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Abstract
Background: Paramedics frequently administer analgesic medications for pain following trauma. Morphine is the 
most commonly administered strong analgesic. However, it may not be the best option as it may lower blood pres-

sure, depress respiration and there is a risk of dependency. Ketamine might be a better option. We sought to com-

pare clinical and cost-effectiveness of paramedic administered ketamine and morphine in patients with severe pain 
following trauma.
Methods: PACKMaN was a double-blinded, randomised controlled, superiority trial. Eligible patients were 16 years 
of age or over, had an acute injury, and articulated a pain score of 7 or greater on a 0–10 numeric rating score. We 
excluded pregnant patients, prisoners, those unable to articulate a pain score and anyone lacking capacity. The 
maximum dose of morphine was 20 mg while the maximum dose of ketamine was 30 mg. The trial drug was titrated 
to effect. The primary outcome was the Sum of Pain Intensity Difference score.
Results: We randomised 449 participants: 219 (49%) received ketamine and 230 (51%) received morphine. The 
Sum of Pain Intensity Difference score was 3.5 (standard deviation 2.8) for ketamine and 3.4 (standard deviation 
3.0) for morphine. We found no significant difference in efficacy between drugs (adjusted mean difference 0.1, 95% 
confidence interval −0.4 to 0.6; p = 0.7). Ketamine was more likely to achieve ‘very much improvement’ (odds ratio 
1.58, 95% confidence interval 1.08 to 2.31; p = 0.019) and to do so more rapidly than morphine (hazard ratio 1.42, 
95% confidence interval 1.09 to 1.84; p = 0.009). However, morphine was likely to last longer than ketamine (hazard 
ratio 1.28, 95% confidence interval 1.05 to 1.56; p = 0.013). There was no evidence of a significant difference in 
serious adverse events.

Conclusion: Ketamine does not provide superior analgesia than morphine when treating acute severe trauma pain. 
Ketamine is a suitable alternative that is safe for use by paramedics.
Limitations: Patients were required to provide verbal assent to participate, consequently we were only able 
to recruit patients who had capacity to understand what was being asked of them. It is also therefore probable 
that we were unable to recruit the most severely injured patients. These factors may limit generalisability of our 
results. Furthermore, we were unable to complete a planned sensitivity analysis to determine if there was a differ-
ence in treatment response between patients with more minor injuries and those who were more severely injured. 
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Finally, we experienced a loss to follow-up at 3 and 6 months, so our findings for long term outcomes may have 
been underpowered.
Future work: Future research should focus on identification of the optimal drug (or combination of drugs), dosing 
and drug route to achieve rapid control of pain. In addition, it would be valuable to explore the relationship between 
paramedic analgesia and the development of chronic pain.

Funding: This synopsis presents independent research funded by the National Institute for Health and Care Research 
(NIHR) Health Technology Assessment programme as award number NIHR128086.
A plain language summary of this synopsis is available on the NIHR Journals Library Website https://doi.org/10.3310/
KGTO6391.

Introduction

Material throughout this manuscript has been reproduced 

with permission from Smyth et al.1 This is an Open Access 
article distributed in accordance with the terms of the 
Creative Commons Attribution (CC BY 4.0) licence, which 
permits others to distribute, remix, adapt and build upon 

this work, for commercial use, provided the original work 
is properly cited. See: https://creativecommons.org/
licenses/by/4.0/. The text below includes minor additions 
and formatting changes to the original text.

The International Association for the Study of Pain (IASP) 
define pain as ‘an unpleasant sensory and emotional expe-

rience associated with, or resembling that associated with, 
actual or potential tissue damage’.2 Pain may further be 

described according to its anatomic location (e.g. chest or 
limb pain), time course (e.g. acute or chronic) or in relation 
to underlying pathology (e.g. trauma or cancer related).3 

The IASP definition of pain acknowledges that pain 
incorporates both emotional and sensory components 
arguing that it is not simply a sensation.4 The Declaration 
of Montreal asserts that effective pain management 
should be a basic human right.5 This led the World Health 
Assembly to subsequently declare that ‘it is the ethical 
duty of every healthcare professional to alleviate pain and 

suffering’.6 Pain management is therefore a key priority for 

ambulance clinicians.7

Acute pain following trauma is a common presenting 
complaint for ambulance clinicians. It has been reported 
that up to 24% of ambulance calls are related to trauma.8 
Published data indicate that pain is present in at least 

70% of trauma patients attended by ambulance services.9 
Furthermore, where a pain score is documented, 81% of 
patients report moderate or severe pain.9

There are several adverse physiologic effects associated 
with poorly managed acute severe pain. Pain triggers 
several complex haemodynamic, respiratory, metabolic, 

neurohumoral, immune and somatosensory responses.10 It 
is widely recognised that pain can precipitate an increase 

in both heart rate and blood pressure.11 Tachycardia 

raises myocardial metabolic demand and increases risk 

of arrhythmia.12 In the context of acute trauma where 
there is potential for blood loss, elevated blood pressure 
may increase the risk of clot disruption and exacerbate 
blood loss.13 Furthermore, thoracic musculoskeletal pain 

is known to impede chest expansion leading to shallow 
breathing with subsequent increased dead space ventila-

tion.14 This can result in impaired gas exchange, increasing 

the risk of respiratory failure.14 Finally, pain can trigger 

increased levels of cortisol, catecholamines and glucagon 
as well as decreased insulin sensitivity.15

Unfortunately, evidence suggests that acute pain is 

poorly managed within ambulance services.7,16–19 There 

are several potential explanations for this finding. The 
prehospital interval is short and there may be insufficient 
time for drugs to reach their therapeutic effect. Training of 
paramedics may be inadequate, altered patient physiology 
and a limited formulary may all contribute to suboptimal 
prehospital pain management.

Irrespective of the underlying cause, poorly managed 
acute pain is associated with adverse patient outcomes,20 

including depression,21 post-traumatic stress disorder22 

and chronic pain.23 Chronic pain is defined as pain that 
persists, or recurs, for more than 3 months,24 and it is asso-

ciated with significant economic and social burden.25–27 

Conservative estimates of pain-related healthcare costs 
suggest a global burden of $560–635 billion annually.26 In 
the UK, the economic consequence of chronic pain has 

been estimated at £8000 per person, per year.27

A direct relationship has been established between acute 
pain severity and chronic pain.23 The transition from acute 
to chronic pain appears to occur in discrete pathophys-

iological and histopathological steps.28 Persistent pain 

activates secondary mechanisms, peripherally and cen-

trally, leading to allodynia, hyperalgesia and hyperpathia 

that impair normal functioning. These changes sensitise  
second-order spinal neurones which facilitates the transi-
tion of acute to chronic pain.28 However, evidence suggests 
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that effective treatment of acute pain can reduces the risk 
of developing chronic pain.28,29

Several pharmacologic options exist to treat acute pain. 
The World Health Organization (WHO) categorise anal-
gesic drugs as non-opioids such as nonsteroidal anti- 
inflammatory drugs, moderate opioids such as codeine, 
strong opioids such as morphine and analgesic adju-

vants.30 Analgesic adjuvants are drugs typically indicated 

for conditions other than pain but may be effective in 
some pain conditions; for example, steroids modulate the 
inflammatory response, they reduce swelling and in doing 
so dampen the pain stimulus.31 The WHO further advo-

cate the use of a ‘pain ladder’, starting therapy on the first 
step with non-opioids for mild pain, the second step with 
moderate opioids for moderate pain, and the third step 

with opioids for severe pain. If analgesia is not achieved at 
lower levels then clinicians are encouraged to escalate to 
the next step to achieve adequate analgesic effect.30

Each of the three steps of the WHO analgesic ladder is 
reflected within the ambulance service pain management 
guidelines.32 At the first step, paramedics may administer 
paracetamol or ibuprofen. At the intermediate step, para-

medics can administer oral morphine and at the top step 

they can administer parenteral morphine. Paramedics also 

have the option of Entonox and, in some services, methox-

yflurane. Both are short acting, inhalation analgesics that 
can be used for moderate or severe pain. Existing ambu-

lance guidelines encourage ambulance paramedics to offer 
patients inhalation analgesia while they wait for enteral or 
parenteral analgesia to take effect.32 Paramedics are addi-

tionally able to administer anti-emetic drugs, including 
metoclopramide and ondansetron, for vomiting that may 
act as an adjuvant when analgesia is administered orally.

Several additional treatment options exist for the manage-

ment of acute severe pain. Historically, morphine and fen-

tanyl have been the preferred options in the emergency 
setting.33 However, in some parts of the world, there is 
rising concern relating to prescription of opioid drugs and 
opioid use disorder.34 In addition, fentanyl is not currently 
accessible for paramedics due to restrictions imposed 
by medicines legislation. Alternatives to opioid therapy 
include ketamine35 and, in selected cases, regional nerve 

blocks.36 There are an increasing number of trials report-

ing the efficacy of sub-dissociative ketamine to provide 
analgesia in the emergency department.37–40 There is 

also growing use of, ketamine by prehospital critical care 
teams; however, robust evidence of its effectiveness in 
the prehospital setting when used by non-specialist para-

medics is currently lacking.

Summary of existing evidence

We identified 6 randomised controlled trials (RCTs),41–46 

22 observational studies47–69 and 4 systematic reviews70–73 

reporting effectiveness of prehospital ketamine. 
Information bias was a key limitation of all identified stud-

ies due to their unblinded methodology and the subjective 
nature of pain scoring.74

Ketamine versus placebo
One RCT (n = 40) compared 0.75 mg/kg intranasal ket-
amine versus placebo (saline) when administered by 
paramedics.41 This study reported that pain scores [doc-

umented with visual analogue scale (VAS) pain score] 
reduced by 80% in the ketamine group versus 60% in the 
placebo group at 30 minutes.41 No serious adverse effects 
were reported.

Ketamine versus morphine
Two randomised trials (n = 563) compared ketamine 
and morphine.42,43 Both studies were unblinded, non- 
inferiority trials among physicians. Tran et al.42 conducted a 

cluster randomised trial in rural Vietnam. Trauma patients 
(n = 312) received either intravenous (IV) ketamine (0.2–
0.3 mg/kg) or intramuscular morphine (10 mg in adults, 
5 mg in children). The rural nature of the trial meant that 
most patients were transported to the physician, rather 
than the physician attending the scene. Hence, the pre-

hospital interval was significant – mean time from injury to 
hospital admission was 3.6 hours [95% confidence interval 
(CI) 3.3 to 4.0 hours]. Pain intensity was measured using 
a VAS. The final reduction in VAS pain intensity was −3.5 
in the ketamine group versus −3.1 in the morphine group. 
The side-effect profile was superior for ketamine with less 
vomiting observed than for morphine (19% difference, 95% 
CI 8% to 22%), although there was a higher rate of halluci-
nations and agitation (1.5% difference) in patients receiv-

ing ketamine. The authors concluded that ketamine yielded 

an analgesic effect equal to that provided by morphine.42

Le Cornec et al.43 similarly conducted a trial among phy-

sicians in France. Trauma patients (n = 251) with moder-
ate or severe pain [numeric rating score (NRS) > 4] were 
randomised to either 2–3 mg (dependent upon weight) 
of IV morphine every 5 minutes or 20 mg of IV ketamine 
over 2 minutes followed by a further 10 mg every 5 min-

utes. The final reduction in NRS pain intensity was −3.7 
(95% CI −4.2 to −3.2) in the ketamine group versus −3.8 
(95% CI −4.2 to −3.4) in the morphine group (difference 
0.1, 95% CI −0.7 to 0.9). The authors similarly concluded 
that ketamine was not inferior to morphine and a suitable 
alternative for patients with acute traumatic pain.

https://doi.org/10.3310/KGTO6391
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Ketamine combined with morphine 
versus morphine alone
Three randomised trials (n = 235) compared a combination 
of ketamine and morphine versus morphine alone.44–46 In 
one trial (n = 135), paramedics administered 5 mg IV mor-
phine to all patients and thereafter randomised patients 
to receive either ketamine or morphine.44 The mean pain 

score change was 5.6 (95% CI 6.2 to 5.0) in the morphine 
and ketamine group compared to 3.2 (95% CI 3.7 to 2.7) 
in the morphine-only group. Ketamine and morphine was 
associated with a higher incidence of side effects than 
morphine alone (risk difference 26.3%, 95% CI 10.6% to 
40.7%).

In the second trial (n = 27) paramedics administered 
either 0.1 mg/kg morphine sulphate combined with 
0.2 mg/kg ketamine or 0.2 mg/kg of morphine sulphate 
alone.45 Reported pain scores were lower for the ketamine 
and morphine group (3.1 ± 1.4) than for the morphine-only 
group (5.4 ± 1.9).

In the third trial (n = 73) physicians administered 0.1 mg/kg 
IV morphine to all patients and thereafter randomised 
patients to receive either 0.2 mg/kg of ketamine and 3 mg 
of morphine every 5 minutes as required or to adminis-

ter 3 mg of morphine with a placebo every 5 minutes as 
required.46 The primary outcome was change in VAS pain 
score at 30 minutes. There was no significant difference 
in change in pain score at 30 minutes ketamine and 
morphine 34.1 (25.6–42.6), morphine and placebo 39.5 
(32.4–46.6).46 The authors further reported no difference 
in side effects between drug combinations.

No trials compared morphine alone versus ketamine alone 

versus ketamine combined with morphine. It is difficult 
to determine if the reported difference in effectiveness 
is due the combination of ketamine and morphine or 
ketamine alone.

Observational studies
There have been numerous non-randomised publications 
reporting use of ketamine in the prehospital setting.47–69 

The vast majority comprise retrospective reviews of 
ketamine administration, some of which compare effi-

cacy with other drugs. Indications for use included anal-
gesia,47,50–56,58,60–62,75 procedural sedation,51,53,56,66 rapid 

sequence induction48,49 and management of acute behav-

ioural disturbance/excited delirium.63–65 Reported out-

comes include frequency of use, success rates across the 

different indications and incidence of adverse/side effects.

Among those studies reporting ketamine analgesia, the 
majority suggest that ketamine is as effective or better 

than morphine. Multiple studies further attest to the 
safety profile of ketamine across a range of indications 
and doses. Although these data are broadly supportive of 
ketamine, it is essential to note that they are observational 
in nature, limiting the conclusions that can be inferred. 
Furthermore, there is significant heterogeneity across 
the studies that were conducted. Few involved UK EMS 
systems and administration by critical care paramedics 
(CCPs) or doctors was common, sample sizes were small, 
with significant variation in the types of patients enrolled 
and dosages administered. These data are therefore insuf-

ficient to reliably inform wider Ambulance Service practice 
in the UK.

Systematic reviews or meta-analyses
We identified a small number of systematic reviews that 
included several of the observational studies identified 
above. It should also be noted that a small proportion 
of studies were common across the systematic reviews 
despite some variation in the objectives of the reviews. A 
2011 systematic review included 6 studies, involving 340 
patients, 2 of which were randomised trials.71 Three of the 

included studies reported the effectiveness of ketamine 
analgesia and five reported side effects associated with 
ketamine administration. The authors concluded that ket-
amine was at least as effective as an opiate alone and does 
not increase the frequency or intensity of side effects.

A 2020 systematic review identified 10 studies, involving 
2224 patients, 3 of which were randomised trials.70 The 

authors reported three distinct groupings of study – those 
describing efficacy of ketamine without any comparator 
group, efficacy of ketamine alone versus ketamine with 
morphine and finally efficacy of ketamine versus any 
other analgesic or placebo. They concluded there was 
low-grade evidence that ketamine offered a safe and 
effective analgesia when used as the only analgesic, and 
low-grade evidence that it was as effective as alternative 
opioid options. They further reported that there was 
moderate evidence that coadministration of ketamine 
with morphine may improve analgesic efficacy and reduce 
morphine requirement.

Sandberg et al.72 conducted a meta-analysis of 8 studies, 
involving 2760 patients, 5 of which were randomised trials. 
The authors reported 5 distinct groupings of study – those 
describing efficacy of ketamine versus opioid, efficacy of 
ketamine alone versus ketamine and morphine, ketamine 

bolus versus ketamine infusion, intranasal ketamine and 

Entonox versus Entonox alone and finally ketamine versus 
no analgesia. They concluded that ketamine probably 

reduces pain more than opioids do and additionally does so 
with less nausea and vomiting but a higher risk of agitation.
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Finally, Youseffardi et al.73 conducted a meta-analysis 

of 7 studies, involving 1064 patients, 4 of which were 
randomised trials. The authors reported four distinct 
groupings of study – those describing efficacy of ketamine 
versus morphine, efficacy of ketamine alone versus keta-

mine and morphine, ketamine versus fentanyl, and finally 
ketamine versus placebo. They concluded that ketamine 

provides similar pain relief to opioid analgesics but had 

fewer side effects. They further asserted that ketamine 
plus morphine coadministration offered no advantage 
compared to administration of morphine alone.

Despite a reasonable number of publications describing 
the effectiveness of ketamine in the prehospital environ-

ment, high-quality evidence demonstrating superiority 
of ketamine to morphine is severely lacking. The most 

convincing evidence derives from the KETAMORPH study 
by Le Cornec et al.43 which was published more recently 
than all of the identified reviews. However, this study may 
lack generalisability to the UK as it was conducted among 
a physician cohort rather than a paramedic cohort. This 

lack of evidence limits access to a potentially effective 
treatment. The PACKMaN study was conceived to address 
this issue.76

Rationale for PACKMaN

The most frequently administered drug for moderate to 

severe pain following trauma, in ambulance services, is 
morphine sulphate.32,33 Morphine has several undesirable 

side effects including nausea, confusion, dizziness, drows-

iness, respiratory depression, hypotension and arrhyth-

mia that may limit its use.77–80 This, and concerns about 

potential longer-term dependence, may limit effective use 
by paramedics.23

Ketamine has been proposed as an ideal prehospital 

analgesic agent due to its rapid onset of action, effective 
analgesia, favourable haemodynamic stability, and preser-

vation of upper airway reflexes.50 Ketamine has a distinct 
dose-response gradient in which small doses (< 0.5 mg/kg) 
provide an analgesic effect and large doses (> 2 mg/kg) an 
anaesthetic effect.68 It exerts its effect by ‘disconnecting’ 
the thalamocortical and limbic systems, effectively disso-

ciating the central nervous system from outside stimuli 
(e.g. pain, sight, sound).81 Ketamine also stimulates the 
sympathetic nervous system and moderately increases 
heart rate and blood pressure. Ketamine does not nor-

mally affect respiration; patients breathe spontaneously 
and maintain airway reflexes.66

The prehospital environment can be unpredictable. 

Ketamine appears to have a wide margin of safety. Serious 

adverse outcomes have not been reported even though 

overdoses of 5–100 times the intended dose have been 
inadvertently administered, suggesting ketamine may also 
have additional benefits with respect to safety.47 Finally, 

there is additional evidence to indicate that perioperative 
ketamine analgesia may prevent hyperalgesia, reducing 

the risk of developing persistent post-operative pain.82,83 

This suggests ketamine might be associated with a lower 
incidence of chronic pain post trauma.

Due to its rapid onset and favourable side-effect profile, 
ketamine is already used in many ambulance systems 

around the world.52,55,71,84–86 However, in the UK ketamine 
is currently restricted for use by prehospital doctors and 

a limited pool of specialist CCPs, targeted to the small 

number of cases needing critical care support.53,87 This 

is primarily because there is little quality evidence of its 
effectiveness and safety as summarised above.

Trial overview
The PACKMaN trial protocol has previously been pub-

lished.88 Briefly, PACKMaN was a double-blind, individually 
randomised, parallel arm, controlled trial comparing keta-

mine and morphine in patients reporting severe pain fol-
lowing trauma. Eligible patients comprised those who had 
suffered an acute traumatic injury, were at least 16 years 
of age or over, reported a pain score of 7 or greater on a 

0–10 NRS and, in the opinion of the attending paramedic, 
would normally require parenteral morphine for analgesia. 
Participating ambulance services included West Midlands 
Ambulance Service (WMAS) and Yorkshire Ambulance 
Service (YAS).

Approvals
The trial was sponsored by the University of Warwick. 
Ethical approval was granted by the West of Scotland 
Research Ethics Committee (REC) (20/WS/0126). The trial 
was registered with the International Standard Randomised 
Controlled Trial Number registry (ISRCTN14124474) on 
22 October 2020 and the European clinical trials database 
(EudraCT 2020-000154-10).

Eligibility
Excluded patients included known or suspected pregnancy 
(both ketamine and morphine cross the placental barrier), 

those unable to articulate severity of pain using the 0–10 
NRS (prerequisite for consideration of eligibility), any 
patient lacking capacity due to a reason other than pain 
(unable to reliably obtain assent to participation), known 
prisoners (require additional approvals and safeguards that 
would have delayed recruitment. We did not anticipate 
there would be a high proportion of prisoners, so made 
a pragmatic decision to exclude this population in order 
to deliver a more cost-effective trial. This mirrors practice 
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6

NIHR Journals Library www.journalslibrary.nihr.ac.uk

DOI: 10.3310/KGTO6391 Health Technology Assessment 2026 Vol. 30 No. 57

in many clinical trials) or any patient who declined partic-

ipation. In addition, patients who received parenteral ket-
amine or opioid analgesia prior to randomisation, or who 
had a contraindication to either drug, were also excluded.

Trial intervention
The trial drugs were supplied in 2 ml glass ampoules con-

taining either 15 mg of ketamine hydrochloride or 10 mg 
of morphine sulphate. Drug ampoules were identical in 
appearance. The trial drug was prepared by diluting one 
ampoule of trial drug (either ketamine or morphine) with 
9 ml of 0.9% sodium chloride in a 10 ml syringe. The trial 
drug was then administered by slow IV or intraosseous 
(IO) injection, titrated to effect over 5 minutes. The par-
amedic then waited a further 5 minutes for the drug to 
exert an effect. If after 5 minutes the patient still reported 
pain, the paramedic was able to prepare a second syringe 
of trial drug and administer it in the same manner. The 

maximum cumulative volume of trial drug that could be 
administered was 20 ml. This equates to a maximum dose 
of either 20 mg of morphine or 30 mg of ketamine.

Outcome measures
The primary outcome measure was the Sum of Pain 
Intensity Difference (SPID) score. SPID is advocated by the 

Initiative on Methods, Measurement, and Pain Assessment 
in Clinical Trials guidance,89 and defined as difference in 
pain intensity per unit of time.90 Pain intensity was meas-

ured using the 0–10 NRS, documented by the attending 
paramedic. Time was assessed as the interval, in hours, 
between each NRS score. Our trial was powered to detect 
a 1-point difference in SPID score to confirm superiority. 
Secondary outcomes, including the time points at which 
they were measured, are reported in the Table 1.

Trial data were extracted from routinely collected elec-

tronic patient care records by research paramedics and 
uploaded to the trial database using a predefined data 
entry template. Ambulance services amended their 

respective electronic patient care records a-priori to col-
lect trial specific outcomes, such as Global Impression of 
Change. No supplemental data collection instrument was 
completed by participating paramedics.

All analyses were conducted using the intention to treat 
principle. The morphine group was the reference group for 
the analysis. The primary analysis was effectiveness of pain 
relief from randomisation to arrival at hospital as meas-

ured by SPID score (using a 0–10 numerical rating scale). 
All planned analyses are detailed in the Statistical and 

TABLE 1 Secondary outcomes and time points for measurement

Time point

Secondary outcome Baseline/prehospital After hospital arrival 3 months 6 months

Vital signs ✓

TOTPAR ✓

Side effects and AEs ✓ ✓ ✓ ✓

Time to perceptible analgesia ✓

Time to meaningful analgesia ✓

Time to peak analgesia ✓

Duration of analgesia ✓

Patient global impression of change ✓

Rescue analgesia ✓

Resource use ✓ ✓ ✓ ✓

Quality of Life – EQ-5D-5L ✓ ✓

Questionnaire – BPI-SF ✓ ✓

Questionnaire – CSRI ✓ ✓

AEs, adverse events; BPI-SF, Brief Pain Inventory – Short Form;92 CSRI, clinimetric self-reported instrument; EQ-5D-5L, EuroQol-5 
Dimensions, five-level version;91 TOTPAR, Total Pain Relief.89 Reproduced from Smyth et al.1 This is an Open Access article distributed in 
accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and 
build upon this work, for commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. 
The table above includes minor additions and formatting changes.
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Health Economic Analysis Plans (see Report Supplementary 

Material 1).

Research paramedics contacted participants who con-

sented to long-term follow-up. Quality of life (EQ-5D-5L) 
and chronic pain [Brief Pain Inventory – Short Form (BPI-
SF)] assessments were completed by research paramedics, 
either face to face, or virtually on request of the patient.

Results

PACKMaN recruited its first patient on 10 November 
2021 and achieved its recruitment target on 31 May 2024. 
During the course of the trial, we screened 938 potentially 
eligible patients, from whom 449 were recruited – 219 
(49%) were randomised to the ketamine arm and 230 
(51%) to the morphine arm (Figure 1). Baseline charac-

teristics [age, gender, ethnicity, patient-reported weight, 
initial pain score, mechanism of injury, systolic blood 
pressure, diastolic blood pressure, heart rate, respiration 
rate, oxygen saturations, Glasgow Coma Score (GCS), type 
of injury sustained, and body part injured] were similar 
across the two treatment arms (Table 2). The mean age of 

the included population was 63.6 years [standard devia-

tion (SD) 21.7]. The mean cumulative dose of ketamine 
administered was 17.7 mg (SD 7.6 mg) while the mean 
dose per kilogram was 0.24 mg/kg (SD 0.11 mg/kg). The 
mean cumulative dose of morphine administered was 
12.5 mg (SD 5.0 mg) and the mean dose per kilogram was 
0.17 mg/kg (SD 0.08 mg/kg). All patients received the trial 
intervention via the IV route. No patients received drugs 
via the IO route.

We also reviewed those patients screened for inclusion 
who were not randomised. This group primarily com-

prised patients who were not eligible for consideration, 
for example pregnant patients, but also included cases of 
missed enrolments. Missed enrolments were patients who 
were eligible for the trial but not randomised for some 
reason. For example, this could occur if the trial paramedic 

encountered two eligible patients in a single shift. Trial 
paramedics only carry a single drug pack that, if it has 

already been opened, cannot be reused. We reviewed the 
explanations for all missed enrolments.

The reasons for missed enrolment are shown in Table 3,  

220 potential participants were missed due to para-

medic not carrying a study drug pack, 2 participants 
were missed due to the pack being used previously on 
shift, and 748 participants were missed due to other 
reasons. Supplementary reasons for ineligibility that are 

not included in the Consolidated Standards of Reporting 

Trials (CONSORT) diagram are shown in Table 4. These are 

9536 patients being under the age of 16, 65,241 patients 
reporting a pain score below 7, 2935 patients where IV 
access was not obtained, and 29,860 patients where the 
attending paramedic determined patient did not require IV 
morphine or equivalent.

Principle finding
We found that ketamine was not superior to morphine. 
The SPID score for ketamine was 3.5 (SD 2.8) while the 
SPID score for morphine was 3.4 (SD 3.0) [adjusted mean 
difference (MD) 0.1, 95% CI −0.4 to 0.6; p = 0.7]. This 
finding demonstrates that the overall analgesic effects of 
both drugs were similar from randomisation through to 
handover at hospital.

Secondary findings
Broadly speaking, our secondary outcomes can be grouped 
into ambulance and initial hospital outcomes, secondary 
hospital outcomes, safety outcomes, 3-month outcomes 
and 6-month outcomes (Table 5). With respect to ambu-

lance and initial hospital outcomes we found no significant 
difference between drugs except with respect to time to 
analgesia, duration of analgesia, likelihood of achieving 
‘very much pain relief’, blood pressure and oxygen satu-

rations. Ketamine had a shorter interval to ‘much relief’ 
[hazard ratio (HR), 1.3 (1.1 to 1.7); p = 0.01] and a shorter 
interval to ‘very much relief’ [HR, 1.4 (1.1 to 1.8); p = 0.01]. 
Ketamine was also more likely to produce ‘very much 
relief’ [odds ratio (OR), 1.6 (1.1 to 2.3); p = 0.02]. On the 
other hand, morphine was more likely to produce longer 
lasting analgesia [HR, 1.3 (1.0 to 1.5); p = 0.01], to reduce 
blood pressure [MD, 4.6 (0.9 to 8.2); p = 0.01] and to 
lower oxygen saturations [MD, 0.6 (0.2 to 0.9); p < 0.01].

There were no significant differences between drugs with 
respect to secondary hospital outcomes including number 

of CT scans, proportion of patients admitted to hospital, 
proportion of patients admitted to critical care or duration 
of hospital stay.

Our long-term follow-up did not identify any significant 
differences between ketamine and morphine. However, 
we did identify a relationship between patients who 
still reported moderate or severe pain on hospital arrival 
(irrespective of which treatment they received), and sub-

sequently experiencing chronic pain. We defined chronic 
pain as pain that persisted 3 months after the initial injury, 
as per the IASP.93,94 It is currently unclear if inadequate 
pain management was a causative factor in developing 
chronic pain or merely a correlating factor, for example 
both suboptimal pain control and chronic pain might be 
influenced by injury severity. Further research will be 
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Ineligible patients (n = 480)
        Verbal assent declined (n = 75)
        Known or suspected pregnancy (n = 75)
        Unable to articulate severity of pain using the 0–10 NRS

        (n = 60)
        Lack of capacity due to a reason other than pain (n = 134)
        Ketamine or opioid analgesia prior to randomisation (n = 76)
        Ketamine or morphine contraindicated (n = 78)
        Known prisoner (n = 11)
        Other (n = 39)

Assessed for eligibility
(n = 4)

Randomised
(drug pack opened)

(n = 458)

Post-randomisation exclusions (n = 9)a

        Participant withdrew assent (n = 3)
        Pain score fell below 7 prior to administration of trial

        interventions (n = 3)
        Critical care team chose a different treatment strategy (n = 2)
        Hazardous Area Response Team (HART) team chose a different

        treatment strategy (n = 1)

Ketamine (n = 219) (49%)

Included

(pack opened, drug given) (n = 449)

3-month follow-up status: Due (n = 219)
  Died (n = 13)
  Withdrawn (n = 0)
  Collected questionnaire (n = 118)
  Lost to follow-up (n = 88)
6-month follow-up status: Due (n = 206)
  Died (n = 1)
  Withdrawn (n = 4)
  Collected questionnaire (n = 110)
  Lost to follow-up (n = 91)

Morphine (n = 230) (51%)

Analysed primary outcome (n = 228)
Analysed primary outcome

(n = 214)

3-month follow-up status: Due (n = 230)
  Died (n = 9)
  Withdrawn (n = 2)
  Collected questionnaire (n = 117)
  Lost to follow-up (n = 102)
6-month follow-up status: Due n = 219)
  Died (n = 1)
  Withdrawn (n = 6)
  Collected questionnaire (n = 117)
  Lost to follow-up (n = 95)

FIGURE 1 Trial profile. a, Participant where drug pack was opened but participant was excluded from trial prior to investigational medicinal 
product being administered. Reproduced with permission from Smyth et al.1 This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for 
commercial use, provided the original work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The figure includes minor 
additions and formatting changes.
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TABLE 2 Participant baseline characteristics

Ketamine (n = 219) Morphine (n = 230)

Age (years), mean (SD) 64.0 (21.3) 63.2 (22.1)

Gender, N (%)

Male 102 (47%) 106 (46%)

Female 117 (53%) 124 (54%)

Ethnicity,a N (%)

White 98 (45%) 108 (47%)

Black – –

Mixed – –

Any other ethnic group 2 (1%) –

Asian - 1 (< 1%)

Ethnicity not documented 118/218 (54%) 119 (52%)

Weight (kg), mean (SD) 75.2 (17.5) 77.6 (19.1)

Initial pain score (0–10),a mean (SD) 8.8 (1.3) 8.9 (1.2)

Mechanism of injury,a N (%)

Blunt trauma 215 (98%) 227 (99%)

Penetrating trauma 3 (1%) 2 (1%)

Burn 1 (< 1%) 0

Injuries sustained, N (%)

Fracture/dislocation 193 (88%) 210 (91%)

Soft tissue injury 72 (33%) 69 (30%)

Wound/laceration 23 (11%) 34 (15%)

Body part/region injured, N (%)

Head 16 (7%) 21 (9%)

Neck 9 (4%) 15 (7%)

Chest and back 44 (20%) 43 (19%)

Abdomen 6 (3%) 6 (3%)

Pelvis 68 (31%) 62 (27%)

Upper limbs 43 (20%) 60 (26%)

Lower limbs 153 (70%) 149 (65%)

Vital signs

Systolic blood pressure (mmHg), mean (SD) 145.6 (24.0) 147.8 (27.8)

Diastolic blood pressure (mmHg), mean (SD) 82.0 (15.2) 84.6 (16.2)

Heart rate (bpm), mean (SD) 81.8 (16.3) 83.4 (16.2)

Respiratory rate (bpm),a mean (SD) 19.2 (3.4) 19.5 (4.3)

continued
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Ketamine (n = 219) Morphine (n = 230)

Oxygen saturations (%),a mean (SD) 97.3 (2.5) 96.8 (3.4)

GCS,a N (%)

15 214 (99%) 227 (100%)

14 2 (1%) 0

13 0 0

12 1 (< 1%) 1 (< 1%)

11 or lower 0 0

a Absolute numbers.

Reproduced from Smyth et al.1 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution 
(CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work 
is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The table above includes minor additions and formatting changes.

TABLE 3 Reasons for missed enrolment, per ambulance service and total

Missed enrolment reasons YAS WMAS Total

Paramedic trained but not carrying pack 220 (99%)a 0 220 (24%)

Paramedic trained but pack used previously on shift 2 (1%) 0 2 (< 1%)

Other reason 0 709 (100%) 709 (76%)

a Due to limited drug supply, rollout of the trial to several YAS ambulance stations was delayed, consequently there were multiple stations 
where paramedics were trained to recruit patients to the trial, but no trial drugs were available.

Note
Percentages are based within each ambulance service.

TABLE 4 Reasons for ineligibility, per ambulance service and total

Eligibility criteria YAS WMAS Total

Under 16 years of age 1 (< 1%) 9535 (9%) 9536 (9%)

Patient reported pain score is below 7 55 (18%) 65,186 (60%) 65,241 (60%)

IV and IO access not obtained 1 (< 1%) 2934 (3%) 2935 (3%)

Paramedic determined patient did not require IV morphine or equivalent 4 (1%) 29,856 (28%) 29,860 (28%)

Known or suspected pregnancy 0 7 (< 1%) 7 (< 1%)

Unable to articulate pain severity 6 (2%) 54 (< 1%) 60 (< 1%)

Lack of capacity due to reason other than pain 74 (25%) 60 (< 1%) 134 (< 1%)

Ketamine or opioid analgesia prior to randomisation 41 (14%) 35 (< 1%) 76 (< 1%)

Known contraindication to either ketamine or morphine, per SmPC 19 (7%) 59 (< 1%) 78 (< 1%)

Patient declined participation 57 (19%) 18 (< 1%) 75 (< 1%)

Known prisoner 4 (1%) 7 (< 1%) 11 (< 1%)

Other 39 (13%) 0 39 (< 1%)

SmPC, summary of product characteristics.
Notes
Percentages are based within each ambulance service.
The difference in numbers reported between services relate to how the respective services approached screening. WMAS screened all 
trauma patients, whereas YAS screened only potentially eligible patients.

TABLE 2 Participant baseline characteristics (continued)

https://creativecommons.org/licenses/by/4.0/


DOI: 10.3310/KGTO6391 Health Technology Assessment 2026 Vol. 30 No. 57

This synopsis should be referenced as follows:

Smyth MA, Noordali H, Lall R, Michelet F, Petrou S, Khan K, et al. Paramedic analgesia comparing ketamine and morphine in trauma. A synopsis of the PACKMaN double-blind RCT. Health 

Technol Assess 2026;30(57). https://doi.org/10.3310/KGTO6391

11

TABLE 5 Primary and secondary outcomes

N
Ketamine 
(N = 219) N Morphine (N = 230) Adjusted estimate (95% CI); p-value

Primary outcome

SPID, mean (SD) 214 3.5 (2.8) 228 3.4 (3.0) MD, 0.1 (−0.4 to 0.6); 0.70

Secondary outcomes

TOTPAR, mean (SD) 214 1.4 (1.1) 228 1.4 (1.2) MD, 0.03 (−0.2 to 0.2); 0.75

Achieved ‘minimal relief’ analgesia, N (%) 214 195 (91%) 228 208 (91%) OR, 1.0 (0.5 to 2.0); 0.96

Minutes to ‘minimal relief’,a median (IQR) 195 6 (3–15) 208 8 (4–14) HR, 1.1 (0.9 to 1.3); 0.32

Achieved ‘much relief’, N (%) 214 155 (72%) 228 147 (64%) OR, 1.5 (0.99 to 2.2); 0.06

Minutes to ‘much relief’,a median (IQR) 155 11 (6–25) 147 15 (7–31) HR, 1.3 (1.1 to 1.7); 0.01

Achieved ‘very much relief’, N (%) 214 122 (57%) 228 105 (46%) OR, 1.6 (1.1 to 2.3); 0.02

Minutes to ‘very much relief’,a median (IQR) 122 15 (6–33) 105 23 (10–37) HR, 1.4 (1.1 to 1.8); 0.01

Minutes to peak analgesia,a median (IQR) 204 18 (8–36) 217 25 (10–43) HR, 1.2 (0.96 to 1.4); 0.12

Duration (minutes) of analgesia,a median 
(IQR)

214 35 (22–51) 228 42 (26–57) HR, 1.3 (1.0 to 1.5); 0.01

Required rescue analgesia, N (%) 219 1 (< 1%) 230 0 –

Final pain score < 4/10, N (%) 218 89 (41%) 228 86 (38%) OR, 1.1 (0.8 to 1.6); 0.59

Minutes from arrival to drug administration, 
median (IQR)

218 31.5 (23–41) 228 30.5 (23–42) MD, −0.5 (−4.3 to 3.4); 0.82

Minutes from drug administration to hospital 
arrival, median (IQR)

219 50 (36–63) 230 51 (35–67) MD, −1.8 (−6.4 to 2.8); 0.45

Global impression of changeb N 216 225 OR, 1.0 (0.7 to 1.3); 0.78

Very much improved N (%) 63 (29%) 64 (28%)

Much improved N (%) 83 (38%) 82 (36%)

Minimally improved N (%) 51 (24%) 62 (28%)

No change N (%) 16 (7%) 17 (8%)

Minimally worse N (%) 1 (< 1%) 0

Much worse N (%) 1 (< 1%) 0

Very much worse N (%) 1 (< 1%) 0

Vital signsc

Systolic blood pressure (mmHg), mean (SD) 216 149.2 (25.0) 225 143.1 (26.4) MD, 4.6 (0.9 to 8.2); 0.01

Diastolic blood pressure (mmHg), mean (SD) 216 83.2 (15.0) 225 81.2 (15.1) MD, 1.4 (−0.6 to 3.4); 0.18

Pulse rate (bpm), mean (SD) 216 80.2 (15.5) 224 81.7 (16.1) MD, −1.6 (−4.1 to 0.8); 0.20

Respiratory rate (bpm), mean (SD) 214 18.3 (2.7) 225 18.6 (3.7) MD, −0.1 (−0.7 to 0.4); 0.65

Oxygen saturations (%), mean (SD) 215 97.2 (2.6) 225 96.5 (3.3) MD, 0.6 (0.2 to 0.9); < 0.01

GCS, mean (SD) 209 14.9 (0.4) 219 15 (0.2) OR, 0.7 (0.2 to 2.5); 0.56

continued
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required to establish if adequate prehospital analgesia has 

a protective effect against developing chronic pain.

Finally, the health economic analysis estimated mean 
(SD) observed NHS and Personal Social Services costs 

at £5191 (£3155) in the ketamine arm versus £5143 

(£3897) in the morphine arm (MD: £47; p = 0.926) over 
6 months. Mean (SD) observed quality-adjusted life-year 

(QALY) estimates were 0.309 (0.10) versus 0.293 (0.010), 
respectively (MD: 0.016; p = 0.273) over this time horizon. 
However, missing data made the interpretation of results 
difficult, with follow-up complete in only about half of 

N
Ketamine 
(N = 219) N Morphine (N = 230) Adjusted estimate (95% CI); p-value

Hospital stay

ED length of stay (minutes), mean (SD) 191 561.4 (355.8) 189 572.6 (371.8) MD, −14.3 (−86.6 to 57.8); 0.70

Admitted – hospital, N (%) 206 133 (65%) 210 129 (61%) OR, 1.1 (0.7 to 1.8); 0.59

Admitted – critical care, N (%) 133 4 (3%) 129 1 (1%) OR, 6.7 (0.7 to 67.5); 0.11

CT scan usage (N) 190 191

Patients scanned, N (%) 63 (33%) 77 (40%) OR, 0.7 (0.5 to 1.1); 0.14

Scans performed (N) 178 181

Scans per patient, mean (SD) 2.8 (2.8) 2.4 (2.2) MD, 0.4 (−0.4 to 1.2); 0.33

Chronic pain

BPI-SF (3 months) (N) 118 118

Overall pain severity, mean (SD) 114 4.3 (2.3) 116 4.3 (2.4) MD, −0.01 (−0.6 to 0.6); 0.98

Worst pain, mean (SD) 114 5.7 (2.9) 116 5.8 (3.1) MD, −0.1 (−0.9 to 0.7); 0.82

Least pain, mean (SD) 114 3.0 (2.3) 112 2.9 (2.2) MD, 0.1 (−0.5 to 0.7); 0.75

Average pain, mean (SD) 113 4.5 (2.4) 111 4.5 (2.4) MD, 0.1 (−0.6 to 0.7); 0.86

Pain now, mean (SD) 114 3.9 (2.8) 111 3.7 (2.8) MD, 0.2 (−0.5 to 0.9); 0.60

Pain interference, mean (SD) 115 4.4 (2.8) 113 4.9 (3.0) MD, −0.5 (−1.2 to 0.3); 0.21

BPI-SF (6 months) (N) 110 118

Overall pain severity, mean (SD) 106 4.0 (2.6) 114 4.0 (2.4) MD, 0.1 (−0.6 to 0.7); 0.77

Worst pain, mean (SD) 106 5.2 (3.2) 114 5.4 (3.2) MD, −0.1 (−1.0 to 0.7); 0.75

Least pain, mean (SD) 106 3.0 (2.5) 114 2.8 (2.3) MD, 0.2 (−0.4 to 0.8); 0.52

Average pain, mean (SD) 105 4.3 (2.8) 113 4.3 (2.7) MD, 0.1 (−0.6 to 0.8); 0.80

Pain now, mean (SD) 106 3.5 (2.8) 114 3.4 (2.6) MD, 0.2 (−0.5 to 0.9); 0.53

Pain interference, mean (SD) 104 4.2 (2.9) 115 4.0 (2.9) MD, 0.2 (−0.6 to 1.0); 0.61

ED, emergency department; IQR, interquartile range; TOTPAR, Total Pain Relief.
a Totals shown excludes censored participants and participants with missing data.
b Proportional odds assumption is not violated.
c These outcomes have been modelled using a mixed effect model.
Notes
BPI-SF is a scale of 1–11 where the higher score indicates more pain, overall pain severity is an average of these four questions, pain 
interference is an average of other questions on the BPI form about how pain interferes with everyday life.
Rescue analgesia is administration of open label ketamine or morphine before hospital arrival.
For the SPID and TOTPAR, a higher score indicates a better outcome.
Source
Reproduced from Smyth et al.1 This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution 
(CC BY 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work 
is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The table above includes minor additions and formatting changes.

TABLE 5 Primary and secondary outcomes (continued)
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participants. The base case (imputed) analysis generated 
an incremental cost of −£117 (95% CI −£849 to £597) 
and incremental QALYs of 0.025 (95% CI 0.010 to 0.041), 
indicating a 92–96% probability of cost-effectiveness at 
cost-effectiveness thresholds of £20,000 and £30,000 per 
QALY. However, a sensitivity analysis using observed data 
only (without imputation), generated an incremental cost 
of £233 (95% CI −£783 to £1216) and incremental QALYs 
of 0.016 (95% CI −0.013 to 0.044), indicating a substan-

tially lower 54–62% probability of cost-effectiveness.

Safety and compliance
All adverse events (AEs) and serious adverse events (SAEs) 
were recorded, analysed and findings reported to the inde-

pendent Data Monitoring Committee. An AE was defined 
as any untoward medical occurrence in a participant who 
received a trial-related drug. All cases where participants 
experienced notable drug side effects, for example hypo-

tension, were recorded as AEs. An SAE was defined as an 
AE that fulfilled one or more of the following criteria:

• Resulted in death.

• Was immediately life-threatening.
• Required prolongation of hospitalisation.
• Resulted in persistent or significant disability 

or incapacity.

• Caused a congenital abnormality or birth defect.

• Required immediate intervention to prevent 
one of the above or was otherwise an important 
medical condition.

Throughout the study period 219 participants (47.8%) 
experienced at least one AE. The overwhelming majority 
of AEs were clinically predictable side effects of morphine 
or ketamine, with some patients experiencing more than 
one AE simultaneously, for example experiencing both 
respiratory depression and hypotension at the same time. 
If side effects were sufficient to warrant clinical interven-

tion by the attending paramedic these were recorded as 
SAEs. Cumulative reported AEs by clinical category are 
reported in Table 6.

There was no overall difference in AE rates between 
the two drugs (OR 1.04, 95% CI 0.71 to 1.53; p = 0.84). 
However, there were three notable differences in the pat-
tern of AEs. Patients receiving morphine were more likely 
to experience desaturation [OR, 0.4 (0.2 to 0.7); p < 0.01] 
and hypotension [OR, 0.2 (0.1 to 0.6); p < 0.01] than those 
receiving ketamine. Patients receiving ketamine were 
more likely to experience altered behaviour [OR, 8.6 (2.5 
to 29.6); p < 0.01] than those receiving morphine.

In total 12 SAEs occurred (Table 7). No SAE was reportable 
to the regulating bodies.

There were 28 non-compliance events throughout the 
duration of the trial all of which were investigated by 
the Trial Steering Committee (TSC). Three of the non- 
compliance events were categorised as protocol viola-

tions, 24 were categorised as protocol deviations and one 
was revoked.

TABLE 6 Number of AEs by category reported by trial arm

Trial arm Airway (n) Respiratory (n) Cardiovascular (n) Neurologic (n) Other (n) Total (n)

Morphine 27 38 34 18 57 174

Ketamine 16 15 26 42 44 143

Total 43 53 60 60 101 317

TABLE 7 Serious adverse events

Relationship to trial activity?

Nature of SAE Unrelated Potentially related Probably related

Death 3 0 0

Immediately life-threatening problem 2a 2 0

Prolonged hospitalisation 2 0 0

Persistent or significant disability or incapacity 0 0 0

Congenital abnormality or birth defect 0 0 0

Required immediate intervention to prevent one of the 
above or was otherwise an important medical condition

2a 2 3

a Duplicate cases where immediate intervention was required for an immediately life-threatening problem.
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The three protocol violations comprised a patient ran-

domised despite their injury being 3 days old (for which 
they had been prescribed opioids), late reporting of a 
desaturation event (this event was appropriately managed 
by the recruiting paramedic) and failure of Warwick statis-

tics team to ensure all statistical code was independently 
reviewed by a second statistician.

The revoked non-compliance event involved a drug pack 

being appropriately opened by the participating para-

medic, but the patient changed their mind before the trial 
drug ampoule was opened. The participating paramedic 
subsequently signed the drug pack back into the stores 

at the end of the shift. However, because the drug pack 
seal was broken, the pack should have been removed from 
circulation and returned to central stores for disposal as 
per local procedures for unused ampoules. There were no 
serious breaches. The 24 protocol deviations are summa-

rised in Table 8.

Interpreting the findings

Severe pain following trauma is a common presenting 
complaint for paramedics. Irrespective of which treat-
ment was provided, 6 out of every 10 patients were still 
experiencing moderate or severe pain when they arrived 
at the hospital. This finding indicates that prehospital pain 
management remains suboptimal and further improve-

ment is required. Our study demonstrated that ketamine 
can be safely used by paramedics and that ketamine and 

morphine both provide very similar levels of pain relief. 

However, ketamine does appear to offer some clinically 
important advantages over morphine:

1. Ketamine works slightly quicker than morphine.
2. Patients who receive ketamine are more likely to 

experience much improvement in pain than those 

patients who receive morphine.
3. Patients who receive ketamine are also more likely 

to experience very much improvement in pain than 

those patients who receive morphine.
4. Patients who receive ketamine are less likely to ex-

perience respiratory depression than those patients 
who receive morphine.

5. Patients who receive ketamine are less likely to 
experience hypotension than those patients who 
receive morphine.

However, ketamine also has some disadvantages over 
morphine that need to be considered:

1. Ketamine does not last for as long as morphine.
2. Patients who receive ketamine are more likely to ex-

perience adverse behavioural reactions than patients 
who receive morphine.

These characteristics need to be considered in the round, 
and in the context of the entire patient journey. Early 
control of pain favours the use of ketamine. Similarly, 

ketamine is likely to be a more suitable choice for any 

patient who presents with, or is at risk of developing, 
hypotension or dyspnoea. However, this preference 
must be balanced against the challenge of providing 

frequent ‘top-ups’ as ketamine has a shorter duration of 
action, and therefore its’ effect ‘wears off’ more rapidly. 
This may be particularly important during prolonged or 
difficult extrications, where delays to administering such 
‘top-ups’ are more likely to occur, or during ambulance 

TABLE 8 Protocol deviations by category

Eligibility and 
randomisation IMP

Follow-up data not 
collected within 
timescale windowSite

Ineligible 
patient Other Intervention Overdose

Under 
dose Other

Informed 
consent Data

Safety 
reporting

Other 
event Total

WMAS 1 – 2 – – – – – 2 – 6 11

YAS 2 – 1 – – 3 – – 1 – 1 8

WCTU – – – – – – – – 3 – – 3

ModeP – – – – – – – – – – 1 1

WPrint – – – – – – – – – – 1 1

Total 3 – 3 – – 3 – – 6 – 9 24

IMP, investigational medicinal product; ModeP, ModePharma; WCTU, Warwick Clinical Trials Unit; WPrint, Warwick Print Services.
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transport where the treating paramedic may have many 
competing priorities.

Paramedics must also consider the likelihood of adverse 

behavioural reactions that might increase risks for the 
patient. This will be of particular importance in two con-

texts – first during extrication where an agitated patient 
might be at greater risk. For example, if they struggle 

against immobilisation there is a greater risk of exac-

erbating injuries. Secondly, in injuries associated with 
altered consciousness, such as head injuries, ketamine 

may increase the risk of missing important pathology. For 

example, a clinician may misinterpret agitation secondary 
to rising intracranial pressure to be a side effect of keta-

mine, missing a potential opportunity for intervention and 
leading to worse patient outcomes.

Finally, ketamine may offer longer-term benefits, with 
respect to both risk of chronic pain and cost-effectiveness. 
Although clinicians will undoubtedly believe these out-
comes are important, their primary focus is likely to be 

what is occurring in front of them during the immediate 
patient encounter. Knowledge of longer-term benefits 
is likely to be reassuring, but unlikely to be the deciding 

factor influencing which drug to administer.

What does PACKMaN add to the 
evidence base?
PACKMaN makes several important contributions to 
the evidence base for prehospital ketamine in relation 
to acute severe pain following trauma. Most notably, 
PACKMaN establishes that sub-dissociative ketamine 
does not provide greater pain relief than morphine. 

This question was highlighted as a research priority in 
NICE guideline (NG39) Major trauma: Initial assessment 
and management.95

Previous trials have established that ketamine was not 
inferior to morphine.42,43 However, non-inferiority studies 
do not inform the debate as to whether ketamine should 
be the primary analgesic in trauma. Only a superiority trial 
can help answer this question. We believe PACKMaN 
helps to inform this debate.

Our findings demonstrate that ketamine has several 
advantages over morphine in trauma. Although it does not 

provide greater pain relief than morphine, it works more 
rapidly than morphine, has fewer detrimental side effects 
and is safe when used by non-specialist paramedics. 
These characteristics support the argument that ketamine 
may be a better option for prehospital pain management 
in trauma.

Critically, our research has also highlighted that even 
though our control arm utilised the gold standard for 
trauma analgesia, and the intervention arm used the most 
promising alternative, the majority of patients (6 in 10) 
still reported moderate to severe pain at the end of the 
intervention period. Furthermore, one in three patients 
described minimal or no change in pain score by the time 
they arrived at hospital. This finding indicates that far too 
many patients experience ineffective pain management 
during the prehospital phase. There remains an urgent 

humanitarian need to establish a more effective approach 
to managing acute severe pain following trauma.

PACKMaN has also helped to inform an appropriate 

‘morphine equivalent’ dose for ketamine. Previous studies 
have reported wide variation in the ‘morphine equiva-

lent’ dose, ranging from 0.1 mg/kg50 to 0.6 mg/kg.55,57 

Two recent reviews have suggested that an appropriate 
analgesic dose for ketamine is likely to fall in the range 

of 0.10 mg/kg96 to 0.30 mg/kg.72 Our results suggest that 
0.15 mg/kg of ketamine provides analgesia equivalent to 
0.1 mg/kg of morphine.

Chronic pain results in a significant health burden. 
Ineffective management of acute pain has been linked to 
the development of chronic pain.28,29 Jennings et al. pre-

viously reported that they found no statistical difference 
in long term outcomes following their trial comparing 
ketamine and morphine versus morphine alone.44 We too 
failed to identify any significant differences in chronic 
pain outcomes between ketamine and morphine in our 
study. However, we were able to demonstrate that, irre-

spective of drug received, if a patient still reported mod-

erate or severe pain (pain score of 4/10 or higher) when 
they arrived at hospital, then there was an increased risk 
of developing chronic pain that persisted at 6 months 

post-injury. Although there are potential confounding 
reasons, this finding highlights a potential link between 
ineffective prehospital pain management and poor long-
term patient outcomes.

We believe that PACKMaN is the first trial to report 
that sub-dissociative ketamine might be marginally more 
cost-effective than morphine. The base case analysis 
adopted by the economic evaluation showed that keta-

mine was associated with lower costs on average [−£117 
(95% CI −£849 to £597)] and increased QALYs on aver-
age [0.025 (95% CI 0.010 to 0.041)]. This translated into 
a 92–96% probability that ketamine is cost-effective at 
cost-effectiveness thresholds of £20,000 and £30,000 
per QALY. However, missing data made the interpretation 
of results difficult, with follow-up complete in only about 
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half of participants. This finding should therefore be inter-
preted with caution.

Historically, ketamine has been the preserve of doctors 

and CCPs working within prehospital critical care teams.68 

Operational use of ketamine by paramedics has required 
several safeguards (requirement for two clinicians capable 
of advanced airway management and availability of anaes-

thetic level monitoring) that have restricted its use.53,87 Our 
findings suggest that ketamine can be safely used by oper-
ational paramedics and without the need for anaesthetic 
level monitoring. Indeed, our results indicate that ketamine 
may be a safer than the current gold-standard treatment, 

morphine, as it is associated with lower risk of adverse 
clinical side effects (desaturation and hypotension).

Strengths and weaknesses
A particular strength of our study is the double-blind 
nature of the trial. There are no previous blinded trials 

comparing ketamine and morphine. All previous trials 

have been open label trials which increases the risk of 
both reporting and confirmation bias. However, despite 
our best efforts to ensure participants were blinded, both 
ketamine and morphine have distinct side-effect profiles 
that may have enabled paramedics to correctly guess 

which drug had been administered, potentially unblinding 
them from treatment and increasing the risk of reporting 
and confirmation bias.

To assess the extent of this risk we performed a post hoc 
analysis to ascertain if paramedics were able to correctly 
guess which drug they had administered. Our analysis sug-

gested that paramedics were not able to reliably identify 
which drug they had administered. However, if they had 
administered ketamine, they were more likely to correctly 
identify ketamine, than if they had administered morphine. 
Furthermore, our analysis utilised a representative sample 
of patients, not a purposefully selected sample of patients 
displaying typical drug-related side effects. It is therefore 
possible that some paramedics became unblinded when 
notable side effects associated with each drug occurred. It 
is unclear how this might have impacted reporting or how 
we could have mitigated against this possibility.

Our methodology required that patients had capacity to 
provide verbal assent to participate. Consequently, it is 
possible that we were unable to recruit the most severely 
injured patients, limiting the generalisability of our findings.

A potential omission from our study is the lack of sensitiv-

ity analysis addressing injury severity. We had planned to 
undertake such an analysis by referencing data collected 

by the National Major Trauma Registry (NMTR). The NMTR 
was previously the Trauma and Audit Research Network 
Database operated by the University of Manchester, on 

behalf of the NHS in England. All trauma units in England 
submit data for patients who sustain major trauma into the 
database. Entry into the database therefore implies the 
patient has suffered major trauma. We planned to classify 
our patients into two cohorts – those entered into the 
NMTR and those who were not, thereby dichotomising our 
patients into those with and those without major trauma. 
However, a cyberattack on the NHS infrastructure in 2023 
severely disrupted collection of these data. Consequently, 
we were unable to obtain these data for a significant 
proportion of enrolled patients and therefore unable to 
undertake this sensitivity analysis in a reliable manner.

Take home message
Sub-dissociative ketamine is a safe and effective drug for 
use by all paramedics when treating patients reporting 
severe pain following trauma. It is a cost-effective, and 
potentially preferable alternative to morphine, that should 
be incorporated into the national paramedic formulary. 
Although our study was designed to ascertain if ketamine 
was superior to morphine, we believe our results suggest 
the two drugs are equally effective.

Reflections

COVID-19
The COVID-19 pandemic had several significant impacts 
upon our study:

• As ambulance services increased their response to 

meet the clinical needs of the community, they halted 

all research related activity as staff were re-deployed 
to maximise the availability of operational clinicians. 
This meant that PACKMaN was placed on hold for 
well over 12 months.

• As pandemic measures were eased and staff returned 
to the usual roles, there was significantly less 
interest from staff toward participating in research. 
Operational demands from COVID-19 left staff worn-
out and many were disillusioned. Anecdotally, many 
staff reported needing to ‘take a break’ and there was 
little enthusiasm to take on what many perceived as 
‘additional work’.

• Our first batch of trial drugs had been manufactured 
just before the pandemic. These drugs had been 

released by the manufacturer with a minimum shelf 
life of 6 months. At the time we did not know if the 
shelf life would be extended because insufficient time 
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had passed for these quality assurance tests to be 

completed at that point. The trial was paused before 
we had the opportunity to commence recruitment. 
It was therefore possible that the drugs we had in 
stock might expire before we had the opportunity to 
use them. As it turned out, testing at the 12-month 
and 2-year milestones confirmed the drugs remained 
safe to use, and there was in fact adequate shelf life. 
However, this information was not available early in 
the trial causing uncertainty.

• COVID-19 also significantly impacted the supply chain 
for the investigational medicinal products (IMPs). Raw 
materials required to produce our trial medications 
were not obtainable. Consequently, we experienced 
many months of delay before our second batch of 

trial drugs was able to commence production. This 
delay significantly impacted how we delivered the 
trial. To ensure we did not run out of trial medications, 
training of paramedics was paused and roll-out of 
the trial to new stations was delayed. This maximised 
availability of trial drugs on ambulance sites that were 
already recruiting. Although our recruitment was 
initially ahead of projections due to rapid roll-out of 
training to paramedics, after many months of delays 
waiting for raw materials, we eventually fell behind on 
our recruitment projections. Our timelines had to be 
revised because of this delay.

• A further change implemented in response to 

efforts to reduce face-to-face contact, and therefore 
virus transmission, was how we obtained informed 
consent. This change is explained more fully in the 

learning section.

Engagement with partners and stakeholders
We had excellent engagement from our ambulance ser-
vice partners throughout all stages of the study. We also 
received significant support from the Clinical Research 
Network (CRN). Most hospital sites were also willing to 
participate despite no direct funding for this activity. 
However, a small number of hospitals, one of which was 
a trauma unit, declined participation as there was no 
remuneration for data collection activities. Even following 
engagement via the CRN who highlighted their expecta-

tion that the hospital should collaborate, some trusts still 
refused to collect any data without financial compensa-

tion. This meant that some ambulance sites were unable to 
recruit patients to the trial as they commonly transported 
patients to hospitals that would not participate. This 
had a direct impact on recruitment with multiple eligible 
patients being excluded because the destination hospital 
had declined to facilitate data collection required for our 
secondary outcomes.

Challenge of conducting research in ambulance 
services
Conducting research in ambulance services is known to 
present a unique set of challenges. The workforce is distrib-

uted across a wide geographical area. Every participating 
paramedic must be trained to recruit patients and admin-

ister the trial intervention. Invariably the paramedic will be 
required to transport the intervention from the ambulance 
to the patient’s side when they are already carrying a large 
amount of equipment. Patients may be acutely unwell, 
and the environment is often not conducive to seeking 
consent. Delivering training is complex as ambulances and 

their crew are constantly moving between areas. There is 
strong resistance to taking ambulances off-line to deliver 
trial-related training as this directly impacts the ambu-

lance services ability to respond to patients. Delivering  
classroom-based training often requires backfill costs to 
cover operational needs. Research paramedics must cover 
many hospital sites, requiring multiple letters of access 
and travelling vast distances to collect what is often small 
amounts of data. Finally, the window of opportunity 
within which trial-related activity must take place can be 
very challenging requiring concurrent treatment, extrica-

tion from scene and transport all while continuing care 
and delivering trial interventions followed by hand-over 
of all relevant clinical and trial information to the hospital 
receiving staff. This places significant burden on partici-
pating paramedics who must do all of this by themselves 
without any assistance, from a research nurse for example.

There is also a narrow window within which consent can 
be obtained. Some studies such as PACKMaN may be 

suitable for a delayed consent model; however, others will 
require that consent is obtained during a very short dura-

tion clinical encounter. If consent is left to the hospital, 
then invariably the hospital will be credited with the accrual 
and the efforts of the ambulance personnel who delivered 
the intervention, go unrecognised. Additional investment 
to develop infrastructure supporting delivery of research 
within ambulance services would be very welcome.

Defining authorised health professionals
Current Health Research Authority (HRA) regulations 
require that the chief investigator for a clinical trial of an 
IMP (CTIMP) must be an authorised health professional.97 

An authorised health professional is defined in these regu-

lations as a ‘doctor, dentist, nurse or pharmacist’.97 Other 
registered healthcare professionals, including all of the 

allied healthcare professions currently registered with the 
Health and Care Professions Council UK are not permitted 
to act as chief investigator for a CTIMP. Consequently, the 
current definition of an ‘authorised health professional’ 
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discriminates against allied health professionals and limits 

the research opportunities for these healthcare profes-

sionals. This restriction may stifle research as a result.

Consideration should be given to widening the list of 
‘authorised health professionals’ to include any registered 
healthcare professional who is endorsed by their regula-

tory body as an independent prescriber. This would reduce 
discrimination and facilitate registered healthcare profes-

sionals, who are endorsed as independent prescribers, to 
act as chief investigators for CTIMP trials, provided they 
possess the requisite research and leadership skills.

Patient and public involvement

Patient and public involvement (PPI) contribution played 
an important role throughout the PACKMaN Trial to 

ensure the patient perspective was central to our study. 
The initial idea for our trial was presented to the after 
trauma PPI group, hosted by Barts Health NHS Trust at 
the Royal London hospital in London. The group were 
supportive of the need for this trial and encouraged us 
to develop our proposal more fully. We included a PPI 
member as co-applicant who contributed to developing 
the trial protocol and joined our Trial Management Group 
to oversee trial delivery. We also secured PPI representa-

tion on the TSC to ensure the patient perspective was 
present in trial oversight.

Because PACKMaN was an emergency care trial, patients 
may not have had full recollection of the events of the 
day that they were injured and recruited to the study. We 
engaged members of the Clinical Research Ambassador 

Group (CRAG) at University Hospital Birmingham NHS 
Foundation Trust to assist with development of patient 
facing study materials. In particular, CRAG members 
helped to develop our cover letters inviting participation, 
patient information leaflets, consent documents and trial 
results dissemination letters. Their input was critical to 
ensure all information conveyed to participants was clear, 
concise and sensitive in nature.

Patient and public involvement input also helped to 
shape our approach to follow-up by encouraging the 
use of remote engagement using web-based mobile 
phone technology to help widen participation. This was 
important in the context of the COVID-19 pandemic, 
where there were considerable concerns about face-
to-face contact and the risk of virus transmission. Our 
approach of using a web-based consent form was rec-

ognised by the West Midlands CRN in their 2023 annual 
awards where the trial was awarded their ‘innovation 

of the year’ prize (see impact and learning section for 
further details).

Finally, our PPI members also collaborated on developing 
our plans for dissemination of trial results. They helped to 
design of the trial infographic to ensure that public-facing 

information was appropriate for a lay person.

Equality, diversity and inclusion

Minority ethnicities
There is considerable evidence to suggest that racial and 

ethnic disparities exist in the provision of emergency 
health care.98 Furthermore, there are notable differences 
in how, and when, minority ethnic and socio-economic 
groups access emergency health care.99 Existing prehos-

pital literature demonstrates that patients from minority 
groups experience suboptimal pain management.100,101 

Addressing disparities in health care remains a priority for 
the NHS.102

Ambulance services are known to record significant 
amounts of data pertaining to cases and patients attended. 
Missingness of data within case records is generally very 
low.103 However, data pertaining to ethnicity appear to 
be a notable exception to this finding. It is unclear why 
healthcare professionals fail to routinely document ethnic-

ity data, as most clinicians recognise its value in improving 

equity of access.104 It may, in part, be explained by language 
barriers that impede communication; however, it has also 
been suggested that patients might refuse consent to 
document ethnicity over fear of discrimination.104 Bell and 
colleagues identified a paucity of evidence pertaining to 
UK practices and highlight a need for research to explore 
how ambulance services might help improve access to 
health care for minority groups.105

Within our trial, we note that 45.9% of patients were of 
White ethnicity. Patient care records indicated 0.2% of 
patients were of Asian ethnicity, while 0.4% of patients 
were documented to be of any other ethnic group. No 

patients were identified as being of Black or mixed eth-

nicity in the PACKMaN trial. However, in most included 
cases (52.8%), paramedics failed to document any eth-

nicity data. We do not have any insights into why this 
might be, beyond assuming clinicians feel uncomfortable 

asking patients to confirm their ethnicity. It may be that 
paramedics are confident in recognising those of White 
ethnicity, but not of other ethnicities. Missing ethnicity 
data in our sample means it was not possible to determine 
if patients from minority ethnicities were disadvantaged 
during their treatment.
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Newly qualified paramedics
During a regular meeting with the TSC one of the 
TSC members asked if it was appropriate to ask newly 
qualified paramedics (NQPs) to participate in our trial, 
suggesting that it may be more appropriate to restrict 
participation to more experienced (band 6) paramedics. 
NQP describes recently qualified paramedics in their first 
2 years of clinical practice as a paramedic. In this phase of 
their career, NQPs are remunerated at band 5 on Agenda 
for Change. During the NQP phase, these paramedics 
receive additional support via increased supervision and 
they must complete a work-based portfolio to aid clinical 
development. At the end of the 2-year NQP phase, the 
work-based portfolio is assessed and, if adequate, the 
NQP is upgraded to band 6, with less requirement for 
direct supervision.

The rationale provided by the TSC member addressed 
the fact that NQPs are inexperienced and my not have 
encountered many significant traumas during their 
training. Furthermore, trainee paramedics are not legally 

permitted to administer drugs (except those falling on 
schedule 7), so NQPs will also have limited experience of 
morphine, and almost no previous exposure to ketamine. 

It was suggested that NQPs may be working at maximum 
bandwidth without participating in the PACKMaN study 
and that the additional stress of using these controlled 
drugs could potentially result in undue stress on the par-
amedic and consequently, place patients at increased risk 
of harm.

The trial team felt this was a valid question and we 
agreed to approach our ambulance service partners for 

their insights. Alongside this we agreed to undertake an 
analysis of recruitment by stage of career (NQP vs. band 
6 paramedic).

Initial feedback from our ambulance service partners indi-
cated that NQPs should not be restricted from participat-
ing. Their justification for this was twofold:

1. Participation in PACKMaN was optional. No para-

medics, NQP or band 6, were pressured into partici-
pation. Any paramedic who was not confident, or did 
not wish to take on the additional responsibilities of 
recruiting patients to the trial, simply declined partic-

ipation in the required training. Any paramedic who 
did complete the training, but changed their mind, 

was entitled to withdraw from the trial without hav-

ing to justify their decision. Finally, NQPs who were 
participating were enthusiastic about their participa-

tion, and wanted to recruit patients to the study.

2. If ketamine was shown to be effective, then future 
NQPs would be expected to use ketamine during 
their NQP phase. There would not be any phased in-

troduction of ketamine, it would simply be an option 
in their toolbox. Ambulance services suggested that 

the PACKMaN study did not impose any new way of 
working that would place NQPs at greater risk.

Both ambulance services also highlighted that a significant 
proportion of participating paramedics were classified as 
NQP. Restricting participation to band 6 paramedics would 
adversely impact the ability of both ambulance services to 

recruit to the PACKMaN trial. However, this latter point, 
was merely an observation, and did not influence their 
rationale for including NQPs within the trial. Additionally, 
both ambulance services also commented that restricting 
participation to band 6 paramedics would deprive NQPs 
of a development opportunity.

Our analysis of recruitment by stage of career indicated 
that 32% of participating paramedics were classed as 
NQP (28% in WMAS, 36% in YAS). We found that there 
was no significant difference in non-compliance between 
NQPs and band 6 paramedics (3% vs. 1% respectively, OR 
2.72, 95% CI 0.57 to 16.96; p = 0.14), AEs (47% vs. 50% 
respectively, OR 0.9, 95% CI 0.61 to 1.33; p = 0.58), or 
serious AEs (4% vs. 2% respectively, OR 2.74, 95% CI 0.72 
to 12.57; p = 0.09).

Our analysis suggested that NQPs were able to safely 
recruit patients to the PACKMaN trial and that ambulance 
services were in favour of supporting NQP participation. 
We presented these findings to the TSC who were satis-

fied with our analysis and agreed that NQPs should con-

tinue to participate in the trial.

Impact and learning

Training
At the time of applying for study funding we proposed to 
deliver face-to-face training for participating paramedics. 
We did this because our ambulance partners felt this 
approach was safest for patients. Ketamine has historically 
been perceived as an anaesthetic drug. Its use up until 
this study had been restricted to doctors and advanced 

paramedics with additional critical care skills. There was 
concern that allowing non-specialist paramedics to admin-

ister ketamine without considerable classroom-based 
learning might place patients at increased risk of harm. 
Consequently, this was the approach to education that we 
proposed for our study.

https://doi.org/10.3310/KGTO6391


20

NIHR Journals Library www.journalslibrary.nihr.ac.uk

DOI: 10.3310/KGTO6391 Health Technology Assessment 2026 Vol. 30 No. 57

However, COVID-19 forced us to reconsider this approach 
as all unnecessary face-to-face contact was discouraged. 
The obvious devolution of our intended approach was 
to a virtual classroom. This presented us with an oppor-
tunity consider how best to achieve this. We could have 
had an instructor deliver training via a virtual platform, 
or we could produce a single set of electronic learning 
resources that could be accessed by paramedics inter-

ested in participating.

Following discussion with our ambulance partners it was 
decided to produce a single set of electronic learning mate-

rials that any paramedic could access in their own time, to 
complete the required training. This reduced the burden 

of training delivery for the ambulance services during a 

particularly challenging time for the health services. A sec-

ondary benefit was a single training program that ensured 
consistency and avoided any confusion arising from mixed 

messages delivered by different instructors.

This approach to training appears to have been very effec-

tive. The number of trained paramedics rose much faster 
than our initial projections that were estimated assuming 
face-to-face delivery. Our records show that patients did 
not experience an increase in AEs, suggesting the move 
away from face-to-face delivery did not adversely impact 
patient safety. However, an unintended consequence 
of more participating paramedics was that we recruited 
patients at a faster rate and consequently consumed our 
stores of trial drugs much faster than we had anticipated. 
This did cause us some issues that we have addressed 
elsewhere in this synopsis.

Consent
Good clinical practice (GCP) is a set of internationally 
recognised ethical and scientific quality requirements that 
must be adopted when designing, conducting, recording 
and reporting clinical trials that involve people.106 The 

Medicines for Human Use (Clinical Trials) Regulations 
2004 require that all persons enrolled into clinical trials 

of medicinal products must provide informed consent, or 

a legal representative (LR) must provide consent on their 
behalf.107 Implementation of Statutory Instrument 2006 
No 2984, The Medicines for Human Use (Clinical Trials) 
Amendment (No.2) Regulations 2006 introduced the legal 
framework that permitted enrolment of participants who 
lacked capacity to consent, into clinical trials in emergency 

situations.108 The HRA and the Medicines and Healthcare 

Products Regulatory Agency have subsequently advo-

cated a proportionate approach to the application of GCP 
when seeking consent from potential participants who are 
unable to consent.

It has been reported that acute pain disrupts cognitive 
function.109,110 Cognitive function describes the ability to 
self-regulate one’s thoughts, feelings and behaviours.111 

Consequently, it has been argued that acute pain might 

impede one’s ability to provide informed consent.112 

Because patients enrolled into the PACKMaN trial were 
experiencing severe acute pain we sought to enrol patients 
without prior consent. This was appropriate as our trial 
meets the criteria established by the HRA:

1. Treatment needed to be given urgently.
2. It was necessary to take urgent action to administer 

the drug for the purposes of the trial.

3. It was not reasonably practicable to obtain consent 
from a LR.

4. The procedure was approved by an NHS REC.
5. Informed consent was sought from the patient or 

their LR as soon as possible.

We believe that the consent process adopted in PACKMaN 
was both effective, compliant with all relevant legislation 
and could serve as a model for future trials of this nature.

Consent process
Before recruiting any patient to the trial, the participat-
ing paramedic provided a potentially eligible patient with 
brief verbal information about the trial by reading pre-

defined text from an aide memoire (see Appendix 1). The 

paramedic then advised the patient of their intention to 
enrol them into the PACKMaN trial and gave the patient 
the opportunity to decline participation. The paramedic 
documented the patient decision on the patient report 
form/clinical notes. If the patient declined further par-
ticipation in the trial, then no further trial interventions 
were administered, and standard care was provided 
without prejudice. This general approach to consent 
has been adopted in previous prehospital trials without 
adverse effects.

If the patient did not decline participation, the paramedic 
proceeded to open the trial drug pack and randomise 

the patient into the trial. Clinical care was provided 
according to the trial protocol. When the patient was 
handed over at the receiving hospital the paramedic 

ensured they had the patients’ contact details for a 
Research Paramedic to make further contact and obtain 

informed consent. On handover to the hospital, emer-
gency department staff were notified that the patient 
had received trial medication. Informed consent was 
obtained by a research paramedic as soon as was prac-

ticable. This may have been after admission to a hospital 
ward or following discharge.
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Traditionally, informed consent is obtained face to face 
to ensure the patient is provided with the appropriate 
patient information leaflets, is fully informed and to allow 
the patient the opportunity to ask whatever questions 
they might have. We did retain the option for face-to-face 
consent where the patient requested this. However, due 
to the restrictions imposed by the COVID-19 pandemic 
we also sought to ensure patients had the option to avoid 
face-to-face contact if they so wished.

We also developed an electronic consent process using 
Qualtrics software (Qualtrics, Provo, UT, USA), that mir-
rored the paper versions of patient information leaflets 
and consent forms, that the patient could access using 
a web browser on their mobile phone, electronic tablet 
or personal computer. There was, additionally, an option 
for the patient to complete the form via voice-call, with a 
research paramedic, who would enter the information into 
the online form on behalf of the patient, in real-time. This 
novel approach to obtaining informed consent remotely 

was recognised by the West Midlands CRN, being awarded 
their ‘Innovation of the year’ award in 2023. Furthermore, 
our Participant in Research Experience Survey indicated 
that our approach was successful with 80% of partici-
pants stating they would take part in research again (see 
Appendix 2 for full report).

Impact of research participation
One of our ambulance service partners piloted the Visible 
Impact of Research Tool (VICTOR) tool to assess the 
impact of participating in the PACKMaN study. The report 
has been summarised below:

• Health benefit – patients received enhanced pain 
relief options and additional monitoring at 3 and 
6 months post injury. Paramedics demonstrated that 

they were able to implement new clinical guidelines.
• Service and workforce impacts – participating 

paramedics received additional training, both in 
clinical aspects related to the trial and in relation to 
the research process.

• Research profile – there was increased interest 
in research from operational paramedics as well 
as building relationships with other organisations 
including hospitals and universities.

• Economic benefit – the trust received financial 
compensation to support trial delivery. This facilitated 
expansion of the research team and supported 

contract extensions for existing staff.
• The trial results may yield cost-savings in the future.

• Organisation influence and reputation – participating 
in PACKMaN raised the trust profile with external 
partners and of the research team within the trust.

• Knowledge generation and knowledge exchange 
– processes put in place to escalate any trial-
related incidents were copied within the trust 
to appropriately escalate other clinical incidents 

not related to research. Trial results will generate 
new knowledge.

• General – monitoring put in place to monitor trial 
activities led to improved detection of non-trial-
related clinical incidents. Improved communication. 
Increased willingness to participate in research.

Our trial has highlighted the capability of ambulance ser-
vices to participate in research. PACKMaN was the first 
CTIMP of a controlled drug within ambulance services. 
CTIMPs represent a particular challenge for ambulance 
services as current legislation prohibits paramedics from 
possessing or administering many drugs under the con-

trolled drugs legislation. PACKMaN has demonstrated 
that ambulance services have robust research and clinical 

governance processes to support the delivery of clinical 

trials of controlled drugs, where possession and adminis-

tration by paramedics is permitted in law.

It has further helped to demonstrate that NQPs are both 
willing and able to deliver research interventions when 
managing complex patients with potentially life-changing 
injuries. NQPs were not overwhelmed and had sufficient 
bandwidth to simultaneously deliver both patient care and 
a research intervention.

Implications for decision-makers

The ideal prehospital analgesic is one that is cheap, effec-

tively reduces pain intensity, is easy to administer, works 
rapidly, has few adverse side effects and is long lasting. No 
current analgesic option meets all these criteria.

The current gold standard is morphine. However, the 
onset of action for morphine is not ideal for prehospital 
clinicians, and it is prone to significant side effects that are 
undesirable, such as nausea, respiratory depression and 

hypotension. This may be an important consideration in 
the context of trauma.

PACKMaN has demonstrated that sub-dissociative keta-

mine does not provide greater pain relief than morphine. 

However, our results do indicate that ketamine provides 
equivalent pain relief to morphine, and it does so more 

rapidly than morphine. It is also less likely to precipitate 
potentially harmful side effects. Clinically ketamine may 
therefore be a better option than morphine in some con-

texts for example, hypotensive trauma. Our analysis also 

https://doi.org/10.3310/KGTO6391
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suggests ketamine may be marginally more cost-effective 
than morphine in acute trauma.

For these reasons, we recommend that sub-dissociative 
ketamine should be included within the national para-

medic formulary. This will require changes to relevant 
drugs legislation to allow paramedics to both possess and 
administer ketamine. Paramedic guidelines and training 

programs will also need to be amended to ensure the drug 
is safely administered, and appropriate governance proce-

dures will also need to be put in place to oversee its use.

Guideline developers should take heed of the results of 
this trial. Most patients arrive at hospital still experiencing 
pain. Neither ketamine nor morphine alone effectively 
reduces acute pain from severe to mild. There may addi-

tionally be a link between acute pain management and 
development of chronic pain. Robust clinical guidelines 

should promote better pain management and reduce the 
risk of chronic pain.

There is inconsistency in current legislation concerning 
the scope of trainee health professionals with respect to 
drug administration. The Human Medicines Regulations 
2012 currently limit drug exemptions to ‘registered par-
amedics’ only; however, drug exemptions for midwives 
include ‘registered midwives and student midwives’. It 
would be prudent to consider amending such legislation 
to allow all regulated student health professionals to 
administer drugs, within their respective professional 
scope of practice, under the supervision of an appropri-
ately registered professional.

Research recommendations

Our research indicates that 6 out of every 10 patients 
treated were still experiencing moderate or severe pain 
when they arrived at the hospital, despite receiving 
appropriate treatments. This finding highlights the need to 
improve management of acute severe pain by paramedics.

Further research will be required to identify the best 
performing analgesic, or combination of analgesics, that 
achieves rapid reduction in pain intensity without pro-

ducing significant undesirable side effects. This research 
should encompass:

• Exploring drug doses – for example, the current 
recommended dose for morphine is 0.1 mg/kg. In our 
study, the cumulative dose of morphine administered 

was 0.17 mg/kg. Similarly, the recommended dose 
for ketamine is 0.1–0.3 mg/kg and in our study the 
cumulative administered dose was 0.24 mg/kg. 
Further research should establish if larger initial 
doses of analgesics provide greater analgesia without 
increasing side effects.

• Exploring the potential of loading doses. Many drugs 
require a loading dose to rapidly achieve therapeutic 
drug levels in the blood stream. Many clinicians do 

this when administering analgesia; however, current 
paramedic guidelines advocate for a slow titration 
to response. Front-loading the analgesic dose may 

help achieve more rapid relief in the often-short 
prehospital interval.

• Exploring other drug options such as fentanyl or 
diamorphine, which have the same benefits as 
morphine, but are faster acting.

• Exploring the effectiveness of drug combinations, 
such as ketamine and morphine combined.

• Exploring the efficacy of different drug routes, 
including buccal, intranasal and intramuscular 

drug administration.
• Our research highlighted that ketamine has a short 

duration of action and begins to wear off before 
the patient arrives at hospital. Additional research 
is required to determine if infusions or regular 

small boluses may help mitigate the short duration 
of action.

Our study identified a correlation between pain intensity 
on arrival at hospital and subsequently developing chronic 

pain. There is significant literature addressing the relation-

ship between poor early pain management and developing 
chronic pain. However, most of these studies focus on sur-
gical and cancer patients with some studies exploring the 
relationship between battlefield injuries and chronic pain. 
No literature exists defining a link between urban/civilian 
paramedic pain management and subsequent chronic 

pain issues. Although there are many possible reasons for 

our finding, it will be important to establish if adequately 
reducing pain intensity by the time of hospital arrival has 
a protective effect against developing chronic pain. There 
may, in addition, be a relationship between psychosocial 
factors and development of chronic pain that is worthy of 
further investigation.

Our research focused on paramedics delivering a treat-
ment. We did not spend an extended period teaching 
paramedics how to assess pain. Evidence suggests that 
education interventions may help improve prehospital 
pain management.113
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Conclusions

In this blinded randomised trial comparing sub- 
dissociative ketamine and morphine administered by 
paramedics, we found that ketamine was not superior 
to morphine for the management of acute severe pain 

following trauma. However, our trial suggests that keta-

mine is more likely to provide both meaningful and sub-

stantial pain relief and will achieve these effects more 
rapidly than morphine. Furthermore, morphine is more 

likely to precipitate both hypotension and desaturation, 
while ketamine is more likely to result in altered behav-

iour. These findings suggest ketamine is safe for use by 
paramedics and is likely to be a valuable addition to the 
paramedic formulary.
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Appendix 1 Brief patient information statement read by paramedics prior to enrolling a patient

I would like to give you something to relieve your pain by injecting a strong pain killer into one of your veins. The 
Ambulance service is participating in a clinical trial comparing two different pain killing drugs to understand which works 
best in ambulance services. I am planning on giving you the trial medication. This will mean you receive either morphine or 
ketamine, but we will not know which you receive. However, you do not have to participate in the trial. If you prefer, I can 
provide our usual treatment morphine instead. Is it OK for me to give you the trial medication?

Appendix 2 Participant in research experience survey

NIHR Clinical Research Network
West Midlands Participant in Research Experience Survey (PRES)

PACKMaN Trial

2 of 2 recruiting sites
had PRES responses (100%)

67 Participants from a possible
453 have fed back (15%)

Information I recieved
prepared me for my

experience on the
study

93%

5%

2%

Strongly agree or

agree

Neither agree nor

disagree

Strongly disagree nor

disagree

94%

5%

1%

Strongly agree or

agree

Neither agree nor

disagree

Strongly disagree nor

disagree

85%

12%

3%

Strongly agree or

agree

Neither agree nor

disagree

Strongly disagree nor

disagree

74%

15%

11%

Strongly agree or

agree

Neither agree nor

disagree

Strongly disagree nor

disagree

88%

7%

5%

Strongly agree or

agree

Neither agree nor

disagree

Strongly disagree nor

disagree

74% of participants knew how they would

receive the results of this research study

80% of participants would

take part in research again

I feel I have been kept
updated about this

research study

Research staff have
always treated me
with courtesy and

respect

I feel research staff
have valued me taking

part in this research

I know how to contact
someone if I have any
questions or concerns
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CPMS ID
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The information that I received before taking part

prepared me for my experience on the study

'Minimalist' bar charts showing breakdown

of responses to each question
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if I have any questions or concerns

I feel research staff have valued my taking part in this

research study

Research staff have always treated me with courtesy and

respect

I know how I will receive the results of this research
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