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Purpose of review

As outpatient (day-case) surgery had continued to grow throughout the world, many
more complex and potentially painful procedures are being routinely performed in the
ambulatory setting. Opioid analgesics, once considered the standard approach to
preventing acute postoperative pain, are being replaced by a combination of nonopioid
analgesic drugs with diverse modes of action as part of a multimodal approach to
preventing pain after ambulatory surgery. This review will provide an update on the topic
of multimodal pain management for ambulatory (day-case) surgery.

Recent findings

Efficacy of multimodal analgesic regimens continues to improve; opioid analgesics are

23:697-703
increasingly taking on the role of ‘rescue analgesics’ for acute pain after day-case

surgery. The use of multimodal analgesia is rapidly becoming the ‘standard of care’
for preventing pain after ambulatory procedures at most surgery centers throughout
the world.

Summary

This article discusses recent evidence from the peer-reviewed literature regarding
the role of local anesthetics, NSAIDs, gabapentinoids, and acetaminophen, as well as
alpha-2 agonists, ketamine, esmolol, and nonpharmacologic approaches (e.g.,
transcutaneous electrical stimulation) as parts of multimodal pain management
strategies in day-case surgery.
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and friends by verbal signals, as well as through body and
facial expressions. Patients and their caregiver must
understand how to properly assess the character and
intensity of surgery-related pain and the response to
the analgesic therapies. The potential negative implica-
tions of inadequate and/or overtreatment of pain with
opioid and nonopioid analgesics negatively impact on
recovery after ambulatory surgery [3]. Many outpatients
also experience unacceptable pain when they return
home after ambulatory surgery despite receiving standard
analgesic drugs prescribed by their surgeons. As increas-
ing numbers and complexity of elective operations are
being performed on an ambulatory (or short-stay) basis,
use of conventional opioid-based intravenous (i.v.)
patient-controlled analgesia (PCA) and central neuraxial
(spinal and epidural) analgesia techniques is not practical
for perioperative pain management [4]. The rapidly
expanding outpatient population requires an aggressive
multimodal perioperative analgesic regimen that pro-
vides effective pain relief, has minimal side-effects, is

Introduction

At the beginning of the new current millennium, the
United States=Congress declared the ‘Decade of Pain
Control and Research’ [1]. The USA was not alone in
developing government-endorsed national guidelines for
pain management. Although significant progress has been
made during this decade, including advances in our
knowledge of pain signaling pathways and the plasticity
of the peripheral and central nervous systems leading to
chronic pain, acceptance of pain as the ‘fifth vital sign’,
and the development of standards for pain evaluation and
its clinical management by the Joint Commission on
Accreditation of Healthcare Organizations (JCAHCO),
or The Joint Commission ('TJC), many questions remain
to be answered. Recently, White and Kehlet asked the
question ‘what are the unresolved issues?’ [2].

Pain is a highly personal experience that is communi-
cated outwardly to healthcare providers, family members,
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698 Ambulatory anesthesia

intrinsically safe, and can be managed by the patient and
their family members away from a hospital or surgical
center [5]. With the changes in healthcare dictated by
economic pressures, there has been a realization that the
duration of the hospital stay can be significantly reduced
without compromising the quality of patient care.
Advances in surgical technology and anesthetic drugs
and techniques have made an impact on the way perio-
perative care is currently being delivered to patients
undergoing ambulatory surgery.

Effective perioperative pain management poses a signifi-
cant challenge for healthcare practitioners and personnel
(e.g., anesthesiologists, surgeons, nurses, physiothera-
pists); the responsibility for inadequate pain control is
multifactorial in origin. Healthcare personnel can mini-
mize the mismanagement of pain and facilitate better
postoperative pain control by implementing and applying
evidence-based analgesic practices and improving com-
munication among healthcare providers and the patients
and their families. Effective communication between the
patient, individual caregiver, and other healthcare per-
sonnel is crucial when it comes to improving postopera-
tive pain management. All of these factors are of import-
ance in Improving perioperative pain management
strategies as part of recently described fast-track recovery
paradigms [6]. This type of multidisciplinary approach
has been documented to improve the quality of the recov-
ery process and reduce the hospital stay and postoperative
morbidity, leading to a shorter period of convalescence
after surgery [2].

Pain involves multiple mechanisms that ideally require
treatment using a multimodal (or ‘balanced’) analgesic
technique with the aim of improving analgesia by com-
bining analgesics with additive or synergistic effects [2].
Multidisciplinary fast-track (or accelerated) recovery pro-
cesses encompass many aspects of anesthesia and analge-
sic care [7], optimizing not only the preoperative prep-
aration and prehabilitation, but also the intraoperative
attenuation of surgical stress, postoperative pain control,
and rehabilitation procedures [6]. Current evidence
suggests that these improvements in patient outcome
related to pain control can best be achieved by using a
combination of preventive analgesic techniques invol-
ving both centrally and peripherally acting analgesic
drugs, as well as novel approaches to administering drugs
in locations remote from the hospital setting.

This decade has witnessed important advances in our
understanding of the pathophysiologic basis of acute
pain, the development of new opioid and nonopioid
analgesics and novel methods of drug delivery, and more
widespread use of pain-reducing minimally invasive sur-
gical techniques. Still the management of pain after
surgery remains a challenge for many practitioners [4].

The increasing implementation of standardized pain
evaluation, treatment protocols, and the more routine
use of multimodal analgesic techniques are hopeful signs
that improvements in pain management are likely to
continue in the years ahead [2]. Multimodal analgesia
is an approach to preventing postoperative pain that
involves administering a combination of opioid and non-
opioid analgesics that act at different sites within the
central and peripheral nervous systems in an effort to
improve pain control while eliminating opioid-related
side-effects. Use of multimodal analgesia for the preven-
tion of pain in the ambulatory setting is one of the keys to
improving the recovery process, reducing delayed dis-
charges from hospital and surgery centers, and most
importantly, facilitating the ability of patients to resume
their activities of daily living after day surgery [3,7-10].

Implementation of evidence-based multimodal analgesic
regimens in the perioperative period can maximize the
short-term and long-term benefits of the therapy. A
deficiency in the design of many of the published studies
involving multimodal analgesic therapies is that the drug
regimens were not continued into the postdischarge
period [11]. Although many of the recent studies have
utilized perioperative multimodal analgesic regimens,
this approach does not seem to offer any clinically sig-
nificant advantages over so-called preventive multimodal
analgesic regimens when an effective proactive approach
to pain management is initiated in the early postoperative
period and extended into the postdischarge period for
3-7 days depending on the extent of the ambulatory
surgical procedure [12]. Bisgaard [13] concluded that a
multimodal analgesic regimen consisting of a preopera-
tive single dose of dexamethasone, incisional local anes-
thetics (at the beginning and/or end of surgery), and
continuous treatment with NSAIDs or COX-2 inhibitors
during the first 3—4 postoperative days produced the
best clinical outcome. Moreover, recent clinical studies
suggest that when classical NSAIDs or more selective
COX-2 inhibiting drugs were administered for 3-5 days
afterambulatory surgery, a significant benefit was achieved
with respect to clinically relevant patient outcomes (e.g.,
resumption of normal activities) and improvements in
short-term pain control [14,15].

Opioid analgesics continue to play an important role in
the acute treatment of moderate-to-severe pain in the
early postoperative period. However, nonopioid analge-
sics are increasingly being used as adjuvant before,
during, and after surgery to facilitate the recovery process
after ambulatory surgery because of their anesthetic
and analgesic-sparing effects, their ability to reduce
postoperative pain (with movement), and their opioid-
related side-effects (e.g., gastrointestinal and bladder
dysfunction), thereby shortening the duration of the
hospital stay and the convalescence period.
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Table 1 Effect of postoperative celecoxib administration
(400 mg/day) on recovery after outpatient laparoscopy surgery
procedures as part of a multimodal analgesic regimen

Control Celecoxib
Age (years) 39+ 11 36+10
Weight (kg) 80+16 83+16
Surgery time (min) 100 +56 97 + 51
Pain scores (0—10) 4 (3-6) 2 (2-5)2
Rescue analgesic use (n, %) 32, 80 18, 44
Quality of recovery scores (0—18) 16 (15-18) 18 (17-18)?
Patient satisfaction with pain 76+ 26 92 +11%

management (0—100)
Recovery outcome variables
Normal diet (days) 3 2 (1-
Normal bowel function (days) 2 (2-4) 1(1-2)°
Resume normal activities (days) 6 4

Data from [14].
2 Significant differences between groups, P < 0.05.

Nonopioid analgesics will likely assume a greater role as
preventive analgesics in the future as the number of
minimally invasive (keyhole) surgery cases continues
to expand. The use of traditional nonselective NSAIDs
or the more selective COX-2 inhibitors during the first
3—4 days provides the best clinical outcome. As described
in a prospective, placebo-controlled study involving out-
patients undergoing laparoscopic surgery by White ez a/.
[14], the administration of celecoxib prior to discharge
home and subsequently for 3 days after discharge as part
of a multimodal analgesic regimen not only experienced
less pain and reduced need for opioid-containing oral
analgesics, but also more importantly allowed patients to
resume normal activities of daily living 1-2 days earlier
(Table 1).

Other nonopioid analgesics including ketamine [16,17],
dexmedetomidine [18,19°], dextromethorphan, alpha-
2agonists, beta-blockers [20-24], local anesthetics, and
acetaminophen [25-28] can help to improve the pain
management and perioperative outcome. For example,
the administration of i.v. acetaminophen (1 g) preopera-
tively reduced the total dose requirement of opioid
analgesic medications and facilitated recovery in patients
undergoing laparoscopic hysterectomy [29°] and laparo-
scopic cholecystectomy procedure [30]. The addition of
either acetaminophen (300 mg) or ketorolac (10 mg) to
0.5% lidocaine for intravenous regional anesthesia
(IVRA) reduced postoperative pain and analgesic con-
sumption. Surprisingly, acetaminophen was more effec-
tive than ketorolac in shortening the onset time of sen-
sory block and delaying tourniquet pain onset time [31].
However, an IVRA technique utilizing 0.5% lidocaine (at
a dose of 1.5mg/kg) with ketorolac (0.15mg/kg) did
provide highly effective perioperative anesthesia and
analgesia for hand and wrist surgery [32]. The preopera-
tive 1.v. co-administration of ketorolac (1 mg/kg) and
acetaminophen (20 mg/kg) was a safe and effective
method for relieving postoperative pain and demon-

strated highly significant fentanyl-sparing effects in small
children undergoing outpatient inguinal hernia repair
procedures [33]. The combination of acetaminophen
and an NSAID may offer superior analgesia compared
with either drug alone [34°°]. For example, premedica-
tion with acetaminophen, 2 g orally (p.o.), and celecoxib,
200 mg p.o., improved pain control after outpatient EN'T’
procedures with local analgesia [35]. Intranasal ketorolac
(31.5 mg) was also well tolerated and provided rapid and
effective pain relief in oral surgery patients for a period
up to 8h [36]. Studies also suggest that in combination
with local anesthetic infiltration, ketorolac (30 mg i.v. or
injected with the local anesthetic) is highly effective in
improving pain control after superficial surgical pro-
cedures and allowed patients to be discharged to home
more than 1h earlier without producing hematomas or
wound complications in the postdischarge period [37].

Glucocorticoid steroids can also provide beneficial effects
when administered in appropriate doses as part of a
multimodal analgesic regimen in the perioperative set-
ting [8,38,39]. Dexamethasone, 16 mg p.o., when used as
an adjuvant to acetaminophen (2 g p.o.), rofecoxib (50 mg
p.o.), and local anesthetic infiltration helped to reduce
pain and to prolong analgesic effect from 24 to 72 h after
breast surgery [40]. Other recent studies have confirmed
that a rational combination of different nonopioid analge-
sics when given as part of multimodal analgesia reduces
postoperative pain [41-43]. Importantly, when dexa-
methasone, 4 mg i.v., was administered to patients under-
going anorectal surgery, it reduced the time to discharge
home and did not increase the incidence of wound
complications [44].

The gabapentinoid compounds have also been used as
part of multimodal analgesic in the postoperative period.
Although gabapentin reduced the amount of morphine
used for postoperative pain control after lower abdominal
and spinal fusion surgery, opioid-related side-effects
were not reduced. Perioperative use of gabapentin seems
to be an effective adjunct to improve pain control in the
early stages of recovery in children and adolescents
undergoing spine surgery [45-49]. Preoperative gaba-
pentin 1200 mg, dexamethasone 8mg, and ketamine
0.15 mg/kg combined with paracetamol 1 g and ketorolac
15 mg reduced overall pain scores in patients after hip
arthroplasty as compared with paracetamol and ketorolac
alone. Interestingly, morphine consumption was not
reduced [43]. Further trials are needed to delineate the
optimal dose, timing, and duration of gabapentin use
following surgery.

Pregabalin, 150 mg p.o., has been reported to attenuate
postoperative pain after laparoscopic cholecystectomy
[41,50] and reduced chronic neuropathic pain after total
knee arthroplasty (TKA) (300mg) when administered
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before TKA and for 14 days after TKA (150-50 mg twice
daily). In addition to reducing opioid analgesic consump-
tion, these patients had a better range of motion during
the first 30 days of rehabilitation. Of note, the pregabalin-
treated patients experienced a higher incidence sedation
and confusion in the early postoperative period [51°].
Jokela ez al. [52] also found a better analgesia during the
early recovery after day-case gynecological laparoscopic
surgery after premedication with pregabalin 150 mg p.o. in
combination with ibuprofen 800 mg, but there was no
reduction in the postoperative analgesic requirement.
However, a single preoperative dose of pregabalin (75—
300 mg p.o.) may produce unwanted side-effects without
improving postoperative pain management [53,54]. Preg-
abalin 300 mg p.o. was ineffective when administered for
preventing and attenuating postlaparoscopic shoulder pain
after laparoscopic cholecystectomy. Analogous to the find-
ings of White ez a/. [53], use of high-dose pregabalin was
associated with a greater incidence of ‘oversedation’ 2-h
postoperatively [55]. A multimodal analgesic regimen
consisting of pregabalin 150 mg, acetaminophen 975 mg,
and celecoxib 400 mg orally administered preoperatively
was effective in reducing intraoperative and postoperative
opioid use in patients undergoing robotic-assisted
laparoscopic radical prostatectomy [56].

Perioperative multimodal analgesia with oral oxycodone,
gabapentin, and acetaminophen provided advantages
over standard i.v. PCA after major orthopedic surgery
[57]. The local infiltration with ropivacaine (400 mg),
ketorolac (30 mg), and epinephrine (0.5mg) provided
excellent pain relief and lower morphine consumption
following 'TKA, resulting in shorter time to home readi-
ness and higher patient satisfaction [58]. When ketorolac,
30 mg i.v., was administered in combination with esmolol
I mg/kg i.v. and dexamethasone 4 mg i.v., as well as local
anesthetic infiltration with bupivacaine 0.5% and rectal
acetaminophen 1.5 mg, for major ambulatory laparoscopic
surgery procedures, the ability to achieve a fast-track
recovery was significantly improved 15.6 vs. 1.4% for
the multimodal and control group of patients’, respect-
ively [59]. Mean patient satisfaction was also higher in
the multimodal analgesia group of patients (96 +6 vs.
79+11) on a 0-100 scale (P<0.05). Of interest (and
potential clinical importance), ketorolac as an analgesic
adjuvant is alleged to decrease the risk of breast cancer
relapse compared with other analgesic medications [60°].

The administration of local anesthetics via a wide variety
of routes of administration is crucial for improving
the perioperative outcomes after day-case surgery. In
addition to local wound infiltration and infiltration, other
topical and parenteral routes of administration have been
studied. For example, the administration of intranasal
lidocaine in combination with naphazoline decreased
both intraoperative and postoperative pain and reduced

rescue analgesic requirements in the postoperative
period [61]. Although intra-abdominal administration of
levobupivacaine was alleged to produce satisfactory
analgesia in patients undergoing abdominal hyster-
ectomy procedures, the study was flawed due to the
failure to include a placebo control group [62].

The administration of i.v. lidocaine has been shown to
reduce surgery-induced immune alterations, postopera-
tive pain scores, postoperative analgesic requirements,
and intraoperative anesthetic requirements, as well as
contribute to a faster return of bowel function and
decreased length of hospital stay. Use of i.v. lidocaine
was reported to improve the ability of patients to ambu-
late after day-case surgery procedures [63—68], thereby
facilitating the recovery process. However, Bryson ez a/.
[69] have failed to demonstrate that intraoperative
administration of i.v. lidocaine reduces hospital stay or
improves objective measures of analgesia and recovery
following abdominal hysterectomy. Clearly, further
studies are needed to assess whether lidocaine has a
beneficial effect in patients undergoing short day-case
surgery procedures with more severe postoperative pain
and to determine the optimum dose, timing, and duration
of infusion of lidocaine in this setting [70].

The use of continuous local anesthetic techniques (e.g.,
for perineural blocks or wound infiltration) has become
increasingly popular due to their ability to control mod-
erate-to-severe pain after major ambulatory orthopedic
surgery procedures [71-75]. The availability of disposa-
ble local anesthetic infusion systems and the encouraging
results from these early perineural infusion studies have
led to the increasing popularity of these techniques for
pain control in the postdischarge period. However, the
clear benefits of these approaches for managing pain after
ambulatory surgery must be balanced against the cost of
the equipment and the resources needed to safely man-
age these systems outside the hospital environment.

The use of transcutaneous electrical nerve (TENS)
stimulation at paravertebral dermatomes corresponding
to the surgical incision and/or acupoints (TAES) has also
been reported to improve postoperative pain manage-
ment [76]. Because these techniques cause few if any
adverse effects, their use as an adjunct to conventional
pharmaceutical approaches should be considered as
part of multimodal analgesic regimens in the future,
particularly for patients in whom conventional analgesic
techniques fail and/or are accompanied by severe medi-
cation-related adverse events [76-79].

Despite the considerable advances which have been
made in the management of perioperative pain, a signifi-
cant proportion of surgical patients still suffer from
inadequate pain control. A multimodal analgesic regimen
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should be adjusted to meet the needs of the individual
patient by taking into consideration their pre-existing
medical conditions, types of surgery, and previous experi-
ences related to both acute and chronic pain manage-
ment. The individual differences in pain sensitivity is
related to a combination of still inadequately understood
genetic and environmental factors, which influence cen-
tral and peripheral modulation of pain signaling [80].
However, recent human genetic studies suggest that
single nucleotide polymorphisms of specific genes, such
as the p-opioid receptor gene and the catechol-O-meth-
yltransferase gene, are associated with differences in
basal pain sensitivity, with altered pain-induced p-opioid
receptor binding in the central nervous system, response
to opioid analgesics, and the development of chronic pain
following an acute injury [81-85].

Conclusion

The use of multimodal analgesia technique offers
multiple benefits for the patient and the healthcare
system in line with the goals of modern ambulatory
(day-case) surgery [86]. The current armamentarium of
analgesic medications and techniques include a wide
spectrum of pharmaceutical products and nonpharmaco-
logic products with the aim to reduce postoperative pain,
opioid use, and related adverse effects (such as nausea
and vomiting, constipation, urinary retention), duration of
the hospital stay, and perioperative care costs, while still
providing for a high-quality recovery for the patient
undergoing day-case surgery. Although 10 years may
not have been long enough to decipher the enigmas
associated with postoperative pain management, we
are clearly making progress and hopefully ‘pain-free’
recovery after all ambulatory surgery procedures will
be possible with effective multimodal analgesic regimens
before the end of the current decade.
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