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Abstract

Objective. There is no consensus on the optimal perioperative management of patients on buprenorphine (BUP) for
opioid use disorder (OUD). This article will review the available literature on BUP and the analgesic efficacy of BUP
combined with full mu-opioid agonists and discuss the conflicting management strategies in the context of acute
pain and our institution’s protocol for the periprocedural management of BUP. Methods. We searched published
data on BUP periprocedural management from inception through March 2018 without language restrictions. Study
selection included publications reporting outcomes on perioperative pain management in OUD patients maintained
on BUP. Results. Our search resulted in four case reports supporting periprocedural discontinuation of BUP and two
case series, one secondary observational study, one prospective matched cohort study, and four retrospective co-
hort studies supporting periprocedural continuation of BUP. No clinical trials were identified. Conclusions.

Maintaining BUP perioperatively does not lead to worsened clinical outcomes. Patients can receive adequate pain
control from mu-opioid agonists while maintained on BUP. Based upon available evidence, we recommend continu-
ing BUP at a reduced dose when indicated to avoid withdrawal symptoms and to facilitate the analgesic efficacy of
mu-opioid agonists administered in combination for acute postoperative pain.
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Introduction

The US Department of Health and Human Services

(HHS) estimates that more than 2 million Americans suf-

fer from opioid use disorder (OUD), characterized by the

maladaptive use of opioids, leading to addiction and

physical and emotional impairment [1,2]. Each day,

roughly 115 deaths in the United States are due to opi-

oid-related overdoses [3]. These staggering figures have

grave societal and fiscal implications, with an economic

burden estimated at $78.5 billion due to substance mis-

use treatment, lost productivity, and health care and

criminal justice costs [4]. Opioid maintenance therapy

(OMT) for OUD has been shown to reduce rates of inpa-

tient hospitalizations and lead to overall reductions in

opioid-related mortality. However, premature discontin-

uation of OMT can lead to opioid relapse, with estimates

of up to 90% relapse when OMT is discontinued prema-

turely [5,6].

Buprenorphine is a high-affinity, partial mu-opioid re-

ceptor agonist that is effective as maintenance therapy for

individuals suffering from OUD [7–9]. In 2016, the HHS

issued rulings to extensively expand the ability of eligible

practitioners to use buprenorphine pharmacotherapy for

OUD [10]. As more adults are maintained on buprenor-

phine pharmacotherapy, controversy has ensued over ap-

propriate strategies to manage postsurgical pain in these

patients. The pharmacokinetics of buprenorphine are

suggested to interfere with the analgesic efficacy of full

mu-opioid receptor agonists used for acute pain [11].

However, there is no high-level clinical evidence that

acute pain cannot be effectively treated in patients

when buprenorphine is continued perioperatively.
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Further, the association between perioperative OMT dis-

continuation and OUD relapse is not known [11,12].

This article will review the available literature on bupre-

norphine, including its pharmacologic properties, pre-

clinical and clinical studies on analgesic efficacy when

combined with full opioid agonists, the debate regarding

provider treatment recommendations, and our institu-

tion’s protocol for the perioperative management of

patients on buprenorphine for OUD as amalgamated by

the available evidence.

Methods

To review the available literature on periprocedural man-

agement of buprenorphine in OUD patients, we searched

for peer-reviewed clinical studies following established

methodological guidelines. We organized our search by

reviewing the PubMed National Center for

Biotechnology Information database. We used the

Medical Subject Heading Database terms buprenorphine,

buprenorphine and naloxone, opioid use disorder, sur-

gery, perioperative pain, postoperative pain, and acute

pain. Our search was performed from inception through

March 2018 without publication or language restric-

tions. The search was supplemented by utilizing the

Google search engine and by reviewing reference lists

from our initial search. We restricted our search to

articles on the outcomes of periprocedural continuation

or discontinuation of transmucosal/sublingual buprenor-

phine in patients with a history of OUD. We excluded

articles that covered periprocedural use of buprenorphine

as part of pain medication regimens. Such articles are dis-

cussed in the section Interaction Between Buprenorphine
and Opioid Agonists. Our search yielded four case

reports supporting periprocedural discontinuation of

buprenorphine and two case series, one secondary obser-

vational study, one prospective matched cohort study,

and four retrospective cohort studies supporting peripro-

cedural continuation of buprenorphine. Search limita-

tions were that there were no randomized control trials

evaluating continuation vs discontinuation or reducing

buprenorphine perioperatively. Additionally, the major-

ity of studies supporting buprenorphine continuation

were derived from the obstetric literature (Table 1).

Buprenorphine Pharmacologic Properties

Buprenorphine, a derivative of thebaine, is a mixed opi-

oid receptor modulator belonging to the class of opioid

agonist-antagonist analgesics [13,14]. It has partial ago-

nist activity at the mu-opioid receptor and primarily an-

tagonist activity at the kappa opioid receptor [13–15].

Buprenorphine’s kappa receptor antagonism has been

implicated in the treatment of depressive symptoms [16].

Patients with treatment-resistant depression have

responded favorably to buprenorphine therapy, and

drugs that selectively antagonize kappa receptors are

being designed and investigated for depression and anxi-

ety treatment [11,17]. Buprenorphine also has agonist ac-

tivity at the delta receptor; however, these effects are

not well understood [14]. Buprenorphine has broad

half-life variability, ranging from three hours when ad-

ministered intravenously to 24–60 hours when adminis-

tered sublingually [18]. Compared with other opioid

analgesics, it has very slow dissociation from mu-

opioid receptors. Buprenorphine’s long half-life and

slow receptor dissociation are both thought to contrib-

ute to its long duration of action. Buprenorphine is not

readily displaced by either mu-opioid receptor agonists

or antagonists, such as naloxone, due to its high bind-

ing affinity and slow mu-opioid receptor dissociation.

It is recommended that a patient should show signs of

opioid withdrawal before starting buprenorphine treat-

ment for OUD; otherwise buprenorphine rapidly dis-

places opioid agonist–bound mu receptors, causing

precipitated withdrawal [19].

Buprenorphine provides effective analgesia at low to

moderate doses and is, on average, 30 times more potent

than morphine [8,20]. In studies in humans, a dose of

0.4 mg per 70 kg of buprenorphine showed no ceiling ef-

fect in analgesia, whereas a ceiling effect in respiratory

depression was observed [21]. The dose range tested in

this study was significantly lower than doses used for

OUD treatment. A pharmacokinetic study indicated that

the bioavailability of sublingual buprenorphine is ap-

proximately 30% [22]. A 0.4-mg per 70-kg dose is ap-

proximately a 1.3-mg sublingual dose per 70 kg. To the

best of our knowledge, an extensive dose–response rela-

tionship of the analgesic properties of buprenorphine in

human beings is not available in the literature. It is un-

known whether typical OUD treatment doses (up to

32 mg sublingually per day) are associated with a ceiling

effect in analgesia. In animal studies, buprenorphine dis-

plays a limited effective dose range, producing a bell-

shaped dose response, with doses ranging from 0.01 mg

per kg to 3 mg per kg [23]. Unlike morphine and other

full-agonist opioids, the agonist effects of buprenorphine

do not continue to increase linearly with increasing

doses. In humans, at doses above 24 mg, up to 95% of

opioid receptors are occupied with minimal increase in

opioid effect [24,25]. Because of its long elimination

half-life and opioid agonist effects, such as euphoria and

respiratory depression that plateau with increasing doses,

buprenorphine misuse potential is low, and it has proven

to be successful as pharmacologic therapy for the treat-

ment of OUD [9,26,27].

Buprenorphine Formulations for Opioid Use
Disorder

Buprenorphine is currently prescribed in sublingual

(Subutex, Suboxone, Zubsolv), buccal (Bunavail),
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Table 1. Literature supporting perioperative continuation of buprenorphine

Authors Year Study Type Buprenorphine Dose Key Findings Limitations

Kornfeld H, Manfredi

L. [63]

2010 Case series 2–24 mg Postoperative pain adequately con-

trolled in each patient using oral

or IV full-agonist opioids.

Small sample size. All but

one patient received re-

gional anesthesia/

analgesia.

(N ¼ 5)

Hansen LE, Stone

GL, Matson CA,

et al. [47]

2016 Prospective matched

cohort

Unknown doses of MET

and BUP combined

into mean MO

equiv requirements

(997.1 mg)

1) No difference in surgical compli-

cations up to one year postop and

comparable analgesia in pts on

BUP or MET compared with

controls.

Study sample combined

patients on BUP or

MET. Retrospective

preoperative and peri-

operative data.

(N ¼ 17)

2) In-hosp MO equiv use higher in

BUP/MET group compared with

controls.

Macintyre PE, Russell

RA, Usher KA,

et al. [62]

2013 Retrospective Mean ¼ 13.7 (66.6) mg 1) No difference in pain/adverse

effects in patients on BUP vs MET

overall or when patients were not

given BUP or MET POD1.

In consistent time after

last dose of BUP.
(N ¼ 41)

2) Increased PCA use in patients not

given BUP POD1 compared with

patients given BUP.

Unknown rationale for

discontinuation vs con-

tinuation of BUP

patients due to retro-

spective nature of the

study.

Jones HE, O’Grady

K, Dahne J, et al.

[65]

2009 Secondary observa-

tional study

Mean ¼ 10.9 mg No differences in pain scores/opioid

consumption in pts on BUP vs

MET following vaginal delivery

(pain scores low in both groups).

Obstetric study

(N ¼ 18)
(95% CL ¼ 10.2–11.7) Cesarean section data not

included. Not directly

applicable to surgical

population.

Range ¼ 8–14 mg

Jones HE, Johnson

RE, Milio L. [66]

2006 Case series 18 mg BUP and MET successfully main-

tained peripartum. Following ce-

sarean section, postpartum pain

adequately managed with multi-

modal analgesia.

Obstetric study

(N ¼ 2) Small sample size. Not di-

rectly applicable to sur-

gical population.

Höflich AS, Langer

M, Jagsch R, et al.

[83]

2012 Retrospective cohort

control

Mean¼ 12.77 (65.32) mg

Vaginal delivery

1) No difference in analgesia con-

sumption in BUP/MET group

compared with controls following

vaginal delivery.

Obstetric study

(N ¼ 37) Mean¼ 15.33 (67.86) mg

Cesarean delivery
2) Decreased opioid consumption in

BUP/MET group compared with

controls following cesarean

delivery.

Retrospective design. No

pain score severity data

available. Possible that

analgesia consumption

outcomes were influ-

enced by nonstandar-

dized treatment

strategies for opioid-

dependent patients.

3) No difference in term of pain med-

ication requirement between BUP-

and MET-maintained patients.

Meyer M, Paranya G,

Keefer Norris A,

et al. [67]

2010 Retrospective cohort

control

Mean ¼ 13.7 (66.2) mg

Vaginal delivery

1) No difference in opioid consump-

tion 24 hours after vaginal deliv-

ery in BUP compared with control.

Obstetric study

(N ¼ 63) Mean ¼ 15.5 (66.7) mg

Cesarean delivery 2) Low but significantly higher pain

scores in BUP compared with con-

trol 24 hours after vaginal

delivery.

Retrospective design. No

comparison between

pts continued on BUP

vs held or given lower

dose.

3) Pain scores and opioid consump-

tion higher in BUP vs control after

cesarean delivery.

Vilkins AL, Bagley

SM, Hahn KA,

et al. [48]

2017 Retrospective Mean ¼ 16.1 (67.8) mg No difference in preop, intraop, or

postop opioid consumption in

BUP- vs MET-maintained

patients.

Obstetric study

(N ¼ 273) Retrospective design

BUP ¼ buprenorphine; IV ¼ intravenous; MET ¼ methadone; MO ¼ morphine; PCA ¼ patient-controlled analgesia; POD ¼ postoperative day.
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implantable (Probuphine), and injectable (Sublocade)

formulations for the treatment of OUD.

Suboxone, Zubsolv, and Bunavail are formulations of

buprenorphine combined with naloxone in a 4:1 ratio to

reduce the abuse potential of buprenorphine that occurs

with aberrant intravenous use. The concentration of

buprenorphine in these formulations has marked eu-

phoric effects if administered intravenously. However, as

naloxone has a significantly increased effect when

injected intravenously, the euphoric effects of buprenor-

phine would be antagonized, precipitating immediate

withdrawal, therefore discouraging misuse. Zubsolv has

a slightly higher bioavailability than Suboxone. Bunavail,

however, has the highest bioavailability; approximately

half the dose of Bunavail is required to produce the same

amount of serum bioavailability as Suboxone.

In patients who have achieved successful abstinence

on low-dose daily buprenorphine therapy (8 mg Subutex

equivalent or less), Probuphine subdermal implants have

been Food and Drug Administration approved for OUD

maintenance treatment. The implants contain 80 mg of

buprenorphine hydrochloride. Steady-state concentra-

tions are reached four weeks after placement, and plasma

levels are comparable to 8 mg or less of daily Subutex

therapy. Probuphine provides six months of buprenor-

phine maintenance [19].

For patients with moderate to severe OUD who desire

more convenient opioid delivery therapy, Sublocade,

extended-release buprenorphine, is available. Sublocade

is administered monthly by subcutaneous injection and

comes in two concentrations: 100 mg/0.5 mL and

300 mg/1.5 mL. Adults considering Sublocade treatment

must be on transmucosal buprenorphine at a dose equiv-

alent of 8–24 mg for at least seven days. The recom-

mended dosing is a 300-mg subcutaneous injection for

months 1 and 2, followed by a 100-mg injection each

month thereafter. The maintenance dose can be increased

to 300 mg monthly if needed. The average steady-state

plasma concentration for 100 mg/mL of Sublocade is sim-

ilar to 24 mg of sublingual buprenorphine (3.21 ng/mL

Sublocade vs 2.91 ng/mL Subutex). Steady-state concen-

trations are achieved four to six months after routine sub-

cutaneous injection [28,29].

Buprenorphine Formulations for Pain
Management

Buprenorphine is available in parenteral, buccal, and

transdermal formulations for the treatment of pain disor-

ders. Buprenex, the parenteral formulation of buprenor-

phine (0.3 mg/mL), is approved for the treatment of

moderate to severe pain and can be administered intra-

muscularly (IM) or intravenously (IV). The analgesic ef-

fect peaks in one hour. Buprenex is typically

administered at a dose of 0.3 mg IM/IV every six hours

for the treatment of moderate to severe acute pain. An

additional dose of up to 0.3 mg can be administered 30–

60 minutes following the initial dose if pain control is in-

adequate [30].

Butrans is a seven-day transdermal formulation of

buprenorphine approved for the treatment of chronic

pain. Butrans is available in doses ranging from 5 mcg/h

to 20 mcg/h [31]. The peak concentration is six hours,

and the elimination half-life is 26 hours [32]. Patients

who are taking less than 30 mg oral morphine equiva-

lents daily are advised to initiate treatment at 5 mcg/h. It

is recommended that the patch concentration not be up-

titrated until at least 72 hours after initiation to reduce

the risk of respiratory depression and allow steady-state

concentrations to be reached. During Butrans dose titra-

tion, patients should use short-acting opioids as needed

[31]. Butrans doses higher than 20 mcg/h have been asso-

ciated with QT prolongation; however, in European

studies, doses as high as 210 mcg/h have been described

[33–35]. Notably, these studies used a different transder-

mal buprenorphine delivery system than what is available

in the United States. Butrans has been shown to have sim-

ilar efficacy as other opioids in the treatment of cancer

and chronic noncancer pain [36,37].

Bulbuca is a buccal preparation of buprenorphine

used for chronic pain. It is available in doses ranging

from 75 to 900 mcg and is administered twice daily.

Similar to Bunavail, its bioavailability is higher than

Suboxone and Zubsolv due to a more efficient delivery

system [38].

Interaction Between Buprenorphine and
Opioid Agonists

Concerns about buprenorphine antagonizing the action

of mu-agonists have led to the widespread practice of

withholding buprenorphine before surgery. However,

such concerns need to be considered in appropriate set-

tings, especially in regards to the dose of buprenorphine

used. There is evidence in both preclinical and clinical

studies that administering buprenorphine and mu-

agonists in conjunction and within their respective anal-

gesic dose ranges produces an additive analgesic

response.

A preclinical study by Kogel et al. [39] demonstrated

the interaction between buprenorphine with mu-opioid

analgesics and mu-receptor antagonists. The combina-

tion of buprenorphine with morphine, oxycodone,

hydromorphone, or fentanyl in their respective analgesic

dose ranges resulted in additive or synergistic effects in

the tail flick test in mice. When given after the decline of

the acute buprenorphine effect, both morphine and fenta-

nyl also showed full efficacy. However, pretreatment of

the mice with high doses of buprenorphine (correspond-

ing to the declining phase of the bell-shaped curve)

clearly showed an antagonistic effect against morphine,

reducing the morphine analgesic effect, even at
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supramaximal antinociceptive doses, to the effect of

buprenorphine alone [39].

Similar results of a synergistic analgesic response oc-

curring with concurrent administration of buprenorphine

and mu-receptor agonists can be found in clinical studies.

The combination of oral or intravenous morphine and a

basal analgesic regimen of transdermal buprenorphine

has been used as effective cancer pain treatment in

humans. In an open-label study by Mercadente et al.

[40], 29 cancer patients treated with transdermal bupre-

norphine with acceptable basal analgesia presented with

episodic breakthrough pain and were given intravenous

morphine at a dose equivalent to 20% of their transder-

mal buprenorphine dose (IV morphine 4, 6, and 8 mg for

buprenorphine doses of 35, 52.5, and 70 mcg/h). Ninety-

eight breakthrough pain episodes (92.4%) were treated

successfully, defined as a reduction in pain intensity of

more than 33% within 15 minutes; 88 of these episodes

(83.0%) had more than a 50% pain intensity decrease.

This study demonstrates the effectiveness of additional

opioid agonists in patients receiving analgesic doses of

buprenorphine [40].

Beltrutti et al. [42] reported two cases of cancer

patients who experienced deep and sustained pain relief

after receiving small doses of intrathecal morphine and

intravenous buprenorphine [41]. The combination of in-

trathecal morphine and intravenous buprenorphine has

also been studied for perioperative analgesia. In a ran-

domized, double-blind, placebo-controlled study, 45

American Society of Anesthesiologists physical status II

and III patients undergoing hysterectomy with general

anesthesia were given intrathecal morphine 4.3 mg/kg

plus IV 0.9% saline, or IV buprenorphine 1.3 mg/kg plus

intrathecal saline, or intrathecal morphine 4.3 mg/kg plus

IV buprenorphine 1.3 mg/kg. Postoperative pain control

was managed by an additional intrathecal dose of mor-

phine for the first group and IV buprenorphine for the

other two groups. The concomitant administration of in-

trathecal morphine and IV buprenorphine resulted in

lower pain intensity than the other groups in the 12-hour

postoperative period and reached statistical significance

[42], suggesting that buprenorphine and morphine at

these doses interacted synergistically to reduce pain more

effectively than when each medication was administered

alone.

Another randomized, double-blind trial studied the

concurrent use of intravenous buprenorphine and mor-

phine in adult patients undergoing abdominal surgery

[43]. The study compared the analgesic effect of bupre-

norphine and morphine separately and in combination for

postoperative pain control in patients undergoing abdomi-

nal surgery. Patients were randomized to receive one of

four regimens for 12 hours: a basal buprenorphine infu-

sion of 0.4mg/kg/h and buprenorphine boluses of 0.15mg/

kg each; a basal morphine infusion of 10mg/kg/h and mor-

phine boluses of 5mg/kg each; a basal buprenorphine infu-

sion of 0.4mg/kg/h and a morphine bolus of 5mg/kg each;

or a basal morphine infusion of 10mg/kg/h and a bupre-

norphine bolus of 0.15mg/kg each. Bolus doses were deliv-

ered by intravenous patient-controlled analgesia (IV-

PCA). The study showed significantly lower pain scores

and superior analgesic effect of buprenorphine as com-

pared with morphine. Furthermore, buprenorphine

infusions combined with IV-PCA boluses controlled

postoperative pain in the first 12 postoperative hours as

effectively as morphine infusions plus boluses or the

combinations of buprenorphine and morphine [43].

The overall daily intravenous buprenorphine dose used

amounts of approximately 1 mg per day, which is an

equivalent of 3 mg of sublingual buprenorphine.

In summary, both preclinical and clinical studies dem-

onstrate that, at analgesic doses, the combination of

buprenorphine and mu-agonists elicits an additive, and

possible synergistic, response. In these studies, antagonis-

tic effects were only seen when buprenorphine was used

at doses higher than analgesic doses.

Little is known about the interaction between bupre-

norphine and opioid agonists when buprenorphine is

used at doses to treat OUD. In a recent experimental

study, Athanasos et al. showed that 12 active heroin

users on buprenorphine maintenance therapy (four in a

2–8-mg daily dose range, four in a 9–15-mg daily dose

range, and four in a 16–22-mg dose range) experienced

no antinociception effect from high doses of morphine.

Although no subgroup analysis on the three different

maintenance dose groups was reported, and it is unclear

whether subjects maintained with different buprenor-

phine doses had different antinociception responses from

morphine, the result in this study is consistent with the

notion that patients with OUD maintained on buprenor-

phine may experience a poor analgesic response from

opioid agonists. These results are similar to previous

studies conducted with patients on chronic opioid ther-

apy for the treatment of noncancer pain and are identical

to studies where subjects were maintained on methadone

for OUD [44–46]. Although the experimental models in

chronic opioid patients demonstrate lower pain thresh-

olds despite high doses of morphine, these results are not

dissimilar to those seen clinically in patients on opioid

maintenance therapy. As evidenced in patients on chronic

methadone therapy, although pain control is more chal-

lenging due to their increased sensitivity to pain, analge-

sia is achievable when high enough doses of full mu-

opioid agonists are administered [47,48]. Ultimately,

modification of the opioid maintenance regimen of

patients on buprenorphine may be needed to achieve ade-

quate pain control [49].

Perioperative Management in Patients of
Buprenorphine

Providing adequate perioperative analgesia for patients

on buprenorphine for OUD poses many challenges. As

Perioperative Management of Buprenorphine 1399



these patients are on chronic opioid therapy, they are at

risk of opioid tolerance, where pain control is diminished

with additional opioid use and higher analgesic doses are

needed to be effective [50,51]. Clinically, this can mani-

fest as patients on chronic opioid therapy often requiring

significantly higher and more frequent doses of pain med-

ications to achieve analgesia when compared with opi-

oid-naı̈ve individuals [52,53]. Rapp et al. demonstrated

that surgical patients on chronic opioids for OUD, can-

cer, and chronic noncancer pain used on average three

times higher morphine equivalents in the first 24 hours

after surgery when compared with matched opioid-naı̈ve

controls [53].

An interrelated yet distinct phenomenon occurring in

individuals on chronic opioid therapy is opioid-induced

hyperalgesia (OIH), where increased sensitivity to painful

and nonpainful stimuli develops as consequence of opioid

exposure [50,51]. Although both conditions occur due to

opioid administration, opioid tolerance can be overcome

by administering higher doses of opioids. In contrast, es-

calating doses of opioids in patients with OIH can poten-

tially worsen pain perception.

The inherent difficulty in managing pain in patients

on buprenorphine, combined with the pharmacologic

properties of buprenorphine discussed previously, has led

to conflicting views on how to optimally treat acute pain

in these patients. Currently, no high-level evidence exists

to support a unified pain management strategy and, con-

sequently, providers’ opinion diverges on whether to con-

tinue buprenorphine throughout the surgical period or to

taper buprenorphine to discontinuation, supplementing

with low-dose opioid agonists to prevent withdrawal

[51,54,55]. The Substance Abuse and Mental Health

Services Administration (SAMHSA), the branch of the

HHS that manages the federal approval for buprenor-

phine prescribers, recommends that providers consider

continuing or discontinuing buprenorphine in scenarios

where moderate to severe pain is anticipated [19].

Proponents for discontinuing buprenorphine contend

that elevated doses of opioids would be required to effec-

tively treat pain in order to compete with buprenor-

phine’s antagonistic effects. Recommendations to

discontinue buprenorphine before surgery are based on

its pharmacologic properties and accounts where patients

had poorly controlled acute pain while maintained on

buprenorphine. McCormick et al. described a 50-year-

old man with McArdle’s disease and acute compartment

syndrome on buprenorphine for chronic pain and opioid

dependence that required discontinuation of buprenor-

phine and significantly higher-than-usual doses of hydro-

morphone in order to achieve pain relief. The authors

contend that the patient’s pain was not effectively con-

trolled until 48 hours after discontinuation of buprenor-

phine [56]. Similarly, Huang et al. reported the case of a

47-year-old female on buprenorphine for chronic pain

who underwent a thoracotomy window closure proce-

dure for pulmonary aspergilliosis. Her postoperative pain

was ineffectively controlled despite high doses of intrave-

nous hydromorphone. When buprenorphine was discon-

tinued, her pain improved, and her opioid requirement

was reduced [57]. Gilmore et al. described a case report

of a 22-year-old male who presented to the emergency

department with a comminuted distal radial and ulnar

fracture caused by a work-related injury. His pain was in-

effectively treated despite receiving 10 mg of morphine

and a 1-mg/kg bolus of remifentanil with a remifentanil

infusion at 1.7 mg/kg/min. When his providers discovered

that he was on buprenorphine, opioid analgesics were

discontinued, his pain was successfully treated with a

Beir block, and his fracture was then able to be reduced

[58]. Brummett et al. described a patient on buprenor-

phine who underwent a posterior spinal fusion. In order

for his postoperative pain to be adequately controlled, he

required discontinuation of buprenorphine and transfer

to the intensive care unit for a dexmedetomidine infusion

and high-dose opioid therapy [59].

These authors contend that buprenorphine should be

discontinued at least 72 hours before elective surgery and

replaced with opioid agonists to prevent withdrawal.

However, there is evidence to support that acute pain

control is challenging in patients on buprenorphine irre-

spective of continuation. Israel et al. described a patient

who had buprenorphine discontinued three days before

bilateral mastectomy. Even though her buprenorphine

was held, her pain was still poorly controlled [60].

Similarly, Chern et al. described a 37-year-old woman on

buprenorphine who underwent two separate urogyneco-

logic procedures. In one procedure, the patient took

buprenorphine up to the day of surgery, and for her sec-

ond procedure, buprenorphine was discontinued five

days before surgery and replaced with hydromorphone.

Her pain was poorly controlled in both instances [61].

These cases highlight that acute pain management in

patients taking buprenorphine for OUD is complex, mul-

tifactorial, and influenced by more than the pharmaco-

logic properties associated with concomitant

buprenorphine and full opioid agonist administration.

Moreover, there is evidence indicating that acute pain

management can be achieved comparable to methadone

when buprenorphine is continued perioperatively. In a

retrospective study evaluating surgical outcomes follow-

ing total joint arthroplasty in patients on methadone or

buprenorphine compared with matched controls, there

was no difference in long-term complications up to one

year following surgery. Patients on methadone or bupre-

norphine required an almost eight-fold higher amount of

opioids in the perioperative period; however, their pain

scores were not significantly different than controls [47].

In another retrospective study of a mixed surgical cohort

taking buprenorphine or methadone, postoperative pain

scores and patient-controlled analgesia requirements

were similar on postoperative day 1 in both groups inde-

pendent of surgical type [62]. Interestingly, patients

whose buprenorphine was held on postoperative day 1
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required significantly more opioids in morphine equiva-

lents than those for whom buprenorphine was continued

(245.5 mg þ/-109.3 vs 155.2 mg þ/- 135.5). There was

no significant difference in opioid consumption in

patients where methadone was continued vs held. In a

case series where five patients were maintained on bupre-

norphine perioperatively, Kornfeld et al. reported that

adequate pain control was achieved in all participants by

using oral or intravenous opioid agonists and, in all but

one patient, regional anesthesia [63]. These studies dem-

onstrate that pain control can be managed in patients

where buprenorphine is continued perioperatively with

favorable clinical outcomes.

Further evidence that acute pain can be controlled in

the presence of buprenorphine is found in studies con-

ducted in pregnant women. Buprenorphine is increas-

ingly being prescribed for OUD during pregnancy and

has been shown to be safe for mother and child through-

out gestation, delivery, and while breastfeeding. The

Maternal Opioid Treatment: Human Experimental

Research (MOTHER) study found that when compared

with methadone, buprenorphine-exposed newborns ex-

perienced less severe neonatal abstinence syndrome

(NAS), required 89% less morphine, needed shorter

tapers, and had reduced hospital stays [64]. Not only is

buprenorphine typically continued throughout pregnancy

and before elective cesarean section to avoid NAS, but it

is also not feasible to discontinue buprenorphine in the

days before labor as childbirth is inherently unpredict-

able. Although the data on pain control during labor and

delivery are not immediately applicable to the surgical

population, evaluating acute pain management in this

group provides insights into the feasibility of postsurgical

pain control with buprenorphine continuation.

Jones et al. investigated pain control and analgesic

requirements following vaginal delivery in parturients

continued on buprenorphine or methadone. Most partu-

rients received an epidural for labor, and all patients

were treated with oxycodone, acetaminophen, and ibu-

profen for pain control following delivery. Pain scores

were similar in both groups (mean visual analog scale

[VAS] ¼ 4.4) and decreased over the five-day period

studied, along with a reduction in opioid consumption.

The study concluded that parturients on buprenorphine

and methadone can have comparably effective acute pain

management when multimodal analgesia is employed fol-

lowing vaginal delivery [65]. Two patients in the same

study cohort had cesarean sections, one maintained on

buprenorphine and one maintained on methadone. Both

patients were able to achieve adequate pain relief when

maintenance therapy was continued throughout the peri-

partum period [66].

In a retrospective study where parturients with history

of OUD maintained on buprenorphine were compared

with controls, there was no difference in opioid

consumption following vaginal delivery in the first

24 hours postpartum [67]. Pain scores were measured us-

ing the VAS (0–10). Although pain scores were low in

both groups (2.7 vs 2.1), they were significantly higher in

the patients on buprenorphine. In parturients who re-

quired cesarean section, both pain scores (5.1 vs 3.3) and

opioid consumption, measured in morphine equivalents

(89.3 mg vs 60.9 mg), were significantly higher in the

buprenorphine patients. The authors contended that, al-

though opioid consumption was increased in the bupre-

norphine group compared with controls, buprenorphine

can safely be continued during labor and delivery while

maintaining adequate acute pain control. The authors

also commented that their results were similar to studies

where parturients on methadone exhibited increased opi-

oid consumption and pain scores when compared with

opioid-naı̈ve patients and surmised that possible reasons

for the increased opioid requirements were 1) hyperalge-

sia and opioid tolerance as seen in patients on chronic

opioids and/or 2) a less-than-expected influence of bupre-

norphine receptor binding on clinical outcomes, as they

expected patients in the buprenorphine group to have

more pain and be less responsive to opioid analgesics.

Indeed, in a recent retrospective study comparing parturi-

ents on methadone with those on buprenorphine, there

were no statistically significant differences in preopera-

tive, intraoperative, or postoperative opioid consumption

[48]. These studies both conclude that buprenorphine

does not need to be held for adequate acute pain control

in parturients and support that continuation of buprenor-

phine is feasible and does not intractably interfere with

postoperative analgesia. In Table 1, we summarize the

above evidence supporting the continuation of buprenor-

phine during the perioperative period.

Further reason to continue buprenorphine periopera-

tively is that discontinuation of buprenorphine has been

associated with increased rates of illicit opioid use [6,68–

71]. In a multicenter trial of primary heroin or prescrip-

tion opioid users seeking treatment for opioid depen-

dence, 82% of the 516 participants enrolled were unable

to remain abstinent from opioids one month following

buprenorphine cessation [68]. Similarly, in a multicenter

observational study of prescription opioid users, only 9%

of study participants successfully refrained from opioid

misuse, as defined by urinalysis-verified self-reports of opi-

oid abstinence [6]. In studies where participants were

started on naltrexone following buprenorphine discontin-

uation, rates of illicit opioid use surpassed 50% [71,72].

Considering these poor outcomes, the buprenorphine

treatment duration required to prevent opioid relapse fol-

lowing buprenorphine discontinuation is not known [19].

Thus, it is more favorable for patients to maintain bupre-

norphine perioperatively as abrupt discontinuation while

supplementing with opioid medications misused in the

past can serve as a trigger for relapse.
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Receptor Availability Studies

Receptor binding studies provide insight into the dose

range where buprenorphine can have an additive effect

when used together with agonists, as well as determining

the optimal time interval between administration of

buprenorphine and agonists so that agonist administra-

tion is coincident with opioid receptor availability.

Understanding such dose and time–receptor availability

correlations is extremely important for clinicians to de-

vise optimal management of the timing and dose admin-

istration of buprenorphine during the perioperative

period.

Human [11C]-carfentanil positron emission tomogra-

phy (PET) studies provide direct insight into receptor oc-

cupancy at different buprenorphine doses and at different

time points after administration. In a [11C]-carfentanil

PET study, Zubieta et al. [25] examined in vivo mu-

opioid receptor binding in three healthy opioid-

dependent volunteers during maintenance on 2- and

16-mg sublingual buprenorphine and after detoxification

(0 mg) under double-blind, placebo-controlled condi-

tions. Buprenorphine induced dose-dependent reductions

in mu-opioid receptor availability, 36–50% at 2 mg and

79–95% at 16 mg relative to placebo, in multiple brain

regions including the prefrontal cortex, anterior cingu-

late, caudate, putamen, thalamus, amygdala, and cerebel-

lum [25].

Greenwald et al. [24] further investigated the rela-

tionship between buprenorphine maintenance doses

and mu-opioid receptor availability, plasma concen-

trations, and antagonist blockade in five heroin-

dependent volunteers who were successively main-

tained on 32-, 16-, 2-, and 0-mg daily buprenorphine

doses. Higher buprenorphine doses decreased in vivo

mu-opioid receptor availability, measured with

[11C]carfentanil PET scans, increased plasma levels of

buprenorphine and its metabolite nor-buprenorphine,

and decreased withdrawal symptoms and hydromor-

phone responses. Buprenorphine dose-dependently

decreased mu-opioid receptor availability, increased

plasma levels of buprenorphine, decreased opioid

withdrawal symptoms, and attenuated opioid agonist

effects. High-dose buprenorphine maintenance produced

near-maximal mu-opioid receptor occupation. At the 32-

mg daily dose, buprenorphine blocked 94–98% of mu-

opioid receptors in most regions throughout the brain,

including the prefrontal cortex, anterior cingulate, amyg-

dala, nucleus accumbens, and caudate, with the excep-

tion of an 88% blockade in the thalamus. In a later

study, the same group combined the above two PET

studies and presented a curve fit of the imaging studies

to extrapolate mu-opioid receptor availability in various

brain regions over a 16-fold range of doses spanning

from 2 mg to 32 mg daily [73,74]. They estimated the re-

ceptor availability at different daily maintenance bupre-

norphine doses as the following: 71–85% at 1 mg,

53–72% at 2 mg, 36–55% at 4 mg, 11–22% at 8 mg,

13–24% at 12 mg, 9–20% at 16 mg, 4–15% at 24 mg,

and 2–12% at 32 mg.

Opioid receptor availability can also be estimated by

mathematic simulation based on measurement of medi-

cation-intrinsic efficacy relative to placebo control that

corresponds to the fraction of receptors. Comer et al.

conducted a study of heroin-dependent volunteers with-

out brain imaging that estimated relationships between

receptor availability and heroin’s reinforcing and subjec-

tive effects after self-administration in a controlled exper-

imental setting. The self-administration and subjective

effects data for heroin in the presence of buprenorphine/

naloxone were compared with a separate control group

of eight recently detoxified participants in order to obtain

estimates for the apparent in vivo dissociation constant,

the efficacy estimate, and the estimated fraction of recep-

tors remaining after buprenorphine/naloxone treatment

for mathematic modeling and curve fitting. Their study

showed that 2, 8, and 32 mg of buprenorphine dose-

dependently reduced the receptor availability by 74%,

83%, and 91%, respectively [75].

Taken together, these receptor availability studies

show that at high buprenorphine maintenance doses (24–

32 mg daily), the availability of mu-opioid receptors is

minimal, whereas at moderate doses (8–12 mg daily),

there is still up to 20% mu-opioid receptor availability.

This dose range also corresponds to buprenorphine’s an-

algesic dose. An open-label study in chronic pain patients

reported that daily sublingual doses of buprenorphine

ranging from 4 to 16 mg (mean ¼ 8 mg) in divided doses

provided satisfactory pain relief [76].

The time course of buprenorphine-induced mu-opioid

receptor availability is also important for clinicians to de-

termine the time when the buprenorphine dose should be

changed in preparing patients for surgery and periopera-

tive pain management.

Preclinical studies have shown that, although buprenor-

phine is associated with slow receptor dissociation in vitro,

receptor binding is reversible within the duration of analge-

sic action in ex vivo binding studies in rats [77]. Englberger

et al. showed that administration of buprenorphine (dose

range from 4.64 to 46.4lg/kg intravenously) resulted in

potent, dose-dependent antinociception in the rat tail flick

assay. The maximal binding capacity (Bmax) for [3H]-[D-

Ala2, N-methyl-Phe4-Gly5-ol]-enkephalin ([3H] DAMGO)

in isolated rat forebrain, which represents the amount of

unbound opioid receptors, correlated inversely with the

antinociceptive activity in the rat tail flick test (ED50

16.4lg/kg intravenously one hour postapplication). At

eight hours after administration, there was still residual

antinociception, but no further attenuation of Bmax was

detectable. Thus, receptor occupancy by buprenorphine

does not cause impairment of l-opioid receptor accessibility

beyond the duration of its antinociceptive activity [77].

The time course for mu-opioid receptor availability,

opioid withdrawal symptoms, and plasma concentration
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after buprenorphine cessation was reported in humans by

Greenwald et al. [73]. In this study, 10 heroin-dependent

volunteers stabilized on buprenorphine 16-mg/d were

asked to withhold their buprenorphine. Availability of

mu-opioid receptors (measured with [11C]-carfentanil

PET), plasma buprenorphine concentration, opioid with-

drawal symptoms, and blockade of hydromorphone

effects were measured at four, 28, 52, and 76 hours after

the last daily dose of buprenorphine. Receptor availabil-

ity in brain regions showed highly similar time-

dependent effects, ranging from 27% to 31% at four

hours, 54% to 61% at 28 hours, 66% to 75% at

52 hours, and 77% to 94% at 76 hours. Whole-brain

mu-opioid receptor availability was 30%, 54%, 67%,

and 82% at four, 28, 52, and 76 hours after last dose of

buprenorphine. The withdrawal symptoms at 28 hours

did not differ from at four hours after last dose, but with-

drawal symptoms at 52 hours were significantly more

than at four hours, suggesting that approximately

50–60% receptor occupancy by buprenorphine is re-

quired for adequate withdrawal symptom suppression (in

the absence of other opioids).

These preclinical and clinical studies demonstrate re-

versible binding of buprenorphine to mu-opioid receptors.

Buprenorphine binding is required for suppression of opi-

oid withdrawal, but it is still permissible for additional

mu-agonists to have an analgesic effect if there is adequate

receptor availability when buprenorphine is given at the

appropriate dose and time. These studies provide impor-

tant insight into the optimal dosing strategies of buprenor-

phine in the perioperative period to minimize withdrawal

and permit the analgesic effects of mu-agonists when given

simultaneously. It should be noted that these studies fo-

cused on the brain reward pathway. Although they pro-

vide direct evidence on the correlation between receptor

binding and withdrawal prevention, caution should be

taken in extrapolating the conclusions to the pain path-

ways. Nevertheless, there are currently no studies focus-

ing on receptor binding in pain pathways in OUD

subjects maintained on buprenorphine. On the other

hand, there have been no reports so far that suggest that

opioid receptor binding in the pain pathways is drasti-

cally different from that in the reward pathway. Future

studies specifically addressing receptor availability in

pain pathways in this patient population will enhance

our understanding of opioid analgesia in this context.

Recommended Guideline for Perioperative
Management of Buprenorphine

Although there are wide variations in the management of

buprenorphine in the perioperative period, we feel that it

is unnecessary and that it may be harmful to have

patients on buprenorphine completely stop their mainte-

nance medication before surgery. Many institutions sug-

gest withholding buprenorphine for 48–72 hours before

surgery. However, this introduces the risk of opioid with-

drawal, relapse of OUD while off buprenorphine, and ex-

acerbation of chronic pain. Patients are generally anxious

and even fearful of the withdrawal reaction they may

have while buprenorphine is stopped, as well as the with-

drawal reaction they may have when they transition from

postoperative opioid agonist pain medications back to

buprenorphine. Furthermore, buprenorphine has been

shown to relieve depression refractory to other forms of

medical management through kappa receptor antago-

nism [11]; thus discontinuation could potentially worsen

depressive symptoms. The evidence reviewed above sug-

gests that analgesic or moderate doses of buprenorphine

combined with opioid agonists can have an additive, in-

stead of antagonistic, analgesic effect. Buprenorphine-

maintained patients need 50–60% of opioid receptors oc-

cupied by buprenorphine to avoid withdrawal reactions

in the absence of other opioid agents. Thus, it is more de-

sirable to maintain these patients on a moderate dose of

buprenorphine throughout the perioperative period.

Below is our institution’s experience with managing

patients on buprenorphine. Before January 2018, the

practice at our institution was to withhold buprenor-

phine 72 hours before surgery, supplementing with opi-

oid agonists to prevent withdrawal. However, this

practice met multiple challenges: patients were fearful of

stopping buprenorphine due to concerns of OUD relapse

and opioid withdrawal; providers were concerned about

the legal aspects of providing opioid agonists to patients

with a history of OUD for reasons other than pain man-

agement; many buprenorphine prescribers objected to

the practice of withholding buprenorphine without clear

evidence of its benefit. Due to the lack of high-level evi-

dence, we elected to convene a multidisciplinary clinician

group to derive an integrated group assessment to guide

clinical practice. Twenty clinicians experienced in provid-

ing perioperative care to patients with OUD attended our

meeting from the following disciplines: perioperative

pain management, chronic pain management, addiction

medicine, psychology, psychiatry, and preoperative anes-

thesia evaluation. The group reviewed the literature on

the analgesic efficacy of buprenorphine when combined

with opioid agonists, buprenorphine receptor availabil-

ity, and the perioperative and peripartum management of

buprenorphine in patients with OUD.

The group reached a revised consensus for the periop-

erative management of patients on buprenorphine for

OUD, implemented in January 2018 (described below).

This guideline aims to achieve the following interde-

pendent goals:

1. To create a pain management strategy where buprenorphine can

be continued perioperatively in patients with OUD, abolishing

the need to prescribe opioid agonists before surgery for opioid

withdrawal prevention.

2. To minimize the risk of nonprescribed or aberrant opioid use

while not negatively impacting analgesia.
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3. To facilitate a smooth transition back to the original buprenor-

phine maintenance regimen after surgical pain subsides.

Maintaining patients on buprenorphine would avoid the uncom-

fortable withdrawal period that occurs before buprenorphine re-

initiation, another potential time point where risk for relapse

would be elevated.

This guideline recommends a management algorithm

based on the type of surgery and the dose of buprenor-

phine the patient is maintained on. For surgeries with

minimal expected pain, we do not make changes to the

patient’s buprenorphine maintenance regimen. For major

surgeries where moderate to significant surgical pain is

expected in patients who are on more than 16 mg of

buprenorphine, we recommend tapering the buprenor-

phine dose to 16 mg of buprenorphine on the day before

surgery. This dose effectively provides withdrawal sup-

pression while allowing for adequate opioid receptor

availability 24 hours later, as shown in previous studies

[24,73]. From the day of surgery throughout the postop-

erative period, we recommend maintaining patients on

an 8-mg daily dose—a conservative dose that allows ad-

ditional opioid agonists to exert additive and synergistic

analgesic effects. Once surgical pain subsides, patients

are instructed to stop the use of postoperative opioid ago-

nists and resume their baseline buprenorphine mainte-

nance regimen (Figure 1).

There are currently no data to guide the optimal

buprenorphine dose that should be used for analgesia to

be effective when opioid agonists are administered con-

currently. Recently, Lembke et al. [12] proposed an inno-

vative approach in the perioperative management of

buprenorphine. Similar to our approach, the authors

recommended continuing buprenorphine at 12 mg or less

for one to three days after surgery should other opioids

be needed for breakthrough pain, after which buprenor-

phine can be returned to its preoperative dose, and sup-

plemental opioids should be tapered as soon as possible.

Although both approaches agree on continuing bupre-

norphine at a moderate dose throughout the periopera-

tive period, there are some differences regarding timing

and dose administration. Preoperatively, our protocol

elected to reduce the daily buprenorphine dose to 16 mg,

based on the fact that the blockade of euphoric effects

from typical doses of abused opioids requires less than

20% mu morphine receptor availability, which is

achieved with this dose [74]. We believe that this pro-

vides patients with OUD with more protection against

potential relapse when their buprenorphine dose is re-

duced. The receptor binding time course study also

showed that 24 hours after a 16-mg daily dose, the mu-

opioid receptor availability recovers to approximately

40% [73]; thus a 16-mg dose of buprenorphine on the

day before surgery is unlikely to adversely impact opioid

analgesic effects on the day of surgery. We further re-

duced the dose to 8 mg daily starting on the day of sur-

gery through the postoperative period to allow more mu-

opioid receptor availability. It is unknown whether an 8-

mg or 12-mg daily dose is more advantageous for postop-

erative pain control. Further studies are needed to estab-

lish the optimal dose of buprenorphine use in the

perioperative period.

Regardless of the buprenorphine management ap-

proach used perioperatively, adjuvant analgesic techni-

ques and opioid-sparing treatment modalities should be

Before surgery

Con�nue BUP home dose
throughout periopera�ve 
period

Determine surgery type

BUP daily dose > 8mg ?

Surgery with 
mild pain

Surgery with moderate 
To severe pain

Dose > 16 mg daily?

Day of surgery through 
postopera�ve period

no
yes

no

Con�nue BUP home dose 
up to day before surgery

yes

Titrate down BUP dose with goal of  
16 mg daily on day before surgery

Maintain pa�ent on BUP 8 mg daily
Add opioid agonists as needed

A�er surgical pain subsides
Taper off opioid agonists
Resume home BUP dose

Figure 1. Algorithm for perioperative management of buprenorphine. BUP ¼ buprenorphine.
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considered in all patients on chronic opioid maintenance

therapy [78–81]. Additionally, nonopioid analgesics—in-

cluding nonsteroidal anti-inflammatory drugs, gabapen-

tinoids, alpha2 agonists, and NMDA receptor

antagonists—should be utilized, depending on the surgi-

cal procedure and patient comorbidities, to enhance anal-

gesic efficacy and limit opioid consumption [78,82].

Avoiding the psychological stress of perioperative pain as

much as possible in all patients, particularly those with a

history of OUD, is important, and each patient’s social

and psychiatric issues should be addressed and optimally

treated [78]. Management should begin early, at the time

of preoperative assessment, and a collaborative multidis-

ciplinary approach, incorporating pain management spe-

cialists, addiction medicine specialists, and psychiatrists,

should be utilized when necessary. Patients should also

be encouraged to be active participants in their treatment

plans, and providers should address patient substance

abuse history early to aid in elucidating optimal treat-

ment plans. These discussions should include inquiry into

each patient’s beliefs regarding pain, coping strategies ef-

fective during stressful situations, and fears and concerns

regarding surgery and postoperative recovery. Patients

should also be educated on what to expect following sur-

gery, including the typical time course for acute pain and

realistic goals for pain control. Ideally, these discussions

should occur with individuals who have established con-

nections with these patients and can follow them through

the postoperative period.

Conclusions

Pain management in patients on long-term opioid ther-

apy is inherently complex. In patients with a history of

OUD, pain management is further complicated by the ex-

tensive neuropsychiatric and behavioral impairments en-

demic to addiction and opioid dependence. Although it

has been accepted that treating acute pain in patients on

buprenorphine is challenging due to its unique properties,

there is evidence that the clinical implications of its phar-

macology may not be as insurmountable as previously

imagined and effective pain control is possible when

patients are continued on buprenorphine perioperatively.

Further investigations are needed to determine optimal

buprenorphine dosing during the perioperative period.

The studies highlighted in this review reveal that the dos-

ing of buprenorphine and the time interval in which it is

administered can either positively or negatively impact

the efficacy of opioid analgesics used in combination.

Broad guidelines recommending buprenorphine discon-

tinuation before elective surgery, therefore, should be

reconsidered as there is no high-level evidence that main-

taining buprenorphine perioperatively leads to worsened

outcomes. Furthermore, abrupt discontinuation of bupre-

norphine in the perioperative period while administering

opioids with high misuse potential can trigger relapse.

There are clinical instances where discontinuing

buprenorphine is practical. For instance, in institutions

where transmucosal buprenorphine is not available, it

may not be feasible to continue buprenorphine mainte-

nance therapy in the inpatient setting. In these instances,

adjuvant analgesic techniques should be maximized for

the treatment of postoperative pain, and members of the

patient’s care team should collaborate to develop a suit-

able social, psychiatric, and pain management strategy to

limit the risk of illicit opioid use. Similarly, there are

instances where it is not feasible to make dose adjust-

ments to buprenorphine before surgery and patients may

be maintained on doses of buprenorphine greater than

16 mg perioperatively. Again, it is crucial to utilize adju-

vant therapy and opioid-sparing techniques in these indi-

viduals as higher doses of opioid medications may be

needed for pain control. Ultimately, further research is

needed to determine the optimal perioperative manage-

ment strategies for patients taking buprenorphine.
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