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Abstract

Purpose of Review A multimodal analgesic approach improves postoperative pain relief and reduces opioid use; however,
it is not universally implemented. This review presents the evidence assessing multimodal analgesic regimens and recom-
mends optimal analgesic combinations.

Recent Findings The evidence for best combinations of individual patients undergoing specific procedures is lacking.
Nevertheless, an optimal multimodal regimen may be determined based on identifying efficacious, safe, and inexpensive
analgesics interventions.

Summary Key components of an optimal multimodal analgesic regimen include the preoperative identification of patients
at high risk for postoperative pain in addition to patient and caregiver education. Unless contraindicated, all patients should
receive a combination of acetaminophen, non-steroidal anti-inflammatory drug or cycoxygenase-2-specific inhibitor, dexa-
methasone, and procedure-specific regional analgesic technique and/or surgical site local anesthetic infiltration. Opioids
should be administered as rescue adjuncts. Non-pharmacological interventions are important components of an optimal
multimodal analgesic technique. It is imperative to integrate multimodal analgesia regimens within a multidisciplinary

enhanced recovery pathway.

Keywords Perioperative pain - Multimodal analgesia - Analgesics - Opioids - Opioid-related adverse events - Evidence-

based medicine

Introduction

Adequate postoperative pain control is imperative for
enhanced recovery after surgery because it facilitates
early ambulation and rehabilitation [1ee]. Although it is
well-recognized that poorly controlled pain has negative
short-term and long-term consequences, postoperative
pain management remains inadequate [2]. The reasons for
inadequate pain control are several including inappropri-
ate clinical application of multimodal analgesic regimens
[3], likely due to broad and conflicting guidelines [4—6].
For example, the American Pain Society, the American
Society of Regional Anesthesia and Pain Medicine, and
the American Society of Anesthesiologists’ Committee
on Regional Anesthesia jointly recommend almost all

< Girish P. Joshi
girish.joshi @utsouthwestern.edu

Anesthesiology and Pain Management, University of Texas
Southwestern Medical Center, 5323 Harry Hines Blvd,
Dallas, TX 75390-9068, USA

analgesic interventions that were evaluated [7]. Thus,
there is a lack of guidance with regards to optimal drug
combinations. Similarly, the American College of Sur-
geons guidelines for pain management after ambulatory
abdominal surgery recommend non-steroidal anti-inflam-
matory drugs (NSAIDs) and gabapentinoids, alone or in
combination preoperatively, local anesthetic wound infil-
tration intraoperatively, and NSAIDs, acetaminophen, and
gabapentinoids, alone or in combination, postoperatively
[8]. Based on these guidelines, one might assume that
NSAIDs and gabapentinoids can be administered inter-
changeably. This is obviously not the case, as the anal-
gesic efficacy and adverse effects of these drugs are not
the same [1ee]. Likewise, recently the consortium of 14
professional societies recently recommended multimodal
analgesia but provided no specifics except to suggest the
use of a variety of analgesics and techniques combined
with non-pharmacological interventions [9]. Such vague
recommendations are not useful in day-to-day clinical
practice. Overall, although all guidelines recommend
using a multimodal analgesic strategy, a procedure- and/
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or patient-specific approach has not been provided. The
aim of this narrative review is to present the current evi-
dence assessing multimodal analgesic regimens and to
recommend optimal analgesic combinations.

Multimodal Analgesia Concept and Evidence

Pain is a complex and multifactorial phenomenon that
requires a multimodal analgesic regimen that includes
combination of analgesics with different mechanisms of
action and/or different sites of administration [10, 11]. A
multimodal analgesic strategy should improve postopera-
tive pain relief, reduce opioid use, and thus reduce opi-
oid-related adverse events [12—15]. Despite the known
benefits of multimodal analgesia, it is not appropriately
used in day-to-day clinical practice [12, 13]. Analysis of
an administrative database from 315 hospitals revealed
that among patients (n =~ 800,000) undergoing four
common major surgical procedures (open lobectomy,
open colectomy, total knee arthroplasty, and below-knee
amputation), there was significant variability in the use
of multimodal analgesia [3]. The authors concluded that
multimodal analgesia was not universally implemented
and that non-opioid analgesics were underutilized [3].
One of the reasons for inappropriate multimodal analgesic
regimens is the lack of good evidence [12, 13]. Analgesic
combinations are often irrational, and multimodal regimens
do not always address the different types of pain responses
(e.g., nociceptive and inflammatory pain) for a particular sur-
gical procedure [16, 17]. Furthermore, the multimodal analge-
sic strategies are not always integrated in a multidisciplinary
procedure-specific enhanced recovery pathway [1ee, 18].

Components of Multimodal Analgesia
The analgesic components of perioperative pain management

can be classified as pharmacological and non-pharmacological
interventions (Table 1). In addition, preoperative identification

Table 1 Analgesic options for perioperative pain management

of patients at high risk for postoperative pain and patient/car-
egiver education are also considered key elements of a multi-
modal approach to pain management.

Opioids

Opioids provide excellent pain relief; however, they should
be used at the lowest effective dose and for the shortest
possible duration because of their adverse risk—benefit pro-
file [19-21]. High intraoperative opioid doses can increase
postoperative pain and opioid consumption leading to an
increase in opioid-related adverse events [22, 23, 24ee].
Therefore, in recent years, there has been an increased inter-
est in opioid-free anesthesia (defined as complete avoidance
of intraoperative opioids) and analgesia (defined as complete
avoidance of intra- and postoperative opioids). This approach
often involves using intravenous infusions of analgesic
adjuncts such as ketamine, dexmedetomidine, lidocaine,
and magnesium [24ee]; however, the analgesic benefits of
this approach remain questionable. More importantly, there
are concerns of adverse effects (e.g., ketamine-induced hal-
lucinations, nightmares, and sleep disturbances, dexmedeto-
midine-induced bradycardia, hypotension, excessive seda-
tion, delayed recovery and ambulation, lidocaine-induced
local anesthetic systemic toxicity, and magnesium-induced
potentiation of residual muscle paralysis) [24ee], and the
best drug combination, dosing, and duration of administra-
tion (i.e., timing of discontinuation) remain unclear. Fur-
thermore, these drugs cannot be titrated to patient needs,
they have a ceiling effect and a narrow therapeutic index of
safety, and their use requires equipment that can be burden-
some and costly. Importantly, currently there are no real-
istic options to completely avoid opioids in the postopera-
tive period because existing non-opioid analgesics are not
always adequate, particularly after major surgery [24ee].

Acetaminophen

Acetaminophen is a weak analgesic with a favorable efficacy-
adverse effect profile [25]. The World Health Organization

Pharmacological Interventions

e Non-opioid analgesics: acetaminophen, non-steroidal anti-inflammatory drugs, cyclooxygenase-2-specific inhibitors
o Local/regional analgesic techniques: neuraxial analgesia (epidural analgesia, paravertebral blocks, intrathecal opioids), interfascial plane blocks, peripheral

nerve blocks (local anesthetics, cryoneurolysis, percutaneous peripheral nerve stimulation), surgical site infiltration
e Analgesic adjuncts: dexamethasone, gabapentinoids (gabapentin, pregabalin), ketamine, alpha-2 receptor agonists (clonidine, dexmedetomidine), lidocaine

infusion, magnesium, muscle relaxants
o Opioids
Non-pharmacologic interventions

o Physical modalities: transcutaneous electrical nerve stimulation, acupuncture, continuous passive movement and cryotherapy, lifestyle improvement (e.g.,

exercise, yoga, massage)

e Psychological modalities: stress reduction, attentional strategies, behavioral therapies (e.g., music therapy cognitive-behavioral therapies [relaxation, distraction,
imaging, virtual reality], biofeedback [e.g., therapeutic touch], peer-to-peer or other peer support, case management, psychotherapy)
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(WHO) considers acetaminophen as an essential medicine
(i.e., the most efficacious, safe, and cost-effective medica-
tion) [26]. Importantly, acetaminophen enhances the analge-
sic effects of NSAIDs and cyclooxygenase (COX)-2-specific
inhibitors, and their combination provides superior pain relief
compared with either drug alone [27-30]. Therefore, aceta-
minophen should be used routinely for all patients unless
there are contraindications such as severe liver dysfunction
and severe alcoholism. In healthy patients, acetaminophen
should be administered as a scheduled dosing of 1000 mg
every 6 h, maximum 4000 mg per day. It is, however, nec-
essary to exercise caution and educate patients who take
medications containing acetaminophen such as opioids or
cold medications. Of note, there are no clinically significant
differences between the oral and intravenous formulations of
acetaminophen [31].

Non-steroidal Anti-Inflammatory Drugs (NSAIDs)
and Cyclooxygenase (COX)-2-Specific Inhibitors

Both NSAIDS and COX-2-specific inhibitors are potent
analgesics and are considered a cornerstone of multimodal
analgesic regimen [lee]. However, despite their well-
described opioid-sparing effects, these group of drugs are
underutilized, most likely due to concerns for potential
adverse effects like increased perioperative bleeding, acute
kidney injury, cardiovascular and gastrointestinal complica-
tions, and asthma exacerbation as well as increased anas-
tomotic leak after colorectal surgery [1ee, 32ee 33 34].
However, recent evidence suggests that these concerns are
unfounded particularly with short-term perioperative use
[32ee,33-35, 36¢]. Therefore, NSAIDs or COX-2-specific
inhibitors should be administered unless there are con-
traindications such as the presence of renal risk factors
(e.g., impaired renal function, nephrotoxic agents use, and
hypovolemia), gastrointestinal bleeding risk factors, and
acute cardiovascular disease. In addition, closed cavity
procedures (e.g., neurosurgery) where even minimal bleed-
ing can influence surgical outcome should preclude their
administration. Interestingly, at equipotent doses, there are
no differences between the analgesic efficacy of NSAIDs
and COX-2-specific inhibitors, and except for lack of anti-
platelet effects with COX-2-specific inhibitors, there are no
differences in their adverse effect profiles. Of note, both
NSAIDs and COX-2-specific inhibitors exhibit a “ceiling
effect” with respect to their maximum analgesic effect.

Gabapentinoids

Gabapentinoids (i.e., gabapentin and pregabalin) have
been used in surgical patients due to their potential
benefits of reducing postoperative opioid consumption
and/or pain scores; however, these benefits have been

questioned [37e, 38, 39¢]. In addition, there are increas-
ing reports of adverse effects (e.g., sedation, dizziness,
visual disturbances, falls, and respiratory depression),
particularly with concomitant use of opioids and other
sedatives [40, 41]. A recent retrospective cohort study
analyzed an administrative database to assess gabapentin-
related adverse effects in older patients (age > 65 years)
undergoing major surgery and receiving gabapentin for
at least 2 days after surgery [42e]. Propensity matching
showed that compared to non-users (n=118,936), gabap-
entin users (n=118,936) had increased risk of delirium,
new antipsychotic use, and pneumonia. The risk of delir-
ium was greater in patients with high comorbidity burden
and chronic kidney disease [42e].

Given the questionable efficacy and potential adverse
effects, the routine use of gabapentinoids is not recom-
mended. Nevertheless, patients receiving preoperative
gabapentinoids may continue them in the perioperative
period, but with great caution, particularly with high-risk
patients (i.e., elderly, morbidly obese, obstructive sleep
apnea, and high opioid use). Also, gabapentinoids may be
appropriate when NSAIDs or COX-2-specific inhibitors
cannot be used or for surgical procedures associated with
postoperative neuropathic pain. Although the dose and dura-
tion of gabapentinoid use remain controversial, most used
gabapentin doses are between 300 and 600 mg, orally 1-2 h
prior to surgery followed by 300-600 mg every 8 h, while
the doses for pregabalin are between 50 and 100 mg, orally
1-2 h prior to surgery followed by 50-100 mg every 12 h.

Dexamethasone

A single intraoperative dose of dexamethasone provides
excellent postoperative nausea and vomiting (PONV)
prophylaxis and reduces postoperative pain [43, 44]. Large
cohort studies and systematic reviews have reported that
low-dose (8—10 mg, IV) dexamethasone does not increase
the incidence of clinically significant hyperglycemia or
delay wound healing [45—-49], and intravenous dexametha-
sone has been shown to prolong regional block [50] and
reduce breakthrough pain [51]. Therefore, a single intraop-
erative dose of dexamethasone 8—10 mg, IV is an impor-
tant component of a multimodal analgesic regimen, unless
contraindicated (e.g., presence of uncontrolled diabetes).
Recent evidence suggests that relatively higher doses
of corticosteroids enhance recovery [52, 53, 54e].

Ketamine
The analgesic effects of low-dose ketamine (0.5—-1 mg/

kg, IV bolus and/or continuous intraoperative infusion
0.1-0.2 mg/kg/h) are well-described in systematic reviews

@ Springer



230

Current Pain and Headache Reports (2023) 27:227-237

and meta-analyses [55-57]. However, most studies are flawed
because they did not include NSAIDs or COX-2-specific
inhibitors, and thus, ketamine’s benefits over these basic anal-
gesics remain unknown. Also, even single low-dose ketamine
is associated with postoperative hallucinations, nightmares,
and sleep disturbances [58, 59]. Therefore, indiscriminate
use of ketamine, particularly single bolus dose, should be
avoided. Nevertheless, ketamine infusion may be appropriate
in opioid-tolerant patients undergoing major surgery [56].

Dexmedetomidine

Several RCTs and meta-analyses have reported reduced
pain scores and opioid requirements with dexmedetomi-
dine infusion [60]. However, like ketamine, there are sig-
nificant flaws in the RCTs, including lack of use of basic
analgesics and variability in the dose and duration of
administration. Also, dexmedetomidine has several poten-
tial adverse effects (e.g., hypotension and sedation) that
might delay ambulation and rehabilitation [61e, 62, 63].
Given the controversial analgesic benefits and concerns
of adverse effects, there is no role for dexmedetomidine
infusion as a component of multimodal analgesia.

Lidocaine

Intraoperative intravenous lidocaine infusion (1-2 mg/kg
bolus followed by 1-2 mg/kg/h infusion) has been shown
to reduce postoperative pain and opioid requirements after
abdominal surgery [64, 65¢, 66], but not for other surgical
procedures. In recent years, concerns have been raised regard-
ing the potential for local anesthetic systemic toxicity (LAST)
when lidocaine infusion is combined with regional analgesic
techniques [67¢], which are increasingly being used.

Magnesium

Several systematic reviews and meta-analyses have found
reduced postoperative pain and opioid requirements with
intraoperative intravenous magnesium infusion [68, 69].
However, like other analgesic adjuncts, the studies are
flawed. More importantly, there are concerns of adverse
effects such as arrhythmias, hypotension, and increased
risk of residual paralysis which has been shown to
increase postoperative pulmonary complications and hos-
pital length of stay [24ee].

Muscle Relaxants

Muscle relaxants represent a broad category of medications
that are increasingly being used for perioperative pain to
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avoid opioids. Perioperative muscle relaxant use has poor
evidence for improvement in postoperative pain relief and
opioid consumption. Due to the lack of evidence of the
analgesic efficacy and risk of sedation, falls, and delirium,
particularly when combined with opioids, routine use of
muscle relaxants is not recommended [70, 71].

Local/Regional Analgesia

Local/regional analgesia techniques are key components
of an optimal multimodal analgesic regimen and should
be used whenever possible [1ee], with the choice of the
local/regional technique depending on the type of surgi-
cal procedure. However, single-injection regional nerve
blocks have a short duration of action with an abrupt ter-
mination of analgesia that could result in rebound pain
[51, 72]. The duration of regional analgesia can be pro-
longed with the use of catheters that provide flexibility
[73], but their use is limited due to the relative technical
difficulty in placement and the need for resources [74e].
The use of additives (e.g., dexamethasone and clonidine)
combined with local anesthetic solution may also aid in
prolonging the duration of regional analgesia. Despite
this, clonidine is often avoided because it can cause brad-
ycardia and hypotension, and intravenous dexamethasone
is preferred because it prolongs analgesia like perineural
dexamethasone [50].

Epidural and paravertebral blocks provide excellent pain
relief and are generally considered a standard of care for major
open thoracoabdominal surgery [1ee]. However, their use is
declining because of the potential for delayed ambulation, and
similar pain relief can be achieved with distal regional blocks
(e.g., interfascial plane blocks and/or surgical site infiltration)
[75e, 76]. Similarly, although intrathecal morphine provides
excellent pain relief for about 24 h, its use is also declining
because of the high risk/benefit ratio attributed to an increased
potential for adverse effects (e.g., nausea, vomiting, pruritus,
urinary retention, and respiratory depression) and rebound
increase in postoperative opioid requirements [77].

In recent years, interfascial plane blocks (e.g., transver-
sus abdominis plane blocks, serratus plane blocks, quadra-
tus lumborum blocks, and erector spinae plane blocks) have
increased in popularity because of their ease of perfor-
mance and their ability to administer in the presence of
venous thromboembolism prophylaxis [75e, 76, 78ee].
While peripheral nerve blocks reduce postoperative pain
and opioid requirements after extremity surgery [79],
interfascial plane blocks are optimal for torso surgery
(e.g., thoracic, and abdominal wall and intrathoracic and
intra-abdominal surgery). In contrast to peripheral nerve
blocks that have the potential for motor blockade (e.g., femoral
nerve block), which can delay ambulation and rehabilitation
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[1ee], the interfascial plane blocks provide no motor block-
ade. Recently, cryoneurolysis (use of low temperatures to
reversibly ablate a peripheral nerve) and percutaneous
peripheral nerve stimulation have been proposed as alter-
natives for local anesthetic-based techniques [80e]. The
benefits if these techniques include prolonged duration of
action. However, the evidence of risks/benefits of these
techniques is limited [81, 82].

Another rapidly evolving technique providing an alter-
native analgesic strategy that is easy to perform, safe,
and inexpensive is surgical site infiltration [83, 84e].
In fact, the analgesic efficacy of surgical site infiltra-
tion may be like interfascial plane blocks, although the
evidence is sparse. For effective surgical site infiltra-
tion, it is necessary to meticulously infiltrate all layers
of the surgical wound under direct visualization prior
to closure of the incision. Local anesthetic solutions
that could be used include bupivacaine 150-200 mg or
ropivacaine 200-400 mg diluted with preservative-free
normal (0.9%) saline to a total volume depending upon
the size of the incision. Although local anesthetic solu-
tions are often combined with additives such as epineph-
rine (0.5 mg), morphine (5 mg), clonidine (100 mcg),
ketorolac (30 mg), and steroids (methylprednisolone
40 mg), the evidence for their benefits is lacking [83,
84e, 85, 86].

Pragmatic Approach to Multimodal Pain
Management

An optimal analgesic strategy would reduce pain intensity to
an acceptable level to improve functionality and permit ambu-
lation. The first step in formulating a strategy is to screen all
patients for risk factors of severe and persistent postoperative
pain (i.e., high pain responders) and persistent postoperative
opioid use as well as risk factors for opioid misuse or the
potential for opioid-related adverse events (e.g., respiratory
depression due to obstructive sleep apnea, morbid obesity,
and sedative medications) (Table 2) [87, 88]. Once identified,

Table 2 Preoperative predictors of postoperative pain

these risk factors should be addressed. For example, chronic
pain conditions should be optimized, and pain flare caused by
discontinuation of analgesics (e.g., NSAIDs or opioid wean-
ing) prior to surgery should be avoided. If NSAIDs are discon-
tinued, they could be replaced by COX-2-specific inhibitors
to maintain adequate pain control. Patients on chronic opioids
should be asked to continue their regularly prescribed opioids
in the preoperative period, and patients with psychological
disorders could receive coaching with regard to coping strate-
gies and cognitive-behavioral therapy.

Patient and caregiver education is also an important
component of a multimodal analgesic strategy because it
will often reduce patient anxiety, improve pain control,
and improve satisfaction [89, 90, 91e]. Patients and their
caregivers should receive preoperative education, includ-
ing possible options for pain management (both pharma-
cological and non-pharmacological) and their risks and
benefits. Importantly, patients should be advised about the
potential concerns with opioids and the importance of lim-
iting their use. However, it is also important to emphasize
that consuming opioids is appropriate if there is intolerable
pain that is limiting function, and it is imperative to set
realistic patient expectations regarding specific goals for
adequate pain control. At discharge, patients and their car-
egivers should receive instructions that acetaminophen and
NSAIDs/COX-2-specific inhibitors should be administered
on a schedule even if there is no pain. Furthermore, patients
with abnormal pain trajectory (i.e., persistent postoperative
pain) or those with difficulty in weaning off opioids (i.e.,
persistent postoperative opioid use, and opioid use disorder)
should be referred to a multidisciplinary transitional pain
service [92]. Also, safe storage and proper disposal of opi-
oids should always be emphasized.

The number and types of non-opioid analgesic com-
binations should depend upon patient characteristics and
the surgical procedure (e.g., invasiveness, location, type
[somatic versus visceral], and consequences of pain) [1ee].
An ideal approach would match the analgesic technique
with postoperative pain trajectory; however, the evi-
dence for the best combinations for a particular patient

e Presence of preoperative pain (preexisting chronic pain)
e Preoperative opioid use

e Preoperative medication assisted treatment (buprenorphine, methadone, naloxone)

o Substance use disorders

e Inappropriate patient expectations

o Inappropriate anxiety of surgical outcome
e Age and sex

e Psychological conditions (low self-esteem, severe anxiety, major depressive disorder, pain catastrophizing or hypervigilance [i.e., strong

attention bias towards pain], functional pain states [e.g., fibromyalgia])

e Genetic variance in opioid receptors
o Acute opioid tolerance and opioid-induced hyperalgesia
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undergoing a particular procedure is lacking. While opti-
mal analgesic combinations remain elusive, unless there
are contraindications, all patients should receive a combi-
nation of acetaminophen and NSAIDs or COX-2-specific
inhibitors administered either preoperatively or intraopera-
tively and continued as scheduled dosing, postoperatively
unless contraindicated. Considered as “basic analgesics,”
they have well-documented analgesic efficacy, and they
are safe and inexpensive. Although at equipotent doses all
NSAIDs and COX-2-specific inhibitors have similar effi-
cacy, meloxicam may be preferred because it is adminis-
tered once a day, improving patient compliance. Further-
more, meloxicam has greater affinity to COX-2 inhibition
compared with COX-1 inhibition, like celecoxib. A single
intraoperative dose of dexamethasone 8—10 mg, IV should
be administered concomitantly with basic analgesics,
unless there are contraindications.

All patients should receive surgical site infiltration and/
or regional analgesia (interfacial plane block or peripheral
nerve block) depending on the surgical procedure and site.
Regional techniques should be performed preferably prior
to surgery, while surgical site injections are performed
at the end of the surgical procedure. If a regional block
has not been performed prior to surgery, a rescue block
may be administered if the patient has moderate-to-severe
pain. The choice of regional analgesic technique requires
several considerations. For example, even if an analgesic
technique provides excellent pain relief (neuraxial blocks),
it may not be clinically beneficial if the associated adverse
events can delay ambulation. Similarly, although femoral
nerve blocks and sciatic nerve blocks provide excellent
pain relief after knee surgery, they can cause muscle weak-
ness and delay ambulation and rehabilitation. Also, it is
necessary to consider the balance between the intensity of
postoperative pain and the invasiveness of the analgesic
intervention. For example, even if epidural analgesia and
intrathecal morphine provide excellent pain relief, they
are unnecessary for laparoscopic procedures because
postoperative pain can be managed adequately with basic
analgesics. Patients receiving gabapentinoids preopera-
tively may continue them in the perioperative period; how-
ever, these drugs should be used with great caution and
patients should be monitored for excessive sedation and
respiratory depression. Other analgesic interventions (e.g.,
intravenous lidocaine and/or ketamine infusions) could be
included only if basic analgesics, dexamethasone, and/or
local/regional analgesia cannot be administered. Also,
ketamine infusion may be appropriate in opioid-tolerant
patients undergoing major surgery and when regional anal-
gesia cannot be performed.

Intraoperative opioid doses should be reduced, but
the role of opioid-free anesthesia remains controver-
sial. In the acute postoperative period, opioids should
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be administered only as a rescue agent (i.e., when basic
analgesics and local/regional analgesic techniques are
insufficient in controlling pain) rather than as sched-
uled. Opioids should not be administered to achieve a
specific pain score, but to improve patient comfort and
postoperative function like ambulation and rehabilita-
tion (e.g., deep breathing exercises and coughing after
thoraco-abdominal surgery). The use of intravenous
patient-controlled analgesia (IV-PCA) should be limited
because pumps and tubing attached to the patient might
impede early ambulation and rehabilitation, another crit-
ical component of enhanced recovery pathways. Patients
complaining of severe pain that is limiting function may
receive intravenous bolus doses of long-acting opioids
(e.g., morphine, hydromorphone), while those with
moderate pain could receive oral opioids, if appropriate.
In fact, oral opioids should be preferred over parenteral
opioids. This has become possible with the implemen-
tation of enhanced recovery pathways that emphasize
early oral intake after surgery. Modified release (e.g.,
extended release) opioids should be avoided because
they do not have any clinical benefits over immediate-
release opioids and are associated with increased harm,
including increased opioid-related adverse events such
as opioid-induced ventilatory impairment and persistent
postoperative opioid use, and increased hospital length
of stay and readmission rates [93]. Postdischarge opioid
prescription should be judicious, and caution should be
exercised with older patients, patients with morbid obe-
sity and/or obstructive sleep apnea, patients with signifi-
cant unoptimized comorbid conditions, and those receiv-
ing other sedative medications (e.g., gabapentinoids,
benzodiazepines, antihistamines, barbiturates) [94,
95ee¢]. Limiting the opioid prescription should reduce
the availability of opioids for diversion, and it is impera-
tive that pharmacological approaches are supplemented
with non-pharmacological techniques.

Future Consideration

Although the concept of multimodal analgesia is well-
accepted, there are several areas of perioperative pain man-
agement where evidence is lacking or insufficient [96, 97].
There is a need to identify optimal patient- and procedure-
specific analgesic combinations and duration of admin-
istration. The role of analgesic adjuncts (e.g., ketamine,
lidocaine, dexmedetomidine) in supplementing best anal-
gesic combinations (i.e., basic analgesics, dexamethasone,
and local/regional analgesia) needs further investigation.
In addition to assessing pain intensity at rest and move-
ment-evoked pain and opioid consumption, it is necessary
to measure procedure-specific functional outcomes (e.g.,
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ability to ambulate or breathe deeply), psychological out-
comes (e.g., psychological responses to pain experiences),
and other patient-centered outcomes [98]. These outcomes
should be evaluated for a prolonged period (e.g., up to one
year). Resolution of pain (pain trajectory) and pain pro-
gression needs to be characterized. Also, it is necessary to
report outcomes related to patient safety. Future research
should include challenging patient populations (e.g., those
at high risk of postoperative pain or postoperative persistent
pain and persistent opioid use). It is necessary to understand
the barriers to administering appropriate non-opioid anal-
gesics (e.g., NSAIDs and regional analgesia) to all eligible
patients. Non-pharmacological approaches to pain manage-
ment could be used as adjuncts; however, further investiga-
tions addressing their cost-effectiveness are warranted to
justify wider adoption.

Conclusions
Adequate pain management facilitates early ambulation

and enhances patient recovery. Optimal pain management
would be patient- and procedure-specific, initiated in the

Table 3 Optimal comprehensive multimodal analgesic strategy

preoperative period and with identification and optimiza-
tion of risk factors for severe and persistent postopera-
tive pain as well as persistent postoperative opioid use.
Patient education is imperative to improving postopera-
tive pain control. Unless there are contraindications, all
patients should receive basic analgesics (acetaminophen
and NSAIDs or COX-2-specific inhibitors) supplemented
with intraoperative dexamethasone and local/regional
analgesia techniques (Table 3). Opioids should be
administered as rescue on an “as needed” basis. Analge-
sic adjuncts such as intravenous ketamine and lidocaine
infusion may be used in patients at high risk for post-
operative pain or when basic analgesics are not able to
be administered. In addition, non-pharmacological inter-
ventions should become a standard component of mul-
timodal analgesia techniques. After discharge, patients
with abnormal pain trajectory and those requiring high-
dose opioids should have access to consultation with a
pain specialist (transitional pain service). It is impera-
tive to integrate multimodal analgesia regimens within a
multidisciplinary enhanced recovery pathway [18]. This
should improve postoperative recovery and facilitate
transition from the anesthesiologist to the surgical team

Preoperative interventions
o Preoperative screening and optimization of high-risk patients

e Severe postoperative pain (i.e., high pain responders), persistent postoperative pain, persistent postoperative opioid use, opioid misuse, and

potential for opioid-related adverse events
o Patient and caregiver education

o Acetaminophen and COX-2-specific inhibitors, orally, unless contraindications
e Gabapentinoids (gabapentin or pregabalin): if receiving prior to surgery, caution in patients at risk of sedation and/or respiratory depression

o Regional analgesia techniques (procedure-specific and patient-specific)

o Interfascial plane blocks: torso surgery (e.g., thoracic or abdominal wall and intrathoracic or intra-abdominal surgery)
e Peripheral nerve blocks: major upper extremity and lower extremity surgery
o Neuraxial analgesia (epidural analgesia or paravertebral blocks): high-risk patients undergoing open thoracic or open upper abdominal

surgery, consider alternative regional analgesia technique, if possible

e Intrathecal morphine: high-risk patients undergoing major lower limb surgery performed under spinal anesthesia, consider alternative

regional analgesia technique, if possible
Intraoperative interventions
o Opioid-sparing (not opioid-free anesthesia)

e Acetaminophen and NSAIDs or COX-2-specific inhibitors, unless contraindications, if not administered preoperatively

o Analgesic adjuncts
e Dexamethasone 8—10 mg, IV

e Ketamine intravenous infusion: opioid-tolerant patients undergoing major surgical procedures associated with significant postoperative

pain. No role for single bolus dose

o Lidocaine intravenous infusion: open abdominal surgery when basic analgesics (e.g., acetaminophen and NSAIDs or COX-2-specific

inhibitors) and regional analgesic techniques not used

e Dexmedetomidine intravenous infusion: no role

e Magnesium intravenous infusion: no role
o Surgical site local anesthetic infiltration: when possible
Postoperative interventions

o Acetaminophen and NSAIDs or COX-2-specific inhibitors, scheduled (round-the-clock)
e Gabapentinoids: if already receiving prior to surgery, caution in patients at risk of sedation and/or respiratory depression

e Opioids, immediate release, preferably oxycodone, as rescue (if needed)

o Non-pharmacological interventions (procedure-specific and patient-specific)

e Regional analgesia: as rescue, when appropriate

NSAIDs non-steroidal anti-inflammatory drugs, COX-2-specific inhibitors cyclooxygenase-2-specific inhibitors
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and nurses on the ward, avoiding analgesic gaps. Finally,
it is necessary to update analgesic regimens when new
evidence becomes available.
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