or those in police custody 5 
EMS treatment with ketamine (any), morphine (any), or >50mcg of fentanyl 

prior to enrollment 3 

Paramedic clinical concern of circulatory shock) 3 
Subject reported allergy to morphine, fentanyl, or ketamine 1 

Inter-facility transfers 1 
  VNRS: verbal numerical rating scale 
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Table 2. Participant characteristics by randomization group 
 Placebo Ketamine Total 
Age 33 (25, 50) 42 (30, 53) 36 (27, 51) 
Race       

Black 49 (55) 45 (44) 94 (49) 
White 35 (39) 54 (52) 89 (46) 
Other 3 (3) 3 (3) 6 (3) 

Unknown 2 (2) 1 (1) 3 (2) 
Ethnicity       

Not Hispanic or Latino 83 (93) 101 (98) 184 (96) 
Unknown 4 (4) 2 (2) 6 (3) 

Hispanic or Latino 2 (2) 0 (0) 2 (1) 
BMI 26 (23, 29) 27 (23, 31) 26 (23, 30) 
Pre-treatment pain assessment 10 (9, 10) 10 (9, 10) 10 (9, 10) 
Study Medication to ED Arrival 
(minutes) 14 (8.5, 

19.5) 14 (10.0, 
18.0) 14 (10.0, 

19.0) 
Initial Vital Signs       

Heart rate (bpm)* 93 (82, 
101) 93 (78, 103) 93 (81. 101) 

Systolic blood pressure (mmHg)* 140 (126, 
152) 142 (127, 

160) 141 (127, 
156) 

Diastolic blood pressure 
(mmHg)* 90 (76, 95) 85 (80, 98) 86 (78, 97) 

Mean Arterial Pressure 
(Baseline) 107 (93, 

115) 106 (93, 120) 107 (93, 116) 

ISS 4 (4, 9) 4 (2, 9) 4 (2, 9) 
ISS 15+ 2 (3) 5 (6) 7 (5) 

Blunt Injury 65 (73) 76 (74) 141 (73) 
Fall 21 (32) 32 (42) 53 (38) 

Machinery 3 (5) 6 (8) 9 (6) 
Motor vehicle collision 13 (20) 10 (13) 23 (16) 

Motorcycle 5 (8) 5 (7) 10 (7) 
Other 10 (15) 8 (11) 18 (13) 

Pedestrian Struck 2 (3) 8 (11) 10 (7) 
Assault 9 (14) 5 (7) 14 (10) 
Bicycle 2 (3) 2 (3) 4 (3) 

Penetrating Injury 25 (28) 27 (26) 52 (27) 
Gunshot Wound 18 (72) 14 (52) 32 (62) 
Stabbing (knife) 2 (8) 3 (11) 5 (10) 

Impalement 1 (4) 1 (4) 2 (4) 
Other 4 (16) 9 (33) 13 (25) 

ED Disposition       
Admit ED Observation 4 (6) 5 (6) 9 (6) 

Admit medical floor 22 (31) 29 (35) 51 (33) 
Admit ICU 2 (3) 3 (4) 5 (3) 

Admit operating room 8 (11) 14 (17) 22 (14) 
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Discharge AMA 1 (1) 0 (0) 1 (1) 
Discharge Home 33 (47) 32 (39) 65 (42) 

ISS: injury severity score; ICU: intensive care unit; AMA: against medical advice. *Not all categories are 
equal due to not documented and not reported elements.  Continuous variables presented as median (IQR); 
categorical variables presented as n (%). 
 
 

5.2. Primary Outcome 
Thirty minutes after receiving study medication, 32/89 given placebo and 46/103 given 
ketamine reported at least 2-points of pain reduction (difference in proportions 0.087 (95%CI 
-0.051-0.225, p=0.221) (Table 3). 

 
 
Table 3. Reported pain reduction of two or more points between the VNRS 

obtained prior to treatment by EMS (baseline) and the VNRS obtained at each 
timepoint over up to three hours 

 Placebo Ketamine Total 
 N % N % N % 

30 minutes post dose 32 (36) 46 (45) 78 (41) 
30 minutes after ED arrival 30 (36) 44 (46) 74 (41) 
60 minutes after ED arrival 39 (48) 47 (50) 86 (49) 
90 minutes after ED arrival 34 (47) 47 (54) 81 (51) 
120 minutes after ED arrival 41 (55) 47 (57) 88 (56) 
150 minutes after ED arrival 40 (61) 45 (56) 85 (58) 
180 minutes after ED arrival 34 (56) 44 (62) 78 (59) 

VNRS: verbal numerical rating scale; EMS: emergency medical services.  Not all subjects were assessed 
at all time points after ED arrival: 30 minutes (n=179), 60 minutes (n=175), 90 minutes (n=159), 120 
minutes (n=156), 150 minutes (n=146), 180 minutes (n=132). 
  
 

5.3. Secondary Outcome 
Pain over three hours of Emergency Department care, the proportion of those needing 
additional pain medications, and the total amount of pain medications received were similar 
(Tables 3 and 4).  Adverse events were largely expected (31/89 vs 37/103, difference in 
proportions 0.011 (95%CI -0.125, 0.146, p=0.875) and side effects were mostly minor and 
common, with similar occurrences between groups (Tables 5 and 6). 

 
 
 
 
Table 4. Requirements for additional pain medication prior to hospital arrival or in 

the first three hours of ED care 
 Placebo Ketamine Total 
Subjects Receiving Additional Prehospital 
Pain Medication  15 (17) 15 (15) 30 (16) 

Total Prehospital* MME  10 (10, 
10) 10 (8, 

10) 10 (10, 
10) 
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Subjects Receiving Additional ED Pain 
Medication 67 (75) 65 (63) 132 (69) 

Total ED MME** 8 (5, 20) 10 (5, 
20) 10 (5, 20) 

Continuous variables presented as median (IQR); categorical variables presented as n (%).  MME: 
morphine milligram equivalents 
*For participants who received additional doses. Excludes the first recorded dose of fentanyl.    
**For participants who received additional doses. Includes all doses given in the ED 
 
 
Table 5. Adverse events by study group 

 
Placebo Ketamine Total 
N % N % N % 

Any adverse event  31 (35) 37 (36) 68 (35) 
Any expected adverse event  30 (34) 34 (33) 64 (33) 
Any unexpected adverse event  2 (2) 3 (3) 5 (3) 
Any serious adverse event  0 (0) 0 (0) 0 (0) 
Any predefined serious adverse event  0 (0) 0 (0) 0 (0) 

Side effects are considered adverse events.  Expected adverse events are attributed to known side 
effects of ketamine. Predefined serious adverse events included respiratory depression requiring 
intervention, endotracheal intubation, laryngospasm, elevated blood pressure requiring treatment, 
agitation/hallucination requiring treatment, or anaphylaxis within six hours of study drug administration. 
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Table 6. Side effects rated bothersome or very bothersome at ED arrival by study 

group 
 Placebo Ketamine 

N % N % 
Fatigue   9 (10.8) 7 (7.3) 
Dizziness   1 (1.2) 8 (8.3) 
Nausea   2 (2.4) 4 (4.2) 
Headache   2 (2.4) 5 (5.2) 
Feeling of unreality   2 (2.4) 4 (4.2) 
Changes in hearing   1 (1.2) 0 (.0) 
Changes in vision   0 (.0) 2 (2.1) 
Mood change   3 (3.6) 9 (9.5) 
Generalized 
discomfort  

 28 (33.7) 25 (26.3) 

Hallucination    0 (.0) 0 (.0) 
Dry mouth   20 (24.1) 19 (20.0) 
Abdominal pain   3 (3.7) 0 (.0) 
Breathing problems   3 (3.6) 1 (1.1) 
Vomiting   1 (1.2) 0 (.0) 
Skin rash or itching   0 (.0) 0 (.0) 
Agitation   9 (10.8) 5 (5.3) 
Irritability, 
nervousness 

 8 (9.6) 7 (7.4) 

Anxiety  5 (6.0) 7 (7.4) 
  Items are from the Side Effects Rating Scale for Dissociative Anesthetics 
  
 

5.4. Follow-up Outcomes 
Of the subjects included in the primary analysis, 152/192 consented for the additional 
assessments for pain and PTSD and the 90-day follow-up.  Five subjects were withdrawn 
during the follow-up interval (3 became a prisoner, 1 died, and one consent was signed by 
the legally authorized representative instead of the subject), 51 were lost to follow-up, and 
four refused to complete the 90-day assessments.  Of the 96 subjects with complete 90-day 
outcomes, 54/96 received intranasal ketamine and 42/96 received placebo.       

 
There was no difference in the proportions of subjects developing PTSD (based on PCL-5) 
or new dissatisfaction with quality of life (based on SWLS) (Table 7, p=ns).  There was no 
difference in PTSD symptoms (PCL-5), pain symptoms (BPI severity and interference), or 
quality of life (SWLS) among groups (Table 8). 
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Table 7. PTSD and Satisfaction with Life outcomes by group 
 Placebo Ketamine Total 

 N % N % N % 
New PTSD positive PCL-5 at 90 days       

Yes 7 (19) 7 (16) 14 (17) 
No 30 (81) 38 (84) 68 (83) 

Total 37 (100) 45 (100) 82 (100) 
New Dissatisfaction with Life on SWLS at 90 days       

Yes 11 (30) 6 (14) 17 (21) 
No 26 (70) 37 (86) 63 (79) 

Total 37 (100) 43 (100) 80 (100) 
PCL-5: PTSD Checklist for DSM 5; SWLS: Satisfaction With Life Scale.   
 
 
Table 8. Difference in median PCL-5, BPI, and SWLS scores at 90 days with 95% 

confidence intervals 

 Placebo  Ketamine  95% CI  

Median Percentile 
25 

Percentile 
75 

 Median Percentile 
25 

Percentile 
75 Diff Lower Upper P 

Value 
PCL-5   15 6 36  18 1 27 3 -

4.00 8.00 0.904 

BPI 
Severity 1 0 1  1 0 2 0 -

0.50 0.25 0.989 

BPI 
Interference  0 0 0  0 0 0 0 0.00 0.00 0.935 

Satisfaction 
with Life 
Scale Total 
Score  

21 15 30  26 17 30 -2 -
6.00 2.00 0.153 

PCL-5: PTSD Checklist for DSM 5; BPI: Brief Pain Inventory; SWLS: Satisfaction With Life Scale.  Higher 
PCL-5 and BPI scores portray more negative outcomes; high SWLS scores represent better outcomes.  
PCL-5 ≥33 is indicative of possible PTSD 
 
 

5.5. Sensitivity Analyses 
There was no difference in outcomes between primary and sensitivity analyses.  
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6.0 DISCUSSION 
 
In this prehospital randomized clinical trial, there was no difference in the proportion of patients 
achieving clinically significant reduction in pain 30 minutes after receiving a combination of 
intranasal ketamine and fentanyl (46/103) compared to fentanyl alone (32/89).  Intranasal 
ketamine did not impact additional pain medication requirements prior to hospital arrival or 
during the first three hours of care, and there was no change in pain, PTSD, or quality of life 
outcomes 90 days after injury. 
 
Our methodologies may have had an impact on the observed outcomes.  To our knowledge, 
this trial is the first time paramedics in the United States obtained informed consent for 
research.  Pain research most often enrolls subjects in the emergency department and excludes 
those receiving prehospital pain management; our prehospital enrollment captures hyperacute 
therapy at the point of injury and during initial en route care.  However, the requirement for 
consent may have excluded those with the most potential benefit, as our subjects were not 
severely injured.  Paramedics excluded several subjects based on perceived inability to provide 
consent, and many others refused consent, possibly due to more severe pain or trauma. While 
we were unable to obtain any type of alteration or exception from the consent from the FDA 
during trial planning, our experience (and limitations) contributed to investigators in the LITES 
network receiving approval for Exception From Informed Consent for the upcoming PAIN trial 
(intravenous fentanyl vs. intravenous ketamine).   
 
Ketamine was administered via the intranasal route in this trial, whereas other studies 
comparing a combination of opiates and ketamine to opiates alone used the intravenous route.  
Intranasal administration has reduced bioavailability, and poor technique may result in drug 
condensing in the posterior nasopharynx instead of being distributed to the nasal mucosa.  At 
least 31 subjects received intranasal fentanyl as part of initial care, which may have saturated 
the nasal mucosa prior to ketamine administration, but route of administration was similar 
between groups/ 
 
We powered the study to detect a 20% effect size and using conservative estimates of the 
efficacy of fentanyl alone.  Our 36% response rate with standard of care fentanyl is comparable 
to other studies evaluating opiates to control prehospital pain.  We observed an approximate 
10% absolute improvement in pain reduction with intranasal ketamine.  However, a trial to 
confirm the statistical significance of our observed difference would require almost 1000 
subjects.  
 
While adding ketamine was not effective in any measured outcome, ketamine did not increase 
the risk of any adverse events.  Importantly, there was no difference in sedation after receiving 
ketamine and fentanyl, and no episodes of laryngospasm or emergence phenomenon.  These 
findings suggest that a single 50mg intranasal dose of ketamine is safe. 
 
Finally, this trial evaluated the benefit of adding intranasal ketamine to standard of care fentanyl, 
with the majority of doses given intravenous or intramuscular.  Results may differ when 
intranasal ketamine is added to transmucosal fentanyl.  Our findings cannot be directly 
compared to trials evaluating ketamine vs. fentanyl as a single agent. 
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CONCLUSION 
 
While safe, a single intranasal 50mg dose of ketamine offers no additive benefit to standard of 
care fentanyl to early pain control, early need for additional pain medications, or important 
functional outcomes after 90 days.  Other strategies for prehospital pain management may be 
more effective.  
 
  



15 
Distribution Statement A: Approved for public release.     AFRL-2022-5557, cleared 17 November 2022 

7.0 REFERENCES 
 
1. Eastridge BJ, Mabry RL, Seguin P, Cantrell J, Tops T, Uribe P, Mallett O, Zubko T, Oetjen-

Gerdes L, Rasmussen TE, Butler FK, Kotwal RS, Holcomb JB, Wade C, Champion H, 
Lawnick M, Moores L, Blackbourne LH. Death on the battlefield (2001-2011): implications 
for the future of combat casualty care. J Trauma Acute Care Surg 2012;73:S431-7. 

2. 2014 AFMS Master List (Draft v2) Appendix G--Research Knowledge.  Description: 
Research is needed for the optimal approach to acute and chronic pain management with a 
focus on assessing and eliminating adverse outcomes. AFMS Priority 13.  Sponsor: AETC.  
Criteria: C.  Iniative: Acute and Chronic Pain Management.  AFMS Strategic Objective: A5, 
E3.  JPC Alignment: JPC8.  Program Area: Pain Management.  (e-mail communication with 
Kelly L Kaleda, 30May 2014). 

3. Drewes AM, Jensen RD, Nielsen LM, Droney J, Christrup LL, Arendt-Nielsen L, Riley J, 
Dahan A. Differences between opioids: pharmacological, experimental, clinical and 
economical perspectives. Br J Clin Pharmacol 2013;75:60-78. 

4. Hansen MS, Dahl JB. Limited evidence for intranasal fentanyl in the emergency department 
and the prehospital setting--a systematic review. Dan Med J 2013;60:A4563. 

5. Panagiotou I, Mystakidou K. Intranasal fentanyl: from pharmacokinetics and bioavailability to 
current treatment applications. Expert Rev Anticancer Ther 2010;10:1009-21. 

6. Aronoff GM, Brennan MJ, Pritchard DD, Ginsberg B. Evidence-based oral transmucosal 
fentanyl citrate (OTFC) dosing guidelines. Pain Med 2005;6:305-14. 

7. Porter K. Ketamine in prehospital care. Emerg Med J 2004;21:351-4. 
8. Svenson JE, Abernathy MK. Ketamine for prehospital use: new look at an old drug. Am J 

Emerg Med 2007;25:977-80. 
9. Tran KP, Nguyen Q, Truong XN, Le V, Le VP, Mai N, Husum H, Losvik OK. A comparison of 

ketamine and morphine analgesia in prehospital trauma care: a cluster randomized clinical 
trial in rural Quang Tri province, Vietnam. Prehosp Emerg Care 2014;18:257-64. 

10. Losvik OK, Murad MK, Skjerve E, Husum H. Ketamine for prehospital trauma analgesia in a 
low-resource rural trauma system: a retrospective comparative study of ketamine and opioid 
analgesia in a ten-year cohort in Iraq. Scand J Trauma Resusc Emerg Med 2015;23:94. 

11. Petz LN, Tyner S, Barnard E, Ervin A, Mora A, Clifford J, Fowler M, Bebarta VS. Prehospital 
and en route analgesic use in the combat setting: a prospectively designed, multicenter, 
observational study. Mil Med 2015;180:14-8. 

12. Tucker AP, Kim YI, Nadeson R, Goodchild CS. Investigation of the potentiation of the 
analgesic effects of fentanyl by ketamine in humans: a double-blinded, randomised, placebo 
controlled, crossover study of experimental pain[ISRCTN83088383]. BMC Anesthesiol 
2005;5:2. 

13. Shackelford SA, Fowler M, Schultz K, Summers A, Galvagno SM, Gross KR, Mabry RL, 
Bailey JA, Kotwal RS, Butler FK. Prehospital pain medication use by U.S. Forces in 
Afghanistan. Mil Med 2015;180:304-9. 

14. Jennings PA, Cameron P, Bernard S, Walker T, Jolley D, Fitzgerald M, Masci K. Long-term 
pain prevalence and health-related quality of life outcomes for patients enrolled in a 
ketamine versus morphine for prehospital traumatic pain randomised controlled trial. Emerg 
Med J 2013. 

15. Warren AM, Foreman ML, Bennett MM, Petrey LB, Reynolds M, Patel S, Roden-Foreman K. 
Posttraumatic stress disorder following traumatic injury at 6 months: associations with 
alcohol use and depression. J Trauma Acute Care Surg 2014;76:517-22. 

16. Alarcon LH, Germain A, Clontz AS, Roach E, Nicholas DH, Zenati MS, Peitzman AB, Sperry 
JL. Predictors of acute posttraumatic stress disorder symptoms following civilian trauma: 
highest incidence and severity of symptoms after assault. J Trauma Acute Care Surg 
2012;72:629-35; discussion 35-7. 



16 
Distribution Statement A: Approved for public release.     AFRL-2022-5557, cleared 17 November 2022 

17. Holbrook TL, Galarneau MR, Dye JL, Quinn K, Dougherty AL. Morphine use after combat 
injury in Iraq and post-traumatic stress disorder. N Engl J Med 2010;362:110-7. 

18. Melcer T, Walker J, Sechriest VF, 2nd, Lebedda M, Quinn K, Galarneau M. Glasgow Coma 
Scores, early opioids, and posttraumatic stress disorder among combat amputees. J 
Trauma Stress 2014;27:152-9. 

19. McGhee LL, Maani CV, Garza TH, Gaylord KM, Black IH. The correlation between ketamine 
and posttraumatic stress disorder in burned service members. J Trauma 2008;64:S195-8; 
Discussion S7-8. 

20. Feder A, Parides MK, Murrough JW, Perez AM, Morgan JE, Saxena S, Kirkwood K, Aan Het 
Rot M, Lapidus KA, Wan LB, Iosifescu D, Charney DS. Efficacy of Intravenous Ketamine for 
Treatment of Chronic Posttraumatic Stress Disorder: A Randomized Clinical Trial. JAMA 
Psychiatry 2014. 

21. Chaparro LE, Smith SA, Moore RA, Wiffen PJ, Gilron I. Pharmacotherapy for the prevention 
of chronic pain after surgery in adults. Cochrane Database Syst Rev 2013;7:CD008307. 

22. McMullan J, Droege C, Strilka R, Hart K, Lindsell C. Intranasal Ketamine as an Adjunct to 
Fentanyl for the Prehospital Treatment of Acute Traumatic Pain: Design and Rationale of a 
Randomized Controlled Trial. Prehosp Emerg Care 2021;25:519-29. 

23. McMullan J, Droege C, Strilka CR, Lindsell C, Linke MJ. Food and Drug Administration and 
Institutional Review Board Approval of a Novel Prehospital Informed Consent Process for 
Emergency Research. Prehosp Emerg Care 2021;25:512-8. 

24. Butler FK, Kotwal RS, Buckenmaier CC, 3rd, Edgar EP, O'Connor KC, Montgomery HR, 
Shackelford SA, Gandy JV, 3rd, Wedmore IS, Timby JW, Gross KR, Bailey JA. A Triple-
Option Analgesia Plan for Tactical Combat Casualty Care: TCCC Guidelines Change 13-04. 
J Spec Oper Med 2014;14:13-25. 

25. Yanagihara Y, Ohtani M, Kariya S, Uchino K, Hiraishi T, Ashizawa N, Aoyama T, Yamamura 
Y, Yamada Y, Iga T. Plasma concentration profiles of ketamine and norketamine after 
administration of various ketamine preparations to healthy Japanese volunteers. Biopharm 
Drug Dispos 2003;24:37-43. 

26. Nielsen BN, Friis SM, Romsing J, Schmiegelow K, Anderson BJ, Ferreiros N, Labocha S, 
Henneberg SW. Intranasal sufentanil/ketamine analgesia in children. Paediatr Anaesth 
2014;24:170-80. 

27. Bijur PE, Latimer CT, Gallagher EJ. Validation of a verbally administered numerical rating 
scale of acute pain for use in the emergency department. Acad Emerg Med 2003;10:390-2. 

28. Jennings PA, Cameron P, Bernard S. Measuring acute pain in the prehospital setting. 
Emerg Med J 2009;26:552-5. 

29. Knotkova H, Fine PG, Portenoy RK. Opioid rotation: the science and the limitations of the 
equianalgesic dose table. J Pain Symptom Manage 2009;38:426-39. 

30. Carr DB, Goudas LC, Denman WT, Brookoff D, Staats PS, Brennen L, Green G, Albin R, 
Hamilton D, Rogers MC, Firestone L, Lavin PT, Mermelstein F. Safety and efficacy of 
intranasal ketamine for the treatment of breakthrough pain in patients with chronic pain: a 
randomized, double-blind, placebo-controlled, crossover study. Pain 2004;108:17-27. 

31. Eide PK, Jorum E, Stubhaug A, Bremnes J, Breivik H. Relief of post-herpetic neuralgia with 
the N-methyl-D-aspartic acid receptor antagonist ketamine: a double-blind, cross-over 
comparison with morphine and placebo. Pain 1994;58:347-54. 

32. Ely EW, Truman B, Shintani A, Thomason JW, Wheeler AP, Gordon S, Francis J, Speroff T, 
Gautam S, Margolin R, Sessler CN, Dittus RS, Bernard GR. Monitoring sedation status over 
time in ICU patients: reliability and validity of the Richmond Agitation-Sedation Scale 
(RASS). JAMA : the journal of the American Medical Association 2003;289:2983-91. 

33. Weathers, F.W., Litz, B.T., Keane, T.M., Palmieri, P.A., Marx, B.P., & Schnurr, P.P. (2013). 
The PTSD Checklist for DSM-5 (PCL-5). Scale available from the National Center for PTSD 
at www.ptsd.va.gov. . 



17 
Distribution Statement A: Approved for public release.     AFRL-2022-5557, cleared 17 November 2022 

34. Tan G, Jensen MP, Thornby JI, Shanti BF. Validation of the Brief Pain Inventory for chronic 
nonmalignant pain. J Pain 2004;5:133-7. 

35. Diener E, Emmons RA, Larsen RJ, Griffin S. The Satisfaction With Life Scale. J Pers Assess 
1985;49:71-5. 

36. Jennings PA, Cameron P, Bernard S, Walker T, Jolley D, Fitzgerald M, Masci K. Morphine 
and ketamine is superior to morphine alone for out-of-hospital trauma analgesia: a 
randomized controlled trial. Ann Emerg Med 2012;59:497-503. 
 

  



18 
Distribution Statement A: Approved for public release.     AFRL-2022-5557, cleared 17 November 2022 

LIST OF SYMBOLS, ABBREVIATIONS and ACRONYMS 
 
%: Percent 
-: Minus 
+: Plus 
<: Less Than 
=: Equals 
>: Greater Than 
BPI: Brief Pain Inventory 
CFD: Cincinnati Fire Department 
COVID-19: Caronavirus Disease 
DSM: Diagnostic and Statistical Manual 
ED: Emergency Department 
EMS: Emergency Medical Services 
GASE: General Assessment of Side Effects 
HPW: Human Performance Wing 
IK: Intranasal Ketamine 
IM: Intramuscular 
IN: Intranasal 
IND: Investigational New Drug 
IQR: InterQuartile Range 
IV: Intravenous 
Kg: Kilograms 
LITES: Linking Investigations in Trauma and Emergency Services 
Mcg: Micrograms 
Mg: Milligrams 
MME: Morphine Milligram Equivalents 
mmHg: Millimeters of Mercury 
NMDA: non-opiate N-methyl-D-aspartate 
PCL-5: Post Traumatic Stress Disorder Checklist 
PTSD: Post Traumatic Stress Disorder 
RASS: Richmond Agitation-Sedation Scale  
SERSDA: Side Effects Rating Scale for Dissociative Anesthetics 
SOC: Standard of Care 
SWLS: The Satisfaction with Life Scale 
TCCC: Tactical Combat Casualty Care 
UCMC: University of Cincinnati Medical Center 
US: United States 
VNRS: Verbal Numerical Rating Scale 
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