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Abstract
Purpose of Review  The purpose of this review is to highlight the most recent literature and guidelines regarding periopera-
tive methadone and buprenorphine use.
Recent Findings  Surgical patients taking methadone and buprenorphine are being encountered more frequently in the periop-
erative period, and providers are becoming more familiar with their pharmacologic properties, benefits as well as precautions. 
Recommendations pertaining to buprenorphine therapy in the perioperative settings have changed in recent years, owing to 
more clinical and basic science research. In addition to their use in chronic pain and opioid use disorders, they can also be 
initiated for acute postoperative pain indications, in select patients and situations.
Summary  Methadone and buprenorphine are being more commonly prescribed for pain management and opioid use disorder, 
and their continuation during the perioperative period is generally recommended, to reduce the risk of opioid withdrawal, 
relapse, or inadequately controlled pain. Additionally, both may be initiated safely and effectively for acute pain management 
during and after the operating room period.
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Introduction

Acute pain, including postoperative pain, continues to be 
inadequately controlled in a vast number of patients, despite 
years of research and advances in pain management [1]. The 
resulting consequences include worse patient outcomes and 
satisfaction, prolonged recovery, increased cost of health-
care utilization, increased opioid use, and development of 
chronic pain. Effective and safe pain management requires 
a multifaceted approach, often involving a selection of phar-
macologic agents alone or in combination. Opioid therapy 
continues to be the most frequently used and effective 
approach, despite many of its adverse effects and limitations. 
Methadone and buprenorphine, having unique pharmaco-
logic properties and analgesic benefits, have been emerging 
as valuable choices in the perioperative setting, by selec-
tively engaging conventional and non-conventional anti-
nociceptive pathways while potentially reducing side effects 

associated with traditional opioids. Given their somewhat 
complex metabolism, dosing, concern for adverse effects 
and infrequent use, these agents are generally less readily 
administered in the acute pain setting by anesthesia and 
pain providers. The purpose of this review is to summarize 
the current literature on analgesic effectiveness, safety, and 
perioperative utilization of methadone and buprenorphine in 
pain management and provide recommendations regarding 
their utilization.

Pharmacology

Methadone is a highly potent μ-opioid receptor agonist, with 
a weaker affinity for κ and δ opioid receptors [2]. In addition,  
methadone demonstrates moderate N-methyl-D-aspartate 
antagonism [3], as well as inhibition of serotonin and nor-
epinephrine reuptake [4]. Methadone undergoes a biphasic 
elimination process with the alpha phase lasting 8–12 h (as 
pertinent for analgesia purposes) and a beta phase lasting 
30–60 h (pertinent for withdrawal prevention and usually 
sub-analgesic) [5]. Given the metabolism complexity, meth-
adone is prescribed differently for maintenance (24 h) and 
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analgesia (4–8 h). The prolonged half-life of methadone, in 
addition to its activity at multiple receptors important in pain 
pathways, plays a pivotal role in its use in both patients with 
chronic pain and opioid use disorder (OUD).

Buprenorphine is a partial μ-opioid receptor agonist 
with antagonism at the κ and δ receptors [6]. It has a very 
low oral bioavailability and is commonly administered via 
other routes [7]. It is approved in the transdermal and buccal 
form for chronic pain; for OUD, this is expanded to include 
sublingual, intramuscular, subcutaneous, and subdermal 
[8]. Buccal and sublingual formulations most commonly 
also contain naloxone, which is poorly absorbed through 
these routes of administration [8]. However, if injected, the 
naloxone’s high availability blocks opioid receptor buprenor-
phine binding and triggers withdrawal, discouraging abuse. 
Buprenorphine’s high affinity for the μ receptor and slow 
dissociation from the receptor can cause up to a 95% 
decrease in other opioid binding [6, 9]. Buprenorphine’s 
“partial agonism” is believed to contribute to a safer side 
effect profile [10], including a “ceiling effect” for respiratory 
depression [11]. In Moss et al., fourteen healthy volunteers 
and eight opioid-tolerant patients were given either continu-
ous buprenorphine infusions or a placebo. They were then 
given escalating doses of intravenous fentanyl and minute 
ventilation was monitored. Higher buprenorphine plasma 
concentrations were associated with smaller changes in 
minute ventilation, suggesting buprenorphine may protect 
against respiratory from strong μ-agonists [12]. The elimina-
tion half-life of buprenorphine is variable and depends on 
the route of administration, with studies providing ranges 
from 3 h to over 40 h [9, 13].

Clinical Applications ‑ Opioid Use Disorder 
and Chronic Pain

Methadone has long been utilized in the treatment of OUD, 
with initial clinical applications starting in the 19650 s in 
response to the increasing opioid epidemic in New York City 
[14]. Numerous studies have demonstrated methadone main-
tenance therapy to be associated with benefits and a decrease 
in multiple morbidities, including a decrease in HIV/infec-
tive hepatitis rates, illicit substance use, and an increase in 
rates of retention in rehabilitation programs [15–18]. A large 
cohort study consisting of over 32,000 participants demon-
strated that methadone for OUD had a statistically signifi-
cant mortality benefit [19]. The World Health Organization 
added methadone to an “essential medication” list in 2005 
[20] with the number of patients on methadone treatment 
continuing to increase [21].

While appealing due to its long half-life and anti-hyperalgesic  
effects, the data for methadone and chronic pain is  
less compelling than its use in OUD. A Cochrane review of 

the use of methadone in chronic neuropathic pain, looking 
into 3 studies and 105 participants, found “very low qual- 
ity” evidence for methadone's efficacy and safety in chronic 
neuropathic pain without enough data for pooled analysis  
[18]. An older Cochrane review published in 2012 had a 
broader scope, looking at methadone’s efficacy in patients 
with non-cancer pain [19]. Despite the theoretical increase 
in patient sampling, the authors also state that there was  
very limited evidence and that no conclusions could be made 
regarding the safety and efficacy of methadone vs placebo  
or other therapies. Methadone is more commonly used to  
treat cancer pain [20]. A Cochrane review published in 2017 
demonstrated low-quality evidence that methadone had simi-
lar analgesic effects to other opioids, likely at a decreased 
cost [21].

Buprenorphine was first approved by the United State 
Food and Drug Administration in 2002 for the treatment of 
opioid dependence or opioid use disorder, and it has been 
increasingly studied and utilized [22]. A multicentered ran-
domized control trial of 326 patients with OUD was ter-
minated early after sublingual buprenorphine was shown 
to significantly decrease illicit opioid use and craving [23]. 
Like methadone, buprenorphine therapy in OUD has been 
shown to decrease illicit opioid use, reduce cases of HIV 
infection, and improve mortality [15, 17]. A 2016 rand-
omized control trial of 177 participants demonstrated the 
efficacy of buprenorphine implants as being non-inferior to 
sublingual buprenorphine [24]. Long-acting subcutaneous 
buprenorphine implants have also been studied in the OUD 
population, with recent Phase III data demonstrating high 
levels of safety and efficacy [25].

Buprenorphine has been used in the chronic pain pop-
ulation [7]. A randomized control trial of 186 patients 
with painful diabetic neuropathy found that over 85% of 
patients in the treatment group experienced a more than 
30% decrease in pain, a significant (p < 0.001) increase 
when compared to placebo [26]. However, the study was 
limited by a large number of participants withdrawing due 
to adverse events, mainly nausea and constipation, in both 
the treatment and control groups. The results published from 
two randomized control trials in patients with chronic low 
back pain showed significantly improved sleep scores rela-
tive to control [27]. While additional delivery mechanisms 
for buprenorphine now have a labeled use for moderate to 
severe chronic pain, buprenorphine is likely underdosed and 
underused in the chronic pain population [7].

Preoperative Concerns

Anesthesia practitioners not infrequently encounter 
patients on methadone and buprenorphine therapy present-
ing to the operating room for procedures. Important to 
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keep in mind, in the preoperative workup, is methadone’s 
Qt prolongation, with increasing serum methadone con-
centration being correlated with increased prolongation 
[28]. While there are Clinical Practice Guidelines pub-
lished in 2014 for outpatient QT monitoring for patients 
on methadone [29], to the author’s knowledge there are 
no current guidelines for pre-operative EKG monitoring 
for patients on methadone. Suffice it to say that providers 
should have a recent EKG to establish a patient's current 
QT along with intra-op rhythm monitoring and guide addi-
tional management on a case-by-case basis. Additionally, 
methadone is metabolized via the CYP 450 system, with 
recent in vitro data suggesting that CYP 2B6 is the major 
(but certainly not only) CYP involved in the metabolism 
of methadone [30, 31]. This metabolism via the CYP sys-
tem can lead to drug-drug interactions with other drugs 
metabolized via the CYP system, as well as contribute to 
the variability of response seen amongst patients receiving 
methadone. Providers should be aware of these interac-
tions and always do a thorough screening for drug-drug 
interactions and seek help from their pharmacist if there 
are concerns.

Consideration and discussion pertaining to perioperative 
buprenorphine therapy revolve around its label as a “par-
tial agonist” and its interaction with opioid receptors. Care 
should also be taken when initiating buprenorphine in the 
operative setting, especially with data from the OUD set-
ting showing buprenorphine can increase overdose risk if 
the dose is raised too quickly [22]. Data from buprenorphine 
earlier testing showed that some full μ-agonists were unable 
to displace buprenorphine, further potentiated by its long 
half-life (24 h for sublingual, 48 for buccal, 26 for transder-
mal, and up to 60 days for some slow-release subcutaneous 
formulations) [32]. In that context, it was initially suggested 
that buprenorphine in the perioperative setting would bind 
too well to the opioid receptors and not be displaced by other 
PO or IV opioid medications given to control pain, caus-
ing difficulty controlling the patient's post-op pain or even 
worse, precipitating withdrawal. However, recent receptor 
data has shown that even when higher doses of buprenor-
phine are used, some opioid receptors remain available for 
binding [33, 34]. Thus despite buprenorphine's high affinity 
at the μ-receptor, there are still receptors unoccupied to bind 
full agonists required to treat acute pain [35]. Recent edu-
cational review and recommendations from a multi-society 
expert panel concluded that, to decrease risk of OUD recur-
rence, buprenorphine should not be routinely discontinued in 
the perioperative setting, and taper should be avoided. Fur-
thermore, it can be initiated in untreated patients with OUD 
and acute pain to decrease the risk and death from overdose 
[36]. For additional pain control, they recommended mul-
timodal analgesia and full μ agonists with high affinity for 
the μ receptor.

Acute Pain and Intraoperative Planning

Due to its longer half-life, μ-opioid receptor agonist effect, 
and several other pharmacokinetic and analgesic proper-
ties, methadone can be a valuable option in the periopera-
tive setting, especially for procedures resulting in moderate 
to severe pain. It’s utilization, however, remains limited, 
possibly due to concerns for delayed respiratory depres-
sion, unfamiliarity with dosing, attempts to decrease opi-
oid utilization, and other reasons. [37]. However, there is a 
growing body of data demonstrating the beneficial effect of 
methadone in the perioperative period. A 2015 randomized 
control trial by Murphy et al. enrolled 156 adult cardiac sur-
gery patients to receive either intraoperative methadone or 
fentanyl during their surgery. The methadone group showed 
a decreased morphine requirement in the first 24 h after sur-
gery (p < 0.001), significantly decreased pain with coughing 
(p < 0.001), and increased patient satisfaction with pain con-
trol at 24 h (p = 0.006) [38]. A systematic review of cardiac 
surgery patients found four studies examining the effects 
of intraoperative methadone, finding an overall decrease in 
postoperative pain and opioid use [39]. Another randomized 
control trial published in 2017 involved 115 patients receiv-
ing posterior spinal fusion surgery and randomized them to 
either IV methadone at the start of surgery or IV hydromor-
phone at the time of closure. Similarly to the 2015 study, the 
patients in the methadone group used less hydromorphone 
for pain in the first 3 days post-op (p < 0.001), had better pain 
scores at rest and with movement (p < 0.001), and had higher 
overall satisfaction with their pain management (p = 0.001) 
[40]. A randomized control trial designed for “dose-finding” 
in the ambulatory surgery population found that intraopera-
tive methadone 0.15 mg/kg was associated with improved 
pain control and similar side effects to traditional pain con-
trol (fentanyl, hydromorphone) [23]. Machado et al. enrolled 
56 patients with morbid obesity (BMI > 35) and randomized 
them to intraoperative methadone or intraoperative fentanyl. 
The subset randomized to fentanyl had significantly higher 
postoperative morphine use and higher pain scores (p = 0.01 
to p < 0.001), without significantly higher requirements for 
oxygen or decreased RASS scores [41]. A recent review 
paper examining intraoperative methadone in the pediatric 
population found decreased overall opioid use and lower 
pain scores when compared to shorter-acting opioids [42]. 
However, the authors noted that only a few interventional 
studies were available for review. A review paper on intra-
operative methadone in the adult population found 13 stud-
ies that met the inclusion criteria [43]. The authors found 
that intraoperative methadone decreased pain scores through 
48 h postoperatively compared to other opioids [43].

With respect to buprenorphine, there have been several 
recent studies demonstrating the effectiveness of treating 
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acute pain in the setting of maintaining buprenorphine dos- 
ing. In a sample of 29 patients admitted with cancer pain, 
Mercadante et al. demonstrated safe and effective break-
through pain control with intravenous morphine while 
continuing the patient's transdermal dosing of buprenor-
phine [44]. This first showed the safety and feasibility of 
maintaining a patient's buprenorphine dose while treat-
ing acute pain exacerbations with IV μ-opioid agonists. 
A later case series demonstrated the effectiveness of full 
μ-opioid agonists in patients undergoing “major surgery” 
while maintaining their doses of sublingual buprenorphine 
[45]. A recent retrospective study looking at critically ill 
patients admitted to the ICU who were maintained on their 
buprenorphine dose for OUD led to lower cumulative opi-
oid doses overall [46]. Discontinuation of buprenorphine 
in the peri-op period is further discouraged by the sig-
nificantly higher rates of morbidity and mortality demon-
strated in patients who discontinued buprenorphine main-
tenance treatment [47].

Postoperative Management

The initial approach to managing acute pain in patients 
receiving home opiates (e.g., methadone, buprenorphine) 
involves promptly continuing their regular opiate regimen, 
following verification with their outpatient prescriber [48]. 
The analgesic duration of methadone and buprenorphine is 
six to eight hours. Thus, once-daily dosing of home metha-
done and buprenorphine may be divided into doses given 
every eight hours if patients are anticipated to stay inpatient 
for more than a couple of days.

Considering opiate desensitization due to chronic expo-
sure, the postoperative period warrants maximizing regional 
anesthesia, non-opiate medications, and complementary 
therapies [49, 50], particularly appropriate treatment of 
neuropathic pain with gabapentinoids and muscular pain 
and spasms with muscle relaxants (e.g., methocarbamol, 
tizanidine). Nonetheless, opiates remain the cornerstone 
for managing moderate to severe pain, especially in acute 
inpatient settings, aligning with the WHO Analgesic Ladder 
[51]. Notably, opiate-dependent patients, including those in 
treatment for opioid use disorder (OUD), may necessitate 
doses higher of opioid analgesics to effectively manage the 
noxious stimuli and inflammation commonly seen in post-
operative pain [52].

For patients on home methadone/buprenorphine, post-
operative pain can be addressed with supplementary pure 
mu-opioid receptor agonists (e.g., hydromorphone, oxyco-
done) and/or additional methadone/buprenorphine. Metha-
done may be gradually titrated up to account for postopera-
tive pain as long as there is a plan to titrate back to home 
methadone dose before discharge or to a dose agreed upon 

with their outpatient prescriber. EKG should be checked 
to detect prolonged QTc with an increase of methadone. 
Shorter-acting mu-opioid receptor agonists can be dosed 
if the patient needs more immediate pain relief, taking into 
consideration that these patients may need higher doses of 
opiates. Greater preoperative doses of buprenorphine have 
been associated with greater postoperative opioid require-
ments [53].

For patients with untreated OUD or challenging pain  
control, initiating post-operative methadone and buprenor-
phine may confer benefits over typical short and long-acting 
pure mu-opioid receptor agonists due to methadone’s mod-
erate NMDA antagonism and inhibition of serotonin/nor-
epinephrine reuptake [41]. Furthermore, methadone’s long-
acting agonism on mu-opioid receptors reduces craving and 
euphoria for opiates, which may mitigate the development 
or exacerbation of OUD. Multiple RCTs and meta-analyses 
have noted methadone’s possible opiate-sparing effects, with 
continued analgesic effects up to three months after complex 
spine and cardiac procedures [54].

While there are numerous studies demonstrating the 
opiate-sparing effects of intraoperative methadone on post-
operative pain and opiate usage, there is scarce data on the 
post-operative initiation of methadone and buprenorphine 
for patients not previously on these medications, preop-
eratively. For opiate-naive patients, the dosing of oral 
methadone ranges from 2.5 to 10 mg every eight hours. In 
a single-study, retrospective cohort study of adult patients, 
respiratory depression was more common among patients 
who were newly initiated on methadone post-operatively 
[55]. Given its multiple analgesic benefits and long dura-
tion of action, methadone could be initiated post-operatively 
in select patients and procedures with challenging postop-
erative pain management, complex pain states or opioid 
tolerant patients requiring escalating doses of traditional 
opioids. With regards to buprenorphine, the normal dose 
of sublingual buprenorphine for analgesia is 75 mcg every 
12–24 h, which is lower than the normal starting dose of 
2 to 4 mg when used for OUD. A meta-analysis compar-
ing buprenorphine with morphine for acute pain manage-
ment revealed no difference in pain, incidence of respiratory 
depression, or sedation, but revealed that buprenorphine use 
was associated with significantly less pruritus (OR = 0.31; 
95% CI = 0.12–0.84; I2 = 6%; P = 0.02) [56]. Retrospective 
cohort study involving 146 patients who had undergone elec-
tive and emergency abdominal surgery and were transitioned 
postoperatively from intravenous opioids to oxycodone ver-
sus sublingual buprenorphine found significant reduction in 
opioid requirements and reduced pain score on movement 
[57]. In similar findings, patients receiving stem-cell trans-
plant and experiencing severe mucositis pain were found to 
have reduced opioid requirements and pain upon initiation 
of buprenorphine-based pain protocol [58].
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Conclusions

Methadone and Buprenorphine, long-acting opioids with 
unique pharmaco-kinetic profiles, targeting opioid and 
non-opioid analgesic pathways, shown to be effective in 
the treatment of OUD and chronic pain, have been emerg-
ing as valuable and effective agents in acute perioperative 
pain settings. Preoperative methadone and buprenorphine 
therapy is generally recommended to be continued in the 
perioperative therapy to avoid risks of withdrawal, relapse 
or poorly controlled pain. Intraoperative utilization of 
methadone has demonstrated reduced opioid consump-
tion and pain scores and improved patient satisfaction. 
The duration of perioperative therapy, patient character-
istics including multiorgan system function, and expected 
severity of pain should be carefully considered. This is 
especially important when initiating or adjusting the anal-
gesic regimen. Larger scale better quality clinical trials are 
needed to further elucidate the efficacy and safety of these 
drugs in the perioperative setting and potentially allow for 
wider utilization of these two agents.
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