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Opioid monotherapy has 
been largely replaced 
with a multimodal 
approach 



NSAIDs
Acetaminophen
Low dose ketamine
Intravenous lidocaine
Regional Anesthesia 

Multimodal 
analgesia





Opioid induced pain



Opioid induced pain





Oral Agents for Opioid tolerant acute pain
Ibuprofen 400mg PO
Acetaminophen 1000 mg 
Gabapentin 600-1200mg
Clonidine 0.1-.2 PO



Parenteral Agents for Opioid tolerant acute pain

Ketamine (0.1-0.3 mg / kg over 15 minutes )
IV lidocaine ( 1 mg / kg bolus then 1.5 mg/kg/hr)
Magnesium (Mag 30-50 mg/kg bolus then 10mg/kg/ hr)
Others (dexmedetomidine, haldoperidol et al. )



Regional anesthesia



Perioperative and Acute Pain Management for Patients on 
Buprenorphine

Buprenorphine combined with full mu opioid receptor 
agonists can manage acute, perioperative pain3,4

Avoids ill consequences such as relapse, re-induction 
and system failures.  
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• Buprenorphine is at least 30 to 40 times more potent 
than morphine

• Clinically significant analgesia begins at 5-10% 
receptor occupancy

• Analgesic effect seen over the 0.1 to 10 mg range IV

randomized, double-blind study of 34 patients following major
abdominal surgery (Figure S12)29; in a double-blind, randomized
study of 57 patients after Caesarean section (Figure S13)30; a
double-blind study of 40 patients following major orthopaedic
surgery (Table 1)31; and in a double-blind study of 50 patients after
abdominal surgery (Figure S14).32

Comparisons to strong analgesics other than morphine also
have been made. In a randomized, single-blind study of 60
patients recovering from unilateral thoracotomy, PCA buprenor-
phine was equi-analgesic to PCA fentanyl (Fig. 4).33 In a random-

ized study of 79 patients experiencing post-operative pain after
general surgery, sublingual buprenorphine (0!4 mg) produced
analgesia equal to that produced by dihydrocodeine (60 mg) for
the first 2 h and greater effect thereafter (to 6 h) (Figure S15).34

And in an exploratory multiple-comparisons study involving 258

Table 1. Pain intensity difference (PID) and sum of pain intensity
difference (SPID) scores (mean and range) in a double-blind
controlled study that compared epidural morphine (MOR) (4 mg)
with epidural buprenorphine (BUP; 0!3 mg) in 40 patients (20M/
20F; 16–69 years) after major orthopaedic surgery

Pain measure MOR BUP P

PID 1!90 (0!0–4!0) 2!0 (0!0–4!0) >0!05
SPID 2!60 (0!16–9!0) 3!30 (0!16–12!0) >0!05

Pain intensity was assessed by the patient on a 0–4 scale (0 = no pain,
1 = mild pain, 2 = moderate pain, 3 = severe pain and 4 = intolerable pain)
prior to drug administration and 10, 20, 30 and 60 min after injection. There
was no significant difference (P > 0!05) in analgesic efficacy as measured by
the pain intensity difference (PID) after 30 min and the sum of pain intensity
difference (SPID) across all time points between the two drugs. Data from
Wolff et al.31

MOR 100 μg/kg MOR 50 μg/kg
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Fig. 3. The analgesic efficacy of i.v. bupr-
enorphine (1!5 and 3!0 lg/kg) was compared
to i.v. morphine (50 and 100 lg/kg) for post-
operative pain in a double-blind trial involv-
ing 57 children (0!5–6 years) recovering from
a scheduled lateral thoracotomy. Pain index
(PI) values were assessed using a 9-point
scale (0 = no pain, 1–3 = slight pain, 4 and
5 = moderate pain, 6–8 = severe pain,
9 = worst possible pain). Post-operatively,
the patients received increments of 0!01 mL/
kg of either buprenorphine or morphine
every 5–15 min until the patient had a PI = 0
or 1 for more than 15 min. The higher doses
of buprenorphine and morphine both pro-
duced a pain-free response. Redrawn from
the data in Maunuksela et al.25
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Fig. 4. The analgesic efficacy of patient-controlled analgesia (PCA)
buprenorphine (demand dose 80 lg) was compared with that of
PCA fentanyl (demand dose 34 lg) in patients recovering from
elective thoracotomy (29/11F; average age: 55–65 years). Bupr-
enorphine was equi-efficacious with fentanyl throughout 24 h.
Redrawn from Lehmann et al.33

© 2014 John Wiley & Sons Ltd Journal of Clinical Pharmacy and Therapeutics, 2014, 39, 577–583
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Buprenorphine’s clinical analgesic efficacy R. B. Raffa et al.
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16mg reduced mOR availability 85–92%, and BUP 32mg
decreased mOR availability 94–98%. mOR binding potential
of BUP at these two higher doses was more consistent
across ROIs, although the thalamus showed slightly less
reduction. Significant dose-dependent decreases in mOR
availability were demonstrated for whole-brain estimates
and all ROIs. Least square post hoc testing indicated that, for
all ROIs, mean mOR availability significantly differed
between all doses except for the 32 vs 16mg comparisons
(which never differed from one another). As shown in
Figure 2, interindividual variability was marked at the BUP
2mg dose (up to six-fold, depending on the ROI), whereas
interindividual variability was minimal for the BUP 16 and
32mg conditions. Figure 3 illustrates clear dose-related
changes in mOR availability for all ROIs for one representa-
tive subject (#7500; also see Figure 2).
To examine the comparability of changes in mOR

availability produced by liquid and tablet formulations
of BUP, we compared binding changes from the present
study with those obtained in our previous report
(Zubieta et al, 2000). Data for the 2 and 16mg doses were
examined using percent change from placebo (the 32mg
dose was not administered in the earlier study). mOR
binding in the ROIs was obtained using identical proce-
dures for both sets of data. Analyses of variance indicated
no Formulation or Formulation!Dose effects for any ROI
(all p’s40.30), indicating no significant differences in mOR
binding change between the BUP tablet and liquid delivery
systems. Table 1 enables the reader to compare the
mOR binding values for these doses across the two
formulations.

Plasma Concentrations during BUP Maintenance

Figure 4 depicts dose- and time-dependent changes in BUP
and nor-BUP plasma concentrations during maintenance at
each BUP dose level. BUP and nor-BUP plasma concentra-
tions generally peaked at 1 h, but nor-BUP levels tended to
reach peak (Tmax) values slightly later. Peak concentrations
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Figure 2 BUP dose-dependently decreased mOR availability for five heroin-dependent participants, as shown in four ROIs. Upper left: prefrontal cortex
(Brodmann area 11). Upper right: subgenual anterior cingulate (Brodmann area 25). Lower left: nucleus accumbens. Lower right: amygdala. Decreases in
availability appear as increasing values on the ordinate because this reflects greater displacement of the mOR radiotracer, [11C]carfentanil, by higher BUP
doses.

Figure 3 Parametric images of mOR availability (Bmax/Kd; extracted from
Logan plot slopes with the occipital cortex as the input function) from a
representative heroin-dependent volunteer (#7500; see Figure 2) during
daily maintenance on BUP placebo (row 2), 2mg (row 3), 16mg (row 4),
and 32mg (row 5). Images are scaled so that binding in the occipital cortex,
an area devoid of m receptors, is equal to 1. Four transverse sections (from
superior (column 1) to inferior (column 4)) and one sagittal section
(column 5) are shown, which correspond to T1-weighted anatomical MRI
images (row 1). The pseudocolor scale depicts DVR values from 1 to 4.

Buprenorphine and l-receptor availability
MK Greenwald et al

2005

Neuropsychopharmacology

Effects of Buprenorphine Maintenance Dose on m-Opioid
Receptor Availability, Plasma Concentrations, and Antagonist
Blockade in Heroin-Dependent Volunteers

Mark K Greenwald*,1, Chris-Ellyn Johanson1, David E Moody2, James H Woods3, Michael R Kilbourn4, Robert
A Koeppe4, Charles R Schuster1 and Jon-Kar Zubieta5

1Substance Abuse Research Division, Department of Psychiatry and Behavioral Neurosciences and Addiction Research Institute, Wayne State
University, Detroit, Mi, USA; 2Center for Human Toxicology, Department of Pharmacology and Toxicology, University of Utah, Salt Lake City, UT,
USA; 3Department of Pharmacology, University of Michigan, Ann Arbor, MI, USA; 4Department of Internal Medicine, Division of Nuclear
Medicine, University of Michigan, Ann Arbor, MI, USA; 5Mental Health Research Institute and Departments of Psychiatry and Radiology,
University of Michigan, Ann Arbor, MI, USA

The clinical effectiveness of opioid maintenance for heroin dependence is believed to result from a medication’s ability to decrease m-
opioid receptor (mOR) availability thereby replacing agonist effects, alleviating withdrawal symptoms and attenuating heroin effects. We
empirically tested this hypothesis in five heroin-dependent volunteers who were successively maintained on 32, 16, 2, and 0mg daily
buprenorphine (BUP) tablet doses. We predicted and confirmed that higher BUP doses would decrease in vivo mOR availability
(measured with PET and [11C]carfentanil), increase plasma levels of BUP and its metabolite nor-BUP, and decrease withdrawal symptoms
and hydromorphone (HYD) responses. Relative to placebo, BUP significantly decreased mean (7 SEM) whole-brain mOR availability
417 8, 807 2, and 847 2% at 2, 16, and 32mg, respectively. Regions of interest (ROIs) (prefrontal cortex, anterior cingulate, thalamus,
amygdala, nucleus accumbens, caudate) showed similar dose-dependent effects. Changes in mOR availability varied across ROIs
(prefrontal cortex, 47% vs amygdala, 27%) at BUP 2mg, but were more homogeneous across ROIs at BUP 32mg (94–98%; except
thalamus, 88%). Relative to placebo (0 ng/ml), peak plasma levels of BUP and nor-BUP were comparable and dose-dependent (0.5–1, 5–
6, and 13–14 ng/ml at 2, 16, and 32mg, respectively). mOR availability decreases were negatively correlated with BUP plasma level and
positively correlated with questionnaire-based opioid withdrawal symptoms and attenuation of HYD symptoms. These findings suggest
that high-dose BUP maintenance produces near-maximal mOR occupation, mOR availability correlates well with plasma levels, and BUP-
related opioid symptoms and antagonist blockade exhibit concentration–effect relationships.
Neuropsychopharmacology (2003) 28, 2000–2009, advance online publication, 6 August 2003; doi:10.1038/sj.npp.1300251

Keywords: buprenorphine; m-opioid receptor availability; PET; carfentanil; pharmacokinetics; hydromorphone
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INTRODUCTION

Buprenorphine (BUP) is a high-affinity, m-opioid receptor
(mOR) partial agonist and k-opioid antagonist (Cowan et al,
1977; Heel et al, 1979; Lewis et al, 1983). BUP’s mOR actions
offer agonist substitution (thereby reducing drug use,
craving, and withdrawal symptoms) and antagonist
blockade (eg subjective high and respiratory toxicity),
which can improve treatment outcome (Bickel and Amass,

1995). Numerous clinical trials support the safety and
efficacy of BUP (eg Fudala et al, 1990; Johnson et al, 1995,
2000; Ling et al, 1998), which led to US Food and Drug
Administration approval in October 2002 of two sublingual
tablet formulations (BUP alone (Subutext) or combined
with naloxone using a 4 : 1 dose ratio (Suboxonet) to deter
parenteral BUP misuse). Unlike other opioid medications
(eg methadone), BUP has low oral bioavailability relative to
sublingual bioavailability that led to the use of this different
route of administration. BUP has a unique pharmacology
among opioid medications due to its intermediate intrinsic
activity and high affinity at mORs. However, there are
presently no in vivo studies of the functional dose-
dependent relationship between the concentrations of BUP
in brain (binding at mORs) with concentration in the
peripheral compartment (plasma level) or with symptom
effects (ie agonist substitution and withdrawal alleviation)

Online publication: 30 May 2003 at http://www.acnp.org/citations/
Npp053002387/default.pdf
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From: Patients Maintained on Buprenorphine for Opioid Use Disorder Should Continue 
Buprenorphine Through the Perioperative Period
Pain Med. Published online  February 14, 2018. doi:10.1093/pm/pny019
Pain Med | © 2018 American Academy of Pain Medicine.This is an Open Access article distributed under the terms of 
the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which 
permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly 
cited. For commercial re-use, please contact journals.permissions@oup.com



High affinity, full mu opioid receptor agonists (Eg- fentanyl)

Regional anesthesia 

NSAIDs 

Acetaminophen

Gabapentinoids, Sodium channel blockers, NMDA inhibitors  

CAM (eg- acupuncture)

Coping skills, breathing exercises, psychoeducation, family/friends 

NOTE: Naloxone will require higher dose for opioid toxicity  

Perioperative Buprenorphine—Day of Surgery 



Resume original buprenorphine dose as soon as possible 

Consider three times per day dosing to optimize analgesia 

Continue multimodal, non-opioid strategies 

Continue high affinity, full mu receptor agonists

Do not provide greater than 7 days of full mu receptor agonist

Close f/up with surgical team as well as buprenorphine provider

NOTE: Naloxone will require higher dose for opioid toxicity  

Perioperative and Acute Pain Management for Patients on 
Buprenorphine



For More Information

E-QUAL Website
www.acep.org/equal 
equal@acep.org 

Contacts:
Nalani Tarrant: (Senior Project Manager)
ntarrant@acep.org
Dhruv Sharma: (Project Manager)
dsharma@acep.org 

mailto:equal@acep.org
mailto:ntarrant@acep.org
mailto:dsharma@acep.org


The guidelines, measures, education and quality improvement activities and related data 
specifications developed by the American College of Emergency Physicians (ACEP) Emergency 
Quality Network are intended to facilitate quality improvement activities by physicians. The 
materials are intended to provide information and assist physicians in enhancing quality of care. 
The materials do not establish a standard of medical care, and have not been tested for all 
potential applications and therefore should not be used as a substitute for clinical or medical 
judgment. Materials are subject to review and may be revised or rescinded at any time by ACEP. 
The materials may not be altered without prior written approval from ACEP. The materials, while 
copyrighted, can be reproduced and distributed, without modification, for noncommercial 
purposes (e.g., use by health care providers in connection with their practices).

The E-QUAL Opioid Initiative is funded by the Addiction Policy Forum. The sponsor had no role 
in the development of this content or quality improvement offering, and the views expressed are 
of the speaker.


