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Opioid use disorder has affectedmany lives across theUS.
Medications for opioid use disorder (MOUD), including
buprenorphine, have been shown to decrease mortality
in this patient population. Here we present a case of a 32-
year-old woman on buprenorphine/naloxone undergoing
multiple surgical operations, whose course included
buprenorphine discontinuation, methadone initiation,
and buprenorphine re-induction using a novel
“microdosing” approach. This report includes a presenta-
tion of the case and a discussion of the clinical decision
making and relevant literature to give hospitalbased pro-
viders a perspective on management of peri-operative pa-
tients on MOUD.

INTRODUCTION

Opioid use disorder (OUD) has been described by the US
surgeon general as a crisis,1 with over 800,000 Americans
reporting recent use of heroin2 and more than forty-seven
thousand deaths resulting from opioid overdose in 2017.2

One effective treatment involves the use of buprenorphine, a
high-affinity, partial agonist at the mu opioid receptor.3 Stud-
ies suggest that buprenorphine—and medications for opioid
use disorder (MOUD) more broadly—results in a marked
reduction in mortality.4, 5 Buprenorphine has some benefits
over its primary alternative MOUD, methadone, due to its
flexibility in prescribing6 and its respiratory and cardiovascu-
lar safety profile.3 It is commonly prescribed as a combination
product with naloxone, which is intended to deter recreational
misuse (by IV injection) of the medication.
Unfortunately, buprenorphine’s high-affinity and partial

agonism at the mu-opioid receptor can render acute and severe
pain management more complicated. Other opioids competing
for the same receptors may produce less analgesia than de-
sired,7, 8 and buprenorphine itself can displace other lower
affinity opioids at the receptor, potentially resulting in more
pain and opioid withdrawal symptoms.3 These pharmacologic

considerations are pertinent in scenarios of peri-operative pain
management.
Here we present a case of a 32-year-old woman on

buprenorphine/naloxone undergoing multiple surgical opera-
tions, whose course included buprenorphine discontinuation,
methadone initiation, and buprenorphine re-induction using a
novel “micro-dosing” approach.9, 10 This report includes a
presentation of the case and a discussion of the clinical deci-
sion making and relevant literature to give hospital-based
providers a perspective on management of peri-operative pa-
tients on MOUD.

CASE PRESENTATION

Ms. L is a 32-year-old woman with a past medical history of
severe OUD in sustained remission on chronic buprenorphine/
naloxone maintenance therapy, ADHD, depression, and bipo-
lar disorder. Her opioid use disorder was characterized by a 7-
year history of prescription opioid use followed by a 10-year
history of IV heroin use. Eventually, she pursued treatment
with methadone maintenance therapy, but this was stopped
after 6 years due to patient preference. She was then started on
buprenorphine/naloxone therapy 2 years prior to admission
and had continued on a dose of 16/4 mg daily since that time,
resulting in sustained remission.
On the day of admission, she presented to the hospital after

a scooter accident in which she sustained a severe right
anteromedial foot and ankle degloving injury, as well as partial
rupture of her right tibialis anterior tendon and nondisplaced
fractures to the first and second metatarsal bones. The patient
required emergent wound debridement and synthetic graft
placement. Intraoperative evaluation revealed periosteal strip-
ping and severe contamination, resulting in the need for mul-
tiple subsequent, painful procedures during her admission. In
anticipation of a high analgesic requirement, her
buprenorphine/naloxone was discontinued on admission, and
she was started on an IV hydromorphone patient-controlled
analgesia (PCA) pump at a continuous infusion rate of 0.2 mg
per hour, with 0.2 mg demand dose every 10 min. She was
then admitted to an internal medicine service for acute pain
management due to her history of OUD and partial opioid
agonist therapy. Her last dose of buprenorphine/naloxone (16/
4 mg daily) was taken the day prior to admission.
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On day 2 of admission, her pain levels increased and the
demand dose of the PCA pump was increased to 0.4 mg every
10 min. On day 3 of admission, the patient returned to the
operating room for repeat right foot incision and drainage as
well as wound vacuum-assisted closure (VAC) placement.
The PCA demand dose was continued for acute pain, but the
continuous infusion rate was stopped. She subsequently began
experiencing a constellation of symptoms including myalgias,
anxiety, stomach pain, chills, and restlessness. At this time, an
inpatient addiction medicine service was consulted for assis-
tance with management of the patient’s discomfort. It was
assessed that Ms. L was not experiencing severe post-
operative pain, but rather an opioid withdrawal syndrome.
Ms. L expressed a desire to receive buprenorphine, but it
was thought that this may cause worsening of her withdrawal
symptoms and result in inadequate analgesia. As such, she was
instead initiated on methadone for her opioid withdrawal at an
initial dose of 10 mg followed by 20 mg daily.
On day 4, Ms. L reported resolution of her opioid with-

drawal symptoms. The PCA pump was discontinued and she
was transitioned to oral hydromorphone 2–4 mg every 3 h as
needed, with IV breakthrough as needed. She was continued
on the same oral hydromorphone regimen (without need for
IV) and methadone on days 4–8 of hospitalization. Ms. L
expressed a strong aversion to remaining on methadone
long-term, so plans were made to transition her back to
buprenorphine upon completion of all surgical procedures
via a novel “micro-dosing” approach9, 10 (see protocol below)
that involves administering small, escalating doses of
buprenorphine concurrently with other full-agonist opioids.
On day 8, the patient returned to the operating room for a

right forearm flap to the right foot. She was subsequently
transferred to a surgery service and started back on a
hydromorphone PCA pump with a demand dose of 0.4 mg
every 10 min and without continuous, basal infusion. Metha-
done was continued at 20 mg daily to prevent withdrawal
symptoms. The PCA pump was continued at the same rate
through hospital day 10.
On day 11, she was started on the buprenorphine micro-

dosing protocol (Table 1) and transitioned to hydromorphone

2 mg orally every 3 h as needed. The escalation of
buprenorphine doses lasted from hospital day 11 to day 17,
while the doses of hydromorphone and methadone remained
constant. Precipitated withdrawal was not observed, and her
pain was well controlled throughout the protocol. Methadone
was discontinued on hospital day 17. Her buprenorphine dose
remained 4 mg four times daily on hospital day 18, and her
buprenorphine dose was increased to 8 mg three times daily on
hospital day 19 in preparation for discharge on day 20 on a
regimen of buprenorphine/naloxone 8/2 mg three times daily,
as well as oral naproxen and acetaminophen for additional
pain management. One week after discharge, she was
transitioned back to her original dose of buprenorphine 16/4
mg daily by her outpatient provider. She reported no symp-
toms of withdrawal or increased pain at this dose.

DISCUSSION

Peri-operative pain management can be complex for patients
with OUD, particularly if chronically maintained on
buprenorphine. Ms. L underwent several changes to her pain
regimen based on her clinical course and overall experienced
adequate analgesia while also receiving OUD treatment (see
Table 4 for a summary of these medications and the estimated
morphine milligram equivalents of as-needed full-agonist opi-
oid analgesics required over the hospital stay). Several mo-
ments during her course deserve further discussion.
First, upon arrival to the hospital and in the immediate post-

operative period, Ms. L’s primary team decided not to order
buprenorphine. There is currently a lack of consensus and data
on continuation of buprenorphine peri-operatively.11, 12 From
a biochemical and anecdotal perspective, patients on high
doses of buprenorphine may not receive adequate analgesia
from full-agonist opioids due to a lack of available receptors
and buprenorphine’s high receptor affinity. However, many
addiction specialists7, 13, 14 (including author DT) prefer to
maintain patients on buprenorphine—sometimes split three
times daily for extra analgesic coverage and at a lower total
dose for extra receptor availability—in the peri-operative pe-
riod due to several reasons. Buprenorphine itself offers signif-

Table 1 Buprenorphine Micro-dosing Protocol

Day of micro-dosing
protocol
(day of hospitalization)

Buprenorphine*
dose

Methadone
dose

1 (11) 0.5 mg SL once 20 mg daily
2 (12) 0.5 mg SL BID 20 mg daily
3 (13) 1 mg SL BID 20 mg daily
4 (14) 2 mg SL BID 20 mg daily
5 (15) 4 mg SL BID 20 mg daily
6 (16) 4 mg SL TID 20 mg daily
7 (17) 4 mg SL QID Discontinued

*Our inpatient pharmacy primarily carries the buprenorphine mono-
product (sublingual tablet). However, for doses of 0.5 mg and 1.0 mg, a
combination buprenorphine/naloxone product (sublingual film) is used
for practical ease of cutting the dose

Table 2 Opioid Affinity to Mu Opioid Receptor*. Note: Lower Κi
indicates higher binding affinity

Full agonist of MOR Partial agonist of MOR Κi (nM)

Buprenorphine 0.22
Hydromorphone 0.37
Morphine 1.17
Fentanyl 1.35
Methadone 3.38
Oxycodone 25.87
Hydrocodone 41.58
Meperidine 450.10
Codeine 734.20

*Abbreviations: MOR, mu opioid receptor; Ki, equilibrium dissociation
constant for the test compound; nM, nanomolar concentration
Adapted from Volpe et al. (2011)20 and Wang et al. (2007)21
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icant and unique analgesic effects without a clear “ceiling”
effect,15, 16 some data suggest that full-agonist opioids still
have adequate analgesic effect when given in addition to
buprenorphine,16 and the combination of post-operative pain
and the need for a re-induction of buprenorphine constitutes a
high-risk window for OUD relapse.17, 18 In Ms. L’s case, it
may have been optimal to instead continue her buprenorphine/
naloxone at the time of admission and to manage her acute
severe pain with relatively high doses of full opioid agonists.
One study even observed that patients who were not main-
tained on their MOUDs in the peri-operative period required a
longer duration of PCA therapy.19 If the patient continued to
have a poor analgesic response, a dose reduction down to
12 mg of buprenorphine or less7 could have been considered
at that time to allow for additional full agonist opioid activity.
Had this been her management course, she may not have
experienced opioid withdrawal symptoms necessitating initi-
ation of methadone and a subsequent micro-dosing transition
to buprenorphine. Perhaps educating patients on the impor-
tance of continuing MAT during surgery would encourage

them to advocate for themselves and alert their teams to the
importance of suboxone continuation in the peri-operative
period.
Second, Ms. L began experiencing withdrawal symptoms

post-operatively. It would not have been surprising if her care
team attributed her uncomfortable symptoms purely to post-
operative pain control and, as a result, prescribed ever-
escalating doses of short-acting opioids. However, opioid
withdrawal symptoms are best treated by long-acting opioids
such as buprenorphine (half-life upwards of 42 h) and meth-
adone (half-life upwards of 59 h), which help to provide a
stable, “basal” level of activity at patients’ mu-opioid recep-
tors (see Tables 2, 3, and 4). Other adjunctive medications can
also be considered for anxiety, restlessness, gastrointestinal
upset, and body aches.
Third, Ms. L primarily received hydromorphone as a short

acting, acute pain medication. This was decided early in the
admission based on hydromorphone’s relatively high mu-
receptor affinity which could compete with buprenorphine at
the receptor. For that reason, fentanyl or morphine would also
have been a reasonable choice for short-acting analgesia (see
Table 3), although morphine has a wide range of reported
affinities and may lack adequate potency unless at very high
doses.
Fourth, Ms. L was transitioned back to buprenorphine using

a “micro-dosing” approach, modified from a protocol used
previously by Terasaki et al.10 In a recent review documenting
many of the different “micro-dosing” strategies used around
the world,25 the authors summarily state, “While there are a
variety of micro-induction protocols presented as case series
and reports, it is the underlying principle of bridging that
makes them effective.” Instead of a conventional

Table 4 Summary of Opioid Analgesic Medications Administered During Hospitalization1

Hospital day Oxycodone Hydromorphone PO Hydromorphone IV Oral morphine
milligram equivalents2

Methadone Buprenorphine

1 5 mg 0.6 mg 19.5
2 5.4 mg 108
3 3 mg 60 10 mg
4 14 mg 1.6 mg 88 20 mg
5 24 mg 96 20 mg
6 24 mg 96 20 mg
7 24 mg 96 20 mg
8 12 mg 0.6 mg 36 20 mg
9 0.2 mg 4 20 mg
10 0.3 mg 6 20 mg
11 6 mg 0.1 mg 26 20 mg 0.5 mg
12 8 mg 32 20 mg 1.0 mg
13 10 mg 40 20 mg 2 mg
14 10 mg 40 20 mg 4 mg
15 8 mg 32 20 mg 8 mg
16 10 mg 40 20 mg 12 mg
17 6 mg 24 Discontinued 16 mg
18 2 mg 24 16 mg
19 10 mg 40 24 mg
20 (discharge)

1All doses indicate the total amount administered over a 24-h period
2Oral morphine milligram equivalents (MMEs) were calculated for the additive doses of as-needed full-agonist opioid analgesics (oxycodone, oral
hydromorphone, and intravenous hydromorphone) given per day. Methadone and buprenorphine were excluded from the MME calculation due to their
imprecise conversion to MMEs, the fact that they are partial opioid receptor agonists, and they were given as part of a scheduled regimen rather than
as-needed

Table 3 Plasma Half-lives of Opioid Drugs

Drug Plasma half-life (h)

Morphine 2–3.5
Hydromorphone 2–3
Oxycodone 2–3
Fentanyl 3.7
Codeine 3
Meperidine 3–4
Methadone 8–59
Buprenorphine 24–42

Adapted from Inturrisi (2002)22 and FDA package inserts for
methadone23 and buprenorphine24
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buprenorphine induction which involves abrupt cessation of
all opioids and the onset of opioid withdrawal symptoms to
start, micro-dosing involves very small doses of
buprenorphine given concurrently with other opioids in an
escalating manner over several days. This minimizes signifi-
cant displacement of lower affinity opioids and therefore
minimizes the risk of precipitated withdrawal. Overall, the
absence of the need for abrupt opioid cessation can be espe-
cially useful for patients who are medically frail, unwilling to
experience withdrawal, at high risk of OUD relapse, or—in
the case of Ms. L—continuing to experience post-operative
acute pain. This micro-dosing protocol did result in a
prolonged hospital length of stay. It can technically be com-
pleted as an outpatient, but the logistical and regulatory com-
plexity of concurrent methadone, combined with the need for
patient understanding and adherence, adds considerable re-
lapse risk to the patient’s care transition. The ultimate goal is
to educate providers to continue patients on their
buprenorphine peri-operatively, making this situation rare.
In conclusion, it is critical to consider management of acute

pain as well as opioid withdrawal symptoms in patients on
buprenorphine undergoing surgery, and it is beneficial to have
a range of tools—including buprenorphine micro-
dosing—widely available for patients with OUD. Access to
addiction specialty services and collaboration among various
inpatient and outpatient care providers are needed to reduce
variability in institutional practice patterns. In addition, more
data are needed to guide clinical consensus in this challenging
scenario—one that is likely to become more common as
growing numbers of patients are treated with MOUD to com-
bat the US opioid crisis.
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