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Outline 
• Non-medicinal methods (e.g. ice-packs) 
 

• NSAIDs and Acetaminophen 
 

• Morphine 
 

• Fentanyl 
 

• Ketamine… the future?  



Nonsteroidal Anti-Inflammatory Drugs 
(NSAIDs) 

• Aspirin, Ibuprofen, Naproxen, Celecoxib  
• Dose (Ibuprofen): 10mg/kg        

                         (max daily 1200mg-3200mg/day) 

• Onset (oral): 25-30 mins 
• Peak: 1-2hr 
• Duration: 4-6hr 
• Cost: $0.11-0.21 / 200mg               

          tablet 
 
 
 
 



Acetaminophen (Tylenol) 

• Dose: 15mg/kg PO                                                     
                  (max daily dose 4000mg/day) 
• Onset (oral): 15-20 mins 
• Peak: 1-1.5hr 
• Duration: 4-6hr 
• IV: Should be administered as a 15 min infusion 
• Cost: $0.02-0.36 / 325mg tablet 

 





Morphine 

• Pure opioid agonist selective to μ – receptors 
• Onset IV: 5 mins 
• Duration: 4-5 hours 
• Dose: 2-10mg IV per 70kg (0.1mg/kg) 
• Controlled substance schedule II 
• Cost: $0.71 /10mg  
• Shelf life: 3 years  



Fentanyl 

• Pure opioid agonist to μ – receptors 
• Onset IV: Almost immediate 
• Duration: 30-60 mins 
• Dose: 50-100mcg IV or 0.5-1.5mcg/kg 
• Controlled substance schedule II 
• Cost: $0.83/ 100μg 
• Shelf life: 3 years 



Advantages of Fentanyl 

• x50-100 more potent than morphine                 
   Fentanyl 0.1mg = Morphine 10mg  
• Quick onset of action 
• Preserves cardiac stability 
• Less nausea (not validated)  
• May cause muscle rigidity (chest wall rigidity)  

 



Fleischman R. et al  
Prehospital Emergency Care 2010 



• Retrospective before and after study from morphine to fentanyl 
in an ALS EMS system in 2007 

• 355 patients Morphine, 363 patients Fentanyl 
• Morphine 2--5 mg IV, repeated q5 mins to a max of 20 mg.    
• Fentanyl 50μg IV, repeated doses of 25--50μg q3--5 minutes 

to a max of 200 μg. 
• Measured change in pain scores 
• Measured adverse events (RR, SpO2, sBP, GCS, n/v, use of anti-

emetics or naloxone, intubation) 
• Fentanyl patients received a higher equivalent dose of opioid 

(7.7mg M, 9.2mg F) 
• Mean decreases in pain score (2.9 vs 3.1, CI -0.3 to 0.7), rate of 

adverse events (9.9% vs 6.6%, CI -0.8 to 7.3%) similar  
• Similar degrees of out-of-hospital analgesia, although this was 

achieved with a higher dose of Fentanyl.  
• Both medications had low rates of adverse events, which were 

easily controlled.  



Smith M. et al  
The Journal of Emergency Medicine 2012 



• Prospective, double-blinded comparison trial 
• Trauma patients,  18-64 years                                                
       - even days: morphine 4mg  - 103 patients 
       - odd days: fentanyl 50μg - 97 patients 
• Medical crew assessed: Numeric pain score, Vital signs, 

incidence of pruritis/nausea 
• Pain Score  
       M : 8.0 +/- 2.0 -> 5.8 +/- 2.7 
        F  : 8.0 +/- 1.8 -> 5.5 +/- 2.4 
• No significant differences in analgesia between Fentanyl and 

Morphine 
• No significant differences in incidence of pruritus or vomiting 
• Either drug can be used safely with equivalent effectiveness 
                                         



Wendroth B. et al  
Journal of Trauma Nursing 2013 



• Retrospective cohort study in a Level 1 Trauma 
center ED 

• Pain score >4, 168 Trauma patients (84 each)  
• Morphine 4mg IV, Fentanyl 50μg IV 
• Median pain reduction on numerical rating scale 

was 2 in both groups 
• Fentanyl and Morphine have a similar analgesic 

response  
• Response and redosing more rapid with Fentanyl 
• No significant difference in adverse events 



Garrick J. et al  
Journal of Opioid Management 2011 



• Observational trial 
• Reduction of pain, adverse events compared 

with morphine studied retrospectively 
• Reduction of pain was 3.82 
• No significant adverse clinical outcomes 
• Fentanyl can be used safely and effectively in 

the setting of prehospital pain control 
 
 



• Limited studies, particularly in the prehospital 
setting  

• So far, most studies show no difference in effect 
nor in adverse outcomes  

• More prospective studies are needed to directly 
compare the 2 interventions 

Conclusions 



Ketamine 

• NMDA-Receptor antagonist (Analogue of PCP), 
μ, κ-opioid receptors 

• Dissociative anesthetic, analgesic, amnestic, 
anxiolytic 

• Airway, Tone, Reflex maintained 
• Schedule III Controlled Substance 
• 50mg/mL (10mL) $4.28 
• 100mg/mL(5mL) $9.78 
 

 



Dosing 
• IV, IM, IN, PO 
• IV onset 30 sec, last 5~10 min 
• IM onset 3-4 min, last 12~25 min 
• Analgesic  
     IM/IV: 0.3mg/kg 
• Procedural Sedation 
    IM: 2-4 mg/kg  
    IV: 0.2-0.8 mg/kg 

• Anesthesia 
    IM: 6.5-13 mg/kg 
    IV: 1-4.5 mg/kg 
 



Adverse Effects 

• Laryngeal spasm – can be BVMed  
• Excessive salivation 
• Vomiting 
• Increases cardiac demand 
• Emergence reactions  

– Can occur ~24hrs post administration 
– May be reduced by Benzodiazepine pretreatment 

• Avoid use in Schizophrenia patients 








Benefits of Ketamine 

• Effective analgesia, amnesia 
• Airway responses are protected 
• Minimal cardiovascular effects 
• Rapid onset 
• Short duration 
• Wide safety margin 



Ketamine Use Outside CA 

• Most widely used anesthetic in the world! 
• Used extensively in EMS systems in other 

countries  
• Many states have Ketamine as an option for RSI 
• Increasing number of states are using for analgesia 
• OH, FL, MN,CO, TX, WI, VA, DC –  
   Excited Delirium 

 



Into the Literature… 

• Limited reports in prehospital use:  
     - Case studies 
  - Retrospective reviews 
  - Observational Studies 
• Adverse Outcomes 
• Prehospital Analgesia 
• Excited Delirium (usually involves higher doses) 

 
 



• Prospective, randomized, double-blind trial 
• Evaluated patients age 18-55, experiencing pain >5 
• Received either IV Ketamine 0.3mg/kg or Morphine 0.1mg/kg  
• 45 patients per group enrolled, the primary change in mean pain scores 

was not statistically different in the two groups. No difference in reports 
of adverse events. 

• Conclusion: Sub-dissociative IV ketamine provides analgesic 
effectiveness and apparent safety comparable to IV Morphine for short 
term treatment of acute pain. 



• Randomized control trial comparing 1mg/kg IN Ketamine 
to 1.5 mg/kg IN Fentanyl for children (4-17yrs) with acute 
pain from an isolated extremity fracture 

• Pain relief was similar in the 2 groups, with ketamine 
having more side effects than Fentanyl (although minor) 

 



• 837 hits-> 6 Articles reported on Ketamine as an analgesic in the prehospital setting 
• 2 prospective RCTs 
• 2 studies -> Ketamine provided safe and effective pain relief  
• 1 study -> Ketamine reduced amount of morphine but not associated with reduction 
      in pain intensity 
• 1 study -> higher prevalence of adverse effects following ketamine 
• Other studies -> No significant side effects, Ketamine is safe 
 

• Ketamine is safe and effective.  
• The addition of Ketamine as an analgesic agent may 

improve management of patients with acute traumatic 
pain in the prehospital setting. 



• London Helicopter EMS Physician – Paramedic team 
• Retrospective trauma database review 5/1999-11/2004, 1030 pts 
• Database looking for airway complications, emergence reactions 
• No adverse events (airway loss/ emergence phenomenon) 
     documented 

 

• Ketamine is relatively safe when used by  
    physicians in prehospital trauma care 



• 32 patients  1992-2002 Retrospective cohort review  
• Immediate care practitioner as a part of  
     British Association of Immediate Care Scheme  
• No significant airway problems after  
     Ketamine or Ketamine + MDZ administration. 
• BP maintained, no increased bleeding 
• Hypersalivation 1 case not clinically problematic 
 

• Ketamine provided safe and effective analgesia 
  for this cohort of trauma patients including children,  
  adults, polytrauma, patients with AMS,  
  hypotensive patients due to trauma.  

 



• Prospective, cluster-randomized design 
• 169 Ketamine, 139 Morphine  pts rural Vietnam 
• Compared VAS 
• Analgesic effects no difference 
• Vomiting rate lower in Ketamine group (5% vs 19%) 
• Hallucination/agitation rate higher in Ketamine group (11% vs 1.5%) 

• Ketamine had similar analgesic effects with morphine.  
• Lower risk of vomiting / airway problems 
• Higher risk of hallucination / agitation 

 



• Restrospective study looking at trauma victims in Iraq warzone 
• Compared 3 groups: No analgesia, Pentazocine and Ketamine 
• In patients with Injury Severity Score >8, ketamine was 

associated with a significantly better effect on the systolic 
blood pressure compared to opioid analgesia (p = 0.03). 



Conclusion 

• More research is needed, as always 
– More specifically on Ketamine for pre-hospital 

analgesia, versus for excited delirium 

• Ketamine seems to be an effective analgesic 
with no increase in adverse outcomes compared 
to pre-existing pain medications, and a more 
favorable effect on vital signs  



EMS Ketamine Trial  
in California 



California Ketamine Trial 
PARAMEDIC 

• Ketamine 
– Dissociative anesthetic 
– Analgesia at low doses 

• “Trial Study” Protocol 
– If pain score is 5 or above, mix 0.3 mg/kg Ketamine (max 

dose = 30mg) in 50 - 100cc NSS or D5W, and administer 
slow IV drip over 5 minutes 

– Place “Ketamine Administered” wrist band on patient 
– Assess and document pain score every 5 minutes for 

duration of transport 
– If after 15 minutes or more, the pain score is 5 or higher, 

may administer a second dose of 0.3 mg/kg Ketamine (max 
dose = 30mg) in 50 - 100cc NSS or D5W, and administer 
slow IV drip over 5 minutes 

 



California Ketamine Trial 
 
Ketamine Eligibility Criteria 
• 15 years of age or older 
• GCS of 15 
• Acute Traumatic or             

Burn injury 

Ketamine Exclusion Criteria 
 • Known/Suspected Alcohol/Drug 
Intoxication 

• Known/Suspected Pregnancy 
• Allergy to Ketamine 
• Received narcotic analgesics of 

ANY form within the past 6 
hours 

Thoughts? 
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