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Introduction

Perioperative pain management has evolved alongside the 
development of enhanced recovery after surgery (ERAS) 
programs with increased awareness of the risks of opioid 
dependance and development of opioid sparing techniques. 

As part of this, the role of an individualized, multimodal 
approach with input from a multidisciplinary team has 
been increasingly advocated. This aims to decrease opioid 
dependance, reduce the occurrence of side effects related 
to high opioid use whilst ensuring patients have good post 
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operative pain management and high patient satisfaction. 
ERAS programs aim to improve patient recovery through 
a combination of perioperative interventions. Effective 
pain management without high reliance on opiates may 
be important for a number of components of an ERAS 
program. For example, if fewer sedating analgesics are used 
and effective analgesia is achieved patients may be able 
to mobilise at an earlier stage postoperatively. Reduced 
dependance on opiate medications may be associated with a 
lower incidence of post operative nausea and vomiting and 
enteral nutrition may be successfully reestablished sooner (1).

Multimodal analgesia is the use of a number of different 
techniques or medications to simultaneously target different 
pain pathways or receptors. This aims to decrease the 
dependance on one analgesic modality and minimize the 
associated side effects. Simultaneously targeting multiple 
pain pathways can have either additive or synergistic 
effects (2). National guidelines by the American Society 
of Anaesthesiologists (ASA) advocate for the use of 
multimodal analgesia in perioperative pain management. A 
wide range of multimodal techniques are available. These 
may be two or more analgesic agents acting via different 
mechanisms but administered via a single route, for example 
local anaesthetic and an opiate via an epidural catheter. 
Alternatively, different agents may be administered via 
different routes, for example combining the use of regional 
anaesthesia with systemic opioids. Both are used to improve 
post operative analgesia and potentially improve the side 
effect profile by reducing the overall opioid dose required. 
The ASA guidelines highlight the need to individualise 
multimodal analgesia based on both patient and surgical 
factors (3). 

Anaesthetic techniques have changed with a move away 
from reliance on opioid-based techniques. Central neuraxial 
blocks, both intrathecal injections and epidurals, are used 
and increasingly the role of regional anaesthesia and field 
blocks is recognised. These areas form the basis of other 
review articles in this series so this article will focus on the 
use of adjuncts as part of multimodal analgesia.

Analgesic adjuncts have formed part of pain management 
plans for many years. The World Health Organization 
(WHO) analgesic ladder, initially published in 1985, was 
designed for the management of pain in patients with cancer 
and was then generalized to provide a stepwise approach 
to acute pain. This included the use of both paracetamol 
and cyclooxygenase (COX) inhibitors for mild pain and 
mentions the role of adjuncts in both mild, moderate and 
severe pain (4). Since then, their role has become more 

established and the evidence base for different adjuncts has 
grown considerably.

This review will cover paracetamol, non-steroidal 
anti-inflammatory drugs (NSAIDs), gabapentinoids, 
N-methyl-D-aspartate (NMDA) receptor antagonists, 
alpha-2-adrenergic antagonists, membrane stabilisers, 
glucocorticoids and review the novel agents being 
researched. They will be summarized in Table 1.

As part of this review a literature search was performed 
using PubMed. The terms multimodal analgesia, adjuncts, 
surgery, and enhanced recovery were included. Only papers 
published in English were reviewed.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dmr.amegroups.com/article/view/10.21037/dmr-21-80/rc).

Methods

As part of this review a literature search was performed 
using PubMed. The terms multimodal analgesia, adjuncts, 
surgery, and enhanced recovery were included. Only papers 
published since 2016 in English were reviewed. Further 
details of the literature search are listed in Table 2.

Paracetamol

Paracetamol has been used in pain management for more 
than a century. It is available in oral, intravenous and rectal 
preparations. Differences in bioavailability between oral 
and rectal administration can affect both the onset time 
and duration of action. When given intravenously, the 
onset of action is within five minutes, peak effect occurs 
between forty minutes and one hour after administration. 
The duration of action is between four and six hours. No 
significant analgesic benefit has been demonstrated when 
intravenous paracetamol is used over oral paracetamol in 
the perioperative setting (5). The dose is one gram four 
times a day for adults weighing more than fifty kilograms. 
There should be a minimum of four hours between doses 
with a maximum of four grams every 24 hours. Paracetamol 
is generally considered safe when used within the 
recommended dosing. It should therefore form part of the 
perioperative pain management plan (6). 

The exact mechanism of action is still not fully 
understood. It is thought to act by COX inhibition and 
reduction in prostaglandin production. There is also some 
evidence of an effect upon descending serotonergic pathways. 
One of its active metabolites, N-arachidonoylphenolamine 

https://dmr.amegroups.com/article/view/10.21037/dmr-21-80/rc
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(AM404), acts on the cannabinoid pathway to increase 
receptor activation. The analgesic effect may also be due to 
this metabolite inhibiting the action of nitric oxide within 
the pain pathway (6).

NSAIDs and COX inhibitors

NSAIDs include a range of different analgesics, each with 

different preparation options. Some of the commonly used 
ones include ibuprofen available via the oral and intravenous 
route, diclofenac, available in oral, rectal and intravenous 
preparations, ketorolac which is available for intramuscular or 
intravenous administration and parecoxib which is available 
for either intramuscular or intravenous administration. They 
all act to inhibit COX, an enzyme which is required for the 
metabolism of arachidonic acid to prostaglandins. NSAIDs 

Table 1 Summary of the main adjuncts available for use as part of a multimodal analgesic plan

Group Examples Reduces opioid requirements? Contraindications

Paracetamol – Yes Generally considered safe

COX inhibitors Ibuprofen Yes Renal impairment, cardiac comorbidities, 
gastric ulceration

Diclofenac

Ketorolac

Parecoxib

Gabapentinoids Gabapentin Inconclusive data Concern regarding side effects—drowsiness, 
dizziness, headache, respiratory depression

Pregabalin

NMDA receptor antagonists Ketamine Yes Coronary artery disease, severe liver failure, 
raised intracranial or intraocular pressure

Magnesium Yes Nil significant

Alpha-2-adrenergic agonists Clonidine Yes Hypotension

Dexmedetomidine Yes Bradycardia

Membrane stabilisers Lidocaine Possible reduction Potential safety concerns regarding local 
anaesthetic toxicity

Glucocorticoids Dexamethasone Yes Poorly controlled diabetes

SSRIs Duloxetine Potential reduction, more studies 
required

Seizure history, uncontrolled hypertension, 
raised intraocular pressure

COX, cyclooxygenase; NMDA, N-methyl-D-aspartate; SSRIs, selective serotonin reuptake inhibitors.

Table 2 The search strategy summary

Items Specification

Date of search (specified to date, month and year) 13th October 2021

Databases and other sources searched PubMed

Search terms used (including MeSH and free text search terms and 
filters)

Multimodal analgesia; adjuncts; surgery; enhanced recovery

Timeframe After 2003

Inclusion and exclusion criteria (study type, language restrictions etc.) Inclusion: written or translated in to English

Selection process (who conducted the selection, whether it was 
conducted independently, how consensus was obtained, etc.)

Initial selection by V Bennett then review and amended by B 
Morrison

Any additional considerations, if applicable NA
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can either be non-selective COX inhibitors acting on both 
COX-1 and COX-2 or COX-2 specific inhibitors. The 
analgesic effects are achieved through COX-2 inhibition. 
COX-1 enzymes predominately have a role in platelet 
function and the gastric and renal systems (7).

Post operative use of NSAIDs has been shown to decrease 
opioid requirements by 20% to 35% (7,8).Their use is 
routinely recommended where contraindications are not 
present (3). However, there are a number of patient and 
surgical factors which limit their use in the perioperative 
setting. Commonly described complications from the use 
of non-selective COX inhibitors include gastric ulceration, 
renal injury, increased cardiac morbidity and increased post 
operative bleeding. Their use is therefore avoided in the 
older population and in patients with a history of, or at risk 
of these complications. It was initially presumed that some 
of these potential complications could be avoided by use 
of selective COX-2 inhibitors. Initial studies demonstrated 
increased cardiotoxicity in patients treated with selective 
COX-2-inhibitors. Several of these studies had been 
performed in cardiac surgical patients. Further studies and 
meta-analyses have investigated whether the same risk profile 
exists in patients undergoing non-cardiac surgery and without 
significant cardiac risk factors. They did not demonstrate 
increased cardiac risk in this group of patients (9). 

Gabapentinoids

Gabapentinoids include pregabalin and gabapentin 
which are both administered orally. Maximum plasma 
concentrations occur one hour post ingestion for pregabalin 
and four hours post ingestion for gabapentin. They have 
a similar half-life of around six hours. Dose adjustment 
is required in the setting of renal impairment. Their 
full mechanism of action is still not fully understood. 
They are calcium-channel blockers and act to reduce the 
release of excitatory neurotransmitters (7). Side effects 
include sedation, dizziness and headaches. More rarely 
respiratory depression has been reported (10). Their use 
in the management of non-neuropathic, perioperative pain 
is off label. Despite the fact their perioperative use has 
increased, the outcome of studies investigating their role in 
perioperative analgesia has been variable (7).

Perioperative doses of gabapentin between 300 and 1,200 
mg have been studied in a range of surgical specialties. Studies 
have demonstrated both decreased opiate use and improved 
pain scores. Systematic reviews and meta-analyses have been 
performed and have also provided evidence of this. For 

perioperative pregabalin use the results are less consistent. A 
single pre-operative dose of 150 mg of pregabalin, in patients 
having an elective laparoscopic cholecystectomy, reduced 
post operative opiate use and improved pain scores (11).  
One study of the pre-operative administration of 300 mg 
pregabalin for elective hip arthroplasty showed reduced 
postoperative opiate use, increased sedation but overall pain 
scores were unchanged (12). Studies in patients undergoing 
major elective gynaecological surgery showed no benefit from 
preoperative pregabalin. There may be some evidence for 
the use of gabapentinoids in the prevention of chronic post-
surgical pain (2). However, this was not supported by a recent 
large systematic review and meta-analysis which showed no 
benefit from either pregabalin or gabapentin for either acute 
or chronic post operative pain. It did demonstrate an increase 
in side effects associated with their use (13). 

Clinically there is considerable variation in practice. This 
includes the dose used, timing of initiation and duration 
of use. Recent guidance published by National Institute of 
Health and Care Excellence (NICE) highlighted this. It 
stated the need for further research in the perioperative use 
of gabapentin (14). The guidance from national societies 
on the role of gabapentinoids is conflicting, with some 
recommending their use and others not (13,15).

NMDA receptor antagonists

NMDA receptor antagonists include both ketamine and 
magnesium. Activation of the NMDA receptor has been 
demonstrated to contribute to central sensitization which 
may predispose to chronic pain. Additionally, opioid use 
activates mu-receptors which may increase activity at the 
NMDA receptor resulting in hyperalgesia.

Perioperatively ketamine can be given as an intravenous 
bolus, as an infusion, intramuscularly or as a sublingual or 
intranasal medication. It may be used intra operatively as 
part of the analgesic strategy for post operative pain relief or 
as part of a “rescue analgesia” strategy. It has both analgesic 
and dissociative effects that may be useful. Analgesic 
dosing requires titrating to the individual’s response, in an 
appropriately monitored environment. The American Society 
of Regional Anesthesia and Pain Medicine recommends that 
a bolus dose should not exceed 0.35 mg/kg. The infusion 
dose ranges from 0.5 to 1 mg/kg/hr, with max of 1 mg/kg/hr 
for acute pain management (16).

Ketamine use as part of multimodal analgesia has been 
demonstrated to improve pain scores and reduce opioid 
requirements. It has been shown to be more effective 
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in some surgical groups than others, with the biggest 
benefits seen in patients undergoing abdominal, thoracic or 
orthopaedic surgery (17). It may have particular benefit for 
patients with chronic pain who require preoperative opiate-
based medications. Complications, or serious side effects 
appear to be infrequently reported in clinical studies (18).

Ketamine administrat ion can cause distressing 
hallucinations. In addition to the analgesic affects it 
causes multisystemic changes, some of which may be 
disadvantageous. These include an increase in cerebral 
oxygen consumption and intracranial pressure, increase in 
heart rate and cardiac output with an increase in myocardial 
work, bronchodilatation and hypersalivation. Its use is 
therefore relatively contraindicated in the presence of 
coronary artery disease, severe liver disease, and in patients 
with raised intracranial or intraocular pressure (19). The 
potential effect of ketamine administration on depth of 
anaesthesia monitoring has been studied. Bispectral index 
(BIS), is one commonly used monitor. When ketamine 
is administered at a dose of 0.5 mg/kg an increase in BIS 
values has been demonstrated, this is despite a greater 
degree of sedation. There should be an awareness of this 
effect when interpretating the BIS values, if administering 
ketamine. At lower doses, of ketamine, 0.2 mg/kg, no 
increase in BIS values has been demonstrated (20,21). 

Although magnesium also acts as an NMDA receptor 
antagonist, it poorly crosses the blood brain barrier so it is 
unclear if this is the mechanism of action for its analgesic 
effects (2). Perioperatively it is given intravenously. The 
first randomized control trial to study its role as an analgesic 
adjunct was in 1996 and a number of further studies have 
followed since. They have produced conflicting results. 
However, a meta-analysis of these studies shows a decrease 
in opioid requirement with perioperative magnesium use. 
The method of administration, including bolus dosing versus 
prolonged infusion of magnesium, as well as the optimal 
dose have both been studied. A suggested dose of 40–50 mg/
kg has been proposed but authors state more research would 
be required to confirm if this is the optimal dose. Despite 
potential side effects from the use of high dose magnesium, 
including bradycardia, hypotension and prolonged 
neuromuscular blockade, studies have not reported any 
significant side effects or complications. Its use as part of 
multimodal analgesia is therefore recommended (22).

Alpha-2-adrenergic agonists

Alpha-2-adrenergic agonists include clonidine and 

dexmedetomidine. Alpha-2-adrenergic receptors are 
present in both the peripheral and central nervous system, 
pre and post-synaptically. The main mechanism of action 
for clonidine and dexmedetomidine is via blockade of the 
presynapatic receptors, reducing noradrenaline release with 
decreased sympathetic activation. Additionally, they are 
thought to inhibit pain pathways via their action on receptors 
in the substantia gelatinosa of the dorsal horn (2,23).

Clonidine can be given orally, intravenously or 
neuraxially. Suggested starting doses post operatively for 
oral clonidine are 50 μg up to three times a day which 
can be increased to 75 μg. When used intraoperatively 
it is given intravenously, generally in small aliquots and 
the response assessed and dose titrated. For intrathecal 
injection 1–2 μg/kg has been proposed or 2–4 μg/kg 
as a single administration via the epidural route (24). 
Dexmedetomidine is given as an intravenous infusion, its 
use is limited to the theatre or critical care environment. 

Both clonidine and dexmedetomidine have been 
demonstrated to reduce postoperative pain and decrease 
opioid requirements. Clonidine has been shown to reduce 
opiate requirements in the first 24 hours after surgery 
by up to 25 percent and dexmedetomidine by up to 30 
percent (25). There is insufficient data currently available 
on whether the use of clonidine affects the development of 
chronic pain syndromes.

The alpha-2-agonists have a number of reported 
side effects which include sedation and cardiovascular 
effects. The increased sedation reported was not however 
demonstrated to slow recovery times. Intraoperative 
clonidine administration increases the incidence of both 
intra and post operative hypotension which may limit its 
use. Intraoperative dexmedetomidine use does not appear 
to be associated with hypotension but does increase the 
incidence of post operative bradycardia (25). 

Membrane stabilisers

Lidocaine is an amide local anaesthetic that acts through 
blockade of sodium channels. When given intravenously 
lidocaine has both analgesic and anti-inflammatory effects. 
When used perioperatively an initial bolus dose may be 
given, which can be followed by an infusion. A loading dose 
of up to 1.5 mg/kg, then an infusion of up to 1.5 mg/kg/hr  
is described in consensus documents. The total dose in an 
hour should not exceed 120 mg. The use of intravenous 
lidocaine for perioperative analgesia is off label (26). 

Intravenous lidocaine has been extensively studied with 
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differing conclusions found. A number of systematic reviews 
and meta-analyses reported considerable potential benefit 
associated with its use. This included improved post-
operative pain, decreased opioid use and decreased hospital 
length of stay (27-29). A Cochrane review of the evidence 
published fewer positive conclusions on the benefits of 
intravenous lidocaine. It concluded there was no definite, 
good quality evidence of benefit from either improved pain 
scores or reduced opioid use (30). This has been further 
explored and a recent consensus statement published in 
Anaesthesia on the efficacy and safety of perioperative use 
of intravenous lidocaine. It commented on considerable 
variability in the doses studied, duration of infusion used 
and outcome measures recorded in the various studies 
performed. The statement concluded that intravenous 
lidocaine may offer some possible benefits but highlighted 
the potential safety concerns associated with its use. The 
need for assessment of risk benefit in specific patients, 
considering their individual factors and the surgical 
operation performed was stated (26). 

Lidocaine, given intravenously, has a narrow therapeutic 
window with therapeutic plasma levels of 2.5–3.5 μg/mL. 
Toxicity occurs with plasma levels above 5 μg/mL when 
neurological symptoms can develop. Initial symptoms 
include tongue numbness, light headedness and these 
can then progress to generalised seizures. Respiratory 
or cardiorespiratory arrest can occur if untreated. 
Cardiotoxicity is rarely seen below plasma levels of 10 
μg/mL. The plasma level is influenced by both how the 
lidocaine is administered and individual patient factors. 
These include the total dose given and the infusion rate 
used, the patient’s acid-base status, plasma protein levels 
and presence of renal or hepatic dysfunction. This can make 
an individual’s response difficult to predict (31).

Given the potential toxicity, narrow therapeutic window, 
and uncertainty about the clinical benefits of its use, the 
consensus document states a number of measures should be 
taken before deciding to administer intravenous lidocaine. 
These include specific patient consent for its administration, 
limiting duration of use to 24 hours and provision of 
adequate monitoring in a minimum of a level 2 bed. 20% 
lipid emulsion should be readily available in areas where it 
is used in case of the occurrence of toxicity (26). 

Glucocorticoids

Dexamethasone is a glucocorticoid that is commonly used 
intraoperatively for its antiemetic properties. Reduced 

postoperative nausea and vomiting may help to decrease 
post operative pain as part of a multimodal perioperative 
analgesia plan. It also acts as an anti-inflammatory 
medication through inhibition of pro-inflammatory 
pathways. Intraoperatively it is given intravenously, in doses 
of 4–8 mg. The optimal dose for analgesic effects remains 
an area of research and higher doses have been used as part 
of research studies (7).

Single studies and meta-analyses have shown that a single 
dose of intraoperative dexamethasone improves pain scores 
both initially and at 24 hours. They also showed decreased 
opiate requirements and earlier discharge from the recovery 
unit to the ward (32,33). A single of dose of intraoperative 
glucocorticoid is safe for the majority of patients. It has 
been shown to cause an increase in blood sugar level (7), 
but no increase in postoperative infection or delayed wound 
healing has been demonstrated. 

Novel agents

A selective serotonin reuptake inhibitor (SSRI) duloxetine 
has been used in the management of chronic and 
neuropathic pain for a number of years. Its potential role 
in perioperative pain management has also been explored. 
Studies in gynaecology and orthopaedic surgery showed 
that administration of a single dose preoperatively and 
then a second dose 24 hours later improved pain scores and 
reduced opiate requirements. This has been highlighted as 
a medication that would warrant further investigation of its 
potential role as a multimodal analgesic agent (7,34,35).

Conclusions

The use of multimodal analgesia for perioperative pain 
management is vital to deliver effective analgesia and 
potentially improve patient recovery. With the risks 
associated with post-operative opioid use becoming more 
apparent the importance of opioid-sparing methods is 
increasingly recognised. The pain management plan should 
be individualized to the patient and the procedure they are 
having. Where possible regional or neuraxial anaesthetic 
techniques form a key part of this plan. Patients should 
receive paracetamol and a NSAID if not contraindicated. 
The use of NMDA-receptor antagonists, including both 
magnesium and ketamine is recommended. Alpha-2 
agonists can also be used for acute postoperative pain 
management. The role for gabapentinoids and membrane 
stabilisers is less clear. The potential risks associated with 
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intravenous lidocaine must always be considered before it 
is given. Novel adjuncts continue to be an area of interest 
in perioperative medicine and more research is likely to 
provide further clarity in this area.
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