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Learning Objectives 
 •  Identify common treatment options for the three  

     types of pain. 
•  Evaluate the mechanism and adverse effects that are 

associated with ketamine. 
•  Review the literature on the use of ketamine for non-

procedural pain in both adults and pediatrics in the 
Emergency Department (ED). 

•  Construct an argument for or against the use of ketamine 
in the ED. 
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Review of Pain 
•  “An unpleasant sensory and emotional experience associated 

with actual or potential tissue damage, or described in terms 
of such damage”  
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Somatic Visceral
•  Throbbing
•  Localized

•  Indirect pain
•  Diffuse

Nociceptive Pain

•  Burning
•  Tingling
•  Shooting
•  Shock-like

Neuropathic Pain



Pathophysiology 
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1. Transduction

2. Transmission

3. Modulation



Pain Management  
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Dworkin et al. Pain 132.3 (2007): 237-251. 
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Somatic Visceral Neuropathic 

•  Acetaminophen 
•  NSAIDS 
•  Tramadol 
•  Opioids 
•  Ketamine 
 

•  Acetaminophen 
•  NSAIDS 
•  Tramadol 
•  Opioids 
•  Ketamine 

 

•  Gabapentinoids 
•  Serotonin-Norepinephrine 

Receptor Inhibitors (SNRIs) 
•  Tricyclic Antidepressants 

(TCAs) 
•  Local anesthetics 
•  Tramadol 
•  Opioids 
•  Ketamine 



Pain Management in the ED 
•  Opioids are the mainstay agents for moderate-severe pain 

–  Most common agents 
•  Morphine 
•  Fentanyl 
•  Hydromorphone 
•  Oxycodone 

–  Common adverse effects 
•  Hypotension, respiratory depression, sedation 
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Active Learning #1 

KM is a 34 y/o M that presents to the ED s/p MVC with a femur 
fracture with sharp pain (10/10) that radiates down his leg. 
(BP= 141/92, RR=15). What type of pain is KM experiencing 
and what drug should be used to treat this pain? 

A.  Visceral, NSAIDs 
B.  Neuropathic, gabapentin 
C.  Neuropathic, opioids 
D.  Somatic, opioids  
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Challenges of Opioids 

•  Opioid-naïve patients 
–  Patients are at a higher risk of 

over sedation and respiratory 
depression 

•  Opioid-tolerant patients 
–  Definition of tolerance 
–  Opioid-induced hyperalgesia 

•  Opioid-epidemic 
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Ketamine: Alternative to Opioids 

•  Ketamine is most commonly used for the induction 
of anesthesia 

•  Studies have investigated the use of ketamine in 
perioperative pain management1-2 

•  Reductions in somatic, neuropathic, and cancer-
related pain have been reported2 

February 16, 2020
CNS drugs 21(3) (2007): 185-211. 

Biomedicine & Pharmacotherapy, 60(7), 2006. 341-348. 
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Review of Ketamine 

•  MOA- noncompetitive N-methyl d-aspartate (NMDA) 
receptor antagonist 
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Dendritic Space AMPANMDA

Glutamate

Dendrite

Ca2+
Na2+

AMPANMDA

Ketamine

Dendrite

Ca2+
Na2+



Ketamine Properties 
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Onset Duration Metabolism Elimination 

30 seconds 10-15 minutes N-dealkylation to 
Norketamine Renal 

Adverse effects:  
Emergence phenomena, sympathomimetic effect 
Absolute contraindications:  
Patients with schizophrenia, children younger than 3 months old 
Relative contraindications:  
hypertensive patients, pulmonary compromise 



Ketamine Uses 
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Dissociative Dosing Subdissociative Dosing 

Uses Procedural Sedation 
Rapid sequence intubation Acute Pain 

Dose 1-2 mg/kg < 0.6 mg/kg 

Properties Amnestic, analgesic Analgesic  

Adverse 
Effects 

Hypertension 
Bradyarrhythmias 
Respiratory depression 

? 



Active Learning #2 

Which of the following side effects are associated with a 
dissociative dose of ketamine? 

A.  Hallucinations 
B.  Hypertension 
C.  Tachypnea 
D.  Both A and B 
E.  All of the above 
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Miller et. al. (2015) 

 
Miller, J. P., et al. "Low-dose ketamine vs morphine for 
acute pain in the ED: a randomized controlled trial.” 
AJEM (2015): 402-408 
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Miller, J., et. al. (2015) 
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Purpose •  Compare the ability of low-dose ketamine and 
morphine to reduce moderate to severe pain 

Study Design •  Prospective, randomized, double-blinded, 
     superiority trial 

Timeframe •  February 2012 to March 2013 
 



Patient Selection 

Inclusion Criteria 
•  18-59 y/o 
•  Abdominal, flank, low back or 

extremity pain that thought 
warranted opioid treatment 

 

February 16, 2020 Miller, Joshua P., et al. AJEM (2015): 402-408 
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Exclusion Criteria 
•  SpO2 sat <95% 
•  RR <10, or >30 BPM 
•  SBP <90, or >180 mmHg 
•  HR <50, or >120 BPM 
•  Chronic use of opioids or 
      tramadol outpatient 
•  Ischemic heart disease, HF 
•  Evidence of increased ICP or an 
      intracranial mass, head trauma 



Study Design 
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45 Patients included 

Ketamine Group (0.3 mg/kg) Morphine Group (0.1 mg/kg) 

Primary Endpoint Assess the maximum change in pain score based on the 
verbal numeric rating scale (NRS) from baseline. 
 

Secondary Endpoint Vital Signs, adverse events, need for rescue 
medications, Richmond agitation sedation scale (RASS)  
 



Study Population 
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Reduction of pain from baseline 
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Need for repeat analgesia 
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vomited. One patient in the morphine arm was treated for pruritus.
Three patients in the ketamine group experienced hallucinations. No
dissociation or emergency reactions were detected. Neither midazolam
nor naloxone was given during the study.

Themedianprovider satisfaction scorewas4 (interquartile range [IQR],
3-5) for the low-dose ketamine group and 4 (IQR, 4-5) for the morphine
group (Table 5). The average nursing score was 4 (IQR, 3-5) for the low-
dose ketamine group and 5 (IQR, 4-5) for the morphine group (Table 6).

4. Discussion

Low-dose ketamine was not superior to morphine in the maximum
change of NRS pain scores from baseline. However, if alternatives to
opioids are going to be prescribed for acute pain in the ED, the analgesic
potential of the alternatives must be comparable to opioids. Our study
demonstrates that ketamine may have comparable analgesic effects;
however, more studies are needed.

The maximum reduction in pain scores for low-dose ketamine was
seen immediately after the infusion was complete and was sustained
for only 5 to 10 minutes. In the morphine group, a similar maximum
reduction in pain scores was reached 100 minutes after the infusion
was complete. The rapid decrease in pain provided by low-dose keta-
mine is an advantage compared with morphine for the treatment of
acute pain in the ED. However, the inability to sustain this degree of
pain relief over the normal course of an ED stay may require higher
doses of low-dose ketamine infused over a longer duration or the use
of adjunctive medications.

The short duration of maximum analgesia likely contributed to the
increased rate of repeat dosing in the ketamine arm (54%) vs the mor-
phine arm (38%), although the difference was not statistically significant.

In the ketamine group, 25% of the patients did not complete the entire
120minutes of data collection (assessmentswere stopped for inadequate
pain control if the patients requested a third dose of the study drug).
These 2 outcomes highlight the poor sustained maximum analgesia of
low-dose ketamine. However, as mentioned above, the safest and most
effective dose for low-dose ketamine has yet to be established. In addi-
tion, because most patients in the ketamine arm received a total of
0.6 mg/kg (0.3 mg/kg × 2 separated by at least 20 minutes), a higher
initial dose infused over a longer period of time could lengthen the dura-
tion of maximum analgesia. Additional prospective studies to evaluate
this approach are needed.

Despite the inability of low-dose ketamine to sustain its maximum
analgesic effect, there was greater than 50% reduction in pain scores
for 2 hours at all intervals, after T20. As stated above, 25% of the patients
did not complete the entire 120-minute observation period, and the
majority needed a repeat dose of ketamine. However, an alternate
medication to opioids that can provide a greater than a 50% decrease
in acute pain for 2 hours is valuable for clinical use.

We also collected provider and nurse satisfaction scores after
completion of the patient's observation period. Both drugs scored similar
and well with both the providers and the nurses. The nursing group was
slightly more satisfied with morphine; however, this trend was not
clinically significant. Future studies should further evaluate this trend.

In addition to the similarities in pain control between low-dose
ketamine and morphine, low-dose ketamine was comparable to

Table 3
Repeat dosing of analgesia reported by treatment group

Morphine Low-dose ketamine P Total

Second dose, n (%) .37a

Yes 8 (38) 13 (54) 21 (47)
No 13 (62) 11 (46) 24 (53)
Total 21 24 45

Third dose, n (%) .47b

Yes 3 (14) 6 (25) 9 (20)
No 18 (86) 18 (75) 36 (80)
Total 21 24 45

a χ2 Test.
b Fisher exact test.

Fig. 3. Box-and-whisker plot of RASS for morphine and low-dose ketamine over time. The
x-axis shows time after the initial infusion of medication was complete.

Fig. 4.Mean systolic blood pressure over time with SD. Significant differences in systolic
blood pressure were observed at T5 (23 mm Hg; 95% CI, 9-38) and T10 (14 mm Hg; 95%
CI, 0-29).

Fig. 5.Mean diastolic blood pressure over time with SD. There were no significant dif-
ferences at any time point.

405J.P. Miller et al. / American Journal of Emergency Medicine 33 (2015) 402–408



Adverse effects 
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morphine regarding adverse effects as well. We detected a similar
adverse effect rate (57% vs 58%) and RASS scores in both arms. Vital
signs were similar as well, although there were statistically significant
differences in systolic and diastolic blood pressure between the groups.
These differenceswere secondary to both decreases in blood pressure in
the morphine group and increases in blood pressure in the low-dose
ketamine group. These findings are established effects of these medica-
tions and should be anticipated, but are of minimal clinical significance.
We did observe dysphoria (4) and hallucinations (3) only in the keta-
mine arm. These effects should be anticipated with low-dose ketamine.
However, no episodes of dissociation or emergence reactions were
detected. We specifically did not detect more hypoxia, bradycardia, or
sedation in the morphine group.

Our results are similar to prior studies that evaluated low-dose
ketamine alone for the treatment of pain. Hirlinger and Pfenninger [27]
demonstrated a decrease in pain scores with 5 minutes of infusion in ED
patients receiving IV low-dose ketamine (0.25 or 0.5 mg/kg) for acute
musculoskeletal injuries. However, this study lacked a control arm. The
0.3-mg/kg dose in the study by Persson et al [28] decreased pain scores
immediately, with the effect starting to decrease at 20 minutes after
infusion, which was similar to our results. In addition, the patients in
this study, although they had chronic and not acute pain, experienced a
greater than 50% decrease in pain scores for 1 hour after infusion, just as
in our study. Persson et al also compared low-dose ketamine tomorphine
and showed a similar delayed but prolonged analgesic effect.

Our study was not the first to evaluate low-dose ketamine in the ED,
but it is unique [8,27,29,30]. Although other ED studies have evaluated
low-dose ketamine as an adjunct to opioid therapy [29,30], as the sole
agent without comparison[27], and in a retrospective case series[8],
to our knowledge, this is the first randomized, double-blinded study
to compare low-dose ketamine to morphine for acute pain in the ED.
In addition, we evaluated low-dose ketamine for the treatment of
multiple types of pain (trauma, medical) and at multiple anatomical
sites (abdomen, back, extremity). Most studieswith low-dose ketamine
in the ED and prehospital setting have evaluated its use in acute trau-
matic or musculoskeletal pain [18,27,30,31]. Another unique aspect of
this study was the use of the RASS score to capture the cognitive and
behavioral effects of the study drugs, although we saw no difference
between groups.

4.1. Limitations

Therewere several limitations to our study. Our studywas conducted
at amilitarymedical center, which has the potential to limit the general-
izability of it results. However, only ≈20% of the ED patients are
uniformed active military service members. Most of the patients are
civilians who have similar demographic characteristics compared with
other civilian EDs at a level 1 trauma and tertiary care centers. In addi-
tion, the generalizability of our results may be limited, as our data were
collected from a single medical center.

Fig. 6. Mean pulse rate over time with SD. There were no significant differences at any
time point.

Fig. 7. Mean respiratory rate over time with SD. There were no significant differences at
any time point.

Fig. 8.Mean oxygen saturation over timewith SD. There were no significant differences at
any time point.

Table 4
Adverse effects reported by total events

Adverse effects Morphine
(n = 8)

Low-dose ketamine
(n = 12)

Total

Nausea 2 3 5
Dysphoria 0 4 4
Hallucinations 0 3 3
Dizziness 1 2 3
Headache 3 0 3
Drowsiness 2 0 2
Vomiting 1 1 2
Lightheaded 1 0 1
Decreased oxygen saturation 1 0 1
Numbness 0 1 1
Pruritus 1 0 1
Total 12 14 26

n = number of patients experiencing an adverse effect. Some patients reported multiple
adverse effects.

406 J.P. Miller et al. / American Journal of Emergency Medicine 33 (2015) 402–408
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Strengths •  Randomized, double blind, superiority trial 

Limitations •  Small sample size 
•  Lack of generalizability 
•  Weight based dosing of the medications not a 

common practice. 

Author’s Conclusion •  Use of ketamine appears to be safe and feasible 
option for the treatment of many types of pain 

Application •  Both ketamine and morphine reduce pain. 
•  More adverse effects were reported with ketamine 
•  Evidence is not strong to suggest ketamine use in 

opioid-naïve patients 



Motov et al. (2015) 

Motov, S., et al. "Intravenous Subdissociative-Dose 
Ketamine Versus Morphine for Analgesia in the 
Emergency Department: A Randomized Controlled 
Trial." Ann. of Emerg. Med. (2015). 
 

February 16, 2020 Motov, S., et al. Ann. of Emerg. Med. (2015). 
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Purpose •  Compare the reduction in NRS pain scores between 
ketamine and morphine. 

Study Design •  Prospective, randomized, double-blind trial 
 

Timeframe •  June 2013 to May 2014 



Patient Selection 
•  Inclusion Criteria 

–  18-55 y/o with acute pain 
–  Abdominal, flank, back, 

musculoskeletal pain  
–  Pain rated >5 out of 10 

February 16, 2020 Motov, S., et al. Ann. of Emerg. Med. (2015). 
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•  Exclusion Criteria 
–  Weight < 45 kg or > 115 kg 
–  SBP <90, or >180 mmHg 
–  HR <50, or >150 BPM 
–  RR <10, or >30 BPM 
–  Chronic use of opioids or 

tramadol outpatient 
–  Ischemic heart disease, HF 
–  Evidence of increased ICP or an 

intracranial mass, head trauma 



Study Design 
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Ketamine Group (0.3 mg/kg) Morphine Group (0.1 mg/kg) 

Primary 
Endpoint 

•  Reduction in NRS between ketamine and 
morphine at 30 minutes post-administration. 

 
Secondary 
Endpoint 

•  Need for rescue analgesia (Fentanyl 1 mcg/kg) at 
30-60 minutes 

•  Safety  
 

90 Patients included 



Study Population 
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Characteristics Ketamine Morphine Difference (95% CI) 

Age, mean (SD),y 35 (9.5) 36 (10.5) -1 (-5.1 to 3.3) 

Female, No. (%) 30 (67) 28 (62) 5 (-16 to 25) 

Weight, mean (SD), kg 74 (15.9) 78 (16.6) 4 (11.4 to 2.2) 

Systolic BP 125 (18.2) 127 (16.1) -2 (-8.8 to 5.6) 

Diastolic BP 76 (13.2) 74 (12.7) 2 (-3.6 to 7.3) 

Pulse (BPM) 79 (14.8) 79 (15.0) 0 (-6.8 to 5.6) 

Abdominal Pain (%) 33 (73) 31 (69) 4 (-15 to 24) 

Flank Pain (%) 7 (16) 9 (20) -4 (-21 to 12) 

Other Pain* 5 (11) 5 (11) 0 (-13 to 13) 



Change from baseline NRS 

February 16, 2020 Motov, S., et al. Ann. of Emerg. Med. (2015). 
 

29 

N
R

S 
Pa

in
 S

co
re

0          15          30         60    90 120
Time (minutes)



Change from baseline NRS 
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Need for rescue analgesia 
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Adverse Effects 

•  More adverse effects with ketamine than with 
morphine in the first 15 minutes (38%, CI=18.2-57.4) 

•  Common adverse effects 
–  Dizziness 
–  Disorientation 
–  Mood changes 
–  Nausea 

February 16, 2020 32 Motov, S., et al. Ann. of Emerg. Med. (2015). 
 



Conclusions 

Strengths •  Randomized, double blind trial 
•  Dosing is similar to other comparative studies 

Limitations •  Small study 
•  Possible unblinding of healthcare workers 

Author’s Conclusion •  Ketamine is as effective as morphine in reducing pain 
at 15-30 minutes 

•  Ketamine groups experienced significantly more 
adverse effects than the morphine group. 

Application •  At doses of 0.3mg/kg, ketamine provides quick relief 
of pain and comparable to morphine. 

•  Ketamine group required more rescue medication at 
120 minutes. 

February 16, 2020 33 Motov, S., et al. Ann. of Emerg. Med. (2015). 
 



Review 
Miller et al. Motov et al. 

Treatment •  Ketamine 0.3 mg/kg 
•  Morphine 0.1 mg/kg 

•  Ketamine 0.3 mg/kg 
•  Morphine 0.1 mg/kg 

Population •  30 years old 
•  Abdominal pain 
•  No opioid use prior to study 

•  35 years old 
•  Abdominal pain 
•  Opioid use within 4 hours 

Rescue 
Analgesia 

•  Allowed for additional boluses 
of allocated study group 

•  Fentanyl 0.1 mcg/kg 

Conclusions •  Ketamine has quick onset associated with an initial reduction of 
pain 

•  Ketamine group required more rescue medication at 120 minutes. 
•  Side effects are more commonly reported with ketamine groups 

34 



Beaudoin et al. (2014) 

 
Beaudoin, Francesca L., et al. "Low‐dose Ketamine 
Improves Pain Relief in Patients Receiving Intravenous 
Opioids for Acute Pain in the Emergency Department: 
Results of a Randomized, Double‐blind, Clinical Trial." 
Acad. Emerg. Med. (2014) 

February 16, 2020 Beaudoin, Francesca L., et al. Academic Emergency Medicine 21.11 (2014): 1193-1202. 
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Study Design 
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Purpose •  Compare the effectiveness of low-dose ketamine as 
adjunct treatment to morphine versus morphine alone 

Study design •  Pilot, prospective, randomized, double-blind trial 

Timeframe •  December 2012 to September 2013 

Beaudoin, Francesca L., et al. Academic Emergency Medicine 21.11 (2014): 1193-1202. 
 



Patient selection 
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•  Inclusion Criteria 
–  18-65 y/o with acute pain 
–  Pain rated >5 out of 10 
–  Patients that had received 

analgesia and pain >5/10 

•  Exclusion Criteria 
–  Renal impairment (Scr >2) 
–  Neurologic, respiratory, 

hemodynamic instability 
–  History of stroke 
–  Liver failure 
–  History of cardiac disease 

Beaudoin, Francesca L., et al. Academic Emergency Medicine 21.11 (2014): 1193-1202. 
 



Study Design 
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Morphine +Ketamine 
(0.3 mg/kg) 
Group 2 

Morphine +Placebo 
 (0.1 mg/kg) 

Standard group 

Primary Endpoint •  Summed pain-intensity difference (SPID) over 2 
hours 

Secondary Endpoint •  NRS at each time point 
•  Amount of rescue analgesia 
•  Safety 

69 Patients included 

Morphine +Ketamine 
(0.15 mg/kg) 

Group 1 

Beaudoin, Francesca L., et al. Academic Emergency Medicine 21.11 (2014): 1193-1202. 
 



Reduction in SPID 
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the study period, whereas group 1 returned to levels
similar to the standard care group by 1 and 2 hours.
Group 1 and group 2 were not significantly different
with respect to any of the study endpoints.

The number of missing values at 2 hours (n = 4) did
not differ among study groups. The methods of imputa-
tion for the missing 2-hour time points did not change
the analytic results for primary and secondary effective-
ness outcomes presented in Table 2. For the sake of
brevity, the SPID scores presented are the results of
imputation by regression modeling.

There were no differences between the standard care
group (n = 7, 35%) and the ketamine groups (n = 4,
20% in each) regarding use of rescue analgesia (p=0.48).
Among those receiving rescue analgesia, there was no
significant difference in the amount administered
among the three treatment groups (p < 0.53). The med-
ian dose of rescue analgesia was 6.1 mg (in morphine
equivalents) in the standard care group, compared to
5.4 mg in group 1 and 4.3 mg in group 2. The median
time when rescue analgesia was received in the stan-
dard care group (54 minutes, IQR = 36.0 to 94.0 min-
utes) was similar to both ketamine groups (group 1
119.5 minutes, IQR = 73.5 to 143.5 minutes; group 2
113.0 minutes, IQR = 105.0 to 118.5 minutes; p < 0.18).

The results of Kaplan-Meier time-to-event analysis
are displayed in Figure 2; the outcome event was the
first receipt of rescue analgesia after study medications
were administered. Individuals were censored if they
left the ED. The Breslow test demonstrated a pairwise
difference between group 2 and the standard care
group (p < 0.04), but not between group 1 and the stan-
dard care group (p < 0.10). The associated hazard ratios
from the adjusted Cox proportional hazard model were
0.29 (95% CI = 0.8 to 0.99) for group 1 versus standard
care and 0.31 (95% CI = 0.10 to 0.96) for group 2 versus
standard care (p < 0.04).

Global analgesic effectiveness as measured by inte-
grated pain and morphine scores (i.e., SIA scores) are
also presented in Table 2. The lowest median scores
(most pain relief with least amount of analgesia)
occurred in the group 2, followed by group 1, and then
the standard care group. When pairwise comparisons
were performed, only group 2 and the standard care
group were significantly different.

Adverse Events
A higher proportion of patients in group 2 (n = 9, 45%)
reported dizziness or lightheadedness at 30 minutes,
compared with either group 1 (0%) or the standard care
group (n = 2, 10%; p < 0.01). Of the nine participants
reporting dizziness in group 2, five had dizziness that

Table 2
Primary and Secondary Effectiveness Outcomes for the Three Treatment Groups

Variable
Standard Care

(n = 20) Group 1 (n = 20) Group 2 (n = 20)

p-values

Overall
Group 1 vs.

Standard
Group 2 vs.

Standard
Group 1 vs.
Group 2

Pain intensity
SPID 4.0 (1.8 to 6.5) 7.0 (4.3 to 10.8) 7.8 (4.8 to 12.8) 0.02 0.04 0.01 0.37
%SPID 21% (10 to 37) 39% (22 to 86) 42% (29 to 80) 0.02 0.05 0.01 0.42
Achieved

SPID33%
5 (25%) 10 (50%) 14 (70%) 0.02 0.19 0.01 0.33

Pain intensity decrease
30 minutes 2 (0.5 to 3) 4 (3 to 6.5) 4 (2 to 6) 0.01 0.00 0.02 0.70
1 hour 2 (1 to 3.5) 4 (2.5 to 6) 4 (1.5 to 7) 0.07 0.06 0.04 0.60
2 hours 2 (0.4 to 3) 2.51 (0.7 to 4) 4 (2 to 7) 0.07 0.32 0.02 0.19
Total

patient-
perceived
pain relief

2.5 (1.0 to 4.3) 4.3 (1.3 to 5.5) 4.5 (3.0 to 6.0) 0.06 0.07 0.12 0.86

SIA score 44.3 (–18.0 to 82.0) –8.2 (–86.1 to 55.7) –65.6 (–100 to 21.3) 0.01 0.19 0.00 0.14

Continuous data are presented as median (IQR); categorical data are presented as a number (%).
Standard care = morphine + placebo; group 1 = morphine + 0.15 mg/kg ketamine; group 2 = morphine + 0.3 mg/kg ketamine.
SIA = Silverman integrated analgesic assessment; SPID = summed pain-intensity difference; SPID33% = the proportion of sub-
jects achieving an SPID% score of ≥33%, treatment responders.

Figure 2. Kaplan-Meier curves comparing time to rescue anal-
gesia among the treatment group.
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Reduction in SPID 
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the study period, whereas group 1 returned to levels
similar to the standard care group by 1 and 2 hours.
Group 1 and group 2 were not significantly different
with respect to any of the study endpoints.

The number of missing values at 2 hours (n = 4) did
not differ among study groups. The methods of imputa-
tion for the missing 2-hour time points did not change
the analytic results for primary and secondary effective-
ness outcomes presented in Table 2. For the sake of
brevity, the SPID scores presented are the results of
imputation by regression modeling.

There were no differences between the standard care
group (n = 7, 35%) and the ketamine groups (n = 4,
20% in each) regarding use of rescue analgesia (p=0.48).
Among those receiving rescue analgesia, there was no
significant difference in the amount administered
among the three treatment groups (p < 0.53). The med-
ian dose of rescue analgesia was 6.1 mg (in morphine
equivalents) in the standard care group, compared to
5.4 mg in group 1 and 4.3 mg in group 2. The median
time when rescue analgesia was received in the stan-
dard care group (54 minutes, IQR = 36.0 to 94.0 min-
utes) was similar to both ketamine groups (group 1
119.5 minutes, IQR = 73.5 to 143.5 minutes; group 2
113.0 minutes, IQR = 105.0 to 118.5 minutes; p < 0.18).

The results of Kaplan-Meier time-to-event analysis
are displayed in Figure 2; the outcome event was the
first receipt of rescue analgesia after study medications
were administered. Individuals were censored if they
left the ED. The Breslow test demonstrated a pairwise
difference between group 2 and the standard care
group (p < 0.04), but not between group 1 and the stan-
dard care group (p < 0.10). The associated hazard ratios
from the adjusted Cox proportional hazard model were
0.29 (95% CI = 0.8 to 0.99) for group 1 versus standard
care and 0.31 (95% CI = 0.10 to 0.96) for group 2 versus
standard care (p < 0.04).

Global analgesic effectiveness as measured by inte-
grated pain and morphine scores (i.e., SIA scores) are
also presented in Table 2. The lowest median scores
(most pain relief with least amount of analgesia)
occurred in the group 2, followed by group 1, and then
the standard care group. When pairwise comparisons
were performed, only group 2 and the standard care
group were significantly different.

Adverse Events
A higher proportion of patients in group 2 (n = 9, 45%)
reported dizziness or lightheadedness at 30 minutes,
compared with either group 1 (0%) or the standard care
group (n = 2, 10%; p < 0.01). Of the nine participants
reporting dizziness in group 2, five had dizziness that

Table 2
Primary and Secondary Effectiveness Outcomes for the Three Treatment Groups

Variable
Standard Care

(n = 20) Group 1 (n = 20) Group 2 (n = 20)

p-values

Overall
Group 1 vs.

Standard
Group 2 vs.

Standard
Group 1 vs.
Group 2

Pain intensity
SPID 4.0 (1.8 to 6.5) 7.0 (4.3 to 10.8) 7.8 (4.8 to 12.8) 0.02 0.04 0.01 0.37
%SPID 21% (10 to 37) 39% (22 to 86) 42% (29 to 80) 0.02 0.05 0.01 0.42
Achieved

SPID33%
5 (25%) 10 (50%) 14 (70%) 0.02 0.19 0.01 0.33

Pain intensity decrease
30 minutes 2 (0.5 to 3) 4 (3 to 6.5) 4 (2 to 6) 0.01 0.00 0.02 0.70
1 hour 2 (1 to 3.5) 4 (2.5 to 6) 4 (1.5 to 7) 0.07 0.06 0.04 0.60
2 hours 2 (0.4 to 3) 2.51 (0.7 to 4) 4 (2 to 7) 0.07 0.32 0.02 0.19
Total

patient-
perceived
pain relief

2.5 (1.0 to 4.3) 4.3 (1.3 to 5.5) 4.5 (3.0 to 6.0) 0.06 0.07 0.12 0.86

SIA score 44.3 (–18.0 to 82.0) –8.2 (–86.1 to 55.7) –65.6 (–100 to 21.3) 0.01 0.19 0.00 0.14

Continuous data are presented as median (IQR); categorical data are presented as a number (%).
Standard care = morphine + placebo; group 1 = morphine + 0.15 mg/kg ketamine; group 2 = morphine + 0.3 mg/kg ketamine.
SIA = Silverman integrated analgesic assessment; SPID = summed pain-intensity difference; SPID33% = the proportion of sub-
jects achieving an SPID% score of ≥33%, treatment responders.

Figure 2. Kaplan-Meier curves comparing time to rescue anal-
gesia among the treatment group.
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Adverse effects 

•  Patients in group 2 (higher-dose 
ketamine+morphine) reported dizziness or 
lightheadedness at 30 minutes compared with other 
groups 

•  No patients reported confusion of dysphoria 
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Summary 
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Strengths •  Randomized, double-blind trial 
•  Dosing 

Limitations •  Did not reach adequate power to detect a 
difference in adverse effects 

Author’s Conclusion •  The combination of morphine+ ketamine 
decreased pain intensity when compared to 
morphine alone. 

•  Morphine with ketamine (0.3 mg/kg) was the only 
regimen that significantly reduced pain. 

Application •  Ketamine (0.3 mg/kg) with morphine may provide 
a better reduction in pain than morphine alone. 

Beaudoin, Francesca L., et al. Academic Emergency Medicine 21.11 (2014): 1193-1202. 
 



Graudins et al (2015) 

Graudins, A, et al. "The PICHFORK (Pain in Children 
Fentanyl or Ketamine) Trial: A Randomized Controlled Trial 
Comparing Intranasal Ketamine and Fentanyl for the Relief 
of Moderate to Severe Pain in Children With Limb Injuries." 
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Study design 
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Purpose 
 

•  Compare the effectiveness of intranasal ketamine 
versus intranasal fentanyl in reducing moderate to 
severe pain in children  

Study design 
 

•  Randomized, double-blind, control trial 
 

Timeframe •  November 2012 to February 2013 



Patient selection 
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•  Inclusion Criteria 
–  3-13 y/o with acute pain with a 

limb injury  
–  < 50 kg 
–  Pain rated >6 out of 10 

•  Exclusion Criteria 
–  inability to obtain consent from 

parent or guardian 
–  current treatment with 

serotonergic antidepressants 
–  previous use of IN opioids/

analgesics 
–  allergy to any medication 
–  aberrant nasal anatomy 
–  head trauma 
–  LOC 



Study population 

February 16, 2020 Graudins, Andis, et al. Annals of emergency medicine 65.3 (2015): 248-254. 
 

46 

opinion.” For outcome reporting, this was dichotomized to
“satisfied” or “other” (not satisfied or no opinion).

The degree of sedation was assessed by attending medical staff
and the patient, parent, or guardian. The attending physician used
the University of Michigan Sedation Scale. Scores were 0¼awake
and alert, 1¼minimally sedated, 2¼moderately sedated, 3¼deeply
sedated, and 4¼unrousable. This has been validated in analgesic and
sedation studies in children.9 The patient, parent, or guardian was
asked to subjectively describe the degree of sedation as “too sedated,”
“sedated enough,” “unchanged,” or “not sedated enough.”

On identification of an eligible patient, a standardized verbal
consent script was read to the parent or guardian by the attending
physician. Baseline pain ratings and sedation score were then
recorded. The next numbered study pack was identified and the
drug was administered intranasally with a mucosal atomizer
device (MAD; Wolf Troy Medical, Salt Lake City, UT). Oral
ibuprofen was also administered within the first 15 minutes of
intranasal drug administration unless this drug had been given in
the previous 4 hours. A full written participant information and
consent form was then given to the parent or guardian to consent
for ongoing participation and data collection. The requirement
for rescue analgesia was assessed both throughout the study
period and specifically at the 15-, 30-, and 60-minute points.

Further participation in the study was terminated at rescue
medication administration. Rating of satisfaction with analgesia
was recorded at the conclusion of study involvement. This was
the earliest of 60 minutes post–study drug administration, ED
discharge, or the time of administration of any rescue
medication. Data collected to time of termination were retained
and included in the statistical analyses. Depending on the
treating physician’s preference, rescue analgesia was either
additional intranasal fentanyl or intravenous morphine.

Outcome Measures
The primary outcome measure was the median reduction in

pain rating at 30 minutes after the administration of study
medication.

Secondary outcome measures included change in pain rating
at 15 and 60 minutes and number (percentage) of patients with
reductions of greater than or equal to 20 mm. Because reported
figures for the minimum clinically significant difference have
varied between 10 and 28 mm for different severity subgroups,
we defined it as 20 mm for this population in anticipation of
reasonably balanced numbers of patients with moderate and
severe pain.10-13 Other secondary outcome measures included
subjective improvement in symptoms, satisfaction, sedation
score, adverse events, and need for and timing of rescue analgesia.

We calculated our sample size according to the lower 95%
confidence level for our chosen minimum clinically significant
difference value of 20mm,10-13 assuming ameanVAS reduction of
40 mm (SD 25 mm) for intranasal ketamine.6 Similar pain relief
was shown by Crellin et al2 for intranasal fentanyl; however, it was
not possible to calculate variance from that article. This resulted in
a sample size of 36 per group, which we increased to 40 patients per
group to provide a 10% buffer for dropouts.

Primary Data Analysis
Data analysis was undertaken with Stata (version 8.0;

StataCorp, College Station, TX). The intention-to-treat principle

Figure 1. Consort diagram of patient flow.

Table 1. Comparison of baseline characteristics between groups.

Variable Fentanyl (n[37) Ketamine (n[36)

Age, median (IQR), y 9 (6 to 11) 7 (6 to 9.5)
Male, No. (%) [95% CI] 24 (65) [47.5 to 79.8] 22 (61) [43.5 to 76.9]
Enrollment pain rating,
median (IQR), mm

80 (70 to 100) 80 (69 to 96)

Enrollment UMSS,
median (range)

0 (0 to 1) 0 (0 to 1)

Median intranasal drug
dose administered (IQR)

1.53 mg/kg
(1.45 to 1.57)

1.01 mg/kg
(0.96 to 1.05)

Patients receiving
ibuprofen, No. (%)

33 (89) 33 (92)

Median time to
administration of
ibuprofen after intranasal
drug delivery,
(range), min

0 (–70 to 60) 0 (–28 to 50)

IQR, Interquartile range; CI, confidence interval; UMSS, University of Michigan
Sedation Score.

The PICHFORK Trial Graudins et al
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Study design 
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IN Ketamine Group (1 mg/kg)* IN fentanyl Group (1.5 mcg/kg)* 

Primary Endpoint •  Median reduction in pain rating at 30 minutes 
after administration 

Secondary Endpoint •  Change in pain rating at 15-60 minutes 
•  Improvement of symptoms 
•  Sedation score 
•  Need for and timing of rescue medication 
 

80 patients enrolled 

* All patients received oral ibuprofen (10mg/kg) 

Graudins, Andis, et al. Annals of emergency medicine 65.3 (2015): 248-254. 
 



Results: Primary Outcome 

•  At 30 minutes, both ketamine and fentanyl reduced pain by 45 to 
40 mm. 

•  Pain reduction was maintained at 60 minutes 
•  No statistical significance between the groups. 

February 16, 2020 Graudins, Andis, et al. Annals of emergency medicine 65.3 (2015): 248-254. 
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Results: Secondary Endpoints 
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Pain reduction data for other time points are summarized in
Table 2. Secondary outcomes were also similar between groups
(Table 3). However, the difference in adverse events was
significant between groups, with a total of 24 adverse events being
reported by 15 of 37 patients (40.5%; 95% CI 24.8% to 57.9%)
in the fentanyl group and 67 being reported by 28 of 36 patients
(77.8%; 95% CI 60.8% to 89.9%) in the ketamine group
(Table 4). The assessment of sedation with the University of
Michigan Sedation Score for each group at each point was
similar and is illustrated in Figure 3.

In Tables E1 and E2 (available online at http://www.
annemergmed.com) we present outcomes of post hoc stratification
by use of the Faces Pain Scale–Revised or the VAS. In general,
younger children were more likely to report greater pain
rating reductions and lower rates of subjective symptom
improvement and satisfaction, and had higher receipt of rescue
analgesia.

LIMITATIONS
Use of a nonconsecutive convenience sample leaves the

possibility of selection bias. We have no information on the total
number of nonrecruited eligible patients during the study period.

Without a placebo arm, it is not possible to know how other
factors, for which we did not control, may have influenced pain

perception. These include reassurance by staff, arrival of a parent,
or splinting of the affected limb. Also we cannot assess whether
the effect of such factors was additive or independent to drug use.
Similarly, administration of ibuprofen was intended to occur
within 15 minutes of that of the intranasal drug, if not before.
Recording of times was incomplete, and although most patients
appeared to receive ibuprofen early, some received it later.
Recording of out-of-hospital paracetamol and methoxyflurane
use was thought too unreliable to report, so difference in receipt
and timing of these other analgesics may have affected some
individual ratings. We believe that numbers were small and that
any effects were random rather than systematic. Consequently, it
is unlikely that there would be any significant effect on results.

Predefining the minimum clinically significant difference for a
population is also difficult. Estimates vary, depending on the
baseline severity mix, and for reasons stated, the minimum
clinically significant difference was defined as 20 mm for this
study population. The 95% CI of the small difference between
groups, of –10 to 20 mm, suggests that any potential difference
between the drugs is unlikely to be clinically significant because
this range falls within 20 mm either way, but research on how
rating reductions beyond the minimum clinically significant
difference relate to additional clinical effect is lacking.

Rescue medication is a problematic secondary outcome
measure because the decision was at the discretion of the
attending ED clinicians. Without any formal or objective criteria
to dictate its administration, the true need for it is difficult to
know.Table 3. Comparison of rescue analgesia, satisfaction, and self-

reported sedation level between groups.

Variable Fentanyl Ketamine

Difference
(Ketamine
vs Fentanyl)
(95% CI)

Rescue analgesia,
No. (%)

12/37 (32) 5/36 (14) !18 (!37 to 3)

Satisfied at final
rating, No. (%)

26/36 (72) 29/35 (83) 11 (!9 to 30)

Sedation at final
rating, No. (%)

Too much 1/36 (3) 0/35 !3 (!8 to 3)
Enough 10/36 (28) 18/35 (51) 23 (1 to 45)
None 25/36 (69) 16/35 (46) !23 (!42 to 2)
Not enough 0/36 1/35 (3) 3 (!3 to 8)

Symptoms improved
at final rating, No. (%)

28/36 (78) 31/35 (89) 11 (!28 to 6)

Table 2. Comparison of median rating reductions at each point between both groups and number of subjects achieving a reduction of
more than 20 mm at each point.

Variable Fentanyl Ketamine
Difference in Medians

(95% CI) (Ketamine to Fentanyl)

Rating change at 30 min, median (IQR), mm 40 (20 to 45) 45 (20 to 60) 5 (!10 to 20)
Rating reduction >20 mm at 30 min, No. (%) 27/34 (79) 28/34 (82) 3 (!16 to 22)
Rating change at 15 min, median (IQR), mm 30 (15 to 40) 30 (16 to 42) 0 (!20 to 20)
Rating reduction >20 mm at 15 min, No. (%) 25/35 (71) 26/36 (72) 1 (!20 to 22)
Rating change at 60 min, median (IQR), mm 50 (20 to 60) 50 (30 to 61) 0 (!13 to 13)
Rating reduction >20 mm at 60 min, No. (%) 25/31 (81) 28/31 (90) 9 (!8 to 27)

Table 4. Total adverse effects for each group.*

Variable Fentanyl Ketamine Difference (95% CI)

Patients with any adverse
event at any time

15/37 (40) 28/36 (78) 38 (!58 to 16)

Bad taste in mouth 10 (42) 17 (25) !17 (!39 to 6)
Drowsiness 5 (21) 11 (16) !5 (!23 to 14)
Dizziness 4 (17) 20 (30) 13 (!5 to 32)
Itchy nose 3 (12) 3 (4) !8 (!22 to 6)
Nausea 1 (4) 4 (6) 2 (!8 to 12)
Dysphoria 1 (4) 3 (4) 0 (!9 to 10)
Hallucinations 0 4 (6) 6 (0 to 12)
Other 0 5 (7) 7 (!1 to 14)

*For fentanyl, 15 patients reported 24 adverse events; for ketamine, 28 patients
reported 67 adverse events. Data are reported as No. (%).

The PICHFORK Trial Graudins et al

252 Annals of Emergency Medicine Volume 65, no. 3 : March 2015



Adverse Effects 

•  Patients in the ketamine group has a greater overall 
incidence of adverse effects 

•  Most common adverse effects 
– Dizziness 
– Drowsiness 
– Bad taste in mouth 
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Summary 
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Strengths •  Randomized, double-blind, controlled trial 
Limitations •  Selection bias 

•  No placebo arm 
•  Incomplete recording times of ibuprofen 
•  No criteria for rescue medication 

Author’s Conclusion •  Both medications provide pain reduction after 30 
minutes 

•  Consistent findings in previous studies. 
Application •  While it may reduce pain, IN ketamine was 

associated with more adverse effects 
•  More research is needed before ketamine should 

be used before other agents.  
Graudins, Andis, et al. Annals of emergency medicine 65.3 (2015): 248-254. 

 



In the pipeline… 
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Study Design •  Randomized, double-blind, placebo-controlled  trial 
Purpose •  Evaluate whether patients who receive ketamine as 

adjunctive treatment to opiates for pain control, better 
satisfaction with pain control and reduction in total 
opiate dosage when compared to opiate therapy. 

Population 
(n=116 patients) 

•  Group 1: Ketamine (0.1 mg/kg) 
•  Group 2: Protocol-based group (morphine or fentanyl) 

Results •  Primary endpoint: ketamine group had lower pain 
scores than the standard group (p=0.015) and required 
lower opioid doses than standard treatment (p=0.02) 



Summary of trials 

•  Adults 
–  Low-dose ketamine reduces pain comparable to morphine 
–  Ketamine is associated with more adverse effects (dizziness 

and drowsiness) than morphine 
•  Pediatrics 

–  IN fentanyl and ketamine reduces pain in pediatrics 
–  IN administration is not commonly used 
–  Ketamine also associated with dizziness and drowsiness 
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Active learning #3 

Upon review of the use of ketamine for pain, which of 
the following are false? 
A.  Ketamine was not found to be beneficial for pain in children 
B.  A common adverse effect of ketamine was dizziness 
C.  Ketamine was superior to morphine in treating somatic pain 
D.  Both A and C 
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Implementation of ketamine in the ED 

•  Only physicians can administer intermittent 
ketamine boluses 

•  No policy or procedure for ketamine administration 
for pain management in the ED 

•  No management of the need for repeat dosing 
•  Monitoring parameters remain unclear 
•  Patient population… 
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Summary 
•  Increasing abuse of opioids is requiring healthcare workers 

to find alternatives. 
•  Ketamine has been shown to have comparable pain 

lowering effects when use in combination with opioids 
•  At low doses, ketamine is associated with an increased 

incidence of dizziness and drowsiness 
•  More studies are needed before the creation or 

implementation of ketamine-for-pain protocols 
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Active learning #4 
You are working in the Emergency Department. A 34 y/o F is 
the victim of a hit and run. She is brought in by EMS. (HR=70, 
BP=140/95, RR=19).  She is found to have a fracture of the right 
humerus and multiple abrasions. Her pain is 10/10. She reports 
taking morphine daily to control her fibromyalgia. After 
receiving a total of 100 mcg of fentanyl IV and 2 mg morphine 
IV her pain is still rated 10/10.  
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Dr. House asks if you have ever heard about sub-dissociative dosed 
ketamine for pain and if you think it would be a good option in this 
patient. Why, or Why not?
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