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For this review, NHTSA sponsored and had prepared draft KQ and PICOTS that is the point our EPC entered to develop the protocol, ID TEP, host TEP calls and reviews of protocol to revise before final acceptance by NHTSA AHRQ and posting. 

SR- our EPC

Draft report undergoes review by sponsor, AHRQ and revised by EPC before being sent to AHRQ Associate editor, TEP, peer review and posting for public review. EPC responds to each comment from this process and considers revisions, submits revised report to AHRQ and sponsor for approval prior to final acceptance. 


Objective of the Systematic Review

e To assess comparative effectiveness and harms of opioid and
nonopioid analgesics administered by emergency medical services
for treatment of moderate to severe acute pain in the prehospital
setting.

Sobieraj DM, Baker WL, Martinez BK, Miao B, Hernandez AV, Coleman ClI, Cicero MX, Kamin RA. Comparative Effectiveness of Analgesics To Reduce
Acute Pain in the Prehospital Setting. Comparative Effectiveness Review No. 220. (Prepared by the University of Connecticut Evidence-based Practice
Center under Contract No. 290-2015-00012-1.) AHRQ Publication No. 19-EHC021-EF. Rockville, MD: Agency for Healthcare Research and Quality; August
2019. Posted final reports are located on the Effective Health Care Program search page. DOI: https://doi.org/10.23970/AHRQEPCCER220.




Key Questions — Initial Analgesia

KQ1. What is the comparative effectiveness of the initial analgesic agent
treatment for achieving reduction in moderate-to-severe acute-onset pain level
when administered by EMS personnel in the prehospital setting?

e KQla. How does effectiveness vary by patient characteristics?

e KQ1lb. How does effectiveness vary by routes of administration, dosing, and timing?

KQ2. What are the comparative harms of analgesic agents when administered by
EMS personnel to control moderate-to-severe pain in the prehospital setting?

e KQZ2a. How do harms vary by patient characteristics?

e KQ2b. How do harms vary by routes of administration, dosing, and timing?

e KQ2c. What are the comparative harms to EMS personnel who administer analgesics to patients for the
control moderate-to-severe pain in the prehospital setting?




Key Questions — Subsequent Analgesia

KQ3. In patients whose moderate-to-severe acute-onset pain level is not
controlled following initial analgesic treatment, what is the comparative
effectiveness of switching the analgesic regimen compared to repeating the initial
treatment?

e KQ3a. How does effectiveness vary by patient characteristics?

e KQ3b. How does effectiveness vary by timing of the second treatment administration?

KQ4. In patients whose moderate-to-severe acute-onset pain level is not
controlled following initial analgesic treatment, what are the comparative harms of
switching to another analgesic agent?

e KQ4a. How do harms vary by patient characteristics?

e KQ4b. How do harms vary by routes of administration, dosing, and timing?




Key PICOTS

e Population e Outcomes Conclusions, graded

 Any age Pain severity scores (continuous) and
« Moderate to severe, acute pain presence of pain (dichotomous)

Time to analgesic effect
Any adverse event, hypotension, mental
status changes, respiratory depression

NELEIIEIN Acetaminophen, ketamine, nitrous * Self-reported recall of pain episode
oxide/oxygen, NSAIDs (ketorolac or « BP, dissociative experiences, emergence

e Intervention / Comparator

Class Analgesics
Opioid Fentanyl, morphine

ibuprofen) _ _
o LM Onioid (fentanyl or morphine) + delirium, HR, RR, nausea, oxygen saturation,

tions ketamine vomiting
* Opioid vs Nonopioid e Setting, Timing, Study Design
« Combination opioid and ketamine vs. « Prehospital, ED, battlefield included

opioid « RCT, cohort, case-control
e Opioid vs. Opioid

« Nonopioid vs nonopioid
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ED was indirect evidence, outcomes for study period or through 60 minutes
Battlefield was only qualitatively described, not part of conclusions



Key Methods

e Synthesis based on analgesic comparisons
» Opioid vs Nonopioid
e Combination vs. single opioid or ketamine

e Three time points (when applicable) — 15, 30 and 60 minutes

e Continuous pain score measurements were converted to a 0 to 10 scale

e |f prehospital evidence was insufficient, we used ED evidence
» Meta-analyses were separate per setting and noted throughout the report

e Clinically important differences

Outcome Clinically Important Difference

Pain score 2 points on a continuous scale from 0 to 10
Presence of pain, hypotension, Absolute risk difference of 5%
respiratory depression, mental

status changes
Time to analgesic effect 5 minutes on a continuous scale

Any adverse events Absolute risk difference of 10%
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Comparisons overall, graded and not
Outcomes overall, graded and not
CIDs
Converted all pain scores to 0 to 10 scale


Conclusions Based on Clinically Important Differences

Scenario Conclusion

| |
1. Point estimate and ClI entirely | Difference exists l l 1
to one side of the CID : o
2. Point estimate beyond CID, CI | Difference may : : ,
overlaps CID but shifted towards | exist | o = .
CID I il

I 3 |
3. Point estimate and CI entirely | No evidence of a : . — :
within CID on both sides CID | . \
4. Cl spans appreciable Insufficient ! : 0 : :
differences in either direction | |

t T t

CID NULL CID

CID=clinically important difference; Cl=confidence interval
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Insufficient was reserved when 1) no evidence exists and 2) when the estimate was so uninformative, appreciable differences supporting either analgesic were possible, as evidence of the CI crossing the CID in both directions. 


Strength of Evidence (SOE)

e Study Limitations
« Collective risk of bias for the evidence base answering the given question

e Consistency
* |2 value from pooled analyses
« If applicable - agreement between trial and observational study evidence

e Directness
» Prehospital = direct
e ED = indirect

e Precision
 Confidence interval relative to the CID

e Publication Bias
e Egger’s p-value, when possible




SOE Definitions

SOE

Explanation

High

We are very confident that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has few or no deficiencies. We believe that the findings
are stable, i.e., another study would not change the conclusions

Moderate

We are moderately confident that the estimate of effect lies close to the true effect for
this outcome. The body of evidence has some deficiencies. We believe the findings are
likely to be stable, but some doubt remains.

Low

We have limited confidence that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has major or numerous deficiencies (or both). We
believe that additional evidence is needed before concluding either that the findings are
stable or that the estimate of effect is close to the true effect

Insufficient

We have no evidence, we are unable to estimate an effect, or we have no confidence in
the estimate of the effect for this outcome. No evidence is available or the body of
evidence has unacceptable deficiencies, precluding reaching a conclusion.
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Of the 50 graded conclusions we made- 
0 high SOE		0
2 are moderate SOE 	4%
13 low SOE 		42%
28 insufficient SOE 	56%
7 No data		14%
 


Distribution of Included Studies

Comparison Overall N KQ1 KQ 3 KQ 4
Studies

Opioids vs. 17 RCT 14 RCT 2 RCT 2 RCT

Ketamine 3 OBS? 2 OBS

Opioid + Ketamine 6 RCT 6 RCT None None

vs. Opioid 2 OBS? 1 OBS

Opioid vs. APAP 10 RCT 9 RCT None None

Opioid vs. Nitrous 1 RCT 1 RCT 1 RCT None None

Oxide

Opioid vs. NSAID 3 RCT 3 RCT 3 RCT None None




.

Characteristics of Included Studies

Characteristic

Opioids Versus Ketamine

Opioid+Ketamine Versus Opioit Opioids Versus APAP

N of studies 17 RCT 3 OBS? 6 RCT 2 OBS? 10 RCT
Countries Afghanistan 2°; Australia 1; Israel 1; Afghanistan 1°; France 1; Iran 3; Iran 4; Turkey 4; Qatar 1; UK 1
(N studies) Iran 5; Sweden 1; New Zealand 1; Switzerland 1; USA 2
USA 8; Vietham 1
N of patients 2,484 1,566 2,001
Gender 23.3t0 100 40 to 100 43 to 83
(Range of males, %)
Age 71t077.3 23t051.58 29.1t0 44.6
(Range of means, y)
—) Pain Classification Traumatic: 13 Nontraumatic: 1 Traumatic: 3  Nontraumatic: 2 Traumatic: 4 Nontraumatic: 5;
(N studies) Mixed: 6 Mixed: 3 Mixed: 1
. Setting Prehospital: 4 ED: 14 Prehospital: 2 ED: 5 ED: 10
(N studies) Battlefield: 2 Battlefield: 1
Administered doses  Single: 11 Multiple: 7 Single: 6 Single: 10
(N studies)® NR: 2 NR: 2
Dosage forms IVvs.IV:10 INvs.IN: 4 IV+IV vs. IV:6 IV+INvs. IV: 1 IV vs. IV: 10
) (N of studies each) IV vs.IN: 29 IMvs. IN: 19 NR: 1
IMvs. IV:1  Mixed/NR: 2
NEB vs. IV: 1
: Specific drugs Morphine: 12 Fentanyl: 6 Morphine: 6 Mixed: 2 Morphine: 9 Fentanyl: 1
(N studies) Mixed: 2
Risk of bias Low: 12 Medium: 2 Low: 7 Medium: 1 Low: 9 Unclear: 1
=P (N studies)® High: 2 Unclear: 2

Low/medium: 2
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Characteristics of Included Studies

Characteristic Opioids Versus Opioids Versus NSAIDs
Nitrous Oxide

N of studies 1 RCT 3 RCT

Countries and N of Iran 1 Canada 1; Iran 1; USA 1

studies

N of patients 100 474

Gender 7210 84 56.4 to 70.5

(Range of males, %)

Age 35.8to0 37 11.7 to 39.3

(Range of means, y)

Pain Classification Traumatic: 1 Traumatic: 1 Nontraumatic: 1

(N studies) Mixed: 1

Setting ED: 1 ED: 3

(N studies)

Administered doses Single: 1 Single: 1 Multiple: 2

(N studies)®

Dosage forms IV vs. inhaled: 1 IV vs. IV: 2

(N of studies each) PO vs. PO: 1

Specific drugs Fentanyl: 1 Morphine: 3  Ketorolac: 2

(N studies) Ibuprofen: 1

Risk of bias Low/medium: 1 Low: 2 Medium: 1

(N studies)®
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Key Questions 1 and 2 — Initial Analgesia

Outcome Opioid? Versus Opioid+ketamine? Opioid? Versus Opioid? Versus Opioid? Versus
Ketamine? Versus Opioid? IV APAP Nitrous Oxide NSAIDs?
Pain severity No clinically Combination may No clinically Insufficient No clinically
(continuous) important be more effective®  important important
difference (+) (+) difference (+) difference® (++)
Pain presence Insufficient Insufficient Insufficient No data Insufficient
(dichotomous)
Time to Insufficient No data No clinically No data Insufficient
analgesic effect important
difference (+
Any adverse Fewer with Insufficient More with Insufficient More with
event opioids (+) opioids (+) opioids (+)
Hypotension Insufficient Insufficient No clinically No data Insufficient
important
difference (+)
Mental status Less dizziness Insufficient® More dizziness Insufficientd More
changes with opioids? (+) with opioids' drowsiness with
(++) opioids" (+)
Respiratory More with Insufficient Insufficient No data No data
depression opioids (+)

Strength of evidence: white = no evidence; yellow = insufficient; orange (+) = low; blue (++) = moderate
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This is for initial analgesia, KQ 1 and 2 which were efficacy and harms
Conclusions are based on indirect (ED) data, opioids ketamine and NSAIDs were primarily IV administered, and for APAP this was the only route, Comparing opioids and ketamine the route was primarily IN
No CID between opioids and ketamine or for opioids vs IV APAP or for opioids v NSAIDS. APAP comparison These conclusions are based on indirect evidence from the ED setting comparing weight-based doses of morphine IV with fixed doses of APAP IV.
Combinations of opioid and ketamine may be more effective v opioid alone. This is based mostly on indirect evidence from the ED setting comparing IV morphine and ketamine, where a single dose of ketamine was added to weight-based morphine.  
Insufficient data comparing opioid NO
Little evidence for the other efficacy outcomes but one conclusion was made- no CID in onset to analgesic effect with opiods vs IV APA



aRoutes of administration were primarily intravenous, with exception of opioid versus ketamine for “any adverse event” where analgesics were primarily administered IN. (see table A, dosage form row).
Abbreviations: IV=intravenous
bChange in 15 and 30 minutes; no clinically important difference at 60 min
cAt 30 and 60 min, inconclusive at 15 min
dInsufficient for drowsiness, changes in RAAS, reduced GCS, sleepiness/tired, confusion, sedation, difficulty concentrating
eFor dizziness, sedation
fInconclusive for mild sedation
gFor dizziness
hInsufficient for depression (as a mental status change), dizziness



Key Questions 1 and 2 — Initial Analgesia

Outcome

Opioid? Versus

Opioid+ketamine?

Opioid? Versus

Opioid? Versus

Opioid? Versus

Ketamine? Versus Opioid? IV APAP Nitrous Oxide NSAIDs?
Pain severity No clinically Combination may No clinically Insufficient No clinically
(continuous) important be more effective®  important important
difference (+) (+) difference (+) difference® (++)
Pain presence Insufficient Insufficient Insufficient No data Insufficient
(dichotomous)
Time to Insufficient No data No clinically No data Insufficient
analgesic effect important

Any adverse
event

Fewer with
opioids (+)

Insufficient

More with
opioids (+)

Insufficient

More with
opioids (+)

Hypotension

Insufficient

Insufficient

No clinically
important
difference (+)

No data

Insufficient

Mental status
changes

Less dizziness
with opioids® (+)

Insufficient®

More dizziness
with opioids'

(++)

Insufficientd

More
drowsiness with
opioids" (+)

Respiratory
depression

More with
opioids (+)

Insufficient

Insufficient

No data

No data

Strength of evidence: white = no evidence; yellow = insufficient; orange (+) = low; blue (++) = moderate
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This is for initial analgesia, KQ 1 and 2 which were efficacy and harms
Conclusions are based on indirect (ED) data, opioids ketamine and NSAIDs were primarily IV administered, and for APAP this was the only route, Comparing opioids and ketamine the route was primarily IN

Fewer total Aes with ketamine v opioids Differences in adverse events may be associated with age, route, or type of pain. 
but more total AE  with opioid v APAP or NSAIDS. APAP is IV morphine v IV APAP ED indirect
Specici graded Aes – less dizziness with opioids v ketamine but more RD. Differences in dizziness may be associated with age or route. 

More dizziness with opioids v APAP and more drowsiness with oioids v NSAIDs

Results from outcomes that were not graded for SOE suggest opioids lead to statistically lower values for heart rate, respiratory rate and systolic blood pressure compared with ketamine in 15 minutes; statistically lower systolic blood pressure versus ketamine in 30 minutes; statistically greater nausea/vomiting versus ketamine. Clinical relevance of these results is uncertain.

Results from outcomes that were not graded for SOE suggest combination therapy vs opioid alone leads to a statistically higher value for oxygen saturation and respiratory rate in 30 minutes and statistically less vomiting, but clinical relevance is uncertain. 


aRoutes of administration were primarily intravenous, with exception of opioid versus ketamine for “any adverse event” where analgesics were primarily administered IN. (see table A, dosage form row).
Abbreviations: IV=intravenous
Strength of evidence: white = no evidence; yellow = insufficient; orange (+) = low; blue (++) = moderate. Conclusions of no clinically important difference are based on a prior determined thresholds of 2 points on a 0 to 10 pain scale, 5 minutes for time to analgesia, 10% absolute difference for any adverse event and 5% absolute difference for hypotension, respiratory depression and mental status changes.
bChange in 15 and 30 minutes; no clinically important difference at 60 min
cAt 30 and 60 min, inconclusive at 15 min
dInsufficient for drowsiness, changes in RAAS, reduced GCS, sleepiness/tired, confusion, sedation, difficulty concentrating
eFor dizziness, sedation
fInconclusive for mild sedation
gFor dizziness
hInsufficient for depression (as a mental status change), dizziness
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Key Questions 3 and 4 — Subseqguent Analgesia

Outcome Additional Opioid Versus Switching to
Ketamine

Pain severity (continuous) Ketamine may be more effective (+)

Pain presence (dichotomous) Insufficient

Time to analgesic effect Ketamine may be quicker (+)

Any adverse event Insufficient

Hypotension Insufficient

Mental status changes Insufficient

Respiratory depression No data

Strength of evidence: white = no evidence; yellow = insufficient; orange (+) = low; blue (++) = moderate
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These conclusions are based on direct evidence from the EMS setting comparing IV morphine with IV ketamine when patients inadequately respond to initial morphine IV. 



Limitations

e Indirect evidence from the ED

e Subgroup analyses were not always possible for many reasons

 Mean baseline characteristics were aggregated to one extreme (ex. baseline pain scores
were always 27)

o Particular route, dose or type of pain dominated the evidence base
* No evidence, as in EMS personnel harms or EMS training

e ED data and multiple time points

e Outcomes mental status changes and emergence delirium
» Lack of standardized definitions
» Kept various mental status change symptoms separate
* Did not make assumptions for emergence delirium
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48 RCT and 12 observational studies
14 (23.3%) were prehospital, and 8 of these 14 (57.1%) compared morphine vs. fentanyl 
Conclusions for KQ 1 and 2 are based on indirect (ED) evidence
Conclusions for KQ 3 and 4 are based on direct (prehospital) evidence


Address evidence gap in prehopital setting
Initial and subsequent analgesia, overall and for important subgroups
Pain assessment tools in specific populations
Association of EMS training and comparative effectiveness and harms of analgesics is unstudied 
Analgesic regimen characteristics
IV is not always possible/practical but this route drives the current evidence base
How dose or timing or second dose matter is unknown - insufficient evidence 
Leverage NEMSIS to conduct rigorous observational studies, with methods to adjust for confounding



Key Messages

e As initial therapy in the prehospital setting

 NSAIDS provide similar pain relief to opioids and may cause fewer overall side effects and less
drowsiness.

« APAP may provide similar pain relief to opioids and may cause fewer side effects overall and less
dizziness.

« Ketamine may provide similar pain relief to opioids. Ketamine may cause more dizziness or overall
side effects, while opioids may cause more respiratory depression.
.Combining an opioid with ketamine may be more effective in reducing pain compared with opioids
alone.

If morphine does not adequately relieve pain, changing to ketamine may be more effective and
more quickly reduce pain than giving additional morphine.

e Caveats

» Few studies have been conducted in the prehospital setting; we relied on evidence from the
emergency department.

* Analgesics were primarily administered intravenously; this was the only route studied for APAP. The
Intranasal route was common in studies reporting adverse events for the comparison of opioids versus

ketamine.
D
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Key Messages • As initial therapy in the prehospital setting: o Nonsteroidal anti-inflammatory drugs provide similar pain relief to opioids and may cause fewer overall side effects and less drowsiness. o Acetaminophen may provide similar pain relief to opioids, and may cause fewer side effects overall and less dizziness. o Ketamine may provide similar pain relief to opioids. Ketamine may cause more dizziness or overall side effects, while opioids may cause more respiratory depression.  Combining an opioid with ketamine may be more effective in reducing pain compared with opioids alone.  If morphine does not adequately relieve pain, changing to ketamine may be more effective and more quickly reduce pain than giving additional morphine. Caveats • Few studies have been conducted in the prehospital setting; we relied on evidence from the emergency department. • Analgesics were primarily administered intravenously; this was the only route studied for acetaminophen. The intranasal route was common in studies reporting adverse events for the comparison of opioids versus ketamine. 


	Comparative Effectiveness of Analgesics To Reduce Acute Pain in the Prehospital Setting
	AHRQ CER Process
	Objective of the Systematic Review
	Key Questions – Initial Analgesia
	Key Questions – Subsequent Analgesia
	Key PICOTS
	Key Methods
	Conclusions Based on Clinically Important Differences
	Strength of Evidence (SOE)
	SOE Definitions
	Distribution of Included Studies
	Characteristics of Included Studies
	Slide Number 13
	Key Questions 1 and 2  – Initial Analgesia
	Key Questions 1 and 2  – Initial Analgesia
	Slide Number 16
	Limitations
	Key Messages

