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ABSTRACT

Acute moderate-to-severe pain is common after 
surgery, trauma, or musculoskeletal injury, but 
its management remains suboptimal. Current 
single-agent treatments are limited by safety 
concerns, narrow therapeutic windows, and 
abuse potential, leaving substantial unmet 
needs. Here, we aimed to review guidelines for 
the management of acute moderate-to-severe 
post-surgical, trauma-related, or musculoskeletal 
pain in adults and discuss existing and poten‑
tial future analgesics in this setting. We searched 
PubMed to identify relevant guidelines and 
existing analgesics for acute pain. To identify 
compounds in development, we searched Clini‑
calTrials.gov and the European Union Clinical 

Trials Register. Guidelines universally recog‑
nize the limitations of single-agent analgesics 
(particularly those with a single mechanism of 
action [MoA]) and recommend a multimodal 
approach as an established standard for acute 
pain. The benefit–risk profiles of traditional 
treatments, including paracetamol (acetami‑
nophen), nonsteroidal anti-inflammatory drugs, 
selective cyclooxygenase-2 inhibitors, and opi‑
oids, can be improved by combining agents 
targeting different pain pathways. In multi‑
modal approaches, lower doses of constituent 
agents can be used to achieve the same or supe‑
rior analgesic effects relative to the individual 
agents. In some cases, novel formulations and 
co-crystal technology offer enhanced physico‑
chemical and pharmacokinetic properties over 
individual agents. Lastly, initiatives to increase 
patient awareness and education around pain 
management may improve treatment satisfac‑
tion and quality of life, and hasten recovery. In 
conclusion, management of acute moderate-to-
severe pain remains inadequate. Multimodal 
analgesics may offer advantages over traditional 
single-agent treatments (that often have a sin‑
gle MoA) for acute moderate-to-severe post-sur‑
gical, trauma-related, or musculoskeletal pain in 
adults. Multimodal analgesics, combined with 
patient education initiatives and non-pharmaco‑
logical measures, when necessary, offer promise 
in addressing unmet needs in this setting.
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Key Summary Points 

Management of acute moderate-to-severe 
pain in Europe is suboptimal despite the 
availability of a range of analgesic therapy 
options.

There is an unmet need for treatments with 
improved safety, wider therapeutic windows, 
and reduced abuse potential, with respect to 
current single-agent/single mode of action 
treatment options.

Novel multimodal analgesics may address 
these unmet needs, with the potential for 
enhanced efficacy at lower doses of con‑
stituent agents compared with single-agent 
analgesics.

Combined with patient education initiatives 
surrounding pain management, treatment 
approaches incorporating novel multimodal 
analgesics and non-pharmacological meas‑
ures, where appropriate, offer the potential 
to improve the management of acute mod‑
erate-to-severe pain in post-surgical, trauma-
related, or musculoskeletal pain in Europe.

INTRODUCTION

Acute pain due to illness, trauma, or musculo‑
skeletal injury affects millions of people each 
year [1, 2]. Patients often report acute pain of 
moderate-to-severe intensity after surgery or 
following discharge from emergency depart‑
ments [3–6]. Effective pain control facilitates 
recovery and allows patients to return to activi‑
ties of daily living faster [7, 8]. Conversely, inad‑
equate treatment has negative consequences for 
patients, healthcare systems, and society, includ‑
ing increased costs of care and progression to 
chronic pain [9–12]. Despite this, the manage‑
ment of acute moderate-to-severe pain remains 
suboptimal across treatment settings [5, 6, 13, 
14].

Several factors may underlie suboptimal treat‑
ment of acute moderate-to-severe pain. Although 
a wide range of analgesic drugs are available [2, 
5]—many having been in clinical use for dec‑
ades—their utilization can be limited by safety 
concerns [15–17]. Analgesics with a single mecha‑
nism of action (MoA) have a ceiling effect, and 
doses needed to achieve analgesia in monotherapy 
may be associated with dose-limiting toxicities 
[18]. By contrast, a multimodal approach to treat‑
ing acute moderate-to-severe pain recognizes its 
multifaceted nature [7, 18, 19] and may improve 
outcomes and quality of life while avoiding pain 
chronification. Furthermore, multimodal analgesia 
can target multiple inflammatory pathways that 
have a key role in pain physiology [20], and allow 
for varied pain management approaches suited 
to different procedures [21, 22]. Additionally, the 
pressure to discharge patients soon after surgery, 
with “day-case” or ambulatory surgeries and pro‑
cedures having become increasingly popular [23], 
has led to requirements for noninvasive methods 
of pain management that can be self-administered.

Here, we aimed to review the management 
of acute moderate-to-severe pain in the settings 
of post-surgical (including ambulatory surgery), 
trauma-related, and musculoskeletal pain, focus‑
ing on multimodal analgesia. The review focuses 
on these three settings, as they share similar 
unmet needs, and a similar approach to pain man‑
agement would be followed based on the general 
principles of the World Health Organization anal‑
gesic ladder [24]. We review the guidelines and 
literature on currently used treatments and those 
recently available or in development. We provide 
an overview of the European treatment guideline 
recommendations, describe key characteristics of 
non-injectable treatments and novel or in-devel‑
opment multimodal treatments, and discuss how 
these may address the unmet needs in this set‑
ting. As such, this review provides insights into the 
current management strategies and future direc‑
tions in moderate-to-severe pain management, to 
inform clinicians, researchers, and patients.

Search Strategies

This article is based on previously conducted 
studies and does not contain any new studies 
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with human participants or animals performed 
by any of the authors.

For this narrative review article concern‑
ing acute moderate-to-severe post-surgical, 
trauma-related, or musculoskeletal pain in 
adults, a nonsystematic literature search was 
performed to identify English language records 
during the date range 01/01/2010–15/06/2023. 
Guidelines for the management of acute pain 
were identified through a literature search 
using the PubMed database and the following 
search string: (guidelines) AND (acute) AND 
(pain) AND (analgesic OR post-operative pain 
OR traumatic pain OR musculoskeletal pain). 
We then conducted an online search using 
Google advanced search and the following 
search string: guidelines, pain, acute, manage‑
ment, Europe, emergency, OR post-operative, 
OR trauma, OR musculoskeletal, OR analgesic, 
OR care “acute pain”; (excluded terms) – “mild 
-pain”, – “rheumatoid -arthritis”, –osteoarthri‑
tis, – “ankylosing -spondylitis”. For the review 
of existing analgesic agents in this setting, the 
following search string was used in PubMed 
and Google Advanced Search: (NSAIDs [OR 
non-steroidal anti-inflammatory drugs]/COX-2 
inhibitors/opioids) AND (pain) AND (acute) 
AND (moderate OR severe) AND ((post-surgi‑
cal) OR (ambulatory) OR (musculoskeletal) OR 
(trauma-related)) NOT (arthritis, rheumatoid, 
osteoarthritis). For compounds in develop‑
ment, we searched ClinicalTrials.gov using the 
terms “acute pain”, “moderate”, and “severe”, 
and the EU Clinical Trials Register using the 
following search string with “adult” selected 
as the age range: “acute pain” AND “moderate” 
OR “severe” AND ((post-surgical) OR (ambula‑
tory) OR (musculoskeletal) OR (trauma)).

Search results were manually reviewed to 
identify references for inclusion, based on their 
relevance to the topic of management of acute 
moderate-to-severe pain, in the opinion of the 
authors. In the case of compounds in develop‑
ment, their European Medicines Agency summa‑
ries of product characteristics were reviewed to 
confirm relevance. Additional references could 
be included from the bibliographies of articles 
identified in the primary search or based on the 
knowledge of the authors.

Regional anesthesia techniques—although 
commonly used in clinical practice during the 
immediate postoperative period, to reduce both 
pain and opioid requirements—were considered 
outside the scope of this review.

TREATMENT GUIDELINES

Several European guidelines provide recommen‑
dations for the management of acute moderate-
to-severe pain in adults and almost universally 
recommend a multimodal analgesic approach 
as an established standard. A summary of key 
guidelines is provided in Table 1. The European 
Society for Emergency Medicine developed 
guidelines for the management of acute pain 
in an emergency setting [2], recommending a 
multimodal analgesic approach using agents 
with different MoAs (including both opioids 
and non-opioids) if insufficient analgesia is 
achieved with one class alone. The European 
Society of Regional Anaesthesia and Pain  
Therapy’s postoperative pain management initi‑
ative provides evidence-based recommendations 
for pain management in the perioperative period 
on a procedure-specific basis [21], including the 
recommendation for a multimodal analgesic for 
cardiac surgery via median sternotomy, based on 
results of a systematic review [25].

A multimodal analgesic approach is estab‑
lished and recommended clinical practice in 
the UK [26]. The UK’s National Institute for 
Health and Care Excellence’s evidence review 
for managing acute postoperative pain under‑
pins their guidelines on perioperative care in 
adults [26]. A recent consensus statement on 
the preoperative management of patients with 
chronic moderate-to-severe shoulder pain also 
emphasized the use of multimodal analgesia to 
help improve outcomes after surgery [27]. Non‑
steroidal anti-inflammatory drugs (NSAIDs) 
or cyclooxygenase-2 (COX-2) inhibitors are 
recommended for short-term management 
of postoperative acute pain, while oral opi‑
oids are recommended for moderate-to-severe 
pain [26]. The British Society of Physical and  
Rehabilitation Medicine’s musculoskeletal 
rehabilitation guidance recommends NSAIDs 
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in combination with non-specified analgesics 
for several musculoskeletal conditions, includ‑
ing acute lower back pain, and podiatry [28].

On an international level, the World Health 
Organization’s analgesic ladder in its original 
form provides guidance on the principles of 

Table 1   Summary of key recommendations from relevant treatment guidelines for acute moderate-to-severe pain

COX-2 cyclooxygenase-2, NSAID nonsteroidal anti-inflammatory drug
Intravenous recommendations have been omitted as these are considered outside the scope of this review
a Originally developed to provide guidance on the principles of cancer pain management

Guideline Key recommendations for management of acute pain

European Society for Emergency Medicine (EUSEM) 
European Pain Initiative (EPI) [2]

Moderate pain:
Paracetamol AND NSAID/COX-2 inhibitor (ibuprofen, 

naproxen, diclofenac, ketorolac, celecoxib) AND metami-
zole AND opioid (codeine phosphate or tramadol)

Severe pain:
First line: Opioid (morphine or fentanyl or sufentanil)
Second line: Paracetamol (intravenous) AND an opioid 

(codeine phosphate or tramadol or oxycodone)
Third line: Ketamine

European Society of Regional Anaesthesia and Pain Therapy’s 
(ESRA) procedure-specific postoperative pain management 
(PROSPECT) [99]

Tonsillectomy
Pre- and intraoperative:
Combination of paracetamol and NSAIDs
Postoperative:
Combination of paracetamol and NSAIDs
Opioids as rescue treatment

National Institute for Health and Care Excellence’s (NICE) 
evidence review for managing acute postoperative pain [26]

Multimodal analgesic approach
NSAIDs/COX-2 inhibitors: Oral ibuprofen if no con-

traindications
Opioids for moderate-to-severe pain only

British Society of Physical and Rehabilitation Medicine’s 
(BSRM) musculoskeletal rehabilitation guidance [28]

Foot and lower limb care: Combination of analgesics with 
an NSAID

Acute spinal pain: Analgesics and/or NSAIDs

World Health Organization’s (WHO) analgesic laddera [30] Step 1: Non-opioid ± adjuvants
Step 2: Opioid for mild-to-moderate pain (i.e., 

codeine) ± non-opioid ± adjuvants
Step 3: Opioid for moderate-to-severe pain ± non-opi-

oid ± adjuvants
Revision to World Health Organization’s (WHO) analgesic 

ladder [24, 31]
Step 1 (mild pain): Non-opioids (NSAIDs)
Step 2 (moderate pain): Weak opioids
Step 3 (severe and persistent pain): Strong opioids, or 

methadone, via oral administration or transdermal patch
NSAIDs (± adjuvants) at each step
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cancer pain management [29, 30], and a later 
proposed extension encompasses guidance for 
acute pain, including use of multimodal anal‑
gesia [31].

Overall, there is synergy between the current 
guidelines relevant to Europe on the treatment 
and management of acute moderate-to-severe 
pain, particularly in the recommendation for 
multimodal analgesia.

PHARMACOLOGICAL APPROACHES 
CURRENTLY USED TO TREAT 
ACUTE MODERATE‑TO‑SEVERE 
PAIN IN EUROPE

Nonselective NSAIDs

NSAIDs are generally less effective during the 
first 10 min after administration than stronger 
analgesics such as opioids, although they have 
an equivalent analgesic effect within 20–30 min 
[14]. The efficacy of NSAIDs for acute mild-to-
moderate pain is well established [32–34]; how‑
ever, there is variation in the extent of pain 
relief with single, nonselective NSAIDs. The 
number of patients needed to treat for at least 
50% maximum pain relief versus placebo over 
4–6 h ranges from 2.0 to 8.3 in postoperative 
pain, with some of the available data potentially 
susceptible to publication bias [34].

Nonselective NSAIDs are associated with a risk 
of serious gastrointestinal toxicity, which var‑
ies between agents [16, 35, 36]: low-risk agents 
include ibuprofen; intermediate-risk agents 
include indomethacin, diclofenac, ketoprofen, 
and naproxen; and high-risk agents include 
piroxicam, azapropazone, and ketorolac [35, 36]. 
NSAID-related gastrointestinal toxicity appears 
to be influenced by the dose and duration of 
therapy [36].

All oral nonselective NSAIDs can also increase 
the risk of serious cardiovascular events [35, 
36] and lead to renal toxicity in up to 5% of 
patients [37], meaning that they are not suitable 
in patients with significant kidney disease and 
impairment [2]. Although NSAIDs are widely 
used [36, 38], limitations include healthcare 

professionals’ concerns regarding their ben‑
efit–risk profile [39, 40] and lack of evidence for 
additional benefit in combining different agents 
[36].

Selective COX‑2 Inhibitors

Selective COX-2 inhibitors are anti-inflamma‑
tory, analgesic, and antipyretic, while protecting 
the gastrointestinal mucosa [41]. Single doses of 
the oral COX-2 inhibitors celecoxib and etori‑
coxib are efficacious in the treatment of acute 
postoperative pain [34].

Meta-analyses have demonstrated the 
improved gastrointestinal safety profile of 
COX-2 inhibitors, such as celecoxib, versus 
nonselective NSAIDs [42–45]. However, COX-2 
inhibitors are associated with an increased risk 
of cardiovascular events, depending on the dose 
and duration of therapy [46]. Celecoxib may 
have an improved safety profile relative to other 
COX-2 inhibitors [46]. The risk of cardiovascu‑
lar toxicity is reportedly no higher for celecoxib 
than for nonselective NSAIDs when adminis‑
tered at commonly used daily doses of approxi‑
mately 200 mg [15, 47]. However, celecoxib is 
not approved for the treatment of acute pain in 
Europe [2], and rofecoxib and valdecoxib have 
been withdrawn from the market worldwide due 
to an increased risk of cardiovascular events and 
serious skin reactions [48–51].

Opioids

Opioids are highly effective analgesics for acute 
moderate-to-severe pain and the cornerstone 
of treatment for severe pain in the emergency 
trauma [52] and perioperative settings [53]. 
However, opioids have numerous side effects, 
particularly in opioid-naive patients, including 
nausea, vomiting, sedation, respiratory depres‑
sion, itching, and anaphylactic reactions [2], as 
well as other safety concerns, including cardio‑
vascular events such as hypotension, orthostasis, 
syncope, and bradycardia, associated with acute 
use [54]. Consequently, healthcare staff organi‑
zation and availability of appropriate medical 
technology are important considerations for 
their use [52].
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There are some differences in the character‑
istics of various opioid agents, including those 
termed “weak” or “strong” opioids. Drugs with 
at least two MoAs, including those targeting 
non-reward pathways, such as tramadol, may 
have a lower potential for misuse than reward-
pathway drugs with a single MoA, such as oxy‑
codone or hydrocodone. This is because lower 
doses of these mixed-mechanism agents may 
be required to achieve an equivalent analgesic 
effect compared with drugs that act only on 
opioid receptors [55]. Although abuse-deterrent 
opioid formulations have been developed, some 
have led to safety concerns [56].

Historic and current reluctance to administer 
opioids is well documented [52, 57–59]. Doses of 
opioids administered post-surgery are reported 
to be lower in Europe than in the USA [60]. This 
seeming reluctance to administer opioids may 
be understandable in light of the opioid crisis 
in the USA [61], which may have already started 
in some European countries (the UK, Ireland, 
Norway, and Sweden), albeit on a much smaller 
scale [61–63]. There is now a trend for “weaker” 
opioids (e.g., tramadol) being administered in 
Europe as they are thought to have a lower risk 
of overdose than “stronger” opioids [60, 61].

Combination Therapies Incorporating 
Paracetamol or Nonselective NSAIDs

Combining therapies that target multiple 
pain pathways can improve benefit–risk pro‑
files, partly because effective analgesia may be 
achieved with lower doses of individual constit‑
uents compared with single-agent doses [19, 57]. 
In addition to simply administering two or more 
individual agents concomitantly, as occurs ad 
hoc in clinical practice, fixed-dose combinations 
(FDCs) are available. FDCs have been reported to 
provide greater and faster pain relief than equiv‑
alent doses of either agent alone, as seen with 
paracetamol (acetaminophen) and ibuprofen in 
patients with moderate-to-severe postoperative 
dental pain [64, 65]. Other examples of the FDC 
approach have involved the opioid tramadol 
combined with either the NSAID dexketoprofen 
[66] or paracetamol [67]. Of these two combina‑
tions, tramadol plus dexketoprofen was superior 

at relieving acute moderate-to-severe postopera‑
tive pain for patients who underwent surgical 
removal of an impacted lower third molar in the 
DAVID study [68].

FDCs involving tramadol require reduced 
doses of constituent agents, thus potentially 
providing an opioid-sparing effect [64]. This, in 
turn, may alleviate opioid-associated toxicities 
and reduce the potential for misuse. Further‑
more, combinations that exclude nonselective 
NSAIDs may be beneficial when gastrointestinal 
side effects are of particular concern [64]. FDCs 
may also provide greater convenience in terms 
of dosing, as well as reduced pill burden [69], 
which, in turn, may increase patient adherence. 
Limitations of combination therapies include an 
increased chance of drug–drug interactions [69, 
70] and the inability to alter any unfavorable 
characteristics of individual agents by reducing 
their dose [64, 70].

Summary of Pharmacological Treatments 
Currently Used in Europe

Although there are several classes of analgesic 
therapies available, including others not cov‑
ered here due to space restrictions (e.g., dexa‑
methasone, the anticonvulsants gabapentin and 
pregabalin, and the local anesthetic/NSAID FDC 
bupivacaine/meloxicam), each is associated with 
unmet needs for the treatment of acute moder‑
ate-to-severe pain, including toxicities, ceiling 
effects, administration challenges, and potential 
for misuse (Table 2). Advances in analgesia in 
this setting are evolving through the develop‑
ment of both new agents and new approaches 
to multimodal analgesia.

NOVEL TREATMENTS AND DRUGS 
IN DEVELOPMENT FOR ACUTE 
MODERATE‑TO‑SEVERE PAIN

Several new non-injectable therapies for treating 
acute moderate-to-severe pain are in develop‑
ment or, in some cases, close to approval or have 
recently been approved (Table 3). Many are mul‑
timodal or have characteristics that might help 
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to address current unmet needs in this setting. 
Multimodal agents include drugs targeting non-
reward pathways, such as diclofenac in the case 
of tramadol/diclofenac FDC [71], dexketoprofen 
in tramadol/dexketoprofen [68], and celecoxib 
in co-crystal of tramadol-celecoxib (CTC; see 
below [72]), and may have a lower potential for 
misuse than single MoA drugs acting on reward 
pathways. Furthermore, compared with treat‑
ment involving multiple single MoA drugs, mul‑
timodal agents in a FDC or co-crystal formula‑
tion offer a standardized approach where the pill 
burden can be lessened and the variability in 
drug ratios can be reduced.

Here, we review agents in order of develop‑
ment stage and/or approval status.

Co‑Crystal of Tramadol‑Celecoxib

CTC is a multimodal analgesic co-crystal of 
racemic tramadol hydrochloride and celecoxib 
that combines four MoAs targeting central and 
peripheral analgesic pathways (µ-opioid ago‑
nism, norepinephrine and serotonin reuptake 
inhibition, and COX-2 inhibition; Table 3) [73]. 
The approved CTC dose (200 mg twice daily) 
exposes patients to 176 mg/day of tramadol [73] 
(below the CDC-recommended morphine-milli‑
gram equivalent threshold for a relatively low-
dose opioid) [74, 75]. The twice-daily oral dose 
potentially offers improved convenience over 
the four-times-daily tramadol dose. In contrast 
to FDCs, CTC’s co-crystal technology modifies 
the physicochemical and pharmacokinetic prop‑
erties of the constituent analgesics, which can 
hasten the onset of analgesia relative to either 
agent alone and potentially reduce the risk of 
adverse events associated with tramadol [73, 76].

CTC demonstrated superior analgesic efficacy 
compared with tramadol alone in randomized 
phase 3 trials of patients with acute moderate-
to-severe pain following surgery [73, 76–78]. 
The efficacy of CTC was coupled with a safety 
profile that was similar to tramadol 50 mg four 
times daily and better than tramadol 100 mg 
four times daily, due to the lower total daily 
tramadol exposure (176 mg/day vs. 200–400 mg/
day), and this would suggest a clinically relevant 
improved benefit–risk profile [73, 76–78]. CTC Ta
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was approved by the US Food and Drug Admin‑
istration in October 2021 (marketed under the 
brand name Seglentis®) and authorized in Spain 
in September 2023 for the management of acute 
moderate-to-severe somatic pain in adults [79].

CL‑108 (Hydrocodone, Paracetamol, 
Promethazine)

CL-108 is a multimodal, first-in-class, single-
tablet combination of the opioid hydrocodone 
(7.5  mg), paracetamol (325  mg), and rapid-
release, low-dose antiemetic promethazine 
(12.5 mg) [80, 81]. CL-108 exerts an analgesic 
effect on acute postoperative pain [80, 81] and 
has superior prophylactic antiemetic efficacy 
compared with equivalent doses of conventional 
hydrocodone and paracetamol [81]. CL-108 has 
been under development in the USA (brand 
name Hydexor™) for the relief of moderate-to-
severe pain while preventing or reducing opioid-
induced nausea and vomiting, but approval has 
not been granted to date [82].

Uniflash® Paracetamol

This novel formulation of paracetamol com‑
prises a single-dose solution that passes quickly 
into the bloodstream, thus mitigating metabo‑
lism-related reduction in efficacy and allowing 
administration of a lower dose [83–85]. Results 
are pending from a double-blind phase 3 trial of 
Uniflash paracetamol for acute pain following 
tooth extraction (NCT04640376; completed in 
November 2022).

Nefopam Hydrochloride and Paracetamol 
FDC

This non-opioid FDC consists of the rapid-acting 
oral analgesic nefopam (30 mg) and paracetamol 
(500 mg). The FDC was compared to the indi‑
vidual agents (single and multiple doses) in a 
randomized, double-blind, phase 3 trial of 321 
patients with acute moderate-to-severe pain fol‑
lowing molar extraction (NCT04622735; com‑
pleted in October 2022 and pending results).

APSCTC​

A phase 3 trial is planned to evaluate oral 
APSCTC compared with ketorolac or trama‑
dol every 6 h for 3 days for the treatment of 
pain following surgery for molar extraction in 
approximately 396 patients (NCT04647435; 
estimated completion date: November 2024).

JNJ‑10450232

JNJ-10450232 (NTM-006) is an oral formula‑
tion that is structurally similar to paracetamol 
and provides comparable analgesia [86, 87]. No 
dose-limiting toxicities were observed in a dou‑
ble-blind, placebo-controlled trial in healthy 
male volunteers, with mostly mild adverse 
events reported [86]. Efficacy has been dem‑
onstrated in a phase 2 trial of postoperative 
dental pain (NCT02209181) [88].

MR‑107A‑01

MR-107A-01 is an orally administered non-
opioid analgesic under development for acute 
moderate-to-severe post-surgical dental pain. 
In a phase 2 trial (NCT04571515), different 
dose schedules of MR-107A-01 were superior 
to placebo in reducing pain intensity and pro‑
viding total pain relief.

HR18042 (Imrecoxib/Tramadol)

HR18042 is a multimodal tablet consisting of 
tramadol and the moderately selective COX-2 
inhibitor imrecoxib to provide synergistic anal‑
gesia while reducing opioid-related toxicity. 
The drug is in phase 2 development in China 
for acute moderate-to-severe pain following 
surgery for tooth extraction (NCT04812860; 
NCT05470075).

NTC‑510 (Buprenorphine/Naloxone 
Nanoparticle)

NTC-510 (NanoBUP™) uses a nanoparticle 
delivery system with an immediate-delivery 
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capsule that aims to mimic an immediate-
release drug profile. Phase 1 trials have 
been completed [89], but a phase 2 trial 
(NCT02161354) was terminated in 2017.

Summary of Novel Treatments and Drugs in 
Development for Acute Moderate‑to‑Severe 
Pain

The novel agents discussed here show promise 
in the management of acute moderate-to-severe 
pain, particularly with respect to increasing 
efficacy while balancing toxicities, which is the 
practitioner’s primary concern. Thus, there is 
cause for optimism for improved patient care 
with respect to some of the more traditional 
analgesic treatment approaches used to date in 
Europe. However, with some exceptions (e.g., 
the recently approved CTC), many of these 
newer agents are still in the early stages of devel‑
opment, leaving many limitations and unmet 
needs related to current treatments unaddressed.

Future Directions

Current single-agent treatments are limited by 
several factors, including safety issues [15–17]; 
thus, their therapeutic indices are restricted by 
dose-limiting toxicities [18]. In addition, the 
use and avoidance of analgesics are driven by 
practitioner and patient preferences, as evi‑
denced by the caution surrounding opioids 
[52, 57–59]. Patients with mild-to-moderate 
pain typically receive paracetamol and NSAIDs, 
while the more potent opioids are a mainstay 
for severe pain in the pre-hospital and emer‑
gency department settings [2]. There is a need 
to balance the desire to avoid an opioid crisis 
in Europe on the scale of that in the USA [60, 
61, 90] with the provision of effective analgesia 
for individual patients. Multimodal agents that 
combine drugs with different MoAs to address 
the multifaceted nature of pain are a key focus. 
The multimodal approach offers the potential 
for enhanced efficacy at lower doses of con‑
stituent analgesics to limit adverse events and 
reduce delays in recovery and the potential for 
abuse [7]. Furthermore, the development of 
single pills containing multiple agents could 

alleviate the burden on patients taking mul‑
tiple pills and reduce variability in drug ratios 
and combinations.

In addition to the development of novel 
multimodal analgesics, initiatives and 
resources are required to support optimal pre‑
scribing of analgesics. A good example is the 
Pain Alleviation Toolkit from the American 
Society of Anesthesiologists and American 
Academy of Orthopaedic Surgeons, which 
comprises a series of modules to help clini‑
cians and patients understand the available 
approaches to pain management [91]. Other 
initiatives include a US multi-society organi‑
zational consensus process resulting in seven 
common guiding principles for the manage‑
ment of acute perioperative pain [92].

Involving patients in decision-making is 
crucial to optimize the management of acute 
pain. There is evidence to indicate that many 
patients with acute musculoskeletal pain pre‑
fer not to receive an opioid (or any analgesics) 
[93], which suggests that patient education and 
creating realistic expectations regarding pain 
are key areas for development [94]. In addition, 
non-pharmacological techniques are being 
increasingly used in combination with phar‑
maceutical agents in a multimodal approach 
to pain management, and can help alleviate 
patient fear, distress, and anxiety [2].

Alternative assessments to determine the 
efficacy of acute pain medication include meas‑
ures of symptoms and functioning, such as the 
Multidimensional Symptom Index [95], and 
patient-reported outcomes that are more per‑
sonalized, e.g., the “desire to receive more pain 
treatment” [96]. Others account for pain at rest 
and during activity, as well as patients’ ability 
to self-manage pain, such as the core outcome 
sets defined for perioperative acute pain man‑
agement [97]. These measures will ultimately 
provide a better indication of an individual’s 
need for pain relief.

The above approaches may help to address 
the ongoing need to reduce opioid exposure 
after discharge from hospital, although further 
work is needed to increase awareness of the 
potential dangers of opioid misuse and provide 
a consensus on appropriate opioid-related pain 
management and care [98].
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CONCLUSIONS

Despite the range of treatments available 
to date in Europe, the management of acute 
moderate-to-severe pain remains inadequate 
across treatment settings [9, 14]. Management 
may be improved with novel analgesics that 
have better benefit–risk profiles than existing 
treatments, including with respect to efficacy, 
tolerability, and abuse potential. There is a 
need for orally administered analgesics with 
an improved therapeutic window and rapid 
effects in the pre-hospital and hospital emer‑
gency settings. It is hoped that the develop‑
ment and availability of novel, multimodal 
analgesics, alongside initiatives such as those 
outlined above, will help to address the many 
unmet needs in the current management of 
acute moderate-to-severe post-surgical, trauma-
related, or musculoskeletal pain. 
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