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ologists can play in reducing perioperative opioid use and mitigate
their adverse effects, from both an individual and a population
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Introduction

Opioids are commonly used in the perioperative period including during general anaesthesia to
supplement sedation during regional anaesthesia and for treatment of acute pain in the post-operative
period. Despite a wide range of benefits, opioids also have a well-described adverse effect profile that
may delay recovery and return to activities of daily living. Furthermore, the increasing rate of opioid
consumption and misuse in the United States has reached epidemic status in the past decade.
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Therefore, the role of opioid use in the perioperative period is being questioned. In this article, we
discuss the current controversies and concerns and provide the optimal approach to opioid use in the
perioperative period.

Opioid-related adverse events

Opioid-related adverse events most notably include respiratory depression, pruritus, ileus, nausea,
vomiting, urinary retention and constipation [1—4]. The synergistic effect of opioids with sedative-
hypnotic agents allows for lower doses of each drug, but this synergism can also exacerbate their
hypotensive effect if drug dosage is not reduced [5]. Furthermore, the respiratory depressive effects of
opioids can negatively impact attempts to maintain spontaneous ventilation in the anaesthetised
patient and/or contribute to delayed emergence and tracheal extubation [6,7]. Some less common risks
of intraoperative opioid use include bradycardia [8,9] and chest wall rigidity [10—12]. The development
of opioid-related adverse effects may require use of opioid antagonists such as naloxone, which can be
carefully titrated to reverse adverse effects while partially preserving analgesic effects. Rapid and
complete reversal of opioid-mediated analgesia can result in sympathetic stimulation, resulting in
hypertension, tachycardia, myocardial ischaemia or pulmonary oedema [13].

Another adverse effect of opioids is related to the potential for development of opioid-induced
hyperalgesia (OIH). This phenomenon is characterised by greater than expected sensitivity to painful
stimuli, or even a paradoxical allodynic response, in response to opioid administration [14—16]. While
OIH has been most thoroughly described with high-dose intraoperative remifentanil infusions [17—19],
it is possible with other opioids and outside the intraoperative period. Animal studies have indicated
that preoperative and intraoperative morphine exposure can prolong post-operative pain [20]. One
study showed that patients on chronic opioid therapy, when compared with opioid-naive patients,
displayed greater preoperative hyperalgesic responses as well as greater post-operative pain intensity
and opioid consumption [21]. Given this, some have advocated for preoperative opioid weaning to
improve perioperative analgesia and decrease the risk of persistent post-operative opioid use [22].
Other ameliorating factors for the development of OIH include gradual (rather than abrupt) withdrawal
of remifentanil infusion [23]; maintenance of anaesthesia with propofol-based TIVA rather than
inhalational anaesthetics [24,25] and perioperative use of co-analgesics such as ketamine [26,27], non-
steroidal anti-inflammatory drugs (NSAIDs) [28], beta-adrenergic receptor antagonists (e.g. propran-
olol) [29], clonidine [30], naloxone [31] and nitrous oxide [32].

Tolerance is a phenomenon whereby administration of opioids has a diminishing effect, which can
occur with both acute and chronic use [33]. Unlike OIH, tolerance can be overcome with higher doses,
although the risk of opioid-related adverse effects is elevated [34—36]. Patients can also present to the
operating room with acute opioid intoxication. While these patients tend to have lower anaesthetic
requirements due to the concurrent intoxication, they also have an elevated risk of developing dose-
dependent opioid-related adverse effects if additional opioids are utilised in the intraoperative period.

Overview of opioid use in the preoperative phase

Preoperative opioid use, misuse or abuse is associated with increased post-operative mortality and
morbidity, which can increase length of hospital stay, 30-day readmission and health care expenditures
[37—40]. Preoperative opioid use appears to be the strongest predictor of persistent post-operative pain
[41]. In contrast, weaning opioids before surgery improves post-operative pain and other outcomes
[42,43].

Given the myriad of opioid-related adverse effects and poor outcomes associated with their use, it is
recommended that this population undergo analgesic planning beginning in the preoperative phase of
care and utilise multiple pharmacologic and non-pharmacologic modalities throughout the periop-
erative period to address pain [44]. To this end, novel concepts such as the “transitional pain service”
have been implemented by some institutions to provide coordinated, integrated analgesic care for this
high-risk population [45].

Preoperative analgesics are sometimes used in an attempt to modulate the nociceptive response
before the nociceptive stimulus. Preoperative opioid administration showed either no benefit or
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worsened outcomes [46,47]. Thus, preoperative opioid administration is not recommended. Similarly,
the use of long-acting or controlled-release opioids for acute pain is not recommended; hence, their
use in the preoperative phase should be avoided [44,48,49]. Nevertheless, low-dose opioids (25—50 png)
are sometimes given if patients have immediate preoperative pain or are undergoing a pre-induction
procedure, such as regional blocks.

Overview of opioid use in the intraoperative phase

Opioids are a commonly used adjuvant during induction of general anaesthesia to mitigate unwanted
hyperdynamic responses (i.e. tachycardia and/or hypertension) to laryngoscopy and tracheal intubation.
In addition, an opioid administered 3—5 min before induction reduces the dose of sedative-hypnotics (e.g.
propofol) [50]. Opioids can also blunt cough/gag reflexes during airway manipulation [51-53].

Careful titration of remifentanil has been used to assist in awake fibre-optic tracheal intubation to
suppress airway reflexes and pain from intubation while maintaining spontaneous ventilation and
allowing the patient to remain awake and able to follow commands [52,53]. Use of this technique is
primarily limited by the respiratory depressant effect of remifentanil. Occasionally, high-dose remi-
fentanil (3—5 pg/kg) has been used to avoid the use of a muscle relaxant, if the clinical scenario requires
such management [54,55]. However, this approach is limited by development of hypotension during
induction.

During general anaesthetic maintenance, opioids are mainly used as an adjuvant to attenuate the
autonomic response to surgical stimulation [56—61] and reduce the sedative-hypnotic requirements
[5,62,63]. Most often, delivery of opioids during this phase is through intermittent bolus, but a
continuous infusion of an ultra-short-acting opioid (i.e. remifentanil) is also utilised, especially in TIVA
techniques. Reduced sedative-hypnotic dose from opioid use contributes to more rapid emergence
[64]. During emergence from general anaesthesia, shorter acting opioids (e.g. fentanyl or remifentanil)
are often given in smaller boluses to provide analgesia and blunt airway reflexes without ablating
spontaneous ventilation. In certain scenarios, avoidance of elevated intracranial or intraocular pressure
is paramount; hence, a low-dose remifentanil infusion can be used to allow the patient to emerge from
general anaesthesia and follow commands before the return of airway reflexes, resulting in an
atraumatic extubation [65]. In addition, longer acting opioids (e.g. morphine or hydromorphone) may
be administered to provide longer duration of analgesia in the immediate post-operative period.

Intraoperative opioid selection and dosing

Selection of the ideal opioid and dose depends on several factors including the intended use, desired
speed of onset/offset, procedure-specific factors (e.g. anticipated duration of surgery and anticipated
pain from surgery), patient-specific factors (e.g. age, comorbidities, opioid tolerance) and whether
other anaesthetics or analgesics are co-administered.

Given that many of the adverse effects of opioids tend to be dose-related, it is necessary to limit
intraoperative opioid dosing (i.e. opioid-sparing approach). This approach includes using lower opioid
doses (e.g. fentanyl 0.5—1 pg/kg) at induction of anaesthesia. Of note, there is no role for ‘opioid loading’ (i.e.
use of larger opioid doses) at induction of anaesthesia. In addition, care should be taken to dose opioids
based on ideal body weight and consideration of other factors that may impact opioid effects. For example,
elderly patients or those with renal or hepatic dysfunction should be given relatively lower doses of
opioids, while patients with opioid tolerance due to chronic use may require relatively higher doses. Higher
opioid doses are used in patients with impaired myocardial function because they have a relatively little
direct myocardial depression, and the blunted airway reflexes and diminished sympathetic stimulation can
help maintain haemodynamics during airway manipulation. Despite this benefit, however, other ap-
proaches should be used (e.g. use of esmolol) to avoid opioid-related adverse events and OIH.

Intraoperative opioid reduction strategies

Given the concerns of opioid-related adverse events, several efforts have been made to find a way to
maintain adequate anti-nociception/analgesia while decreasing use of opioids throughout the
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perioperative period. Such efforts, termed multimodal or balanced analgesia, have utilised multiple
non-opioid analgesics or techniques. Perioperative analgesic alternatives to opioids include use of
regional analgesia and non-opioid analgesics such as paracetamol (or acetaminophen), NSAIDs,
dexamethasone and beta-adrenergic receptor antagonists (e.g. esmolol) [66—71]. These opioid-sparing
techniques have been shown to be superior to opioid-only techniques [66] but remain woefully
underutilised in clinical practice despite substantial literature supporting its use [72]. Furthermore, it is
necessary to differentiate intraoperative hyperdynamic response from reasons other than pain (e.g.
high intra-abdominal pressures during laparoscopy), which should not be treated with opioids.

Given the evidentiary success of opioid-sparing analgesia efforts, the desire to avoid the periop-
erative adverse effects of opioids and the growing concern that perioperative opioid use contributes to
persistent post-operative opioid use, some have advocated to completely eliminate opioid use,
particularly within the intraoperative phase of care. The ultimate goal is to avoid the short-term opioid-
related adverse effects, as well as to reduce opioid dependence, addiction and overdose by never
exposing patients to opioids in the first place. Such efforts have been labelled ‘opioid-free anaesthesia’
and tend to more extensively utilise analgesic adjuncts such as dexmedetomidine, ketamine, mag-
nesium and lidocaine infusions [72,73]. Despite the intuitively beneficial effect, there remains signif-
icant controversy over the need for and feasibility of opioid-free anaesthesia for most surgical
procedures with our current analgesic options |74 ]. Furthermore, there are concerns of adverse effects
of analgesic adjuncts used to replace opioids. Currently, there seems to be consensus that, in addition to
maximising use of multimodal analgesic options, it is best practice to use the lowest dose of opioid
(opioid-sparing approach) for the shortest duration of time that is necessary to provide adequate pain
control [72,74,75].

Nociception monitors

Pain is defined as an ‘unpleasant sensory and emotional experience’ [76], but the anaesthetised
patient has no emotional experience, which begs the question whether it is possible to experience pain
during general anaesthesia. Thus, it is more accurate to state that during the intraoperative period,
anaesthesiologists work to ameliorate nociception, the physiological transduction of noxious stimuli in
the peripheral and central nervous system. While the subjective experience of pain is difficult to assess
in the conscious patient, it is that much more difficult for anaesthesiologists to discern the level of
nociception in the anaesthetised patient. Given that this assessment will drive the intraoperative use of
opioids, there has been significant effort to find a more accurate and objective way to determine the
degree of nociception present intraoperatively.

Current efforts to assess intraoperative nociception rely on proxy metrics of nociception, as there
are currently no known ways to measure nociception [77]. As nociception induces increased sympa-
thetic tone relative to parasympathetic tone, most purported nociceptive monitors aim to quantify the
balance of these autonomic systems as a proxy measure of nociception [78]. One such proxy is skin
conductance, as sympathetic stimulation induces sweating, which will lower electrical conductance
due to the salt content of sweat [78], but studies have casted doubt as to whether it is a sufficiently
accurate measure of nociception in anaesthetised adults [79].

As an increased sympathetic tone will lead to peripheral vasoconstriction, another monitor assesses
variability of the pulse wave amplitude of photoplethysmography (PPG) used for pulse oximetry as well
as heart rate variability to create a surgical stress index (SSI) or surgical Pleth index (SPI) and is a
dimensionless scale rated from 0 to 100 [80,81]. It has been shown that the SSI/SPI increases in
response to nociceptive stimulation [82], although not if the site of stimulation is in the distribution of a
regional anaesthetic block [83], and SSI/SPI decreases after administration of opioids [84].

Another nociceptive monitor that has shown promising results is the pupillary pain index (PPI),
which measures pupillary reflex dilation as a response to tetanic stimulation under the assumption
that nociception from tetany will cause a pupillary response [85]. Another promising option is the
Analgesia Nociception Index (ANI), which measures heart rate (HR) variability with respiration and
provides a dimensionless scale of 0—100. This measurement is somewhat unique compared to other
nociceptor monitors, as this physiological measurement is parasympathetically driven; thus, a noci-
ceptive stimulus will result in a higher sympathetic tone relative to the parasympathetic tone and a
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higher score. Thus, a higher ANI score indicates lower levels of nociception. Intraoperative ANI use has
been shown to reduce pain in the immediate post-operative period without changing overall intra-
operative opioid use, which is thought to be due to better matching of fentanyl dosing to nociceptive
surgical stimulation [86]. The nociception level (NoL) index uses multiple measurements, including HR,
HR variability, PPG wave amplitude, skin conductance and skin conductance fluctuations to assess
intraoperative nociception and has shown promise in distinguishing between noxious and non-
noxious stimuli, as well as a stronger response to more intense stimuli and a blunted response with
analgesic administration [87]. Overall, presently, all the nociceptive monitors seem to have limitations,
and thus, their routine use remains questionable.

Overview of opioid use in the acute post-operative phase (<30 days)

In the immediate post-operative period (i.e. in the post-anaesthesia care unit), patients complaining
of intolerable pain should receive incremental doses of longer acting opioid (e.g. morphine or
hydromorphone) assuming that the patient has received non-opioid analgesics either preoperatively
or intraoperatively. In addition, a rescue regional analgesic block may be performed, if not done in the
preoperative or intraoperative period. In the era of enhanced recovery after surgery approach, opioids
may be administered orally if the pain is not severe. In addition, the use of intravenous patient-
controlled analgesia (IV-PCA) with opioid is generally avoided because infusion pumps and tubing
may make ambulation difficult. Therefore, patients may receive oral opioids for a moderate degree of
pain and intravenous bolus doses for a severe degree of pain. It is imperative that non-opioid analgesics
be administered continuously.

During the acute post-operative phase, analgesic management tends to transition from the
anaesthesiologist to the surgical team as the patient moves away from the operating room environ-
ment to convalesce, whether in another healthcare setting or at home. In either case, this is a key time
in which decisions regarding analgesic management can have far-reaching effects related to persistent
post-operative pain and opioid use [39,40].

Several studies have shown wide variability among surgeons in the perioperative prescription of
opioids, and there is a growing realisation that better management of this variability represents an
opportunity to provide a public health benefit to the entire population by limiting the supply of opioids
available for diversion without compromising post-operative analgesia for individual patients [88—91].
Recall that while most opioid-overdose-related deaths are due to heroin (with or without fentanyl-
analogues) [91—94], most heroin users initially became dependent on prescription opioids [95].
Many patients also use only a fraction of the prescribed post-operative opioids; hence, the remaining
opioids represent an immense reservoir available for diversion from the initial intended use [96—98].
System-level movement towards more conservative opioid-prescribing guidelines for acute pain
conditions can decrease opioid utilisation without compromising analgesia [99,100]. Surgeons have
also begun to advocate for procedure-specific opioid-prescribing guidelines to provide sufficient post-
operative analgesia while limiting the opioid supply in the population available for diversion
[101—-103]. There is concern that poorly controlled acute post-operative pain can hasten the transition
to chronic pain conditions and persistent post-operative opioid use [104—106]; therefore, it is
imperative to balance the desire to limit opioid supply with the need to provide adequate analgesia.

For the anaesthesiologist, use of opioid-sparing (or even opioid-free), multimodal analgesic tech-
niques can help contribute to this goal. Surgeons should take note that such techniques, especially
regional anaesthesia, may require more time in the immediate preoperative period but will create
outsized benefits for their patients in the post-operative period [107,108]. In addition, surgeons should
strive to extend the use of multimodal analgesic practices in their post-operative analgesic plans. This
may help to achieve the goal of using the lowest dose of opioid for the shortest duration necessary to
establish adequate analgesia. It has been shown that even after implementation of procedure-specific
post-operative opioid-prescribing guidelines, patients do not frequently require refills of such medi-
cations [102,109,110] and often have remaining opioids [111]. This may assuage the concerns of sur-
geons that patients will frequently request further refills of opioid analgesics due to inadequate
analgesia. Another study used a shared decision-making process between surgeons and patients to
guide opioid prescribing after caesarean delivery and resulted in a 50% reduction in prescribed post-
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operative opioids [112]. In addition, pre- and post-operative teaching for patients regarding the risks of
opioids and to reframe patients' expectations regarding post-operative pain have been shown to
contribute to better overall patient outcomes [91,113]. Educational efforts have also been effective in
increasing patient disposal of unused post-operative opioids [114] but are rarely implemented
[96—98,115]. Institutions have also taken initiatives to assist with reducing opioid dispensing by setting
up opioid educational programs before surgery. An inter-professional approach in reducing post-
operative use was a consistent theme seen among studies noting interventions by physicians,
nursing staff, pharmacists and physical therapists [116]. Some states have begun to mandate such
educational efforts [117].

Overview of opioid use in the transitional post-operative phase (30—180 days)

Chronic pain is defined as pain that persists beyond the expected healing time related to acute pain
related to tissue injury [104]. In post-surgical patients, it is thought to occur in up to 10% of patients
after certain operations [118]. Given the scope of the problem, chronic post-surgical pain (CPSP) will be
included as a diagnosis for ICD-11 to better define and track this as a surgical outcome at a population
level [119,120].

Although we have an incomplete understanding of why some patients develop CPSP while others
do not, some risk factors are evident. These include severity of acute post-operative pain, presence of
preoperative pain and psychosocial factors such as depression, anxiety or catastrophising attitudes
[105]. In addition, surgical factors such as procedure length, more invasive surgical techniques and
intraoperative nerve injury may contribute to CPSP [104,106]. With regard to anaesthetic factors, it is
concerning that OIH may contribute to the development of CPSP while use of multimodal analgesia and
regional anaesthesia techniques is thought to be protective but not completely preventative [105].

One novel potential solution is the creation of the transitional pain service, a multidisciplinary team
committed to co-ordinating care for patients at high risk for CPSP. Such teams use both pre- and post-
operative interventions to manage the analgesic plan, especially with regard to opioid use, and also
incorporate psychosocial training to try to mitigate the transition from acute post-operative pain to
CPSP [45]. Creation of such services would, of course, require substantial buy-in from multiple
stakeholders across a health system, from primary care physicians, anaesthesiologists, surgical ser-
vices, nursing staff and hospital administrators. Early case reports have shown substantial improve-
ment in specific cases [121,122], but no long-term outcome data have been published to date showing
use of transitional pain services to decrease the development of CPSP.

Practice points

e Opioids are the mainstay of treatment for perioperative pain; however, use of higher opioid

doses during the perioperative period has been associated with greater length of hospital

stay, 30-day readmission rate and overall cost of care.

Opioids have a place in the perioperative care of patients, but there is a need to balance

adequate post-operative pain control and mitigate adverse opioid-related health effects.

e The first step in reducing intraoperative opioid use starts with reducing the opioid dose

during induction of general anaesthesia and avoiding the use of opioids to treat hyper-

dynamic responses due to reasons other than pain as well as use of non-opioid multimodal

analgesic techniques.

In the immediate post-operative period, opioids should be used at the lowest dose for the

shortest possible time to obtain adequate analgesia and in conjunction with other non-opioid

analgesic analgesics (e.g. paracetamol and NSAIDs).

e More widespread utilisation of procedure-specific post-operative opioid dosing guidelines by
surgeons may be the low hanging fruit’ to reduce persistent post-operative opioid use and
reduce the supply of opioids available for diversion.
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Research agenda

e Further research is needed to further elucidate the hyperalgesic and central sensitisation
effects of opioids and strategies for mitigation of this process.

e Properly designed studies are necessary to confirm the long-term effects of opioids (e.g.
higher 30-day readmission rates) observed in observational trials.

e Clinical research efforts should continue to validate procedure-specific multimodal analgesic
strategies to further reduce perioperative opioid use while maintaining adequate analgesia.

e The usefulness of nociceptive monitors in reducing intraoperative opioid dosing needs
further study.

e Collaboration with surgical colleagues should be pursued to create, study and validate
procedure-specific analgesic plans that include the dose, frequency and duration of post-
operative opioid prescriptions.

Summary

As knowledge of the range and magnitude of opioid-related adverse effects has grown, so has an
effort to identify strategies to mitigate those effects. Aside from the acute adverse effect profile, such as
respiratory depression, nausea, vomiting, ileus, delirium and others, we have become aware that our
intraoperative use of opioids may contribute to post-operative pain and persistent opioid use.
Therefore, it is imperative that intraoperative opioid doses are limited. The first step is to reduce the
opioid dose administered during induction of anaesthesia. In addition, use of non-opioid analgesics in
the preoperative and/or intraoperative period should further reduce opioid requirements. Moreover,
because opioids are typically administered based on haemodynamic parameters (i.e. increased heart
rate and/or blood pressure), opioids should administered only after eliminating other causes of
hyperdynamic response. In the post-operative period, greater use of opioids may lead to worsened
post-operative pain, but undertreatment of pain may also lead to persistent pain.
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