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Abstract

Background: Opioids are frequently used in the postoperative period due to their analgesic properties. While these
drugs reduce nociceptive somatic, visceral, and neuropathic pain, they may also lead to undesirable effects such as
respiratory depression, urinary retention, nausea and vomiting, constipation, itching, opioid-induced hyperalgesia,
tolerance, addiction, and immune system disorders. Anesthesiologists are in the critical position of finding balance
between using opioids when they are necessary and implementing opioid-sparing strategies to avoid the known
harmful effects. This article aims to give an overview of opioid-free anesthesia.

Main body: This paper presents an overview of opioid-free anesthesia and opioid-sparing anesthetic techniques.
Pharmacological and non-pharmacological strategies are discussed, highlighting the possible advantages and
drawbacks of each approach.

Conclusions: Choosing the best anesthetic protocol for a patient undergoing cancer surgery is not an easy task
and the available literature provides no definitive answers. In our opinion, opioid-sparing strategies should always
be implemented in routine practice and opioid-free anesthesia should be considered whenever possible. Non-
pharmacological strategies such as patient education, while generally underrepresented in scientific literature, may
warrant consideration in clinical practice.
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Introduction
Moderate to severe pain is reported to occur in 30–80%
of patients on the first postoperative day [1]. If postoper-
ative pain is not appropriately managed, it may lead to
central sensitization and chronic postsurgical pain [2].
Opioids are frequently used in the postoperative period
due to their analgesic properties. While these drugs re-
duce nociceptive somatic, visceral, and neuropathic pain,
they may also lead to undesirable effects such as respira-
tory depression, urinary retention, nausea and vomiting,
constipation, itching, opioid-induced hyperalgesia, toler-
ance, addiction, and immune system disorders [3].
Moreover, excessive prescribing has contributed to the

opioid epidemic that has primarily affected people in
North America [4, 5]. Enhanced Recovery After Surgery
(ERAS) protocols recommend avoiding long acting or
high doses of opioids in order to reduce their side effects
in the postoperative period [6, 7].
Anesthesiologists are therefore in the critical position

of balancing the judicious use of opioids when they are
indicated while avoiding opioid-related harm and effect-
ively managing pain. There are a number of methods or
approaches that can be used to reduce opioid use before,
during, and after surgery. These include identifying and
optimizing individuals at risk of long-term opioid de-
pendence and using a multimodal non-opioid analgesic
regimen perioperatively [8, 9]. In this framework, opioid-
free anesthesia (OFA) may be an interesting approach to
cancer patients and is an active field of research. This
article aims to give an overview of OFA and of opioid-
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sparing strategies more generally. Both the pharmaco-
logical and non-pharmacological strategies will be dis-
cussed, highlighting possible advantages and drawbacks
of these approaches.

Main text
Rationale
Cancer is one of the most common causes of mortality
worldwide leading to an estimated 10 million deaths in
2020 [10]. Surgery is an important element of treatment
in these patients. With the emergence of new surgical
and technological developments, the frequency of onco-
logical surgeries is also increasing. Analgesia manage-
ment in oncological surgery differs in some aspects
when compared to other surgical procedures, as this
group of patients are frequently prescribed opioids dur-
ing the preoperative period for the management of
cancer-related pain. Also, malnutrition, depression sec-
ondary to chronic illness and other physiological
changes affect the pharmacokinetics of drugs in general.
Opioids have been associated with several problems:
dose-dependent side effects that may be debilitating and
delay rehabilitation; negative impact on nociceptive
pathways with dose-dependent hyperalgesia and insuffi-
cient efficacy in reducing incident pain. Moreover, many
patients among the broad surgical population may have
a considerable advantage from OFA, in particular mor-
bidly obese, patients with sleep apnoea and/or chronic
obstructive pulmonary disease, and the acute/chronic
opioid addicted [11]. Opioids are also thought to inter-
fere with the immune system which may have a negative
impact on infectious or cancerous diseases; opioids
might bind to opioid receptors expressed by tumor cells;
thus, opioid use in oncological patients may favor tumor
angiogenesis, growth, and spreading of micrometastasis.
Hence, cancer patients may take the greatest advantage
from this technique [12].
OFA technique is feasible following the basic concept of

multimodal analgesia that one drug alone cannot com-
pletely replace opioids. An adequate association of drugs,
possibly with the concurrent use of regional anesthesia
techniques, permits a good quality of anesthesia without
using opioids. The multimodal approach blocks or miti-
gates the transmission of pain and inflammatory pathways
at different levels, reducing or eliminating (in the case of
OFA) opioid requirements [13].
OFA has been shown to be feasible but only few well-

designed studies have been published so far and very lit-
tle data is available on long-term outcomes (incidence of
hyperalgesia and persistent pain; opioid abuse; cancer re-
currence and survival outcomes). The overall literature
remains scarce and whether OFA is clinically advanta-
geous or not in the different fields of application and
with different modalities is yet to be established.

The use of OFA techniques may be appropriate in cer-
tain surgeries for cancer patients, especially if regional
anesthesia and more generally opioid-sparing strategies
can be employed. Preclinical trials have suggested that
opioids inhibit the function of natural killer cells and in-
crease cancer recurrence by affecting angiogenesis and
tumor cell signaling pathways. On the other hand, re-
gional anesthesia is thought to contribute positively to
outcomes in cancer patients by reducing surgical stress
response and thus reducing the need for volatile anes-
thetics and opioids [14]. However, a meta-analysis
showed insufficient evidence to recommend any anal-
gesia technique for patients undergoing cancer surgery
[15]. The popularity of OFA has increased among anes-
thesiologists worldwide recently.
However, differences in definitions have led to conflict-

ing results. Its benefits, limitations, and applicability have
been questioned, with some studies reporting that it does
not provide any benefits [9]. However, in a meta-analysis,
strict opioid-free anesthesia was found to significantly re-
duce postoperative morphine consumption and postoper-
ative adverse events in selected surgeries without
increasing intraoperative adverse events, postoperative
pain, and discharge time from the post-anesthesia care
unit [16]. Although there are many studies regarding OFA
techniques related to drugs and regional and non-
pharmacological options, meta-analyses have failed to re-
port solid recommendations or suggestions. It is obvious
that further studies are required to determine whether pa-
tient characteristics should be used to create individual-
ized analgesia regimens or if a common single modality
should be adopted for a majority of or for all patients.

Intravenous agents
Dexmedetomidine is a potent and highly selective α-2
adrenoreceptor agonist with sedative, anxiolytic, sym-
patholytic, and opioid-sparing properties. It reduces the
need for anesthetics and opioids without causing respira-
tory depression but existing literature has reported con-
flicting results [17]. Many studies have already shown
that OFA allows opioid sparing in the postoperative
period. After bariatric [18] and spine surgery [19], OFA
techniques led to lower morphine consumption and bet-
ter postoperative analgesia. Liu et al. showed that dex-
medetomidine may be a favorable anesthetic adjuvant in
breast cancer surgery [20]. Dexmedetomidine has a
range of perioperative applications, from reducing the
hemodynamic response to tracheal intubation [21] to re-
ducing the incidence of postoperative nausea and vomit-
ing (PONV) [22]. In a meta-analysis, Grape et al.
reported that dexmedetomidine was superior when com-
pared to intraoperative remifentanil, with better pain
outcomes postoperatively in the first 24 h. In addition,
dexmedetomidine has been linked to fewer episodes of
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hypotension, shivering, and PONV [17]. On the other
hand, Beloeil H et al. reported higher rates of severe
bradycardia with the use of dexmedetomidine-based,
opioid-free anesthesia [23]. In addition, clinically signifi-
cant hypotension, delay in discharge, and prolongation
of hypoxia may be observed with dexmedetomidine infu-
sion [9].
Ketamine, an N-methyl-D-aspartate (NMDA) receptor

antagonist, is widely known as a dissociative anesthetic
and phencyclidine derivative. It has complex hypnotic, an-
algesic, antidepressant and psychotomimetic effects that
cannot be explained only by NMDA and receptor antag-
onism. Ketamine has also been shown to bind to all types
of opioid receptors with the highest affinity for mu, kappa,
and delta receptors [24]. Ketamine has a unique profile
combining analgesia and sedation by dissociative effect. Its
analgesic effect is dose dependent, and intravenous keta-
mine is an effective adjuvant for postoperative analgesia
[25]. Ketamine leads to effective analgesia at subanesthetic
doses (≤ 0.3 mg/kg intravenous) [26]. However, it should
be cautiously used as only a single dose can lead to hallu-
cinations and nightmares. Although the mechanism of
opioid-induced hyperalgesia is not fully known, high acti-
vation and stimulation of NMDA receptors are among the
leading hypotheses. Opioid-induced hyperalgesia is more
common in patients using high-dose opioids for the treat-
ment of cancer pain and ketamine is often used in the
treatment of this condition given its effect on NMDA re-
ceptors [27]. Ketamine is in racemic form containing
equal proportions of R-ketamine and S-ketamine. S-
ketamine has higher affinity for NMDA receptors than R-
ketamine, its anesthetic potency is 3-4 times higher and
undesirable side effects are reduced [28]. There is evidence
that ketamine infusion is useful for the management of
chronic pain [29].. Because of these beneficial properties,
the use of ketamine in cancer patients is increasing. Lido-
caine is an amide group local anesthetic that is used clinic-
ally for analgesia. Infusion in the perioperative period is
safe and has clear advantages, such as reduced postopera-
tive pain, decreased length of hospital stay and PONV and
perioperative opioid requirements as well as accelerated
postoperative recovery of bowel function [25–32]. Peri-
operative intravenous lidocaine has been shown to have
a positive effect on cancer outcomes in clinical studies.
Additionally, the mechanism of this effect has been
demonstrated in in vitro and animal studies [33]. In pa-
tients undergoing pancreatectomy, Zhang et al. found
that those who received intravenous lidocaine pre-
operatively had a considerably improved overall survival
[34]. Additional intravenous agents such as magnesium,
steroids, β-blockers, and oral pregabalin have been
shown to have beneficial effects in OFA, though more
studies are needed for their use to become routinely
part of OFA [9, 35–37].

Regional anesthesia
The use of regional anesthesia applications provides
many essential benefits such as lower pain scores in the
postoperative period, early hospital discharge, reduction
in the incidence of PONV, and reduction in the use of
additional analgesics. In addition, regional anesthesia is
not only an important component of pain management:
evidence suggests that it may also play a role in inhibit-
ing cancer progression [38, 39].
The importance of regional anesthesia in accepting an

opioid-free modality was demonstrated in a prospective
study of 2382 upper and lower extremity peripheral
nerve blocks, with 90% of patients not requiring opioids
in the PACU postoperatively [40]. Therefore, regional
anesthesia applications can be considered the corner-
stone of OFA. Another entity is that inadequately
treated acute postoperative pain may be associated with
10–50% of persistent postsurgical pain [41]. This is a sig-
nificant contributor to long-term opioid overuse. A
meta-analysis examined the effect of regional anesthetic
techniques on the incidence of persistent postoperative
pain. This meta-analysis found that regional anesthesia
techniques significantly reduced the risk of persistent
postoperative pain development compared to standard
analgesia in breast surgery, thoracotomy, and cesarean
section [42].
Epidural analgesia, thoracic paravertebral block, inter-

costal block, local infiltration analgesia, and transversus
abdominis plane block are the most known and effective
opioid-free regional anesthesia techniques [43]. Neurax-
ial analgesia minimizes perioperative opioid consump-
tion in urological, thoracic, obstetric, orthopedic, and
major abdominal surgeries. Epidural analgesia and con-
tinuous catheter techniques are used quite frequently,
especially in open abdominal and thoracic surgeries [44].
Recently, a new horizon has been opened in OFA with
the introduction of ultrasonography in regional
anesthesia practice. It is claimed that not only neuraxial
techniques but also interfacial plane blocks contribute
positively to the opioid-free or opioid-sparing effect.
Interfacial plane blocks may be a feasible option, espe-
cially in cases where neuraxial techniques cannot be ap-
plied or are contraindicated. Although there is not
enough evidence yet, it has been shown in randomized
controlled studies and case reports that interfacial plan
blocks reduce opioid consumption or have an opioid-
free anesthesia effect [45–47]. In a study comparing
TAP block with liposomal bupivacaine and epidural an-
algesia, TAP block was shown to be an alternative to
epidural analgesia for pain control in patients undergo-
ing abdominal surgery [48]. TAP and quadratus lum-
borum blocks can be good alternatives in abdominal and
obstetric surgeries, while pectoral and serratus plane
blocks find use in breast and thoracic surgeries [49]. In
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thoracic and lumbar surgeries, erector spinae plane and
thoracolumbar interfascial plane blocks are also poten-
tially interesting techniques with opioid-sparing effects
[50, 51]. Another advantage of interfacial plane blocks in
the opioid-free concept is the opportunity of inserting
an indwelling catheter to maintain a continuous anal-
gesic infusion.

Non-pharmacological treatment
In the setting of opioid-free analgesia, optimizing peri-
operative care with non-pharmacological strategies to
mitigate nociception is a potentially understudied strat-
egy, with literature currently dominated by studies on
pharmacological interventions. Fiore et al., in a scoping
review conducted in 2019, identified only 13 studies ad-
dressing specifically non-pharmacological interventions
in opioid-free analgesia [52].
Transcutaneous electrical nerve stimulation (TENS) is

one of the most studied non-pharmacologic strategies to
improve analgesia in surgical patients and is used for
pain management of both acute and chronic pain irre-
spective of cause. Though its role in postoperative anal-
gesia may be yet controversial [53], TENS was found to
substantially reduce postoperative analgesics consump-
tion [54] and was beneficial on postoperative pain after
thoracotomy, sternotomy, total knee arthroplasty, pul-
monary surgery, and post-cesarean pain [55].
Acupuncture is another potential strategy to reduce

pain in the postoperative period and was effective
against controls in a randomized control trial on in-
guinal hernia repair [56]. Recent literature has been fo-
cused also on the use of electrical acupuncture, which
was demonstrated to be more effective than traditional
acupuncture in a randomized control trial on 121 pa-
tients requiring thyroid surgery [57].
Among other non-pharmacological interventions, sitz

baths and moxibustion have been used after hemorrhoi-
dectomy, [58] while aromatherapy was successfully used
in pain relief after cesarean section and laparoscopic ad-
justable gastric banding, demonstrating that pain after
surgery following inhalation of lavender essence was sig-
nificantly decreased compared with the placebo groups
[58, 59]. A 2016 systematic review and meta-analysis
found that aromatherapy was effective in reducing pain
scores in patients with acute and chronic pain, though
the authors specify that the relatively few studies with
substantially different protocols analyzing different types
of pain may limit the strength of their conclusions [60].
Another potentially underestimated non-pharmacological

strategy may involve the use of focussed preoperative pa-
tient education programs. A recent systematic review in
orthopedic surgery concludes that multimodal preoperative
education programs hold promise as an effective strategy to
limit opioid consumption in the postoperative period [61].

In gynecological and abdominal surgery patients, preopera-
tive counseling on postoperative pain management and on
opioid medication adverse effects has been shown to reduce
the consumption of opioids, with equivalent pain scores
and medication refill requests [62].
Currently, a growing body of scientific evidence sug-

gests that non-pharmacological strategies may have sub-
stantial effects in the treatment of both acute and
chronic pain, though more large and well-designed stud-
ies are needed to reach a consensus regarding opioid-
sparing analgesia in cancer surgery. Furthermore, among
non-pharmacological strategies, other potential treat-
ment modalities, such as relaxation, imagery/hypnosis,
cognitive behavioral therapy/coping skills training, and
meditation have not been studied extensively in the
post-surgical setting and may also warrant future investi-
gation [63].

“Opioid-free anesthesia” and unintended consequences
As a reflexive response to the opioid epidemic, there have
been a number of “opioid-free anesthesia” protocols
shared within the anesthesia community [64]. In general,
these approaches specifically target the avoidance of one
class of medications and focus only on the time that pa-
tients spend within the operating room walls [65].
As anesthesiologists and acute pain medicine special-

ists, it is critical to acknowledge the important role of
opioids in perioperative pain management, especially in
the context of treating visceral pain [66]. While avoiding
the potentially harmful effect of opioids is important,
opioids may be prescribed safely by anesthesiologists
and surgeons in the perioperative period when following
appropriate guidelines [67]. Seven principles of acute
perioperative pain management have been endorsed by
14 medical organizations in the USA and were recently
published [68]. These principles emphasize the routine
use of multimodal analgesia with the primary goal of im-
proving the quality of pain management. Multimodal an-
algesic regimens frequently include non-pharmacologic
interventions, non-opioid systemic analgesics, and local
anesthesia and regional block techniques [68]. Patients’
requirement for opioids reliably decreases with the ef-
fective use of multimodal analgesia, but this is a side
benefit while the goal is better perioperative pain
management.
The deliberate restriction of opioids when they may be

indicated, limiting them to the time when patients are in
the operating room, may have unintended consequences.
In a study of patients who underwent major non-cardiac
surgery, patients assigned to an intraoperative opioid-
free anesthesia protocol featuring dexmedetomidine ex-
perienced more postoperative side effects such as brady-
cardia, hypoxemia, and prolonged recovery than the
opioid-exposed group [23]. Numerous experts, including
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the authors of the Centers for Disease Control and Pre-
vention Chronic Opioid Prescribing Guideline [69], have
expressed concern about the inappropriate restriction of
opioids for acute pain [70–72]. There is no evidence that
opioid-free anesthesia protocols decrease long-term
postoperative opioid use.
An appropriate opioid stewardship plan must extend

beyond the immediate intraoperative period [65, 67, 72].
It does not make sense to avoid opioids when patients
are under anesthesia, only to then expose them to
opioids as soon as they arrive in the postanesthesia
care unit and during the rest of their hospital stay,
and finally discharging them home with an arbitrary
number of opioid tablets. Opioid-sparing multimodal
analgesia must be continued after surgery for all pa-
tients on an inpatient and outpatient basis [73]. To
date, only programs that have incorporated post-
discharge opioid stewardship with individualized pre-
scribing and tapering have demonstrated decreases
in outpatient opioid use [74, 75].

Future insights
Over the past two decades, opioids have increasingly
been prescribed for the treatment of various chronic
pain conditions and during the perioperative period.
Opioids have multiple side effects, especially in elderly
patients. Recent studies have also shown that the use of
opioids in patients undergoing surgery is responsible for
worse outcomes, an increase in the length of hospital
stay, and an increase in healthcare costs [76].
OFA has gained in popularity as a way to enhance

early recovery and to spare opioids for the postoperative
period. While opioid-sparing strategies are recom-
mended, little data exists on the feasibility of OFA in
routine practice. However, promising results were ob-
tained with OFA strategies, as described above. In the
era of ERAS protocols, the use of multimodal analgesia
with combinations of analgesic drugs and local regional
anesthesia techniques is imperative [77, 78]. All this is in
the effort to minimize the consumption of opioids and
their side effects, moving from a present of opioid spar-
ing to a future of opioid-free anesthesia [79, 80].

Conclusions
Choosing the best anesthesia protocol for a patient
undergoing surgery for cancer is not an easy task and
the literature provides no definitive answers. However,
in cancer patients, a pragmatic approach can be sug-
gested considering the available options and the feasibil-
ity in the different settings. When possible, OFA
strategies should be considered while ensuring that opti-
mal pain management is achieved. Opioid administra-
tion may be needed but should be used in the lowest
effective doses as part of multimodal analgesia.

Considering the benefits and low risks, comprehensive
patient education programs should be considered, as
well as other non-pharmacological interventions when
applicable. More well-designed studies are needed to
reach a definitive conclusion on OFA in cancer surgery.
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