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   Foreword   

 This volume describes the evolving role of methadone and buprenorphine—
pharmacologically distinct opioids that share clinical utility in the management of 
both pain and addiction. It is a timely work given the attention now focused on the 
effort to improve the safety of long-term opioid therapy for pain, in part by better 
management of drug abuse outcomes. By highlighting the role of two drugs with 
complex pharmacologies that have the potential for both liability and benefi t in two 
types of challenging disorders, it explores larger issues that have profound impor-
tance for the broader use of opioids in practice. 

 Opioids have been used therapeutically for millennia and it is diffi cult to imagine 
a class of substances that has had a more tumultuous history. During the past 50 
years, the medical community has repeatedly revised standards and practices related 
to opioid therapy in response to new information, experience, or risk-related con-
cerns. Practice guidelines have appeared repeatedly, but become outdated quickly. 

 Changes in the perception of opioid drugs and their clinical use in the treatment 
of pain or addiction have diverse and complicated drivers. To some extent, changes 
over time refl ect the emergence of a large basic science literature related to endor-
phin physiology, nociception and brain reward mechanisms, and opioid pharmacol-
ogy. Perhaps more important from the clinical vantage, however, is a large literature 
comprising mainly short-term trials and epidemiologic studies that have supported 
the effi cacy of opioid therapy in heterogeneous patient populations while delineat-
ing a complicated risk profi le that includes overt and occult side effects and toxici-
ties, and the potential for abuse, addiction, and overdose. Although the latter data 
may be criticized for their questionable relevance to long-term opioid therapy in 
populations of patients with pain or addictive disease, they demonstrate the types of 
responses that must be assessed and managed if clinical use of these drugs is to be 
safe and effective. 

 The complexity inherent in the clinical use of opioid drugs means that it is pos-
sible to frame a deeper discussion from any of a very broad array of directions. The 
literature focused on pain, for example, can variably address the clinical pharma-
cology of the agents available or the challenges posed by specifi c populations. 
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There are very stark differences in the information presented if the narrative 
focuses on acute pain in inpatient settings, opioid management of pain related to 
advanced illness, or the controversial use of long-term opioid therapy to treat 
chronic pain. In the same way, the literature on opioid agonist therapy for addiction 
reveals large differences in tone and content if the focus is on methadone therapy 
or offi ce-based therapy using buprenorphine. 

 These issues, which are touched upon in this volume, are less pressing now than 
the emerging literature on opioid risk assessment and management, which promotes 
the need for risk-related knowledge and skills irrespective of the specifi c drugs, 
indications, or populations receiving care. The essential nature of risk management 
has become increasingly clear with evidence that drug abuse outcomes and uninten-
tional overdose have increased greatly with the rising prevalence of long-term opi-
oid treatment of chronic pain. With millions of patients exposed to these compounds 
in an effort to provide analgesia and hundreds of thousands more receiving them in 
an effort to suppress addiction, the skills necessary to minimize risk and manage 
adverse outcomes are an obligation of every prescriber, in every context. 

 Methadone and buprenorphine each has characteristics unique among clinically 
used opioids. They both deserve critical analysis from this perspective, particularly 
as it relates to their expanding use for analgesia. Methadone has long been viewed 
as a drug that offers a relatively inexpensive alternative to other pure mu agonists for 
the treatment of pain, and one that can offer surprising effi cacy and potency when 
initiated on rotation from another opioid. Increased prescribing for pain during the 
past decade, however, has highlighted its challenges. It is now evident that metha-
done is more likely to yield serious adverse effects when prescribed for pain than 
other mu agonists. This potential for adverse effects, which may be related to the 
long and variable half-life, the unpredictable high potency when started after another 
mu agonist has been on board, or the potential for QTc prolongation, must be under-
stood and managed to minimize adverse outcomes. Only clinicians familiar with 
these issues should undertake prescribing for pain. The concern about toxicity 
should not limit the use of this drug in the management of addiction, but should still 
inform guidelines for initiating and monitoring therapy. 

 There is also extensive experience in the use of buprenorphine for pain, particu-
larly in transdermal formulations now available in Europe and the United States. In 
the United States, the dose of this formulation is low and the use of oral transmuco-
sal formulations approved for addiction also could be considered for analgesic pur-
poses. Analgesic uses of this drug may be complicated, however, by the potential 
for withdrawal when it is started during treatment with a pure mu agonist, and the 
potential for a ceiling effect in practice. The management of withdrawal is appreci-
ated by those who are treating addiction, but guidelines for converting opioid-treated 
pain patients to buprenorphine have yet to be tested. This challenge notwithstand-
ing, buprenorphine may be a drug with a broader potential as an analgesic given 
favorable characteristics, such as a ceiling effect for respiratory depression and 
lesser inhibition of the gonadal function. 

 Opioids are essential drugs and the problems they address are among the most 
common and challenging in medicine. Risk assessment and management are critical 
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elements in their use, irrespective of context. Methadone and buprenorphine are 
accepted as effective treatments for addiction, and offer options for pain manage-
ment that may have advantages in selected patients. This volume describes the phar-
macology and clinical use of these agents and provides information that can assist 
in ensuring safe use for addiction and effective integration of these drugs into pain 
management. 

 New York, NY, USA Russell K. Portenoy, MD 
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   Preface   

   I am a great believer in luck. The harder I work, the more of it 
I seem to have. 
 Attributed to Thomas Jefferson and F.L Emerson. The Yale Book 
of Quotations, ed. 
Fred R. Shapiro (New Haven, CT: Yale University Press, 2006). 

   The opening quote on the relation between work and luck is clever but although 
attributed to one of the Founding Fathers for many years it seems that Emerson 
might have been who said it. Not surprisingly the “level of evidence” is intermediate 
on this topic so we reference the Year Book of Quotations by Fred R. Shapiro that 
is considered to be the most reliable source [1]. This situation, where the level of 
evidence is not strong, is not uncommonly seen in the opioid fi eld where evidence 
tends to be limited and recommendations often rely on expert opinions and best 
practice guidelines [2]. Being aware of these limitations we invited to participate of 
this book experts, world-renowned researchers, and clinicians that made the 
commitment to present only information that is based on the highest level of 
evidence or that what is considered to be the best practice. 

 Only two opioids, methadone and buprenorphine, are indicated for the manage-
ment of both pain and opioid-related drug addiction and, interestingly, both present 
unique pharmacodynamic and pharmacokinetic challenges to the general practitio-
ner and pain specialist, justifying a separate analysis from the rest of the drugs in the 
same family. 

 Methadone, fi rst synthesized as an analgesic in the period that preceded WWII, 
in the 1960s became the drug of choice for maintenance therapy in patients with 
opioid-related drug addiction. Due to the “stigma” associated to this drug its use 
as an opioid analgesic became less popular, but about 20 years ago due to its very 
good analgesic properties, long half life and low cost, became a viable option to the 
newly commercialized long acting opioid formulations [3]. 

 With the increase in methadone prescribing emergency room visit and deaths 
attributed to methadone showed a sharp increase. Indeed, according to the Center 
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for Disease Control and Prevention (CDC) between 1999 and 2009, the rate of fatal 
overdoses involving methadone increased more than fi vefold as its prescribed use 
for treatment of pain increased [4]. Although the signifi cance of these fi ndings is not 
clear due to issues related to reporting and data collection that makes the denomina-
tor uncertain, in the year 2006 the FDA issued a methadone black box warning. The 
warning box addresses the following issues [5]. Appropriate use: should only be 
prescribed by healthcare professionals knowledgeable in use of potent opioids for 
chronic pain management; proper dosing and titration essential to decrease respira-
tory depression risk; Abuse Potential: opioid agonist Schedule II controlled sub-
stance; assess opioid abuse or addiction risk prior to prescribing; increase opioid  
abuse risk if personal or family substance abuse or mental illness history; monitor 
all patients for misuse, abuse, and addiction   ; Respiratory Depression: life-threaten-
ing and fatal cases may occur even with recommended use; monitor for respiratory 
depression especially during treatment start or after dose increase; methadone peak 
respiratory depressant effects typically occur later and last longer than peak analge-
sic effects, especially during initial dosing period; QTc interval prolongation: life-
threatening QTc interval prolongation and serious arrhythmias including torsades 
de pointes have occurred; most cases involve pain treatment with large multiple 
daily doses, but also reported with doses commonly used for opioid addiction main-
tenance treatment; monitor for ECG changes during treatment start or after dose 
increase; accidental exposure: accidental ingestion, especially by children, can 
result in fatal methadone overdose; opioid addiction treatment: methadone used for 
detoxifi cation and maintenance of opioid dependence should be administered in 
accordance with treatment standards cited in 42 CFR Section 8, including limita-
tions on unsupervised administration. 

 The pain management community along with substance abuse specialists has 
also taken signifi cant steps towards safe opioid prescribing as denoted by several 
recent publications on opioid safety and best evidence-based expert guidelines on 
opioid prescribing [6, 7]. 

 Methadone is substrate of the cytochrome P450 isoenzymes CPY3A4, CPY2D6, 
and CPY2B6. Other drugs that are commonly utilized in patients with chronic pain 
or enrolled in methadone maintenance programs are also substrates and hence 
compete with methadone resulting in an elevation of plasma levels that in occasions 
can cause toxicity [8]. Since the report by Morris Krantz on predisposition for 
 Torsades de Pointes  (TdP) in patients on methadone, attention shifted towards 
cardiac toxicity [9]. In vitro studies have shown that methadone can block potas-
sium channels responsible for the delayed rectifying current that brings depolarized 
fi bers to its resting potential. When this current is blocked    repolarization is delayed 
predisposing to potentially fatal cardiac arrhythmias, including TdP [10]. 

 Buprenorphine is also a peculiar drug as its pharmacodynamics is different 
from most mu opioid agonists that are commonly utilized in pain management. 
Buprenorphine is a highly lipophilic semisynthetic derivative of thabaine that has a 
potent partial agonistic effect at the mu receptor while having an antagonistic effect 
at the kappa receptors [10]. In addition it is more potent than morphine (approxi-
mately 30 times when given parenterally), is absorbed through the oral mucosa 
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allowing sublingual delivery of the drug, has a mean duration analgesic action that 
can last 8 h, and a better profi le of side effects than the rest of the mu agonists. 
Interestingly it presents a “bell shaped” dose response meaning that once analgesia 
is achieved further dose escalation results in complete luck of analgesic effect [11]. 
Indeed, PET scan studies with displacement of [11] carfentanil binding to mu opi-
oid receptors in human brain 3–4 h after sublingual administration of buprenorphine 
have suggested full receptor occupancy with 32 mg, and for that reason this is the 
recommended maximal dose [12]. The new technology for administration of 
buprenorphine by the transdermal route has opened up new opportunities of care 
resonating with the concept of anticipating pain and treating it before it reoccurs. 

 The above-described characteristics of methadone and buprenorphine make 
them more challenging to utilize for those practitioners that are not aware that these 
two drugs are not the same than the rest of the opioid agonists. Indeed, despite of the 
fact that mu agonists have differences in their pharmacology that becomes relevant 
when rotating to another compound due to the possibility of incomplete cross- 
tolerance, the differences between methadone and buprenorphine and the other mu 
agonist are more signifi cant. When rotating from one mu agonist to another the 
recommendation is to reduce the calculated equianalgesic dose by 20 % for incom-
plete cross-tolerance, while when switching to methadone the recommendation by 
some authors is to reduce the calculated dose by up to 90 % [13]. When the opioid 
rotation is to be done to buprenorphine the mu agonist has to be discontinued and 
completely before buprenorphine can be started as it can precipitate withdrawal 
symptoms [14]. 

 By collecting the information on methadone and buprenorphine in one volume 
we are hoping that the reader will have the opportunity to consult on two drugs that 
are perceived to be challenging. Becoming familiar with methadone and buprenor-
phine will allow adding to the practitioner’s armamentarium two drugs that can 
provide excellent analgesia and that can be excellent options when opioid rotation 
is required. 

 References

    1.    Shapiro FR, editors. The Yale book of quotations. New Haven, CT: Yale University Press; 
2006.   

   2.    Chou R, Fanciullo GJ, Fine PG, et al. Clinical guidelines for the use of chronic opioid therapy 
in chronic noncancer pain. J Pain. 2009;10(2):113–30.   

   3.    Cruciani RA. Methadone: to ECG or not to ECG…That is still the question. J Pain Sym 
Manag. 2008;36(5):545–2.   

   4.    Centers for Disease Control and Prevention. Vital signs: risk for overdose from methadone 
used for pain relief—United States. MMWR Morb Mortal Wkly Rep. 2012;61(26):493–7.   

   5.      http://www.fda.gov/cder/foi/label/2006/006134s028lbl.pdf        
   6.    Webster LR, Cochella S, Dasgupta N, Fakata KL, Fine PG, Fishman SM, et al. An analysis of 

the root causes for opioid-related overdose deaths in the United States. Pain Med. 2011;12 
(Suppl 2):S26–35.   

Preface

http://www.fda.gov/cder/foi/label/2006/006134s028lbl.pdf


xii

   7.    Martin JA, Campbell A, Killip T, Kotz M, Krantz MJ, Kreek MJ, et al. QT interval screening 
in methadone maintenance treatment: report of a SAMHSA expert panel. J Addict Dis. 
2011;30(4):283–306.   

   8.    Skjervold B, Bathen J, Spigset O. Methadone and the QT interval: relations to the serum con-
centrations of methadone and its enantiomers (R)-methadone and (S)-methadone. J Clin 
Psychopharmacol. 2006;26(6):687e–689e.   

   9.    Katchman AN, McGroary KA, Kilborn MJ, Kornick CA, Manfredi PL, Woosley RL, et al. 
Infl uence of opioid agonists on cardiac human ether-a-go- gorelated gene K(+) currents. 
J Pharmacol Exp Ther. 2002;303:688–94.   

   10.    Lewis JW. C-bridged derivatives of thebaine and oripavine. Adv Biochem Psychopharmacol. 
1974;8:123–36.   

   11.    Cowan A, Lewis JW, Macfarlane IR. Agonist and antagonist properties of buprenorphine, a 
new antinociceptive agent. Br J Pharmacol .  1977;60(4):537–45.   

   12.    Greenwald MK, Johanso C-E, Moddy DE, Woods JH, Wilbourn MR, Koeppe RA, et al. 
Effects of buprenorphine maintenance dose on μ-opioid receptor availability, plasma concen-
trations, and antagonist blockade in heroin dependent volunteers. Neuropsychopharmacol. 
2003;28:2000–9.   

   13.    Knotkova H, Fine PG, Portenoy RK. Opioid rotation: the science and the limitations of the 
equianalgesic dose table. J Pain Symptom Manage. 2009;38(3):426–39. Review.   

   14.    Bickel WK, Stitzer ML, Bigelow GE, Liebson IA, Jasinski DR, Johnson RE. Buprenorphine: 
dose-related blockade of opioid challenge effects in opioid dependent humans. J Pharmacol 
Exp Ther. 1988;247:47–53.     

 New York, NY, USA Ricardo A. Cruciani 
  Helena Knotkova    

Preface



xiii

Contents

 1 Prescribing Methadone Safely .............................................................. 1
Eliezer Soto, Joy Hao, Helena Knotkova, and Ricardo A. Cruciani

 2 Use of Methadone in Opioid Maintenance Treatment ........................ 15
Randy M. Seewald

 3 Treating Pain in Patients Receiving Methadone 
Maintenance for Opioid Dependence ................................................... 31
Daniel P. Alford, Declan T. Barry, and David A. Fiellin

 4 Methadone Side Effects: Constipation, Respiratory 
Depression, Sedation, Sleep- Disordered Breathing, 
and the Endocrine System ..................................................................... 39
Lynn R. Webster

 5 Cardiovascular Effects of Methadone .................................................. 51
Miguel A. Leal and Craig T. January

 6 Methadone Pharmacodynamics and Pharmacokinetics .................... 59
Gavin Bart and Sharon L. Walsh

 7 Methadone and Opioid Rotation .......................................................... 73
Helena Knotkova, Ricardo A. Cruciani, and Perry G. Fine

 8 Intravenous Use of Methadone: Effi cacy and Safety .......................... 81
Sebastiano Mercadante

 9 Methadone Hyperalgesia ....................................................................... 91
Peggy Compton

10 Buprenorphine Analgesia in Chronic Pain .......................................... 109
Guy Hans

11 Buprenorphine in Maintenance Therapy ............................................ 139
Karran A. Phillips and Kenzie L. Preston



xiv

12 Buprenorphine Pharmacodynamics and Pharmacokinetics.............. 163
Sharon L. Walsh and Lisa S. Middleton

13 Buprenorphine Metabolism and Drug–Drug Interactions ................ 183
Robert Taylor Jr., Robert B. Raffa, and Joseph V. Pergolizzi Jr.  

14 Buprenorphine: Side Effects and Tolerability ..................................... 201
Tabitha Washington and Gilbert J. Fanciullo

15 Buprenorphine and Opioid Rotation ................................................... 213
Douglas L. Gourlay and Howard A. Heit

16 Methadone and Buprenorphine Use During 
the Perinatal Period ............................................................................... 229
Alice Ordean

17 Methadone and Buprenorphine Prescribing 
in the Palliative Care Population .......................................................... 241
Shalini Dalal and Eduardo Bruera

18 Methadone Prescribing in the Sickle Cell Patient ............................... 263
Wally R. Smith and Abdulkhaliq J. Alsalman

19 Methadone and Buprenorphine Analgesia in Older Patients ............ 277
David Lussier

Index ................................................................................................................ 289

Contents



xv

  Contributors 

     Daniel     P.     Alford        Section of General Internal Medicine ,  Boston University School 
of Medicine  ,  Boston ,  MA ,  USA     

      Abdulkhaliq     J.     Alsalman        Department of Pharmacotherapy and Outcome 
Sciences ,  Virginia Commonwealth University Health System  ,  Richmond ,  VA ,  USA     

      Declan   T.   Barry        Department of Psychiatry ,  Yale University School of Medicine  , 
 New Haven ,  CT ,  USA     

      Gavin     Bart        Department of Medicine ,  Hennepin County Medical Center  ,  Minneapolis , 
 MN ,  USA     

      Eduardo     Bruera        Department of Palliative Care and Rehabilitation Medicine , 
 The University of Texas M.D. Anderson Cancer Center  ,  Houston ,  TX ,  USA     

      Peggy     Compton        Professor and Associate Dean for Nursing Academic Affairs , 
 Georgetown University, School of Nursing & Health Studies  ,  Washington ,  DC , 
 USA     

      Ricardo     A.     Cruciani        Department of Pain Medicine and Palliative Care ,  Beth 
Israel Medical Center  ,  New York ,  NY ,  USA   

  Department of Neurology, Albert Einstein College of Medicine, New York, NY, 
USA

Department of Anesthesiology, Albert Einstein College of Medicine, New York, 
NY, USA        

      Shalini     Dalal        Department of Palliative Care and Rehabilitation Medicine ,  The 
University of Texas M.D. Anderson Cancer Center  ,  Houston ,  TX ,  USA     

      Gilbert     J.     Fanciullo        Department of Anesthesiology ,  Dartmouth Hitchcock 
Medical Center, Dartmouth Medical School  ,  Lebanon ,  NH ,  USA     

      David     A.     Fiellin        Department of Internal Medicine ,  Yale University School of 
Medicine  ,  New Haven ,  CT ,  USA     



xvi

      Perry     G.     Fine        Pain Research Center, Department of Anesthesiology, University of 
Utah, School of Medicine, Salt Lake City, UT, USA        

      Douglas     L.     Gourlay        Educational Consultation ,  Wasser Pain Centre, Mount Sinai 
Hospital  ,  Toronto ,  ON ,  Canada     

      Guy     Hans        Multidisciplinary Pain Center (PCT) ,  Antwerp University Hospital 
(UZA)  ,  Edegem ,  Belgium     

      Joy     Hao        Department of Pain Medicine and Palliative Care ,  Beth Israel Medical 
Center  ,  New York ,  NY ,  USA     

      Howard     A.     Heit        Department of Medicine ,  Georgetown School of Medicine  , 
 McLean ,  VA ,  USA     

      Craig     T.     January        Division of Cardiovascular Medicine, Department of Medicine , 
 University of Wisconsin-Madison  ,  Madison ,  WI ,  USA     

      Helena     Knotkova        Department of Pain Medicine and Palliative Care ,  Beth Israel 
Medical Center  ,  New York ,  NY ,  USA   

  Department of Neurology,   Albert Einstein College of Medicine  ,  New York ,  NY , 
 USA     

      Miguel     A.     Leal        Division of Cardiovascular Medicine, Department of Medicine , 
 University of Wisconsin-Madison  ,  Madison ,  WI ,  USA     

      David     Lussier        Institut universitaire de gériatrie de Montréal  ,  Montreal ,  QC , 
 Canada

Division of Geriatric Medicine and Alan-Edwards Centre for Pain Research, McGill 
University, Montreal, Canada     

      Sebastiano     Mercadante        Anesthesia & Intensive Care Unit and Pain Relief & 
Palliative Care Unit ,  La Maddalena Cancer Center, University of Palermo  ,  Palermo , 
 Italy               

      Lisa     S. Middleton        Department of Behavioral Science, Center on Drug and Alcohol 
Research ,  University of Kentucky  ,  Lexington ,  KY ,  USA     

      Alice     Ordean        St. Joseph’s Health Centre, Family Medicine Centre  ,  Toronto ,  ON , 
 Canada     

      Joseph     V.     Pergolizzi     Jr.         Department of Medicine ,  Johns Hopkins University 
School of Medicine  ,  Baltimore ,  MD ,  USA   

  Department of Anesthesiology,   Georgetown University School of Medicine  , 
 Washington ,  DC ,  USA   

  Department of Pharmacology,   Temple University School of Medicine  ,  Philadelphia , 
 PA ,  USA     

      Karran     A.     Phillips        National Institute on Drug Abuse, Intramural Research 
Program ,  National Institutes of Health  ,  Baltimore ,  MD ,  USA     

Contributors



xvii

      Russell     K.     Portenoy        Department of Pain Medicine and Palliative Care ,  Beth Israel 
Medical Center  ,  New York ,  NY ,  USA     

      Kenzie     L.     Preston        National Institute on Drug Abuse, Intramural Research 
Program ,  National Institutes of Health  ,  Baltimore ,  MD ,  USA     

      Robert     B.     Raffa        Pharmaceutical Sciences ,  Temple University School of Pharmacy  , 
 Philadelphia ,  PA ,  USA     

      Randy     M.     Seewald        Department of Medicine ,  Beth Israel Medical Center MMTP  , 
 New York ,  NY ,  USA     

      Wally     R.     Smith        Division of General Internal Medicine, Department of Internal 
medicine ,  Virginia Commonwealth University Medical Center  ,  Richmond ,  VA , 
 USA     

      Eliezer     Soto        Department of Pain Medicine and Palliative Care ,  Beth Israel Medical 
Center  ,  New York ,  NY ,  USA     

      Robert     Taylor     Jr.         NEMA Research Inc.  ,  Naples ,  FL   ,  USA     

      Sharon     L.     Walsh           Department of Behavioral Science ,  Center on Drug and Alcohol 
Research, University of Kentucky  ,  Lexington ,  KY ,  USA     

      Tabitha         Washington        Department of Anesthesiology ,  Dartmouth Hitchcock 
Medical Center, Dartmouth Medical School  ,  Lebanon ,  NH ,  USA     

      Lynn     R.     Webster        CRILifetree  ,  Salt Lake City ,  UT ,  USA      

Contributors



1R.A. Cruciani and H. Knotkova (eds.), Handbook of Methadone Prescribing 
and Buprenorphine Therapy, DOI 10.1007/978-1-4614-6974-2_1,
© Springer Science+Business Media New York 2013

           Introduction 

 Methadone, a very useful analgesic and the most utilized drug for replacement 
 therapy in patients with opioid-related addiction, is now also widely used for the 
management of chronic pain. Methadone was synthesized in Germany before the 
WWII and imported to the USA by Lilly after the war and was utilized for several 
years as an opioid analgesic but lost popularity in the 1950s. In the early 1960s, 
Dole and Nyswander proposed that patients abused opioids to compensate for an 
endogenous opioid defi ciency, and it was introduced as a maintenance medication 
to control craving in patients treated for drug addiction [ 1 ]. Due to the widespread 
use in Methadone Maintenance Treatment Programs (MMTPs), it became a social 
stigma associated with drug addiction; consequently, chronic pain patients often 
refuse methadone as a possible analgesic option, and practitioners often avoid 
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prescribing it for chronic pain management. Nonetheless due to its long half-life 
(although variable), low cost, and good analgesic properties, it resurged as a good 
alternative in patients requiring long-term opioid therapy [ 2 ].  

    Importance of Methadone Pharmacokinetic in Safe Prescribing 

 Methadone has several unique pharmacokinetic characteristics that set it apart from 
other opioids, and some of these characteristics have raised concerns about its safety. 
First, the half-life of methadone is variable and ranges from 15 to 150 h depending on 
the individual. The prolonged half-life is an advantage for the management of chronic 
nonmalignant pain in patients that require opioid analgesia with a long-acting agent, 
but the variability can result in unpredictable dosing and drug accumulation [ 3 ]. 
Second, the main mechanism for methadone metabolism is hepatic through the cyto-
chrome P450, specifi cally isoenzymes 2B6, 3A4, and 2D6 [ 4 ]. Methadone can be 
displaced by other substrates for the same enzymatic complex, resulting in an eleva-
tion of free drug concentration, thereby increasing the risk for side effects and toxicity. 
In addition the isoenzymes can be inhibited or induced by a variety of substances 
contributing to the changes in plasma levels [ 5 ]. The degree to which other opioids are 
metabolized by this set of isoenzymes varies, and while hydromorphone, oxymor-
phone, and morphine are not signifi cant substrates, hydrocodone, codeine, oxyco-
done, and methadone are widely metabolized [ 2 ]. This is important because patients 
with chronic pain are often treated with multiple medications (a phenomenon known 
as “polypharmacy”) that are also metabolized through this pathway. 

 There is a wide variety of medications for the treatment of chronic pain, includ-
ing adjuvant analgesics used to treat chronic neuropathic pain such as antidepres-
sants and anticonvulsants, among others. In addition depression is a common 
comorbidity among chronic pain patients. Indeed several surveys have shown that 
up to 50 % of patients have dual diagnoses [ 6 ]. Some of the antidepressants are also 
substrate of the cytochrome P450 and may compete with methadone resulting in an 
increase in free drug concentration of methadone, predisposing the patient to side 
effects and toxicity.  

    Methadone Safety and the QTc Interval Duration 

 Another characteristic of methadone is its ability to block the delayed rectifying 
potassium current. This current is responsible for the repolarization of the action 
potential bringing the electrical activity of the fi bers back to their resting membrane 
potential. The blockade of the potassium channels results in a prolongation of the 
depolarized state predisposing to ventricular arrhythmias including Torsades de 
Pointes (TdP). Interestingly, in vitro studies have shown that other opioids have also 
the ability to block this delayed rectifying current, including LAAM, fentanyl, 
methadone, buprenorphine, and codeine (in descending order of potency) [ 7 ]. From 
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the clinical prospective, however, since fentanyl is about two log units more potent 
than methadone, the plasma concentration required to produce analgesia in vivo is 
lower than the concentration required to interfere with the delayed rectifi er potas-
sium current. Lastly, recent data suggest that prolongation of the depolarization 
state could be clinically relevant with oxycodone but more studies are necessary to 
clarify this point [ 8 ]. 

 The blockade of the rectifi er current by methadone can be even more signifi cant 
when administered concomitantly with other drugs that also have the ability to 
block the same current. For instance, the HIV/AIDS patient population often 
requires polypharmacy, and may receive multiple medications with potential to 
block the rectifying potassium currents. Indeed, patients with HIV/AIDS may be 
taking a variety of agents including antibiotics (e.g., trimetroprim- sulfamethoxazole), 
antipsychotics (e.g., haloperidol), antifungals (e.g., ketoconazole), and antidepres-
sants (e.g., venlafaxine), all of them with the potential to predispose to arrhythmias 
such as TdP through the blockade of the potassium  rectifi er current (Table  1.1 ) (full 
list available at   www.torsades.org    ).

   Table 1.1    Risk factors for QTc prolongation and Torsades de Pointes (TdP)   

•  Elderly women 
•  Advanced heart disease 
•  Congenial and acquired long-QT syndromes 
•  Concomitant use of drugs with potential to prolong QTc 
•  Family history of sudden death 
•  Hypokalemia 
•  Hypomagnesaemia 
•  CYP 3A4 inhibitors 

 ○ Potent inhibitors 
 ■ Protease inhibitors: ritonavir, nelfi navir, indinavir 
 ■ Macrolide antibiotics: erythromycin, clarithromycin, troleandromycin 
 ■ Antifungal agents: ketokonazole, itraconazole 

 ○ Less potent inhibitors 
 ■ Saquinavir, fl uconazole, grapefruit juice, fl uoxetine, fl uvoxamine, zileuton, clotrimazole 

•  Potential of commonly used medications in HIV/AIDS and chronic pain patients to produce 
QT prolongation 
 ○ Very probable: quinidine 
 ○ Probable: pimozide, ziprasidone 
 ○ Possible: clarithromycin, erythromycin, pentamidine, chlorpromazine, haloperidol, 

olanzepine, risperidone, amitriptilyne, desipramine, imipramine, sertraline, venlafaxine 
 ○ Improbable: fl uconazole, levofl oxacin, trimetropin-sulfamethoxazole, fl uoxetine, parox-

etine, sumatriptan, zolmitriptan, methadone 
 ○ Very improbable: azythromycin, ciprofl oxacin, clindamycin 

•  Drugs associated with TdP 
 ○ Amiodarone, arsenic trioxide, bepridil, chlorpromazine, cisapride, clarithromycin, 

disopyramide, dofetilide, domperidone, droperidol, erythromycin, halofantrine, haloperi-
dol, ibutilide, mesoridazine, methadone, entamidine, pimozide, procainamide, quinidine, 
sotalol, sparfl oxacin, thioridazine 
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       Understanding Racemic Methadone and Methadone 
Enantiomers 

 In the USA, methadone is commercialized as a racemic mixture where 50 % of the 
molecules deviate polarized light to the left (levorigirous) and 50 % of the mole-
cules deviate polarized light to the right (dextrogirus). The two enantiomers ( R  and  S ) 
have some differences in terms of effi cacy, receptor affi nity, and effect on the 
delayed potassium rectifying current. The  R -enantiomer has higher affi nity for the 
mu opioid receptors while the  S -enantiomer has lower affi nity for the mu opioid 
receptors but blocks the delayed rectifi er potassium current more effi ciently, thus 
predisposing to cardiac toxicity [ 9 ]. Indeed, Ansermot et al., replaced ( R , S )-
methadone by ( R )-methadone (half-dose) in 39 opioid-dependent patients receiving 
maintenance treatment for 14 days. ( R )-methadone was then replaced by the initial 
dose of ( R , S )-methadone for 14 days ( n  = 29). The QTc interval decreased when 
( R , S )-methadone was replaced by a half dose of ( R )-methadone by a mean of 
−3.9 ms per week ( P  = 0.04) and increased when ( R )-methadone was replaced by the 
initial dose of ( R , S )-methadone for 14 days. These observation needs to be repli-
cated, but suggests that ( R )-methadone is safe to treat patients in need of substitu-
tion therapy [ 10 ].  

    Reports of Increased Deaths and ED Visits 
Attributed to Methadone 

 In 2006, the FDA placed a warning box on methadone to alert the public about the 
observed increase in death rates attributed to this drug. The increase in popularity of 
methadone as an analgesic resulted in higher number of prescriptions written for the 
management of chronic pain. The CDC reported that the number of deaths that were 
attributed to methadone climbed from 800 in 1999 to close to 5,000 in 2006 [ 11 ]. 
These surveys, however, have signifi cant fl aws, and in many cases the results are 
diffi cult to interpret. The most common weaknesses in these reports include vari-
able sources for data gathering, reliance on retrospective data collection, diffi culties 
defi ning the denominator, and coexistence of other drugs in the system at the time 
of death (e.g., cocaine, benzodiazepines). Despite the limitations in these reports, 
the absolute increase in number of deaths where methadone was present at the time 
of death raises concerns about safety. 

 In 2002, Krantz and coworkers published a case series of sudden deaths occur-
ring in the ICU setting, in which many of these patients were on methadone at the 
time of death [ 20 ]. Although most of the 17 patients in the case series had other 
 fi ndings that could have been responsible for the poor outcome (e.g., electrolyte 
abnormalities), this study has the merit of raising awareness in the pain and drug 
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addiction community about the possibility of cardiac toxicity related to methadone. 
This study was followed by a wide range of publications that included cross-sec-
tional, retrospective, prospective, and controlled studies and a number of case series 
and case reports, but the issue is not yet fully understood.  

    Methadone Induced QTc Prolongation and TdP 

 Several mechanisms have been proposed to explain methadone toxicity: (1) QTc 
prolongation leading to fatal arrhythmias including TdP; (2) PR interval prolon-
gation; (3) non-obstructive sleep apnea (more prominent with the coadministra-
tion of benzodiazepines); (4) syncope. TdP is caused by prolonged depolarization 
that leads to a ventricular arrhythmia with a characteristic pattern for which the 
condition is named [ 12 ]. The upper limit of the normal range for the QT interval 
has been established at 450 ms for men and 470 ms for women, and QTc prolon-
gation over 500 ms is considered to be high risk for TdP regardless of the sex 
[ 13 ]. 

 There is signifi cant controversy on the role of ECG to help prevent cardiac 
toxicity induced by methadone. While some clinicians take the position that an 
ECG should be performed on every patient on methadone, addiction specialists 
argue that requiring ECGs on patients attending MMTP could result in abandon-
ment of treatment and an increase in morbidity and mortality. Indeed, after an 
increase in death attributed to methadone was detected in Wales, the dispensation 
of maintenance methadone was discontinued. Shortly afterwards, deaths related 
to methadone decreased, but a concomitant increase in deaths related to heroin 
abuse was reported. The death rate related to heroin abuse was higher than that 
observed with methadone before it was discontinued. Once the methadone 
programs were reinitiated, death rates decreased again and eventually reached 
baseline levels [ 14 ]. 

 The literature on the role of routine ECG monitoring in prevention of cardiac 
toxicity attributed to methadone is controversial, and the recommendations range 
from “never necessary” to “do ECG on every patient on methadone,” [ 15 ] while 
other groups recommend performing ECGs on patients receiving doses over 
100 mg/day [ 16 ]. However, in the guidelines soon to be published by the American 
Pain Society (APS) and the College on Problems of Drug Dependence (CPDD), no 
dose limit is included (Table  1.2 ).

   The observation that methadone can increase the duration of the QTc interval 
was fi rst noted by Stimmel and coworkers in a study published in 1973. In this 
study, an increase in the duration of the QTc interval was observed in 34 % of 
patients, but no TdP was reported [ 17 ]. Some investigators questioned the relevance 
of this observation in view of the 27-year gap during which no other study on this 
phenomenon was published, until the more recent observations were reported by 

1 Prescribing Methadone Safely



6

Krantz and coworkers on a possible association between methadone use and TdP 
[ 20 ]. It is important to highlight that at the time the Stimmel study was done, a 
typical dose of methadone in MMTPs was 40–60 mg a day, and it was not a popular 
opioid analgesic. Furthermore, during the 1970s, opioids including methadone were 
under- prescribed even for the management of malignant pain. More recently, how-
ever, it was shown in MMTP that higher doses of methadone resulted in lower 
morbidity and mortality rates [ 18 ]. 

 In recent years, pain specialist started prescribing methadone more readily, and 
at higher doses than prescribed in MMTPs in the 1960s, often up to 120–140 mg/
day. Indeed, there are reports of doses of up to 1,200 mg/day [ 19 ] and even higher, 
prescribed for the management of malignant and nonmalignant pain. As a result, the 
doses of methadone prescribed in the last 10 years are overall signifi cantly higher 
than the doses prescribed when the fi rst observations about the effect of methadone 
on cardiotoxicity were reported. Since the study by Krantz et al. in 2002 [ 20 ], many 
reports addressing the same topic resurfaced. However, most of the studies did not 
provide convincing data to favor one position over the other.  

    “Windows” for Risk of Toxicity 

 Overall methadone is a safe drug when utilized according to current guidelines; 
however, it is important to become familiar with instances when patients can be 
prone to more marked side effects and toxicity. A common denominator to these 
possible scenarios is the discontinuation and re-initiation of methadone therapy at 
the same dose that the patient was taking before discontinuing therapy. Although the 

   Table 1.2    ECG recommendations to decrease risk of cardiac toxicity      

 “Vigilant for doses >600 mg/day”  Walker [ 35 ] 
 “Patients on high doses”  Almehmi [ 36 ] 
 “Never necessary”  Krook [ 37 ] 
 “Consider ECG in patients on high doses”  Martell [ 38 ] 
 “Consider ECG before starting QT-prolonging medications”  Maremmani [ 39 ] 
 “Repeat ECG after every change in drug regime”  Sticherling [ 40 ] 
 “ECG screening in patients at risk, especially after starting    CYP2A4 

inhibitors or increase in dose” 
 Ehret [ 41 ] 

 “ECG for patients on >120 mg/day” “ideally every patient at entering 
treatment” 

 Peles [ 42 ] 

 “For HIV-infected patients receiving drugs with QTc prolongation 
potential” 

 Chinello [ 43 ] 

 “ECG for high risk patients”  Krantz [ 44 ] 
 “ECG in methadone users … with inhibitors of methadone metabolism”  Rothier [ 45 ] 
 “An ECG is a convenient way with little cost to screen for an increased risk 

of TdP” 
 Ehret [ 46 ] 
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level of evidence is low, the current recommendation is to consider patients to be 
“opioid naïve” if methadone is to be reinitiated, when methadone has been 
 discontinued for more than a week [ 22 ]. The rationale is that during that period of 
time, patients may lose tolerance to the drug secondary to lack of exposure, and they 
might become relatively “naïve” or at least recover some of the original sensitivity 
to the drug both for analgesia and side effects. The time course to become “naïve” to 
methadone after discontinuation is not clear but siding on caution is recommended. 
The reasons that may account for methadone discontinuation are multiple, some of 
them are patient-related but others are imposed on them. Patient-related causes are: 
losing the medication, taking more than prescribed and running out of the medica-
tion early and not having refi lls, taking methadone “only when the pain gets worse,” 
dropping out of a methadone clinic and reinitiating therapy in other facility, and 
drifting from a methadone clinic to a pain clinic. Taking methadone “only when the 
pain is worse” is equivalent to taking it for breakthrough pain. But prescribing meth-
adone in this fashion has been less popular due to the possibility of toxicity. Situations 
that are imposed on the patient may include opioid rotations, imprisonment (where 
the medication may be discontinued), or discharge from an MMTP or pain clinic. 

    Opioid Rotation 

 This is one of the scenarios that a practitioner may encounter where methadone 
might be initiated at a higher dose than what is now considered safe. In general 
when opioids are rotated (except for methadone), the recommendation is to add all 
the doses of the opioid that the patient is taking, including extended release and 
breakthrough medication, convert the amount into the new opioid utilizing the avail-
able conversion tables, then cut down 25 % of the estimated dose for incomplete 
cross-tolerance, prescribe 80 % of the total dose as a long acting formulation of the 
new opioid, and 20 % in divided doses for breakthrough pain [ 21 ]. The evidence 
that supports this practice is not strong but it has been adopted by many practitioners 
in the pain management community. One of the criticisms of this approach is the 
limitations of the conversion tables [ 22 ,  23 ] as they have been developed based on 
single comparative doses rather than on full dose–response curves [ 24 ]. 

 When an opioid rotation to methadone is done, the usual recommendation is to 
calculate the equianalgesic dose to the opioid that the patient has been taking, and 
then cut down by 75–90 %. However in patients that are taking high doses of an 
opioid (e.g., 500 mg a day), even the most conservative conversion to methadone 
(cutting down by 90 %), would result in 50 mg a day, and that is over what some 
experts consider to be a safe starting dose in opioid tolerant patients (i.e., 10 mg 3 
times a day) [ 22 ]. A more sound strategy would be to do a stepwise conversion 
where every  incremental step would be kept below 30 mg a day of methadone. In 
patients without a baseline ECG, one should be performed after four half-lives of 
methadone (4–7 days). Although the level of evidence for these recommendations 
is low, there is enough clinical experience that justifi es this algorithm.  
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    Resuming Methadone Prescribing After Imprisonment 

 One of the circumstances in which patients are vulnerable to increased risk of side 
effects due to inappropriate methadone dosage is imprisonment. Inmates do not 
always receive appropriate opioid substitution therapy or opioids for the manage-
ment of chronic pain during the period of incarceration. After release from prison, 
patients may inadvertently be restarted at the previous dose that they were taking 
before it was discontinued, even though they should now be considered “opioid 
naïve.” Indeed, one study showed a high risk for mortality associated with decreased 
tolerance to heroin during the transition period from inmate back into the commu-
nity [ 25 ]. There is no data on chronic pain management, but the assumption of 
inadequate treatment during incarceration is reasonable (as extrapolated from the 
data on maintenance therapy), and these patients should be considered “opioid 
naïve” at the time of reinitiating of opioids. 

 Importantly, it has been noted that continuing patients that are on opioid substitu-
tion therapy on the same dose of medication during incarceration seems to correlate 
with better outcomes than when it is discontinued [ 25 ]. It has also been observed 
that patients who reached a moderate-to-high methadone dose for opioid substitu-
tion therapy during incarceration had higher rates of reporting to community 
MMTPs vs. those on lower doses [ 26 ], and the likelihood of re-incarceration was 
reduced by 20 % in those inmates that received opioid substitution therapy during 
incarceration [ 27 ]. In addition, treatment of inmates with opioid substitution ther-
apy during incarceration has been correlated with decreased rates of blood-born 
infectious diseases, including HIV [ 28 ,  29 ]. A call for restructuring the system and 
allocating more funding to support opioid substitution therapy during incarceration 
has been made [ 30 ].  

    Missing Doses at the Methadone Clinic 

 Another scenario is that of patients missing doses of methadone at the methadone 
programs. It has been recognized at MMTP clinics that missing doses have to be 
taken into consideration in determining the dose of medication that will be pre-
scribed at the time of return to the clinic. The recommendations are the following: 
(1) if the patient missed 1–2 doses, give the usual dose; (2) if missed 3–5 doses, give 
half of the usual dose, assess tolerance, then increase 15 mg/day back to the usual 
dose; (3) if missed >5 doses, start at 30 mg or less, assess tolerance, and increase 
15 mg/day back to usual dose. Except in the case of extenuating circumstances, 
consider the client to have withdrawn from the program after three consecutive 
missed doses. However, extenuating factors should be taken into consideration 
when discontinuation of methadone is entertained [ 31 ]. Other variations of this 
algorithm are used at other MMTPs with the same underlying concept of restarting 
at a reduced methadone dosage after a period of missed doses.   
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    Exit Strategy as an Intervention for Safe Prescribing 

 This is a concept that has been introduced recently to assist practitioners in address-
ing circumstances in which opioids need to be discontinued for various reasons: it 
is no longer safe to prescribe to a particular patient [ 32 ], benefi ts of the drug do not 
outweigh the risks, or the opioid is not effective despite titration of the dose. The 
exit strategy is embedded in the overall algorithm of frequent reassessment during 
the course of opioid treatment. When the patient is initially evaluated and a plan of 
care developed, different possibilities for the management of the pain should be 
considered. Possible treatments are outlined in Table  1.3 .

   The strategy should be tailored to individual patient preferences. The armamen-
tarium includes pharmacology, interventional approaches, alternative, complemen-
tary, and behavioral strategies. Non-opioid analgesics should be considered fi rst. 
Opioids are part of the pharmacological strategy, and are usually introduced after 
non-opioid medications have shown to be insuffi cient to manage the pain. The 
selection of a specifi c opioid depends on analgesic effi cacy and the side effect profi le. 
Some clinicians and researchers choose to include opioids at the beginning of the 

  Table 1.3    Strategies for the management of 
chronic pain  

 • Interventional approaches 
 ○ Injections 
 ○ Neurostimulation 
 ○ Neuroaxial infusion 
 ○ Neuroablative 

 • Pharmacotherapy 
 ○ Non-opioid analgesics 
 ○ Adjuvant analgesics 
 ○ Opioid analgesics 

 • Others 
 ○ Rehabilitative 
 ○ Psychological 
 ○ Complementary and alternative strategies 
 ○ Lifestyle changes 

 ○ TENS 
 • Neurostimulation 

 ○ Invasive 
 ■ Motor cortex stimulation 
 ■ Deep brain stimulation 

 ○ Noninvasive 
 ■ rTMS 
 ■ tDCS 

   TENS  transcutaneous electrical nerve stimulation; 
 rTMS  repetitive transcranial magnetic stimulation; 
 tDCS  transcranial direct current stimulation     
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treatment when other alternatives have failed previously [ 33 ]. Appropriate patient 
selection is crucial if opioids are used, and patient characteristics such as history of 
drug abuse should be considered (see next section for further discussion). 

 Once a decision is made to use an opioid, a trial is initiated. During the trial, the 
patient should be assessed for level of analgesia, the presence of side effects, level 
of function, and the presence of drug-related aberrant behavior. These domains, 
based on earlier observations, have been coined by Passik as the four “As” and they 
assist the clinician in making a decision on the safety and effi cacy of opioid therapy 
[ 34 ] (Table  1.4 ).

   At the time of every reassessment (follow-up visit), the patient should be evalu-
ated for alternative strategies to treat the pain, and when indicated, they should be 
added to the plan of care. If the patient experiences intolerable side effects or reports 
no improvement in the level of function, or if the clinician notes aberrant drug-
related behaviors, then the trial should be discontinued and emphasis should be 
placed on alternative strategies to treat the pain. The dilemma is that when we “exit” 
the use of opioids, the patient may not have effective alternatives to address the pain. 
Further research is clearly needed to explore alternative approaches (Fig.  1.1 ).

       General Recommendations for Successful Methadone 
Prescribing 

 The practitioner should evaluate risk related to methadone-prescribing for every 
patient before embarking on a medication trial. During this assessment special 
attention should be paid to the patient’s social history as it can provide information 
on predictors of aberrant drug-related behavior, including current or past drug or 
alcohol abuse and history of sexual abuse (a more relevant predictor in women). 
Clinicians should also be aware of patient behaviors that may suggest opioid abuse. 
These “red fl ags” include running out of medications early, having multiple pre-
scribers for opioid medications, and utilizing multiple pharmacies for opioid pre-
scriptions. Stratifi cation of risk level will assist in structuring the visits, including 
length of follow-up intervals, the institution of an opioid treatment agreement, limit-
ing the amount of medication prescribed, or pill counting. 

   Table 1.4    Domains to be assessed during the patient visits to decrease risk of opioid diversion 
and proper opioid prescribing   

 • Assess and document level of  A  nalgesia  and modify therapy if necessary 
 • Assess and document drug-related  A  dverse effects  and, if present, modify therapy 
 • Assess and document  A  ctivity  (level of function) and consider modifi cation of therapy if not 

improved 
 • Assess and document drug-related  A  berrant behavior  and modify therapy if present 
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Patient
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  Fig. 1.1    Algorithm to assist reassessment of opioid prescribing over time       

  Table 1.5    Strategies that can 
help increase successful 
opioid prescribing  

 Implementing the strategy 
 • Stratify risk in every case 
 • Structure therapy commensurate with risk 
 • “Dose for success” 
 • Repeatedly assess an array of outcomes 
 • Make changes in dosing or risk management based 

on outcomes 
 • Document and communicate 

 The result of this assessment will help the practitioner determine whether or not 
this patient will benefi t from continued opioid therapy. Should the treatment with 
opioid medications continue, then at every visit the dose should be adjusted for 
analgesia and side effects, and an evaluation for the addition of adjuvant therapy 
should also be done. Documentation of the rationale behind each decision is very 
important as there is no consensus on how chronic opioid therapy should be con-
ducted. If aberrant drug-related behavior is detected, then a referral to addiction 
psychiatry is strongly recommended (Table  1.5 ).
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       Conclusions 

 Methadone is a very useful analgesic and the most widely utilized medication for 
opioid substitution therapy. However, recent data suggest an increase in methadone-
related deaths, likely due to methadone-induced QTc prolongation, thereby leading 
to fatal arrhythmias. Therefore, understanding certain principles of safe opioid pre-
scribing is paramount. This entails an understanding of the “windows” of risk for 
toxicity, including patient-related factors such as missing doses or appointments, 
and external circumstances such as imprisonment. The strategy for safe prescribing 
involves taking a detailed patient history, noting behaviors that are “red fl ags” for 
opioid abuse, and instituting appropriate management strategies such as short fol-
low-up intervals, an opioid treatment agreement, or pill counting. If used appropri-
ately, methadone can be very effective as opioid substitution therapy and for the 
treatment of chronic pain. Further research is needed to explore alternative therapies 
for patients for whom the risk of methadone outweighs the benefi ts.     
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           Introduction 

 Addiction is a chronic relapsing disease of the brain and pharmacotherapies that 
effectively treat opioid dependence are acknowledged to be fi rst-line treatment with 
signifi cant benefi ts for the patient [ 1 ]. Methadone is the most widely used and effec-
tive evidence-based medication for the treatment of opioid dependence [ 2 ,  3 ]. This 
chapter is intended to assist prescribing professionals in making medical decisions 
for patients on methadone maintenance treatment (MMT). Methadone is most 
effective when used as a maintenance agent at optimal dosing with supportive coun-
seling [ 4 ,  5 ]. In the United States, approximately 260,000 persons are treated in 
more than 1,100 opioid treatment programs (OTP) [ 6 ]. The clinics are extensively 
regulated by the federal and state governments. Federal regulations are found in the 
federal register code of federal regulations (CFR), 42 CFR Part 8, and the prescriber 
needs to be familiar with the individual regulations of the state in which they prac-
tice, as the strictest standard regulating treatment is the one adhered to if there is 
discordance. 

 The desired clinical effects of methadone in MMT include the relief of physical 
withdrawal, the elimination of craving, and blocking of the euphoric effects of illicit 
opioid use [ 7 ,  8 ]. The primary function of MMT is to reduce (and ideally stop) illicit 
opioid use, reduce harmful substance misuse, and to improve the patients’ health 
and psychological wellbeing. Methadone has been established to be effi cacious, 
decreasing high risk behaviors associated with drug use including unsafe injection 
and sexual practices, decreasing the risk of HIV, hepatitis, and other infections [ 9 –
 14 ]. Methadone has also been shown to decrease mortality, criminal activity, incar-
ceration, overdose, and societal costs related to illicit heroin use [ 15 ,  16 ].  
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    Federal Criteria for Admission to MMT in an OTP 

 Methadone can only be dispensed (and not prescribed) for addiction treatment in 
the setting of an OTP in the United States. Patients must meet the diagnostic criteria 
of opioid dependence as set forth in the Diagnostic and Statistical Manual, Fourth 
Edition (DSM–IV) [ 17 ]. Patients who meet the DSM diagnostic criteria for Opioid 
Abuse but not Opioid Dependence are not eligible for treatment with methadone. 
Federal regulations require documentation of at a minimum, opioid addiction for 1 
year to qualify for admission. Current physical dependence is not required if patients 
have been incarcerated and are admitted within 6 months of release, in pregnant 
patients who can document a past history of addiction and are at current risk of 
relapse, and in former MMT patients admitted within 2 years of discharge from 
MMT. Parental consent and two failed detoxifi cation attempts in the 12 months 
prior to admission for MMT are required of minors. Treatment must be voluntary, 
and may not be mandated. An informed consent regarding the risks and benefi ts of 
methadone treatment must be documented prior to admission for MMT. Individual 
states have varying guidelines, which may be more stringent and must be adhered 
to. A waiver from regulation may be obtained if withholding treatment is a risk to 
the patient’s health. Patients who do not meet the criteria for MMT may be consid-
ered for methadone detoxifi cation by the OTP. Patients may not be admitted to an 
OTP for pain management.  

    Admission History and Physical Exam 

 An initial comprehensive history and physical exam is required on admission to 
confi rm current physical dependence on opioids, to determine patient eligibility and 
fi tness to participate in MMT. Laboratory tests and screening for infectious disease 
(federal regulations require screening for tuberculosis and syphilis), and toxicology 
screening for opioids and drugs of misuse are performed. The Clinical Opiate 
Withdrawal Scale (COWS) may be used to document the presence and quantify the 
severity of opioid withdrawal on admission [ 18 ] (Table  2.1 ).

   The patient should be in withdrawal prior to the fi rst dose of methadone (the 
exceptions to this are stated as above). It is important to obtain an illicit drug and 
medication history. Some patients may need a medical detoxifi cation from seda-
tives, such as alcohol and benzodiazepines. Medical conditions and mental health 
issues are identifi ed in order to coordinate care with outside medical providers. The 
patient must sign an authorization for release of information prior to any communi-
cation. A general form for the release of medical information is not adequate, spe-
cifi c requirements for release of information when a patient is in treatment for 
addiction are found in 42 CFR Part 2 [ 19 ]. 

 A caring, respectful, nonjudgmental manner is necessary to establish a therapeu-
tic relationship with the patient and to encourage the full disclosure of important 
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   Table 2.1    Clinical Opiate Withdrawal Scale   

 For each item, circle the number that best describes the patient’s signs or symptom. Rate on just 
the apparent relationship to opiate withdrawal. For example, if heart rate is increased 
because the patient was jogging just prior to assessment, the increase pulse rate would not 
add to the score 

 Patient’s Name: _____________________ Date and Time ____/_____/____:__________ 
  Reason for this assessment : _____________________________________________________ 
  Resting Pulse Rate : _________beats/minute 
  Measured after patient is sitting or lying for one 

minute  
 0 pulse rate 80 or below 
 1 pulse rate 81–100 
 2 pulse rate 101–120 
 4 pulse rate greater than 120 

  GI Upset :  over last ½ hour  
 0 no GI symptoms 
 1 stomach cramps 
 2 nausea or loose stool 
 3 vomiting or diarrhea 
 5 Multiple episodes of diarrhea or 

vomiting 
  Sweating:   over past ½ hour not accounted for 

by room temperature or patient activity.  
 0 no report of chills or fl ushing 
 1 subjective report of chills or fl ushing 
 2 fl ushed or observable moistness on face 
 3 beads of sweat on brow or face 
 4 sweat streaming off face 

  Tremor   observation of outstretched 
hands  

 0 No tremor 
 1 tremor can be felt, but not observed 
 2 slight tremor observable 
 4 gross tremor or muscle twitching 

  Restlessness   Observation during assessmen t 
 0 able to sit still 
 1 reports diffi culty sitting still, but is able to do so 
 3 frequent shifting or extraneous movements of 

legs/arms 
 5 Unable to sit still for more than a few seconds 

  Yawning   Observation during 
assessment  

 0 no yawning 
 1 yawning once or twice during 

assessment 
 2 yawning three or more times during 

assessment 
 4 yawning several times/minute 

  Pupil size  
 0 pupils pinned or normal size for room light 
 1 pupils possibly larger than normal for room light 
 2 pupils moderately dilated 
 5 pupils so dilated that only the rim of the iris is 

visible 

  Anxiety or Irritability  
 0 none 
 1 patient reports increasing irritability 

or anxiousness 
 2 patient obviously irritable anxious 
 4 patient so irritable or anxious that 

participation in the assessment is 
diffi cult 

  Bone or Joint aches   If patient was having pain 
previously, only the additional component 
attributed to opiates withdrawal is scored  

 0 not present 
 1 mild diffuse discomfort 
 2 patient reports severe diffuse aching of joints/

muscles 
 4 patient is rubbing joints or muscles and is unable 

to sit still because of discomfort 

  Goosefl esh skin  
 0 skin is smooth 
 3 piloerrection of skin can be felt or 

hairs standing up on arms 
 5 prominent piloerrection 

  Runny nose or tearing   Not accounted for by cold 
symptoms or allergies  

 0 not present 
 1 nasal stuffi ness or unusually moist eyes 
 2 nose running or tearing 
 4 nose constantly running or tears streaming down 

cheeks 

 Total Score ________ 
 The total score is the sum of all 11 

items 
 Initials of person completing 

Assessment: _________
___________________________ 

  Score: 5–12 = mild; 13–24 = moderate; 25–36 = moderately severe; more than 36 = severe withdrawal  
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information regarding their drug use history and risk behaviors. It is important for 
the interdisciplinary team to develop a treatment plan addressing the patients’ over-
all health issues and addiction-related problems, not just their opioid dependence.  

    Determining the Methadone Dose 

 Methadone, a synthetic opioid, is normally administered once daily in an oral liquid 
formulation (1 mg/mL) in MMT. It is a racemic mixture of the (R)- and (S)-methadone 
enantiomers. It is well absorbed from the gastrointestinal tract into the blood stream 
and is distributed in body fats. The bioavailability of methadone varies depending 
on the patient’s individual metabolism, age, gender, ethnicity, body mass, and prior 
drug and health history. Pharmacokinetics is different in opioid-dependent com-
pared to non-opioid-dependent individuals. Different doses are often needed to cre-
ate the same serum methadone level (SML), but the average half-life of methadone 
is 24–36 h, which leads to a long duration of action and generally allows for once 
daily dosing. Some patients may need more frequent or divided dosing schedules to 
remain asymptomatic. This coupled with a slow onset of action (30–60 min, the 
peak effect of one dose is from 2 to 6 h after ingestion) blunts its euphoric properties 
making it unattractive as a principal drug of abuse. Tissue stores build up over time 
and steady state plasma levels are achieved after 4–5 days, therefore any given dose 
of methadone produces higher blood levels each day for the fi rst 4–5 days of treat-
ment. Accumulation continues and fi nally reaches a steady state by around 10 days 
[ 20 ,  21 ]. There is a risk of overdose during the induction period if the starting dose 
of methadone is too high or is increased too quickly. Assessment of the response to 
the previous day’s dose is necessary to determine subsequent doses and frequent 
patient observation and evaluation is required after a dose change until a steady state 
has been achieved. A literature review by Ball and Ross [ 3 ] cited an adequate dose 
of methadone to usually be between 60 and 100 mg/day, but some may need more 
some less depending on individual factors.  

    Tolerance 

 The maximum initial dose of methadone on admission cannot exceed 30 mg by 
regulation, but after a period of observation a follow up dose may be given on the 
same day. The maximum total dose administered on the fi rst day must not exceed 
40 mg. There is no way to determine a patient’s current level of tolerance. The man-
tra “start low, go slow” refl ects safety concerns. A conservative induction approach, 
waiting 5 days between dose adjustments, can be risky in that it may contribute to 
continued illicit drug use by delaying relief from physical withdrawal and craving. 
When assessing tolerance consider that patients may over report or under report 
their level of daily drug use and intravenous use generally produces greater levels 
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of tolerance. After a period of abstinence, tolerance may be absent; therefore after 
release    from incarceration, hospitalization, or residential drug-free treatment, in the 
absence of opioid medication patients may have low tolerance, if any [ 22 ]. Opioid 
equi- analgesic dose tables are not used to determine the starting and maintenance 
dose of methadone for patients taking prescription opioids. If there is any question 
of the level of tolerance or a low level of tolerance is likely, an initial dose of 
5–15 mg may be given with follow up doses as clinically indicated. Patients gener-
ally start at 20–40 mg of methadone. Patients in whom the fi rst dose suppresses 
withdrawal completely for a full 24 h may experience sedation as tissue stores 
accumulate and exhibit symptoms of overmedication. Daily evaluation during the 
induction period as the dose builds to therapeutic levels is the safest route to take. 
If patients do not experience complete suppression of withdrawal 3–4 h after dosing 
on the preceding day, it is safe and reasonable to increase the dose by 5–10 mg. 
Patients must be counseled to report symptoms of overmedication, and the dose 
reduced immediately if sedation or other symptoms are detected to prevent fatal 
overdose. Severe physical withdrawal should be suppressed in a day or two, and 
complete suppression after a week or two [ 23 ]. 

 Several missed doses may produce a decrease in tolerance. It is common practice 
in MMT for a 3 day consecutive miss to lead to a dose review with a possible dose 
reduction. Five days or more missed consecutively should lead to a dose reassess-
ment and re-titration of the methadone upwards, even if the patient reports contin-
ued opioid or methadone use during this period. The tolerance of patients on MMT 
is an important protective factor against overdose and patients are far less likely to 
overdose than opioid users not in treatment.  

    Optimal Dosing 

 A given methadone dose which suppresses opioid withdrawal may or may not be a 
therapeutic or adequate dose. The optimal dose of methadone will not only control 
the physical signs and symptoms of opioid withdrawal but will also control cravings 
for opioids (the desire to use, frequent thoughts or dreams of using) with the avoid-
ance of sedation and the minimization of other adverse effects (sweating, constipa-
tion, and loss of libido), which may be dose-dependent. Cravings are the result of 
the inability of the patient to produce natural endogenous opioids and methadone is 
effective at suppressing them. Conditioned cravings or “tiggers” occur with patient 
exposure to persons, places, and things associated with using opioids. A patient 
constantly exposed to triggers may continue to use and require a higher blocking 
dose of methadone to block the euphoric effects of opioids used in addition to the 
methadone. Not all patients require a blocking dose to achieve abstinence from 
illicit drug use. Some patients do not want to stop using and/or suffer methadone 
side effects and choose to keep their methadone dose low allowing for continued 
opioid use. Outcomes are better when a therapeutic dose is achieved and illicit opi-
oid use ceases; however, even on low doses of methadone patients with continued 
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illicit opioid use remaining in treatment have been shown to be substantially 
improved in terms of decreasing heroin consumption, arrests, and employment [ 24 ]. 
An interdisciplinary model of care with all disciplines—counselors, nurses, and 
clinicians working together, supports the patient’s adherence to treatment and 
acceptance of an adequate dose. 

 The benefi t of maintenance treatment is correlated with retention in treatment 
and the adequacy of the methadone dose [ 5 ,  25 ]. Once stabilized a patient may stay 
on the same dose for years. More often the dose needs to be adjusted due to changes 
in the patient’s health, medications, schedule, life circumstances, stress, and expo-
sure to triggers. Increasing or decreasing the dose by 5–10 mg and waiting 4–5 days 
for a new steady state to be achieved before any further changes are made may be 
all that is needed in the case of extreme oversedation, the dose decrease is more 
aggressive. It is important to ask the patient at regular intervals if they are comfort-
able on their current methadone dose. Patients may not be using illicit drugs but can 
still experience cravings which otherwise would go unreported. Decisions to change 
the methadone dose should be individualized and made with patient input. 

 Relapse may account for a loss of stability on the current methadone dose. If 
continued illicit opioid use (heroin or prescribed medications) is still causing eupho-
ria, a methadone dose increase should be offered to block this effect and to suppress 
drug cravings. Misuse of centrally acting psychotropic medications, commonly 
benzodiazepines and alcohol, may require a methadone dose decrease as the addi-
tive effects may cause sedation, respiratory depression, and coma. The methadone 
dose required to treat opioid dependence may prove inadequate if decreased to 
counter oversedation from polysubstance use. It is important for the patient to 
receive their methadone but it may be unsafe to medicate patients that are observed 
to be sedated, particularly after taking the methadone in combination with other 
drugs prescribed or not. A supervised withdrawal from the sedative or alcohol is 
often necessary: if the patient is willing to decrease their use where and how detoxi-
fi cation will be accomplished needs to be established. The patient needs to be coun-
seled regarding the risks polysubstance use on MMT. Care coordination and 
communication with outside prescribing professionals is essential. 

 A dose increase may be indicated in response to a patient reporting cravings or 
withdrawal when facing increased life stressors. Conversely, after a patient has been 
stabilized on a blocking dose of methadone and is no longer confronted by daily 
triggers a decreased dose may be well tolerated and adequate for maintenance 
treatment. 

 New medications may precipitate withdrawal. Incremental dose increases may 
not be adequate and a split dose may be necessary to restabilize from the increased 
metabolism of methadone. Partial opioid agonists (buprenorphine, Nubain) and 
antagonists (naltrexone, naloxone) will acutely precipitate withdrawal in metha-
done maintained patients and may be severe and potentially dangerous to patients. 
Medications that decrease methadone metabolism may require a methadone dose 
decrease. 

 Some medical conditions may change the metabolism of methadone, produce 
symptoms that mimic withdrawal or produce life stress which trigger craving and 
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will require a methadone dose adjustment. Minor colds and fl u often feel like with-
drawal to patients, but an increase in the methadone dose is not needed. 

 Anxiety not related to withdrawal, but which is related to an anxiety disorder or 
underlying depression will not respond to a methadone dose increase and the under-
lying condition needs to be treated with appropriate psychotropic medication and/or 
counseling. 

 Insomnia may result from many causes, so fi rst rule out stimulant use and edu-
cate the patient regarding good sleep hygiene. The patient may have a sleep disorder 
not related to opioid use or treatment. If the methadone dose is too low, the patient 
will wake in the night with withdrawal mediated insomnia and after being medi-
cated in the AM fall asleep appearing over sedated in spite of subtherapeutic night-
time methadone levels. A thorough patient history is required to assess the cause 
and treatment of insomnia. 

 In pregnancy methadone blood levels may be signifi cantly lowered particularly 
in the fi rst and third trimester. Split dosing may be required to restabilize patients, 
with an increase of the methadone dose. Any dose decrease needs to be discussed 
with the patient so that she is aware of the risks of withdrawal to the fetus in utero. 
Tapering is best done in the second trimester if the patient chooses to do so. An 
informed consent regarding the risks of tapering the methadone dose during preg-
nancy is documented before initiating a taper during pregnancy.  

    Split Dosing 

 If a patient is clinically overmedicated several hours after dosing but experiences 
withdrawal before it is time for the next dose, they may request a split dose. Most 
patients can be stabilized on a single daily dose but patients who are rapid metabo-
lizers of methadone may require split dosing to alleviate withdrawal symptoms 
between doses. Additional once-a-day dose increases will not make the dose last 
longer and would only elevate the peak level, not the trough level. Peak and trough 
plasma levels of methadone can be utilized to evaluate the adequacy of a dose, but 
should not replace clinical judgment. Increasing the once-a-day dose for rapid 
metabolizers results in greater overmedication during the early hours but continued 
opioid withdrawal later [ 26 ]. There is no standard therapeutic blood level: blood 
levels vary from patient to patient. The R isomer of methadone is active in the treat-
ment of opioid dependence [ 27 ,  28 ]. Serum blood levels however do not distinguish 
between the active (R) and inactive (S) isomers of methadone. The methadone dose 
is signifi cantly correlated with SMLs, but evaluating the trough level in a patient is 
less useful than comparing the peak and trough levels. The peak level should be less 
than twice the trough level. If the peak SML is more than twice the trough level (P:T 
ratio > 2.0), splitting the daily methadone dose should be considered as a peak level 
that is more than twice the trough level suggests a rapid metabolizer of methadone. 
Methadone blood levels are obtained when a patient has reached a steady state on a 
given dose after 5–7 consecutive daily doses. The trough level is drawn 
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approximately 24 h after the previous dose and before the daily dose is taken. The 
patient is asked to remain in the clinic and needs to be observed so no other metha-
done is ingested during the interim 3–4 h before the methadone peak level is drawn. 
The therapeutic benefi t to the patient of split dosing and a take-home dose must 
outweigh the risks of possible methadone diversion. Split dosing is recommended 
in pregnancy when the metabolism of methadone is increased and may be helpful 
for patients with pain because patients report some analgesic effect from the metha-
done after dosing.  

    Possible Side Effects of MMT 

 Oral methadone has proven to be well tolerated with minimal adverse reactions 
when prescribed in appropriate doses in MMT [ 29 ,  30 ]. Most adverse effects from 
methadone are general opioid effects, such as nausea, vomiting, constipation, and 
drowsiness, and most improve over time. Higher doses of methadone may produce 
respiratory depression and hypotension. Dry mouth, sweating, and decreased libido 
may also commonly occur.  

    Drug Interactions with Methadone 

 Methadone is metabolized in the liver by the CYP enzymes. Other medications may 
induce enzyme activity, accelerate its breakdown, increase its rate of clearance, 
lower the    SML, and possibly precipitate an abstinence (withdrawal) syndrome or 
inhibit this enzyme system, slowing methadone metabolism, raising the SML, and 
possibly causing methadone toxicity from oversedation and/or respiratory depres-
sion [ 31 ]. Medications that alkalinize the urine (bicarbonate) decrease the rate of 
methadone excretion and medications that acidify the urine (vitamin C) increase the 
rate of excretion. Ciprofl oxacin can signifi cantly increase the methadone level 
resulting in severe sedation, bradycardia, and/or respiratory failure [ 32 ]. Tricyclic 
antidepressants (Elavil) may increase methadone toxicity and plasma levels, and are 
often misused by patients when prescribed or can be illicitly obtained. Because of 
the relatively small but statistically signifi cant QT interval increases among MMTP 
patients it would be prudent not to co-prescribe methadone with other drugs that 
prolong the QT interval where possible. Many drugs used for HIV interact with 
each other and their combined effects on methadone can be complex [ 33 ]. 

 Most potential drug interactions are not absolute contraindications for co- 
administration. The clinical response varies widely depending on the medication 
and the individual patient. Many patients will not develop any clinically signifi cant 
problems. It is important to be aware of concomitant diseases (e.g., liver disease) 
that might infl uence the potential for adverse drug interactions. Substitute alterna-
tive medications that do not interact with methadone where possible, or use those 
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that have the least potential for interaction. Careful monitoring for signs of with-
drawal or sedation when the patient is prescribed new medications, with appropriate 
methadone dose adjustments, is all that may be necessary. A complete list of pre-
scribed OTC and herbal preparations must be obtained and reviewed prior to start-
ing methadone treatment and updated on a regular basis. Patients must inform the 
clinic when prescribed a new medication and communication with outside provid-
ers maintained.  

    Prolonged QTc and ECG Screening in MMT 

 In some individuals, methadone—alone, or more commonly, in combination with 
other drugs and/or cardiac risk factors—can prolong the QTc interval, particularly 
at higher doses (greater than 100 mg), putting the patient at risk from the potentially 
life-threatening cardiac arrhythmia torsade de pointes. Current evidence does not 
support altering methadone dosing practice or requiring electrocardiograms (ECGs) 
for all patients beginning methadone therapy and should not deter the appropriate 
use of methadone. There are concerns that recently released guidelines for QT inter-
val screening may jeopardize treatment [ 34 – 38 ]. More research is needed to support 
routine EKG screening, as the relatively small potential risk of adverse cardiac 
events with methadone should be weighed against the signifi cant benefi ts of treat-
ment [ 39 ]. Alternatives, such as buprenorphine, which has not been shown to pro-
long the QTc in vivo, may be considered after evaluating the risks/benefi ts of 
methadone treatment for a particular patient. It is important to inform patients of the 
risks associated with MMT, identify those patients who may be at an increased risk 
of adverse reactions, counsel at-risk patient regarding treatment options and coordi-
nate care for at-risk patients with other treating physicians.  

    Ongoing Care 

 After admission to the MMT and methadone dose stabilization, physicians in an 
OTP provide ongoing medical oversight of the patients overall treatment [ 23 ]. 
Activities include:

•    Reviewing each patient’s treatment plan to ensure that it meets regulatory criteria 
and addresses current recovery, medical and social needs.  

•   Provide medical counseling as needed and ensure that the patient receives appro-
priate addiction-related counseling at the program.  

•   Evaluates and reevaluates the patients’ methadone dose to support him/her in 
achieving and maintaining abstinence while minimizing side effects and ensur-
ing safety.  

•   Evaluate patients who appear sick or intoxicated when they present for dosing to 
determine they may be safely dosed or a dose adjustment needs to be made or if 
they need acute medical attention.  
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•   Make decisions regarding patients’ eligibility for take-home doses.  
•   Review and interpret drug screen results when necessary.  
•   Review patients’ prescription medications, intervening with the patient and/or 

prescribing physician when there is a concern.  
•   Advocacy for patients to ensure that they receive appropriate medical treatment 

(especially for pain management) and are not penalized for being in MMT.  
•   Coordinate care with outside medical staff, hospitals or jail medical units, and to 

provide consultation when needed.     

    Comorbid Polysubstance Use 

 Polysubstance use is common in patients admitted to MMT. Some patients quit 
using all other illicit drugs but many do not. Increasing the methadone dose will 
often stabilize patients who are only using illicit opioids, but for other non-opioid 
drugs other interventions are needed. The patient should be assessed for medical 
and psychiatric conditions contributing to the misuse. Patients should be warned 
about the dangers of driving and/or operating heavy machinery when using illicit 
drugs or other medications in combination with methadone. It may be necessary to 
discontinue methadone treatment if it becomes unsafe for the patient to continue, 
especially if the patient is missing multiple doses or who appear to be at a risk of 
overdose, but discharging a patient from treatment may also be detrimental. The 
physician must weigh the risks and benefi ts for the patient remaining in treatment 
vs. discharge, to determine the appropriateness of discharging the patient.  

    Comorbid Psychopathology 

 The incidence of comorbid psychopathology in MMT may be as high as 78 % and 
has been found to have a negative impact on quality of life [ 40 ]. On-site mental 
health services are recommended as it is important to diagnose and treat psychotic, 
mood and anxiety disorders because when symptoms remain untreated substance 
use is likely to continue. In dual diagnosis patients good control of their opioid 
dependence leads to stability and improvements in mental health. Clinical experi-
ence suggests that some psychiatric conditions sometime respond to appropriate 
methadone dosing. Mood disturbance may be a sign of withdrawal and will respond 
to methadone dose adjustments. If mood problems disappear and recur at trough 
levels, this is suggestive of withdrawal-mediated mood disturbance [ 41 ]. Antisocial 
behaviors associated with active addiction may disappear when the addiction comes 
under control. There is a high incidence of physical, sexual, and posttraumatic stress 
disorder among opioid-dependent patients.  

R.M. Seewald



25

    Associated Medical Problems 

 Urgent conditions and needle-related diseases (abscess and cellulitis, necrotizing 
fasciitis, botulism, infectious endocarditis, trauma, HIV, hepatitis, tuberculosis) 
must be screened for intake and as needed, and prompt care arranged when neces-
sary. Medical comorbidities seen in MMT patients related to opioid use are often 
associated with the method of ingestion (intravenous, inhalation, nasal insuffl ation, 
or snorting) and activities related to obtaining the drug. Those comorbidities associ-
ated with the non-opioid drugs of abuse (smoking, cocaine, amphetamines, etc.) are 
frequently directly related to the drug. Chronic diseases include diabetes, asthma, 
hypertension, chronic obstructive pulmonary disease, and coronary artery disease. 
It is important to ensure that patients with HIV are aware of the potential interaction 
between methadone and antiretrovirals and to ensure that prescribing physicians are 
aware of the patient’s methadone treatment and care coordinated with other medical 
providers. The methadone dose needs to be adjusted in response to the patients’ 
particular reaction and often more rapidly than in usual clinical practice. Many 
patients smoke cigarettes and are at high risk for cardiac and lung diseases. 
Methadone can potentially suppress respiration and although tolerance to respira-
tory depression is expected during MMT, hospital physicians may temporarily 
decrease the methadone dose in MMT patients. It is important to advocate for and 
coordinate care when patients are hospitalized.  

    Chronic and Acute Pain in MMT 

 Pain in people who use drugs is common, complex, and poorly treated. Pain preva-
lence estimates in MMT are high and range from 37 % with chronic severe pain 
(i.e., pain lasting at least 6 months with at least moderate pain intensity or signifi -
cant pain interference in the past week) to more than 60 % with chronic pain of any 
intensity [ 42 – 45 ]. Chronic pain in patients attending MMTPs is associated with 
increased psychopathology, including increased levels of anxiety, depression, per-
sonality disorder criteria, suicide attempts, trauma, and disability [ 42 – 45 ]. The fear 
of diversion and medication misuse may result in opioid users receiving inadequate 
analgesia. The undertreatment of pain in MMT patients is often based on miscon-
ceptions such as MMT provides adequate analgesia, the use of opioids for analgesia 
may trigger relapse, the additive effects of opioid analgesics in addition to MMT 
may increase respiratory and central nervous system depression, and requesting 
pain medication or complaining of pain is seen as drug-seeking behavior. 

 The usual methadone dose is generally maintained when treating both acute and 
chronic pain. Non-pharmacological approaches as well as non-opioid analgesics 
and adjuvants may be useful.  

2 Use of Methadone in Opioid Maintenance Treatment
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    Toxicology Screening 

 Toxicology screening should never be used punitively, but only as an aid to treat-
ment. Positive screens for heroin and other illicit drugs require a review of the 
patient treatment plan, of the methadone dose and should not normally lead to dis-
charge from MMT or a dose reduction. Regulations require screening for illicit drug 
use and to verify that methadone is present. Federal regulations require eight drug 
tests at a minimum per calendar year and do not specify which drugs, other than 
methadone, must be included. States have different, often more onerous regulations. 
The use of toxicology screening is limited in its ability to prevent diversion of meth-
adone in MMT as screening provides only positive or negative results and does not 
measure consumption. Both urine and oral fl uid/saliva tests are now available for 
use. Mouth swab tests of oral fl uid provide the same information about recent drug 
use as testing urine. Saliva tests however are not as sensitive as they have a shorter 
detection window than urine but can be observed more easily, preserving patient 
dignity and can be used in patients unable to produce urine. Clonazepam, ativan, 
and other sedatives, such as muscle relaxants and synthetic opioids, are not reliably 
screened for using the current toxicology tests available. Specifi c requests need to 
be made for the lab to perform these tests. Screening tests may be confi rmed by GC/
MS to ensure that results are accurate if necessary.  

    Take-Home Privileges 

 Patients must be assessed to see if they meet the eight federal criteria for consider-
ing eligibility for take-home doses of methadone. These are:

    1.    Absence of recent abuse of drugs (opioid or non-narcotic) including alcohol   
   2.    Regularity of clinic attendance   
   3.    Absence of serious behavioral problems at clinic   
   4.    Absence of recent criminal activity, e.g., drug dealing   
   5.    Stability of the patient’s home environment and social relationships   
   6.    Length of time in comprehensive maintenance treatment   
   7.    Assurance that take-home medication can be safely stored within the patient’s 

home   
   8.    Determination that the rehabilitative benefi t to the patient derived from decreas-

ing frequency of clinic attendance outweighs the potential risk of diversion     

 Take-home medications can support a patient’s progress in MMT and be of 
therapeutic benefi t. Federal regulations permit up to 1 month of take-home doses 
after 9 months in treatment but state regulations are often much stricter. Any patient 
may receive a take-home medication dose of methadone for days when the treat-
ment facilities are closed, including Sundays and holidays if they can safely and 
responsibly handle medication. No patient in short-term detoxifi cation or interim 
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maintenance may receive take-home maintenance medication. Patients who are ill 
may be provided take-home medication and a designee approved to pick up medica-
tion in emergencies, but regular reassessment by a physician is then necessary.  

    Pregnancy 

 MMT is recommended to treat opioid dependence in pregnancy. It appears to ben-
efi t fetal growth and survival. Improved outcomes may be due to improved antenatal 
care, health, and nutrition (even if the woman continues to use illicit drugs) and not 
to the methadone alone [ 46 – 48 ]. The withdrawal of methadone and other opioids in 
pregnant women puts the woman, the pregnancy, and the baby at risk. MMT on an 
adequate dose of methadone is recommended rather than a dose reduction due to the 
high risk of relapse and subsequent harm to the fetus. If the patients are physically 
dependent on alcohol and sedatives, methadone treatment should be started prior to 
hospitalization so opioid withdrawal does not complicate the detoxifi cation [ 23 ]. 

 Dose determination in pregnancy unfortunately remains controversial and some 
obstetricians insist on low doses or even methadone tapers to avoid the risk of NAS. 
The literature on the relationship of dose to withdrawal is inconclusive but it is well 
established that therapeutic doses of methadone are associated with decreased illicit 
drug use, more prenatal care and longer retention in treatment. Babies exposed to 
ongoing illicit drug use are at greater risk of adverse outcomes. It is not established 
if higher doses of methadone produce adverse outcomes. Recent studies have shown 
no association between the severity of withdrawal and dose. After initial stabiliza-
tion many women required dose increases as the pregnancy progresses due to the 
reemergence of signs and symptoms of withdrawal. Current recommendations are 
to treat pregnant women according to the same dosing guidelines as the nonpreg-
nant patient without any upper methadone dose limit. Rarely urine drug screens 
may become negative for methadone and the methadone metabolite because of the 
increased clearance in pregnancy. When breastfeeding, the amount of methadone 
passed into the breast milk is negligible. MMT or the methadone dose should not be 
used as a contraindication to breastfeeding in women.  

    Detoxifi cation and Discharge from MMT 

 Evidence shows outcomes are better with long-term MMT; however, patients are 
discharged from programs for many reasons both voluntary and involuntary [ 49 ]. 
Patient-led detoxifi cation can be successful with adequate support, but enforced 
reductions are associated with poor outcomes. Research has shown the all-cause 
mortality is 3–4 times lower in patients continuing in MMT compared with those 
who discontinue treatment [50]. Discharge from MMT requires appropriate dis-
charge planning because of the high risk of relapse, the loss of tolerance, and the 
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risk of overdose and death. The patient should be counseled that few patients are 
able to maintain abstinence after tapering off methadone and that a successful out-
come of tapering is ongoing, sustained abstinence from illicit opioid use, even if the 
patient needs to remain on MMT. To prevent destabilizing a patient, it is best to 
proceed very slowly, starting and stopping to control symptoms of withdrawal and/
or craving. Cravings and slips are indications to stop the taper and restabilize the 
patient on a higher dose. There is no evidence to indicate the superiority of any one 
dose reduction approach, a comfortable taper rarely takes less than 2 months and 
often will take months to years, if ever. Tapers are more likely to succeed if the 
patients have stability of physical and mental health, and the social environment. 
Careful monitoring of increased drug and alcohol use during methadone dose tapers 
is advisable. Psychotic or depressive symptoms may emerge as the methadone con-
centration decreases and a relapse into depression carries a risk of relapse to drug 
use [ 41 ]. The risk of suicide is increased if the patient relapses after a long period of 
abstinence.     
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           Misconceptions About Pain in Patients Receiving Methadone 
for Opioid Dependence 

 The clinical conditions of pain and opioid dependence are related phenomena [ 1 ]. 
Opioids, whether administered for analgesic or addiction treatment purposes, acti-
vate opioid receptors that provide both analgesia and euphoria [ 2 ]. The presence of 
one condition seems to infl uence the expression of the other. Clinical examples of 
this include how the presence of acute pain seems to decrease the euphoric qualities 
of an opioid [ 3 ] and how the presence of opioid dependence seems to worsen the 
experience of pain [ 4 ]. In patients with addictive disorders, the experience of pain is 
worsened by subtle withdrawal syndromes, intoxication, sleep disturbances, and 
affective changes. 

 Common misconceptions held by healthcare providers result in the under- 
treatment of pain in patients receiving methadone maintenance for opioid depen-
dence [ 5 ]. These include: (1) methadone maintenance provides analgesia; (2) use of 
opioids for analgesia may result in addiction relapse; (3) the additive effects of 
opioid analgesics and methadone maintenance may cause respiratory and central 
nervous system (CNS) depression; and (4) the pain complaint may be a manipula-
tion to obtain opioid medications, or drug-seeking, in a patient with opioid depen-
dence. We address each of these individually. 

    Chapter 3   
 Treating Pain in Patients Receiving Methadone 
Maintenance for Opioid Dependence 
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 There are pharmacokinetic and pharmacodynamic explanations for why patients 
do not receive adequate analgesia from methadone used in the treatment of opioid 
dependence. Not only do the analgesic and addiction treatment profi les of metha-
done differ, but the neuroplastic changes associated with long-term opioid exposure 
(i.e., tolerance, opioid-induced hyperalgesia) may effectively diminish its analgesic 
effectiveness [ 6 ]. Methadone, a potent analgesic, has a duration of action for anal-
gesia (4–8 h) that is substantially shorter than its suppression of opioid withdrawal 
(24–48 h) [ 7 ]. Because patients receiving methadone to treat opioid dependence 
receive a dose every 24 h, the period of even partial pain relief is short. Opioid toler-
ance and narcotic blockade are other factors that explain why patients derive little 
pain relief from their daily methadone maintenance dose [ 8 ]. One study found that 
patients receiving methadone maintenance were cross-tolerant to the analgesic 
effects of morphine and that pain relief, when obtained, did not last as long as 
expected [ 9 ]. Therefore, cross-tolerance between methadone used for treating opi-
oid dependence and other opioids used for analgesia may explain why these patients 
often require higher and more frequent doses of opioid analgesics to achieve ade-
quate pain control. 

 A second concern is that the use of opioid analgesics in patients receiving metha-
done maintenance may result in relapse to illicit opioid use. There is no evidence 
that exposure to opioid analgesics in the presence of pain increases rates of relapse 
in such patients. A small retrospective study of patients receiving methadone main-
tenance who received opioid analgesics after surgery did not fi nd a difference in 
relapse indicators compared with matched patients [ 10 ]. Similarly, no evidence of 
relapse was seen in patients receiving methadone maintenance who received opioid 
analgesics for cancer-related pain [ 11 ]. In fact, relapse prevention theories would 
suggest that the stress associated with unrelieved pain is more likely to be a trigger 
for relapse than adequate analgesia. In one study patients receiving methadone 
maintenance therapy stated that pain played a substantial role in their initiating and 
continuing illicit opioid use [ 12 ]. 

 A third concern is that the addition of opioid analgesics to methadone mainte-
nance will cause severe respiratory or CNS depression. This is a theoretical risk, 
which has not been clinically demonstrated. Tolerance to the respiratory and CNS- 
depressant effects of opioids occurs rapidly and reliably [ 13 ]. Patients with worsen-
ing cancer-related pain who require dose escalations typically do not exhibit 
respiratory and CNS-depressant effects when additional opioids are administered 
[ 14 ,  15 ]. It has been suggested that acute pain serves as a natural antagonist to 
opioid- associated respiratory and CNS depression [ 16 ]. 

 Finally concern about being manipulated by a drug-seeking patient is a powerful 
infl uence underlying physicians’ reservations to prescribe or order opioid analge-
sics for pain to patients receiving methadone for opioid dependence. Pain is always 
subjective, making assessment of its presence and severity diffi cult. While this may 
be a concern, it is important to note that patients receiving methadone maintenance 
typically receive methadone doses that block most euphoric effects of co- 
administered opioids, theoretically decreasing the likelihood of opioid analgesic 
abuse.  
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    Treating Acute Pain in Patients Receiving Methadone 

 The appropriate treatment of acute pain in methadone maintained patients includes 
addressing the patient’s baseline opioid requirement for their opioid dependence 
along with aggressive pain management. As with all patients who have acute pain, 
nonpharmacologic and nonopioid analgesic pain-relieving interventions should be 
aggressively implemented. However, patients with moderate to severe acute pain 
will often require opioid analgesics. To decrease the total amount of opioid provided 
to these patients, multimodal analgesia (i.e., nonsteroidal anti-infl ammatory drugs 
and acetaminophen) and use of adjuvant analgesics that enhance opioid effects (i.e., 
tricyclic antidepressants) may be co-administered [ 17 ]. If patients are hospitalized, 
acute opioid withdrawal causing worsening pain symptoms can be avoided by con-
tinuing the usual daily dose of methadone, after the important step of verifi cation 
with the patient’s opioid treatment program (methadone maintenance provider). It is 
important to decrease the patient’s anxiety by reassuring them that their methadone 
maintenance will be continued and that their pain will be aggressively treated. When 
the increased pain sensitivity and cross-tolerance with methadone are considered, 
adequate pain control will generally necessitate higher doses of opioids adminis-
tered at shorter intervals. Analgesic dosing should be continuous or scheduled, 
rather than “as needed” when treating acute pain. Allowing pain to reemerge before 
administering the next dose causes unnecessary suffering and anxiety and increases 
tension between the patient and the treatment team. 

 The pharmacologic properties of opioids must be considered when selecting an 
opioid analgesic for the methadone-maintained patients. Mixed agonist and antago-
nist opioid analgesics, such as pentazocine, nalbuphine, and butorphanol, must be 
avoided because they will likely displace methadone from the µ-opioid receptor, 
thus precipitating acute opioid withdrawal in these patients [ 18 ]. Combination prod-
ucts of opioid analgesics containing fi xed doses of acetaminophen and an opioid 
should be limited to patients not requiring large doses to avoid acetaminophen- 
induced hepatic toxicity.  

    Treatment of Chronic Pain in Patients Receiving Methadone 

 Chronic pain is common in patients receiving methadone maintenance [ 19 ,  20 ]. For 
example, among patients receiving methadone maintenance, estimates of chronic 
pain prevalence range from 37 % with chronic severe pain [ 21 ,  22 ] to more than 
60 % with chronic pain of any intensity [ 23 ,  24 ]. Many patients seek admission to 
opioid treatment programs because of opioid analgesic dependence (and not because 
of heroin dependence) and the majority of those presenting with dependence on 
prescription opioids report that their primary reason for beginning prescription opi-
oid use was to relieve pain (and not for its euphoric effects [ 24 – 26 ]). 

3 Treating Pain in Patients Receiving Methadone Maintenance for Opioid Dependence
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 While debate exists about the reasons for the elevated rates of chronic pain in 
opioid agonist-maintained patients (e.g., opioid-induced hyperalgesia, shared bio-
logical vulnerability), it is widely accepted that chronic pain in opioid addicted and 
non-addicted patients can have multiple deleterious consequences, including health 
complications, such as sleep and appetite problems; psychological complications, 
such as trauma, anxiety, and depression; increased attempts to self-medicate (e.g., 
illicit substance use); and medical/psychosocial problems associated with increased 
drug seeking behaviors [ 22 ,  27 – 39 ]. For example, studies have found that in com-
parison to patients receiving methadone maintenance without pain, those with 
chronic severe pain are more likely to meet clinical cutoffs for somatization (75 % 
vs. 6 %,  p  < 0.001), anxiety (52 % vs. 17 %,  p  < 0.005), overall psychiatric distress 
(63 % vs. 17 %,  p  < 0.001), personality disorder criteria (66 % vs. 31 %,  p  < 0.01), 
and screened symptoms of posttraumatic stress disorder (45 % vs. 14 %,  p  < 0.05) 
[ 22 ,  30 ]. 

 The high prevalence of psychiatric and medical comorbidity among patients with 
co-occurring chronic pain and opioid dependence can pose clinical management 
challenges for providing methadone maintenance [ 24 ,  40 – 42 ]. In one study, physi-
cians and physicians assistants caring for patients receiving methadone maintenance 
who reported chronic pain tended to fall into one of the two categories, those who 
prioritized addiction treatment by emphasizing the adverse consequences of using 
illicit drugs or prescription medications to address pain complaints and those who 
prioritized pain management and focused on the adverse consequences of untreated 
pain [ 42 ]. Unfortunately, there are no clinical trials to help guide management in 
this area of medicine and much research is needed [ 43 ]. 

 Small experimental studies constitute the state of the science on the role of meth-
adone in contributing to a pathologic chronic pain response in those receiving the 
medication over a long period of time. A study comparing controls to 31 subjects 
receiving low dose ( n  = 13, mean dose = 41 mg/day) and high dose ( n  = 18, mean 
dose = 188 mg/day) methadone maintenance, some with ( n  = 18) and without ( n  = 6) 
chronic pain, used noxious and innocuous thermal and mechanical stimuli to exam-
ine pain thresholds [ 44 ]. The results indicated that compared to controls, pain 
thresholds in those receiving methadone maintenance differed based on the pres-
ence or absence of chronic pain. Those receiving methadone maintenance who had 
chronic pain demonstrated higher pain thresholds than pain-free subjects (hypoal-
gesia) yet had lower pain thresholds compared with controls (hyperalgesia). Patients 
receiving methadone maintenance who had chronic pain demonstrated higher 
suprathreshold pain ratings than those without pain and controls. Methadone dose 
modifi ed the fi ndings. Patient receiving high dose methadone had lower supra-
threshold pain ratings than those receiving low dose methadone and controls [ 44 ]. 

 These experimental fi ndings correlate with an observational study noting higher 
daily methadone doses in opioid treatment programs among patients with chronic 
pain compared to those with pain of shorter duration and those without pain [ 24 ]. 
Similarly, a case series study tracked the dose of methadone prescribed to 53 HIV- 
infected patients receiving methadone maintenance who had supplemental metha-
done titrated up in response to patients complaints of pain [ 45 ]. The patients mean 
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dose of supplemental methadone was initially 67 % of their maintenance dose of 
methadone and mean pain ratings were 9.4 ± 1.03 (10 point scale). At 12 months, 
mean dose of supplemental methadone was 200 % of the mean maintenance dose, 
and mean pain ratings were 4.2 ± 1.4 ( p  < 0.01). 

 Due to limited empiric evidence, consensus guidelines provide the best guidance 
on treatment of chronic pain in those receiving methadone for the treatment of opi-
oid dependence. Standard recommendations include (1) thorough examination to 
determine the cause of pain, (2) non-pharmacologic treatments (e.g., cognitive 
behavioral therapy, physical therapy), (3) use of non-opioid medications, (4) close 
monitoring for relapse, (5) open discourse between opioid treatment program and 
pain treatment provider including medications prescribed and urine toxicology 
results, (6) avoidance of providing opioids that were previously abused by the 
patient, (7) continuing maintenance doses of methadone, (8) increasing methadone 
dose frequency (e.g., split dosing), (9) adding immediate release opioid formula-
tions, (10) consideration of increasing maintenance doses in situations where imme-
diate release formulations are frequently required, and (10) referral to specialty pain 
treatment providers for a full spectrum of pain management [ 46 ].  

    Conclusion 

 The challenges outlined in this chapter refl ect the complexity of these co-occurring 
conditions. Safe management of patients receiving methadone maintenance for opi-
oid dependence who have pain requires a good understanding of underlying pathol-
ogy, psychiatric comorbidity, and pharmacology. Trials of combination therapies 
guided by close patient monitoring and frequent assessments are most likely to 
result in appropriate treatment of patients and improved outcomes in both pain and 
addiction.     
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           Introduction 

 Methadone is an effective analgesic for the relief of moderate-to-severe pain 
unresponsive to non-opioid treatments [ 1 ]. However, candidates for methadone 
therapy must be carefully selected and closely monitored for side effects. The 
primary risk with methadone is death from respiratory depression, particularly 
when initiating therapy or changing doses, and clinicians who prescribe metha-
done should understand its unique pharmacologic properties. Nowhere are edu-
cated prescriber practices and precise patient adherence to medical direction more 
vital than in methadone therapy for chronic pain. 

 Adverse effects of methadone are common to all opioids. Many resolve as ther-
apy progresses, including sedation, vomiting, confusion, and dizziness; others, such 
as constipation and endocrinopathies, persist throughout the treatment period and 
may require concurrent therapy [ 2 ,  3 ]. Sleep-disordered breathing, particularly if it 
remains undiagnosed, may contribute to respiratory depression in methadone- 
treated patients on moderate-to-high doses or with pertinent risk factors [ 4 ]. 

 All patients should receive counseling on potential adverse effects along with the 
risks and benefi ts of therapy and give informed consent before beginning opioid 
therapy [ 5 ]. Intolerable side effects drive many patients from opioid therapy, but 
many respond to dose reduction, opioid rotation, a change in the route of adminis-
tration, or treatment of the symptoms [ 3 ].  

    Chapter 4   
 Methadone Side Effects: Constipation, 
Respiratory Depression, Sedation, Sleep- 
Disordered Breathing, and the Endocrine 
System 
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    Constipation 

 Opioid-induced constipation (OIC) is so common with opioid administration that it 
is best to assume some degree of OIC will occur and take preventive measures. 
Between 14 and 70 % of opioid-treated patients report symptoms of bowel dysfunc-
tion, which may include infrequent and hard stools, abdominal pain and bloating, 
and decreased appetite [ 6 ]. Optimal therapy should improve bowel-movement fre-
quency and stool consistency as well as reduce incidence of straining and incom-
plete evacuation. Patients vary widely in the quantity and severity of symptoms and 
in response to treatment, thus highlighting the importance of individual dosing and 
monitoring for effect. 

 Tolerance to OIC rarely develops; therefore, co-therapy to prevent or control 
constipation is necessary [ 5 ]. The usual treatment is to advise patients to start imme-
diate nonpharmacologic measures such as increasing liquids, dietary fi ber, and 
physical activity in addition to prophylactic treatment with a laxative [ 3 ]. A stool 
softener is helpful to ease passage of stool when prescribed in combination with a 
laxative but is usually insuffi cient as monotherapy [ 3 ]. Senna, a stimulant laxative 
that increases intestinal motility, is effective and often considered a fi rst-line therapy 
for patients treated chronically with opioids [ 3 ], although tolerance can develop and 
colonic tone can lessen with long-term use [ 6 ]. Osmotic laxatives, which increase 
the amount of water in the gut, provide another option. Dehydration is a risk with 
osmotic laxatives that can be minimized with electrolytes [ 6 ]. Bulk laxatives are not 
recommended for the treatment of OIC [ 6 ]. 

 Laxatives and stool softeners treat the symptoms and must be continuously used. 
If they are not effective, more invasive therapies with suppositories or enemas may 
be necessary. In patients with ongoing problems with constipation, consider rotating 
to another opioid with a less constipating effect [ 3 ]. 

 Peripherally active opioid antagonists comprise a new class of medications that 
target the underlying mechanism of OIC. They work by displacing opioids from the 
opioid receptors in the gastrointestinal (GI) tract without loss of centrally activated 
analgesia [ 6 – 8 ]. Several drugs in this class are undergoing development, but the 
only one currently approved for OIC is methylnaltrexone. 

 Methylnaltrexone is specifi cally indicated for OIC in patients with advanced ill-
ness who are receiving palliative care when response to laxative therapy has been 
insuffi cient. Methylnaltrexone has been investigated in randomized, controlled, 
double-blind trials and found to be signifi cantly effective in inducing bowel move-
ments over placebo in patients with advanced illness and OIC [ 7 ,  8 ]. No withdrawal 
or changes in pain scores accompanied the GI effects. The most common drug- 
associated adverse effects were abdominal pain, fl atulence, and nausea. The medi-
cation’s effect beyond short-term use has not been studied. 

 Methylnaltrexone is commonly used off label for OIC in patients on chronic 
opioid therapy for noncancer pain. In the author’s clinical experience, patients on 
methadone demonstrate high sensitivity to peripheral opioid antagonists, thus a 
reduced dose of methylnaltrexone is usually effective and reduces the incidence of 
uncomfortable side effects from its use. 
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 In the near future we should see more peripherally active opioid antagonists 
approved for the treatment of OIC. At this time, the evidence is still too inconclusive 
to inform standard clinical practice [ 5 ].  

    Respiratory Depression 

 The largest risk with methadone is respiratory depression. This is true of all opioids, 
but it appears that prescribing clinicians and patients sometimes underestimate the 
risk of respiratory depression with methadone, and fatal outcomes have risen with 
the increased availability of methadone to treat pain [ 9 ]. Methadone deaths increased 
almost sevenfold from 790 in 1999 to 5,420 in 2006, rising faster than deaths from 
heroin or other opioids [ 10 ]. In 2006, the U.S. Food and Drug Administration (FDA) 
issued warnings of deaths and life-threatening adverse events, including respiratory 
depression and drug interactions, in methadone-treated patients [ 1 ,  11 ]. 

 Methadone is abused recreationally, but some of the deaths occurred during clin-
ical practice of pain therapy [ 12 ]. The Government Accountability Offi ce, which 
analyzed methadone deaths, determined that insuffi cient knowledge among health-
care providers and patients on how to prescribe and consume methadone safely 
contributed to the increase in deaths [ 12 ]. Risks arise during initiating, titrating, and 
converting from other opioids; from drug–drug interactions; from patient nonadher-
ence in escalating doses; and from mixing with unauthorized substances, among 
other sources [ 13 ]. 

 Expert consensus in the pain fi eld says opioid-related respiratory-depressant 
effects occur principally in opioid-naïve patients and resolve quickly [ 14 ]. However, 
methadone-specifi c evidence suggests that the course of tolerance is unpredictable. 
Patients enrolled in methadone maintenance treatment for heroin addiction and who 
took daily methadone at an average dose of 75 mg demonstrated differing ventila-
tory responses based on the duration of treatment [ 15 ]. Patients who had taken 
methadone for <2 months demonstrated reduced ventilatory response to carbon 
dioxide and hypoxia, in contrast with patients who had taken methadone for >5 
months who demonstrated ventilatory tolerance to carbon dioxide but failed to dem-
onstrate complete tolerance to hypoxia. 

 Clinicians should follow conservative prescribing practices due to methadone’s 
unique pharmacokinetic and pharmacodynamic profi le. It is vital that prescribing 
clinicians understand that a disparity exists between methadone’s respiratory- 
depressant and analgesic effects and equally vital that they counsel patients accord-
ingly. Methadone analgesia typically lasts 4–8 h; however, methadone lingers in the 
body, depressing respiration for 8–59 h on average [ 11 ]. Furthermore, the speed at 
which methadone is eliminated is unpredictable, ranging from 5 to 130 h due to 
individual variations in metabolism [ 16 ]. 

 Genetic contributions may infl uence vulnerability to respiratory depression and 
overdose, and patients vary considerably in how quickly or well they metabolize 
opioids. For example, a CYP2B6 gene variant has been linked to the slow 
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metabolism of methadone resulting in high concentrations and, possibly, to 
methadone- related mortality [ 17 ]. The same study also found a signifi cant correla-
tion in methadone-related mortalities between postmortem benzodiazepine concen-
trations and an OPRM1 A118G allele [ 17 ]. 

 Patients are particularly vulnerable to overdose when initiating opioid therapy, 
converting from other opioids, and increasing doses. Medical records of 20 patients 
with chronic pain who died from opioid-related overdose showed methadone to be 
the primary opioid in 10 (50 %) of cases [ 18 ]. In 13 (65 %) of all cases, the death 
occurred within the fi rst week following an opioid dose change. These results 
underscore the imperative of starting all patients on a low dose and titrating slowly 
to effect, even if converting from high doses of other opioids. This often means that 
the starting dose will not control all pain. 

 It is safest to treat all new methadone patients as opioid naïve, regardless of prior 
opioid dose. This is because tolerance to the respiratory-depressant effect of metha-
done is slow to develop, and cross-tolerance is incomplete between methadone and 
other opioids [ 11 ]. Safe practice supports starting methadone with a ceiling dose of 
no more than 15 mg a day (Table  4.1 ) [ 19 ]. Starting doses should be even more 
conservative in vulnerable patients including seniors, obese patients, patients with 
respiratory, renal, or hepatic compromise, and patients taking concomitant central 
nervous system depressants. The initial dosing guidelines shown in Table  4.1  are 
consistent with those published by the FDA [ 11 ] and by a physician-specialist con-
sensus panel [ 5 ].

   Titrating to an effective dose requires close and individual monitoring. Methadone 
analgesia may require 3–5 days to reach peak effect. Meanwhile, methadone accu-
mulates in the liver, kidneys, and other tissues with repeated dosing, maintaining 
serum levels between doses, and posing a risk for toxicity and respiratory depres-
sion [ 20 ]. In some patients who are slow metabolizers, the respiratory-depressant 
effect continues to accumulate for 7–10 days. Therefore, it is important to wait  at 
least  7 days before increasing dose again. 

 Do not be tempted to give higher-than-recommended doses or to accelerate the 
titration process to control all pain. Patients should be warned that analgesia may 
not be immediately effective with methadone and counseled never to take an addi-
tional dose on their own. If patients being started on methadone continue to suffer 
uncontrolled moderate-to-severe pain, consider providing a short-acting opioid to 
control painful episodes until the methadone titration process can be completed. 
Clinicians must balance risk with benefi t, and patients whose severe pain continues 
unabated may be at risk for dangerously increasing their own methadone doses [ 12 ]. 

    Table 4.1    Suggested guidelines for initiating methadone for pain   

 Total daily morphine 
equivalents 

 Starting methadone dose 

 Healthy adults age <70 
years (mg tid) 

 Adults with chronic illness or age >70 
years (mg bid) 

 Opioid naïve  5  2.5 
 60–100 mg  5  5 
 >100 mg  5  5 

   Source : [ 19 ]  
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 Certain drugs may intensify or inhibit methadone’s respiratory-depressant effect. 
Methadone is metabolized in the liver by CYP enzymes, and drug interactions can 
occur when methadone is administered together with other medications that induce 
or inhibit the same enzymes [ 21 ]. Drugs that inhibit CYP 3A4 metabolism could 
slow methadone metabolism, leading to an increase in methadone’s effects. 
Medications in this category include certain antifungal agents (e.g., ketoconazole, 
fl uconazole), antibiotics (e.g., erythromycin, ciprofl oxacin), selective serotonin 
reuptake inhibitors (SSRIs) (e.g., sertraline, fl uvoxamine, and fl uoxetine), benzodi-
azepines, and cimetidine [ 21 ,  22 ]. Patients co-administered CYP inhibitors should 
be monitored for toxicity. 

 Benzodiazepines may contribute additive or synergistic respiratory effects and 
raise the risk of an adverse respiratory event with methadone [ 4 ,  20 ]. The “safe 
dose” of benzodiazepines in combination with methadone is uncertain. In general, 
it is inadvisable to co-administer benzodiazepines with methadone. If unavoidable, 
the starting dose of methadone should be lowered and titration slowed. 

 One should also monitor for the effect of CYP inducers, which may speed meth-
adone metabolism and lower methadone concentration. Insuffi cient analgesia could 
result, posing the risk of patient nonadherence to medical dosing directions. 
Examples of CYP inducers include phenobarbital, phenytoin, rifampin, and possi-
bly carbamazepine [ 21 ]. 

 Variations in DNA sequencing may render some people more vulnerable than 
others to the effects of drug combinations, and methadone may reach toxic levels 
more easily [ 17 ]. Drug–drug interactions are a particular concern in geriatric 
patients because age brings its own metabolic changes [ 23 ]. 

 Respiratory suppression leading to death is a risk that prescribers of methadone 
should take seriously and impress upon their patients. Tables  4.2  and  4.3  contain eight 
points for patient counseling and eight prescribing guidelines for clinicians to increase 
methadone safety [ 24 ,  25 ]. Counseling should stress the prohibition against mixing 
methadone with alcohol, benzodiazepines, or illicit drugs, and warn against escalat-
ing doses without medical authorization. Most methadone deaths involved additional 
substances; frequent co-intoxicants include benzodiazepines, antidepressants, other 
opioids, illicit drugs, and alcohol [ 12 ]. Many methadone deaths occur as a result of 
diversion for nonmedical use [ 26 ], but patients are also at risk from the additive effect 
of mixing central nervous system depressants with daily doses of methadone.

   Table 4.2    Counsel patients as follows to avoid methadone-related respiratory depression   

 1. Never take a prescription pain medication unless it is prescribed for you 
 2. Never adjust your own doses 
 3. Never take pain medication with alcohol 
 4. Mixing pain medications with sedative or antianxiety medications can be dangerous. Follow 

doctor directions carefully and avoid using pain medication to facilitate sleep 
 5. Always tell your healthcare provider about all medications you are taking from any source 
 6. Keep track of when you take all medications
7. Keep your medications locked in a safe place
8. Dispose of any unused medications 
   Source : [ 24 ]  

4 Methadone Side Effects: Constipation, Respiratory…



44

    Clinicians must monitor patient respiratory response, particularly when initiating 
methadone and during dose increases. Checking in with the patient and family every 
other day is optimal during the fi rst week of therapy. To guard against drug interac-
tions, patients must report all concurrent prescription and other-the-counter medica-
tions. As part of monitoring, it is important to counsel patients and their family 
members to watch for sedation, to recognize the warning signs of respiratory 
depression, and to respond quickly by summoning medical assistance.  

    Sedation 

 Sedation is common with any opioids, particularly during the fi rst few weeks of 
therapy and during dose changes until the body has developed tolerance [ 3 ]. The 
effect is usually transient, and medical treatment is seldom necessary unless seda-
tion or cognitive disturbances are persistent or severe. Once most patients are stabi-
lized on opioid doses, the cognitive and sedative effects of opioids lessen 
considerably and do not impair functions of daily life [ 27 ,  28 ]. 

 Again, however, methadone-specifi c pharmacologic properties require special 
caution. Clinicians must pay particular attention to signs of patient sedation, not 
merely as a level    of consciousness but as a possible warning sign of respiratory 
depression. This is because a patient who is initiated on methadone may experience 
a high level of sedation but still not achieve suffi cient analgesia. When this occurs, 
sedation may signal toxicity. 

 The prudent clinical method is to avoid sedation with methadone dosing, reduc-
ing the dose if sedation occurs. The body must have time to develop tolerance, even 
to a non-analgesic dose, before methadone can be titrated upward.  

   Table 4.3    Follow these guidelines to prevent harm when prescribing methadone and other opioids   

 1. Assess your patients for risk of misuse before opioid therapy and manage accordingly 
 2. Watch for and treat comorbid mental health disorders when they occur 
 3. Use conventional conversion tables cautiously when rotating (switching) from one opioid to 

another 
 4. Avoid combining benzodiazepines with opioids, especially during sleep hours 
 5. Start methadone at a very low dose and titrate slowly regardless of whether your patient is 

opioid-tolerant or not 
 6. Assess for sleep apnea in your patients on high daily doses of methadone or other opioids and 

in those with a predisposition 
 7. Tell your patients on long-term opioid therapy to reduce opioid dose during upper respiratory 

infections or asthmatic episodes 
 8. Avoid using long-acting opioid formulations for acute, postoperative, or trauma-related pain 

   Source : [ 25 ]  
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    Sleep-Disordered Breathing 

 Fatal or nonfatal respiratory depression is a risk, particularly during sleep. Certain 
evidence has suggested a relationship between opioids and sleep-disordered breath-
ing, although consensus about how to address the problem is not complete, and 
further research is needed [ 4 ,  29 ,  30 ]. One study found a positive correlation 
between methadone dose and central sleep apnea in patients with chronic pain, an 
effect that was heightened with benzodiazepines [ 4 ]. The same study reported that 
up to 75 % of patients on chronic opioid therapy had sleep-disordered breathing, 
although no opioid other than methadone demonstrated a specifi c dose relation. In 
a separate study, 30 % of patients in treatment for addiction who were on clinically 
stable methadone doses were found to have central sleep apnea [ 31 ]. 

 The clinical implication is that sleep-disordered breathing should be considered 
a risk for patients on methadone or other opioids [ 32 ]. Prior to initiating methadone 
therapy for pain, clinicians should:

•    Question all new methadone patients about history, signs, and symptoms of sleep 
apnea.  

•   Conduct a sleep study in any patient with signs of sleep-disordered breathing.  
•   Consider a sleep study for all patients to be treated with moderate-to-high doses 

of methadone.    

 Research has not yet determined a set dose of methadone that should trigger an 
initial sleep study. A conservative, “safety fi rst,” approach would be to perform a 
sleep study for patients who are currently taking >50 mg methadone a day or 
>150 mg of morphine equivalents or whose total daily opioid dose is expected to 
exceed that quantity. Sleep studies are indicated, regardless of dose, if patients 
exhibit risk factors, such as obesity, diabetes, neurological disorders, or a history of 
known sleep apneas. 

 The two main types of available sleep studies are a polysomnography performed 
in a sleep laboratory and a home sleep study. Home sleep evaluations do not allow 
for electroencephalogram (EEG) assessments; however, this is not necessary for 
diagnostic purposes. A problem with in-laboratory sleep studies is that they are not 
always covered by insurance payers and are expensive. Home sleep studies cost a 
fraction of what laboratory tests do, are approved by Medicare, and are often more 
easily arranged than an in-lab study. 

 Tables  4.4  and  4.5  show risk stratifi cation and management procedures for sleep- 
disordered breathing developed at the author’s pain clinic [ 33 ]. Most healthcare 
providers are not specially trained in interpreting sleep studies and, therefore, should 
consult with a sleep specialist for assistance in choosing the appropriate therapy. 
Patient adherence to medical direction is important to the success of therapy.

    Therapeutic options vary and include:

    1.    Supplemental oxygen for central sleep apnea   
   2.    Continuous positive airway pressure (CPAP) with supplemental oxygen for 

combined central and obstructive sleep apnea   
   3.    Bi-level positive airway pressure (BiPAP) with backup rate, with or without 

supplemental oxygen     

4 Methadone Side Effects: Constipation, Respiratory…



46

   Table 4.4    Patient risk stratifi cation after initial sleep study   

 Level 3 (highest risk)  • Taking around-the-clock opioids with CAI ≥5 events 
per hour 

 • Taking around-the-clock opioids with AHI ≥30 events 
per hour 

 Level 2 (moderate risk)  Taking around-the-clock opioids with AHI ≥5 events per 
hour 

 Level 1 (lowest risk)  Patients with AHI <5 events per hour 

   CAI  Central apnea index, defi ned as the number of central sleep apneas per hour of sleep;  AHI  
apnea–hypopnea index, a measure of overall severity of sleep apnea, defi ned as the number of 
apneas and hypopneas per hour of sleep 
  Source : [ 33 ]  

   Table 4.5    Sleep apnea management based on risk stratifi cation   

 Risk level  Timing  Clinical actions 

 Level 3 (highest 
risk) 

 Every 120 days  Check patient adherence with therapy (minimum 4 h per 
night, 7 nights per week) 

 Repeat home sleep study in patients with 
 • AHI <10 events per hour 
 • CAI <5 events per hour 

 Level 2 (moderate 
risk) 

 Every 6 months  Check patient adherence (minimum 4 h per night, 5 
nights per week) 

 Repeat home sleep study in patients with: 
 • AHI <10 events per hour 
 • CAI <5 events per hour 

 Level 1 (lowest risk)  Annually  Repeat home sleep study in patients with: 
 • AHI <5 events per hour 

   CAI  central apnea index, defi ned as the number of central sleep apneas per hour of sleep;  AHI  
apnea–hypopnea index, a measure of overall severity of sleep apnea, defi ned as the number of 
apneas and hypopneas per hour of sleep 
  Source : [ 33 ]  

 Based on the author’s clinical experience, about half of patients diagnosed with 
central sleep apnea respond to oxygen alone. In some cases, CPAP alone has wors-
ened central sleep apnea, highlighting the importance of consulting with a sleep 
specialist in choosing the best possible therapy. The treatments require individual-
ization. If the sleep apnea does not respond, it may be necessary to reduce the meth-
adone dose.  

    Endocrine Effects 

 The normal production of sex hormones in men and women takes place through 
activation of the hypothalamic–pituitary–gonadal axis. Opioid administration has 
been shown to suppress this mechanism [ 34 ]. Patients who consume opioids to treat 
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nonmalignant pain have demonstrated lower levels of estrogen, testosterone, corti-
sol, luteinizing hormone (LH), gonadotropin-releasing hormone (GnRH), and other 
hormones when compared with controls [ 2 ,  35 ,  36 ]. Results of depressed hormone 
production can include sexual dysfunction, loss of libido, depression, lowered 
energy, reduced cortisol response to stress, and—in women—amenorrhea and pos-
sible loss of bone mineral density [ 2 ,  35 ]. Adrenal insuffi ciency is another side 
effect of opioid administration [ 34 ]. Patients may suffer diminished quality of life 
as a result of these effects, and individual monitoring of patient response is neces-
sary during the course of opioid therapy. 

 Methadone has been associated with hypogonadism, primarily through studies 
of methadone maintenance therapy in people with opiate dependence [ 34 ,  37 ]. In 
general, suppression of sex hormone production is an effect methadone shares with 
all opioids. In contrast, patients maintained on buprenorphine rather than metha-
done have shown testosterone levels similar to healthy controls and reported signifi -
cantly less sexual dysfunction [ 37 ]. 

 Patients on long-term opioids should be periodically tested for sex-hormone 
abnormalities [ 38 ]. Rotation to another opioid can be helpful; however, patients 
who do not respond may be considered for hormone supplementation [ 34 ,  38 ]. Men 
taking opioids for chronic noncancer pain who completed an open-label trial of 
testosterone replacement therapy showed increases in hormone levels and improve-
ments in mood and sexual function [ 39 ]. Prior to initiating testosterone therapy, 
patients should be screened for prostate cancer. Patients who receive testosterone 
must be monitored clinically and tested periodically for response. It is advisable to 
test for effect on prostate-specifi c antigen levels 2 months after initiating testoster-
one and to adjust to the lowest effective dose as needed [ 34 ]. 

 Few studies have addressed potential adjuvant therapies for women on long-term 
opioid therapy, although testing to measure bone density, estradiol, and free testos-
terone have been suggested as guides to therapy [ 35 ]. Hormonal testing may be 
performed, but diagnostic criteria are uncertain and interpretation diffi cult in women 
whose menstrual cycles are irregular [ 34 ]. Supplemental therapy with dehydroepi-
androsterone (DHEA) has been reported to improve energy, libido, and weight con-
trol in opioid-treated women, although clinical evidence is limited [ 34 ]. 
Testosterone-replacement therapy in women may raise the risk of breast cancer and 
is controversial [ 34 ].  

    Concluding Remarks 

 Clinicians who prescribe methadone for moderate-to-severe chronic pain should be 
vigilant in preventing, tracking, and treating adverse events. Respiratory depression 
is the primary risk, and clinicians who prescribe methadone must be familiar with 
the unique pharmacologic profi le and take necessary safety precautions. Constipation 
is common and is best managed by prophylactic treatment of symptoms. Sedation 
usually resolves as treatment progresses; however, this effect should be closely 
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monitored as it may foretell respiratory depression. The effects of methadone related 
to sleep-disordered breathing have been studied but should be better understood. 
Current data indicate that sleep apnea and hypoxemia may be underdiagnosed in 
methadone-treated patients, and respiratory compromise appears to increase with 
coadministration of benzodiazepines. Patients who display symptoms of hormone 
suppression should be further tested and considered for hormone replacement ther-
apy. Clinicians should counsel patients as to risks, benefi ts, and available testing and 
treatment options before initiating methadone therapy and obtain informed 
consent.     
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           Introduction 

 Methadone is a synthetic opioid commercially available as methadone  hydrochloride. 
Its main therapeutic use is as an analgesic typically reserved for management 
of patients with moderate to severe pain. Its other therapeutic use is in the treatment 
of narcotic addiction where it is the most widely used agent for opioid maintenance. 
It was initially synthesized during the Second World War as a remedy for then ongo-
ing shortages of opiate medications for the management of severe pain. According 
to the United States Controlled Substances Act, it is a Schedule II classifi cation, a 
category reserved for medications that have a high potential for abuse. Abuse of 
Schedule II drugs may lead to severe psychological or physical dependence. Its 
pharmacokinetic profi le includes a relatively long elimination half-life, which 
allows for once daily use, a feature that makes it attractive for heroin detoxifi cation 
and maintenance programs. 

 As with other opiate analgesics, methadone has important effects on major organ 
and systems, including the cardiovascular system, and patients who start or continue 
chronic therapy with methadone require careful management and monitoring in 
order to identify and correct undesirable side effects or adverse reactions.  

    Chapter 5   
 Cardiovascular Effects of Methadone 
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    Mechanism of Action 

 Cardiac arrhythmias and sudden death in otherwise healthy persons using drugs 
such as cocaine have been widely described [ 1 ,  2 ]. It was thought that cocaine had 
two principal pharmacological properties that affect the heart and vascular systems. 
Cocaine blocks the reuptake and increases the release of catecholamines from cen-
tral and peripheral stores, causing catecholamine accumulation at postsynaptic 
receptors and intense sympathomimetic stimulation. In addition, cocaine interacts 
with ion channels. It exerts local anesthetic effects by blocking sodium (Na + ) chan-
nels to slow cardiac action potential conduction. More recently, cocaine has also 
been shown to block repolarizing potassium (K + ) channels. In isolated cardiac myo-
cytes, cocaine blocks the delayed rectifi er K +  current, which prolongs the ventricu-
lar action potential duration and may trigger early after depolarizations [ 3 ,  4 ], which 
in humans can induce long QT syndrome and the potentially lethal arrhythmia 
known as  torsades de pointes  [ 5 – 7 ], a form of polymorphic ventricular tachycardia. 
It does this by blocking selectively the rapidly activating delayed rectifi er K +  chan-
nel, I 

Kr
  (hERG or Kv11.1 channels encoded by the  human Ether - a - go - go - related 

gene  or  KCNH2 ) without affecting the slowly activating channel, I 
Ks

  (KvLQT1+mink 
channels encoded by the  KCNQ1  and  KCNE1  genes) [ 8 ], and cocaine has multiple 
active metabolites [ 9 ]. 

 As a therapeutic agent, methadone works primarily as an agonist on opiate recep-
tors in the central nervous system and in organs composed of smooth muscle tissue. 
Because methadone is a synthetic narcotic, it shares the potential to cause drug 
addiction with psychological dependence, physical dependence, and tolerance. 
Major hazards related to drug overdose include respiratory depression, circulatory 
depression, respiratory arrest, shock, and cardiac arrest. These risks are enhanced if 
other central nervous system depressants are co-administered, such as general anes-
thetic agents, other narcotic analgesics, tranquilizers, sedative-hypnotics, and tricy-
clic antidepressants.  

    Cardiovascular Effects: Epidemiological Observations 

 The risk of cardiac arrest secondary to methadone use is well described in the medi-
cal literature. A landmark clinical study, focused on this issue, was published in 
2008 and included patients from the metropolitan area around Portland, Oregon 
[ 10 ]. It was based on an evaluation of all sudden cardiac deaths recorded in that 
metropolitan area between 2002 and 2006 where detailed autopsies were performed. 
The analysis was based on a comparison of two case groups. One group consisted 
of 22 sudden cardiac deaths in which toxicology screens demonstrated recent meth-
adone use as detected by the presence of therapeutic drug levels. These cases were 
compared with a second group of 106 cases where no evidence of recent methadone 
use was found. Seventeen individuals of the fi rst case group (77 % of the sample) 
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had no signifi cant cardiac abnormalities, while fi ve had evidence of signifi cant 
 coronary artery disease. However, a total of 60 % of individuals in the group where 
no methadone was present had identifi able evidence of cardiac disease or structural 
abnormalities, all of which representing established potential causes of sudden car-
diac death. The unexpectedly high proportion of otherwise unexplained sudden 
deaths in the therapeutic methadone group suggested that there could be a signifi -
cant contribution of this drug toward the occurrence of sudden cardiac death among 
these patients. In the pivotal Oregon study data, when stratifi ed by drug indication, 
more than half of the individuals in the fi rst case group (14 out of 22) were using the 
drug for pain control, three for management of opiate drug addiction, and three for 
recreational use. The mean age of the group was 37 years, and 68 % were males. 
The mean age of the non-methadone group was 42 years, and 69 % were males. 

 Other additional case series and case reports have indicated that methadone use 
is associated with  torsades de pointes  resulting from a prolonged QT interval on the 
surface electrocardiogram. The QT interval primarily represents the duration of 
ventricular depolarization from underlying myocardial cell action potentials. 
Signifi cant prolongation of the QT interval increases the probability of initiating 
early after depolarizations, which have been postulated to be the triggering mecha-
nism for  torsades de pointes , and this arrhythmia can then result in symptoms rang-
ing from palpations to syncope to seizure. If  torsades de pointes  is sustained or 
degenerates into ventricular fi brillation, the result can be sudden cardiac death. 

 In a meta-analysis performed by researchers in the University of Arizona, from a 
total of 5,503 reports of adverse events associated with methadone, 43 (0.78 %) 
noted the occurrence of  torsades de pointes , and 16 (0.29 %) demonstrated objec-
tive evidence of QT interval prolongation. Doses were reported in 42/59 (71 %) of 
cases: the mean dose was 410 ± 349 mg/day (median 345, range 29–1680). The dos-
ages for 10 of the 42 cases (29 %) were within the typical recommended range for 
methadone maintenance treatment (60–100 mg/day). Female gender, interacting 
medications, hypokalemia, hypomagnesemia, and the presence of structural heart 
disease, risk factors previously identifi ed with other drugs known to cause  torsades 
de pointes , were found in 44 (75 %) cases. Most adverse events required hospital-
ization or resulted in prolonged hospitalization (28/59, 47 %) and 5/59 (8 %) were 
fatal.  

    Cellular Basis: Methadone and the Prolongation 
of the Myocardial Cell Action Potential 

 In the heart, cardiac action potentials initiate each beat. The cardiac action potential 
is unique and differs from the neuronal and skeletal muscle action potentials by hav-
ing a long duration with an extended plateau phase (Fig.  5.1 ). From the resting 
potential (phase 4), depolarization (phase 0) is carried out by the rapid infl ow of 
positive charge through the transient opening of voltage-gated Na +  channels. From 
the action potential peak voltage, there is a small repolarization (phase 1) due to the 
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activation of the transient outward current, and this is followed by the plateau 
 voltage (phase 2). The plateau phase is governed by the slower opening and closing 
of calcium (Ca 2+ ) channels that allow for Ca 2+  entry counterbalanced by the gradual 
opening of delayed rectifi er K +  channels (I 

Ks
  and I 

Kr
 ) that allow for K +  ions to leave 

the myocytes to initiate repolarization. During phase 3, the K +  current becomes 
dominant and additional inward rectifi er K +  channels (I 

K1
 ) open to rapidly return the 

cell membrane to its resting potential.
   Anomalies in the cardiac action potential, whether due to a congenital ion chan-

nel gene mutation or acquired circumstances such as drug effects on ion channels, 
hypothermia, electrolyte abnormalities, or myocardial ischemia and injury, can 
sometimes lead to lethal cardiac arrhythmias. Drug block of cardiac ion channels 
can have both desirable and untoward effects. Drugs primarily targeting Na +  chan-
nels, such as anti-arrhythmic drugs like fl ecainide and propafenone, can decrease 
the velocity of myocardial cell-to-cell conduction of action potentials (by decreas-
ing the amplitude and upstroke of the phase 0), and can, therefore, prolong the dura-
tion of the QRS complexes as seen in the surface electrocardiogram. These drugs 
also can worsen arrhythmias (a pro-arrhythmic effect), especially in patients with 
structural heart disease. Drug targeting K +  channels, particularly those involved in 
action potential repolarization, can prolong the action potential duration and the QT 
interval, to cause t orsades de pointes . 

 A major cardiac ion channel target for drugs is the hERG K +  channel (Fig.  5.2 ). 
This ion channel, which was originally cloned from fruit fl ies, encodes I 

Kr
 . It gradu-

ally opens with depolarization and its current is maximal during phase 3 of the 

  Fig. 5.1    The cardiac ventricular action potential and its different phases. The key ion channel 
types and their currents are indicated in each phase       
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cardiac action potential. Blocking it potentially causes drug-induced (acquired) 
long QT syndrome. The channel protein is structurally distinct from other K +  chan-
nels, thus it is a “promiscuous” binder of many classes of cardiovascular and non- 
cardiovascular drugs, such as anti-arrhythmic drugs (quinidine, sotalol, dofetilide, 
ibutilide, fl ecainide, amiodarone, etc.), antihistaminics (terfenadine, astemizole), 
antibiotics (erythromycin, ciprofl oxacin, grepafl oxacin, chloraquine, moxifl oxacin, 
halofantrine, etc.), GI prokinetic drugs (cisapride), antipsychotic drugs (haloperi-
dol, droperidol, risperidone, etc.), calcium channel antagonist drugs (verapamil, 
mibefradil, bepridil), miscellaneous agents (sildenafi l, cocaine, HIV protease inhib-
itors, several herbal products), and opiate agonists such as methadone. Several of 
the drugs above have been removed from the market or had their use restricted due 
to untoward hERG channel associated K +  channel block to cause long QT 
syndrome.

   Methadone appears to have its highest affi nity to block hERG K +  channels, 
although it can interact with multiple channel types [ 11 ]. Figure  5.3  shows summa-
rized results of the effect of various opioid agonists, including methadone,  L -α-
acetylmethadol (LAAM), fentanyl, meperidine, codeine, morphine, and 
buprenorphine, on hERG current amplitude (for experimental detail, see Katchman 
and colleagues) [ 12 ]. Next only to LAAM, methadone (IC 

50
  value of 9.8 μM) was 

shown to be a potent blocker of the hERG channel. Furthermore, when the ratio 
between IC 

50
  and the maximal plasma concentrations ( C  

max
 ) reported after therapeu-

tic dosing was analyzed, LAAM and methadone had the smallest IC 
50

 / C  
max

  values 
(2.2 and 2.7, respectively), indicating that, of all the compounds tested, LAAM and 
methadone may have the greatest potential for causing hERG channel block in 
patients.

   Methadone exists as the chiral mixture of the (R-) and (S-) isomers. The 
R-methadone isomer has a 50-fold greater analgesic potency than the S-methadone 
isomer. In contrast, S-methadone has a 3.5-fold greater ability to block hERG 

  Fig. 5.2    Schematic “ribbon” 
cartoon of the pore-region of 
the hERG K +  channel formed 
by the co-assembly of four 
hERG proteins (the fi fth and 
sixth transmembrane domains 
of each hERG subunit protein 
are shown). The pore is 
located in the center and a 
representative drug molecule 
is shown binding to and 
blocking the channel pore       
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channels. In a prospective, non-randomized clinical trial with 39 patients, Ansermot 
and colleagues demonstrated a small (~4 ms,  p  = 0.04) decrease in the rate corrected 
QT interval (Fredericia method) with the R-isomer compared to the chiral R-, 
S-mixture, and the increase in the QTc with re-initiation of the chiral mixture was 
greater in patients with serum K +  concentration <4.6 mEq/L [ 13 ].  

    Clinical Example: Long QT Syndrome and Methadone 

 A 40-year-old female collapsed with minimal warning (“I am going to pass out”) 
while at work. Emergency medical services personnel were activated and found 
ventricular fi brillation to be her underlying cardiac rhythm during the event. She 
received two DC shocks to restore normal rhythm and she was intubated. On arrival 
to the hospital, she was found to be severely hypokalemic (serum K +  level of 
2.3 mEq/L) and acidotic (pH 7.0). Her medications had included hydrochlorothia-
zide 25 mg once daily with no concomitant KCl supplementation, and methadone 
20 mg 3 times daily taken for chronic pain management. She also had recently been 
given a prescription for ciprofl oxacin (for treatment of a urinary tract infection), 
another drug capable of causing QT interval prolongation. Her past medical history 
was notable for hypertension and she had recently had a normal transthoracic echo-
cardiogram and a normal stress test with a baseline QTc (Bazette method) was 
410 ms. On admission to the hospital she initially was comatose and her electrocar-
diogram demonstrated marked QT interval prolongation (Fig.  5.4 ).

   Methadone screening was positive. The patient experienced recurrent  torsades 
de pointes  requiring more than ten subsequent DC shocks, and was treated with K +  
replacement, magnesium supplementation, intravenous lidocaine, and overdrive 
ventricular pacing. Figure  5.5  shows a representative episode of  torsades de pointes .

  Fig. 5.3    Dose-response 
curves for the inhibitory 
action of various opioid 
agonists on hERG current 
(I 

hERG
 ) studied in stably 

transfected human embryonic 
kidney cells.  Circle  fentanyl; 
 fi lled diamond  methadone; 
 fi lled triangle  meperidine; 
 fi lled square  codeine;  fi lled 
circle  LAAM;  diamond  
buprenorphine [ 12 ]       
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  Fig. 5.4    12-lead ECG obtained on hospital admission shows sinus rhythm at 53 bpm with one 
PVC, and marked QT interval prolongation.  The uncorrected QT interval ( red arrows ) is 700 ms 
with a QTc (Bazette method) of 658 ms, and there are widespread T wave abnormalities       

  Fig. 5.5    ECG trace depicting PVCs and Torsades de Pointes. Rhythm strip initially shows normal 
sinus rhythm at 52 bpm with a markedly prolonged QT interval, followed by PVCs with long-short 
coupling cycles and the initiation of torsades de pointes       

       Conclusion 

 The therapeutic use of methadone, a synthetic opiate, is increasing not only for drug 
addiction but also among patients who suffer chronic pain syndromes. It is less costly 
than other available alternatives and has a favorable pharmacokinetic profi le (rapid 
onset of action and long elimination half-life). It also has important cardiac and 
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cardiovascular effects, in part secondary to intense sympathomimetic stimulation 
along with block of important cardiac ion channels, which can result in QT interval 
prolongation and potentially lethal cardiac arrhythmias. 

 As with any QT interval prolonging drug, it seems prudent to obtain periodic 
surveillance electrocardiograms in patients that use this medication. Electrolyte 
 disturbances, particularly hypokalemia, should be avoided, thus diuretics must be 
used with care. Patients taking methadone are commonly taking additional drugs. 
The risk of adverse drug–drug interactions mandates the careful review of the medi-
cation history for any patient in whom methadone therapy is considered. Patients 
and their health care team should be informed of available resources, such as the 
website   www.azcert.org     [ 14 ], regarding avoidance of drugs that share the risk of QT 
interval prolongation.     
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           Background 

 Methadone (6-dimethylamino-4, 4-diphenyl-3-heptanone) was fi rst synthesized in 
1937 by Bockmühl and Ehrhart as part of a larger pharmaceutical program synthe-
sizing atropine derivatives as spasmolytics [ 1 ]. This program led to the development 
in 1939 of meperidine, which not only had spasmolytic properties but also acted as 
an analgesic. Subsequent testing of methadone found that it had a 5–10-fold greater 
analgesic effect than meperidine but its further development was limited by wartime 
supply shortages and potential adverse effects, such as nausea, experienced in a 
small group of human subjects [ 1 ,  2 ]. 

 Following World War II, 6-dimethylamino-4, 4-diphenyl-3-heptanone was 
brought to the United States where it was soon given the generic designation metha-
done [ 2 ,  3 ]. Methadone is a Drug Enforcement Agency Schedule II controlled sub-
stance approved for the treatment of severe pain and opiate dependence and is 
available in 5 and 10 mg tablets, 40 mg dispersible tablet, 5 mg/5 mL, 10 mg/5 mL, 
10 mg/mL liquid, and 10 mg/mL injectable formulations. Because there are no sig-
nifi cant differences in methadone pharmacokinetics or pharmacodynamics between 
the various oral formulations, they will be addressed as a single group [ 4 ]. When 
administered intravenously, the injectable formulation has 100 % bioavailability and 
reaches peak plasma levels immediately following injection. No formal pharmaco-
kinetic studies of subcutaneous or intramuscular methadone injection exist, although 
bioavailability is likely to approach 100 %, and its pharmacokinetics are expected to 
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be similar to intravenous or orally administered methadone aside from the lag in 
absorption into the vascular space. Pharmacodynamic differences between the oral 
and intravenous routes of administration will be discussed.  

    Acute Pharmacodynamic Actions 

 Acute methadone administration, regardless of route of administration, produces 
dose-dependent physiological effects typical of mu opioid agonists, including pupil 
constriction (i.e., miosis), decreased gastrointestinal motility, and decreased respira-
tory rate (along with associated changes in other respiratory indices, such as 
increased expired CO 

2
  and decreased oxygen saturation). Acute effects of metha-

done on cardiovascular response (i.e., heart rate, blood pressure) are not generally 
of clinical signifi cance (but see later chapter in this volume discussing evidence of 
methadone effects on cardiac QTc prolongation). Pupil constriction is a hallmark 
sign of mu opioid action and can be used to assess the time-action profi le of metha-
done. Respiratory depression after treatment with methadone and other mu opioid 
agonists results from decreased chemoreceptor sensitivity to circulating CO 

2
  con-

centrations in the medullary brain stem. Thus, relatively low doses of methadone in 
opiate-naïve individuals and suffi ciently high doses of methadone in opioid-tolerant 
individuals can lead to fatal overdose consequent to respiratory depression and car-
diopulmonary failure. The risk for methadone (and opioid) overdose is exacerbated 
when used in combination with other opioids and/or sedatives, including alcohol 
and benzodiazepines [ 5 ]. 

 The onset of the pharmacodynamic action of intravenous methadone is evident 
within minutes of administration, and peak effects occur within the fi rst hour after 
infusion [ 6 ]. Pharmacologic activity after parenteral administration of acute doses 
(intravenous or subcutaneous) persists for approximately 12 h with complete dissi-
pation by 24 h post dosing [ 6 ,  7 ]. Observer ratings of opiate signs and study partici-
pant self-report of “liking” for the drug (and other associated abuse liability 
measures) generally follow this time-action curve when evaluated in experienced 
opioid abusers without physical dependence; however, miosis may be evident 24 h 
after a single dose of methadone in the absence of other signs and symptoms. As 
with miosis, other studies have reported a longer duration of methadone action on 
respiratory depression after subcutaneous and oral administration. This can be a 
signifi cant safety concern as illicit opioid users may perceive the absence of psycho-
active effects and use additional opioids without recognizing the more persistent 
effect on respiratory depression. With respect to its qualitative subjective profi le of 
mood effects, intravenous methadone was indistinguishable from morphine or her-
oin when all were tested within a group of opioid-experienced volunteers [ 6 ]. 

 When given parenterally, methadone and morphine (the prototypic euphorigenic 
comparator) are considered to be equipotent. However, because of the superior oral 
bioavailability of methadone, this ratio of methadone: morphine changes from 1:1 
to approximately 1:2 for oral conversions. [ 7 ] Oral methadone administration is 
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associated with a slower onset of action compared to parenteral administration, with 
dose-dependent pharmacodynamic responses appearing within the fi rst hour after 
ingestion and peak subjective responses occurring between 3 and 4 h after oral dos-
ing [ 7 – 9 ]. As with parenteral administration, the subjective effects of methadone 
(measures of euphoria and sedation) are generally undetectable at 12 h post-dosing, 
while miosis may persist for 24 h after a single acute dose. 

 Studies have examined the effect of methadone on a broad array of psychomotor 
performance and other cognitive function measures. Studies on the acute effects of 
methadone (and other opioids) generally have reported slowed response time in the 
absence of signifi cant performance defi cits (see Zacny et al. [ 10 ] for critical review); 
however, tolerance is reported to develop to some of these effects with chronic dos-
ing. Numerous studies have reported no differences between methadone-maintained 
individuals when compared to control subjects on psychomotor and cognitive per-
formance tasks, while others employing a broader range of tests have found some 
performance decrements in methadone-maintained patients in comparison to for-
mer heroin abusers [ 11 ] and nondrug using controls [ 12 ]. However, as these impair-
ments are frequently described relative to incompletely matched control groups 
(e.g., nondrug using controls), the observed effects cannot be directly attributed to 
methadone alone because prior history of drug use, ongoing drug use, and other 
consequences of a drug-using lifestyle may play a role in the observed outcomes 
(e.g., prior and ongoing illicit opioid and other drug use, nutritional status, prior 
head injury) [ 13 ] that differentiate the methadone-maintained patients from control 
subjects.  

    Pharmacodynamic Effects: Chronic Administration 

 Isbell and colleagues (1948) conducted the seminal human studies on the response 
to repeated or chronic administration of methadone and methadone physical depen-
dence properties at the United States Public Health Service Administration Narcotics 
Hospital in Lexington, Kentucky [ 14 ]. In individuals with heroin use histories who 
were chronically maintained on morphine (4 times per day) these studies demon-
strated that parenteral methadone could suppress opioid abstinence signs and symp-
toms in physically dependent individuals during periods when their daily morphine 
injections were withheld. Moreover, the substitution of methadone for the regularly 
scheduled morphine dose prevented the emergence of withdrawal signs and symp-
toms. These authors also noted that methadone produced euphoria that persisted for 
a longer duration of action than that produced by morphine and that tolerance devel-
oped to the sedative and euphoriant effects with chronic dosing. Later studies of 
daily maintenance on methadone reported that chronic administration led to small 
but reliable reductions in respiratory rate, blood pressure, and heart rate along with 
increased body temperature when compared to either the period prior to mainte-
nance or to a control group [ 7 ,  11 ]. During chronic treatment with methadone, pupil 
diameter will vary as function of time since dosing, but typically there is some 
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degree of miosis evident throughout the 24-h dosing period [ 15 ]. Finally, chronic 
administration of methadone with dosing for periods of 28–186 days at high daily 
doses up to 240 mg (60 mg 4 times daily, s.c.) led to a dependence profi le very simi-
lar to that seen with morphine, including the (1) development of tolerance with 
requests for dose escalation, and (2) emergence of an opioid withdrawal syndrome 
following cessation of dosing (but this emerged later and persisted longer than that 
seen after morphine discontinuation). 

    Pharmacodynamics in Treatment of Pain 

 Methadone is a racemic mixture whose R-entantiomer is a high affi nity (Ki 0.6 nM) 
full agonist at the mu opioid receptor and both R- and S-entantiomers are N-methyl-
 d -aspartic acid (NMDA) receptor antagonists. It is commonly thought that both of 
these neuropharmacological actions may contribute to the effi cacy of methadone as 
an analgesic because selective mu opioid agonists and NMDA antagonists produce 
pain relief in acute and chronic pain conditions. Affi nity and/or effi cacy at other 
receptors, such as delta and kappa opioid or monoamine receptors, are suffi ciently 
low to rule out clinical signifi cance. Methadone can be used by the oral, parenteral, 
or rectal routes of administration for pain relief. Methadone has a long history of use 
as an analgesic since its early development; however, its use in clinical practice in 
the United States has increased signifi cantly in recent years due to its (1) effi cacy, 
(2) high oral bioavailability, (3) relative low cost for patients, and (4) an overall 
increase in prescribing of opioids for pain conditions subsequent to the mandate to 
assess pain as the fi fth vital sign and recommendations for broader usage of opioids 
for pain control by medical professional societies. 

 The onset of analgesia occurs within approximately 30–60 min after oral dosing 
and within the fi rst half-hour after parenteral administration with peak analgesic 
responses occurring around 1 h of dosing by both routes. While methadone is effi ca-
cious as an analgesic, its duration of action is less than would be predicted by its 
estimated half-life as the duration of pain relief is approximately 3–6 h. This has 
been shown in the laboratory with experimental models of acute pain and clinical 
conditions of acute and chronic pain. Although the same principal of “start low and 
go slow” applies to initiating therapy with methadone for analgesia as induction 
onto methadone for opioid dependence, starting doses for pain relief are typically 
much lower than dosing for opioid dependence. Recommendations vary but con-
temporary clinical practice guidelines generally recommend starting with an initial 
low oral dose (e.g., 2.5 mg every 8 h) for opiate-naïve patients and up to 5 mg for 
patients rotating from other opioids and titrating slowly. While numerous relative 
potency tables for opioid conversions are available, caution is recommended when 
rotating to methadone (1) because of its long half-life, and (2) because the conver-
sion from some opioids onto methadone is not bidirectionally equivalent. 
Specifi cally, the mg/mg conversion from one opioid rotating onto methadone may 
not be equivalent to conversion from methadone rotating onto that opioid [ 16 ]. 
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As with other responses to methadone, tolerance can develop to the analgesic effects 
faster than to the respiratory suppressive effects and, therefore, dosing may need to 
be titrated upward under careful supervision in order to assure safe and appropriate 
clinical response. A lengthier discussion on methadone dosing recommendations 
for analgesia appears in another chapter of this volume.   

    Pharmacodynamics in Opioid Maintenance Treatment 

 The early observations by Isbell and others on the long duration of opioid action 
produced by methadone and its effi cacy in suppressing withdrawal in opioid- 
dependent individuals led to the seminal work of Dole and Nyswander in which 
they proposed and tested the use of methadone as a maintenance treatment for her-
oin addiction in the 1960s [ 17 ]. While methadone has now been in use for more than 
40 years in the United States for the treatment of opioid dependence, its use for this 
indication occurs only under very the tight regulatory authority of the Federal gov-
ernment and in very restricted settings. Moreover, it is unlawful to prescribe metha-
done for opioid addiction outside of the context of specifi c inpatient circumstances 
or a federally licensed methadone outpatient treatment program. Most commonly 
methadone treatment is provided using oral liquid or the dispersible tablet, formula-
tions which may not be used for the treatment of pain. 

 Because of its long half-life and tendency to accumulate during the early stage of 
treatment (see below for further details), patients with opioid dependence are usu-
ally initiated onto methadone at a dose of 30 mg or less daily. Federal law provides 
an option for an additional 10 mg on Day 1 of dosing for those patients who are not 
receiving relief from a 30-mg dose. Various induction schedules have been 
employed, and while none are mandated, the guiding principle is to “start low and 
go slow” in order to avoid adverse outcomes resulting from accumulation and over-
dose. As induction is initiated at relatively low doses, it is not unusual for patients 
with high levels of physical dependence to experience withdrawal symptoms during 
the period of induction and stabilization prior to reaching steady-state; these patients 
should be educated about the harmful risks of continuing illicit opioid use on top of 
their methadone dosing to avoid overdose. Fatal overdose in a patient receiving 
methadone is most likely to occur within the fi rst 2 weeks of initiating treatment 
because of these risks [ 18 ]. 

 Once stabilized, most patients achieve adequate relief with once daily dose 
despite the rise and fall in plasma concentrations of methadone over the 24-h dosing 
period. In certain instances, however, as with rapid metabolizers or in pregnancy, 
split dosing can be employed (but this is the exception rather than the norm). Its 
long duration of action accounts for the ability of methadone to suppress withdrawal 
signs and symptoms with only once daily dosing. In dose omission studies (or pla-
cebo substitution), a missed 24-h dose can be detected through physiological 
changes but does not typically lead to frank withdrawal symptomatology under 
double-blind conditions across a range of methadone maintenance doses [ 19 ,  20 ]. 
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 In addition to suppression of withdrawal symptoms, another critical therapeutic 
benefi t of methadone maintenance is the development of cross-tolerance to other 
 opioids. Opioid cross-tolerance is the phenomenon whereby chronic maintenance on 
one opioid can lead to a diminished response to another opioid. The ability of metha-
done to produce cross-tolerance was reported in a seminal study in which subjects 
maintained on various doses of methadone were challenged under double- blind, 
 placebo-controlled conditions with heroin, hydromorphone, morphine, and metha-
done [ 21 ]. This study reported that there was signifi cant “narcotic blockade” (i.e., 
cross-tolerance) to the euphoriant effects and observable signs of the various opioid 
challenges in the presence of methadone maintenance, and that the degree of blockade 
was greater with longer exposure to methadone, suggesting increased development of 
cross-tolerance over the course of stabilization. In another early study, inpatient sub-
jects who had a history of opioid dependence but were not physically dependent at the 
start of the study were given the opportunity to work (e.g., by riding a stationary 
bicycle for a prescribed period of time) to earn injections of hydromorphone [ 22 ]. 
Over the course of the study, subjects were initiated onto daily methadone and the 
maintenance increased to successively higher daily doses such that at the end of the 
6-week study 100 mg/day was given. This study demonstrated that the willingness to 
work for hydromorphone decreased as methadone maintenance dose increased and 
work effort corresponded to the degree to which the subjects reported “liking” for the 
hydromorphone, thereby indicating a link between the subjective response to the drug 
and self-administration behavior. Subsequent studies have expanded these fi ndings on 
the dose-related effects of methadone cross- tolerance and have (1) demonstrated that 
the degree of blockade is signifi cantly less at 48 h after methadone compared to 24 h 
after methadone, supporting the need for daily dosing to achieve optimum response, 
and (2) revealed that, while lower doses of methadone (30 mg) may be suffi cient to 
produce suppression of opioid withdrawal signs and symptoms, higher doses are 
needed to produce robust cross- tolerance and to suppress heroin self-administration in 
the laboratory [ 20 ,  23 ]. Historically, average methadone maintenance doses in the 
United States were lower but have risen in response to a growing evidence base for 
the superior effi cacy of higher maintenance doses (e.g., 80–120 mg daily) [ 24 ,  25 ] that 
is likely attributable, in part, to greater cross-tolerance. 

 In practice, it is commonly thought that patients are able to detect small variations 
in dose (as some clinic practices reduce doses for infractions—i.e., appearing intoxi-
cated for daily dosing, etc.). Studies reveal that subjects are readily able to detect the 
effects of their regular methadone dose in comparison to a placebo substitute within 
the initial hours after dosing and discriminate active methadone from placebo [ 15 ]. 
When controlling for taste cues, it was found that subjects could detect both large 
increases and decreases in their regular dose but there was substantial interindividual 
variability in the ability to detect these differences [ 26 ]. In another study, subjects 
maintained on either 30 or 60 mg methadone daily and challenged 40-h after their last 
dose reported signifi cant and dose-dependent increases on ratings of positive mood 
effects and opioid agonist-like symptoms after 30 and 60 mg (but not 15 mg) of oral 
methadone administered under double-blind conditions; these effects were more 
robust for those maintained on the lower dose of methadone [ 27 ].  
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    General Pharmacokinetic Properties 

 Following oral administration, methadone is rapidly absorbed from the  intestinal 
lumen with an absorption half-life of 15–60 min (Ka 1.4–3.4), with variability 
likely due to interindividual differences in intestinal motility [ 28 ]. For example, 
patients already on opiates may have reduced gastrointestinal motility leading 
to slower methadone absorption than opiate naïve patients. While methadone is 
a substrate for P-glycoprotein transporters and cytochrome P-450 3A metaboliz-
ing enzymes, their presence in the intestine has little effect on methadone 
absorption [ 29 ]. Once absorbed across the intestinal lumen, methadone enters 
the portal circulation and then the liver. Although methadone is primarily 
metabolized in the liver, in humans it has a low hepatic extraction ratio meaning, 
in part, it is subject to little fi rst-pass metabolism or alteration in bioavailability 
caused by changes in hepatic blood fl ow. Thus, methadone apparent oral bio-
availability is between 80 and 90 % [ 29 ]. Methadone levels in bile are suffi -
ciently low to exclude a signifi cant effect of enterohepatic recirculation on 
plasma methadone levels [ 30 ]. 

 Methadone has a pKa of 8.25 and an n-octanol:water partition coeffi cient of 
117 at a physiological pH of 7.4, making it highly lipophilic. Methadone is 
approximately 90 % bound to plasma proteins such as albumin, globulin frag-
ments, and α 

1
 -acid-glycoprotein and 10 % is unbound and available for transit 

across tissue membranes (e.g., hepatic membranes for metabolism, glomerular 
membranes for urinary elimination, and across the blood–brain barrier where 
most of its pharmacodynamic effects are mediated) [ 31 ]. Because α 

1
 -acid-

glycoprotein is an acute phase reactant, there has been concern that fl uctuations in 
levels of this protein could increase levels of unbound methadone leading to 
increased adverse effects, such as sedation and respiratory suppression, but also 
to increased elimination and overall reduced methadone exposure. It does not 
appear, however, that differences in α 

1
 - acid-glycoprotein binding result in clini-

cally apparent symptoms [ 32 ]. 
 Methadone is distributed throughout various tissues such as the liver, 

 intestine, lung, muscle, and brain with an apparent volume of distribution dur-
ing steady state of 3.6 L/kg. The rate of distribution into and out of the tissue is 
different than that of elimination, thus methadone displays biexponential, or 
two compartment, pharmacokinetics. Some investigators have found a monoex-
ponential model to be adequate in describing steady-state methadone pharmaco-
kinetics. Aside from signifi cant inter-individual variability in methadone 
pharmacokinetics, there is wide inter- study variability in estimated parameters 
that is due, in part, to methodological variability such as evaluation following 
single dose versus steady-state dosing, mono- vs. bi-exponential models, fre-
quency and length of plasma sampling, and clinical versus research setting [ 33 ]. 
Thus clinicians should be cautious in translating results of any one study into 
clinical practice. 
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 Following oral administration, peak plasma levels are reached within 2–4 h and 
the terminal half-life at steady state is 24–28 h [ 33 ]. Achieving a steady-state plasma 
level requires dosing over 4–5 half-lives of a drug and, therefore, is not approxi-
mated until day 5 of methadone dosing (see Table  6.1  and Fig.  6.1 ). Increasing dose 
before steady state is achieved will result in an accelerated increase in plasma levels, 
which can contribute to the risk of methadone toxicity (e.g., excess sedation or 
respiratory suppression). Once steady state is achieved, the ratio of peak to trough 
methadone level is approximately 1.6–2.0 [ 34 ]. Exceeding this ratio may be an indi-
cation of increased methadone clearance due to changes in elimination and/or 
metabolism.

        Metabolism and Excretion 

 Methadone is metabolized in the liver predominately by a cytochrome P450 (CYP)-
mediated process of N-demethylation. Initial N-demethylation results in the inac-
tive 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP), which is 
N-demethylated into the inactive 2-ethyl-5-methyl-3,3-diphenylpyraline (EMDP). 
While at least seven other metabolites have been identifi ed, they are produced in 
such small quantity that they will not be discussed. Both EDDP and EMDP are 
eliminated in the urine and approximately half of a methadone dose can be recov-
ered in the urine over 96 h as methadone, EDDP, and EDMP. Renal excretion of 
methadone is correlated to urinary pH; however, overall elimination of methadone 
in the urine is so small that manipulation of urinary pH is unlikely to have clinical 
impact or facilitate the treatment of methadone toxicity [ 35 ]. Methadone is also 
eliminated in the feces, although mostly as metabolites and less than 5 % as metha-
done. Small amounts of methadone can be detected in body fl uids such as saliva, 
sweat, semen, and breast milk, but these fl uids do not comprise a signifi cant route 
of elimination and concentrations are generally very low and, especially in the case 
of breast milk, are not high enough to impart risk of methadone toxicity if consumed 
by others. 

   Table 6.1    Development of steady-state drug levels   

 Percent of day’s dose remaining 

 Day  2  3  4  5  6  Total 

 2  50  50 
 3  25  50  75 
 4  12.5  25  50  87.5 
 5   6.25  12.5  25  50  93.75 
 6   3.125   6.25  12.5  25  50  96.875 

  Assuming methadone terminal half-life is 24 h and once daily dosing at the same dose level it takes 

5 days to reach 93 % of steady-state levels. Each subsequent day after the initial dose is represented 
in columns and rows. The percentage of each day’s dose remaining in the body is shown across 
columns. Cumulative dose levels are represented in rows.  
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 Several CYP enzymes are able to metabolize methadone including CYP 3A4, 
CYP 2B6, CYP 1A2, CYP 2C19, and CYP2D6. Unlike morphine or buprenor-
phine metabolism, methadone and its metabolites do not appear to undergo a sec-
ondary glucuronidation process. Isoenzymes other than CYP 3A4 and CYP 2B6 
comprise a small percentage of methadone metabolism and medications or genetic 
variants known to induce or inhibit their function are not likely to have signifi cant 
clinical effect on methadone pharmacokinetics or pharmacodynamics. CYP 3A4 is 
the most abundantly expressed CYP in the liver, comprising approximately 30 % 
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  Fig. 6.1     Upper : plasma levels of methadone after initiation of daily oral dosing represented by 
monoexponential model.  Lower : plasma levels of methadone following initiation of every 8-h oral 
dosing. Total dose over 24 h is the same in  a  and  b        
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of all CYP isoforms, and is involved in the metabolism of over half of all  prescribed 
 medications. CYP 3A4 has traditionally been thought of as the main isoform 
responsible for methadone metabolism and prescribers have been cautioned about 
drug interaction when co-prescribing methadone with other drugs known to induce 
or inhibit CYP 3A4. For example, CYP 3A4 inducers, such as phenytoin, rifampin, 
and select antiretroviral therapies, increase methadone elimination and metabo-
lism and can lead to clinically signifi cant symptoms of opiate withdrawal (see 
Table  6.2 ). Azole antifungals inhibit CYP3A4 and increase peak plasma levels and 
area under the time versus concentration curve but rarely do they result in increased 
sedation or respiratory suppression. However, withdrawal symptoms and increased 

   Table 6.2    Common drug interactions with methadone   

 Interaction effect  Drug  Effect 
 Clinical 
decision-making 

 Receptor antagonism/
partial-agonism 

 Naloxone 
Naltrexone 
Nalmefene
Buprenorphine 

 Precipitation 
of opiate 
withdrawal, 
recrudescence 
of pain 

 Do not use in 
methadone 
patient unless 
specifi cally 
reversing acute 
life-threatening 
opiate overdose 

 Nalbuphine 
 Nalorphine 
 Butorphanol 
 Pentazocine 

 Common inhibitors  Ketoconazole  Inhibit methadone 
metabolism 

 Observe for clinical 
signs of opiate 
toxicity and 
adjust methadone 
dose accordingly 

 Fluconazole 
 Itraconazole
Voriconizole 

 Common inducers  Rifampin  Increase 
methadone 
metabolism 

 Observe for clinical 
signs of 
withdrawal and 
adjust methadone 
dose accordingly 
through increase 
or split dosing 

 Phenytoin 
 Ritonavir boosted 
Anti-retrovirals 
 Nevirapine 
 Efavirenz 

 Synergism  Benzodiazepines  Increased sedation  Observe for signs of 
toxicity and 
adjust dose 
accordingly 

   Barbiturates  Increased sedation  Cautious dose 
increases when 
needed with 
frequent 
reassessment 

 Tricyclic antidepressants  Decreased 
 Ethanol (other opiates 

prior to methadone 
cross-tolerance) 

 Respiratory effort 

  The clinical effect of a drug interaction is highly variable and, therefore, any methadone dose 
adjustment should be based on clinical response rather than preemptive change.  
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methadone elimination/metabolism following nelfi navir, a known CYP 3A4 
 inhibitor, indicate that drug interactions are more complex than whether CYP 3A4 
function is altered [ 36 ]. Indeed, there has been increased focus on the role CYP 
2B6 plays in methadone metabolism. While in vitro studies support the role of 
CYP2B6 in methadone metabolism, in vivo studies have been more diffi cult 
because many of the medications known to interact with CYP 2B6 also interact 
with CYP 3A4. Thus prescribers should consider inducers and inhibitors of both 
CYP 3A4 and CYP 2B6 as having the potential to affect methadone levels with 
resultant clinical effects.

   Because methadone is a racemic mixture, there has been interest in whether there 
is differential metabolism or pharmacokinetics between the opioid R-enantiomer 
and the non-opioid S-enantiomer. In human liver microsome studies, it appears that 
there is no stereoselectivity in CYP 3A4 methadone metabolism but that CYP 2B6 
may metabolize S-methadone more rapidly than R-methadone [ 37 ,  38 ]. Clinical 
studies have shown lower protein binding for R-methadone with subsequent increases 
in volume of distribution and renal clearance for the unbound enantiomer [ 32 ]. There 
was no difference between enantiomers and total renal clearance, however. It is not 
clear that enantiomer-specifi c metabolism or pharmacokinetics translates into clini-
cally signifi cant differences but together they may explain part of the wide interindi-
vidual variability in methadone pharmacokinetics.  

    Special Patient Populations 

 Several physiological states have the potential to affect methadone pharmacokinet-
ics. For example, since a major component of methadone elimination is renal, there 
may be concerns that renal failure could result in accumulation of methadone and 
resultant toxicity. Evaluation of methadone pharmacokinetics in patients on either 
peritoneal or hemodialysis show that methadone pharmacokinetics remain 
unchanged, methadone is not removed by dialysis, and fecal elimination compen-
sates for loss of renal function [ 39 ]. While large sample pharmacokinetic studies 
across a range of renal impairment have not been performed, there are no recom-
mendations for dose adjustment in the setting of renal failure. 

 Patients taking methadone for the treatment of opiate addiction have a higher 
prevalence of hepatitis C and alcohol dependence than the general population and 
both conditions increase the risk for developing liver disease and cirrhosis. 
Although methadone is hepatically metabolized, methadone pharmacokinetics are 
unaltered in the absence of signifi cant liver disease. In patients with biopsy-proven 
liver disease, methadone clearance was reduced only in those with decompensated 
cirrhosis and not those with milder forms of liver disease or cirrhosis. [ 40 ] Fluid 
shifts due to ascites, sodium retention, and decreased levels of circulating proteins 
increase methadone volume of distribution and decrease its apparent oral clear-
ance. This is in contrast to patients with alcohol-induced liver disease who were 
noted to have increased volume of distribution but increased apparent oral 
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clearance. [ 40 ] Despite these contrasting fi ndings, both studies found no difference 
in dose-adjusted area under the curve or dose adjusted mean plasma levels. 
Therefore, it is currently recommended that in the setting of severe liver disease, 
methadone dose be adjusted (up or down) based on assessment of symptoms (with-
drawal or excess sedation) rather than the mere presence of disease [ 40 ,  41 ]. There 
are no specifi c data to guide dosing strategies in the setting of acute liver disease or 
fulminant hepatitis. 

 Methadone pharmacokinetics are affected during the course of pregnancy. 
The placenta is a metabolically active organ with increased blood fl ow and expres-
sion of CYP isoforms as it grows. Therefore, by the second and third trimesters 
there may be increased methadone clearance via metabolism by placentally 
expressed CYP19 (aromatase) [ 42 ]. Reduction in plasma protein levels and 
increased plasma volume during pregnancy also may contribute to alterations in 
methadone pharmacokinetics. In contrast to post-pregnancy conditions, metha-
done clearance is greater and peak methadone levels lower as pregnancy  progresses 
from weeks 20–40 [ 43 ]. This can result in early onset of withdrawal symptoms 
and may require either an increase in methadone dose or splitting a single daily 
dose into twice daily dosing.  

    Conclusion: Relationship Between Methadone 
Pharmacodynamics and Pharmacokinetics 

 While randomized clinical trials have demonstrated a dose-dependent relation-
ship between methadone maintenance dose and effi cacy at reducing illicit opioid 
use, there is substantial interindividuality in response to methadone, and, thus, a 
broad range of doses (e.g., from 30 to 150 mg, p.o.) can be used effectively to 
treat opioid dependence. The clinical observation of this wide variation in 
response has prompted numerous studies attempting to relate patient comfort and/
or clinical response to circulating concentrations of methadone with the supposi-
tion that the interindividual variability was related to individual pharmacokinetic 
differences. While past recommendations have suggested a therapeutic window 
for methadone maintenance between 100 and 400 ng/mL in plasma, studies have 
failed to  demonstrate convincing evidence that clinical response to methadone is 
directly predicted by  r , s  methadone concentrations or the individual enantiomers 
(i.e., the concentration–effect relationship) or even methadone dose [ 44 ,  45 ] 
(and this has been similarly diffi cult to model with regard to methadone 
analgesia) [ 46 ]. Thus, therapeutic monitoring of plasma drug concentrations is 
not generally recommended.     
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     Opioid Rotation: Defi nition and Principle 

 In many patients treated with opioids for acute or chronic pain, the type of opioid 
analgesic and/or the route of administration require a change one or more times dur-
ing the course of treatment in order to optimize therapeutic goals and outcomes or 
tailor pain treatment to specifi c clinical circumstances. Opioid rotation (or switch-
ing) is “a change in opioid drug or route of administration with the goal of improv-
ing outcomes” [ 1 ]. The acceptance of this strategy derives from the expectation that 
a switch to a new drug is likely to yield equivalent or better analgesia and fewer 
adverse effects. Although the specifi c mechanisms by which opioid rotation 
improves the overall response to therapy have not yet been fully understood, the 
theoretical basis relates broadly to the large individual variation that characterizes 
the responses to different mu agonist opioids, and more specifi cally, to the phenom-
enon of incomplete cross-tolerance to both analgesic and non-analgesic opioid 
effects [ 2 ]. Most recently, Pasternak has stated, “Incomplete cross tolerance 
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provides a mechanism to help explain opioid rotation in that the second drug may 
be used at far lower doses to achieve pain control, thereby minimizing side effects” 
[ 3 ]. Presumably, any change from one opioid to another is likely to yield a different 
set of effects, sometimes more favorable and sometimes less, and the impact of 
incomplete cross-tolerance may bias this change toward relative improvement. 

 Opioid rotation is usually considered in the following situations: [ 1 ,  4 – 6 ]

    1.    The patient experiences severe pain despite repeated opioid dose escalations.   
   2.    Opioid dose escalation has yielded intolerable and unmanageable side effects.   
   3.    A change in clinical status suggests value in an opioid with different pharmaco-

kinetic properties.   
   4.    There may be value in a switch to a different route of administration (e.g., trans-

dermal rather than oral), or drug or formulation (e.g., a formulation with once 
daily dosing).   

   5.    Problematic drug–drug interactions.   
   6.    Finanical or drug-availability considerations.    

  When planning opioid rotation, an approximate equianalgesic dose between the 
current opioid and the new opioid has to be determined. The calculation of an 
approximate equianalgesic dose is necessary because the analgesic potency (i.e., the 
dose required to produce a given effect) of the various opioid drugs varies greatly. 
Therefore, the switch among drugs (or routes of administration) cannot be done 
safely and effectively unless the relative potencies among them are known. Relative 
potency, i.e., the ratio of opioid doses necessary to obtain roughly equivalent effects, 
can be determined through controlled clinical trials that compare different drugs or 
routes of administration [ 7 – 11 ]. Relative analgesic potency can be converted into 
equianalgesic doses by applying the dose ratio to a standard. Historically, 10 mg of 
parenteral morphine has been considered to be the standard for this determination, 
and doses equianalgesic to this have been calculated by using empirically derived 
relative-potency estimates. About 40 years ago, fi ndings form a set of relative- 
potency studies ([ 12 ,  13 ] and others) resulted in construction of the equianalgesic 
table which since then has served (with some minor variations and additions) as an 
inevitable tool in the process of opioid rotation. A successful and safe application of 
opioid rotation in clinical practice requires consideration of numerous methodologi-
cal issues and limitations when interpreting data obtained from the relative-potency 
studies [ 1 ,  14 ]. For example:

 –    The majority of relative-potency trials that yielded the construction of the equi-
analgesic dose table were short-term studies conducted in patients with acute 
postoperative pain or in patients with cancer pain receiving low-doses of opioids, 
and therefore the results may not be directly applicable to patients with chronic 
noncancer pain or to patients on high doses of opiods.  

 –   Pain measurements used to calculate metrics representing the total amount of 
pain reduction varied greatly among studies.  

 –   The early studies of relative potency that constituted the equianalgesic dose table 
did not assess many of the potential infl uences on potency that have become 
relevant with subsequent research, including the direction of the switch from one 
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drug to another, the infl uence of chronic opioid administration, and the impor-
tance of the dose at the time of a change. They could not evaluate formulations 
and drugs that have come into clinical use since the original equianalgesic table 
was created nor did they specifi cally address responses based on ethnicity, 
advanced age, concommitant medication use, or comorbidities.  

 –   The use of mean data in developing equianalgesic ratios also may pose problems 
in the clinical setting. For example, a 10:1 ratio listed in the table may actually 
refl ect a ratio of 2:1 in some patients and 20:1 in others [ 14 ].  

 –   Relative-potency estimates may be affected by numerous factors that were mini-
mized or overlooked in the clinical trial setting but affect generalizability of the 
data. For example, major organ dysfunction may change the kinetics of a drug or 
active metabolites, or alter pharmacodynamics. Race, age, and gender each may 
also be a potential source of variations in the potency of specifi c opioids 
[ 15 – 22 ].     

    Methadone Characteristics Relevant for Opioid Rotation 

 Methadone (ME) has many positive attributes that makes it a good candidate when 
considering opioid rotation [ 2 ,  5 ,  6 ,  8 ]. It lacks neuroactive metabolites, clearance is 
independent of renal function, it has excellent bioavailability, and the cost is mini-
mal compared to other long-acting opioid formulations. Another strong benefi t, but 
also potential problematic characteristic, of ME is that its high degree of incomplete 
cross-tolerance allows for analgesic effects at relatively small doses. Further, in 
addition to its mu opioid agonist mechanism of action, ME has a non-opioidaction 
as noncompetitive antagonist at NMDA receptors [ 23 ]. Consequently, ME can 
enhance analgesia in patients who are not responsive to other opioids and/or present 
with refractory pain [ 24 ]. 

 ME produces analgesic activity within 30–60 min after oral administration with 
a duration of action of 4–8 h. Although the longer dosing interval can be seen as 
advantageous for the patient, it requires a great caution in opioid rotation. ME has 
demonstrated high interindividual variability in pharmacokinetics, which together 
with long elimination half-life and high bioavailability may increase the risk of 
accumulation following multiple doses. For this reason, ME is not recommended 
for opioid rotation in the management of acute pain when pain intensity may change 
quickly and require prompt changes of dosing. 

 Further, relative potency is another characteristic signifi cant for opioid rotation. 
In early single-dose relative-potency assays, the equianalgesic dose ratio for paren-
teral MS:ME was 1:1 and the ratio between parenteral ME and oral ME was 1:2 
[ 12 ,  13 ]. More recent studies, however, have confi rmed that the potency of ME 
when patients are switched from another mu agonist is both dose-dependent and 
greater than would be anticipated from these early studies [ 7 – 10 ,  25 – 27 ]. For exam-
ple, Ripamonti et al.  [ 9 ,  10 ] reported a dose ratio for oral MS:oral ME of 7.75:1 
(range between 14.1 and 2.5:1), while a dose ratio for subcutaneous MS vs. oral ME 
[ 11 ,  25 ] ranged between 5:1 and 7:1. Several studies [ 7 ,  9 ,  10 ,  25 ] have found a 
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signifi cant relationship between the relative potency of ME and the dose of the 
opioid taken at the time that ME is administered. Oral MS:ME ratio for patients 
receiving less than 1,165 mg/day was 5.42:1, whereas the ratio for those receiving 
more than 1,165 mg/day was 16.8:1 [ 25 ]. Another study [ 10 ] determined the MS:ME 
ratios to be 3.71:1 if the dose of MS prior to the switch was 30–90 mg/day, 7.75:1 
if the MS dose prior to the switch was 90–300 mg/day, and 12.25:1 if the prior MS 
dose was >300 mg/day. Moreover, a bidirectional difference was noted in the oral 
MS:ME ratio [ 7 ]. The ratio was found to be 8.25:1 when switching from ME to MS, 
and 11.36:1 when switching from MS to ME [ 7 ]. 

 Together, these more recent studies suggest that the conventional equianalgesic 
dose ratios derived from a single dose studies [ 12 ,  13 ] do not apply to opioid rota-
tion using ME without substantial adjustment. This adjustment may take the form 
of a standardized reduction in the calculated equianalgesic dose in all cases, or a 
more specifi c additional reduction based on the dose of the opioid taken at the time 
of the switch to ME [ 1 ], as discussed below. When considering opioid rotation from 
another opioid agonist to methadone, it is important to recognize that ME potency 
and resulting effects in clinical conditions may be infl uenced by a variety of factors. 
For example, inducers and inhibitors of enzymes that are involved in ME metabo-
lization can signifi cantly affects the serum level and/or toxicity of ME [ 28 ,  29 ]. 
Commonly prescribed drugs that inhibit methadone’s liver microsomal enzyme 
metabolic pathways, leading to increases in ME serum levels, include amiodarone, 
verapamil, cimetidine, or ciprofl oxacin. Recently, attention has focused on ME 
interaction with the antiviral drugs used in the treatment of HIV and AIDS [ 24 ]. 
The nucleoside reverse-transcriptase inhibitors and the non-nucleoside reverse- 
transcriptase inhibitors have effects on the bioavailability and effi cacy of ME, and 
clinicians considering a switch to ME should be aware of these interactions, and 
vigilant for potential adverse effects, both immediately and over the course of 
 several days, due to potential dose accumulation.  

    Clinical Considerations and Guidelines for Opioid Rotation 
Involving Methadone 

 The guideline for opioid rotation, as recently delineated by the Expert Panel on 
Evidence Review and Guidelines for Opioid Rotation [ 1 ], suggests using the exist-
ing equianalgesic dose tables as a reasonable starting point, but promote safety 
through dose adjustments based on available evidence and expert opinion, and clini-
cal considerations of the variety of factors that may infl uence outcomes of the rota-
tion. To reduce a risk of unintentional overdose, the calculated conversion ratio 
should be adjusted depending on clinical assessment of the risk. Based on the Expert 
Panel consensus, the strategy for safe use of the equianalgesic dose table in clinical 
practice should consist of two major steps, each including several activities/clinical 
considerations (Table  7.1 ).
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   Step 1 represents an initial dose reduction automatically applied as a safety pre-
caution; Step 2 is an additional dose adjustment based on an evaluation of additional 
medical or psychosocial factors. 

 In practice Step 1 represents an application of an “automatic dose reduction” of 
the equianalgesic dose within a recommended narrow window. Although for most 
opioids the window is suggested at 20–50 % lower than the calculated equianalgesic 
dose, the recommended reduction for ME is much greater, 75–95 % lower than the 
calculated equianalgesic dose. This is supported by the evidence that ME potency is 
substantially higher than originally determined by early relative-potency studies, as 
discussed in the previous section. It is recommended [ 1 ] that a dose close to the 
upper bound of the window should be selected if the patient is receiving a relatively 
high dose of opioid, is elderly, medically frail or not Caucasian. Although such 
steep a reduction is probably not needed when switching from a relatively low-dose 

    Table 7.1    Guideline for opioid rotation (from Fine and Portenoy [ 1 ], with permission)   

 Guideline for opioid rotation 

  Step 1  
 • Calculate the equianalgesic dose of the new opioid based on the equianalgesic table 
 • If switching to any opioid other than methadone or fentanyl, identify an “automatic dose 

reduction window” of 25–50 % lower than the calculated equianalgesic dose 
 ◦ If switching to methadone, identify this window at 75–90 % lower than the calculated 

equianalgesic dose. For individuals on very high opioid doses (e.g., 1,000 mg morphine 
equivalents/day or higher) great caution should be exercised in converting to methadone at 
doses of 100 mg or greater per day; consider inpatient monitoring, including serial EKG 
monitoring. 

 ◦ If switching to transdermal fentanyl, calculate dose conversions based on the equianalge-
sic dose ratios included in the package insert for these formulations. 

 • Select a dose closer to the lower bound (25 % reduction) or the upper bound (50 % reduction) 
of this automatic dose reduction window on the basis of a clinical judgment that the 
equianalgesic dose table is relatively more or less applicable, respectively, to the specifi c 
characteristics of the opioid regimen or patient 
 ◦ Select a dose closer to the upper bound (50 % reduction) of the reduction if the patient is 

receiving a relatively high dose of the current opioid regimen, is not Caucasian, or is 
elderly or medically frail 

 ◦ Select a dose closer to the lower bound (25 % reduction) of the reduction if the patient 
does not have these characteristics or is undergoing a switch to a different route of 
systemic drug administration using the same drug 

  Step 2  
 • Perform a second assessment of pain severity and other medical or psychosocial characteris-

tics to determine whether to apply an additional increase or decrease of 15–30 % to enhance 
the likelihood that the initial dose will be effective for pain, or conversely, unlikely to cause 
withdrawal or opioid-related side effects 

 • Have a strategy to frequently assess initial response and titrate the dose of the new opioid 
regimen to optimize outcomes 

 • If a supplemental “rescue dose” is used for titration, calculate this at 5–15 % of the total 
daily opioid dose and administer at an appropriate interval; if an oral transmucosal fentanyl 
formulation is used as a rescue dose, begin dosing at one of the lower doses irrespective of 
the baseline opioid dose 
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opioid regimen, the decision to use a smaller reduction when switching to ME 
requires careful monitoring of the patient after the change. 

 Step 2, a dose adjustment in addition to the “automated dose reduction” requires 
an evaluation of additional medical or psychosocial factors at the time of the switch 
and may lead to further reduction of the dose. The recommendations are intended to 
reduce risks associated with opioid rotation. As the application of the dose 
reduction(s) may lead to initial under-dosing, the plan for opioid rotation must also 
include a strategy for titration of the dose after the change to a new drug is initiated. 
Several authors suggest ways to rotate from other opioids to ME, and there are sev-
eral clinical approaches that may be safe and effi cacious [ 7 ,  30 – 33 ]. The strategies 
are determined by the comfort level of the clinician, the patient’s (or caregiver’s) 
reliability, medical risk factors (e.g., history of obstructive or central sleep apnea), 
alongside the overall goal of the opioid rotation to improve clinical outcomes and 
quality of the patient’s life [ 34 – 41 ].  

    Conclusions 

 Opioid rotation is one of the strategies clinicians implement in order to improve 
outcomes of opioid treatment. The goal of opioid rotation is to establish an opioid 
regimen that leads to improved analgesic effi cacy and/or lower toxicity, better 
 function, or improved quality of life. An application of opioid rotation in clinical 
practice requires careful consideration and assessment of a broad spectrum of meth-
odological and clinical factors/limitations that may infl uence outcomes of the 
planned rotation. 

 ME is an opioid agent with several attractive features for opioid rotation. 
However, ME has demonstrated high interindividual variability in pharmacokinet-
ics, long half-life, and high bioavailability, which together may increase risks of 
accumulation and adverse effects following multiple doses. Further, recent potency 
studies indicate that ME has higher potency than originally determined in early 
studies that led to construction of the conventionally used equianalgesic table. 
Also, the dose level of a given opioid regimen and duration of opioid exposure 
prior the switch, as well as the direction of the switch, will affect the equianalgesic 
ratio between ME and another opioid agent. Therefore, great deal of caution, coun-
seling, ongoing clinical assessment, and a reliable patient/caregiver is required 
when planning an opioid switch involving ME. In order to promote safety as a 
primary goal of the overall process of opioid rotation, the Expert Panel [ 1 ] issued 
guidelines (Table  7.1 ) including a two-step dose-reduction and adjustment, and 
recommends a substantial reduction of ME dose, as well as an additional dose 
adjustment and careful clinical assessment and monitoring, when using ME in 
 opioid rotation.    
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        While oral route is considered the preferred route of administration of opioids, in 
specifi c conditions an alternative route of administration is mandatory, especially in 
patients who are unable to swallow or present gastrointestinal adverse effects pre-
cluding the oral route. As the use of subcutaneous methadone has been the subject 
of many concerns due to its local toxicity [ 1 ,  2 ], intravenous methadone should be 
the preferred parenteral route, particularly in patients with an intravenous line or 
implanted with a port-cath. 

    Pharmacokinetic Issues of the Intravenous Route 

 Parenteral administration of methadone may be important in some conditions when 
oral route is unavailable or in specifi c settings such as in case of use in the periop-
erative period. Similarly to what has been described for the oral route, however, 
repeated boluses or continuous administration of intravenous methadone may be 
problematic, because of its peculiar pharmacokinetics. After a bolus injection, 
methadone plasma level declines in a bioexponential manner with a half-life of 
2–3 h during the initial phase and 15–60 h during the terminal phase. This bioexpo-
nential decline with a long terminal half-life may account for the relatively short 
analgesic action of single doses and the tendency for drug accumulation with 
repeated dosing [ 3 ]. 

 This was demonstrated by some pioneer studies. A prospective, randomized, 
double-blind trial was designed in advanced cancer patients for 5–6 days to compare 
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the duration of analgesia produced by intravenous morphine and methadone. 
One-eightth of the patient’s daily opioid requirement was supplied as an  intravenous 
infusion of either morphine or methadone over a period of 15 min, when initiated by 
the patient using a patient-controlled analgesia device. The duration of pain relief 
when repeated intravenous doses of these analgesics were given was similar 
throughout the entire study period, although morphine and methadone have different 
serum half-life (3 h vs. 25 h) [ 4 ]. However, the choice of dose bolus is important. 
Given the lipophilic characteristics and the large distribution volume a suffi cient 
dose of methadone must be administered such that the pain will begin to return 
during the elimination phase and not during the distribution phase, thereby providing 
prolonged analgesia as a consequence of the long elimination half-life. It is likely 
that the brief period of analgesia, similar to that of morphine, is to be attributed to 
distribution governing duration of action rather than elimination [ 5 ]. Unfortunately 
there is a wide variation in methadone pharmacokinetic parameters among indi-
viduals. In some patients methadone appears to have a cumulative effect, resulting 
in adverse effects, possibly as a consequence of a low clearance, while in some 
other patients methadone does appear capable of controlling pain, presumably due 
to high clearance, regardless of pharmacodynamics. Therefore, intravenous infu-
sion of methadone can be planned only on a careful clinical judgment. If no loading 
dose is used, the steady state of blood methadone concentration is achieved after at 
least 5 half-lives, from 2 to 9 days [ 6 ], a time not always optimal for patients in 
urgent need to improve analgesia, due to extreme suffering. The consequences of a 
change in dose regimen are fully realized only after a considerable delay [ 6 ]. Due to 
a long terminal half-life, dose adjustment in the patient with fl uctuating pain inten-
sity is more diffi cult with methadone than with a short half-life drug such as 
morphine [ 7 ]. It has been shown that methadone clearance after an intravenous infu-
sion is highly variable. On the other hand, individual pharmacokinetic studies are 
unreliable in the clinical setting. According to these observations, an initial intrave-
nous bolus could be of paramount importance to test the analgesic response and its 
duration, as confi rmed by pharmacokinetic models [ 8 ]. This is the basis to plan an 
initial methadone regimen (see section “Clinical Use”). 

 On the other hand, in long-term treatments methadone may induce its own 
metabolism. This means that accumulation may automatically be self-regulated or a 
dose regimen which was initially effective might rapidly become inadequate. 
Alternately a number of substances may infl uence methadone clearance, including 
estrogens, verapamil, rifampicine, barbiturates, and aging [ 8 ]. 

 Regarding the conversion ratio with the oral route, it should be considered that 
methadone is highly available by oral route, around 85 %, in comparison with oral 
morphine, which has a highly variability in availability, which is 20–50 % [ 9 ]. 
This means that the conversion ratio to the parenteral route, subcutaneously or 
intravenously, should be about 0.8   . In a small study doses of subcutaneous metha-
done, with an availability quite similar to that of the intravenous route, were simi-
lar to doses of oral methadone, providing a strict surveillance with a close 
monitoring [ 10 ].  
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    Clinical Use 

 Methadone is commonly considered an opioid of second choice. The reasons rely 
on the complex pharmacokinetics which require a certain expertise, rather than on 
effi cacy. In fact methadone provided similar analgesia in comparison with other 
opioids [ 11 ,  12 ]. On the other hand, opioid switching to methadone in cancer pain 
has provided excellent results, allowing to improve the balance between analgesia 
and adverse effect, despite relevant differences in the conversion ratios and techni-
cal approaches proposed in the literature. Thus, the main problem is represented by 
the conversion from other opioids, which is the most challenging aspect of metha-
done use. Unfortunately, data on intravenous methadone are poor. As the analgesic 
effect is due to several factors, including pain intensity, previous opioid administra-
tion, other than pharmacokinetics of methadone, dose titration with intravenous 
methadone can guide the subsequent infusion rate. Unlike morphine for which the 
peak analgesic effect occurs well after the peak serum concentration, the peak of 
analgesic effect and peak serum concentration following intravenous methadone 
occur nearly simultaneously. 

 Some pioneer studies can be helpful to suggest the best approach. Boluses of 
5 mg were administered every 10 min until the patient reported satisfactory analge-
sia. Initial infusion rates were calculated by multiplying the number of boluses 
required to produce analgesia by 0.3 mg/h. For example if a patient required 20 mg 
to achieve analgesia, the initial infusion rate was 1.2 mg/h [ 13 ]. Overall, the metha-
done concentrations predicted using pharmacokinetic modelling were in agreement 
with those measured, and over 95 % of the variance in the data were explained using 
this model. This approach avoids signifi cant loss of analgesia or problematic adverse 
effects and by immediately starting the calculated maintenance infusion, allows a 
rapid conversion. 

 There are few small reports of conversion from other opiods to intravenous meth-
adone, particularly for cancer pain unrelieved by other opioids. In 13 advanced can-
cer patients who were switched from morphine to intravenous methadone a 
conversion ratio of 5.2 was found, with a wide variability [ 14 ]. Patients dramatically 
improved their opioid response after being switched from hydromorpone and mor-
phine to intravenous methadone. As with oral methadone, in high-tolerant patients 
the conversion ratio is unpredictable, intravenous methadone resulting even 5 times 
more potent than hydromorphone [ 15 ]. 

 A patient-controlled analgesia (PCA) is attractive for the management of severe, 
intractable cancer pain and may offer some advantages in patients who experienced 
inadequate pain control and dose-limiting side effects with high-dose intravenous 
morphine [ 16 ]. PCA from intravenous morphine to intravenous methadone indi-
cates was accompanied by a decrease of 30–50 % of PCA demand dose. PCA could 
reduce the risks of drug accumulation with a continuous intravenous infusion of 
methadone, particularly when doses are not stabilized, as example when switching 
from another opioid to methadone. Cancer patients with uncontrolled pain and cen-
tral adverse effect were switched from intravenous fentanyl to methadone, starting 
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with a conversion ratio of 0.25, as an initial infusion basal rate. Additional boluses 
of intravenous methadone were allowed every 20 min. The methadone consumption 
decreased, as a result of decreased PCA demand use with a hourly infusion rate 
increasing from 1.5 to 2 mg/h. This suggested that a little bit starting methadone 
infusion could be started, at least in some patients. The fi nal conversion rate was 
0.22 [ 17 ,  18 ]. This ratio appears to be relatively strong in comparison with ratios 
reported with oral methadone and transdermal fentanyl [ 18 ,  19 ]. While a patient- 
controlled analgesia method with minimal methadone doses as background analge-
sia may allow more safety, it also may take longer times before achieving the 
appropriate balance between analgesia and adverse effects. In fact to obtain analge-
sia it is necessary to provide initial doses suffi ciently large to provide methadone 
blood levels above a minimal effective concentration for analgesia during both the 
distribution and elimination phase. This is even more important in patients who are 
tolerant to opioids [ 6 ,  20 ]. PCA with intravenous methadone presents several chal-
lenges, including high cost and limited availability, the required medical expertise 
for its administration, the need of monitoring patients during infusion, as well as 
strict regulations by home health agencies regarding the use of intravenous metha-
done [ 21 ]. 

 Using the rapid titration paradigm, one can obtain a reasonable estimate of 
patient specifi c analgesic requirements as well as initial infusion requirement for 
methadone. This concept has been successfully utilized at La Maddalena Cancer 
Center for years. An intravenous bolus of methadone is given, independently of 
the previous dose of the previous opioid. Boluses are repeated at 10 min of interval 
until pain relief is achieved. This is considered a priming dose. The global amount 
of methadone is converted for a continuous infusion by multiplying by 3. For 
example an effective dose of 10 mg (two boluses of 5 mg) is converted to an infu-
sion of 30 mg/day (1.25 mg/h). The further doses as needed will be 1/6 of the daily 
dose (5 mg). Doses are then adjusted according to the clinical response. Once the 
patient is stabilized, when possible, intravenous route is converted to the oral route 
by using a conversion ratio of 0.8 [ 22 ]. For example, if a patient is receiving 
30 mg/day of intravenous methadone, then the daily dose will be 24 mg/day, that 
is 8 mg every 8 h. 

 Opioid switching in patients with opioid-induced hyperalgesia (see Chap. 6) is 
quite diffi cult, and any calculation of conversion ratios is unreliable [ 23 ]. This is 
even more complex when a rapid opioid titration with intravenous morphine is 
started in patients who extremely suffering and there is the need to control pain as 
soon as possible. Titration with intravenous-morphine (IV-MO) may provide fast 
and effi cient pain relief, also providing information about the amount of opioids 
necessary for a subsequent treatment [ 24 ,  25 ]. Some patients, however, after an 
initially favourable response, may develop a hyperexcitated state worsened by fur-
ther dose increments [ 23 ]. This state may be reversed by the administration of intra-
venous methadone in a sort of immediate opioid switching during rapid titration 
with intravenous morphine. In a clinical experience in an acute pain relief and pal-
liative care unit, 12 patients were switched and re-titrated with IV-ME, because the 
previous titration with IV-MO failed and produced worsening pain rather than pain 
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relief [ 26 ]. No traditional adverse effects were noticed, except a mild myoclonus in 
three patients. According to the protocol, patients who did not responded favourably 
or showing a worsening pain despite increasing doses of morphine within 24 h, 
even after an apparent pain relief of short duration, were switched to intravenous- 
methadone (IV-ME). Doses of IV-ME were titrated again to relieve pain, at bedside 
and under medical supervision, regardless of prior morphine dose. IV-ME titration 
was stopped when patients reported an adequate pain relief. According to the effi -
cacy of the bolus and patients’ response, a continuous infusion of IV-ME was started 
in doses of approximately 3 times the dose of the effective bolus, as this doses was 
assumed to provide analgesia for about 8 h (while for IV-MO has been considered 
6 times). For example, if the patient responded positively to a bolus of 10 mg of 
IV-ME, a continuous infusion of 30 mg/day was started. In the subsequent days, 
doses were changed according to the need. After achieving a dose stabilization pro-
viding adequate analgesia and acceptable adverse effects, IV-ME was converted to 
the oral route-methadone (OR-ME), by using a ratio IV-OR of 0.8–1 [ 22 ]. Thus, a 
patient receiving successfully 30 mg/day of IV-ME can be converted to 36 mg of 
OR-ME. The dose ratio between the initial bolus of IV-MO and the initial bolus of 
IV-ME was 2.24. All patients responded to opioid switching-titration with IV-ME, 
achieving stable analgesia except one patient who required a more complex treat-
ment, including intrathecal administration of morphine and bupivacaine. When 
excluding the patient who required the spinal treatment, patients were discharged at 
home after a mean of 5.5 days (range 3–9 days) after starting IV-ME [ 26 ]. 

 Substituting another opioid for intravenous methadone in patients with cancer 
pain has been reported to be unsuccessful [ 27 ], as patients would develop resistance 
to other opioids after a trial with methadone [ 28 ]. Given the high doses of opioids 
administered, it is likely that these patients were in a state of hyperalgesia. Case 
series have shown that switching from oral methadone to another opioid can be suc-
cessful [ 29 – 31 ].  

    Adverse Effects and Safety Issues 

 Methadone interactions with other drugs are well known (see Chap. 6). Several 
common adverse effects are associated with methadone and occur with other opi-
oids. Methadone is less constipating and fewer laxatives are required to prevent 
constipation [ 9 ]. While safety issues have been frequently reported with oral metha-
done, particularly with regard to EKG changes, data regarding the safety of intrave-
nous methadone have been seldom reported in the literature. The preservative 
chlorobutanol seems to potentiate methadone’s ability to block cardiac potassium 
currents, prolonging the QT interval [ 32 ]. Two cases of neurotoxicity induced by 
intravenous methadone have been reported. In a patient receiving 10 mg/h of hydro-
morphone, methadone was started at a rate of 5 mg/h. Myoclonus developed at 
doses of 18 mg/h and subsided with the decrease of dose which was gradually 
titrated down to 6 mg/h, maintaining adequate analgesia. Another patient was 
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switched from 240 mg/day of oral methadone to a continuous subcutaneous  infusion 
of 12 mg/h. Due to the development of myoclonus and local skin reactions the 
patient was converted back to oral methadone. According to the authors’ opinion 
the parenteral route may predispose patients to neurotoxicity mediated through 
 D -receptors in the brain more so than the enteral route, which may allow a slower 
and steadier redistribution, resulting in less of a bolus effect across the blood–brain 
barrier [ 33 ]. However, these neurotoxic effects have been reported for any category 
of opioids and for oral methadone. In another article, a patient who developed 
reversible spastic paraparesis with prominent extensor spasms in the legs while 
receiving an infusion of intravenous methadone at 100 mg/h was described [ 34 ].  

    Perioperative Use of Intravenous Methadone 

 Intravenous methadone has been assessed during the perioperative period to provide 
long-lasting analgesia due to its long-half-life and low clearance, and inexpensive-
ness. Data are very old and have never been replayed in recent studies. Methadone 
provided excellent pain control after major surgery. A relationship between metha-
done pharmacodynamics and pharmacokinetics relating to the treatment of postop-
erative pain has been found after giving a bolus of 20 mg methadone following 
induction of anesthesia. About 40 % of patients did not require additional analgesia, 
and 26 % requested only non-opioid drugs. The median duration of analgesia was 
27 h [ 35 ]. Methadone or morphine 0.25 mg/kg was given intravenously at induction 
of anesthesia with further increments in the recovery room for analgesia if required. 
Total doses of methadone and morphine were similar, but patients in the methadone 
group had lower pain scores in the subsequent 48 h and required less supplementary 
opioids. No signifi cant respiratory depression or excessive sedation was observed in 
either group [ 36 ]. Similar data were reported in another study, using a similar pro-
tocol. Patients received either methadone or morphine 20 mg intravenously follow-
ing induction of anesthesia, additional opioids in the recovery room, and subsequent 
opioids as needed on the postsurgical wards. Patients required less methadone than 
morphine in the recovery room and requested less methadone than morphine for 
pain relief on the wards, and reported lower pain intensity with methadone. No tox-
icity or notable adverse effects were recorded [ 37 ]. A bolus of 20 mg of intravenous 
methadone did not have adverse hemodynamic effects [ 38 ]. In another study no 
signifi cant difference in the amount of analgesic requirement or pain intensity was 
observed between patients receiving intravenous morphine or methadone at 
0.30 mg/kg intraoperatively [ 39 ]. In children, methadone or morphine    at 0.2 mg/kg 
was administered and supplemental doses were titrated to achieve comfort in the 
recovery room. Children in the methadone group required fewer supplemental opi-
oid analgesic drugs and reported lower pain scores. No major adverse effects 
occurred, no patient had prolonged emergence from anesthesia, and no patents 
required naloxone or postoperative ventilatory assistance [ 40 ].  
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    Conclusion 

 Intravenous methadone is an important option in the treatment of cancer pain. Given 
the manageability the use should be reserved to experienced team with methadone 
use. Intravenous methadone should be started in a specialized setting where careful 
monitoring is available to prevent the risks of accumulation and to monitor possible 
EKG changes. Given the unpredictability of conversion ratios, particularly in 
patients with complex pain situation, a PCA and a continuous assessment of the 
patient’s response could be helpful in minimizing these problems. Although the 
data are not clear on reported deaths attributed to methadone thought to be caused 
by prolongation of the QTc interval and interactions with other drugs (e.g., benzo-
diazepines), methadone should be prescribed with caution. 

 In the postoperative setting intravenous methadone could be an important option 
for providing long-lasting systemic analgesia.     
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          He [the morphine addict] is also affected by a 
hypersensitiveness to pain, or a morbid  intolerance of any kind 
of distress …. He suffers. His suffering is actually great. To his 
astigmatic inner eye it seems even greater than it is. [ 1 ]. 

      Introduction 

 It has long been recognized that opioid use brings with it the paradoxical effect of 
increasing sensitivity to pain, a response that has been explained as the phenomenon of 
opioid-induced hyperalgesia (OIH). Revered since antiquity for their potent analgesic 
effects, early observations suggested that opioid administration concurrently sets into 
motion opponent anti-analgesic processes, prompting that Albutt to ask: “Does morphia 
[morphine addiction] tend to encourage the very pain it pretends to relieve?” [ 2 ]. 

 Largely ignored in the clinical literature for the next century, Martin and Inglis 
[ 3 ] revisited the phenomenon of decreased pain tolerance in persons abusing opi-
oids. Using an adaptation framework, these investigators hypothesized that opioid 
addicts self-medicate to deal with “an abnormally low tolerance for painful stimuli” 
(p. 224). They reported signifi cantly increased sensitivity to cold-pressor pain in an 
incarcerated population of women described as “known narcotic addicts,” in com-
parison to matched “non-addict” controls. Although time since last opioid use and 
the presence of opioid withdrawal symptoms were not reported in this early trial, the 
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magnitude of the relationships was impressive and supported an opioid-induced 
mechanism for the hyperalgesic response. 

 This chapter will review the phenomenon of OIH in general, and specifi cally 
what is known about its development and presentation with the use of the long- 
acting    mu-opioid methadone. Primarily used for the last 50 years as a substitution 
treatment for opioid addiction, appreciation of methadone’s effectiveness as an 
analgesic for the treatment of chronic pain has renewed interest in its hyperalgesic 
properties. The review will begin with a broad overview of the relevant literature 
describing and characterizing OIH, including the neurophysiological mechanisms 
underlying its development, and the role of opioid withdrawal and tolerance in its 
presentation. Next what is known about the hyperalgesia specifi cally associated 
with methadone, both in the treatment of opioid addiction and chronic pain, will be 
presented. The chapter concludes with suggested strategies to minimize the degree 
to which methadone hyperalgesia interferes with pain management.  

    Opioid-Induced Hyperalgesia 

 As described above, it is suggested that the relative pain intolerance noted in opioid 
maintained individuals is the result of opioid exposure or OIH (see reviews [ 4 – 7 ]). 
The time course, opioid dose–response relationship, and opioid pretreatment param-
eters of OIH have been carefully characterized in preclinical models for over 30 
years, such that it is known to arise following single or chronic opioid exposure, 
increases in intensity with pretreatment opioid dose, and can be detected up to 5 
days following subcutaneous injection [ 8 – 12 ]. A biphasic response to opioid admin-
istration is described such that analgesia is an early response, followed by the longer 
lasting hyperalgesic state [ 13 ,  14 ]. 

 More recent work has shown that OIH relies upon mu-opioid receptor activation, 
can be induced with opioids of differing intrinsic effi cacy, and increases in severity 
with intermittent or naloxone-interrupted opioid dosing [ 13 ,  15 – 17 ]. Increasingly, 
OIH is recognized as a variant of central sensitization and, like the hyperalgesia of 
neuropathic origin [ 18 ,  19 ], can be prevented by  N -methyl- D -aspartate (NMDA) 
receptor antagonism and calcium channel blockers [ 13 ,  20 – 24 ]. Across this litera-
ture, it is of note that the degree of hyperalgesic response to opioid administration 
reported (~30 % of baseline) is so reliable. 

    Neurophysiologic Mechanisms of OIH 

 Multiple neurobiological mechanisms have been hypothesized to explain the 
phenomenon of OIH following opioid exposure (see Fig.  9.1 ). In a series of early 
studies,    Mao and colleagues [ 6 ,  19 ,  25   ] suggested that agonist activity at the excit-
atory ionotropic NMDA receptor on dorsal horn neurons is responsible for the 
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development of OIH. Specifi cally, they showed that the binding of opioids to recep-
tors on spinal neurons induced changes such that co-localized excitatory NMDA 
receptors are essentially upregulated, and thus resulting in increased transmission of 
nociceptive signals.

   Various spinal neuropeptides, distinct from excitatory amino acid systems, have 
also been implicated in the development of OIH. Over a decade ago, Simonnet’s 
laboratory showed that a single dose of parenteral heroin resulted in signifi cant 
release of the antiopioid neuropeptide FF from the spinal cord in rats, inducing a 
pain response 30 % below baseline within 30 min, which could be blocked by the 
subsequent administration of opioid antagonist naloxone [ 27 ]. More recent animal 
work in Porreca’s laboratory has demonstrated increased levels of lumbar dynor-
phin (a kappa opioid agonist with pro-nociceptive activity) following sustained 
spinal administration of opioid [ 28 ,  29 ]. Interestingly, the hyperalgesic effects of 
opioids were reversed 15 min following the administration of an antagonist to the 
neurokinin-1 receptor, the site of activity for the nociceptive neuropeptide sub-
stance P [ 30 ,  31 ]. Particularly active in pain of infl ammatory origin, substance P 
involvement suggests a neuro-infl ammatory component to the development of 
OIH [ 5 ] (see below). 

 The work of Porreca and colleagues also provides good preclinical evidence that 
OIH may be the result of activation of supraspinal descending pain facilitation sys-
tems arising from mu-opioid receptor activation [ 32 ,  33 ] in the rostral ventromedial 
medulla (see [ 5 ,  30 ,  32 ,  34 ]). Specifi cally implicated are increased levels of the pro- 
nociceptive peptide cholecystokinin (CCK), which appear to play a role in the 

Excitatory NMDA
receptor upregulation

Descending facilitation

Pro-nociceptive spinal neuropeptides Immune cell expressed
pro-inflammatory cytokines

  Fig. 9.1    Theorized mechanisms of opioid-induced hyperalgesia [ 26 ] (adapted from Angst and 
Clark [ 4 ])       
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development of opioid analgesic tolerance as well [ 35 ]. It is suggested that CCK 
activity in the medulla drives descending pain facilitatory mechanisms, resulting in 
spinal hyperalgesic responses to nociceptive stimuli [ 29 ,  36 ]. 

 Increasingly, neuroimmune mechanisms have been implicated in the develop-
ment of OIH [ 37 ,  38 ]. In this model, exogenously administered opioids bind to 
mu-opioid receptors located on astrocytes of the blood–brain barrier, and result in 
the subsequent expression and release of pro-infl ammatory chemokines and cyto-
kines. In support of this hypothesis, Song and Zhao [ 39 ], and Johnston and 
Westbrook [ 40 ] have demonstrated that the administration of a glial cell inhibitor 
(fl uorocitrate) reversed the hyperalgesic effect of morphine in acute and chronically 
treated rats up to 2 h following infusion. Further, administration of the cytokine 
inhibitors interleukin-1β receptor antagonist and interleukin-6 neutralizing anti-
body reverse and/or block morphine- or methadone-induced hyperalgesia [ 41 – 43 ]. 
Interestingly, coadministration of the tricyclic antidepressant amitriptyline with 
morphine in an animal model preserved the opioid’s antinociceptive effect for up to 
5 days following treatment, theorized to be due to its ability to suppress opioid-
induced glial cell activation and subsequent cytokine expression [ 44 ]. Although the 
effects of spinal neuropeptides on OIH are evident acutely (15–30 min following 
treatment), immune-mediated mechanisms of OIH-reversal have been shown to be 
relatively enduring (5–6 days following treatment). 

 As is clear from this literature, characterization of OIH has primarily been estab-
lished in animal models, making it diffi cult to extrapolate from preclinical fi ndings 
to clinical implications. Pain is a much more highly modulated sensory experience 
in humans, and it is not entirely clear how pain  tolerance  in humans (point of sub-
jective intolerance of pain, an indicator of hyperalgesia) maps onto putative pain 
 threshold  or perception (point at which animal withdraws tail, jumps on hotplate) in 
animals. Critical to this review, the development of OIH has been better character-
ized in animals without pain or with acute pain, thus understanding of its effect and 
relevance in the setting of chronic pain remains incomplete.  

    Opioid Withdrawal, Opioid Tolerance, and OIH 

 Well-recognized neurophysiologic consequences of opioid administration include 
 tolerance  or the need for increased doses of opioid over time to achieve the same 
effect, and  physical dependence , which presents as a distinct withdrawal syndrome 
when plasma levels of opioid fall. Sharing opioid-induced mechanisms, these phe-
nomena are not unassociated with the clinical presentation of OIH. For example, in 
preclinical models, hyperalgesia has long been identifi ed as an important symptom 
of the opioid withdrawal syndrome, and elicited when opioid agonist administration 
is either abruptly terminated [ 8 ,  21 ,  45 – 47 ] or reversed by an antagonist [ 9 ,  48 – 52 ]. 
Hyperalgesia is reliably demonstrated to thermal (tail fl ick, hot plate), electrical (foot 
shock), and mechanical (pinch) noxious stimuli, and in these animal models, has 
been demonstrated to arise following single or chronic opioid exposure [ 10 ,  11 ,  53 ], 
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can be detected up to 5 days following subcutaneous morphine injection [ 8 ,  10 ,  12 ], 
and increases in intensity with pretreatment opioid dose [ 9 ,  12 ]. 

 Subsequent work has confi rmed that like OIH, the severity of withdrawal hyper-
algesia increases with intermittent or naloxone-interrupted opioid dosing [ 10 ,  15 ,  54 ] 
and, like neuropathic hyperalgesia [ 19 ,  54 ,  55 ], its development can be prevented by 
NMDA receptor antagonism [ 13 ,  20 – 23 ]. Further characterization confi rms that 
although it is present during withdrawal, it also exists independent of the withdrawal 
syndrome, and can, in fact, be detected in the presence of opioid analgesia [ 5 ,  56 ,  57 ], 
suggesting that withdrawal from opioids provides an opportunity for underlying OIH 
to be revealed. 

 In practice, increased sensitivity to pain during opioid withdrawal is refl ected in 
the DSM-IVR diagnostic criteria for this opioid-induced disorder [ 57 ]. Specifi cally, 
with respect to this hyperalgesic state, text description of the withdrawal includes 
“…subjective and consist of complaints of anxiety, restlessness, and an ‘achy feel-
ing’ that is often located in the back and legs, accompanied by a wish to obtain 
opioids (‘craving’) and drug-seeking behavior, along with irritability and increased 
sensitivity to pain (p. 272).” Better understood in animals than in patients, the DSM 
criteria acknowledge increased sensitivity to pain as clinical evidence of the opioid 
withdrawal syndrome. 

 More recently, withdrawal hyperalgesia to mechanical and thermal stimuli has 
been characterized in healthy volunteers exposed to opioids commonly used in clin-
ical practice (morphine, hydromorphone, remifentanil). Areas of mechanical hyper-
algesia induced by capsaicin and electrical stimulation were demonstrated to 
increase by 130–180 % beginning within an hour of discontinuation of a 60–90 min 
IV infusion of remifentanil [ 58 ,  59 ], an effect blocked by the administration of the 
NMDA receptor antagonist  S -ketamine 30 min prior to remifentanil administration 
[ 58 ,  59 ]. Using a model of naloxone-precipitated withdrawal, our own work has 
shown signifi cant decreases in cold-pressor pain threshold and tolerance following 
a single acute dose of IV hydromorphone [ 60 ]. Thus, an opioid addict is likely to 
appear hyperalgesic if experiencing opioid withdrawal. This becomes particularly 
relevant in the case of those patients using heroin or short-acting prescription opi-
oids, as the relatively rapid decrease in opioid blood levels following use allows for 
the emergence of intermittent withdrawal states. 

 In that they appear to occur simultaneously by similar mechanisms [ 33 ,  61 – 63 ], 
the development of OIH has been conceptualized as integrally related to the devel-
opment of analgesic tolerance. As eloquently suggested by Colpaert [ 61 ,  64 ] and 
Celerier et al. [ 13 ,  20 ,  65 ], that which appears to be opioid analgesic tolerance, and 
therefore increased opioid need, may in fact be an organismic response to an opioid- 
induced hypersensitivity to pain. Subsequent work suggests that OIH and tolerance 
are, in fact, distinct neurophysiologic processes, yet, the role OIH plays in the vari-
able expression of analgesic tolerance in the clinical setting is worthy of consider-
ation. Analgesic tolerance has long been cited as a rationale for withholding opioids 
in the treatment of chronic pain [ 66 ,  67 ]; reconceptualizing analgesic tolerance as a 
refl ection of underlying OIH may lead to novel insights into the utility of chronic 
opioid therapy for this patient population.   
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    Methadone Hyperalgesia 

 Like other opioids, preclinical work has demonstrated that methadone induces 
hyperalgesia in rats, which resolves within days of discontinuation [ 68 ]. Supporting 
a pro-infl ammatory neuroimmune etiology for OIH, methadone has been demon-
strated to induce glial cell activation and hyperalgesia to a similar degree as mor-
phine [ 69 ], and like morphine, can be reversed by administration of the IL-1 receptor 
antagonist [ 43 ]. 

 Unique to the racemic methadone used in practice is the  D -isomer of the com-
pound, which has been demonstrated to have independent NMDA-antagonist activ-
ity. In that activation of the NMDA receptor site appears to play a role in the 
development of OIH (see [ 6 ,  19 ,  25 ]), it has been theorized that the  D -isomer activ-
ity of methadone diminishes or blocks hyperalgesia in opioid-exposed individuals. 
For example, when coadministered with morphine, parenteral and intrathecal 
 D -methadone has been demonstrated to block NMDA-induced hyperalgesia in rat 
models [ 70 ,  71 ]. Holtman and Wala [ 72 ] examined the hyperalgesic properties of 
racemic methadone ( D , L -methadone) and its enantiomers ( L -methadone,  D - 
METHADONE ) alone and in combination with morphine in rats, and replicated previ-
ous reports of a dose-dependent  D , L -methadone-induced hyperalgesia. Not only did 
the  D -isomer block morphine hyperalgesia, but the degree of methadone hyperalge-
sia was greater with  L -methadone as compared with the racemic mixture. The 
 D -methadone isomer alone had no hyperalgesic effect, providing further evidence of 
its anti-hyperalgesic effects. 

    Methadone Hyperalgesia in Ex-Opioid Addicts 

 Much of what is known clinically about methadone hyperalgesia (and OIH in gen-
eral) has been learned from studies of patients receiving methadone for the treat-
ment of opioid addiction. Providing initial evidence for OIH in patients on 
methadone, Ho and Dole [ 73 ] reported in 1979 that methadone-maintained (MM) 
ex-heroin addicts were signifi cantly more sensitive to pain induced by the cold- 
pressor test than were drug-free controls. Since that time, mentions of OIH in meth-
adone patients in the scientifi c literature have steadily increased. Description of 
hyperalgesia in MM patients is facilitated by the relative stability of the population 
with respect to opioid use; by virtue of being in methadone treatment, these are 
individuals for whom opioid dosing, illicit drug use, and withdrawal symptoms are 
relatively well controlled, providing research subjects who are relatively reliable 
participants and informants. 

 Integration of the research on methadone hyperalgesia in ex-opioid addicts is 
complicated by the use of different pain induction techniques (electrical stimula-
tion, mechanical pressure, cold-pressor); the measurement of pain  threshold  vs. 
pain  tolerance ; and the effects of methadone blood level (peak vs. trough) on pain 
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responses. Across all pain stimuli, pain  threshold  (the point at which a non- 
nociceptive stimulus becomes painful) has most consistently been shown to either 
be no different or signifi cantly lower for MM patients in comparison to matched 
normal controls, under both methadone peak and trough conditions [ 74 – 79 ]. Within- 
group data show that methadone dosing either had no effect on, or improved thresh-
old for both cold-pressor and electrical stimulation pain [ 26 ,  77 ], with the  latter 
fi nding perhaps refl ecting the acute analgesic effect of the medication. 

 Differences between MM and controls have been more robust on measures of 
pain  tolerance  (the point at which the subject reports that the pain can no longer be 
tolerated), which conceptually may be a better representation of a hyperalgesic 
state. Doverty et al. show decreased tolerance for electrical stimulation pain under 
both peak and trough methadone conditions [ 77 ,  78 ]. With respect to cold-pressor 
pain, signifi cantly diminished tolerance has been consistently demonstrated in MM 
patients in comparison to both matched drug-free addicts [ 74 ] and matched controls 
[ 75 – 81 ], regardless of methadone blood levels. With respect to perceived pain 
severity, using visual analogue scales, Schall et al. [ 79 ] found no difference between 
MM and control subjects in their perception of mechanical pressure pain, while Pud 
et al. [ 81 ] found a signifi cant higher rating of cold-pressor pain in the former. When 
evaluated within-subjects, this work indicates a signifi cant analgesic effect for 
methadone on cold-pressor, electrical stimulation, and mechanical pressure pain 
tolerance 2–4 h post-dose, an effect correlating with peak methadone blood levels 
[ 78 ,  79 ]. 

 These cross-sectional data show that MM patients are reliably intolerant of 
experimental pain, and are on average, between 42 and 76 % less tolerant of cold- 
pressor pain than are normal controls matched on age, gender, and ethnicity. With 
appreciable (albeit trough) methadone blood levels, these patients present a case for 
the  anti-analgesic  (hyperalgesic) effects of chronic methadone therapy. Daily meth-
adone dose however is not signifi cantly related to the degree of hyperalgesia noted 
[ 74 ,  75 ,  81 ,  82 ]. Recent data from our clinic show that heroin addicts entering MM 
treatment become signifi cantly more hyperalgesic with respect to cold-pressor pain 
tolerance at trough methadone levels as they stabilized in treatment [ 83 ]. 

 That hyperalgesic responses in opioid-dependent patients vary with the type of 
pain stimulus used has been noted in recent reviews of OIH [ 7 ,  84 ]. Rather than 
disputing the presence of OIH in opiate-abusing patients, these fi ndings suggest that 
cold-pressor pain may be a modality particularly sensitive to opioid-induced 
changes. Recent data from Ruscheweyh et al. [ 85 ] show that variance in cold- 
pressor pain perception is more unique than perception of pain from other sources 
(heat, pinprick), supporting the position that responses sensitive to the cold-pressor 
procedure need not be refl ected in other modalities. In fact, the genetic factors 
which underlie cold-pressor pain responses appear to be independent of those infl u-
encing phasic heat pain responses [ 86 ]. 

 Recent work suggests that chronic pain (which presents in up to 55 % of 
methadone- maintained patients [ 87 – 89 ]) has a similar effect on experimental 
pain thresholds and tolerance, such that having concurrent chronic pain 
increases thermal and mechanical threshold latencies [ 90 ] and cold-pressor 
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tolerance in methadone patients [ 82 ]. These fi ndings suggest that the development 
of hyperalgesia is not only dependent on opiate use, but is also mediated by 
pain in MM populations. With respect to chronic pain management in MM 
patients, ambiguity in treatment with opioids persists, with some prescribers 
minimizing opioid exposure to decrease risk of relapse and others prescribing 
opioids much more liberally in attempts to minimize pain [ 91 ]. 

 Although it appears that OIH is a primary source of decreased tolerance for pain in 
MM opioid addicts, genetic differences have been posited to mediate its development. 
Perhaps most compelling is the suggestion that as a population, opioid addicted 
patients are pain sensitive by nature, and by virtue of their addictive disease, are self-
selected for MM. Well-recognized individual differences in pain tolerance and opioid 
response have long been appreciated at the clinical level, and the genetic factors which 
underlie these differences are increasingly elucidated. An analysis of the preclinical 
literature (most notably from the laboratories of Mogil [ 92 ,  93 ] and Elmer [ 94 – 96 ]) 
reveals that those murine strains that demonstrate poor tolerance to pain are the same 
as those who are likely to fi nd opioids highly rewarding or “addicting,” suggesting a 
positive relationship between pain sensitivity and opioid addiction. Similarly, genetic 
differences in opioid response portend individual variability in the propensity to 
develop hyperalgesia. Interestingly, a strain which developed a high degree of hyper-
algesia (87.3 %) following chronic morphine administration (C57BL/6J), was found 
to be a relatively pain-intolerant mouse [ 97 ]. 

 If a genetically determined trait, ex-opioid addicts should evidence poor pain toler-
ance in comparison to controls, regardless of whether they currently are on methadone 
or are in drug-free recovery. With respect to pain  thresholds , however, this does not 
appear to be the case. A series of studies by Liebmann et al. [ 98 – 100 ] provide evi-
dence that drug-free opioid addicts are less sensitive to pain than are controls, a fi nd-
ing more recently confi rmed by Prosser et al. [ 101 ] using quantitative sensory testing. 
A genetic infl uence on pain  tolerance  is suggested by the data of Pud et al. [ 81 ] who 
found signifi cant hyperalgesia to the cold-pressor in opioid addicts as compared to 
matched controls, an effect which persisted over of 28 days of opioid abstinence. 
Interestingly, a distinct subgroup of pain-intolerant ex-opioid addicts was almost three 
times more likely to relapse within 2 years of treatment entry than were pain-tolerant 
ex-addicts. Perhaps related to their propensity for relapse, Ren et al. [ 102 ] found that 
cold-pressor pain tolerance in drug-free ex- opioid addicts (mean 5 years of absti-
nence) negatively correlated to the degree of cue-induced drug craving. Opioid addicts 
with poor pain tolerance may suffer a more severe form of addiction, or have diffi culty 
tolerating the discomfort (pain) inherent in detoxifi cation and early abstinence, and 
therefore more likely to present in MM clinics.  

    Methadone Hyperalgesia in Pain Patients 

 The degree to which methadone hyperalgesia in ex-opioid addicts generalizes to 
patients with chronic pain requires description. As noted, in the vast majority of 
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clinical and preclinical studies characterizing OIH, opioid administration is not 
paired with pain. Assuming that the nervous system responds differently to opioids 
when in pain vs. not in pain, it follows that the presentation and implications of OIH 
may differ as well. 

 With respect to clinical pain, evidence of OIH has been best described in the set-
ting of acute postoperative pain. Specifi cally, intra-operative opioids have been 
shown to increase postoperative reports of pain and opioid consumption. Noted 
almost exclusively in patients undergoing various abdominal surgeries, putative 
hyperalgesic effects are described as most robust with administration of intrathecal 
or intravenous short-acting opioids (fentanyl, remifentanil), and in a dose- dependent 
fashion. Across a number of case study reports, the emergence of hyperalgesia has 
been described in patients with malignant chronic pain. In these cases, OIH occurred 
following large or rapidly escalating doses of morphine or fentanyl, and the pain 
symptoms resolved by dramatically decreasing or discontinuation of opioid, switch-
ing to a weaker opioid, or administration of the potent NMDA-antagonist 
ketamine. 

 Further evidence of OIH in chronic pain patients was provided by Chu et al. 
[ 103 ], who showed a signifi cant decrease in cold-pressor pain tolerance following 1 
month of opioid therapy (75 mg morphine/day) in a small number of chronic pain 
patients. Although not employing a pain tolerance measure, patients on chronic 
opioid therapy for nonmalignant pain reported that the severity of pain associated 
with a standardized lidocaine injection was positively and signifi cantly correlated 
with opioid dose and duration of opioid treatment [ 104 ], suggesting that opioid- 
induced hyperalgesic processes may be at play. A methodologic diffi culty in provid-
ing prospective evidence for OIH in practice is the rarity of opioid-naïve chronic 
pain patients who present for treatment. 

 With respect to methadone, even less is known about the degree to which hyper-
algesia interferes with pain management. Due to its long half-life, methadone has a 
more gradual onset and offset of action, avoiding the rapid escalations in opioid 
plasma levels that have been related to the development of OIH in clinical and pre-
clinical settings. In that the severity of OIH worsens with intermittent opioid dosing 
or repeated episodes of opioid withdrawal, the relatively stable plasma levels 
afforded by methadone may help to minimize the emergence of hyperalgesia [ 59 , 
 105 ]. Further, and as previously noted [ 70 – 72 ], its partial NMDA-antagonist activ-
ity has been posited to counteract OIH development. 

 Providing evidence for the presence of methadone hyperalgesia in patients with 
chronic pain, Hay et al. [ 82 ] reported that the degree of cold-pressor hyperalgesia in 
those prescribed methadone for pain control is similar to that of pain-free MM 
patients, and for both groups, is signifi cantly greater than in matched normal con-
trols. Case reports suggest that methadone may induce less OIH than opioids of 
higher potency, as pain scores decrease when chronic patients are rotated from tra-
ditional opioids (morphine, oxycodone, hydromorphone) to methadone [ 106 ,  107 ]. 
Further, Gottschalk et al. [ 108 ] show that intra-operative methadone improved post-
operative pain control to a better degree than intra-operative sufentanil, a fi nding 
attributed to the NMDA-antagonist properties of the former.   
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    Strategies for Treating Methadone Hyperalgesia 

 Although well-designed clinical trials are lacking, certain strategies have been 
 recommended to help avoid or minimize the expression of OIH in general and meth-
adone hyperalgesia specifi cally [ 109 ,  110 ]. Firstly, the research literature suggests 
opioid-sparing approaches to the degree possible; hyperalgesia is demonstrated to 
increase with opioid dose and length of exposure, thus it may help to keep the 
methadone dose as low as is clinically effective. 

 The use of adjuvant medications can reduce the dose of methadone required for 
pain relief. The best-studied agent in this regard is the relatively weak NMDA- 
antagonist dextromethorphan, although, evidence for its effi cacy to offset metha-
done hyperalgesia in MM patients has been mixed. Acute dextromethorphan 
administration has been shown to decrease the opioid analgesic requirement in post-
operative patients [ 111 ,  112 ] and to reduce OIH in cancer patients [ 113 ], but it 
appears less effective in consistently doing so for patients with chronic nonmalig-
nant pain [ 114 – 116 ]. A 5-week clinical trial of dextromethorphan (titrated to 
480 mg/day) in a well-characterized sample of MM patients proved to be no differ-
ent than placebo in improving cold-pressor and electrical stimulation pain responses 
both pre- and post-methadone administration [ 26 ]. The preclinical data of Chaplan 
et al. [ 117 ] suggest that the lack of dextromethorphan response may be due to its 
relatively low potency at the NMDA receptor. 

 The adjuvant medication, gabapentin, a key pharmacotherapy for the treatment 
of neuropathic pain, has been shown to reverse hyperalgesia in MM patients. Recent 
work in our clinic evaluated changes in cold-pressor responses following a 5-week 
trial of gabapentin (titrated to 2,400 mg/day) at peak and trough methadone plasma 
levels [ 118 ]. Analyzing data for those subjects compliant throughout the study, sig-
nifi cant improvements in cold-pressor pain threshold and pain tolerance were 
observed at both dosing time points. Due to its gabaminergic activity, propofol 
[ 119 ] has been identifi ed as another medication potentially useful in minimizing 
methadone hyperalgesia. 

 Other adjuvants that have been identifi ed as being potentially helpful in treating 
OIH in addicts and pain patients include:

•    COX-2 inhibitors (e.g., parecoxib, rofecoxib) for their ability to inhibit prosta-
glandin synthesis [ 120 ,  121 ]  

•   CCK antagonists (e.g., proglumide) to block descending pain facilitatory pro-
cesses [ 122 – 124 ]  

•   α2-Receptor agonists (e.g., clonidine), which appeared to attenuated OIH in a 
small sample of healthy human subjects [ 125 ]    

 More recently, low-dose opioid antagonists in conjunction with opioid agonists 
have been used to counteract the development of OIH [ 126 – 130 ]. In two recent 
randomized clinical trials of pain patients with osteoarthritis [ 131 ] and low back 
pain [ 132 ], investigators reported signifi cant benefi ts for pain relief over time and 
diminished physical withdrawal with the combination of oxycodone-plus-low-dose 
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naltrexone (2–4 μg/day) vs. oxycodone alone. It is theorized that the effi cacy of 
low-dose opioid antagonists in preventing OIH is related to the suppression of 
G-protein switching in the presence of opioid agonist [ 133 ]. Although not evaluated 
specifi cally for methadone hyperalgesia, the combination of low-dose opioid antag-
onist with the full opioid agonist may result in decreased analgesic need.  

    Conclusions 

 Convergent lines of preclinical and clinical evidence indicate that opioid adminis-
tration not only provides a rapid and powerful analgesia, but concurrently sets into 
motion certain anti-analgesic or hyperalgesic opponent processes, which can be 
observed both during opioid activity and withdrawal. Hypothesized neurophysio-
logical processes with both peripheral and central components underlying its devel-
opment have been identifi ed. The implications of this altered pain state have become 
of interest to investigators and clinicians who prescribe methadone for the treatment 
of opioid addiction and for chronic pain. 

 Methadone hyperalgesia has been well characterized and reliably demonstrated 
in patients on MM for the treatment of opioid addiction, which may be related in 
genetic-imbued differences in opioid responses in reward as well as pain systems. 
Less is known about the impact of hyperalgesia on the pain of patients prescribed 
chronic opioid analgesic therapy, but methadone effi cacy data suggest that it does 
not appreciably diminish pain outcomes [ 134 ,  135 ]. Adjuvant medications, includ-
ing gabapentin, dextromethorphan, and low-dose opioid antagonists may provide 
anti-hyperalgesic effects for patients prescribed methadone for chronic pain.     
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           Introduction 

 Buprenorphine, a potent centrally acting opioid analgesic, has been used exten-
sively in clinical practice and in wide variety of settings for now 30 years [ 1 ]. 
Buprenorphine is an opioid analgesic with a unique physico-chemical profi le. It is a 
derivative of the morphine alkaloid thebaine. As such, it belongs to the 6, 14-endo-
ethanotetrahydroorivavine class of compounds that include other potent μ agonists 
such as diprenorphine and etorphine [ 2 ]. Buprenorphine is N-dealkylated to norbu-
prenorphine mainly in the liver by CYP3A4 and to a lesser extent by CYP2D6, but 
also by the gut wall, producing the major metabolite norbuprenorphine and several 
glucuronides of less importance [ 3 ]. CYP3A4 inducers, such as ritanovir, amioda-
rone, ketoconazole, erythromycin, but also grapefruit and star-fruit juice, will 
hereby elevate the serum buprenorphine level. Elimination of buprenorphine occurs 
independently from the application route predominantly via the gastrointestinal 
tract (for almost 2/3rd) with the faeces containing mainly unchanged buprenorphine 
and only to a lesser extent via the urine (remaining 1/3rd), which contains conju-
gates of the mother compound and norbuprenorphine. Renal impairment is thus not 
expected to cause increased plasma accumulation of the mother compound. But 
renal insuffi ciency could still lead to an increased plasma concentration of norbu-
prenorphine as the majority of this metabolite is excreted via the urine. Furthermore, 
one study showed that hemodialysis did not affect buprenorphine plasma levels, 
leading to stable analgesic effects during such therapy [ 4 ]. This was proven by the 
fact that no differences in pain relief before and after hemodialysis could be 
observed. 
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 Oral administration remains still a recommended route of delivery for opioid 
analgesics. However, some opioids are not amenable to oral administration because 
of extensive fi rst-pass metabolism and poor oral bioavailability [ 5 ]. Furthermore, some 
oral opioid analgesics, such as propoxyphene, are available only in immediate- release 
formulations, which require multiple daily doses to maintain around-the-clock pain 
control in patients suffering from persistent pain. Multiple daily dosing can be 
inconvenient and may decrease compliance, impair health-related quality of life 
and fail to provide suffi cient around-the-clock analgesia [ 6 – 8 ]. Several delivery 
formulations of buprenorphine have been investigated over the years. The older 
sublingual, and intravenous formulations have been supplemented by a new poly-
mer matrix patch system [ 9 ]. Because of its noninvasive, easily administered, and 
has a sustained effect, the transdermal route is benefi cial in selected patients, poten-
tially increasing adherence to the analgesic regimen [ 10 ,  11 ]. Transdermal delivery 
systems are an effective method for drug administration in patients with chronic 
pain [ 12 ]. The transdermal delivery system allows passive transdermal diffusion of 
medication over a prolonged period, while maintaining a constant therapeutic dose. 
Buprenorphine is a molecule which is particularly suited for transdermal delivery 
because of its high potency, high lipophilicity (octanol-to-water partition coeffi cient 
of 1,217), and low molecular weight (467 kDa) [ 13 ,  14 ]. In addition, it is able to 
achieve good permeability through the dermis and deep tissue layers. Hereby prob-
lems associated with oral drug formulations, such as poor absorption from the gas-
trointestinal tract, hepatic fi rst-pass metabolism, and low and variable bioavailability, 
may be avoided. Thus, transdermal buprenorphine is particularly useful for patients 
who are not able to swallow properly or who have gastrointestinal disorders or 
 preexisting nausea and vomiting (e.g., elderly, patients treated with chemotherapy, 
patients on intensive care units). There are currently three buprenorphine  transdermal 
preparations available in different countries. First, a 3-day patch (Transtec ® ), 
 releasing at one of three defi ned rates: 35, 52.5, or 70 μg/h (BUP TDS). Dose 
 effectiveness is reached within 12–24 h, and is kept at a constant dose rate control 
for 96 h. In addition, there are 7-day lower dose buprenorphine patches (Butrans ® , 
Norspan ® ) which are available in strengths of 5, 10, or 20 μg/h, respectively 
(LD-BUP TDS). Steady state is achieved by day 3 following the fi rst application. 
After removal of the low dose buprenorphine transdermal patch, approximately 
50 % buprenorphine concentration remains after 12–24 h. In Germany a third trans-
dermal preparation is available, containing a combination of buprenorphine and 
aloe vera. Therapeutic effi cacy of transdermal application of buprenorphine is 
achieved with daily doses of 0.5–2 mg, making it 25–50 times more potent as an 
analgesic, per milligram, than morphine. Rather than sitting in a reservoir, buprenor-
phine is incorporated into an adhesive polymer matrix, with a distinct backing layer 
of foil that acts as an occluding functioning system. 

 In recent years, it has become clear that buprenorphine cannot be classifi ed as a 
typical μ-agonist. Although the emphasis of this chapter lies on the critical evalua-
tion of the clinical effectiveness and applications of buprenorphine formulations, it 
seems nevertheless essential to start by providing a short overview of the most 
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important pharmacological features of this unique drug. More comprehensive 
 overviews of buprenorphine’s pharmacological profi le can be found in recent 
reviews [ 15 – 19 ].  

    Buprenorphine: A Unique Receptor Agonist/Antagonist 

 The complex interaction of a particular opioid with any of the four different opioid 
receptor types (μ, κ, δ, and σ), found both peripherally and centrally, determines the 
pharmacological effect of an opioid compound. As mentioned earlier, buprenor-
phine is a semi-synthetic oripavin-derivative of the morphine alkaloid thebaine with 
analgesic potency 25–50 times greater than that of morphine [ 20 ]. It binds to μ-, κ-, 
δ-opioid and nociceptin receptors and has a unique analgesic mechanism of action—
one quite different from morphine and fentanyl [ 21 ]. Buprenorphine’s potent anal-
gesic effect results from its partial agonist activity at the μ-opioid receptor, and its 
high affi nity for this receptor results in a long duration of action, making it a possi-
ble candidate for the effective management of neuropathic pain [ 22 ]. 

    κ 
3
 -Opioid Receptor Antagonist 

 In addition to being an antagonist at the κ- and δ-opioid receptors, buprenorphine 
has shown some specifi c interaction with the κ 

3
 -opioid receptor subtype [ 23 ]. 

Evidence linking this receptor to neuropathic pain shows that serotonin-specifi c re- 
uptake inhibitors potentiate κ 

3
 -receptor-mediated analgesia, while having no detect-

able effect on the μ-receptors [ 24 ]. Furthermore, κ-opioid agonists are potent 
antinociceptive agents against formalin-induced pain—both in neonates and 
adults—with no antinociceptive effect in the tail fl ick test [ 25 ].  

    K + -Channel Openers 

 G-protein-coupled receptor (i.e., μ− and δ−opioid receptor and α 
2
 −receptor) ago-

nists open specifi c K +  channels in neurons, namely the K 
ATP

  [ 26 ,  27 ] and the 
G-protein-gated inward rectifi er potassium (GIRK) channels [ 28 ]. Both types of K +  
channel are involved in opioid-induced antinociception and have been studied 
extensively. The opening of K 

ATP
  channels seems to play an important role in 

morphine- induced analgesia at supraspinal, spinal, and peripheral levels. While 
buprenorphine has been shown to open peripheral K 

ATP
  channels, it also seems to be 

sensitive to the effects of K 
ATP

  channel openers and blockers [ 29 ]. Conversely, mor-
phine- and methadone-induced analgesia is only modestly enhanced or attenuated 
by K 

ATP
  channel openers and blockers, respectively, and fentanyl exhibits no 
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interactions with K 
ATP

  agents. This suggests that at least two subgroups can be dis-
tinguished among μ-opioid receptor agonists, each inducing antinociception through 
different effector mechanisms. K 

ATP
  channels represent novel opportunities for 

enhancing opioid analgesia, particularly in pain syndromes where there is altered 
expression of these ion channels [ 30 ,  31 ].  

    Nociceptin/Orphanin FQ Receptors 

 Buprenorphine exhibits a lower (50–70 %) degree of agonism at the nociceptin 
receptor, compared with the endogenous ligand nociceptin, which leads to antinoci-
ception via opioid receptor-like receptor-1 (ORL-1)-mediated mechanisms, particu-
larly at high doses [ 32 – 35 ]. Following systemic administration of buprenorphine, 
this analgesic effect can be countered by simultaneous activation of supraspinal 
ORL-1 receptors [ 36 ]. Conversely, sole activation of spinal ORL-1 receptors by 
buprenorphine may lead to an important antinociceptive effect, which might explain 
the strong analgesic action observed after intrathecal administration of buprenor-
phine; [ 37 – 40 ] although some evidence suggests a supraspinal site of action after 
neuraxial administration [ 41 ,  42 ]. Overall, the clinical result following administra-
tion of buprenorphine, by whichever route, is dose-related analgesia and, therefore, 
the precise involvement of the ORL-1 receptor remains unclear [ 18 ].   

    Review Methodology 

 For the purpose of this chapter a systematic and extensive literature search was 
carried out using the PubMed database (from 1988 to February 2012). The search 
terms included buprenorphine and transdermal, as well as nociceptive pain, neuro-
pathic pain, chronic pain, hyperalgesia, and allodynia. The data consist of double- 
blind randomized controlled trials (RCTs), open-label studies, retrospective 
analyses, observational studies, several post-marketing surveillance (PMS) studies, 
a number of case studies, as well as some recent high-quality reviews on buprenor-
phine. Some cases of abuse of intravenous buprenorphine as well as publications on 
administration of buprenorphine in acute pain syndromes have been excluded as 
they are irrelevant to the subject of this chapter. The Oxford quality scoring system, 
better known as the Jadad scale, was applied to independently assess the method-
ological quality of the included trials [ 43 ]. The results of this quality scoring are 
shown in    Tables  10.1 , –  10.3 .     
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    Buprenorphine: Clinical Effi cacy in Chronic Pain Conditions 

 Published results from a growing number of clinical studies demonstrate the 
interesting analgesic profi le of buprenorphine in the treatment of diverse chronic 
pain conditions, often previously unresponsive to opioid therapy. Most of the clini-
cally signifi cant studies have been performed by using one of the previously 
described transdermal delivery systems. 

    Analgesic Effi cacy of Buprenorphine in Heterogeneous 
Pain Conditions 

 Several RCTs have previously assessed the effectiveness of buprenorphine transder-
mal patches (BUP TDS) for the management of chronic cancer and non-cancer 
pain. One of these randomized, double-blind, multicentre studies, demonstrated the 
potential analgesic effi cacy and tolerability of BUP TDS in patients with chronic 
pain [ 44 ]. In this study of 157 patients, BUP TDS (35 and 52.5 μg/h) was associated 
with a signifi cantly higher response rate compared with placebo (36.6 % [ p  < 0.05] 
and 47.5 % [ p  < 0.005], respectively). A notable, but not signifi cant, improvement in 
response (33 %) was seen with the 70 μg/h dose. Administration of BUP TDS 
resulted in a signifi cant reduction (56.7 %;  p  < 0.005) in administration of sublin-
gual buprenorphine rescue analgesia as compared with placebo. The improvement 
in quality of sleep, in addition to the good tolerability profi le and reduced need for 
rescue analgesia, suggests BUP TDS is benefi cial for the treatment of diverse 
chronic pain states. In addition, this study indicated no difference in effi cacy of BUP 
TDS between neuropathic and non-neuropathic pain conditions. 

 In a second double-blind RCT 137 patients were randomized to receive BUP 
TDS patches (72 h) or placebo [ 45 ]. Rescue therapy in both groups was provided 
with sublingual buprenorphine. Ninety patients received buprenorphine and 47 
were treated with placebo patches. Forty fi ve patients had cancer pain and 92 had 
non-cancer pain. Patients receiving BUP TDS signifi cantly reduced their consump-
tion of sublingual buprenorphine compared with the control group ( p  = 0.03). 
Patients’ assessment of pain intensity and relief suggested better analgesia with 
BUP TDS, although these results never gained statistical signifi cance during the 
study protocol ( p  > 0.05). 

 A total of 239 patients from the previously described RCTs participated subse-
quently in an open-label follow-up study, which demonstrated that BUP TDS was 
effective in controlling chronic pain over a long period, without the need of signifi -
cant dose increases (lack of tolerance development) [ 46 ]. The maximum study par-
ticipation was 3.4 years in cancer patients ( n  = 134), and 5.7 years in non-cancer 
patients ( n  = 105). In total, 90 % of patients reported at least satisfactory pain relief, 
measured using a four point verbal scale. Moreover, BUP TDS was generally well 
tolerated during long-term treatment both in cancer and non-cancer patients, with 
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the most common side effects being nausea (9.2 %), dizziness (4.6 %), vomiting 
(4.2 %), constipation (3.8 %), and tiredness (2.9 %). Local adverse reactions with 
BUP TDS included erythema (12.1 %), pruritus (10.5 %), and exanthema (8.8 %). 
This study provided some highly interesting clinical fi ndings, since the results indi-
cate the absence of development of tolerance during longer periods of treatment. In 
addition, incidence of side effects remained low during the prolonged treatment. 

 More recently, the results of a Polish multicenter, noninterventional, post- 
marketing study, in which 339 doctors participated, became available [ 47 ]. This 
study evaluated the analgesic effi cacy, ease of use, safety profi le and adverse drug 
reaction of BUP TDS during treatment of moderate to severe chronic cancer and 
non-cancer pain syndromes. A total of 4,030 patients were included, consisting of 
general practice outpatients, pain therapy center patients, specialist outpatient clinic 
patients, as well as patients treated in inpatients units. Patients were enrolled if their 
pain was not well controlled after using non-opioid analgesics. The results of this 
study showed high effi cacy as well as good tolerability of buprenorphine, confi rm-
ing its usefulness in the treatment of moderate to severe non-cancer and cancer pain 
that could not be effectively treated with non-opioid analgesics. 

 Similar results were observed during a large-scale PMS study of 13,179 patients 
with moderate to severe chronic cancer (25 %) or non-cancer (72 %) pain. The 
effectiveness and tolerability of BUP TDS were assessed over an average treatment 
time of 60.8 days [ 48 ]. The most frequent diagnoses in non-cancer patients were 
musculoskeletal disorders (77 %) and neuropathy (23 %), and the majority of 
patients were treated with BUP TDS 35 μg/h. In total, 80 % of patients reported 
good or very good pain relief with buprenorphine TDS at the fi nal assessment 
(median time 63 days), compared with only 6 % at the start of the study. Good or 
very good pain relief was achieved in 84 % of cancer patients and 80 % of non- 
cancer patients. At the end of the study, only 4 % of cancer patients and 6 % of 
non-cancer patients reported poor or no pain relief. This study also revealed that the 
overall incidence of both systemic and local side effects is lower in clinical practice 
compared with clinical studies. Patients reported vomiting (1.6 %), nausea (4 %), 
constipation (1 %), pruritus (0.7 %), erythema (0.5 %), and contact dermatitis 
(0.8 %). Moreover, compared with PMS data of fentanyl transdermal patch (FEN 
TDS), long-term use of BUP TDS resulted in a lower incidence of CNS side effects 
[ 48 ,  49 ]. 

 A more recent, but somewhat smaller, prospective multicenter PMS study 
obtained comparable results [ 50 ]. This study was aimed at obtaining information on 
the effi cacy, tolerability, and safety of a transdermal buprenorphine patch in patients 
with moderate to severe chronic (cancer and non-cancer) pain. In addition it was 
evaluated to what extent a fi xed change of the patch twice a week (e.g. monday 
morning and thursday evening) was simplofying the therapy. The evaluation 
included pain intensity, the dosage of the applied analgesics and additional thera-
pies, the renal function (by serum creatinine), and adverse events. A total of 3,654 
patients were treated for a mean of 50.4 days. Using the 11 point Likert-scale the 
mean pain intensity decreased from 6.3 at the time when patients were switched to 
the BUP TDS to 2.6 at the last treatment evaluation. The matrix patch was safe and 
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well tolerated also in patients with advanced renal insuffi ciency. Adverse events 
were reported in 6.7 % of the patients. 89.3 % of the physicians quoted to prefer 
transdermal buprenorphine with the two fi xed patch change days per week com-
pared to the pretreatment. From the physicians view the two fi xed patch change 
days per week even facilitated the guidance of therapy. 

 Concerning this application regimen, Likar et al. investigated the possibility of 
a 4-day regimen instead of the usual 3-day regimen [ 51 ]. The primary recommen-
dation contained in the prescribing information is that transdermal patches be worn 
for a 3-day period before application of a new patch. This single-center, random-
ized, open-label, crossover Phase III study was therefore conducted to evaluate the 
potential for extending the time the buprenorphine patch is worn from 3 to 4 days. 
Patients suffering from chronic moderate or severe pain of malignant or nonmalig-
nant origin were included. Study participants had already responded to at least 4 
weeks of transdermal buprenorphine, and had achieved steady-state conditions for 
at least 2 weeks before enrollment. The primary end point was patients’ rating of 
the quality of treatment (analgesic effi cacy and tolerability, rated on a 5-point scale: 
very good, good, satisfactory, poor, and inadequate) at the completion of each treat-
ment regimen (12 days each). Also recorded were physicians’ ratings of the quality 
of treatment; pain intensity, rated on an 11-point numerical rating scale (from 0 = no 
pain to 10 = worst pain imaginable) and on the McGill Pain Questionnaire (MPQ) 
(maximum pain = 3.0); health status, assessed using the 36-item Short-Form Health 
Survey (SF-36), expressed as a percentage of the best health condition (100 %); and 
pain relief (5-point scale: complete, good, satisfactory, slight, and none). Local skin 
tolerability was evaluated for objective and subjective dermatologic symptoms at 
the patch-application sites. Patients recorded daily pain intensities at specifi ed 
times of day and night, pain relief (5-point verbal rating scale), and sleep duration 
(≤2 h, >2–3 h, >3 to <6 h, or ≥6 h) in a diary. The safety profi le was evaluated 
based on standard monitoring of adverse events, vital signs, and routine laboratory 
tests. Forty-nine white patients (25 women, 24 men) were enrolled; their mean 
(SD) age was 61.6 (11.5) years, and their mean weight was 74.7 (16.7) kg. The 
most common source of pain was musculoskeletal disorders (40 patients), followed 
by nervous system disorders (10), neoplasms (9), injuries (5), and other causes (6). 
Forty-one patients completed the study; two patients discontinued because of 
adverse events, one because of lack of effi cacy, and fi ve for nonmedical reasons. 
Thirty-three patients provided data perprotocol. Patients in the perprotocol popula-
tion received a mean (SD) transdermal buprenorphine dose of 49.9 (38.9) μg/h. The 
proportion of patients in the perprotocol population rating the quality of treatment 
as adequate (combined ratings of very good, good, and satisfactory) was 93.9 % 
(31/33) for both regimens. The physicians’ ratings indicated adequate quality of 
treatment in 93.8 % (30/32) of patients applying four patches for 3 days each and 
97.0 % (32/33) of patients applying three patches for 4 days each. Mean (SD) pain 
intensity scores on the numerical rating scale were similar after completion of the 
3- and 4-day regimens (3.73 [1.88] and 3.88 [1.75] points, respectively), as were 
MPQ scores (0.79 [0.67] and 0.79 [0.78]). The mean (SD) proportion of days with 
at least satisfactory pain relief was 83.9 % (26.1 %) and 85.6 % (24.4 %) for the 
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3- and 4-day regimens; the corresponding proportions of nights with at least satis-
factory pain relief were 85.2 % (26.6 %) and 88.1 % (21.4 %). Continuously 
assessed pain intensities at specifi ed times of day and night (numerical rating scale) 
did not differ signifi cantly between regimens. Mean SF-36 health status scores did 
not differ signifi cantly between regimens (total score: 37.7 % [17.0 %] and 37.7 % 
[17.3 %]). Mean rates of nights with good sleep quality were 28.5 % (39.9 %) for 
the 3-day regimen and 36.0 % (42.6 %) for the 4-day regimen. Local skin tolerabil-
ity was comparable for the 3- and 4-day regimens, with objective fi ndings (mainly 
erythema) at the patch- application sites in 17 of 32 and 11 of 33 patients, respec-
tively, and subjective symptoms (mainly itching) in 16 of 32 and 13 of 33 patients. 
The most common adverse events in the safety population were nausea, dizziness/
giddiness, and malaise/fatigue (3/49 [6.1 %] each). On the basis of the above-men-
tioned results [ 50 ,  51 ] we currently recommend our patients to apply the buprenor-
phine patches during 3.5 days, resulting in two fi xed patch changing days per week 
(e.g., on Monday morning and Thursday evening). Such a regimen can avoid mis-
takes or confusion in patch changing. 

 Spanish pain centers recently completed a retrospective multicenter safety and 
effi cacy study, assessing the effectiveness of BUP TDS in a large number of patients 
( n  = 1,465) suffering from moderate to severe pain [ 52 ]. Pain could have any etiol-
ogy. All patients suffered from pain ≥50 mm on a 0 to 100 mm visual analog scale 
(VAS) and were switched to BUP TDS receiving a dose of ≥52.5 μg/h for at least 
14 days during the previous months. An absolute reduction of 25.1 points in VAS 
score was observed over a median period of 3.7 months. In addition, the VAS score 
was reduced by at least 10 % in 88.4 % of the patients. Incidence of episodic pain 
also decreased signifi cantly. 82.5 % of the patients rated this treatment as “good” or 
“very good.” Of all patients, 50.2 % experienced an adverse event; which in 48.8 % 
was drug related, and considered serious in 4.0 %.  

    Analgesic Effi cacy of Buprenorphine in Non-cancer 
Pain Conditions 

 While the aforementioned studies assessed the effi cacy of buprenorphine in hetero-
geneous groups of pain conditions, additional studies and reports specifi cally 
focused on non-cancer pain conditions, such as painful neuropathic syndromes (see 
Table 2 for summary and quality scoring). A retrospective study across 20 pain 
management centers assessed the effectiveness of BUP TDS (35 and 52.5 μg/h), 
over an 8-week period, in a total of 237 patients suffering from nonmalignant neu-
ropathic pain [ 53 ]. Tramadol (75–110 mg/day) was provided for the treatment of 
breakthrough pain. Signifi cant improvements in VAS scores ( p  < 0.001) were 
achieved at all endpoints compared with baseline, with a 55 % reduction in mean 
VAS pain scores being achieved by week 8. Improvements were most notable in 
those symptoms rated “severe” at baseline. Signifi cant improvements ( p  < 0.001) in 
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sleep scores provided additional support for the clinical effectiveness of BUP TDS, 
with increases from 4.9 (±1.5) to 6.2 (±1.39) h. Finally, it was shown that buprenorphine 
TDS had a good safety and high user compliance profi le, which improved even 
further over the course of the treatment. 

 An open-label study investigated the effi cacy, safety, and tolerability of BUP 
TDS in 30 patients suffering from moderate to severe chronic painful neuropathies 
(VAS ≥5) [ 54 ]. Starting doses of 35 μg/h were increased in case of unsatisfactory 
pain control. Primary endpoint was the number of patients achieving at least 30 % 
pain relief at day 42 (in order to evaluate short- and intermediate-term effi cacy). 
Finally, 13 patients achieved this endpoint. Nine patients dropped out for side 
effects, and eight patients did not meet the primary outcome. These results seem to 
indicate that BUP TDS induces clinically meaningful pain relief in about 40 % of 
the patients suffering from chronic painful neuropathies. 

 Although of much more limited scientifi c value, patient case reports often pro-
vide a valuable insight into pain management in daily clinical practice. The effi cacy 
of BUP TDS in the treatment of nerve-injury-induced pain is further demonstrated 
in case reports presented by Likar and Sittl [ 55 ]. Two patients with neuropathic pain 
and two patients with nociceptive pain with a neuropathic component, experienced 
well-tolerated and prolonged pain relief, and fewer episodes of breakthrough pain 
with BUP TDS compared with FEN TDS. The patients switched from other opioids 
to buprenorphine without adverse effects and required a lower level of buprenor-
phine to match the level of analgesia achieved with previous opioids (70 %). Another 
interesting report describing two patients suffering from complex painful conditions 
investigated the effi cacy of BUP TDS in the treatment of central neuropathic pain 
[ 56 ]. Results were encouraging in these patients, suggesting that this treatment 
option might represent a valid alternative to standard approaches for central neuro-
pathic pain, involving for instance the administration of anticonvulsants or 
antidepressants. 

 Other studies have been examining the effi cacy of buprenorphine in different 
types of chronic, non-cancer, pain (see Table 3). A randomized study investigated 
the effi cacy of BUP TDS as add-on therapy in the treatment of ischemic pain [ 57 ]. 
This is an interesting protocol from a clinical standpoint since ischemic pain is gen-
erally considered as very diffi cult to treat and often unresponsive to (even strong) 
analgesics. Eighty-six patients were hereby randomized in two groups. In the fi rst 
group, a 35 μg/h BUP TDS was applied and an additional peridural infusion of ropi-
vacaine/morphine (200 mg + 2 mg) was established. In the second group, an identi-
cal ropivacaine and morphine epidural analgesia was obtained but a placebo patch 
was added on top. Visual analog scores (VAS) for pain were used as the primary 
effi cacy parameter. In addition, short-form MPQ scores and a score for pain inter-
ference with sleep were obtained from the patients every week for a period of 4 
weeks. The subjects in the BUP TDS group reported a signifi cant reduction in pain, 
increased sleep, and even a lower incidence of side effects compared with the con-
trol group (all  p  < 0.05). 

 The effi cacy and safety of the 7-day low dose buprenorphine matrix patch 
(LD-BUP TDS) was recently evaluated in routine clinical practice in a 
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multicenter observational study in 4,263 patients with chronic osteoarthritis pain 
[ 58 ]. During treatment a signifi cant decrease in mean pain could be observed (6.9 
before treatment to 2.9 on an 11-point scale at the end of the observation period). 
Furthermore, the investigators observed a decrease in need for additional analge-
sic medication as well as improvements in mobility and quality of sleep. Only 
4.5 % of the patients displayed adverse effects, making LD-BUP TDS a safe way 
of chronic pain relief for osteoarthritis patients. 

 The clinical features of LD-BUP TDS were also assessed in patients suffering 
from chronic low back pain in a recently published pivotal phase 3 study (enriched, 
multicenter, randomized, double-blind study design) [ 59 ]. A total of 1,024 patients 
were initially included. Patients who tolerated and responded to transdermal 
buprenorphine (10 or 20 μg/h) during an open-label run-in period were randomized 
to either continue this treatment or receive matching placebo. Patients receiving 
LD-BUP TDS reported statistically signifi cant lower pain scores at week 12 com-
pared with placebo ( p  = 0.010). The incidence of treatment-related adverse events 
was 55 % for the BUP TDS treatment group and 52 % for the placebo treatment 
group ( p  > 0.05). No unanticipated safety fi ndings were revealed during this study. 

 In a similar patient population (chronic osteoarthritis pain of the hip and knee) 
the effi cacy and safety of low dose (5, 10, and 20 μg/h, with a maximum strength of 
20 μg/h) BUP TDS was compared to prolonged-release tramadol tablets [ 60 ]. 
Eligible patients were adults with a clinical and radiologic diagnosis of OA and 
moderate to severe pain, while using paracetamol 4,000 mg/day for pain during the 
screening week. Patients were randomized in a 1:1 ratio to receive either LD-BUP 
TDS or twice-daily prolonged-release tramadol tablets (tablet strengths of 75, 100, 
150, and 200 mg, with a maximum dosage of 400 mg/day) over a 12-week open- 
label treatment period. Supplementary paracetamol was available as rescue medica-
tion throughout the study. The primary end point was the difference in BS-11 scores 
from baseline to the completion of treatment (noninferiority was assumed if the 
treatment difference on the BS-11 scale was −1.5 boxes). Secondary effi cacy vari-
ables were rescue medication use, sleep disturbance and quality of sleep, and 
patients’ and investigators’ global assessments of pain relief. One hundred thirty- 
four patients (69 receiving 7-day buprenorphine patches and 65 receiving tramadol 
tablets) were randomized and received ≥1 dose of study medication. A respective 
98.6 and 100 % of the two treatment groups were white, with mean (SD) ages of 
64.4 (11.1) and 64.2 (9.3) years. Both treatments were associated with a clinically 
meaningful reduction in pain from baseline to study completion. The least squares 
mean change from baseline in BS-11 scores in the 7-day buprenorphine patch and 
tramadol tablet groups was −2.26 (95 % CI, −2.76 to −1.76) and −2.09 (95 % CI, 
−2.61 to −1.58). The effi cacy of 7-day buprenorphine patches was noninferior to 
that of prolonged-release tramadol tablets. The incidence of adverse events (AEs) 
was comparable in the two treatment groups: 226 AEs were reported in 61 patients 
(88.4 %) in the 7-day buprenorphine patch group, and 152 AEs were reported in 51 
patients (78.5 %) in the tramadol group. The most common AEs in the 7-day 
buprenorphine patch group were nausea (30.4 %), constipation (18.8 %), and dizzi-
ness (15.9 %); the most common AEs in the tramadol tablet group were nausea 
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(24.6 %) and fatigue (18.5 %). Most patients (47/67 [70.1 %] in the 7-day buprenor-
phine patch group and 43/61 [70.5 %] in the tramadol tablet group) reported that 
they would prefer a 7-day patch to a twice-daily tablet for future pain treatment. It 
can therefore be concluded that in patients with chronic, moderate to severe OA 
pain of the hip and/or knee, LD-BUP TDS is an effective and well-tolerated analge-
sic which is noninferior to prolonged-release tramadol tablets. 

 In addition, LD-BUP TDS has also been identifi ed as an effective and safe treat-
ment option if a previous long-term treatment with tramadol or tilidate/naloxone 
became insuffi cient [ 61 ]. A German multicenter observational study including data 
of 310 patients showed that a clinically signifi cant decrease in mean pain intensity 
during the day from 5.7 to 2.9 (11-point NRS scale) occurred. On physical effort 
during the day the mean pain intensity decreased from 7.3 to 3.8 and at night from 
5.2 to 2.3. In addition, quality of life measurements, such as mobility and self- 
reliance, improved, including quality of sleep. 

 Another multicenter, double-blind, parallel-group study compared the effi cacy 
of low dose buprenorphine transdermal 7-day patches and placebo in subjects with 
persistent non-cancer pain who required opioid analgesics [ 62 ]. Five hundred 
eighty-eight adult subjects with at least a 2-month history of non-cancer-related 
pain for which they received oral opioid combination agents entered the open-label 
run-in phase. Subsequently 267 were randomized to the double-blind treatment 
(129 LD-BUP TDS, 138 placebo). The primary effi cacy variable was the proportion 
of subjects with ineffective treatment during the double-blind evaluation phase. The 
secondary effi cacy variables were the time to ineffective treatment or patients who 
discontinued for reasons other than ineffective treatment and use of escape medica-
tion. The results clearly indicated that the odds of ineffective treatment were 1.79 
times greater for placebo than for LD-BUP TDS ( p  = 0.022). Other indicators of 
effective treatment, such as discontinuation for reason of ineffective therapy, showed 
also signifi cantly higher results in the buprenorphine treated patient population. The 
mean amount of escape medication was signifi cantly lower in the LD-BUP TDS 
group than in the placebo group (1.7 vs. 2.2 acetaminophen tables per day,  p  = 0.015). 
A limitation of this study is that it did not incorporate direct validated measures of 
pain control, such as the visual analog scale (VAS).  

    Analgesic Effi cacy of Buprenorphine in Malignant Diseases 

 Other studies have been focusing on the treatment of cancer pain (see Table 3 for 
overview) of which some are discussed below. A company sponsored study has 
investigated the effi cacy and safety of BUP TDS in patients suffering from severe 
cancer pain [ 63 ]. Two hundred eighty-nine cancer patients were included in a ran-
domized, placebo-controlled study with an enriched design, making this study the 
largest placebo-controlled study ever performed in patients with cancer. Treatment 
with BUP TDS 70 μg/h was compared to placebo in opioid-tolerant cancer patients 
requiring strong opioid in a dose range of 90–150 mg/day oral morphine 

G. Hans



125

equivalents. All patients fi rst entered a run-in phase during which they were con-
verted to BUP TDS. Those patients who could be stabilized on BUP TDS were then 
randomized to transdermal buprenorphine patches or placebo patches for a 2-week 
maintenance phase. Hundred patients discontinued treatment during the run-in 
phase due to lack of effi cacy or adverse events, while 189 patients continued treat-
ment in the maintenance phase (94 BUP TDS vs. 95 placebo). Of these 31 discon-
tinued treatment, a vast majority came from the placebo treatment group (24 vs. 7 
BUP TDS). A signifi cantly higher number of patients responded well to the treat-
ment in the buprenorphine group vs. the placebo group (74.5 % vs. 50 %,  p  = 0.0003). 
These responder results were further supported by lower daily pain intensities, 
lower intake of rescue medication (buprenorphine sublingual tablets), and lower 
dropout rates in the BUP TDS group. It should be noted that even during the run-in 
period, the mean daily pain intensity and the mean daily intake of rescue medication 
both decreased in 70 % of patients during the fi rst 12 h following active patch appli-
cation, indicating a rapidly developing distinct analgesic response from BUP TDS. 

 In recent years, the fi rst reports have been emerging regarding the effective use 
of BUP TDS in young children (aged 3–5 years) suffering from cancer pain [ 64 ]. In 
all cases distinct decreases in pain scores were observed, with reduction of the over-
all amount of medications (especially opioids) and improvement of uninterrupted 
sleep. Although only limited data is available on the use of transdermal buprenor-
phine in children, these cases indicate that BUP TDS could allow good analgesia 
without signifi cant side effects in children suffering from severe cancer-related 
pain. 

 Recently the fi ndings of an expert panel consensus were published concerning 
the role of transdermal buprenorphine in the treatment of cancer pain [ 65 ]. The 
consensus was that transdermal buprenorphine has a valuable role to play in the 
treatment of chronic cancer pain because of its effi cacy and good safety and toler-
ability profi le, including a low risk of respiratory depression, a lack of immunosup-
pression, and a lack of accumulation in patients with impaired renal function. The 
registered dose range of 35–140 μg/h was considered adequate to achieve suffi cient 
pain relief in most patients although some members of the panel presented data 
showing that increases beyond this dose range provided improved pain relief if slow 
titration is used. However, it was generally felt that more evidence was needed 
before this could become generally acceptable. Nevertheless, a number of general 
recommendations were made. Large-scale, randomized clinical studies are needed 
to provide product comparisons on the use of analgesics in the treatment of neuro-
pathic pain although it was recognized that such studies may not be practicable. 
Physicians should be made more aware of the problem of hyperalgesic effects of 
some opioids in long-term use. Buprenorphine in contrast has been described to 
exert an antihyperalgesic effect [ 66 ]. The development of analgesic tolerance with 
some opioids in long-term use and the lack of it with buprenorphine requires further 
studies. 

 Finally, in contrast to older beliefs that the use of buprenorphine would prevent 
future use of opioids (due to an irreversible and permanent blocking of opioid recep-
tors by buprenorphine), it has been shown that use of BUP TDS in cancer patients 
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does not impede them from future opioid therapies [ 67 ]. The aim of this study was 
to confi rm that the concomitant presence of transdermal fentanyl (FEN TDS) and 
transdermal buprenorphine (BUP TDS) may be feasible without important conse-
quences, using doses presumed to be equianalgesic. A prospective “N of 1” study 
was carried out in a sample of volunteers with cancer pain receiving stable doses of 
FEN TDS or BUP TDS, with adequate pain and symptom control. In the study 
design, each patient provided data before and after a switch from one opioid to the 
other and then back to the previous one. Sixteen patients receiving daily stable 
doses of 0.6 or 1.2 mg of FEN TDS were switched to BUP TDS using an FEN-BU 
ratio of 0.6–0.8. After 3 days, the buprenorphine patch was removed and a fentanyl 
patch was placed for another 3 days. Six patients receiving buprenorphine were 
switched to FEN TDS and then rotated back to BUP TDS with the same dosing 
considerations. No statistical differences in changes in pain and symptom intensity 
during switching and between the two different sequences were observed. No sig-
nifi cant changes in rescue doses of oral morphine were reported at the same inter-
vals. These results clearly indicate that cancer patients receiving stable doses of 
transdermal fentanyl or buprenorphine can be safely switched to an alternative 
transdermal opioid. Safe and effi cacious opioid rotation from high-dose morphine 
to BUP TDS has also been demonstrated in different types (musculoskeletal, cancer, 
and neuropathic) of severe chronic pain [ 68 ]. A fi nal study assessed the effi cacy and 
tolerability of an alternative transdermally applied opioid (either fentanyl or 
buprenorphine) in 32 patients with chronic cancer pain receiving insuffi cient anal-
gesia using their present treatment [ 69 ]. Sixteen patients were switched from FEN 
TDS to BUP TDS (75 μg/h fentanyl converted to 52.5 μg/h buprenorphine) and 16 
from BUP TDS to FEN TDS (70 μg/h buprenorphine converted to 25 μg/h of fen-
tanyl). The dosage applied was 50 % of that indicated in equipotency tables. Pain 
relief was assessed at weekly intervals for the next 3 weeks. There was no signifi -
cant difference in either pain relief or rescue medication use between the two patient 
groups. The number of patients with adverse events decreased during the study. 
These results clearly indicate that opioid switching at 50 % of the calculated equi-
analgesic dose produces a signifi cant reduction in pain levels and rescue 
medication.  

    Application of Buprenorphine in Special Patient Populations 

 Buprenorphine is increasingly investigated in special patient populations such as 
elderly and children. A multicenter, prospective, observational study ( n  = 93) evalu-
ated the effi cacy and safety of BUP TDS in elderly patients with chronic non-cancer 
pain [ 70 ]. 74.2 % of the patients had suffered pain for more than 12 months before 
inclusion into the trial, and in most cases pain was due to osteoarthritis. Mean age 
was 79.7 years. The specifi c aim of this trial was to assess the cognitive and behav-
ioral status of patients during treatment. For this mean outcomes were assessed 
using the Mini-Mental State Examination (MMSE), the 17-item Hamilton 
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Depression Scale (HAM-D17), the Neuropsychiatric Inventory, the Barthel Index, 
the Short-Form Health Survey (SF-12), a verbal numeric rating scale and the 
Cumulative Illness Rating Scale (CIRS). The results clearly indicated that BUP 
TDS treatment was associated with a decrease in pain severity, without negative 
effects on the central nervous system. On the HAM-D scale reproductions in both 
the psychological and somatic scores were observed. On the MMSE, comparable 
fi ndings were observed at the beginning and at the end of the study. SF-12 showed 
improvements in physical and mental status. CIRS values at baseline and at the end 
of the study were superimposable, indirectly confi rming the tolerability and safety 
profi le of the drug in this population. 

 An interesting study—in this perspective—compared the analgesic effi cacy and 
tolerability of BUP TDS in patients over and under 65 years of age [ 71 ]. A group of 
elderly were hereby compared to two younger equally sized populations, all requir-
ing analgesic treatment for moderate to severe chronic pain of diverse etiology. 
During the 28-day treatment period potential differences in responsiveness (pain 
intensity, rescue medication, and sleep duration) were observed. Two-thirds of the 
patients completed the study, with similar rates and reasons for premature study 
termination in all age-groups. Pain intensities signifi cantly decreased from pretreat-
ment until the end of the study without differences between age-groups. At the end 
of the study period daily mean pain intensities were even signifi cantly lower in 
elderly patients as compared with both younger age-groups. In addition, need for 
rescue medication was the lowest in elderly patients. Most prominent side effects 
were dizziness, nausea, and local skin tolerability issues with comparable percent-
ages in all groups. This study clearly indicated that BUP TDS treatment in elderly 
patients above the age of 65 years is at least as effective, tolerable, and safe as in 
younger patients. With the increasing age of patients suffering from pain, the results 
of this study will undoubtedly have an important clinical impact in the future. As a 
matter of fact, this good tolerability of BUP TDS in elderly has recently been con-
fi rmed by a consensus statement report [ 72 ]. Its advantages in elderly have also 
thoroughly been described in a recent review paper [ 73 ].   

    Analgesic Tolerance of Buprenorphine 

 Analgesic tolerance is an important factor to consider when choosing the most 
effective treatment for the management of chronic pain. The risk of dose escalation 
is higher with full-opioid agonists such as fentanyl because when they bind to 
μ-opioid receptors down-regulation of these receptors results from the cell surface. 
Down-regulation of opioid receptors does not seem to occur during buprenorphine 
treatment [ 20 ]. 

 A retrospective data analysis reveals BUP TDS maintains effective pain control 
in patients with cancer ( n  = 446) and non-cancer pain ( n  = 448), for at least 3 months, 
without the need to increase dose signifi cantly [ 74 ]. Signifi cantly higher increases 
in mean doses of FEN TDS ( p  < 0.05) were documented compared with BUP TDS, 
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which suggests a higher risk of analgesic tolerance development with fentanyl as 
compared with buprenorphine. These results are supported by a more recent study 
by Sittl et al. [ 75 ]. This retrospective analysis used data from the IMS Disease 
Analyzer-Mediplus database, which contains patient-related data documented by 
400 medical practices in Germany. Data from patients with non-cancer pain ( n  = 631) 
or cancer pain ( n  = 605) with BUP TDS or FEN TDS for at least 3 months were 
analyzed. Results showed signifi cantly greater dose stability ( p  < 0.05) in patients, 
with cancer and non-cancer pain, taking BUP TDS as compared with FEN TDS 
[ 75 ]. A signifi cant larger proportion of patients receiving BUP TDS had stable dos-
ages over the entire treatment period compared with patients receiving FEN TDS 
(non-cancer groups: 56.9 % vs. 41.6 %; cancer groups: 50.0 % vs. 26.2 %; both 
 p  < 0.05). It should be noted however that the results of this study should be ana-
lyzed with great care. Indeed, data of this database were primarily refl ecting the 
prescription practice of GPs rather than a clinical phenomenon. Therefore this study 
only provides circumstantial evidence of the development of analgesic tolerance.  

    Clinical Safety and Cost-Effectiveness 

 The safety of buprenorphine has been documented in numerous clinical studies, 
with the incidence of adverse effects, typical of this drug class, being lower than 
other opioids used in an identical clinical setting [ 76 ]. This is possibly due to 
buprenorphine’s “bell-shaped” dose–response curve being applicable to the spec-
trum of adverse events [ 14 ]. The majority of systemic effects occur in the central 
nervous system and gastrointestinal tract and include nausea, dizziness, and consti-
pation. Randomized trials have shown that local adverse events, resulting from BUP 
TDS, occur in <25 % of patients in routine clinical practice [ 9 ]. The relatively slow 
receptor dissociation of buprenorphine may cause fewer symptoms of opioid with-
drawal than morphine following cessation of therapy [ 2 ] and there appears to be a 
ceiling to its effects on respiratory function [ 76 ,  77 ]. In a recent study by Dahan 
et al. [ 77 ] the dose–response relationship of intravenous buprenorphine (dose range 
0–0.6 mg) was determined in healthy volunteers, and compared to a full μ-opioid 
receptor agonist with high intrinsic activity, fentanyl (dose range 0–0.5 mg). First, 
fentanyl, but not buprenorphine, caused immediate respiratory arrest upon infusion 
at doses greater than 0.3 mg, lasting 3–8 min. Second, when plotting the dose 
against the time-effect data (expressed as area-under-the-curve, a measure of the 
overall respiratory effect of the drug) a linear relationship was shown for fentanyl, 
but nonlinear for buprenorphine with a ceiling at doses of 0.2 mg and greater. These 
distinctive pharmacodynamic respiratory effects of buprenorphine—lack of apnoea 
after even high doses and the development of ceiling effect on respiratory func-
tion—have evident clinical advantages over other opioids such as fentanyl and mor-
phine, contributing to the concept that buprenorphine is exceptionally safe to use. 
Moreover, data indicate that ceiling of respiratory effect occurs at a much lower 
dose (0.1 mg/kg) than the ceiling in analgesic effect (1.0–3.0 mg/kg), which 
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indicates the relative safety of buprenorphine combined with its ability to produce 
effective analgesia [ 76 ,  77 ]. Finally, in the unlikely event of buprenorphine-induced 
respiratory depression, the effect can be fully reversed with continuous administra-
tion of naloxone [ 78 ] as well as doxapam [ 79 ]. 

 Recently several studies have been reviewing or investigating the safety profi le 
of BUP TDS in specifi c patient populations which are especially vulnerable to drug- 
induced side effects. As such, a prospective, open-labeled, controlled trial compared 
the gastrointestinal symptoms of oral sustained-release hydromorphone, FEN TDS, 
and BUP TDS in patients with cancer pain [ 80 ]. Mobility, pain, and gastrointestinal 
symptoms were assessed directly and per selected item on the Eastern Cancer 
Oncology Group (ECOG) and European Organisation for Research and Treatment 
of Cancer (EORTC) questionnaires, as well as the numeric rating scale. Only 15 % 
of patients suffered from constipation. The incidence of stool free periods for more 
than 72 h was signifi cantly higher with transdermal opioids (FEN TDS: 22 % and 
BUP TDS: 21 %) than with oral hydromorphone (2 %). Nausea, consumption of 
emetics, and laxatives did not differ signifi cantly between the three treatment 
groups. However, score for emesis was signifi cantly higher for oral hydromorphone 
compared to the transdermal opioids. 

 Furthermore, it should be noted that the previously mentioned large-scale study 
in cancer patients, [ 63 ] showed a reduced incidence of adverse events in the main-
tenance phase compared to the run-in period. Indeed, TDS formulations are expected 
to reduce adverse events by slowly releasing the drug into the bloodstream and 
maintaining a steady plasma concentration. Reduced side effects, especially for 
constipation, were repeatedly reported for transdermal systems and may be related 
to a bypass of enteral opioid receptors [ 81 ]. The constipation rate in this study was 
7.4 %, which was comparable to previous results with BUP TDS and lower than 
FEN TDS or sustained-release morphine (producing rates between 20 and 44.5 %). 

 Tassinari et al. reviewed the adverse effects of transdermal opioids to long-act-
ing morphine in the treatment of moderate to severe cancer pain [ 82 ]. They identi-
fi ed four trials, comparing the safety of FEN TDS and BUP TDS and slow-release 
oral morphine in 425 patients. A signifi cant difference in favor of transdermal opi-
ates was observed for constipation, and patients’ preference. No signifi cant differ-
ences were observed for overall adverse effects, overall gastrointestinal adverse 
effects, overall neurologic adverse effects, nausea, somnolence, hypoventilation, 
trial withdrawal, and changes in opioid treatments. Another prospective trial 
focused on the gastrointestinal symptoms occurring under opioid therapy [ 83 ]. The 
purpose of this trial was to evaluate the effect of long-term treatment with oral 
sustained-release hydromorphone, FEN TDS, and BUP TDS on nausea, emesis, 
and constipation. Randomly selected outpatients with cancer pain receiving one of 
the study medications were enrolled in a prospective, open-labeled, controlled trial 
( n  = 174). Mobility, pain, and gastrointestinal symptoms were assessed directly and 
per selected item on the ECOG, EORTC questionnaires, NRS (Numerical Rating 
Scales), and analyzed statistically. Overall, only 15 % of patients suffered from 
constipation. Fifty-nine percent took the prescribed laxatives. The incidence of 
stool free periods >72 h was signifi cantly higher with transdermal opioids (FEN 

10 Buprenorphine Analgesia in Chronic Pain



130

TDS: 22 %; BUP TDS: 21 %; oral hydromorphone: 2 %;  p  = 0.003). Twenty-one 
percent of patients revealed nausea and emesis. The mean NRS for nausea (FEN 
TDS:1.3; BUP TDS: 1.2; oral hydromorphone: 1.5;  p  = 0.6), the consumption of 
antiemetics (FEN TDS: 42 %; BUP TDS: 33 %; oral hydromorphone: 36 %;  p  = 0.6) 
and laxatives (FEN TDS: 53 %; BUP TDS: 66 %; oral hydromorphone: 61 %; 
 p  = 0.2) did not differ signifi cantly, in contrast to the score for emesis (FEN TDS: 
16 %; BUP TDS: 13 %; oral hydromorphone: 33 %;  p  = 0.02). The authors con-
clude that gastrointestinal symptoms of cancer pain patients undergoing an opioid 
therapy are related to multifactorial causes. Transdermal opioids hereby showed no 
benefi t over oral controlled-release hydromorphone with regard to gastrointestinal 
symptoms. 

 Finally, the authors of some publications on the management of chronic pain in 
elderly also concluded that transdermal buprenorphine can be used in clinical prac-
tice safely and effi caciously for treating chronic pain in elderly [ 71 ]. Despite the 
very limited available evidence form preclinical and clinical work buprenorphine 
treatment can nevertheless, due to its minor immunosuppressive effects, be recom-
mended for use in elderly patients [ 72 ]. 

 Opioids are known to greatly impact the central nervous system. These side 
effects, such as dizziness and confusion, have been shown to lead to an increased 
risk of falling with subsequent fractures and sometimes long-lasting disability. In 
Germany, a Markov health economic model was developed to investigate the cost- 
effectiveness of the most commonly used strong opioids, hereby focusing on opioid- 
related fractures. The most frequently prescribed strength/package-size combinations 
of these opioids were taken into consideration. The results of this analysis predict 
that BUP TDS is dominant compared to TD fentanyl and oxycodone by showing 
better life years gained/quality adjusted life years (QALY) [ 84 ]. As such, BUP TDS 
represents a cost-effective treatment option vs. morphine in patients with chronic 
pain. A highly interesting, study assessed the cognitive and psychomotor perfor-
mance under long-term treatment with BUP TDS in 30 non-cancer patients [ 85 ]. 
A computerized test battery, developed to assess driving ability, was used. Attention 
reaction, visual orientation, motor coordination, and vigilance were hereby evalu-
ated. According to tests that predict driving ability, patients receiving transdermal 
buprenorphine were shown to be noninferior to the control group. Due to the indi-
vidual variability of test results, an individual assessment is always recommended. 

 Effective pain management depends upon balancing the effectiveness of a drug 
with its side effects. The specifi c pain management needs of patients vary and, 
therefore, fl exible, yet careful, dose titration is the best way to achieve balanced 
pain management. When low dose patches are not available, cutting buprenorphine 
TDS patches may offer a practical solution to gradual dose titration and fi nding the 
optimal dose for the individual patient. Louis reports fi ve case studies in which three 
patients had mixed pain, including neuropathic pain [ 86 ]. Two patients used one 
half of a 35 μg/h buprenorphine patch and one used one-quarter of a 35 μg/h 
buprenorphine patch, titrated to one 70 μg/h BUP TDS patch at 3 months. 

 One of the most particular and common adverse events with BUP TDS are site- 
specifi c adverse effects. These include erythematous regions around the patch site 
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(approximately 20 % incidence) and pruritus at the patch-application site. Of the 
latter one of the previously described studies reported an incidence of 9.3 %, vs. 
5.1 % after application of placebo patches [ 62 ]. A double series of case reports 
described the problem of allergic contact dermatitis to BUP TDS [ 87 ,  88 ]. Patients 
developed persistent, pruritic erythematous plaques at the contact sites, with some-
times even generalized skin eruption [ 88 ]. Most of these patients also reacted to 
transdermal buprenorphine (without the transdermal delivery system), the placebo 
being negative. This skin irritancy seems to be perhaps the most negative clinical 
fi nding, and remains often diffi cult to manage in routine clinical setting. In another 
study, the skin irritation potential of a single application of transdermal fentanyl and 
transdermal buprenorphine patches was compared in healthy volunteers [ 89 ]. Forty- 
six healthy males and females (mean age [range]: 59.6 [ 50 – 69 ] years) with healthy 
skin received a single dose of both the FEN TDS 25 μg/h patch and the BUP TDS 
35 μg/h patch in a randomized order. The incidence and severity of erythema was 
assessed at various timepoints after patch removal. The results indicate that there 
was a nonsignifi cant trend towards a higher incidence of erythema 60 min after 
patch removal with BUP TDS compared with transdermal fentanyl. The severity of 
erythema at 60 min and the incidence of erythema at 72 h after patch removal were 
signifi cantly higher with BUP TDS than with FEN TDS ( p  = 0.01 and 22 % vs. 
4.9 %,  p  = 0.04, respectively). In general, the results from the chromametric assess-
ment of treated skin were in agreement. The incidence of topical adverse events 
(AEs) was lower with FEN TDS than with BUP TDS (one vs. six events) and sub-
jects preferred the fentanyl patch and felt it was less noticeable on the skin. The 
FEN TDS was considered less painful to remove, and, consistent with that, the BUP 
TDS patch was judged to have better adhesion properties. 

 Finally, one should also consider other conditions when applying transdermal 
patches. Skin burns associated with metal containing transdermal patches have been 
reported with magnetic resonance imaging and external cardiac defi brillation. 
Transdermal drug delivery systems contain a drug reservoir in either a liquid or a 
matrix form (the last being the case for the buprenorphine transdermal systems). 
This is sandwiched between a protective and adhesive lining on the exterior and a 
release membrane on the interior of the patch. The protective lining may contain a 
metal foil usually comprising of aluminium, which is the case in patches containing 
buprenorphine [ 90 ]. In addition, a case was reported of a patient who suffered a 
dermal burn following a defi brillation due to a 7-day transdermal patch (20 μg/h) 
being positioned over an implantable cardioverter defi brillator (ICD). Skin lesions 
appeared 5 days after the ICD delivered defi brillations (15 J at 53 Ω impedance) to 
treat episodes of ventricular tachycardia complicated by syncope. The burn area 
corresponded to the drug delivery section containing aluminium foil [ 90 ]. 

 Recently, the pharmacokinetics, analgesic effi cacy, and irritancy potential of a 
new transdermal delivery system of buprenorphine (Buprederm ® ) were evaluated in 
rodents [ 91 ]. Interestingly, no skin irritation was demonstrated in rabbits after 
repeated Buprederm application. This new transdermal delivery system holds great 
promise to reduce the occurrence of skin irritation, but further clinical studies will 
need to prove its real-life value. In the mean time, several measures can be taken to 
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prevent the occurrence of such skin irritation or at least reduce its severity. 
Preemptive treatment of the skin with a transparent by permeable fi lm or topical 
application of a fl uticason containing aerosol before each application of a new patch 
can effectively reduce the occurrence and intensity of skin reactions.  

    Future Perspectives: New Applications of Buprenorphine 

 In recent years, with expanding use of the transdermal buprenorphine patches, new 
challenging areas of clinical application have been identifi ed. One of the most 
promising applications is the use of the transdermal buprenorphine in an intensive 
care setting. Many of these critically ill patients suffer from prolonged severe pain 
conditions (e.g., posttraumatic pain, critical illness neuropathy, visceral pain syn-
dromes), requiring sedation and intravenous administration of (high doses) of opi-
oids for longer periods of time. This application is often complicated by (rapid) 
development of opioid-induced hyperalgesia (OIH) whereby opioid administration 
results in a lowering of pain threshold, clinically manifest as apparent opioid toler-
ance, worsening pain and abnormal pain sensations such as allodynia (for review 
see [ 92 ,  93 ]). Once OIH is diagnosed or provisionally considered, treatment strate-
gies could include opioid dose reduction, use of agents with NMDA receptor antag-
onism, but also opioid rotation. The very specifi c (multimodal) pharmacological 
features of buprenorphine render this drug especially interesting for use in this 
patient population. Experience in our center has repeatedly indicated that treatment 
with BUP TDS is very useful in critically ill patients. 

 Additionally, BUP TDS should be more often considered as a fi rst-line therapeu-
tic option in posttraumatic patients at the beginning of their (long-term) revalida-
tion. In these cases treatment with buprenorphine patches could be initiated 
immediately postoperatively, providing the transition from more invasive analgesic 
treatments (e.g., neuraxial or peripheral nerve blocks, PCA pumps) to prolonged 
continuous systemic analgesic therapy. Such treatment with BUP TDS can easily be 
tailored to the healing process of the patients, with decreasing doses as the patient 
recovers from the sustained injuries.  

    Conclusions 

 The pharmacological and clinical profi les of buprenorphine have been documented 
in a growing number of clinical studies, demonstrating buprenorphine’s potential 
effectiveness in the treatment of diverse chronic pain conditions. Buprenorphine 
shows no relevant analgesic ceiling effect throughout the therapeutic dose range, but 
indeed has a ceiling effect for respiratory depression as well as other side effects. 
Most notably, buprenorphine seems to be potentially effective in the management 
of chronic nociceptive pain syndromes as well as neuropathic hyperalgesic states 
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and syndromes characterized by the presence of pronounced central sensitization. 
In addition, there seems to be no development of tolerance during long-term 
 treatment. Finally, buprenorphine can be safely used in vulnerable patient 
 populations, such as elderly and patients with renal impairment.     
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           Introduction 

 Although methadone maintenance is a safe and effective treatment for opioid depen-
dence that has been available for many years, its benefi ts have been limited by the 
requirement that it be used only in licensed specialized clinics. Treatment options 
have been substantially expanded by the introduction of buprenorphine for offi ce- 
based maintenance. Buprenorphine has been shown to be as clinically effective as 
methadone [ 1 – 3 ] and cost-effective [ 4 ,  5 ], and even to be preferable in some patient 
populations [ 6 ]. In a study of heroin-dependent incarcerated men who were volun-
tarily randomly assigned to methadone or buprenorphine maintenance, all of the 
patients in the buprenorphine group stated that they would recommend the medica-
tion to others, 93 % of them intended to enroll in buprenorphine treatment after 
release, and one-quarter of the methadone patients intended to enroll in buprenor-
phine treatment instead [ 7 ]. 

 Buprenorphine and methadone treatment have each been shown to reduce drug- 
related risk behaviors in individuals with high risk of HIV transmission [ 8 ,  9 ]. 
Buprenorphine has also been shown to improve health-related quality of life [ 10 ]. In 
a 16-week study of buprenorphine maintenance with psychosocial counseling, 
responses on the Short Form 36 (a standard measure of health-related quality of life) 
showed improvements in bodily pain, vitality, mental health, social function, 
“role—emotional,” “role—physical,” and the mental-component summary score 
[ 11 ]. Studies of offi ce-based treatment with buprenorphine are associated with 
retention rates and treatment outcomes comparable to those of methadone patients 
treated in opioid treatment programs (OTPs) [ 12 – 14 ]. 
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 In this chapter we review the procedures needed to start an offi ce-based 
 buprenorphine maintenance practice, including how to obtain the required license 
and training. We also describe buprenorphine formulations and storage regulations, 
and review how to assess patients and begin buprenorphine treatment. Finally, we 
provide information on monitoring patient outcome and discuss special patient 
populations.  

    Starting a Practice 

    Drug Addiction Treatment Act 2000 

 In 2000, the US Congress passed legislation intended to destigmatize opioid- 
addiction treatment and address the gap between the need for and availability of 
such treatment. This legislation—Title XXXV, Section 3502 of the Children’s 
Health Act of 2000 (P.L. 106-310)—enables qualifi ed physicians to manage opioid 
addiction in their own practices and increases treatment options and availability 
[ 15 ]. Specifi cally, it permits qualifi ed physicians to obtain a waiver to treat opioid 
addiction with Schedule III, IV, and V narcotic medications that have been specifi -
cally approved by the Food and Drug Administration (FDA) for that indication. 
This part of the law is known as the Drug Addiction Treatment Act of 2000 (DATA 
2000). Such medications may be prescribed and dispensed by waived physicians in 
treatment settings other than the traditional OTP (i.e., federally regulated metha-
done clinic) settings, including offi ce-based settings. As of January 2012, the only 
medication that can be prescribed under this law is buprenorphine.  

    Qualifi cations for a Waiver 

 To qualify for a waiver under DATA 2000, a licensed physician (M.D. or D.O.) with 
a valid registration number from the Drug Enforcement Administration (DEA) must 
be able to provide (or refer patients for) necessary ancillary services, such as mental 
health services, and must agree to limit the number of concurrently buprenorphine 
maintained patients in his or her practice to 30 in the fi rst year and 100 after the fi rst 
year. In addition, he or she must meet at least one of the training requirements (see 
Table  11.1 ).

       Training 

 As shown in Table  11.1 , to meet the guidelines defi ned in the law, a training pro-
gram for offi ce-based buprenorphine maintenance must be endorsed by one of fi ve 
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named professional organizations. Approved trainings are available in web-based, 
CD-ROM-based, and live formats, last about 8 h, and may earn  AMA PRA Category 
1 Credit  ( TM ) for physicians who complete them. Depending on the program and 
the setting, there may be an associated cost to the physician. The trainings include 
evaluation to assess existing knowledge and attitudes, interactive modules focused 
on clinical skills and decision-making, post-training evaluations, and “practice 
change” advice on incorporation of buprenorphine treatment into the physician’s 
practice. Training can be found at the URLs (see Table  11.2 ).

    Table 11.1    Qualifi cations for a waiver   

•  Hold a subspecialty board certifi cation in addiction psychiatry from the American Board of 
Medical Specialties 

•  Hold an addiction certifi cation from the American Society of Addiction Medicine (ASAM) 
•  Hold a subspecialty board certifi cation in addiction medicine from the American Osteopathic 

Association (AOA) 
•  Have completed not less than 8 h of authorized training (through classroom situations, semi-

nars at professional society meetings, electronic communications, or otherwise) on the treat-
ment and management of opioid-addicted patients. Authorized training is provided by the 
ASAM, the American Academy of Addiction Psychiatry (AAAP), the American Medical 
Association (AMA), the AOA, the American Psychiatric Association (APA) 

•  Have participated as an investigator in one or more clinical trials leading to the approval of a 
narcotic drug in Schedule III, IV, or V for maintenance or detoxifi cation treatment, as demon-
strated by a statement submitted to the Secretary by the sponsor of such approved drug 

•  Have such other training or experience as the state medical licensing board (of the state in 
which the physician will provide maintenance or detoxifi cation treatment) considers to demon-
strate the ability of the physician to treat and manage opioid-addicted patients 

•  Have such other training or experience as the Secretary considers to demonstrate the ability 
of the physician to treat and manage opioid-addicted patients. Any criteria of the Secretary 
under this subclause shall be established by regulation. Any such criteria are effective only 
for 3 years after the date on which the criteria are promulgated, but may be extended for such 
additional discrete 3-year periods as the Secretary considers appropriate for purposes of this 
subclause. Such an extension of criteria may only be effectuated through a statement pub-
lished in the Federal Register by the Secretary during the 30-day period preceding the end of 
the 3-year period involved 

   Source :   http://buprenorphine.samhsa.gov/waiver_qualifi cations.html    . Accessed January 31, 2012  

   Table 11.2       Buprenorphine Training   

 Organization  Buprenorphine training information 

 ASAM    http://www.asam.org/education/live-online-cme-training     
 APA    http://www.apaeducation.org/ihtml/application/student/interface.apa/index.htm     
 AAAP    http://www2.aaap.org/buprenorphine     
 AOAAM    http://www.aoaam.org/content.php?pg=43     
 AMA  At the time of this writing, the AMA had no buprenorphine training offerings 
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       Obtaining a Waiver 

 After successful completion of an approved Buprenorphine DATA 2000 Training 
Program, the physician must send a Notifi cation of Intent to the Center for Substance 
Abuse Treatment (CSAT), a branch of the Substance Abuse and Mental Health Services 
Administration (SAMHSA), in order to obtain a waiver. The Notifi cation of Intent 
must be submitted to CSAT before the initial dispensing or prescribing of opioid addic-
tion therapy. The Notifi cation of Intent should be submitted on a Waiver Notifi -
cation Form (SMA-167) (available at   http://www.buprenorphine.samhsa.gov/pls/bwns/
waiver    ) and can be sent online, via fax, or by traditional ground mail to the SAMHSA 
Division of Pharmacologic Therapies (DPT). For more information on how to submit 
a Notifi cation of Intent, go to   http://www.buprenorphine.samhsa.gov/howto.html    . 

 SAMHSA will send an acknowledgment letter (or email) indicating that notifi ca-
tion is under active review. SAMHSA’s intent is to complete the review of notifi ca-
tions within 45 days of receipt. Upon completion of notifi cation processing, 
SAMHSA will mail a letter confi rming the waiver and containing a prescribing 
identifi cation number (an “X number”) assigned by the DEA.  

    Prescribing and Storing 

 The regulations covering the ordering, storing, and dispensing of controlled sub-
stances vary by state. However, DEA regulations require that the prescribing physi-
cian’s “X number” be included on all buprenorphine prescriptions for opioid-addiction 
treatment, along with the physician’s regular DEA registration number. 

 When buprenorphine was fi rst approved by the FDA, few pharmacies consis-
tently kept the medication in stock. To deal with this problem, many physicians kept 
a supply of buprenorphine tablets on hand and dispensed them from their offi ce. 
In-offi ce buprenorphine dispensing is still legal under DATA 2000. However, physi-
cians who wish to dispense buprenorphine from their offi ces must adhere to strict 
federal recordkeeping guidelines and must keep the resultant records for 2 years. 
The records should include inventories, including amounts of buprenorphine 
received and amounts dispensed; reports of theft or loss; destruction of controlled 
drugs; and records of dispensing. Additionally, the buprenorphine tablets must be 
stored in a secure, locked cabinet. Physicians who have their patients get their pre-
scriptions fi lled at outside pharmacies and return to the offi ce for induction are  not  
subject to the same recordkeeping guidelines as physicians who store and dispense 
the tablets in-offi ce [ 16 ].  

    Recordkeeping 

 DATA 2000 requires the DEA to inspect the practices of physicians who are provid-
ing offi ce-based treatment of opioid dependence. DEA recordkeeping requirements 
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go beyond the Schedule III recordkeeping requirements. Practitioners must keep 
records (including an inventory that accounts for amounts received and amounts 
dispensed) for all controlled substances dispensed, including buprenorphine prod-
ucts (21 PART 1304.03[b]). Practitioners must specifi cally record the prescription 
and dispensation of controlled substances for maintenance or detoxifi cation 
 treatment (21 CFR Section 1304.03[c]). AAAP provides guidance on preparing 
for a DEA inspection at   http://www2.aaap.org/announcements/news-and-updates    . 
Additional information can be found at   http://www.pcssb.org/sites/default/fi les/
How%20to%20Prepare%20for%20a%20DEA%20Inspection.pdf    .  

    Barriers/Opportunities 

 Frequently cited barriers to the provision of offi ce-based addiction treatment 
include inadequate clinician training, limited payment compared to what is avail-
able for other medical services, and concerns about confi dentiality and stigma. 
In a qualitative study of 23 offi ce-based physicians in New England, identifi ed 
barriers included competing activities, lack of interest, lack of expertise in addic-
tion treatment, patient concerns about confi dentiality and cost, low patient moti-
vation for treatment, lack of remuneration, limited ancillary support, not enough 
time, and a perceived low prevalence of opioid dependence in physicians’ prac-
tices. Respondents in the same study also cited several potential facilitators of 
offi ce-based addiction treatment, including the promotion of continuity of patient 
care and viewing offi ce-based treatment as a positive alternative to methadone 
maintenance [ 17 ]. 

 Despite these barriers, buprenorphine treatment presents many opportunities for 
physicians, such as providing access to addiction treatment to populations not previ-
ously reached [ 12 ,  18 ] and integrating addiction treatment with primary care, HIV 
care, HCV care, and mental health care. It is estimated that methadone treatment 
options reach only 15–20 % of those in need of treatment [ 19 ]. In a 2005 evaluation 
of the waiver program, 31 % of patients taking buprenorphine were new to addiction 
treatment and 60 % were new to medication-assisted treatment [ 20 ]. These numbers 
refl ect a clear gap between need and access, but also show that the waiver program 
and buprenorphine are helping to close the gap. Integration of addiction treatment 
and primary care has been shown to improve both medical and substance-abuse 
outcomes [ 21 – 24 ]. Additionally, integration of buprenorphine maintenance into 
clinical HIV care can have a positive impact on treatment retention and opioid use, 
as well as stabilizing or improving the biological markers of HIV [ 25 ]. Integrated 
buprenorphine care also presents the opportunity and infrastructure for increased 
treatment of hepatitis C [ 26 ,  27 ]. 

 Probably the most frequently voiced suggestion for overcoming system-, pro-
vider-, and patient-level barriers to utilization of pharmacotherapy for addiction is 
to educate providers, patients, and the general public about the range of treatment 
options and about the outcomes that pharmacotherapies can produce [ 28 ,  29 ].   
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    Buprenorphine 

    Pharmacology 

 The pharmacology of buprenorphine is reviewed in detail in Chap.   10     of this text. 
Briefl y, buprenorphine is a partial agonist at mu-opioid receptors, meaning that it 
binds strongly to receptors but does not activate them as strongly as endogenous 
opioids (or most abused opioids). At lower doses in opioid-naïve patients, its sub-
jective and physiological effects increase with dose and are very similar to those of 
a full agonist. At higher doses, its effects reach a maximum beyond which increas-
ing doses do not produce greater magnitudes of effect. This is termed the “ceiling 
effect.” At these higher doses buprenorphine can act like an antagonist, occupying 
mu receptors but only partially activating them while blocking other agonists from 
binding to and fully activating the receptor. Due to its high affi nity for the receptor, 
buprenorphine can displace full opioid agonists from the receptor; once bound to 
the receptor, it is not readily displaced by full agonists or antagonists. Buprenorphine 
also has a slow dissociation rate from the receptor; clinically, this contributes to its 
long duration of effects. 

 At the kappa opioid receptor, buprenorphine is an antagonist. The clinical rele-
vance of this component of buprenorphine’s actions is not fully understood. 

 Buprenorphine has poor gastrointestinal (GI) bioavailability and fair sublingual 
(under the tongue) bioavailability. The bioavailability of buprenorphine tablet 
administered sublingually is 29 % of that administered intravenously [ 15 ]. 
Buprenorphine is highly bound to plasma protein and is metabolized in the liver by 
the cytochrome P450 3A4 enzyme to norbuprenorphine and other products. It 
undergoes extensive fi rst-pass metabolism, which accounts for its poor GI bioavail-
ability. For these reasons, buprenorphine is administered sublingually rather than 
orally. 

 Naloxone is included in some formulations of buprenorphine to minimize the 
risk of misuse by intravenous injection. Naloxone is an opioid antagonist with poor 
sublingual and GI bioavailability [ 30 ]. When the combination product is taken sub-
lingually as prescribed, the effect of the naloxone is negligible. If the product is 
misused intravenously, the naloxone effect predominates, resulting in a decreased 
effect of buprenorphine in opioid-naïve individuals and precipitation of withdrawal 
in opioid-dependent individuals [ 31 ,  32 ].  

    Formulations 

 Buprenorphine is available for sublingual administration as a combination tablet 
(buprenorphine/naloxone) whose trade name is Suboxone. A monoproduct formu-
lation (buprenorphine), trade name Subutex, was discontinued in September 2011, 
but a generic version of the buprenorphine monoproduct has been approved since 
May 2010. Buprenorphine combination products are also available as a sublingual 
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fi lm that was introduced in August 2010; the fi lm is purported to dissolve in half the 
time of the tablet and have a more appealing taste. The sublingual tablet and fi lm 
come in the same combination dosages: 8 mg buprenorphine with 2 mg naloxone or 
2 mg buprenorphine with 0.5 mg naloxone. The buprenorphine monoproduct is 
available as an 8 or 2 mg sublingual tablet. 

 Slow-release formulations of buprenorphine are in various stages of develop-
ment. These products are designed to minimize risks of patient noncompliance and 
diversion. A subcutaneous depot injection was shown to provide effective buprenor-
phine delivery for several weeks, with therapeutic effects persisting at fairly low 
buprenorphine plasma concentrations [ 33 ]. An implantable formulation of buprenor-
phine (Probuphine) that uses a polymer matrix sustained-release technology has 
been developed. In an initial, open-label evaluation, two doses of Probuphine were 
found to be safe, well-tolerated, and effective in patients with opioid dependence 
previously maintained on sublingual buprenorphine [ 34 ]. In a randomized trial con-
ducted at 18 sites in the United States between April 2007 and June 2008, patients 
who received buprenorphine implants used fewer illicit opioids over 16 weeks 
(as assessed by urine testing) compared to those who received placebo implants [ 35 ].  

    Safety 

 For a complete listing of drug interactions, contraindications, warnings, and precau-
tions, refer to the package inserts for Suboxone (  http://www.suboxone.com/
pdfs/SuboxonePI.pdf    ) and approved generics (e.g.,   http://dailymed.nlm.nih.gov/ 
dailymed/lookup.cfm?setid=c3b4fb4e-db70-407f-8481-8ae934ef73f0    ). 

    Adverse Reactions and Contraindications 

 As with other mu-opioid agonists, the most common adverse reactions are nausea 
and constipation, but these effects appear to be less severe and more self-limited 
with buprenorphine than with full agonists. Other adverse reactions commonly 
reported with buprenorphine include oral hypoesthesia, glossodynia, oral mucosal 
erythema, headache, vomiting, hyperhidrosis, signs and symptoms of withdrawal, 
insomnia, pain, and peripheral edema. 

 The only contraindication to the use of buprenorphine is hypersensitivity to 
buprenorphine (or naloxone in the combination products). However, the prescribing 
information from Reckitt Benckiser lists a number of warnings and precautions that 
should be considered.  

    Drug–Drug Interactions 

 Buprenorphine is metabolized by the CYP3A4 isoenzyme of the P450 system. 
CYP3A4 inhibitors can result in higher levels of buprenorphine while CYP3A4 
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inducers can result in lower levels of buprenorphine. Buprenorphine patients who are 
starting or ending treatment with a CYP3A4 inhibitor or inducer should be closely 
monitored, and depending on the length of treatment with the CYP3A4 inhibitor/
inducer and its effects, the dose of buprenorphine should be adjusted if needed.  

    Accidental Ingestion and Overdose 

 For full agonists at the mu-opioid receptor, the classic triad of signs of overdose is 
apnea (shallow respirations, <10 per minute), coma, and pinpoint pupils. Other 
signs include pulse rate <40 beats per minute, hypotension, cyanotic skin, fl accid 
muscles, and pulmonary edema [ 36 ]. Because buprenorphine is only a partial ago-
nist, it has not been shown to cause these signs on its own. However, combination 
of buprenorphine with other CNS depressants, including benzodiazepines, can 
result in clinically signifi cant toxicity. 

 Accidental ingestion of buprenorphine by swallowing results in milder effects 
than sublingual administration due to buprenorphine’s poor GI bioavailability. 

 The primary management of buprenorphine overdose is the establishment of 
adequate ventilation.  

    Abuse Potential and Diversion 

 Buprenorphine, like all mu agonists, has some abuse liability (potential to be 
diverted for deliberate misuse). The abuse liability of buprenorphine is lower than 
that of full agonists such as methadone, morphine, and heroin. If patients are abus-
ing or diverting buprenorphine, arrangements should be made to transfer them to 
more closely supervised treatment. 

 Buprenorphine can produce physical dependence with repeated use, but due to 
its partial agonist activity, the degree of physical dependence may be less than that 
created by a full opioid agonist [ 37 ]. Withdrawal from buprenorphine shows a 
delayed onset and lesser severity compared to withdrawal from full mu-opioid ago-
nists [ 38 ]. 

 Buprenorphine can precipitate withdrawal in individuals who are physically 
dependent on full opioid agonists (heroin, morphine, methadone, etc.). Because of 
the presence of the antagonist naloxone, this effect will likely be severe if buprenor-
phine/naloxone combinations are misused and injected intravenously. 

 Diversion of buprenorphine does not appear to be driven by recreational use. 
SAMHSA/CSAT commissioned an independent assessment including a literature 
review, analysis of all available data, interviews with key state and federal offi cials, 
and consultation with a group of outside experts to determine the extent of buprenor-
phine diversion and abuse. The report, which came out in 2006, concluded: “[B]
uprenorphine diversion and abuse are concentrated in specifi c geographic areas. 
The phenomenon may refl ect lack of access to addiction treatment, as some non-
medical use appears to involve attempts to self-medicate with buprenorphine when 
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formal treatment is not available. While the largest part of the diverted drug supply 
likely comes from buprenorphine prescribed by physicians—either for addiction or 
for pain—the presence of formulations that are not approved for use in the United 
States suggests that some is being illegally imported as well” [ 39 ]. In another study 
of 100 opioid users in Providence, RI, the majority of whom were interested in 
receiving treatment for opioid dependence, the authors found that among the 86 % 
of intravenous drug users who obtained buprenorphine illegally, 74 % did so to treat 
opioid withdrawal symptoms, 66 % to stop using other opioids, and 64 % because 
they could not afford drug treatment [ 40 ]. These fi ndings suggest that improved 
access to buprenorphine treatment provided by licensed treatment providers might 
reduce buprenorphine diversion. 

 As part of the initial approval of buprenorphine for offi ce-based treatment, the 
FDA required that the manufacturers create a Risk Evaluation and Mitigation Strategy 
(REMS) to educate physicians, pharmacists, and patients. In response, the makers of 
Suboxone developed a list of recommendations for physicians (see Table  11.3 ).

         Treating Patients with Buprenorphine 

    Patient Assessment/Patient Selection 

 Potential patients should be screened for the presence of an opioid-use disorder. 
Screening instruments include the Drug Abuse Screening Test (DAST-10, available 
at   http://www.integration.samhsa.gov/clinical-practice/screening-tools    ) [ 41 ], the 

   Table 11.3    Steps to ensure patient safety and meet Risk Evaluation and Mitigation Strategy 
(REMS) requirements   

 Physicians should 
•  Verify patients meet diagnostic criteria for opioid dependence 
•  Discuss the risks associated with buprenorphine 
•  Provide induction doses under appropriate supervision 
•  Prescribe a limited amount of medication during the initial stages of treatment 
•  Schedule patient appointments commensurate with patient stability (weekly or more frequent 

visits recommended in the fi rst month) 
•  Consider pill count/dose reconciliation 
•  Assess whether patient is receiving counseling/psychosocial support considered necessary for 

treatment 
•  Assess whether patient is making progress toward treatment goals (including, as appropriate, 

urine toxicology testing) 
•  Continually assess appropriateness of maintenance dose 
•  Continually assess whether benefi ts of treatment outweigh the risks 

   Note : This REMS does not apply to buprenorphine dispensed to patients in opioid treatment program 
under 42 CFR Part 8 because these patients have specifi c requirements under those regulations 
  Source :   www.suboxone.com    . Accessed January 3, 2011  
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CAGE Questions Adapted to Include Drugs (CAGE-AID) [ 42 ], and the National 
Institute on Drug Abuse-Modifi ed Alcohol, Smoking and Substance Involvement 
Screening Test (NMASSIST) [ 43 ] among others. Patients who screen positive on 
such a test should undergo a more complete assessment, including a mental-status 
exam and assessment of history regarding substance use, prior treatment, and medical, 
psychiatric, social, and family conditions. A complete physical exam is warranted 
in all patients with opioid-use disorders. The physical exam should include all the 
standard elements, with special attention given to the signs and symptoms of opioid 
use and its complications. Laboratory testing is also recommended. 

 Further details on all these elements of patient assessment are in Tables  11.4 – 11.6 .
     Patients who are appropriate for buprenorphine treatment have a diagnosis of 

addiction (typically operationalized in terms of the criteria for dependence from the 
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text 
Revision; DSM-IV-TR), are interested in treatment, and have no contraindications 
to buprenorphine. In addition, they should be reasonably likely to be compliant with 
buprenorphine treatment, understand the risks and benefi ts of treatment, and be 
willing to follow safety precautions. Other treatment options should be reviewed 
with the patients so that they can make an informed decision. 

 Conditions that may preclude buprenorphine treatment include dependence on 
benzodiazepines, alcohol, or other CNS depressants; untreated severe mental health 
issues; active or chronic suicidal or homicidal ideation or attempts; poor response to 
previous high-quality attempts at buprenorphine treatment; or signifi cant medical 
conditions (Table  11.7 ).

   Table 11.4    Elements of a substance-abuse assessment: history   

 Substance use 
history 

 Substances used; age at fi rst use; routes of administration; changes in use 
patterns or effects; history of tolerance, physical dependence, with-
drawal, and overdose; quit attempts; periods of abstinence; craving 

 Addiction 
treatment 
history 

 Previous treatment episodes, including type, length, and outcomes 

 Psychiatric history  Co-occurring diagnoses, psychiatric treatments recommended/attempted, 
treatment outcomes 

 Family history  Substance use disorders, medical, and psychiatric 
 Medical history  Review of systems, past medical and surgical history, sexual history, current 

and past medications, pain history 
 Social history  Quality of recovery environment, family/living environment, and social 

support; substance use in support network 
 Readiness to 

change 
 Understanding of patient’s substance use problem, interest in treatment 

   Source : Clinical Guidelines for the Use of Buprenorphine in the Treatment of Addiction, TIP 40, 
2004  
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  Table 11.5    Elements of a substance-abuse assessment: physical exam   

 Organ system/area examined  Signs/symptoms 

 General  Height, weight, calculated BMI, assessment of nutritional 
status 

 Skin and soft tissues (include 
between toes, groin, and 
genital area) 

 Injection-site infections 

 Head, eyes, ears, nose, 
and throat 

 Dental decay related to neglect and xerostomia, erosion of 
nasal cavity and septum from sniffi ng drugs, signs of 
opioid withdrawal (lacrimation, rhinorrhea, yawning) 

 Cardiovascular  Cardiac murmurs (concern for endocarditis) 
 Abdominal  Liver examination (possible medication- or hepatitis-induced 

effects) 
 Lymphatic  Cervical, axillary, supraclavicular, and inguinal 

lymphadenopathy 

   Source : Lowinson and Ruiz’s Substance Abuse: a comprehensive textbook, Fifth Edition, editors 
Pedro Ruiz, Eric C. Strain. Lippincott Williams & Wilkins, 2011  

   Table 11.6    Elements of a substance-abuse assessment: laboratory   

•  Serum electrolytes •  BUN and creatinine 
•  CBC with differential and platelet 

count 
•  Liver function tests (GGT, AST, ALT, PT, or INR, 

albumin) 
•  Lipid profi le •  Urinalysis 
•  Pregnancy test (for women) •  Toxicology tests for drugs of abuse 
•  Blood alcohol level (breath or blood 

test) 
•  Purifi ed protein derivative (PPD) test for 

tuberculosis 
•  Hepatitis B virus (HBV) screen •  Hepatitis C virus (HCV) screen 
•  Hepatitis A virus (HAV) screen •  HIV antibody testing 
•  Serology test for syphilis 

   Source : Clinical Guidelines for the Use of Buprenorphine in the Treatment of Addiction, TIP 40, 
2004  

   Table 11.7    Cautions for buprenorphine treatment   

•  Seizures, because antiseizure medications and buprenorphine may alter each other’s plasma 
levels; consider monitoring plasma levels of seizure medications 

•  HIV treatment, because anti-HIV medications may alter cytochrome P450 3A4 enzyme activity 
•  Hepatitis or impaired liver function; this may warrant periodic evaluation of liver enzymes 
•  Use of other drugs, including sedative-hypnotics, alcohol, and other CNS depressants 

   Source : Center for Substance Abuse Treatment. Clinical Guidelines for the Use of Buprenorphine 
in the Treatment of Opioid Addiction. In: Treatment Improvement Protocol (TIP) Series 40. 
Rockville, MD: Substance Abuse and Mental Health Services Administration; 2004  
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       Buprenorphine Induction 

 Once the patient has been assessed and found appropriate for buprenorphine  treatment, 
plans can be made to begin the medication. Patients should be advised that on the fi rst 
and perhaps second day of induction they may need to be in the clinic for several 
hours. Prior to initiation of buprenorphine treatment, the patient and physician should 
agree on a treatment contract delineating treatment goals, plan, consequences of poor 
adherence, and grounds for termination. Prior to the fi rst dose of buprenorphine, the 
patient should not use heroin or other short-acting opioids for at least 12 h and should 
not use methadone or other long-acting opioids for at least 24 h. Buprenorphine 
induction can be undertaken with the buprenorphine–naloxone combination formula-
tion unless the patient is pregnant or switching from long- acting opioids such as 
methadone (see section “ Transferring from Methadone to Buprenorphine ”). 

 Buprenorphine-induced precipitated withdrawal can occur with the fi rst dose, 
but is often milder and shorter than that induced by an antagonist. The possibility of 
precipitated withdrawal is minimized if one decreases the dose of the full agonist 
(i.e., the opioid that patient is abusing), increases the time elapsed since last use of 
the full agonist prior to medicating with buprenorphine, and starts with a low dose 
of buprenorphine. The fi rst dose of buprenorphine should be given when the patient 
has begun to develop early signs of opioid withdrawal (Table  11.8 ).

   Table 11.8    Opioid withdrawal   

 Stage of withdrawal  Timing after last use  Grade  Physical signs/symptoms 

 Early  8–24 h  1  Lacrimation and/or rhinorrhea 
 Diaphoresis 
 Yawning 
 Restlessness 
 Insomnia 

 2  Dilated pupils 
 Piloerection 
 Muscle twitching 
 Myalgia 
 Arthralgia 
 Abdominal pain 

 Full  1-3 days  3  Tachycardia 
 Hypertension 
 Tachypnea 
 Fever 
 Anorexia or nausea 
 Extreme restlessness 

 4  Diarrhea and/or vomiting 
 Dehydration 
 Hyperglycemia 
 Hypotension 
 Curled-up position 

   Source : Clinical Guidelines for the Use of Buprenorphine in the Treatment of Addiction, TIP 40, 2004  
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   The severity of opioid withdrawal can be assessed with clinical tools such as the 
Clinical Opioid Withdrawal Scale (COWS) [ 44 ]. A COWS score of >12 should be 
obtained prior to administration of the fi rst dose of buprenorphine. Additional tools 
to assess opioid withdrawal include the Clinical Institute Narcotic Assessment 
(CINA) Scale for Opioid Withdrawal [ 45 ]; the Narcotic Withdrawal Scale [ 46 ]; and 
the Subjective Opiate Withdrawal Scale (SOWS) [ 47 – 49 ]. 

 There now exist several clinical guidelines for the use of buprenorphine in an 
offi ce-based setting. Physicians should be familiar with these guidelines, use their 
clinical judgment, and individualize treatment for the patient as indicated. Below 
we outline one approach based on these guidelines (Table  11.9 ).

   Day 1—Once early withdrawal signs and symptoms are present, patients can be 
administered buprenorphine/naloxone 4/1 mg sublingually and observed for 2 or 
more hours. If withdrawal symptoms persist, a second buprenorphine/naloxone 
dose of 4/1 mg may be administered the same day, with the patient again observed 
for 2 or more hours. The maximum total dose on Day 1 is buprenorphine/naloxone 
8/2 mg. If withdrawal symptoms abate, the Day 1 dose is established and the patient 
should be asked to return to the offi ce the next day. If withdrawal symptoms persist 

   Table 11.9    Clinical practice guidelines for the use of buprenorphine opioid addiction   

  Treatment Improvement 
Protocol  ( TIP )  40  “Clinical 
Guidelines for the Use of 
Buprenorphine in the 
Treatment of Opioid 
Addiction” (Center for 
Substance Abuse 
Treatment, 2004) 

 Available at   http://buprenorphine.samhsa.gov/Bup_
Guidelines.pdf     

  Technical Assistance 
Publication  ( TAP )  30  
“Buprenorphine: A Guide 
for Nurses” (Center for 
Substance Abuse 
Treatment, 2009) 

 Available at   http://buprenorphine.samhsa.gov/TAP_30_
Certifi ed.pdf     

  Management of Substance Use 
Disorders  (VA/DoD, 2009) 

 Available at   http://www.healthquality.va.gov/Substance_
Use_Disorder_SUD.asp     

  Vermont Buprenorphine 
Practice Guidelines  
(Vermont Department of 
Health, Division of Alcohol 
and Drug Abuse Programs 
(VDH/ADAP) and the 
Offi ce of Vermont Health 
Access (OVHA), 2010) 

 Available at   http://healthvermont.gov/adap/treatment/
documents/
BuprenorphinePracticeGuidelinesFINAL_01-15-2010.
pdf     

  Best Practices in the Use of 
Buprenorphine , Final Expert 
Panel Report, Prepared for 
Community Care Behavioral 
Health Organization, 
October 18, 2011 

 Available at   http://www.ccbh.com/pdfs/Providers/
healthchoices/articles/Identifying_Best_Practices_in_
the_Use_of_Buprenorphine_after_Stabilization_
Report_and_Appendix_A.pdf     
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despite administration of the maximum total Day 1 dose, the patient should 
 counseled, given medications to manage withdrawal symptomatically, and asked to 
return the next day. 

 Day 2—When the patient returns to the offi ce on Day 2, he or she should be 
assessed for withdrawal symptoms. If they are not present, then the patient’s daily 
dose is established at the total Day 1 dose. If on subsequent days the patient experi-
ences mild withdrawal, the buprenorphine/naloxone dose should be adjusted based 
on clinical judgment and signs and symptoms of opioid withdrawal in increments of 
2/0.5 to 4/1 mg. If the patient does demonstrate symptoms of opioid withdrawal 
when he/she returns on Day 2, then he/she should be given the total Day 1 dose plus 
an additional 4/1 mg buprenorphine/naloxone and observed for 2 or more hours. If 
withdrawal symptoms are relieved, then the daily dose of buprenorphine/naloxone 
has been established. If withdrawal symptoms persist after 2 or more hours, the 
patient should be administered an additional buprenorphine/naloxone 4/1 mg and 
observed. If withdrawal symptoms are relieved, then the daily buprenorphine/nalox-
one dose has been established. The maximum Day 2 dose is buprenorphine/nalox-
one 16/4 mg. If the withdrawal symptoms have not dissipated, then the patient 
should be counseled, treated symptomatically, and asked to return the next day. 

 Day 3 onward—If the patient returns on Day 3 or on subsequent induction days 
with symptoms consistent with opioid withdrawal, he or she can continue with 
buprenorphine/naloxone 2/0.5 to 4/1 mg increases on a schedule similar to the Day 
2 schedule above. 

 The goal of buprenorphine induction is to fi nd the dose at which the patient has 
(1) discontinued or markedly decreased use of illicit opioids, (2) no cravings, (3) no 
opioid withdrawal, and (4) minimal or no adverse reactions. All dose adjustments 
during induction should be made based on clinical symptoms of opioid withdrawal 
and clinical judgment. In our clinical research setting, we have had success with 
waiting 12 h after administration of the last short-acting opioid and 24 h after the 
last long-acting opioid, waiting until mild opioid withdrawal is present, and then 
administering 8 mg buprenorphine on Day 1  without  keeping the patient for obser-
vation or incremental dose increases. On Day 2, if opioid withdrawal is present, we 
administer buprenorphine 16 mg  without  keeping the patient for observation or 
incremental dose increases. We have had minimal precipitated withdrawal and loss 
to follow-up during induction. However, it should be kept in mind that in our set-
ting, patients are seen for directly observed buprenorphine treatment daily through-
out induction, stabilization, and maintenance. While there is variation among 
clinical guideline recommendations, the target dose is usually considered buprenor-
phine/naloxone 12/3 to 16/4 mg/day by the end of the fi rst week, and the maximum 
recommended buprenorphine/naloxone dose is 32/8 mg/day. 

 Basic patient instructions for taking buprenorphine include telling the patient that 
the medication should be dissolved under the tongue and that drinking water to moisten 
the mouth before taking buprenorphine helps it dissolve. Patients should be advised 
not to chew or swallow tablet (or fi lm) while it is dissolving because it will not work 
as well. Additionally, patients should be advised to avoid benzodiazepines, alcohol, 
and other CNS depressants, to keep their buprenorphine in a safe and secure place, to 
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take buprenorphine once per day as directed, and not to change their dose without 
consulting a physician. Refer to the buprenorphine prescribing information (  http://
www.suboxone.com/pdfs/SuboxonePI.pdf    ) for a complete list of recommendations.  

    Complicated Inductions 

 Buprenorphine inductions may be complicated by precipitated or protracted with-
drawal symptoms. In a retrospective chart review of the fi rst 107 patients receiving 
buprenorphine treatment in an urban community health center, complicated inductions 
occurred in 18 (16.8 %) patients. When compared to routine inductions, complicated 
inductions predicted poorer treatment retention. Factors independently associated with 
complicated inductions included recent use of prescribed methadone, recent benzodi-
azepine use, and no prior experience with buprenorphine [ 50 ]. Although further 
research is needed, physicians should be aware of these potential risk factors and try to 
ensure that the patient is in mild withdrawal before the fi rst dose of buprenorphine is 
administered, starting with a low dose of buprenorphine, and titrating up slowly.  

    Home Inductions 

 There is observational evidence that unobserved or “home” buprenorphine inductions 
are effective [ 51 – 56 ]. In two prospective studies of home induction, approximately 
60–70 % of patients were successfully inducted, defi ned as being retained in treat-
ment, on buprenorphine, and free of withdrawal, 1 week after the initial clinic visit. 
Complications were usually mild and infrequent, with only one case of confi rmed 
severe precipitated withdrawal. Occasions requiring phone support from clinicians or 
staff were brief and infrequent [ 53 ,  56 ]. These fi ndings are promising, but further 
research is still needed before home induction can be recommended for routine use.  

    Buprenorphine Stabilization and Maintenance 

 Stabilization begins when the patient has no cravings, no withdrawal, and minimal 
adverse drug reactions; this phase of treatment usually lasts 1–2 months. The dura-
tion of maintenance following stabilization should be individualized based on 
patient needs. 

 Once an effective buprenorphine dose has been established during induction, the 
patient should be continued on this daily dose and adjustments made as needed. 
Dose adjustments should be based on a combination of patient preference and clini-
cal judgment, balancing the positive effects of buprenorphine (relief of opioid with-
drawal, greatly diminished opioid craving, and cessation of illicit opioid use) with 
its possible side effects (such as constipation and sedation). Dose adjustments can 
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be made in buprenorphine/naloxone 2/0.5 to 4/1 mg increments per week with a 
maximum daily dose of buprenorphine/naloxone of 32/8 mg. If the maximum dose 
is reached and maintained but illicit opioid use persists, efforts should be made to 
intensify the level of nonpharmacological treatment, or consideration should be 
given to transferring the patient to an OTP that can provide more intense care. 

 Regardless of buprenorphine dose, all patients should be offered access or refer-
ral to evidence-based psychosocial treatment and other nonpharmacological treat-
ments as stipulated by DATA 2000. Follow-up frequency should be individualized, 
but typically, once weekly in the fi rst month is appropriate. Buprenorphine prescrip-
tions should refl ect the length of time between visits; providing multiple refi lls early 
in treatment is discouraged. With negative urine drug toxicologies on a stable 
buprenorphine dose, visits and prescriptions can be monthly. Visit frequency and 
interval should be adjusted as needed to refl ect the patient’s treatment-plan compli-
ance, demonstrated responsibility, side effects, and abstinence from illicit drugs. 

 Periodic, usually monthly, drug toxicology screening is an important adjunct to 
buprenorphine treatment. A number of screening options exist, including by urine, 
blood, saliva, sweat, and hair. A combination of both random and nonrandom (e.g., at 
monthly offi ce visit) urine toxicology testing should be implemented. Of note, 
buprenorphine does not come up as positive on the standard opioid toxicology screens 
which test for morphine/codeine and their derivatives. If testing for buprenorphine 
compliance, point-of-care urine screens (i.e., dipsticks) specifi cally for buprenor-
phine are commercially available. Additionally, periodic random pill counts might be 
a useful adjunct for monitoring patient safety and minimizing the risk of diversion.  

    Medically Supervised Buprenorphine Withdrawal 

 Research and clinical experience have shown that opioid maintenance treatments 
have a higher likelihood of success than withdrawal treatment. If medically super-
vised withdrawal (MSW) is initiated, the evidence shows that longer withdrawal 
plans (>30 days) tend to have more long-term success than shorter withdrawal plans 
(<30 days) [ 57 ,  58 ]. MSW is usually undertaken in two phases: induction, during 
which the patient is stabilized (minimal opioid withdrawal and cessation of illicit 
opioid use) as quickly as possible, and dose reduction, during which the buprenor-
phine dose is decreased and then discontinued.   

    Patient Management Issues 

    Adherence and Retention 

 Treatment adherence is enhanced by a therapeutic relationship between patient and 
physician built on trust, mutual respect, and a two-way exchange of information. 
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Prolonged inductions resulting in continued opioid withdrawal signs and 
 symptoms have been shown to increase the treatment drop-out rate [ 59 ] so every 
effort should be made to reach an adequate buprenorphine maintenance dose as 
quickly as possible, within the constraints imposed by the avoidance of precipi-
tated withdrawal.  

    Ending Maintenance Treatment 

 Longer maintenance treatment is associated with less illicit drug use and relapse, 
longer retention in treatment [ 60 ], and fewer complications [ 61 ]. During mainte-
nance, the patient’s desire to taper off buprenorphine should periodically be 
 revisited. If the patient expresses an interest in ending buprenorphine maintenance, 
the patient and physician should discuss the likelihood of successful taper and 
 consider housing and income stability, adequacy of social support, and absence of 
legal problems. When the decision is made to discontinue buprenorphine treatment, 
the dose should be tapered slowly, ideally over weeks to months, at a rate agreed 
upon by patient and physician. If craving or withdrawal symptoms emerge, the taper 
should temporarily be suspended, then resumed once the symptoms have abated. 
The presence of both formal and informal psychosocial support can be critical dur-
ing all of treatment, but especially during dose tapers.  

    Coordination of Care/Role of the MD 

 Prior to offering offi ce-based buprenorphine treatment, physicians should famil-
iarize themselves with federal and state regulations, training requirements, treat-
ment guidelines, buprenorphine prescribing information, and the most recent 
scientifi c literature pertaining to buprenorphine. Additionally, clinical and admin-
istrative staff in the physician’s offi ce should be educated about addiction and 
about buprenorphine treatment. The physician and his or her staff should develop 
“standard operating procedures” for the care of buprenorphine patients. This 
should include compiling a list of available psychosocial services (individual and 
group counseling, support groups, etc.) and other community services (case man-
agement, food banks, homeless shelters, job training, needle-exchange, etc.), and 
all staff should become familiar with service locations, hours, and participation 
requirements. 

 The privacy and confi dentiality of patients in addiction treatment are protected 
by federal law. Physicians and their staff should be familiar with these regulations 
and establish offi ce procedures to ensure that they are maintained. A procedure 
through which patients can authorize release of records should be developed and 
implemented so that physicians may communicate with pharmacists, psychosocial 
treatment providers, subspecialty physicians, and other providers as needed.  
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    Working with Pharmacies 

 Given the privacy regulations in the Health Insurance Portability and Accountability 
Act (HIPAA) and 42 CFR Part 2, it is advisable to have a patient sign an authoriza-
tion for release of information between the physician and the pharmacist prior to 
their fi rst buprenorphine dose. This will allow the physician to verify the buprenor-
phine prescription if needed, and it is important if the prescription is being phoned 
or faxed. Also, with authorization to communicate with the pharmacy, the physician 
can more easily address pre-authorization requirements from insurance companies 
to ensure that there is no delay in getting the prescription fi lled. More information 
regarding these regulations can be found at   http://www.samhsa.gov/healthprivacy/    . 

 FDA information for pharmacists on buprenorphine is available at   http://www.
fda.gov/downloads/Drugs/DrugSafety/PostmarketDrugSafetyInformationfor 
Patients and Providers/UCM191533.pdf    .  

    Special Populations 

     Transferring from Methadone to Buprenorphine 

 Patients on methadone maintenance can be successfully transferred to buprenor-
phine maintenance [ 62 ]. This may be an option to consider for patients who have 
tolerable but undesirable side effects with methadone, or who want the increased 
fl exibility that offi ce-based buprenorphine allows once stabilization and mainte-
nance occur. Additional reasons for transfer might include a perceived decrease in 
stigma, longer duration of action, and enhanced safety. When patients prepare to 
transfer, it is advised that their methadone dose be tapered down to 30 mg/day and 
maintained at that level for ideally 5–7 days prior to initiating buprenorphine treat-
ment in order to reduce the likelihood of buprenorphine-precipitated withdrawal. 
Patients are also asked to wait at least 24 h after their last dose of methadone, by 
which time they should begin to experience symptoms of early withdrawal, prior to 
initiating buprenorphine. The likelihood of precipitated withdrawal may be further 
reduced by starting at an initially low dose (such as 2–4 mg) of buprenorphine, 
using the buprenorphine monotherapy formulation (no naloxone), and waiting until 
the patient is in mild to moderate withdrawal (e.g., COWS score >12). As with 
buprenorphine induction in patients who use short-acting opioids, the suggested 
maximum Day 1 dose for patients using long-acting opioids such as methadone is 
buprenorphine 8 mg. On Day 2, the patient may proceed according to the Day 2 
schedule for short-acting opioids and be administered the combination of buprenor-
phine/naloxone.  
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    Pregnant Women 

 In the United States, methadone has been the standard of care for treating opioid 
addiction in pregnant woman and their neonates. Pregnant women seeking buprenor-
phine treatment should be advised that the FDA currently classifi es buprenorphine 
as a Category C agent. However, recent results from the MOTHER Study suggest 
that buprenorphine is safe and effective in pregnant women, with lower neonatal 
withdrawal rates and shorter neonatal withdrawal durations compared to methadone 
[ 63 ]. A multicenter European prospective study comparing buprenorphine to meth-
adone also found buprenorphine as safe as methadone in the treatment for pregnant 
opioid-dependent women [ 64 ]. 

 Breastfeeding while on buprenorphine is controversial, with the package insert 
advising against it but the Treatment Improvement Protocol (TIP) 40 consensus panel 
stating it is not contraindicated. In lactating women given buprenorphine at therapeu-
tic levels, the concentration present in the breast milk was considered low [ 65 ].  

    Criminal Justice 

 Buprenorphine has proven to be a very effective tool in addressing opioid-use dis-
orders in criminal-justice settings such as prisons [ 66 ,  67 ]. However, after incar-
ceration, relapse rates are high and overdose on illicit opioids is common [ 68 – 70 ]. 
Physicians should be vigilant of their patients during this transition time and attempt 
to re-engage them in treatment as quickly as possible.  

    Adolescents/Young Adults and the Elderly 

 Buprenorphine has been shown to be a safe and effective treatment in adolescents 
and young adults. In a study by Marsch et al., comparing buprenorphine to clonidine 
in a 28-day detoxifi cation, buprenorphine-treated participants were signifi cantly 
more likely to be retained in treatment (72 % vs. 39 %) and had a higher percentage 
of opiate-negative urines (64 % vs. 32 %). Participants in both groups reported relief 
of withdrawal symptoms and reductions in HIV risk behaviors [ 71 ]. A 2012 study 
examining the outcome of buprenorphine and methadone treatment for heroin 
dependence among adolescents (average age 16.6 years) found that half of the par-
ticipants remained in treatment for over 1 year, and among those still in treatment at 
12 months, 39 % were heroin-abstinent [ 72 ]. 

 State law varies on the circumstances under which parental consent is needed, so 
physicians wishing to treat adolescents and young adults should be aware of the 
regulations in their state. 

 Caution should be used when administering buprenorphine in elderly or debili-
tated patients or patients with liver dysfunction, as drug metabolism and absorption 
may be altered.   
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    Reimbursement 

 Reimbursement for addiction treatment and mental health care has been limited, but 
advances are being made. In 2008, the Paul Wellstone Mental Health and Addiction 
Equity Act of 2007 (HR 1424) was signed into law. The law expands access to 
mental health and addiction treatment and prohibits third-party payers from placing 
discriminatory restrictions on reimbursement. In 2007, the Centers for Medicare 
and Medicaid Services (CMS) adopted new codes in the Healthcare Common 
Procedure Coding System (HCPCS) for assessment and intervention services for 
substance abuse (H0049 and H0050) and in January 2008, the American Medical 
Association adopted Current Procedural Terminology (CPT) codes for screening 
and brief intervention (99408 and 99409), and new Medicare “G” codes (G0396 
and G0397) became available that parallel the CPT codes. However, there are cur-
rently no specifi c billing codes in addiction medicine that physicians can use for 
offi ce-based treatment of opioid dependence, and reimbursement by third-party 
payers continues to vary. The billing codes for inpatient detoxifi cation, outpatient 
detoxifi cation, and offi ce-based maintenance are the same as codes for other ambu-
latory care services.   

    Resources 

  American Academy of Addiction Psychiatry —Email:   information@aaap.org    . 
Website:   www.aaap.org    . 

  American Osteopathic Association —Email:   info@osteotech.org    . Website:   www.
osteopathic.org    . 

  American Psychiatric Association —Email:   apa@psych.org    . Website:   www.psych.
org    . 

  American Society of Addiction Medicine —Email:   email@asam.org    . Website:   www.
asam.org    . 

  CSAT Buprenorphine Information Center —1.866.BUP.CSAT (1.866.287.2728). 
Email:   info@buprenorphine.samhsa.gov    . Website:   http://www.buprenorphine.
samhsa.gov/index.html    . 

  Federation of State Medical Boards —Website:   www.fsmb.org/pdf/2002_grpol_
opioid_addiction_treatment.pdf    . 

  National Alliance of Advocates for Buprenorphine Treatment —Website:   www.
naabt.org    . 

  SAMHSA Sponsored Buprenorphine Physician Clinical Support System  ( PCSS )—
The SAMHSA-funded PCSS is a national network of trained physician mentors 
with expertise in buprenorphine treatment and skilled in clinical education 
designed to assist practicing physicians in incorporating into their practices the 
treatment of prescription opioid- and heroin-dependent patients using buprenor-
phine. Website:   http://www.pcssb.org/    .     
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           Introduction 

 Buprenorphine, a derivative of the poppy alkaloid thebaine, is a semi-synthetic 
 opioid that was initially synthesized as one of a series of compounds from oripavine 
[ 1 ]. Early in its development, it was recognized that buprenorphine did not behave 
as a typical mu opioid agonist as it could both produce mu opioid action and block 
mu opioid effects, hence its early characterization as an opioid agonist–antagonist 
[ 2 ,  3 ]. It is now known that buprenorphine acts as a partial opioid agonist at the mu 
receptor, an antagonist at the kappa opioid receptor [ 4 ], and as a partial agonist at 
the nociceptin/orphanin opioid-like receptor (ORL-1, FQ-NOP) [ 5 ]. As the benefi ts 
of buprenorphine in the treatment of pain and opioid dependence are attributable 
primarily to buprenorphine’s action at mu opioid receptors, this chapter will focus 
on those actions. It is unclear whether the kappa antagonist and/or nociceptin/
orphanin partial agonist activity of buprenorphine produce any effects of clinical 
relevance, although this has been the focus of some speculation. For example, as 
kappa agonists are known to produce signifi cant dysphoric effects [ 6 ,  7 ], studies 
have explored the possibility that buprenorphine, with its kappa antagonist actions, 
may produce euphoria as a secondary effect, thereby acting as an antidepressant to 
enhance mood. However, controlled studies have reported no differential benefi t of 
buprenorphine when compared to methadone (which lacks kappa receptor blockade 
activity) on improvement of depressive symptoms that may occur during the course 
of treatment for opioid dependence [ 8 ]. With regard to the ORL-1 receptor, recent 
preclinical data suggest that the ORL-1 partial agonist action of buprenorphine can 
decrease alcohol consumption in laboratory animals [ 9 ]; however, this interesting 
effect has not yet been carefully explored in humans. 
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 Very soon after its synthesis, buprenorphine was tested for its analgesic  activity 
in clinical populations in Europe and marketed in the United Kingdom in 1978 as 
an analgesic for moderate-to-severe pain (Temgesic ® ). Due to its very poor oral 
bioavailability (secondary to a large fi rst-pass metabolic effect) but high sublin-
gual bioavailability [ 10 ], buprenorphine was developed as both a sublingual tablet 
(Temgesic ® , 0.2 mg) and as a solution for intramuscular or intravenous use 
(Buprenex ® , 0.3 mg/mL; Temgesic ® , 0.3 mg/mL). More recently, a transdermal 
analgesic formulation has been approved for use (Butrans ® , 5, 10, and 20 μg/h 
7-day patch). Buprenorphine for the treatment of opioid dependence is formulated 
and sold primarily as sublingual tablets but at doses much higher than those mar-
keted for analgesia. Buprenorphine alone (Subutex ® ; 2 and 8 mg tablets) and 
buprenorphine in combination with naloxone (intended to deter parenteral mis-
use; Suboxone ® , 8/2 and 2/0.5 mg buprenorphine/naloxone) are marketed in more 
than 40 countries worldwide. Sublingual tablets of buprenorphine alone are also 
now available in generic formulations. In 2010, a sublingual fi lm was approved 
for use in the treatment of opioid dependence (2/0.5 and 8/2 mg buprenorphine/
naloxone) with the aim of deterring diversion of prescribed buprenorphine [ 11 , 
 12 ]. While the fi lm may dissolve only a bit more quickly than the tablets, its 
mucoadhesive properties make it much more diffi cult to remove from the mouth 
once in place compared to the tablets. Thus, it is hoped that this will further reduce 
the likelihood of buprenorphine diversion from supervised dosing settings. In the 
United States, the parenteral analgesic preparation (Buprenex ® ) is restricted under 
the Controlled Substances Act by the Drug Enforcement Agency where it is listed 
as a Schedule II agent, while the sublingual preparations for opioid addiction are 
registered under Schedule III and, thus, allowed for use in offi ce-based treatment 
of opioid dependence under the Federal Drug Abuse Treatment Act of 2000 [ 13 ]. 
Butrans ® , the transdermal formulation, is also registered under Schedule III but 
cannot be used in offi ce-based treatment of opioid dependence because it is not 
approved with this indication.  

    Pharmacodynamics in Humans: Acute and Chronic 
Dosing Profi le 

 Acute administration of buprenorphine produces a profi le of physiological actions 
consistent with its characterization as having central and peripheral mu opioid 
receptor agonist activity. Buprenorphine produces dose-dependent physiological 
effects, including miosis, slowed gastrointestinal motility, and decreased respiratory 
rate and related indices (e.g., decreased oxygen saturation). There is little evidence 
that buprenorphine reliably alters cardiopressor action (i.e., heart rate or blood pres-
sure) under acute dosing conditions, although heart rate and blood pressure may be 
modestly reduced during chronic administration [ 14 ]. As with other mu opioid ago-
nists, acute doses of buprenorphine can lead to nausea and vomiting, urinary 
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retention, and constipation, and tolerance can develop to some of these effects with 
chronic exposure. This profi le of action has been reported after buprenorphine 
administration by the sublingual, intranasal, subcutaneous, intramuscular, and intra-
venous routes of administration [ 14 – 18 ]. 

 Consistent with its classifi cation as a partial, rather than full, mu agonist [ 19 ], the 
dose response relationship for buprenorphine is often fl attened (rather than showing 
increasing effects proportionate with dose; see schematic in Fig.  12.1 ) or even 
biphasic, whereby effects increase over some portion of the dose range, plateau, and 
then show some decrease in magnitude of response (i.e., the inverted U-shaped dose 
response curve). This profi le of action is highly relevant from a clinical perspective 
because this ceiling or plateau has been reported for the respiratory depressant 
effects of buprenorphine [ 16 ,  20 ], which signifi cantly increases the safety profi le of 
this opioid when compared to full mu opioid agonists. Thus, there is a limit to the 
degree of respiratory depression that can be produced even at very high doses. In 
contrast to many full mu opioid agonists used clinically, buprenorphine given alone 
rarely leads to fatal opioid overdose in adults. However, the risk of overdose in 
adults is signifi cantly increased when taken in combination with other central ner-
vous system depressants, such as benzodiazepines or alcohol, and fatal overdoses 
have been reported for these drug combinations [ 21 – 23 ]. Moreover, there have been 
increasing reports of pediatric overdose [ 24 ,  25 ] from buprenorphine alone due to 
unintentional exposures, highlighting the importance of securing this medication 
away from children.

   Although the marketed sublingual formulations of buprenorphine are solid tab-
lets, many of the key early studies were conducted prior to the development of the 

  Fig. 12.1    A schematic representation of outcomes comparing a full mu agonist (function  A ) to a 
partial mu agonist ( B ,  C , and  D ), whereby functions  B ,  C , and  D  represent differential outcomes 
for the same agent depending on which receptor-mediated response of interest is tested (e.g., anal-
gesia, withdrawal suppression, opioid blockade, respiratory depression). This schematic illustrates 
that, when tested in vivo, a partial agonist may behave similarly to a full agonist, may be compa-
rable to a full agonist over only a portion of the curve, or may reliably produce a lower magnitude 
of effect over the full therapeutic dose range       
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tablet with an aqueous solution (ethanol dissolved) placed and held under the 
tongue. While there are signifi cant differences in regard to the relative bioavailabil-
ity, with the solution having 50 % or greater bioavailability than the tablets on a mg/
mg basis [ 26 – 28 ], their pharmacodynamic profi les (after accounting for this differ-
ential dose exposure) with regard to time action do not appreciably differ for the 
formulations; therefore, studies of both the liquid and solid sublingual formulations 
are reported here. Among individuals with histories of opioid abuse (but without 
physical dependence on opioids), buprenorphine produces a constellation of effects 
consistent with other mu opioid agonists. That is, buprenorphine increases subjec-
tive ratings of agonist-like effects (e.g., itching, nausea, nodding), increases endorse-
ments of more global euphoric effects, such as “liking” for the drug (a standard 
abuse liability outcome), and produces sedation. The time to onset of these effects 
is related to route of administration, with the effects appearing within 30–40 min 
after sublingual administration and peak responses occurring around 2.5–3 h post- 
dosing [ 16 ,  18 ,  20 ,  29 ]. After parenteral administration, the effects appear within 
minutes after injection and generally peak within 1 h of drug administration, 
although peak miotic effects may appear later [ 14 ,  15 ,  30 ]. The duration of action of 
acute doses of buprenorphine is substantial with subjective effects persisting for out 
to 12 h and pupil constriction evident 24 h after a single dose or even longer up to 
48 or 72 h after higher doses [ 14 ,  16 ]. 

 While a ceiling on the magnitude of these subjective responses has been reported 
to occur typically between 8 and 16 mg (as is the case for some physiological out-
comes), the overall magnitude of subjective responses predictive of abuse liability 
are substantial and have been shown to be comparable to acute doses of up to 60 mg 
methadone [ 16 ,  20 ]. Thus, despite its partial agonist profi le, buprenorphine’s phar-
macodynamic profi le suggested that it possessed abuse potential, and its widespread 
availability in some countries has been associated with reports of misuse, abuse, and 
dependence [ 31 – 35 ]. Moreover, reports of buprenorphine misuse by other routes of 
administration, including dissolution of the tablets followed by injection [ 11 ,  35 , 
 36 ] or crushing of the tablets followed by insuffl ation [ 37 – 39 ], are not uncommon. 
While misuse and diversion of buprenorphine is also reported increasingly in the 
United States as its use in opioid dependence treatment has expanded, one study 
reported that buprenorphine was infrequently described as the “opioid of choice” (in 
less than 3 % of the cases) when alternative opioids were available for use [ 40 ]. 
Other studies have suggested one commonly reported reason for misuse is for treat-
ment of withdrawal symptoms rather than to achieve euphoria [ 12 ]. 

 Because of its highly lipophilic nature and high affi nity for binding to the mu 
opioid receptor, it is commonly accepted that displacement of buprenorphine from 
the opioid receptor through treatment with an opioid antagonist will require a higher 
dose of antagonist than needed for reversal of effects of other opioids. One study 
demonstrated this principal by examining the precipitation of opioid withdrawal in 
buprenorphine-maintained individuals (8 mg sublingual solution/day; ~12 mg tab-
let) after administration of a range of opioid antagonist doses [ 41 ]. Signifi cant opi-
oid withdrawal occurred only after challenge with naloxone at 3 and 10 mg/70 kg 
i.m., but not at 0.3 and 1 mg/70 kg. In contrast, naloxone (0.1–0.3 mg/i.m.) is 
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generally suffi cient to produce opioid withdrawal signs and symptoms in  individuals 
dependent on other opioids, such as heroin, methadone, or morphine. 

 There are other clinical implications arising from the high affi nity of buprenor-
phine for and its slow dissociation from the mu receptor. The fi rst issue is the 
decreased effi cacy of an opioid antagonist with lower affi nity to produce full reversal 
of buprenorphine’s action when needed. Thus, in case of buprenorphine overdose, 
in addition to using higher doses of opioid antagonists for reversal and mechanical 
assistance of respiration [ 42 ], studies have suggested that central respiratory stimu-
lants, whose actions are not mediated through the opioid receptor system (e.g., 
doxapram, donepezil) [ 43 ,  44 ], may also be useful. Moreover, because of its long 
duration of action, management of buprenorphine overdose may require more 
sustained treatment with antagonist therapy. The second clinically important issue 
is how one may effectively use other opioid analgesics to treat pain in individuals 
who are maintained on buprenorphine, with some clinical experience suggesting 
that opioids with greater intrinsic activity and/or different receptor kinetics 
(e.g., fentanyl) can achieve analgesia in the presence of buprenorphine.  

    Pharmacodynamics in Analgesia 

 Buprenorphine can be used by the parenteral, sublingual, rectal, or transdermal 
routes for analgesia. It may be used as a preanesthetic analgesic, as a supplement to 
anesthesia and also for postsurgical analgesia. This discussion is signifi cantly abbre-
viated as two preceding chapters in this volume describe the use of buprenorphine 
as an analgesic in great detail. Buprenorphine is generally estimated to be between 
25 and 40 times more potent than morphine as an analgesic [ 2 ]. The typical intrave-
nous dose is 0.3 mg with repeated dosing every 6–8 h, while the sublingual dose is 
between 0.2 and 0.8 mg every 6–8 h; in both cases, the doses are substantially lower 
than those used for the treatment of opioid dependence. Based on these recom-
mended dosing regimens, it is evident that the duration of action of buprenorphine 
for producing analgesic effects is much shorter than would be predicted by its half- 
life estimates. Moreover, in contrast to the reported partial agonist effects of 
buprenorphine on measures such as respiratory depression, use of buprenorphine 
for analgesia occurs over the lower end (and linear portion) of the dose response 
curve where buprenorphine is reported to behave as a full opioid agonist with regard 
to its analgesic effi cacy (see Fig.  12.1 ) [ 45 ].  

    Pharmacodynamics in Opioid Dependence 

 Double-blind clinical trials have demonstrated that buprenorphine is effi cacious in 
reducing illicit opioid use in individuals with opioid dependence [ 46 – 49 ]. The phar-
macodynamic properties of buprenorphine that underlie its effi cacy include (1) the 
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ability to suppress withdrawal signs and symptoms, thereby stabilizing physical 
dependence, (2) an unusually long duration of action that allows for daily or less- 
than-daily dosing, (3) the ability to produce cross-tolerance (also termed “block-
ade”) which blunts or eliminates the response to illicitly used opioids, which leads 
to (4) decreased illicit opioid use. Each of these key pharmacologic characteristics 
has been investigated and characterized in clinical studies. 

 The earliest work with buprenorphine in humans that characterized the drug as 
having morphine-like effects supported the notion that buprenorphine, like metha-
done (which was already in use at the time for the treatment of opioid dependence 
[ 50 ]), could substitute for other opioids, such as heroin, and thereby suppress opioid 
withdrawal upon cessation of opioid use [ 14 ]. However, as buprenorphine possessed 
lower intrinsic activity compared to full agonists, it was recognized early on that the 
transition onto buprenorphine from another opioid could itself be associated with a 
risk of precipitating opioid withdrawal. Receptor theory suggested that binding to 
the mu opioid receptor by a partial agonist with reduced intrinsic activity along with 
the subsequent displacement of a mu agonist possessing greater intrinsic activity 
could lead to a net overall decrease in agonist effect, and, under some circumstances, 
be expressed as precipitated withdrawal. 

 Numerous human laboratory studies have been conducted to characterize the 
critical underlying factors in determining whether buprenorphine administration 
will produce precipitated withdrawal in opioid-dependent subjects; this issue repre-
sented a signifi cant clinical concern related to the comfortable initiation of buprenor-
phine treatment in patients with variable use of different opioids (e.g., heroin, 
methadone) presenting for treatment. Studies have shown that subjects maintained 
on methadone and then given buprenorphine may, in some cases, show no change in 
status while others exhibit precipitated withdrawal symptoms. For example, when 
buprenorphine was introduced to subjects maintained on a lower dose of methadone 
(i.e., 30 mg) at 20 h [ 51 ] or 24 h [ 52 ] after methadone dosing, there was no evidence 
of precipitated withdrawal. However, when buprenorphine challenges were given at 
2 h [ 53 ] or 40 h [ 54 ] after methadone administration, signifi cant precipitated with-
drawal was observed. In the latter study, maintenance on methadone at 30 and 
60 mg/day were examined, and the magnitude of the signs and symptoms was 
related both to maintenance dose of methadone and buprenorphine doses [ 54 ]. That 
is, subjects maintained on 60 mg exhibited greater withdrawal compared to those 
maintained on 30 mg, and higher doses of buprenorphine (8 mg, sublingual) pro-
duced worse symptoms compared to lower doses (2 and 4 mg, sublingual). Studies 
have examined the effect of challenging with a range of doses of buprenorphine/
naloxone in subjects maintained on buprenorphine and revealed no evidence of pre-
cipitated withdrawal [ 55 ]. Finally, studies examining the effect of buprenorphine 
administration to subjects maintained on shorter acting opioids (e.g., morphine 
[ 56 – 58 ] or heroin [ 59 ]) have generally demonstrated that this is readily tolerated 
and unlikely to lead to precipitated withdrawal. The general underlying principal to 
avoid precipitated withdrawal, regardless of the opioid on which that individual is 
physically dependent, is to introduce buprenorphine under conditions when one 
would expect to have fewer opioid receptors occupied. Thus, the common practice 
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of requiring patients to be in mild withdrawal prior to induction onto buprenorphine 
ensures decreased receptor occupancy at the time of fi rst buprenorphine dose. 
Another study capitalized on this same principal by modifying the rate at which 
buprenorphine was introduced to avoid precipitated withdrawal. In that study, sub-
jects were maintained on 100 mg of methadone and challenged with ascending 
doses of buprenorphine [ 60 ]. This is a clinically relevant study because transferring 
patients from methadone to buprenorphine is more diffi cult than transferring 
patients from other mu agonists that have a much shorter half-life, and current clini-
cal guidelines recommend that attempts to start buprenorphine should not occur 
until patients are on 30–40 mg of methadone daily. This is sometimes intolerable to 
patients either transferring from a methadone treatment program or for those whose 
primary opioid of abuse is illicit methadone. In order to determine if patients may 
be able to transfer to buprenorphine from higher methadone doses, this study fi rst 
determined the specifi c sublingual buprenorphine dose that reliably precipitated 
withdrawal for each subject when given 24 h after their last 100 mg dose of metha-
done. Then, that same dose was administered on another occasion but was given as 
two  divided  doses separated by 2 h (thereby decreasing the immediate infl ux of 
buprenorphine into the central nervous system); the withdrawal syndrome was com-
pletely avoided. Thus, giving 8 mg all at once produces very different pharmacody-
namic effects than giving 4 mg followed by another 4 mg. The latter is much less 
likely to produce uncomfortable withdrawal symptoms and supports the clinical 
guidances of giving 2–4 mg of buprenorphine during induction. However, there 
remains a lack of US guidances for transferring from high dose methadone. 

 The fi rst demonstration of buprenorphine “blockade” of opioid effects was 
reported in the seminal work by Jasinski and colleagues conducted at the Lexington 
Narcotic Prison Farm Hospital [ 14 ]. Subjects in this study were maintained on 
buprenorphine (up to 8 mg, given as once daily subcutaneous injection) and tested 
with varying morphine doses given within a few hours of buprenorphine. These 
authors reported that blockade of morphine doses up to 120 mg (subcutaneous) was 
nearly complete. In a subsequent study, a range of buprenorphine maintenance doses 
(2, 4, 8, and 16 mg, sublingual) was explored for their ability to block the pharmaco-
dynamic effects of hydromorphone [ 61 ]. It was demonstrated that the effi cacy of 
buprenorphine to blunt hydromorphone effects (administered at 24 h after dosing) 
was systematically related to buprenorphine maintenance dose with the lowest dose 
producing the least protection and the highest dose producing nearly complete 
blockade. Another study examined the effects of hydromorphone challenge doses in 
a small cohort of subjects maintained on 2, 6, or 12 mg sublingual buprenorphine 
[ 62 ]. This study confi rmed the dose-dependent nature of buprenorphine blockade but 
also explored its duration. Using a single-blind procedure whereby the placebo dose 
was substituted for the regularly scheduled dose of buprenorphine for 3 consecutive 
days, this study reported that buprenorphine could produce blockade of the “high” 
from hydromorphone for up to 72 h after the last active dose. Similarly, the dose-
related opioid blockade produced by buprenorphine administration has been reported 
after acute dosing with buprenorphine in nondependent individuals [ 20 ] and after 
maintenance on the buprenorphine/naloxone combination [ 63 ]. 
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 The important clinical consequence of buprenorphine-induced opioid blockade 
or cross-tolerance is attributable to the fi nding that a reduction in the positive 
euphoric effects of other opioids in the presence of buprenorphine maintenance 
leads to reduced opioid drug taking, a critical clinical target. Pivotal early work by 
Mello and colleagues demonstrated that subjects maintained on buprenorphine 
worked to self-administer signifi cantly less heroin compared to the placebo mainte-
nance condition [ 64 ,  65 ]. Moreover, this work revealed that the magnitude of heroin 
self-administration suppression was systematically related to buprenorphine dose, 
with higher doses producing greater suppression. More recent studies have expanded 
these observations to demonstrate dose-dependent reductions of heroin self- 
administration through maintenance on sublingual buprenorphine [ 66 ] and 
buprenorphine/naloxone [ 67 ]. Importantly, these studies were done with buprenor-
phine maintenance doses that were all effective at suppressing withdrawal, remind-
ing clinicians that the buprenorphine dose that suppresses withdrawal is not the 
same dose that produces opioid blockade. For patients with continued illicit opioid 
use, an important question to ask is whether they are getting positive effects from 
the illicit opioid use; a patient who continues to have positive drug effects from the 
illicit opioids should be strongly considered for a maintenance dose increase 
(assuming the patient is adhering to the current dose prescribed). 

 Early animal laboratory studies reported that chronic administration of buprenor-
phine produced limited physical dependence [ 2 ,  3 ]. Clinical studies indicate that 
buprenorphine does produce a physical dependence syndrome and that, while abrupt 
withdrawal from buprenorphine produces typical opioid-like withdrawal signs and 
symptoms (i.e., mydriasis, chills, gastrointestinal distress, urges to use opioids), the 
intensity of the withdrawal syndrome is mild compared to that measured after abrupt 
withdrawal from full mu opioids agonists [ 14 ,  68 ]. Observable withdrawal signs are 
less prominent than subjective complaints of withdrawal following abrupt discon-
tinuation. Studies indicate that signs and symptoms typically peak between 3 and 5 
days post-dosing and may persist for more than 1 week, but clinical reports suggest 
that the peak withdrawal may occur a bit later. Although the lower intrinsic activity 
of buprenorphine is likely largely responsible for the observation that withdrawal 
from buprenorphine is milder compared to withdrawal from full agonists, it is also 
likely that its long duration of action and slow dissociation from the receptor serve 
to moderate the intensity of the opioid withdrawal syndrome; however, these com-
parative data should not be interpreted to suggest that patients will discontinue 
buprenorphine with ease as they will experience withdrawal and should be informed 
of this if they intend to discontinue therapy. 

 As buprenorphine was recognized as having intrinsic abuse liability, the 
buprenorphine/naloxone combination product was developed as an abuse-deter-
rent formulation similarly to the pentazocine/naloxone combination product, 
which preceded it. As naloxone is known to have poor sublingual bioavailability 
[ 69 ], incorporation of lower naloxone doses in the sublingual buprenorphine for-
mulation is essentially inert when taken by the intended route of administration. 
However, in the event of misuse by the parenteral route, naloxone would be func-
tionally 100 % bioavailable, thereby likely to precipitate withdrawal and act as a 
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deterrent to parenteral misuse in individuals with opioid dependence. Several 
early studies were designed to identify the best ratio of buprenorphine:naloxone 
to ensure that the combination product would perform as intended [ 52 ,  55 ,  57 , 
 59 ]. Ultimately, a 4:1 ratio of buprenorphine:naloxone was selected for develop-
ment of a commercial product as 2/0.5 and 8/2 mg sublingual tablets. Indeed, 
studies have shown that the inclusion of naloxone does not generally alter the 
bioavailability or pharmacodynamic actions of buprenorphine by either the sub-
lingual [ 27 ], intranasal [ 17 ], or parenteral routes when given to individuals who 
are not physically dependent on opioids, which suggests limited abuse deterrence 
advantage for this formulation over the buprenorphine only product in this popu-
lation. In contrast, when the combination product is administered parenterally to 
opioid-dependent individuals, buprenorphine/naloxone produces a robust and 
immediate precipitated withdrawal syndrome under conditions where buprenor-
phine alone does not [ 70 ]. It is not known whether this also occurs when buprenor-
phine/naloxone is taken by the intranasal route but recent work in nondependent 
subjects is suggestive that it may occur as intranasal bioavailability of naloxone 
was relatively high [ 17 ].  

    Pharmacokinetics 

    Absorption 

 Parenteral solution products formulated for the treatment of pain are expected to 
have 100 % bioavailability. Sublingual bioavailability of buprenorphine in a buff-
ered aqueous solution was estimated to be approximately 55 % [ 10 ]. Although sev-
eral studies have compared the sublingual bioavailability of the aqueous ethanol 
solution of buprenorphine, few published studies have directly examined the bio-
availability of the marketed tablets. Nath and colleagues [ 26 ] estimated that the 
bioavailability of the sublingual buprenorphine tablets may be as low as 15 % 
through extrapolation to previously published intravenous data. The presence of 
naloxone does not substantially alter absorption of buprenorphine; however, some 
data suggest that the combination product may actually have slightly higher bio-
availability than the buprenorphine only product [ 71 ]. Data on the bioavailability of 
the sublingual fi lm administration has not yet been published; however, the manu-
facturer’s package insert suggests it may be slightly higher than that of the tablet but 
does not recommend dose reductions if switching from the tablet to the fi lm (can be 
found at   http://www.suboxone.com/    ). The bioavailability of the transdermal 
buprenorphine patch is approximately 15 % following a 7-day application of the 
patch [ 72 ], and absolute transdermal absorption may be dependent on patch place-
ment (e.g., upper back > abdomen ≥ thigh > patella). Thus, patient compliance with 
manufacturer recommended patch placement is important to achieve optimal 
 analgesic relief.  
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    Distribution 

 Following intravenous administration of buprenorphine, the time-to-peak plasma 
concentration ( T  

max
 ) occurs within minutes of infusion (see Table  12.1 ). Following 

sublingual administration (tablet or fi lm) of doses used for opioid dependence treat-
ment (4–24 mg), maximal plasma concentrations are dose dependent (but not neces-
sarily dose proportional) and reached within approximately 60–90 min after dosing 
(see Table  12.1 ) [ 26 ,  27 ,  71 ,  73 ,  74 ]. The 2/0.5 mg dose of the sublingual fi lm may 
result in slightly higher maximal plasma concentrations compared to the tablet; 
whereas, after 8/2 mg, the fi lm reliably has higher plasma concentrations than the 
tablet [ 75 ]. Maximal plasma concentrations of buprenorphine for the sustained 
release patch were reached after 108 h following a 5 μg/h patch.

   Buprenorphine is 96 % protein bound, primarily binding to alpha and beta globu-
lin [ 76 ]. Buprenorphine (in either its base or hydrochloride form) is highly lipo-
philic (p K a = 8.5) with octanol:water and octanol:buffer partition coeffi cients 
ranging from 427 to 1,943 [ 77 – 79 ]. The elimination of buprenorphine from plasma 
follows a three-compartment model, with buprenorphine initially distributed cen-
trally followed by distribution to the tissue, then to bone or fat [ 80 – 82 ]. It readily 
distributes throughout the blood and crosses the blood brain barrier to the central 
nervous system. The volume of distribution of intravenous buprenorphine is approx-
imately 335–430 L, suggesting that buprenorphine is distributed extensively 
throughout the body [ 83 ]. While one study reported a lower volume of distribution 
(188 L) after intravenous administration; these data were collected while patients 
were under anesthesia, which can slow blood fl ow resulting in reduced distribution 
[ 80 ]. In vitro skin fl ux experiments demonstrated that skin fl ux of buprenorphine is 
0.093–2.4 μg/cm 2 /h [ 78 ,  79 ], and the variability may be due to differential prepara-
tion of the skin samples (i.e., cadaver vs. fresh skin samples).  

    Metabolism 

 Buprenorphine is metabolized primarily in the liver by cytochrome P450 (CYP) 
3A4 with CYPs 3A5, 3A7, and 2C8 playing minor roles in its metabolism [ 84 ,  85 ]. 
Buprenorphine is metabolized through glucuronidation and dealkylation forming 
the major metabolites of buprenorphine-3-glucuronide and norbuprenorphine, 
respectively. While additional metabolites have been identifi ed (see Fig.  12.2 ); nor-
buprenorphine is the only metabolite identifi ed as pharmacologically active [ 77 ], 
and the clinical signifi cance, if any, of the others has not been determined [ 84 ]. As 
described earlier, buprenorphine has low oral bioavailability due to its extensive 
fi rst-pass hepatic metabolism. One recent retrospective study examined buprenor-
phine metabolism in opioid-dependent, buprenorphine-maintained individuals and 
reported higher area-under-the-curve values for females compared to males for the 
parent drug and its two major metabolites. However, after correction for body 
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     Table 12.1    Summary of key pharmacokinetic outcomes for buprenorphine sublingual tablets, 
sublingual fi lm, parenteral solution, and transdermal patch   

 Buprenorphine for opioid dependence  Dose (mg) 
  C  max  
(ng/mL)   T  max  (h)     AUC* 

  T  1/2  
(h) 

  Sublingual tablet  
 Nath et al. [ 26 ]  8  2.9  1.2  13 1   n/a 
 Schuh and Johanson [ 28 ]  8  3.0  2.0  1.2 2   n/a 
 Harris et al. [ 27 ]  16  5.5  1.0  33 3  

 4/1  1.8  1.1  13  n/a 
 8/2  3.0  1.0  20  n/a 
 16/4  6.0  0.8  35  n/a 

 Strain et al. [ 71 ]  8  2.1  1.0  1.1 1,a   n/a 
 8/2  2.8  1.1  1.4  n/a 

 Chawarski et al. [ 111 ]  16  3.7  n/a  31 4   n/a 
 24  6.6  n/a  56  n/a 
 32  6.2  n/a  54  n/a 

 Ciraulo et al. [ 74 ]  4  2.0  1.1  9.4 1   n/a 
 8  2.7  1.2  20  n/a 
 16  4.4  0.9  35  n/a 
 24  5.4  0.9  49  n/a 
 4/1  2.3  1.0  13  n/a 
 8/2  3.5  1.0  23  n/a 
 16/4  5.8  1.1  39  n/a 
 24/6  6.4  1.0  48  n/a 

 Compton et al. [ 112 ]  8  10  1.2  70 4   n/a 
 Huang et al. [ 113 ]  16/4  4.5  0.9  32 4   n/a 
 Greenwald et al. [ 114 ]  16  3.9  2.2  42 4   22 
 Simojoki et al. [ 115 ]  24  9.6  1.7  108 1   n/a 

  Sublingual fi lm  
 Australian Government Department of 

Health and Ageing [ 75 ] 
 2/0.5  1.0  1.5  8.7 1   33 
 4/1  1.4  1.5  14  n/a 
 8/2  3.4  1.3  31  33 
 12/3  4.1  1.5  41  n/a 
 16/4  6.1  1.3  53  n/a 

 Buprenorphine for analgesia 

  Intravenous solution  
 Kuhlman et al. [ 83 ]  1.2  38  0.04  17 1   3.2 
 Bullingham et al. [ 80 ]  0.3  18  n/a  n/a  2.2 
 Escher et al. [ 105 ]  0.15  n/a b   n/a  35 5   2.8 
 Middleton et al. (unpublished data)  0.8  30  0.03  12 2   1.9 
  Transdermal patch  
 Purdue Pharma, Butrans Package Insert  5 μg/h  0.2  n/a  12 1   n/a 

 10 μg/h  0.2  n/a  27  n/a 
 20 μg/h  0.5  n/a  54  n/a 

   *see superscripts for units
1h*ng/ml, 2ng/ml, 3µg*h/L, 4ng/ml*h, 5ng*ml/h
aarea-under-the-curve 0-6 hrs 
bvalue removed due to discrepancy in manuscript
n/a-not applicable  
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weight, only minor differences in norbuprenorphine area-under-the-curve estimates 
remained, suggesting that the differences may be related primarily to body compo-
sition rather than metabolic patterns [ 86 ]. In patients with severe chronic liver dis-
ease, CYP 3A expression is reduced [ 87 ,  88 ], but the effect of decreased CYP 3A 
expression on buprenorphine metabolism has not been determined. However, 
patients with liver disease to whom buprenorphine or buprenorphine/naloxone is 
prescribed should be monitored carefully as concentrations of both drugs could be 
higher than expected in the presence of hepatic impairment.

   As buprenorphine is metabolized primarily by hepatic CYP 3A4, patients taking 
buprenorphine requiring additional medications that inhibit or induce activation of 
CYP 3A4 should be monitored. Common medications for the treatment of HIV 
(i.e., protease inhibitors, nonnucleoside reverse transcriptase inhibitors, and nucleo-
side reverse transcriptase inhibitors) are often metabolized through the CYP 3A4 
enzyme. For example, the CYP 3A4 inhibitors, delavirdine and ritonavir, can 
increase buprenorphine plasma concentrations but without clinically signifi cant 
alterations in therapeutic response [ 89 ,  90 ]. Efavirenz, a CYP 3A4 inducer, was 
shown to decrease buprenorphine concentrations but not suffi ciently so as to induce 
opioid withdrawal [ 89 ], while coadministration of other CYP 3A4 inducers (e.g., 
nevirapine) did not alter buprenorphine concentrations [ 91 ]. Other commonly used 
HIV medications have been tested and found to have no clinically signifi cant inter-
actions in patients maintained on buprenorphine [ 92 – 95 ]. Therefore, the need to 
adjust dosing when using buprenorphine in combination with antiretrovirals may be 
uncommon; however, patients should be monitored carefully for toxicity and/or 
withdrawal whenever introducing new concomitant medications. The risk of drug–
drug interactions with buprenorphine is described in greater detail in a later chapter 
in this same volume. 

 Of greatest clinical concern are the risks arising from drug–drug interactions 
between buprenorphine and central nervous system depressants, including benzodi-
azepines or alcohol. It is not uncommon for opioid-dependent patients to have 

  Fig. 12.2    Proposed metabolic pathways for buprenorphine enzymatic transformations       
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problems with sleep and anxiety; while benzodiazepines can be prescribed for anxi-
ety and sleep, the illicit combination of benzodiazepines with opioids is a com-
monly preferred drug combination in this population. However, whether licit or 
illicit, the risks of combining benzodiazepines with buprenorphine are signifi cant 
and sometimes fatal [ 96 – 98 ]. In some instances, drug–drug interactions between 
these classes may be mediated at the metabolic level (i.e., because they both act as 
substrates at the same enzyme as with midazolam [ 99 ]); however, in others the 
interaction is purely pharmacodynamic (i.e., a synergistic or additive effect in 
absence of a common metabolic pathway). In either case, laboratory studies with 
nonhuman and human subjects have reported potentiation of the psychomotor 
impairing [ 100 ,  101 ] and respiratory depressant effects [ 102 ,  103 ]. Therefore, rec-
ommendations against co-prescribing of benzodiazepines have emerged in the lit-
erature, while others have argued that it can be safely accomplished under carefully 
selected and supervised conditions; recommendations for clinical management 
have been recently published [ 104 ].  

    Excretion 

 The initial plasma half-life of buprenorphine following intravenous buprenorphine 
(0.3 or 1.2 mg) ranges from 1.9 to 3.2 h [ 80 ,  83 ,  105 ], while the plasma terminal 
half-life of buprenorphine following sublingual (tablet and fi lm) and transdermal 
buprenorphine administration is between 22 and 48 h (see Table  12.1 ). 
Buprenorphine (and/or its metabolites) is excreted in urine, feces, and breast milk. 
Free buprenorphine is not present in urine after sublingual administration; however, 
conjugated buprenorphine and norbuprenorphine are present in low amounts (1.9–
14.3 %; [ 106 ]). Norbuprenorphine-3-glucuronide is the primary metabolite present 
in plasma and urine [ 113 ]. The effect of renal insuffi ciency on buprenorphine excre-
tion has not been examined; however, the small role of the kidney in buprenorphine 
excretion suggests that renal insuffi ciency should not signifi cantly alter buprenor-
phine excretion. The majority (~70 %) of free buprenorphine and norbuprenorphine 
along with their conjugates are found in feces following sublingual buprenorphine 
administration [ 106 ,  107 ]. The presence of free buprenorphine and norbuprenor-
phine in feces may be due to hepatobiliary recirculation where the conjugated 
metabolites of buprenorphine are excreted into the bile and hydrolyzed in the gas-
trointestinal tract. Buprenorphine and norbuprenorphine can also be excreted in 
breast milk, and while the concentrations of buprenorphine and norbuprenorphine 
in breast milk that would be ingested by the infant are comparatively low [ 108 , 
 109 ], the effects on the infant have not been completely characterized. However, 
buprenorphine maintenance of opioid-dependent pregnant women has recently 
been demonstrated to lead to improved neonatal outcomes, including a shorter dura-
tion of neonatal abstinence syndrome and signifi cantly reduced length of stay in the 
hospital, in comparison to neonates born to methadone-maintained mothers [ 110 ].   
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    Summary 

 In summary, buprenorphine is a semi-synthetic opioid that is unique in its pharma-
cological profi le as a partial mu opioid agonist with an unusually long duration of 
action. These characteristics have led to the development of buprenorphine in vari-
ous marketed formulations effi cacious for the treatment of acute and chronic pain 
and for the treatment of opioid dependence. Its partial agonist properties confers an 
additional safety advantage over full agonists as it produces limited respiratory 
depression; however, the risk for adverse outcomes is increased with concomitant 
use of central nervous system depressants. Its long duration of action allows its use 
in the treatment of opioid dependence on a once daily basis. In opioid dependence, 
buprenorphine effectively suppresses opioid withdrawal and at higher doses pro-
duces opioid blockade/cross-tolerance to blunt the effects of other opioids, leading 
to reductions in illicit opioid use. It has a favorable metabolic profi le as many of the 
drug–drug interactions observed have not led to clinically important alterations in 
therapeutic response. Thus, the clinical utility of buprenorphine is characterized 
by high effi cacy as an analgesic and opioid replacement therapy and an excellent 
safety profi le.     
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           Metabolism 

 The metabolism of buprenorphine involves both Phase I type reactions that are cata-
lyzed by cytochrome P450 (CYP) enzymes and Phase II type reactions that are cata-
lyzed by UDP-glucuronosyltransferase (UGT) enzymes [ 1 ]. There is also a 
signifi cant enterohepatic recirculation of glucuronidated products. This profi le of 
biotransformation is generally similar in all mammals except cats, which lack or 
only poorly express UGT enzymes. 

 Buprenorphine undergoes a large fi rst-pass effect. Following oral administration, 
a signifi cant amount of administered buprenorphine is metabolized within the stom-
ach, the upper intestinal tract, and the liver. This extensive fi rst-pass metabolism is 
accompanied by a marked enterohepatic cycling with biliary excretion of buprenor-
phine glucuronide and possibly hydrolysis in the lower gastrointestinal tract [ 2 – 4 ]. 
The extensive fi rst-pass metabolism of buprenorphine limits its widespread use as 
an oral medication. However, sublingual and transdermal patch formulations have 
been developed in order to overcome this practical impediment. 

 The overall metabolic pathways of buprenorphine in humans [ 5 ] are summarized 
in Fig.  13.1 . The major Phase I type reaction involves  N -dealkylation of parent drug 
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to  N -dealkyl buprenorphine, a major metabolite that is commonly termed Nor- 
buprenorphine or norbuprenorphine. Nor-buprenorphine is further biotransformed 
in a Phase II type reaction (primarily glucuronidation) to Nor-buprenorphine gluc-
uronide. Parent buprenorphine is also glucuronidated to buprenorphine glucuro-
nide. These two metabolic pathways are well documented to occur in humans and 
the  N -dealkylation and glucuronidation reactions lead to buprenorphine’s three 
major metabolites in humans: buprenorphine glucuronide, Nor-buprenorphine, and 
Nor- buprenorphine glucuronide. These three are the predominant metabolites in 
humans. Following acute dosing, only small amounts (negligible amounts at low 
analgesic doses) of these metabolites are measurable in plasma [ 6 ]. Following more 
chronic administration, the plasma concentration of Nor-buprenorphine metabolite 
can equal or even exceed that of parent drug [ 7 ,  8 ]. Recently it was discovered [ 5 ] 
that Phase I reactions also generate hydroxy-buprenorphine and hydroxyl-Nor-
buprenorphine, which undergo Phase II transformations that yield hydroxyl-
buprenorphine-glucuronide and hydoxy-Nor-buprenorphine-glucuronide.

   Of signifi cant clinical importance, buprenorphine is not a substrate for the CYP 
2D6 isozyme, which is a common Phase I biotransformation pathway for many cur-
rently used drugs. 

 In feces, the amount of buprenorphine plus buprenorphine glucuronide greatly 
exceeds that of Nor-buprenorphine. The opposite is the case in the urine, where the 
amount of Nor-buprenorphine greatly exceeds the amount of buprenorphine 
glucuronide. 

  Fig. 13.1    Metabolic pathways of buprenorphine in humans       
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 The major CYP isozymes involved in the Phase I biotransformation reactions of 
buprenorphine to Nor-buprenorphine are CYP 3A4, CYP 2C8, CYP 3A5, and CYP 
3A7 [ 9 ] (Fig.  13.2 ). CYP 3A4 accounts for the majority of this biotransformation, 
estimated at 65–75 % [ 9 ]. CYP 2C8 accounts for most of the remainder (about 
25–30 %). CYP 3A5 and 3A7 account for only a small amount.

   The metabolism and excretion of buprenorphine and metabolites in human urine 
following subcutaneous, oral, and sublingual administration was reported by Cone 
et al. [ 9 ]. The participants in the study were healthy male volunteers between the 
ages of 21 and 45 years. The results are shown in Figs.  13.3 – 13.5 .

     The only metabolite of buprenorphine known to have pharmacological activity is 
Nor-buprenorphine (e.g., [ 10 – 12 ]). In vitro, Nor-buprenorphine exhibits high affi nity 
for μ (mu), δ (delta), and κ (kappa) opioid receptors and lower affi nity for NOP (for-
merly termed ORL1) receptors in CHO (Chinese hamster ovary) cells transfected 
with human receptors. The affi nity of Nor-buprenorphine is similar to that of buprenor-
phine in these assays, with, in general, an apparently greater effi cacy than buprenor-
phine [ 10 ]. Both produce an antinociceptive effect following subcutaneous 
administration in the mouse abdominal constriction test; the antinociceptive ED 

50
  

value was 0.07 mg/kg at 25 min for buprenorphine and 0.21 mg/kg for Nor- 
buprenorphine [ 10 ]. However, compared to buprenorphine Nor-buprenorphine is con-
siderably less lipophilic and therefore Nor-buprenorphine does not readily cross the 
blood–brain barrier in measurable amounts, at least not following acute administra-
tion of buprenorphine [ 13 ,  14 ]. The contribution of Nor-buprenorphine to buprenor-
phine’s clinical therapeutic or safety characteristics is still a subject of investigation. 

    Hepatic or Renal Insuffi ciency 

 The pharmacokinetics of buprenorphine and its metabolites does not change to a 
great extent in patients who have renal impairment or even renal failure [ 15 – 17 ]. As 
described by Böger [ 18 ], buprenorphine, in contrast to morphine which is 

  Fig. 13.2    The relative contribution of CYP 3A4 (ribbon representation shown at right with heme 
group in center), CYP 2C8, and minor isozymes CYP 3A5 and CYP 3A7 to the biotransformation 
of buprenorphine to Nor-buprenorphine       
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  Fig. 13.3    Urinary excretion of conjugated buprenorphine (CB), Nor-buprenorphine free (NF), and 
Nor-buprenorphine conjugate (NC) following subcutaneous (SC), oral (PO), and sublingual (SL) 
administration in human volunteers       
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  Fig. 13.4    Urinary excretion of conjugated buprenorphine (CB), Nor-buprenorphine free (NF), and 
Nor-buprenorphine conjugate (NC) following subcutaneous (SC), oral (PO), and sublingual (SL) 
administration in human volunteers       
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metabolized to a toxic metabolite (morphine-6-glucuronide; M-6-G) that accumu-
lates in renal failure with the potential to cause severe adverse effects [ 19 – 21 ], 
buprenorphine undergoes enterohepatic recirculation and is excreted unchanged to 
a signifi cant extent in the feces. Nor-buprenorphine, which accounts for about 30 % 
of total buprenorphine metabolism, is only weakly active and it is not thought to 
contribute to toxicity. Thus, excretion in bile and an only weakly active major 
metabolite prevents accumulation or toxicity by buprenorphine in patients with 
renal dysfunction (Fig.  13.6 ). In a multiple-dosing study [ 22 ], plasma concentra-
tions of buprenorphine glucuronide and Nor-buprenorphine were higher by 4- and 
15-fold, respectively, but did not lead to clinically relevant effects.

  Fig. 13.5    Urinary excretion of conjugated buprenorphine (CB), Nor-buprenorphine free (NF), and 
Nor-buprenorphine conjugate (NC) following subcutaneous (SC), oral (PO), and sublingual (SL) 
administration in human volunteers       
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  Fig. 13.6    The major difference between buprenorphine and morphine metabolism in renal 
impairment       

Morphine

Buprenorphine 

M-3-G, M-6-G (toxicity)

Nor-BUP (weak activity) Bile

 

 

13 Buprenorphine Metabolism and Drug–Drug Interactions



188

       Pregnancy and Breastfeeding 

 Due to the fact that buprenorphine is being used to help manage opioid addiction, 
the metabolism of buprenorphine in pregnant women is of special concern. 

 The urinary excretion of buprenorphine and its metabolites in 9 women 22–32 
years of age receiving buprenorphine for maintenance treatment was studied [ 23 ]. 
The mean dose of buprenorphine was 15–18 mg/day during each trimester and post-
partum period. The primary metabolite identifi ed in the urine of these women was 
Nor-buprenorphine-glucuronide and it exceeded the concentration of buprenor-
phine glucuronide in 99 % of the collected specimens. Buprenorphine and buprenor-
phine glucuronide are found in only low concentrations [ 24 ]. 

 By far the primary buprenorphine metabolite formed by the human placenta is 
Nor-buprenorphine and CYP 19 (aromatase) is the major isozyme that catalyzes this 
biotransformation in human placentas [ 25 ] from about 17 weeks of gestation until 
term [ 26 ] (Fig.  13.7 ).

   In a study of nursing mothers who were on buprenorphine maintenance therapy 
[ 27 ], buprenorphine and Nor-buprenorphine were detected in the breast milk 2 h 
after the administered dose and they were present in higher amounts than in the 
maternal plasma over 24 h. The extent of transfer of ingested drug in any individual 
fetus depends on multiple physiological parameters of the mother and fetus. In this 
study, four of six infants demonstrated mild signs of opioid abstinence on the sec-
ond day. Morphine replacement therapy was required in one, but no other problems 
arose in the fi rst week of life and development was uneventful and within normal 
range at follow-up visit 1 month later. The authors conclude that nursing infants’ 
exposure to buprenorphine in breast milk is low compared to the maintenance dose 
in the mother and that there is no pharmacokinetic or clinical reason to discourage 
mothers receiving buprenorphine from breastfeeding their infants.   

    Drug–Drug Interactions 

 Buprenorphine drug–drug interactions can occur through several mechanisms. The fol-
lowing sections summarize some of the more commonly encountered interactions. 

  Fig. 13.7    The major 
buprenorphine metabolite in 
human placenta is 
Nor-buprenorphine       
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    Cytochrome P450 Inhibitors and Inducers 

 As previously described, buprenorphine is metabolized primarily by cytochrome 
oxidase isoform CYP3A4. Thus, compounds that can affect the activity of CYP3A4, 
whether they are inducers or inhibitors of CYP3A4, have the potential to alter the 
pharmacokinetics of buprenorphine (Table  13.1 ). During such combination drug 
therapy, monitoring and possibly changes in dosage of either compound might be 
required.

       Antiretrovirals 

 In the United States, approximately 38 % of opioid-dependent Americans are 
infected with HIV [ 28 ]. Therefore, physicians can be confronted with the challenge 
of treating both conditions in the same individual. Coadministration of therapies is 
important and failure to administer one or the other can have severe clinical conse-
quences [ 29 – 31 ]. For example individuals not being treated for their substance 
dependence can have behavioral fl uctuations that can decrease adherence to the 
complex therapies required for HIV treatment and result in poor treatment outcomes 
[ 32 – 35 ]. Unwarranted excess concern is also not helpful, leading to under-dosing, 
poor compliance, reduced effectiveness [ 30 ,  36 – 38 ], and even relapse [ 39 ,  40 ]. 

 Several antiretroviral medications are substrates of CYP450 3A4 and have been 
shown to inhibit the activity of CYP3A4 in vitro (Table  13.2 ).

      Antiretroviral Protease Inhibitors 

 Protease inhibitors (PIs) are known to affect the CYP450 system (Table  13.2 ). Not 
all act on CYP3A4 in the same manner, so they must be considered individually. For 
example, the CYP3A4 inhibitors darunavir, nelfi navir, lopinavir/ritonavir, ritonavir 

   Table 13.1    Some inducers and inhibitors of CYP3A4 that might affect the metabolism 
of buprenorphine   

 Common CYP3A4 inducers  Common CYP3A4 inhibitors 

 HIV protease inhibitors  Azole antifungals (e.g., ketoconazole) 
 Non-nucleoside reverse transcriptase 

inhibitors 
 Macrolide antibiotics (e.g., erythromycin) 
 HIV protease inhibitors 
 Benzodiazapines  Phenobarbital 

 Phenytoin 
 Rifampin 
 Carbamazepine 
 Cocaine 
 St. John’s Wort 

13 Buprenorphine Metabolism and Drug–Drug Interactions



190

[ 42 ,  43 ], and inducer tipranavir [ 44 ] have minimal clinical effects on buprenor-
phine’s pharmacokinetics or pharmacodynamics. Other PIs, such as the CYP3A4- 
inhibiting atazanavir or atazanavir/ritonavir, displayed no interaction in one study 
[ 45 ], but post-marketing reports suggest that dose reduction of buprenorphine might 
be warranted when atazanavir is co-prescribed with buprenorphine [ 46 ].  

    Non-Nucleoside Reverse Transcriptase Inhibitors 

 The non-nucleoside reverse transcriptase inhibitors (NNRTIs) are metabolized prin-
cipally by CYP3A4 and thus interactions with buprenorphine might be expected. 
The fact that many of these agents have been shown to affect the metabolism of 
methadone [ 47 – 50 ] initially suggested that they would affect buprenorphine in a 
similar fashion. Although clinical studies examining NNRTI interactions with 
buprenorphine are limited, it appears that neither efavirenz nor nevirapine has a 
signifi cant clinical effect on buprenorphine [ 51 ]. In patients who were coadminis-
tered the NNRTI nevirapine [ 52 ], a more rapid clearance of buprenorphine and 
buprenorphine-3-glucuronide was observed. However, no dose adjustments of 
either drug appear to be necessary when these drugs are coadministered at the doses 
used for the treatment of opiate dependence and HIV disease.  

    Nucleoside Reverse Transcriptase Inhibitors 

 Unlike NNRTIs and PIs, nucleoside reverse transcriptase inhibitors (NRTIs) (e.g., 
didanosine, lamivudine, tenofovir, zidovudine, zalcitabine, stavudine, abacavir, 
emtricitabine, entecavir, and apricitabine) generally do not induce or inhibit the 
P450 enzyme pathway signifi cantly [ 41 ] and thus interactions with buprenorphine 
are not generally expected. Coadministration of didanosine or tenofovir with 

    Table 13.2    Antiretroviral agents and their effects on CYP450 enzymes (Adapted from [ 41 ])   

 Drug 
 Drug 
family  Enzyme inhibited  Enzyme induced 

 Atazanir  PI a   CYP3A4, UGT1A1 
 Darunavir  PI  CYP3A4 
 Fosamprenavir  PI  CYP3A4 
 Lopinavir  PI  CYP3A4 
 Ritonavir  PI  CYP3A4, CYP2D6  CYP1A2, CYP2C8, CYP2C9/19, 

UGT1A1 
 Tipranavir  PI  CYP1A2, CYP2C9/19, 

CYP2E1 
 CYP3A4 

 Efavirenz  NNRTI b   CYP1A2, CYP2C9/19, 
CYP2D6 

 CYP3A4 

 Etravirine  NNRTI  CYP2C9/19  CYP3A4 
 Nevirapine  NNRTI  CYP3A4, CYP2B6 

   a Protease inhibitor 
  b Non-nucleoside reverse transcriptase inhibitor  
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buprenorphine has no signifi cant effects on the pharmacokinetics of buprenorphine 
or its metabolites (norbuprenorphine, buprenorphine glucuronides); although coad-
ministration of lamivudine signifi cantly increased norbuprenorphine-3-glucuronide, 
there were no clinically signifi cant drug interactions [ 53 ].  

    Antiretroviral Conclusion 

 Current research indicates that the metabolism of buprenorphine may be altered when 
combined with specifi c NNRTI and PI antivirals (Table  13.3 ), but generally without 
clinically signifi cant effect. Nevertheless, proper precaution should be exercised with 
coadministration of buprenorphine and antiretroviral agents (especially atazanavir).

         Antiretroviral Combination Therapy 

       Benzodiazepines 

 Estimates of benzodiazepine use among opioid-dependent therapy range from about 
10–45 % [ 54 – 63 ]. In addition, benzodiazepine may be used to relieve problems 
associated with opioid withdrawal [ 64 ]. There have been a number of post- marketing 
reports reporting toxicity, coma, or death associated with the concomitant use of 
buprenorphine with benzodiazepines [ 65 – 73 ]. 

 A potential mechanism for interactions between benzodiazepines and buprenor-
phine is through shared CYP enzyme metabolic pathways. Many benzodiazepines are 
metabolized by the CYP450 (typically 3A4). For example, diazepam is metabolized by 
CYP3A4 and CYP2C19 and fl unitrazepam, alprazolam, clonazepam, and midazolam 
are largely metabolized by CYP3A4. Most benzodiazepines are weak competitive 
inhibitors of CYP3A4 enzymes in human liver microsomes [ 74 ]. Midazolam and zolpi-
dem have been shown to inhibit formation of buprenorphine’s metabolite norbuprenor-
phine [ 74 ,  75 ], but many benzodiazapines, including alprazolam,  α -hydroxyalprazolam, 
chlordiazepoxide, norchlordiazepoxide, clonazepam, 3-hydroxy-7-acetamidoclonaze-
pam, demoxepam, diazepam, fl unitrazepam [ 76 ], nordiazepam, oxazepam, estazolam, 
fl urazepam, lorazepam, nitrazepam, temazepam, and triazolam [ 74 ] have been shown 
do not produce clinically relevant inhibition of buprenorphine metabolism. A summary 
of some of the studies analyzing buprenorphine’s pharmacokinetics in the presence of 
benzodiazapines is shown in Table  13.4 .

      Benzodiazepines Conclusion 

 Many of the benzodiazapines have been shown to be weak inhibitors of the cyto-
chrome oxidase P450 3A4 enzyme. Pharmacokinetic studies and observations 
in vitro have not correlated well with in vivo studies and thus non-pharmacokinetic 
interactions between benzodiazepine and buprenorphine have been suggested [ 77 ].   
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    Selective Serotonin Reuptake Inhibitors 

 Some selective serotonin reuptake inhibitors have been shown to inhibit cytochrome 
P450 3A4 in vitro and thus potential interactions with buprenorphine might occur. 
For example, fl uoxetine does not inhibit dealkylation of buprenorphine, but nor-
fl uoxentine inhibits buprenorphine metabolism [ 78 ]. The clinical signifi cance of 
such interactions is unknown.  

    Lithium and Anticonvulsants 

 Lithium is not metabolized in the liver and poses no major drug interaction threat 
with buprenorphine [ 79 ]. Carbamazepine metabolism occurs primarily in the liver 
[ 79 ] via CYP3A4, with a minor contribution by CYP2C8 [ 80 ]. No clinically signifi -
cant interaction effects have been reported [ 81 – 83 ].  

    Monoamine Oxidase Inhibitors 

 Monoamine oxidase inhibitors (MAOIs) are prescribed for the treatment of   depres-
sion    , a symptom many opioid-dependent patients have [ 84 ,  85 ]. The administration 
of opioid agonist medications and MAOIs has been reviewed [ 86 – 88 ]. In the case of 
buprenorphine, no studies indicate clinically signifi cant interactions such as the 
development of serotonin syndrome [ 89 ]. A study found no signifi cant changes in 
the body temperature, arterial pressure, or heart rate in rabbits when phenelzine was 
coadministered with buprenorphine [ 90 ].  

    Other Drugs 

    Rifampin 

 Tuberculosis (TB) is among the most common infectious diseases worldwide and 
occurs in considerably increased incidence in individuals with opioid addictions 
[ 91 – 94 ]. Nearly 30 % of incident TB cases occur within the drug-using population 
in the United States. Rifampin, a fi rst-line agent for treatment of tuberculosis, is a 
potent inducer of CYP 450 [ 95 ] and its use is associated with induction of metha-
done metabolism, signifi cant reduction in methadone exposure, and onset of opiate 
withdrawal [ 96 ,  97 ]. 

 In a study of 21 patients maintained on buprenorphine [ 98 ], rifampin signifi -
cantly reduced plasma buprenorphine concentration (70 % reduction in mean area 
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under the curve (AUC)) and onset of opiate withdrawal symptoms in 50 % of 
participants. The authors concluded that patients requiring rifampin are likely to 
require an increase in buprenorphine dose to prevent withdrawal symptoms.  

    Cocaine 

 Patients enrolled in opioid maintenance programs may revert back to illicit drug use 
while on dependence medication. In a retrospective study, patients in a total of 90 
studies were analyzed for changes in buprenorphine metabolism while taking 
cocaine [ 99 ]. Patients who were taking cocaine had lower AUC and  C  

max
  values for 

buprenorphine, reducing the effectiveness of the therapy.    

    Conclusion 

 Buprenorphine is metabolized through Phase I and Phase II type reactions and, 
therefore, metabolic interaction with other drugs is a mechanistic possibility. The 
major CYP isozymes involved in the biotransformation of buprenorphine are CYP 
3A4, CYP 2C8, CYP 3A5, and CYP 3A7. CYP 3A4 accounts for the majority of 
this biotransformation, thus compounds that affect the activity of CYP3A4 have the 
potential for interaction with buprenorphine. CYP 2C8 accounts for most of the 
remainder of buprenorphine Phase I metabolism. CYP 3A5 and CYP 3A7 account 
for only a small amount. Notably, buprenorphine is not a substrate for CYP 2D6, 
which is a common Phase I biotransformation pathway for many currently used 
drugs. 

 Rifampin can signifi cantly reduce plasma buprenorphine concentration (70 % 
reduction in mean AUC) such that patients requiring rifampin are likely to require 
an adjustment in the dose of buprenorphine. 

 There have been several reports of toxicity, coma, or death associated with con-
comitant use of buprenorphine with benzodiazepines. Interaction at the level of 
metabolism could be involved, but as yet unidentifi ed other factors could also be 
contributory, and thus far appear to be more important than metabolism. 

 Many of the drugs used for the management of HIV infection are metabolized 
through CYP-catalyzed pathways, so buprenorphine levels may be altered when 
combined with specifi c antiviral therapy, but generally this does not lead to clini-
cally signifi cant effect. Nevertheless, the proper precaution needs to be exercised 
when buprenorphine is coadministered with antiretroviral agents, particularly 
atazanavir. 

 Some selective serotonin reuptake inhibitors inhibit cytochrome P450 3A4 
in vitro and thus potential interactions with buprenorphine might occur, but evi-
dence to-date suggests that the clinical signifi cance of such interactions might not 
be very great. There also appears to be little evidence for metabolic interaction 
between buprenorphine and MAOIs. 
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 Patients enrolled in opioid maintenance programs may revert back to illicit drug 
use, including cocaine. Cocaine can lower the AUC and  C  

max
  of buprenorphine, thus 

reducing the effectiveness of buprenorphine therapy. 
 In summary, the metabolic profi le of buprenorphine suggests that metabolic 

drug–drug interactions are a potential occurrence with other drugs that are metabo-
lized by CYP isozymes, with the important exception of CYP 2D6 (since buprenor-
phine is not a good substrate for this isozyme). However, there is little evidence of 
clinically signifi cant metabolic interactions between buprenorphine and the major-
ity of other drugs, although there are some important exceptions as noted above. As 
for all drugs, awareness of the potential metabolic interaction with coadministered 
drugs is an important part of pharmacotherapeutic vigilance.     
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              Introduction 

    Buprenorphine is a potent partial opioid agonist and is available in parenteral, 
 sublingual, and transdermal applications. Concern regarding its side effect and tol-
erability profi le, as well as incomplete understanding surrounding its pharmacoki-
netic and pharmacodynamic profi le has limited its use. Its association with addiction 
treatment has reduced the acceptance of prescribing for its analgesic properties by 
both patients and practitioners. Patients negatively associate the drug with its use in 
addiction and may feel stigmatized when the drug is recommended by their provider 
for treatment of pain [ 1 ,  2 ]. 

 As discussed in previous chapters, buprenorphine is a partial mu opioid agonist 
with a high affi nity for the mu opioid receptor; in addition, it is a nociceptin receptor 
(ORL1) agonist and a kappa receptor antagonist. Its binding at different receptors is 
responsible for its analgesic activity as well as its side effect profi le. An understand-
ing of these receptors and their actions can help practitioners understand and treat 
side effects from buprenorphine. 

 Buprenorphine has partial mu agonistic activity, as compared to the full agonistic 
activity of other opioids such as morphine, oxycodone, and methadone. This means 
that its maximal analgesic effects are less than that of full agonists, and reach a ceil-
ing where higher doses do not result in increasing effect. Because it is a partial 
agonist, higher doses of buprenorphine can be given with fewer adverse effects such 
as respiratory depression, than are seen with higher doses of full agonist opioids. At 
lower doses, buprenorphine is much more potent than morphine. Individuals who 
are not dependent on opioids have a strong analgesic and positive opioid effect 
when they receive an acute dose of buprenorphine. 

    Chapter 14   
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 Buprenorphine has a higher affi nity for the mu receptor than other opioids; 
 therefore, if a patient is already taking other opioids, buprenorphine introduction 
may displace the existing drug and may precipitate acute opioid withdrawal. 
However, if a patient is already on buprenorphine, it is bound tightly to the mu 
receptor, and therefore does not readily dissociate upon injection of other mu ago-
nists. Therefore, adding another opioid can help control pain and does not produce 
opioid withdrawal symptoms. 

 Buprenorphine’s equivalent analgesic potency as compared to morphine is about 
30 times greater. There is a ceiling for the analgesic effects secondary to the low 
intrinsic activity of buprenorphine at the mu receptor. In the United States, paren-
teral and transdermal forms are FDA approved for analgesia with usual doses of 
0.3–0.6 mg every 6–8 h. For analgesia, dosing is usually 3–4 times a day as the 
duration of analgesia is 4–8 vs. 24–48 h for opioid withdrawal. 

 If a practitioner understands buprenorphines properties, and unique pharmacoki-
netic and pharmacodynamic aspects, and is comfortable with its use, it will be an 
extremely useful agent for the treatment of patients with chronic pain. This under-
standing will allow for proper patient selection, outcome measurement, and moni-
toring in the treatment of pain.  

    Side Effects 

 Buprenorphine has a side effect profi le similar to full opioid agonist and can include 
nausea, vomiting, dizziness, constipation, headache, and others [ 3 ], but the intensity 
or severity of side effects may be less than produced by full agonists. 

    Risk of Abuse, Addiction, Misuse, Overdose, and Tolerance 

 Abuse has been reported in epidemiological and human clinical studies with patients 
taking buprenorphine [ 4 ,  5 ]. Psychological dependence or addiction to buprenor-
phine can occur in patients following chronic administration. Psychological depen-
dence is a syndrome characterized by maladaptive behaviors employed to obtain the 
opioid and the continued need for and use of the drug despite its harmful effects. 
Physical dependence is a state in which withdrawal symptoms may occur with 
decreased opioid levels caused by a multitude of scenarios; cessation, dose reduc-
tion, antagonists, or others. This may also occur with buprenorphine; however, since 
buprenorphine dissociates slowly from the mu opioid receptor, withdrawal symp-
toms are usually mild [ 6 ]. Withdrawal symptoms are similar in characteristic to 
other opioid discontinuation and can persist for up to 2 weeks. As compared with 
full opioid agonists, patients to whom buprenorphine is administered who are 
already dependent on full mu receptor agonists (such as fentanyl, morphine, oxyco-
done, etc.) may develop withdrawal symptoms. This is the result of buprenorphines 
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high affi nity for the mu receptor displacing the full agonist; however, having less 
intrinsic activity at this receptor, it precipitates withdrawal. 

 Although there is reported abuse with patients on buprenorphine [ 4 ,  5 ], there 
may be a lower incidence of physical dependence and limited development of toler-
ance secondary to its partial agonist activity. Buprenorphine activates the opioid 
receptor at lower levels, is relatively less reinforcing, and is a less abused opioid. It 
is an option for patients with chronic pain and can be closely monitored by provid-
ers, as with other opioids. Buprenorphine can be identifi ed in urine toxicology by 
gas chromatography mass spectroscopy (GCMS), however it is costly. 

 Although buprenorphine has a better safety profi le than methadone, buprenorphine- 
related overdose deaths have been reported [ 7 – 9 ]. Most of these deaths, similarly to 
full opioid agonists, have occurred with a combination of benzodiazepines or alco-
hol. In addition, most involved intravenous use of buprenorphine. 

 Buprenorphine is a partial agonist; however, its analgesic dose response curve is 
linear over the therapeutic dose range, suggesting it acts as a full agonist in respect 
to analgesia through this range. In patients with chronic opioid use, tolerance can 
develop to the analgesic effects of the opioid requiring higher doses to be adminis-
tered to produce similar effects. The development of tolerance may be secondary to 
desensitization or down regulation of the mu opioid receptors [ 10 ]. In a study look-
ing at opioids and their receptors, both fentanyl and morphine were shown to down 
regulate their opioid receptors, while buprenorphine had an increase [ 11 ]. In a study 
of patients maintained on buprenorphine as compared with fentanyl for the treat-
ment of cancer and noncancer pain, there was a more substantial increase in daily 
dose of fentanyl as compared with buprenorphine [ 12 ].  

    Respiratory Depression 

 Buprenorphine is a partial mu opioid agonist and therefore does not activate the mu 
receptor fully, resulting in a ceiling effect that prevents larger doses of the opioid 
from producing greater effects [ 13 ]. This can result in a greater margin of safety 
from death by respiratory depression with increased doses as compared to full ago-
nist [ 14 ,  15 ]. 

 Buprenorphine has been reported to cause less respiratory depression as com-
pared with full agonists [ 16 ,  17 ]. There are, however, reports of carbon dioxide 
retention in critically ill patients [ 18 ] and is a relative contraindication in severe 
respiratory compromise (hypoxia, hypercapnia, elderly, obstructive disease, central 
nervous system [CNS] depression), as with all opioids. The metabolite of buprenor-
phine, norbuprenorphine is a potent respiratory suppressant. Dahan et al. [ 19 ] 
showed a nonlinear effect on PaCO 

2
 , with a ceiling effect at doses greater than 

1.4 µg/kg. In a comparative study of intramuscular buprenorphine 0.3 mg and IM 
morphine 10 mg, there was no difference seen in peak analgesic effect, while 
buprenorphine resulted in little signifi cant change in respiration rate, pulse, or blood 
pressure [ 20 ]. A study showed increasing dose of buprenorphine for analgesia 
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increased pain relief with limited respiratory depression, in contrast to fentanyl, 
which caused a dose-related increase in respiratory depression [ 14 ]. 

 In general, buprenorphine alone is the cause of death in a minority of patients on 
maintenance therapy for addiction. Most deaths were attributed to polysubstance 
abuse with benzodiazepines present. The respiratory depressant effects of buprenor-
phine may be increased    when used in combination with other depressants (alcohol, 
benzodiazepines, and opioids); therefore careful monitoring of patient’s is recom-
mended. In addition, due to buprenorphine’s tight binding at the opioid receptor, 
buprenorphine-induced respiratory depression may not be fully reversed by the 
administration of a single dose of naloxone and therefore higher and repeated doses 
may be necessary, but can be effective [ 21 ].  

    Gastrointestinal 

 The most common side effects of buprenorphine are its gastrointestinal side effects. 
Nausea and vomiting can occur in up to 25 % of patients [ 22 – 24 ]. In a few studies, 
buprenorphine was reported to cause more nausea and vomiting as compared to 
morphine [ 20 ,  25 ]. As with other opioids, these symptoms seem to be secondary to 
the direct stimulation of chemoreceptor trigger zones and/or the vestibular system, 
and gastric stasis. If patients develop these symptoms, they may respond to medica-
tions, including promethazine and serotonin antagonist such as ondasetron. Campora 
et al. surveyed 260 cancer patients for opioid-induced vomiting. The incidence was 
similar to other opioids, 8 % had moderate to severe nausea, and 23 % had nausea 
and vomiting [ 22 ]. 

 Constipation is a commonly encountered side effect of opioid use that can sig-
nifi cantly affect a patient’s quality of life. Constipation is due to direct action on 
opioid receptors in the gut wall, decreased intestinal motility, and dehydration of 
stool. The incidence of constipation with buprenorphine has been shown to be lower 
than with morphine use [ 26 – 28 ]. Previous studies have shown that long-term use of 
buprenorphine is associated with a low incidence of constipation [ 29 ]. This may be 
in part due to its preparation; as parenteral or transdermal preparations bypass the 
mu opioid receptors in the intestines. Treatment is similar with all opioids, with a 
focus on prevention by means of stool softeners and a motility agent, and in severe 
cases using a peripheral opiate antagonist (e.g., Alvimopan or methylnaltrexone). 

 Hepatitis has been reported in patients taking high doses. Increased liver enzymes 
have been found in patients who are receiving buprenorphine and who have hepati-
tis C [ 30 ]. In addition, 53 cases of buprenorphine-associated hepatitis were reported 
in France since 1996 [ 27 ,  31 ,  32 ]. One report suggested an association between 
buprenorphine injection and liver toxicity, possibly from buprenorphines increased 
bioavailability when administered parenterally [ 33 ]. In summary, patients with a 
history of hepatitis C are at increased risk for elevations of liver function tests while 
on buprenorphine; however, these increases appear to be mild and clinically insig-
nifi cant. Acute intravenous use of buprenorphine can result in high elevations of 
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liver function tests in patient with a history of hepatitis. Baseline periodic liver 
 function tests are recommended in patients receiving buprenorphine and are at 
increased risk of hepatotoxicity (e.g., history of alcoholism, intravenous drug use, 
or preexisting liver disease). 

 Patients may also experience abdominal pain, anorexia, diarrhea, or dyspepsia 
with use [ 34 ].  

    Central Nervous System 

 As with other opioids, CNS depression can result in impaired cognition, somno-
lence, and alterations in consciousness. When given in combination with other CNS 
depressants, these attacks can worsen. However, the slightly lower incidence of 
CNS effects with buprenorphine may be a result of its kappa antagonist properties 
[ 29 ]. While buprenorphine can cause headaches, studies have shown a decreased 
incidence of dizziness and headaches in patients on buprenorphine [ 26 ,  27 ]. 

 In general, opioids including buprenorphine can result in increased intracranial 
pressure. Therefore, use these medications cautiously in patients with head injuries, 
intracranial lesions or other circumstances when CSF pressure may be increased.  

    Cardiac 

 QT interval prolongation has been associated with buprenorphine use. In clinical 
trials in patients receiving buprenorphine or methadone for treatment of opioid 
dependence, buprenorphine use was associated with less effect on QT interval than 
methadone [ 34 ]. A study of buprenorphine transdermal patch demonstrated QT pro-
longation at a dose of 40 µg/h. In contrast 10 µg/h did not demonstrate meaningful 
effect on the QT interval [ 34 ]. 

 Buprenorphine can precipitate hypotension in some patients, similar to other opi-
oids [ 20 ].  

    Skin 

 Allergic reactions from buprenorphine have occurred, although uncommon, ana-
phylactic shock is possible. Patients using the transdermal system have reported 
skin reactions including pruritus, rash, erythema, and skin irritation around the 
patch site [ 24 ,  35 – 37 ]. For patients with pruritus, 1/3 will have resolution of symp-
toms without patch discontinuation [ 38 ], although patients also usually respond to 
diphenhydramine or hydroxyzine.  
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    Immune and Endocrine 

 Most opioids have been found to suppress the immune system to some extent. These 
immunosuppressive effects have been due to their mu receptor agonistic activity 
and are independent of their analgesic effects. Studies in rats have shown that 
buprenorphine shows no immunosuppressive activity [ 39 ]. Although clinical rele-
vance is yet to be established, buprenorphine may provide a greater margin of safety 
in patients who are immune compromised or at risk for infection. 

 Chronic opioid use has been shown to affect the hypothalamo-pituitary axis [ 40 ,  41 ]. 
Opioid-induced hypogonadism mainly occurs in men [ 42 ] but has been found in 
women as well [ 42 ,  43 ]. The symptoms can cause an impact on a patient’s quality 
of life as they may have fatigue, anemia, decreased libido, and depression. 
Buprenorphine has been reported not to affect testosterone levels in the brains of 
male rats [ 44 ]. Moreover, a prospective study looking at women on buprenorphine 
for 6 months, showed no side effects suggestive of hypogonadism [ 45 ]. In a differ-
ent study of 17 men on maintenance buprenorphine, 37 on methadone, and 51 
healthy blood donors, testosterone levels were higher in the buprenorphine as com-
pared with the methadone group [ 46 ]. The lack of opioid-induced effects on the 
endocrine system is important to improve tolerability and reduce side effects of 
patients on chronic opioid therapy.  

    Psychiatric 

 As with other opioid agonists, buprenorphine is associated with various psychiatric 
effects. In clinical trials the following side effects have been noted; anxiety, fatigue, 
confusion, CNS depression, dizziness, headaches and insomnia, nervousness, and 
vertigo [ 34 ]. Available evidence in patients treated with buprenorphine, indicate no 
clinically signifi cant disruption in cognitive and psychomotor effects [ 13 ].   

    Special Populations 

 Practitioners are faced with a wide array of comorbidities in patients with pain. 
There are several populations of patients who although have signifi cant medical 
issues can benefi t from pain control utilizing buprenorphine. 

 In patients with hepatic failure, buprenorphine is relatively safe. Lasseter 
et al. found kinetics unaltered by mild or moderate hepatic impairment [ 47 ]. 
Buprenorphine, as with other opioids, is predominately metabolized by the liver. If 
metabolism is decreased secondary to liver disease, its analgesic effi cacy may be 
compromised and side effects increased. However, the major metabolic pathway for 
most opioids is oxidation, the exception being morphine and buprenorphine, which 
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undergo glucuronidation   . In patients with hepatic cirrhosis, this pathway is less 
affected by liver disease [ 48 ]. 

 Patients with renal failure may benefi t from buprenorphine, as the pharmacoki-
netics of buprenorphine is unaltered in patients with renal failure [ 49 ,  50 ]. 
Buprenorphine is excreted as an inactive    glucuronide of its parent drug, norbu-
prenorphine, which is unlikely to cause clinically signifi cant side effect [ 51 ]. In 
contrast to buprenorphine, accumulation of morphine’s active metabolite morphine-
6-glucuronide cautions its use in patients with renal failure. In summary, there is a 
lack of drug accumulation in patients with renal dysfunction [ 52 ,  53 ], and doses 
may not need to be altered. 

 In elderly patients, buprenorphine may prove to be an easy, safe, and effective 
analgesic. 

 Buprenorphine is relatively safe in the elderly as both CYP3A4 and UGT are 
well preserved. In addition, clinical doses of up to 10 mg have shown analgesic 
effi cacy with no respiratory depression [ 14 ]. The low incidence of constipation is 
important in this population as well [ 54 ]. 

 Buprenorphine is of particular usefulness in patients with preexisting gastroen-
teritis and intestinal problems as it may improve their quality of life. The transder-
mal formulation is designed to overcome the pharmacokinetic problems of oral and 
parenteral opioids which include poor GI absorption, fi rst pass metabolism, and low 
bioavailability. The only other transdermal delivery system is fentanyl. 

 Opioids have been shown to be effective in some patients with neuropathic pain; 
however, the abnormal pain sensitivity caused by neuropathic pain can oftentimes 
be resistant to opioid therapy, and combination therapy is often established. There 
is a unique analgesic mechanism, as compared with full agonists, such that buprenor-
phine has shown a pronounced antihyperalgesic effect and may play a role in treat-
ing severe refractory neuropathic pain [ 55 – 57 ].  

    Tolerability 

 In a study comparing buprenorphine vs. morphine for analgesic qualities and side 
effect profi le, buprenorphine was better tolerated with similar analgesic effi cacy 
[ 58 ]. In a subset of patients with chronic pain, the effi cacy of sublingual buprenor-
phine and sustained-release morphine were similar in analgesia; however, the 
patients treated with buprenorphine had signifi cantly fewer side effects [ 58 ]. A post- 
marketing surveillance study with 13,179 patients showed the side effect of trans-
dermal buprenorphine to be similar to other opioids. Long-term use was characterized 
by a low rate of constipation (0.97 %), nausea (3.95 %), and dizziness (1.5 %) [ 6 ]. 

 As discussed previously, buprenorphine can be better tolerated by patients with 
moderate to severe pain. The gastrointestinal adverse events associated with 
buprenorphine have a lower incidence in practice. Constipation, another commonly 
encountered side effect of opioids, incidence with buprenorphine has been shown to 
be lower than with morphine [ 58 ,  59 ]. Lastly, CNS-related adverse events that may 
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occur in opioid treatment in general has increased incidence in patients with 
 declining kidney function. As opposed to other opioids, less than 20 % of buprenor-
phine is excreted by the kidneys and therefore accumulation is low as comparison 
with morphine or fentanyl where greater than 70 % is excreted by the kidney. Thus, 
buprenorphine has a lower risk of CNS adverse events.  

    Conclusion 

 In conclusion, buprenorphine has been a widely used opioid and has been shown to 
be effective for analgesia. Its pharmacokinetics and partial agonistic activity, 
potency, and safety profi le make it a valuable option for patients with chronic pain. 
Buprenorphine is a partial mu agonist with a profi le of effects similar to other mu 
agonists, but has less respiratory depression, constipation, sexual dysfunction, and 
a lower level of physical dependence. In addition, the ability to use a transdermal 
application is invaluable in certain patient populations and a lack of accumulation in 
patients with renal impairment.     
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           Introduction 

 Buprenorphine, as a therapeutic agent was brought to market as a parenteral analge-
sic in 1972 [ 1 ]. Initially recognized as a partial μ agonist with k antagonist activity, 
this novel opioid has enjoyed a renewed interest both in terms of its analgesic prop-
erties as well as its ability to stabilize and maintain opioid-dependent patients suf-
fering from the disease of opioid addiction [ 2 ]. 

 This truly versatile molecule has enjoyed an enviable safety record, as compared 
to traditional full μ opioid agonists, showing great potential for the treatment of 
higher risk patients. 

 The purpose of this chapter is to provide information to those who might con-
sider using this agent in the context of an opioid rotation. The role of this drug will 
be examined from three unique perspectives:

    1.    As an analgesic agent onto which μ-dependent pain patients may rotate to or 
from   

   2.    As an opioid stabilizing agent in the context of withdrawal-mediated pain due to 
“opioid debt” [ 3 ]   

   3.    As part of an exit strategy in which the ultimate goal is to terminate opioid 
 therapy [ 3 ]      
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    Clinical Pharmacology 

 Depending on the delivery system chosen, and the expected role the molecule may 
play, buprenorphine may assist in patient care in a variety of ways. Unfortunately, 
the simple role of μ analgesic is only one of the potential roles that this versatile 
drug may take. Failure to appreciate the mode of action in any given patient may 
lead to unnecessary confusion and less than optimal clinical outcomes. 

 When introduced in the United States as a parenteral analgesic agent in 1981, 
buprenorphine was limited to the management of acute pain [ 1 ]. More recently, the 
on-label use of the sublingual form has taken on the unique role of maintenance 
agonist treatment (opioid addiction) in the offi ce-based setting [ 4 ], something that 
has not been possible in the United States since the Harrison Narcotic Treatment 
Act of 1914 [ 5 ]. 

 Under DATA 2000 (Drug Addiction Treatment Act 2000) [ 6 ], the sublingual ver-
sions of buprenorphine, with or without naloxone, has been offered as a safer agent 
for the treatment of opioid addiction, adding a new pharmacologic tool with signifi -
cantly less restrictive regulatory scrutiny on both patient and prescriber. 

 Of course, partial μ agonist medications can have peculiar properties which have 
proven to be clinically challenging both in terms of use for their primary indication 
but also in their ability to impact on future management of acute pain. In fact, the 
high receptor affi nity and the reported blocking effect of buprenorphine has led 
some clinicians to erroneously believe that acute pain cannot be safely managed in 
the patient who is a chronic buprenorphine user. Fortunately, this is not the case [ 7 ]. 

 Clinically, it is tempting to assume that any improvement in pain scores associ-
ated with the addition of an opioid medication is, by defi nition, “opioid responsive 
pain.” Sadly, this is often untrue. In the context of the physically dependent pain 
patient, who has come to require a minimum level of μ agonism to achieve pharma-
cologic stability, unstable opioid levels may present themselves as worsening or 
“withdrawal-mediated” pain [ 3 ,  8 ]. 

 For example, in patients who have become overly reliant on short acting, imme-
diate release opioids, such as hydrocodone or oxycodone compound analgesics, 
there may be a signifi cant worsening of morning pain, directly related to inade-
quate levels of the primary opioid analgesic. In some cases, conversion to a con-
trolled release version of the same drug may help, at least temporarily to stabilize 
opioid levels and so improve pain scores. For some however, this is a transient 
response [ 9 ,  10 ]. 

 This can also occur in patients who suffer acutely painful injuries superimposed 
upon a chronic pain complaint that has been treated with daily opioids. The follow-
ing example will illustrate this point. 

 A chronic pain patient presents to the Emergency Room, with an acute fractured 
ankle. They routinely take morphine sulfate extended release (ER) 15 mg q8 h for a 
total daily dose of 45 mg morphine. On day 1, in the inpatient setting, they are given 
5 mg morphine sulfate, 3 times per day for acute pain management. The total dose 
on day one is 15 mg morphine, compared to 45 mg expected for an “opioid debt” 
[ 3 ] of 30 mg. On day 2, the dose is doubled to 10 mg q8 h for a total dose of 30 mg 
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compared to an expected chronic daily dose of 45 mg morphine per day, resulting in 
an “opioid debt” of 15 mg. If on day 3, if the dose is tripled to 15 mg q8 h, it is only 
at this point that the patient’s expected chronic opioid needs are met and acute opi-
oid analgesia can begin. Prior to this point, all the morphine that was being given 
was servicing the “opioid debt” incurred by chronic daily opioid therapy, rather than 
treating pain associated with this acute injury. Not only is acute pain not well served    
by previously given doses of chronic opioids, the patient is likely to require consid-
erably greater doses and so, greater care in managing their acute pain needs. Failure 
to address a potential “opioid debt” can exacerbate both acute and chronic pain.  

    Opioid Rotations 

 Opioid rotations are considered for one of several reasons [ 11 ]. The fi rst is often 
associated with diminished analgesic effi cacy. In this case, the patient is no longer 
receiving adequate pain relief with acceptable doses of the current opioid medica-
tion. Problems with tolerance are expected to be addressed by the new molecule, 
once again reinstating analgesic relief, hopefully with a decreased total daily dose 
in morphine equivalents. The second case involves rotations that are aimed at 
addressing unacceptable side effect profi les. In both these cases, the assumption 
made is that the pain generator is, in the prescriber’s estimation, likely to be opioid 
responsive. Unfortunately, this is not always the case, even in pain treatment which 
appears, at least initially to respond to the addition of a new member of the opioid 
class of medications. Equally, opioid responsiveness is sometimes incorrectly 
defi ned by worsen pain associated with discontinuation of opioid therapy. In fact, 
some patients are almost certainly consigned to chronic opioid therapy, based not on 
how well they do on therapy but rather how poorly their pain responds to discon-
tinuation of the opioid class of drug [ 12 ]. 

 In some cases, the novelty of a new drug or a new drug dose is associated with a 
transient but unsustainable improvement in the symptom of pain [ 12 ]. It is in these 
cases, that the third role for opioid rotation becomes relevant: exiting from the opi-
oid class of drug. Of course, in some situations, simply tapering the drug may lead 
to a successful discontinuation of the current medication however, contrary to once 
popular belief; people who no longer need opioids do not always come off them 
easily [ 12 ]. For these patients, an apparent increase in pain, associated with a lower-
ing of the opioid medication is considered evidence of the positive role that opioids 
are playing in the patient’s life. This is especially true if the patient unilaterally 
increases the dose and fi nds once again that their pain scores improve. This really 
only confi rms that withdrawal-mediated pain can worsen most types of pain, be it 
opioid responsive or not, consigning the patient to a lifetime of chronic opioid ther-
apy. In fact, some practitioners will see these cases as “the best of a bad situation,” 
feeling that if their pain is poorly controlled on the opioid class of drug, it will only 
be worse off opioids. Of course, too rapid a taper or even abrupt discontinuation 
(“Drug Holiday”) of the opioid class of medication will often reinforce these beliefs.  
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    Clinical Implications of Opioid Rotations 
Involving Buprenorphine 

 Buprenorphine can fi nd itself in the opioid rotation setting in one of several ways. 
In the fi rst case, buprenorphine is the drug onto which the patient rotates. In the 
second case, buprenorphine is the incumbent molecule from which the rotation 
occurs. In the third case, we will examine the implications of the route of adminis-
tration of buprenorphine as it relates to the process of opioid rotation.  

    Rotations onto Buprenorphine 

 In the current market, buprenorphine is available in one of two forms. The fi rst is as 
an injectable form, in sub-milligram doses/mL, under the trade name Buprenex or 
Temgesic [ 13 ]. In the chronic pain setting, these products have largely been replaced 
by the off-label use of sublingual buprenorphine, with or without naloxone 
(Subutex ® /Suboxone ® ). In this capacity, a cross- over period is often used whereby 
the fi rst opioid is gradually decreased while the new opioid is introduced and titrated 
upward, to effect. However, when buprenorphine is given to a patient who is in 
 opioid withdrawal, it is much more likely to reduce or eliminate rather than precipi-
tate this constellation of symptoms [ 14 ]. 

 In some cases, it may be useful to consider switching the patient to an intermedi-
ate μ agonist, typically short acting, which can be tapered to as low a dose as the 
patient is able to tolerate prior to initiating the 12–24 h opioid free period that is 
commonly recommended in most buprenorphine induction protocols prior to intro-
duction of sublingual buprenorphine. Although the induction protocols in the DATA 
2000 (Drug Addiction Treatment Act 2000) training recommend a minimum of 
12–24 h “Opioid Free,” and even longer if induction is from methadone [ 15 ], pre-
cipitated withdrawal is anything but certain. Many patients simply fi nd that the 
process of discontinuation in preparation for buprenorphine induction, is too 
 distressing. In these cases, careful discussion of the risks of precipitated withdrawal 
should be documented in the medical record prior to attempting conversion to 
buprenorphine. Ultimately, an informed patient is often in the best position to deter-
mine when induction should begin. 

 While the risk of precipitated withdrawal is often discussed, it is also important 
to remember that in patients with relatively low μ tolerance, a potent opioid like 
buprenorphine can result in nausea and diaphoresis, not through precipitated with-
drawal but rather through excess μ agonist activity [ 16 ]. This is more commonly 
seen with patients who have been using relatively small quantities of opioids, such 
as combination products containing codeine or hydrocodone. Only by careful clini-
cal assessment can this distinction be made.  

 In some cases, clinicians with more experience and resources may elect to try and 
mitigate these symptoms of withdrawal through the limited use of centrally acting 
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α-2-agonists (e.g., clonidine), NSAIDs (e.g., ibuprofen), and other over-the-counter 
agents such as loperimide (Imodium ® ). 

 More recently, a 7 day transdermal buprenorphine preparation for the treatment 
of chronic pain has come on the market. (Butrans ®  Purdue Pharma).  It is interesting 
to note, that when rotating onto this product, an opioid free period is not recommended 
prior to the initiation of the patch. Clinical experience has shown that rotation onto 
transdermal buprenorphine can be accomplished without risk of precipitated with-
drawal, presumably due to the relatively slow absorption of buprenorphine through 
this delivery system (as compared to rapid absorption through the sublingual routes of 
administration). [  http://app.purduepharma.com/xmlpublishing/pi.aspx?id=b    ].  

    Rotations from Buprenorphine 

 In some cases, it may be necessary to rotate from buprenorphine onto a full μ  agonist, 
as commonly seen during an acute anticipated or unanticipated pain event such as a 
planned surgical procedure or acute trauma [ 7 ]. Unlike the case where buprenorphine 
is being added to a patient who is fully μ dependent, full μ agonists can always be 
added to a patient who is buprenorphine dependent without fear of precipitating with-
drawal. Practically speaking, this may result in the gradual reduction in buprenor-
phine while the new opioid is being titrated up. Since buprenorphine is a partial 
agonist, it is important to consider the possibility that there may be μ receptor upregu-
lation that could increase μ sensitivity. Although it is technically possible to use any 
full agonist with buprenorphine, the chronic concurrent use of full and partial agonists 
may be diffi cult to defend in the context of any adverse outcome.  

    Buprenorphine as Part of an Exit Strategy 

 One of the reported advantages of buprenorphine is the apparently milder with-
drawal syndrome associated with discontinuation of this agent [ 14 ,  17 ,  18 ]. While 
there is literature to support this statement when comparing buprenorphine to meth-
adone withdrawal, the fact is that the withdrawal experience is highly personal. 
There are patients who successfully discontinue relatively high doses of oxycodone 
with ease, while those who might be expected to taper easily from lower doses may 
complain of disabling withdrawal symptoms. Unfortunately, the relationship 
between dose and degree of withdrawal is not a simple one: Those on higher doses 
of potent opioids will generally have more diffi culty tapering than those who are on 
smaller doses. That said, it may be extremely dangerous to assume that the reason a 
patient was able to taper off a high dose, potent opioid with apparent ease was 
related to drug diversion or noncompliance. On the other hand, a patient who has 
diffi culty tapering or discontinuing the opioid class of drug only proves that there is 
physical dependency or psychological reliance on this medication. Whether there is 
addiction or drug misuse requires a much more thorough evaluation.  
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    Potential Opportunities and Threats with Opioid Rotations 

 When rotating onto a new molecule, there is a temptation to assume that any success 
(or potential failure) is solely a function of that molecule. In fact, with any new 
therapeutic intervention, there is a signifi cant risk of missing the behavioral oppor-
tunities associated with this change. As an example, patients who rotate onto a more 
pharmacologically stabile opioid such as methadone or buprenorphine and who do 
well, often do well because of the opportunities that a new molecule offers in terms 
of new structure and support rather than simply the introduction of a novel agent. 
Rarely is success a sole function of a new molecule or the “optimum” dose of drug 
but rather sustainable success is often a function of the structure and support which 
can quite legitimately be imposed upon the patient in the name of safety. “New 
molecules” should mean “New Rules” [ 19 ] and with these new rules, success which 
previously eluded the patient and clinician may now be possible. 

 This is not to suggest that improvements in pain score or function are somehow 
placebo driven, but rather sustainable improvements encompass a biopsychosocial 
dynamic that is more complex than one could expect from the addition of or change 
to a new molecule. In fact, one of the hallmarks of over reliance on a pharmacologic 
intervention is a transient improvement. This is often followed by a progressive 
pattern of diminishing returns with dose escalation leading ultimately to the patients’ 
recognition that “the medication doesn’t make their pain better; it just takes the edge 
off”. Alternatively, a patient may state that they “Don’t feel the drug working any-
more.” There are many derivatives of this concept but it has likely played at least 
some role in the sometimes gram-quantities of morphine equivalent doses per day 
being prescribed, often to patients with less than satisfying diagnoses to justify the 
many risks associated with this practice. 

 Unfortunately, “No Ceiling” as a pharmacologic principle associated with full 
agonist class of drugs has come to mean “No Limit” which is clearly contrary to 
even the most limited application of common sense [ 3 ]. The limit to any pharmaco-
logic intervention is and always has been the therapeutic versus adverse effect pro-
fi le. That said, the potential role of buprenorphine as a drug to rotate onto from a 
previous pattern of problematic opioid use is even more important in these often 
challenging cases. 

 Unfortunately novel medications, especially those with apparent μ receptor 
blocking capabilities and limited μ activity can leave practitioners with the impres-
sion that it is diffi cult or impossible to manage acute pain in patients who are using 
buprenorphine. Fortunately, this does not appear to be the case [ 7 ]. 

 While it is true that buprenorphine’s high receptor affi nity can reduce the effec-
tiveness of other opioid molecules, even patients who are on maximal daily therapy 
( as per  DATA 2000 training) do not have 100 % μ receptor occupancy [ 20 ]. It has 
been suggested that in cases of mild to moderate “anticipated acute pain” [ 7 ] 
(e.g., painful procedures which are planned for in the future), the patient might 
benefi t from temporary discontinuation of buprenorphine with addition of another 
potent high receptor affi nity μ agonist (e.g., fentanyl or hydromorphone) to alleviate 
any withdrawal symptomatology prior to the acutely painful event. A typical 
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example of this would be a patient who is on buprenorphine who is preparing to 
undergo a planned orthopedic reconstruction of their knee. Given the degree of pain 
anticipated postoperatively, it may well be wise to at least temporarily stop the 
buprenorphine a few days prior to surgery. Of course buprenorphine, in multiple 
daily dosing regimens is an excellent analgesic, allowing for a modest, temporary 
dose increase during the acute event and recovery period, should the expected 
postop pain be within the analgesic range of buprenorphine. This offers several 
advantages including an easier return to basal  buprenorphine treatment after the 
acute injury has subsided as well as simplifying the interpretation of Urine Drug 
Test results, should testing be considered necessary. 

 Even in the context of “unanticipated acute pain” [ 7 ], such as seen in the case of 
trauma or the acute abdomen, the expected level of pain post operatively may be 
such that the drug can simply be continued, with a modest dose increase to assist 
in managing the new pain demands for analgesia with the addition of a short acting 
opioid with high μ affi nity such as fentanyl or hydromorphone for additional pain 
relief [ 7 ]. Of course, any increase in sublingual buprenorphine for pain manage-
ment must be in at least a twice if not 3 times daily dosing schedule for effective 
analgesia, given that the drug has an analgesic duration of action considerably 
shorter than the “once daily” dosing schedule seen with maintenance therapy [ 21 ]. 
Transdermal dosing increases will typically be delayed in onset due to the nature 
of the concentration-driven characteristics of that route of administration making 
it unsuitable for acute management of pain. Time to steady state of transdermal 
buprenorphine is typically reported to be 72 h [ 22 ]. Therefore it would be appropri-
ate in this situation to temporarily add a short acting opioid as stated above during 
the acute period. 

 Buprenorphine has been reported to have limited μ activity. This has led some 
clinicians to consider buprenorphine in only those cases where the incumbent opi-
oid level is less than 60–80 mg equivalents of methadone per day. However, patients 
who are struggling on considerably higher daily doses of methadone have done very 
well on buprenorphine despite this apparent limitation. One possible explanation 
for this may well rest in the observed clinical instability of the patient on higher 
doses of methadone (or other μ agonists that are in dose equivalences beyond 
buprenorphine’s apparent reach). The daily dose may not actually represent what 
the patient “needs” in terms of μ equivalence but rather the amount of μ activity that 
the patient can tolerate. In the authors’ experience, many of these patients do 
extremely well with rotation onto this (buprenorphine) medication.  

    Mechanics of Opioid Rotation 

 When rotating from a full μ agonist such as morphine onto buprenorphine, the 
patient should be apprised of the rationale behind the impending change. In some 
cases it may be apparent; such as a patient who has continuously run out of medica-
tion, requiring frequent early medication releases or dose escalation. However, it 
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should not be assumed that the patient fully appreciates the potential benefi t of 
buprenorphine or it’s expected role, in their particular situation. Discuss this with 
the patient, noting expectations and any potential concerns that they might have 
prior to addressing any dose reduction that might be helpful in facilitating the transi-
tion from the current full µ agonist onto buprenorphine. If the patient is rotating 
onto sublingual buprenorphine, the risk of precipitous withdrawal necessitates an 
opioid free period that is ideally over 24 h for immediate release opioids and 48–72 h 
for intrinsically long acting agents such as methadone [ 15 ]. Unfortunately, some 
patients will not be able to comply with these instructions. In these cases, encourag-
ing the patient to discontinue opioid use for as long as possible to create a sense of 
maximally tolerable withdrawal symptoms may well be suffi cient to effect a safe 
and effective transition onto this drug. In the authors’ opinion, it is reasonable to ask 
this of the patient, recognizing that some may actually not have been fully compli-
ant with the recommended abstenance period. To deny the patient induction onto 
buprenorphine due to the potential risk of precipitated withdrawal may not be rea-
sonable. As long as the patient is clearly aware of the risk of precipitated with-
drawal, and it has been appropriately documented in the clinical record, the 
responsibility should rest solely with the patient. For the most part, the risk of pre-
cipitated withdrawal may be more of a theoretical risk as compared to the very real 
risk of worsening pain and withdrawal side effects associated with an inadequate 
CNS level of μ agonist. Assuming that the rotation remains within the primary role 
of pain management, a twice to three times daily dosing schedule is recommended 
[ 7 ]. Again, this is “off-label” use of the sublingual preparation, which was launched 
in the United States under DATA 2000, for the treatment of opioid dependency [ 23 ]. 
Dose increases can safely occur on a 3–5 day basis, or sooner if withdrawal remains 
a problem. Fortunately, the amount of drug required to offset opioid withdrawal is 
signifi cantly lower than any theoretical equivalence table that might be found. The 
following example illustrates the above points. 

 A patient currently using 15 mg of Morphine Sulfate, three times daily is to 
rotate onto buprenorphine sublingual. The patient is advised of the potential risk 
of precipitated withdrawal as well as the probability that at least during the time 
where the morphine will be discontinued, their pain may well worsen due to 
withdrawal- mediated pain. A prescription for buprenorphine 2 mg (or, where 
there is a reasonable expectation that the patient may require a more substantial 
per diem dose to alleviate opioid withdrawal, an 8 mg tablets may be more practical) 
is given, suffi cient for 2 mg, q8 h for 1 week with the patient to report in on the 
second and third days of therapy in order to assess effi cacy and any untoward 
effects of the new medication. On the fi rst day of rotation, usually earlier in the 
week, the patient has fi lled and brings in their medication for in-offi ce induction 
onto buprenorphine. At that time, any discrepancy in tablet number can be noted 
and if necessary, discussed with the patient. The patient takes a 2 mg tablet SL 
(or 4mg i.e. ½ tablet if 8 mg tablets are being used) and is observed for the next 
½–1 h for any signs of worsening of withdrawal symptoms, after which they 
remain in the waiting room for a minimum of 2–4 h to determine if an additional 
dose is required. The patient is then observed for an additional hour after the last 
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dose is given, in case there is either precipitated withdrawal or, in cases where μ 
tolerance is actually quite low, signs of excess μ agonism. If after 4 h or more, the 
patient begins to suffer withdrawal symptoms again, they are encouraged to take 
another dose of buprenorphine or the remainder of a split dose (eg., ½ 8 mg 
dose = 4 mg) for a total of 4–8 mg on day one. While it is possible to safely go 
beyond 8 mg, the failure to stabilize the patient on a conservative dose of buprenor-
phine should alert the prescriber to the potential that this may be more of a main-
tenance model of care rather than a simple opioid rotation for pain relief. As a 
general rule, patients are dramatically improved on as little as 4–8 mg of buprenor-
phine, especially if opioid withdrawal has been a signifi cant problem. 

 Unfortunately, as a potent opioid, individual variability may actually result in 
diaphoresis and nausea due to the patients inability to tolerate the buprenorphine 
dose given. The vast majority of patients ultimately tolerate buprenorphine quite 
well, even after an initial stormy induction. Further titration of dose can be done 
either in person, in those more complex boundary-challenged patients or by tele-
phone in the otherwise stable primary care pain patient. 

 One group of patients who seem to appear to tolerate the mono product (Subutex ® ) 
over the combination product (Suboxone ® ) are those with established sensitivities to 
the artifi cial sweetener, acesulfame potassium [ 24 ]. In such cases, the argument can 
be made to switch to Subutex ®  or to remain on this product if induction was begun 
on the mono product. 

 Assuming the patient tolerates buprenorphine reasonable well, it is important to 
remember that until there is μ receptor balance between buprenorphine and the CNS 
active sites; all the per diem buprenorphine is essentially going to go to “pay the 
opioid agonist debt” [ 3 ]. Failure to appreciate the potential debt that the rotation 
may create will often leave both patient and practitioner alike, with the impression 
that buprenorphine is an inadequate agent for pain relief. Fortunately, this is usually 
not the case. It is also important to consider a thorough reassessment of the underly-
ing pain generator, once there is no further evidence of any agonist debt that might 
be helping to relegate the patient to a life of chronic opioids, despite compelling 
evidence that their pain may not be particularly well served by the opioid class of 
drug. Rushing into a 3 or 4 times daily dosing structure may actually be no more 
effective than a once-daily dosing regimen of an equivalent dose. Where there is 
good evidence that the pain is likely to be μ responsive, early introduction of a mul-
tiple daily dosing scheme is warranted, otherwise sticking with a once-daily dosing 
schedule may help to confi rm a signifi cant withdrawal-mediated component to the 
pain problem. 

 Once the patient has achieved a reasonable degree of opioid stability, it may be 
worthwhile considering a therapeutic trial of previously ineffective adjunctive 
agents whose success or failure previously may have been defi ned in terms of reduc-
tion in opioid dose. 

 In cases where buprenorphine is offered to the patient in the form of a transder-
mal delivery system, the delayed onset in CNS effect that is intrinsic to the 
concentration- driven route of administration actually allows a more traditional 
“cross-over” rotation where the incumbent μ agonist is actually gradually reduced 
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over the 3–5 days necessary for transdermal buprenorphine to reach steady state. 
Again, starting with a lower rather than higher dose can help restore adequate opioid 
levels while minimizing any risk of side effects associated with excessively high doses. 

 In cases where the patient is being rotated  from  buprenorphine to a full μ agonist, 
the process is relatively trivial: You can always add a full μ agonist to a buprenorphine- 
dependent patient with impunity. The one caveat to this is a theoretical risk of opi-
oid receptor upregulation (Personal Communication Walter Ling) (due to the partial 
agonist character of buprenorphine); however, this potential risk of opioid hyper-
sensitivity may be offset by the reduction in available opioid receptors due to 
buprenorphine binding. Regardless, these issues can be easily addressed by the sage 
words of the conservative clinician: “Start low-go slow. You can always add more 
but once given, it is diffi cult to take back!” 

 To repeat a most important point in any opioid rotation, always eliminate the 
“opioid debt” prior to any attempts to assess analgesic effi cacy. Similarly, reintro-
duction of previously failed adjunctive agents, such as tricyclic’s or gabapentinoids 
may be worth considering, especially if the proposed pain generator is likely to 
respond. Failure to do so may deny your patient a potentially benefi cial therapeutic 
effect.  

    Exit Strategies 

 While opioid rotations are often considered when attempting to improve analgesia 
or side effect profi le, the rotation can also be useful as part of a well-considered exit 
strategy following a failed opioid trial or where the opioid class of medication is no 
longer appropriate [ 3 ]. 

 In fact, there are three general reasons why an exit strategy from opioids may be 
necessary [ 11 ,  25 ]. The fi rst is when the original pain generator has resolved. In this 
case, the patient may have come to the realization that they no longer need the medi-
cation for pain relief but rather to address the physical consequences of opioid 
withdrawal. 

 In the second case, it has become apparent that the opioid class of drug is no 
longer part of the solution but rather has become part of a problem. This is fre-
quently seen in the context of a failed opioid trial. For some prescribers, the percep-
tion that once on the opioid class of medications, their patient will never come off, 
needs to be tempered by a realistic option for addressing the need to terminate full 
agonist therapy. 

 The third reason why one might attempt to rotate off of the opioid class of drug 
is where there is clear evidence that the drug is “doing more to the patient than for 
the patient” [ 12 ,  26 ]. As an example, many pain generators will respond initially to 
the opioid class of medication but fail, in the long run, to achieve any sustainable 
relief with reasonable doses of drug. Worsening of the underlying pain due to inad-
equate analgesic relief may transiently improve with further dose escalation; how-
ever long-term success may paradoxically be achieved by discontinuing the opioid 
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medication altogether. Some of the very high doses of opioid medications recently 
reported [ 27 ,  28 ] have almost certainly resulted from the belief that “if the dose is 
high enough, all types of pain will ultimately respond.” This logical construct has 
been tested clinically and as a result, most current guidelines for the treatment of 
chronic pain include some upper limit, above which the risks are likely to exceed 
the benefi t for ongoing dose escalation [ 29 ,  30 ]. 

 In practical terms, the rotation onto buprenorphine has been described previously, 
in this chapter. What distinguishes the role of buprenorphine rotation in the context of 
an exit strategy is the apparent milder opioid withdrawal syndrome that has been 
reported in the literature [ 14 ,  31 ] with buprenorphine tapers. Buprenorphine has been 
described as having less physical dependence (as compared to full μ agonists) and so 
less intense withdrawal symptoms [ 31 ]. Unfortunately, withdrawal from any agonist 
drug with potential for a discontinuation syndrome is a highly personal experience. 
Many patients have commented on the ease with which they had discontinued 
buprenorphine; however some patients perceive their withdrawal experience as any-
thing but mild, especially if they have no reference point against which to compare. 

 When considering buprenorphine rotation as part of an opioid exit strategy, two 
important points are worth considering. The fi rst is that any medication taper is a 
balance between time and neuroadaptation as compared to overall clinical response 
on a patient-by-patient basis. So, if the degree of withdrawal associated with a 10 % 
drop every month is the same as a 10 % drop every week, it makes good sense to 
drop the dose on a weekly basis since a monthly taper schedule only prolonged the 
patients’ misery [ 9 ]. On the other hand, the ease with which a patient accomplishes 
the initial taper may not refl ect the degree of diffi culty experienced as the drug is 
ultimately discontinued. If problems are to occur, they are most often seen at the end 
rather than the beginning of any taper [ 9 ]. 

 For most patients, discontinuation of an opioid trial has little or no long-term 
sequelae. For those patients who fi nd it diffi cult or impossible to taper off this class 
of drug, it may be that buprenorphine is playing a mood stabilizing role [ 32 – 34 ] 
which may positively affect hedonic tone (Personal Communication E Salitz). 
Whether this continued need for opioids represents an undiagnosed substance use 
disorder (necessitating a maintenance agonist treatment role) or an undiagnosed or 
inadequately treated mood disorder may never be known. This topic falls well out-
side the scope of this chapter. Interested readers might seek advice from clinicians 
with more experience or resources to address these challenging cases.  

    Treatment Caveats 

 Buprenorphine, as a molecule has certain common characteristics that it shares 
with other μ agonist agents. The route of administration, however, can signifi -
cantly alter some of these characteristics and so must be considered when using 
this medication. With this in mind, we will fi rst consider the sublingual (SL) route 
of administration. 
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 With the current forms of SL buprenorphine available, including the branded 
forms of Subutex ®  (buprenorphine mono) and Suboxone ®  (combination buprenor-
phine/naloxone 4:1 ratio) (Reckitt Benckizer) and the generic buprenorphine 
mono product (Buprenorphine by Roxane™), the patient must remember to allow 
the tablet to dissolve thoroughly beneath the tongue, allowing suffi cient time for 
adequate sublingual absorption. Interestingly, despite clinician’s best efforts at 
reminding patients to properly dissolve these tablets, some patients remain less 
vigilant in this regard, often complaining of decreased effect with worsening nau-
sea associated with greater enteral absorption of the parent molecule (Unpublished 
Gourlay/Heit). Extensive fi rst-pass effect seen with oral administration is thought 
to account for some of the nausea seen via the oral route likely through its exten-
sive conversion to the primary metabolite, nor-buprenorphine (Personal 
Communication Walter Ling). 

 There is some confusion in the literature as to bioavailability of buprenorphine 
when delivered via the SL route. Early data published related to sublingual 
buprenorphine mono product has most often referred to the tincture of buprenor-
phine (alcoholic solution) [ 35 ] whereas virtually all data related to the combina-
tion product (Suboxone ® ) specifi cally documents absorption from dry, sublingual 
tablets. Buprenorphine is better absorbed from an alcoholic solution as compared 
to a dry sublingual tablet. Dosing “to effect” tends to make this something of a 
moot point. 

 In the second case, where the patient is being rotated onto transdermal buprenor-
phine, there is no need to ask the patient to endure a prolonged period of opioid 
withdrawal, as recommended with induction onto the sublingual delivery systems. 
Unlike the sublingual route, where serum levels of buprenorphine (and so CNS 
levels) rise relatively quickly, the transdermal concentration-driven delivery system 
has a much slower onset of action. For this reason, patients rotating onto transder-
mal buprenorphine will typically decrease the fi rst opioid dose with the addition of 
the buprenorphine patch, thereby creating an effective “opioid debt” [ 12 ] which the 
buprenorphine molecule can gradually correct. The rotation then proceeds in the 
usual fashion, eventually resulting in the fi rst opioid being discontinued in 3–5 days. 
It is important to remember that while it may be possible to continue on with both 
agents, it is generally unwise to use full and partial μ agonists at the same time, even 
if the patient indicates that this combination “appears to be” effective. The risk of a 
potentially avoidable bad outcome in the context of a “diffi cult to defend” treatment 
course, is simply too great. An obvious exception to this, as previously stated, would 
be the short term use of a full agonist in the management of acute pain.  

    Buprenorphine Abuse 

 Buprenorphine, as a drug of abuse has been well documented in the addiction medi-
cine literature [ 36 ]. To what extent the addition of the μ antagonist naloxone may 
have on drug likability and perhaps, abuse and diversion remains to be seen [ 37 ]. 
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Drug abuse and diversion are complex issues that are guided by societal, medical 
and economic as well as regulatory factors. It would be unwise to estimate risk 
based largely on the pharmacologic properties of any one or combination of drugs. 
It has, however, been this apparent improved safety profi le that has led to buprenor-
phine’s use in higher risk patients. 

 While opioids in general have long been associated with disordered sleep archi-
tecture, including both central and obstructive components, formal studies have 
largely focused on the full μ agonists such as methadone [ 38 ]. 

 Patients who are at risk for or who have documented cases of sleep apnea may 
theoretically benefi t from the use of a partial agonist such as buprenorphine; how-
ever recent data by Farney et al. suggest that the risks of sleep disordered breathing 
with the buprenorphine-naloxone containing product may be under-recognized [ 39 ]. 
An obvious exception to this, as previously stated, would be the short term use of a 
full agonist in the management of acute pain. 

 Similarly, patients who have documented histories of prescription opioid misuse 
may benefi t from the use of buprenorphine in the treatment of chronic pain despite the 
lack of randomized controlled studies to support this practice. Regardless, more care-
fully set limits and boundaries with rotations onto this ‘new’ medication may well play 
as great or even greater a role in the successful treatment of their chronic pain [ 3 ,  40 ].  

    Addressing Pain and Concurrent Addiction 
(the High Risk Patient) 

 While a detailed examination of this subject is beyond the scope of this chapter, it is 
important to have an approach to identify the primary problem, where pain and 
addiction co-occurs so that adequate steps may be taken to manage risks associated 
with treatment of this often challenging patient population [ 9 ]. 

 When a high risk patient complains of pain, it is sometimes tempting to believe 
that risk is simply a function of inadequate symptom resolution (decreased pain/
improved function). In these cases, it is often better to assess risk independently of 
the pain, especially when determining which might be the dominant issue [ 3 ]. So, 
where pain and addiction coexist, it is critically important to determine which is the 
dominant process, particularly where aberrant behavior is signifi cant. Failure to do 
so is unlikely to result in treatment gains in either domain. This is vitally important 
when considering the use of multiple daily doses of buprenorphine, as is needed for 
a primary analgesic effect, since there is an increased level of patient responsibility 
for their medication when given in this fashion. In the special case of the patient 
who is reluctant to focus on anything but their chronic pain, the use of controlled 
substances in a traditional pain management setting may be relatively contraindi-
cated unless there are suffi cient resources and experience “in house” to manage 
primary substances use disordered patients while concurrently assessing and man-
aging their chronic pain. 
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 When very tight limits are being considered, the fact that the higher risk pain 
patient will need multiple daily doses of medication does not eliminate the value of 
frequent follow up, either at the prescribers clinic, or more practically, at the dis-
pensing pharmacy using smaller pill-loads, repeated multiply over short intervals 
e.g., weekly prescriptions, refi lled on a monthly or longer basis, as individual clini-
cal circumstances dictate [ 3 ]. It should be pointed out that buprenorphine (as the 
sublingual preparation) is regulated in America somewhat differently from other 
opioid molecules. Specifi c mention has been made of the DATA2000 regulatory 
framework for the use of this drug in the offi ce-based treatment of opioid addiction.  
Prescribers under DATA2000 are required to fulfi ll certain educational requirements 
in order to prescribe this drug. Specifi cally, prescribers are required to preface their 
DEA number with an “X” to indicate compliance with the DATA2000 regulations.  
This implies that the medication is being used primarily for the treatment of opioid 
addiction.  When buprenorphine SL is being prescribed “off-label” primarily for the 
treatment of pain, the drug no longer falls under DATA2000 and so does NOT 
require a special “X” to precede the DEA number.  In fact, the specifi c educational 
requirements for DATA2000, while useful are not required to prescribe for this indi-
cation. It is important to ensure that the medical record accurately refl ects the pri-
mary diagnosis for which the drug is being prescribed [ 23 ].  

    Conclusion 

 Buprenorphine remains a versatile drug, available in a variety of forms and formu-
lations, in use for both on-label as well as off-label treatment of pain and opioid 
dependency. Success or failure associated with these products will likely depend as 
much on patient selection as the novelty of the drug itself.     
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           Prevalence 

 Opioid dependence is a growing concern during the perinatal period. While heroin 
use remains relatively steady, prescription opioids have become responsible for a 
larger proportion of opioid misuse. Due to the surge of prescription opioid addiction 
in the 1990s, its use by women of childbearing age is also becoming increasingly 
more common. According to the results from the 2010 National Survey on Drug 
Use and Health, 5.1 million Americans were nonmedical users of pain relievers and 
0.2 million used heroin [ 1 ]. Among pregnant women, 4.4 % reported current illicit 
drug use in 2009–2010 [ 1 ]. Opioid misuse is also frequently implicated in emer-
gency department visits. In 2009, 600,000 visits involved nonmedical use of opioid 
analgesics [ 2 ]. The most frequently reported formulations involved oxycodone 
(175,949), hydromorphone (104,490), and methadone (70,637).  

    Screening and Assessment 

 There are several factors associated with at-risk substance use during pregnancy. 
Women with a history of opioid dependence tend to be younger, less than 25 years 
of age [ 3 ]. They have a current or past personal and/or family history of substance 
use [ 4 ]. Concurrent psychiatric disorders such as mood and anxiety disorders, as 
well as childhood history of sexual abuse are also commonly diagnosed in this popu-
lation [ 3 ,  5 ]. Polysubstance use is also common among pregnant women with opioid 
dependence. Comorbid abuse of cocaine, alcohol, tobacco, marijuana, and benzodi-
azepines has been reported among opioid-dependent pregnant women [ 5 – 7 ]. 
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 All pregnant women should be screened for alcohol, tobacco, and other drug use 
including prescription medication misuse during pregnancy. Many women who are 
opioid-dependent are more likely to have a delayed diagnosis of pregnancy and 
therefore, present for care only in the second or third trimester. Some women may 
only be diagnosed with opioid dependence while they are in labor or in the postpar-
tum period when the neonate starts to show signs of neonatal withdrawal. 

 Pregnant women requesting treatment for opioid addiction require an assess-
ment to make a diagnosis of substance use disorder and to make an appropriate 
management plan. A thorough assessment includes a detailed inquiry into the fol-
lowing areas: opioid use history (amount, duration, route of use, source); concomi-
tant alcohol, tobacco, and other drug use history; medical health (e.g., sexually 
transmitted infections, hepatitis C), mental health, and obstetrical history; psycho-
social history; and previous treatment attendance and outcomes [ 8 ]. Treatment 
planning should focus on opioid dependence as well as concomitant disorders and 
psychosocial needs.  

    Management of Opioid Dependence During Pregnancy 

 The management of opioid dependence during pregnancy may include the follow-
ing options: symptomatic treatment, methadone detoxifi cation, or opioid agonist 
treatment (OAT) (methadone or buprenorphine). Currently, OAT with methadone 
remains the recommended standard of care. Promising research evidence is also 
giving support to the use of buprenorphine as an alternative to methadone during the 
perinatal period. Buprenorphine may be prescribed if the benefi ts outweigh risks 
and the patient refused methadone or if methadone services are not available in their 
community. 

 Pregnant women presenting with a history of opioid dependence typically con-
tinue their substance use due to the severity of opioid withdrawal. Physical symp-
toms of opioid withdrawal consist of fl u-like symptoms such as nausea, vomiting, 
diarrhea, sweating, rhinorrhea, and myalgias. Psychological symptoms are mani-
fested by anxiety, insomnia, dysphoria, and strong drug cravings which lead to a 
high risk of relapse to opioid use. During pregnancy, opioid withdrawal may also 
present as uterine irritability leading to an increased risk of spontaneous abortion, 
premature labor, fetal distress, or fetal death [ 9 ]. 

 Therefore, symptomatic relief of opioid withdrawal symptoms may be offered 
until other treatments become effective [ 10 ]. Treatment regimen should focus on 
relieving specifi c symptoms. For example, nausea can be treated with dimenhydr-
amine (Gravol), diarrhea with loperamide (Imodium), and myalgias with acet-
aminophen. Short acting morphine can also be offered in small amounts (e.g., 
morphine 5–10 mg po q4–6h prn) until an alternative opioid agonist becomes 
available. The use of clonidine during pregnancy is not indicated due to the lack of 
human safety data [ 11 ]. 
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 Obstetrical complications associated with heroin or prescription opioid 
 dependence are secondary to fl uctuating serum levels during repeated cycles of opi-
oid intoxication and withdrawal (mentioned above). The are many benefi ts to OAT 
during pregnancy including decreased withdrawal symptoms, decreased illicit opiate 
use, decreased cravings, reduced fetal and neonatal complications, improved mater-
nal health status, and enhanced compliance with prenatal care [ 12 ]. Therefore, since 
the benefi ts of OAT outweigh risks associated with untreated opioid dependence, 
pregnant women who meet criteria for opioid dependence should be offered OAT.  

    Methadone Maintenance Treatment 

 MMT is a substitute for both heroin and prescription opioid addiction. Methadone 
is a mu agonist with similar properties to morphine [ 12 ,  13 ]. Methadone is dis-
pensed as a orange drink to prevent injection use and is well absorbed from the 
gastrointestinal tract into the bloodstream. Its effect occurs within 30 minutes of 
ingestion with a peak at 2–4 hours and long duration of action of up to 24–36 hours. 
Methadone accumulates in tissues with repeated daily administration and avoids 
fl uctuating opioid levels associated with repeated use of short-acting opioids (e.g., 
heroin or prescription opioids). Once stabilized on a dose of methadone, subsequent 
doses should not cause sedation or euphoria. MMT allows individuals to function 
and to perform normal physical and mental tasks. 

  Fetal and neonatal effects : Methadone crosses the placenta but has not been found 
to be teratogenic [ 13 ]. A couple of studies have demonstrated an association between 
antenatal opioid exposure, especially methadone, and an increased incidence of 
strabismus [ 14 ]. However, more studies are needed to determine a casual relation-
ship. There have also been inconsistent results related to the association between 
MMT and intrauterine growth restriction. Some studies found that infants exposed 
to methadone in utero tend to be smaller (smaller head circumference and length 
and lower birth weight) with growth differences resolving 1–2 years after birth 
[ 15 – 18 ]. 

  Breastfeeding : Methadone has been detected in breast milk in small quantities, but 
levels are not suffi cient to have any clinical effects. Breastfeeding does not prevent 
neonatal withdrawal and additional observation and treatment is still required. 
Therefore, based on the current literature, breastfeeding is safe regardless of 
maternal methadone dose [ 19 – 21 ]. The American Academy of Pediatrics has also 
found methadone to be compatible with breastfeeding [ 22 ]. Neonatal withdrawal 
makes breastfeeding more diffi cult. Additional support should be offered to make 
the breastfeeding process a success. No long-term outcome data is currently avail-
able to determine the risk of exposure to negligible amounts of methadone in 
breast milk. 

  Long - term effects : There are inconsistent results regarding long-term neurological 
and developmental effects of methadone exposure in utero based on limited 
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follow-up data [ 15 ,  22 ,  23 ]. Studies have only documented outcomes up to age 3. 
Findings indicate that opiate-exposed newborns are at risk for poorer neurodevelop-
mental outcomes related to physical and cognitive development. Studies failed to 
control for confounding factors such as other substance use and environment (e.g., 
parenting skills, low socioeconomic status). Therefore, developmental delays can 
be attributed mainly to environmental deprivation and parental drug addiction 
instead of the drug itself. Social, environmental, and biological factors moderate 
developmental outcomes and more research is needed to clarify the actual effect of 
opioid exposure on development. 

  Dosing : Patients stabilized on methadone before conception should continue on 
MMT for duration of pregnancy. Follow MMT guidelines for women undergoing 
MMT stabilization during pregnancy. This protocol is only valid for the fi rst day of 
inpatient initiation so it is not a useful guide for physicians who want to initiate 
pregnant women to MMT [ 9 ,  12 ]. The goal of MMT is to achieve an appropriate 
maintenance dose which alleviates withdrawal and cravings for 24 h but permits 
normal daily function. No studies demonstrated effi cacy and safety of inpatient ver-
sus outpatient stabilization during pregnancy. Inpatient initiation may not be feasi-
ble due to personal or systemic variables. Consider admission if a pregnant woman 
complains about uterine irritability (e.g., abdominal cramping or contractions) and 
monitoring for premature labor and fetal distress is recommended. 

  Dose adjustments during pregnancy : Methadone clearance has been documented to 
increase from the fi rst to third trimester of pregnancy resulting in lower mean trough 
plasma methadone concentrations as the pregnancy progresses [ 24 – 28 ]. Factors 
contributing to increased methadone clearance include: increased volume of distri-
bution and tissue binding, slower methadone absorption, and additional metabolism 
by the placenta and the fetus. Therefore, if a pregnant woman complains about 
withdrawal symptoms, small increments in maternal methadone dose will be 
required (e.g., 5–10 mg). Increased methadone dosing will be required to maintain 
steady methadone blood levels and to remain asymptomatic throughout pregnancy. 

  Dose splitting during pregnancy : Split dosing (i.e., twice-daily) of methadone is an 
alternative to increasing maternal methadone dose during pregnancy. Split- dosing is 
associated with sustained methadone levels and fewer withdrawal symptoms, thus 
leading to improved adherence to treatment and decreased use of other substances 
[ 28 ,  29 ]. Fetal behavior is also altered by change in dosing schedule. Women on 
single dosing regimens had signifi cant reductions in body movements, respiratory 
activity and inactivity. In comparison, split-dosing treatment was associated with 
less suppression in fetal movements or fetal breathing [ 30 ,  31 ]. Therefore, during 
pregnancy, if a woman continues to experience withdrawal symptoms despite dose 
increases, especially at the end of the dosage interval, split dosing to decrease the 
dosing interval should be considered. Based on the limited description in the litera-
ture, the methadone dose can be split into equal doses and given 12 hours apart. 
Women who are more stable on MMT may be the most suitable candidates for split- 
dosing since the second dose should consist of a take home dose.  
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    Buprenorphine Maintenance Treatment 

 Buprenorphine is an alternative treatment for pregnant opioid-dependent women. In 
nonpregnant individuals, buprenorphine maintenance has been shown to be as 
effective as methadone in reducing illicit opioid use. Buprenorphine has actually 
been shown to have lower retention rates so this is not accurate [ 32 ]. Therefore, 
with the introduction of buprenorphine in the management of opioid dependence, 
women are becoming pregnant while on buprenorphine maintenance treatment. To 
date, there is limited research evidence about the use of buprenorphine in preg-
nancy. A systematic review of over 30 studies demonstrated that buprenorphine was 
as effi cacious and safe as methadone during pregnancy [ 33 ]. 

 Buprenorphine is a sublingual tablet with partial mu agonist properties. It pro-
duces opioid-like effects equivalent to methadone in terms of relieving withdrawal 
symptoms and cravings for opioid use. In contrast, buprenorphine has a ceiling 
effect with no additional benefi t found after a maximum dose leading to increased 
safety profi le in case of overdose. Based on these pharmacological properties, 
buprenorphine was associated with less physical dependence and milder withdrawal 
upon abrupt discontinuation of this medication in nonpregnant populations [ 33 ]. 

  Fetal and neonatal effects : Based on limited clinical studies, buprenorphine has not 
been associated with any adverse obstetrical or neonatal outcomes [ 33 ]. Birth out-
comes including birth weight and Apgar scores were within normal range and simi-
lar to methadone-exposed infants. Buprenorphine has not been associated with any 
congenital birth defects. 

 NAS secondary to buprenorphine exposure occurs in ~60 % of neonates exposed 
to buprenorphine with approximately half requiring treatment [ 34 ,  35 ]. Earlier stud-
ies suggested that buprenorphine may be associated with milder neonatal with-
drawal symptoms [ 36 – 38 ]. A recent randomized controlled trial (the MOTHER 
study) demonstrated no difference in treatment rates for NAS, but neonates exposed 
to buprenorphine required less morphine, had shorter duration of morphine treat-
ment and shorter length of hospital stay [ 39 ]. 

  Breastfeeding : The safety of buprenorphine during lactation is uncertain due to the 
lack of controlled clinical studies. Based on case reports, buprenorphine has been 
measured in breast milk at low concentrations [ 35 ,  40 ]. The plasma to breast milk 
ratio was found to be ~1; however, based on the poor oral bioavailability, the neo-
nate will be exposed to a smaller amount of the buprenorphine while breastfeeding 
(e.g., 1/5–1/10) [ 35 ]. NAS is not changed by the presence of buprenorphine in breast 
milk nor has withdrawal resulted from breastfeeding cessation. 

  Long - term effects : Long-term neurodevelopmental outcomes studies are limited in this 
area. Three small studies have been published in the literature [ 41 – 43 ]. Four children 
were monitored until ages 3–5 years and reported to be “well” [ 41 ]. Another study 
assessed developmental milestones at 6–9 months and found 11/13 infants demon-
strated normal development by 9 months of age [ 43 ]. More research is needed to deter-
mine the effect of buprenorphine on short- and long-term development outcomes. 
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  Clinical considerations : The buprenorphine-naloxone combination product 
(Suboxone) is commonly prescribed for opioid dependence in nonpregnant indi-
viduals. The safety of naloxone during pregnancy is unknown and women on 
Suboxone should be switched to the buprenorphine monoproduct (Subutex) once 
pregnancy is diagnosed [ 44 ]. Women on MMT should not be switched to buprenor-
phine since initiation of buprenorphine requires abstinence from methadone for 
several days and the presence of withdrawal symptoms. During pregnancy, the 
risks of opioid withdrawal can be signifi cant and it is not recommended to destabi-
lize someone who has reached clinical stability on MMT [ 44 ]. Therefore, 
methadone- maintained pregnant women are not appropriate candidates for 
buprenorphine since there is no transitioning protocol available that will avoid 
withdrawal risks. 

  Dosing : The available evidence supports buprenorphine as an alternative treatment 
option for the management of opioid dependence in pregnant women in the follow-
ing circumstances: refusal of methadone maintenance treatment or unavailability of 
specialized services in the community. After a completing an assessment for opioid 
dependence, pregnant women may be initiated to buprenorphine maintenance treat-
ment. Dosing protocols outlined in clinical guidelines should also be followed dur-
ing pregnancy [ 44 ].  

    Methadone Detoxifi cation 

 Methadone detoxifi cation is defi ned as methadone-assisted withdrawal. Many 
women may consider this treatment option as a way to prevent neonatal abstinence 
syndrome after delivery. Early reports of fetal distress associated with methadone 
withdrawal caused concern, but more recent reports using larger samples have dif-
ferent fi ndings [ 45 ,  46 ]. Recent studies have failed to document any signifi cant 
obstetrical complications or adverse neonatal outcomes with the use of this approach 
during second or third trimesters of pregnancy [ 47 – 51 ]. However, methadone 
detoxifi cation was associated with poorer maternal outcomes due to clinical insta-
bility and a high risk of relapse to opioid use leading to resumption of MMT in some 
cases. Due to the above mentioned negative consequences, methadone detoxifi ca-
tion should only be considered for highly motivated pregnant women with a short 
addiction history, medical and social stability with good supports and no concurrent 
active psychiatric disorders. 

 There is limited guidance in the literature in terms of the rate for methadone dose 
reduction. Based on the protocols published, a slow taper that reduces the dose by 
5–10 % per week is an appropriate approach. Consider halting any further dose 
decreases if the woman complains about any adverse outcomes such as increased 
drug cravings, severe withdrawal symptoms, and relapse to drug use or obstetrical 
complications.  
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    Neonatal Abstinence Syndrome 

 All neonates exposed to opioids in utero are at risk for neonatal withdrawal  syndrome 
also known as neonatal adaptation syndrome (NAS). The incidence of NAS ranges 
from 45 to 97 % [ 52 ]. NAS is characterized by symptoms and signs of central ner-
vous system hyperirritability (e.g., tremors, increased muscle tone), gastrointestinal 
dysfunction (e.g., poor feeding, regurgitation, loose stools) and metabolic, vasomo-
tor, and respiratory disturbances (e.g., recurrent sneezing and yawning) [ 53 ]. Based 
on a meta-analysis, maternal methadone dose is not associated with the incidence 
and severity of NAS [ 52 ]. There are other determinants of NAS besides maternal 
dose. Thus, pregnant women should be maintained on an adequate dose which 
allows for clinical and social stability. 

 Symptoms and signs usually begin within hours of birth depending on the half- 
life of the opioid used and may last up to several weeks or months. The onset of 
NAS following methadone or buprenorphine exposure appears within the fi rst 2 
days of life, peaks within 3–4 days and lasts for 5–7 days [ 12 ,  44 ]. Therefore, infants 
require monitoring for NAS for a minimum of 4–5 days using a neonatal abstinence 
scoring system. The Neonatal Abstinence Score (developed by Dr. L. Finnegan) is 
commonly used to determine the severity of NAS symptoms and signs and to assess 
response to pharmacological treatment. 

 Non-pharmacological care contributes signifi cantly to the management of NAS. 
There is some evidence for interventions such as swaddling to decrease arousals and 
prolong sleep, gentle handling, pacifi er use, as well as provision of a quiet environ-
ment (minimizing overhead lighting, decreasing noise) to support neonatal neu-
robehavioral maturation and self-organization [ 54 ,  55 ]. Involvement of the mother 
in neonatal care is also encouraged since cuddling and skin-to-skin contact can 
promote mother–infant bonding and behavioral adaptation of infants with NAS. 

 Pharmacological care consists primarily of opioids (morphine) and sedatives (phe-
nobarbital or diazepam). Based on several studies, opiates have been found to be the 
most effective treatment for NAS in newborns [ 33 ,  56 ]. Sedatives may be helpful as an 
adjunct to opioids to reduce withdrawal severity and specifi cally, phenobarbitone is 
preferred to diazepam as a second line treatment [ 57 ].  

    Comprehensive Care 

 Pregnant opioid-dependent women face numerous barriers to accessing substance 
abuse treatment services. Personal barriers to attending a drug treatment program 
include lack of child care and transportation, fear of losing custody of children, and 
lack of personal support especially from partners [ 58 ,  59 ]. Systemic barriers include 
fragmented care provided by multiple providers in multiple settings, and lack of 
appropriate services for pregnant women [ 59 ]. The delivery of comprehensive 
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services to pregnant opioid-dependent women can reduce barriers and can have a 
signifi cant impact on improving maternal and neonatal outcomes. Integrated treat-
ment programs that combine drug treatment, psychosocial counselling, and prenatal 
care provide the most effective approach to increase patient retention and participa-
tion in prenatal care, as well as improve pregnancy outcomes such as higher birth 
weight and lower prematurity rate [ 60 – 62 ]. Pregnant women also reported less 
stigma and reduced barriers with this model of care [ 63 ]. The “One-stop shopping” 
model of care addresses the needs of pregnant opioid-dependent women by provid-
ing multiple on-site services at one location and helping to enhance attendance for 
prenatal visits [ 64 ]. Concomitant psychosocial needs ranging from housing and 
fi nancial assistance to child protection (antenatal self-referral) and parenting sup-
port (public health home visit nurse, parenting classes, drop-in centers) also need to 
be considered as part of comprehensive case management.  

    Intrapartum and Postpartum Care 

 During labor and delivery, women should continue on the same dose of methadone 
or buprenorphine. In addition, pregnant opioid-dependent women require additional 
medications for management of intrapartum pain. Patients on opioid agonist ther-
apy (methadone or buprenorphine) have less tolerance to pain and report higher pain 
scores (hyperalgesia); therefore, they often require higher and more frequent doses 
of opioids for pain management due to cross-tolerance [ 64 ,  65 ]. Opioids have been 
found to be safe and effective in opioid-dependent individuals. There is no evidence 
that opioid use increases relapse in these patients. 

 For pregnant women on MMT, additional opioids can be used in addition to their 
daily methadone dose [ 65 ,  66 ]. Postoperative delivery, methadone-maintained 
women may also require more opioid analgesia [ 67 ]. 

 For women on buprenorphine maintenance treatment, pain can be controlled 
with the use of short-acting opioids and nonsteroidal anti-infl ammatory medica-
tions. Short-acting opioids need to be titrated to effect due to the high affi nity of 
buprenorphine for the mu receptor [ 65 ,  68 ]. Alternatively, dividing the buprenor-
phine dose q6–8h and using additional opioids may be another option. Similarly, 
buprenorphine maintained women may also require more opioids following caesar-
ean delivery    [ 68 ]. 

 Postpartum, women should continue on the same dose of methadone or buprenor-
phine. A dose reduction in maintenance opiate dosing may be indicated if women 
complain about feeling sedated after methadone or buprenorphine ingestion [ 9 ].  

    Conclusion 

 Methadone remains the standard of care for management of opioid dependence dur-
ing pregnancy. Methadone maintenance has additional benefi ts over methadone- 
assisted withdrawal including reduced risk of relapse, reduced fetal exposure to 

A. Ordean



237

illicit drugs, improved attendance for obstetrical care and enhanced neonatal 
 outcomes. Due to limited experience with the use of buprenorphine during preg-
nancy, its use can be considered in certain situations after a discussion about risks 
and benefi ts of treatment.     
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           Introduction 

    Mu-opioid receptor agonists have been the mainstay for the relief of pain in the 
palliative care population. An increasing number of new opioids or newer formulations 
of existing opioids have become available, and chosen based on availability, costs, 
patient/clinician experience, and available routes for administration. The concept of 
individualizing analgesic therapy to the patient’s pain syndrome with close moni-
toring of treatment outcomes (pain relief, adverse effects) and changing clinical 
circumstances is fundamental to achieving success with pain management in the 
terminally ill. Individual responsiveness to opioids during the course of illness is 
affected by a constellation of factors, be it the progression of disease, genetics, 
development of opioid tolerance, CNS side effects or opioid-induced hyperalgesia, 
drug pharmacokinetics, and patient-specifi c factors such as poor adherence to the 
analgesic regimen [ 1 – 4 ]. Frequently, switching from one opioid to another becomes 
necessary due to inadequate analgesia and/or the presence of side effects. Further, 
some opioids may be better suited than others among vulnerable patients, such as 
the elderly or terminal cancer patients, who may already have, or be at increased 
risk for impaired renal and hepatic functions. Assessment of hydration status and 
renal functions plays an important role when using opioids in palliative care patients. 
Some opioids such as morphine have active metabolites that can accumulate and 
lead to neurotoxic effects when renal functions are impaired and appropriate dose 
adjustments are not considered. 

 In this chapter we will focus our discussion on methadone and buprenorphine, 
two opioids that have been well recognized for their potent analgesic effects for 
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more than half a decade, but predominantly used for the medical treatment of opioid 
addiction. It is only recently in the last decade or so that these old drugs have been 
“re-discovered” for their potentially advantageous role in managing pain in cancer 
and noncancer patients, especially in the palliative setting when organ failure is 
either present or expected. Both these opioids have distinct receptor binding and 
pharmacological characteristics (such as a prolonged half-life, metabolism via cyto-
chrome P450 (CYP) 34A enzymes, and usefulness in refractory pain syndromes), 
which must be understood to allow for appropriate patient selection and safe admin-
istration of these agents. Some of these characteristics and the potential usefulness 
of these agents in the palliative care setting will be discussed in this chapter.  

    Methadone 

 Methadone is a synthetic mu-opioid receptor agonist developed over 50 years ago 
[ 5 ] and offers several advantages for pain management in the palliative care setting 
such as its analgesic effi cacy, low cost, long half-life, and availability in several 
formulations allowing for administration via almost every route. However, metha-
done’s unique and complex pharmacology, with interindividual variability in 
absorption, metabolism, and relative analgesic potency [ 6 – 8 ], necessitates a cau-
tious and highly individualized approach to prescribing. Some of the benefi ts and 
problems associated with methadone are illustrated in Table  17.1 .

    Pharmacological profi le : Methadone is a potent mu-opioid receptor agonist,  and has 
potent antagonist activity at  N -methyl- D -aspartate (NMDA) receptors [ 9 ,  10 ]. 

   Table 17.1    Potential benefi ts and problems of methadone as compared to other opioids in 
palliative care   

 Benefi ts  Problems 

 • Considered to be safe in renal 
failure: mainly eliminated by fecal 
route, does not accumulate 
signifi cantly with renal impairment 

 • Due to methadone’s long and variable elimination 
half-life, there is potential for drug accumulation, 
and delayed adverse effects 

 • No known active metabolites  • Methadone inadequately studied as a fi rst-line agent 
 • NMDA receptor antagonism: 

may have role in opioid-resistant 
and neuropathic pain 

 • Rotating to methadone is complex; conversion dose 
ratios for methadone to other opioids not well 
researched 

 • Oral, rectal, and intravenous routes 
available for administration with 
very good oral bioavailability 

 • Drug interactions at the CYP450 3A4 and 2D6 
levels 

 • Inexpensive (15–20 times cheaper 
than other opioids) 

 • QTc prolongation reported with high methadone 
dose; requires caution in patients with preexisting 
cardiac disease or use of other QT prolonging 
medications 

 • Extended dosing interval, 2–3 times 
a day and/or even once daily may 
be possible in selected individuals 

 • Stigmatization because of its traditional use 
in the management of opioid addiction 

   NMDA N -methyl- D -aspartate  
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Methadone’s NMDA receptor blockage effects may play a role in refractory neuropathic 
pain, and reversal of previously developed opioid tolerance [ 11 ]. Methadone has also 
been reported to inhibit uptake of neurotransmitters norepinephrine and serotonin 
[ 12 ]. Methadone is available in most countries as a racemic mixture of two stereoiso-
mers.  R -methadone (levorotatory) is the major isomer involved in pain relief and 
activates mu-opioid receptors.  S -methadone (dextrorotatory) exhibits negligible mu-
opioid receptor activity, has equal NMDA effects, and less potent norepinephrine and 
serotonin uptake inhibition, as compared to  R -methadone [ 7 ,  12 ].  R -methadone is 
available in Germany, where it is the preferred agent for pain management. 

 Methadone is highly lipophilic, with excellent oral bioavailability (~67–95 %). 
Following oral administration, it is rapidly absorbed and subject to extensive tissue 
distribution, from where it is slowly released [ 13 ]. The volume of distribution grad-
ually increases, until a steady state is achieved (usually 3–5 days). This tissue reser-
voir sustains plasma concentrations during chronic therapy with methadone [ 14 ]. 
The initial distribution phase half-life is short (~1–4 h), and followed by a longer 
elimination phase (β-half-life; ~15–60 h) which is highly variable. Elimination 
phase half-lives ranging from 4.2 to 130 h have been reported [ 15 – 20 ]. Methadone 
is also highly bound (60–90 %) to the plasma protein, α1-acid-glycoprotein. This 
extensive protein and tissue binding is predominantly responsible for the long 
plasma half-life of the drug, particularly with continuous use [ 21 ]. Methadone is 
primarily metabolized by the liver isoenzyme CYP34A, with some contribution 
from CYP2C9 and CYP2D6 enzymes. Following hepatic metabolism, methadone is 
excreted as an inactive metabolite [ 22 ]. Methadone has no active metabolites and 
hepatic metabolism has no signifi cant effect on methadone concentrations, clear-
ance, or clinical disposition. It is predominantly excreted in the feces; however, 
acidifi cation of the urine will increase renal excretion [ 14 ]. 

 The interindividual variations in methadone’s half-life have been attributable to 
the differences in adipose reserves and protein binding, metabolism between the 
two methadone isomers, single vs. multiple dosing schedule, and pharmacogenetic 
differences in metabolizing enzymes [ 22 ]. Disease states and drugs infl uence may 
also affect plasma protein concentrations, which in turn affects free methadone lev-
els [ 22 ,  23 ]. Cancer, for instance, is associated with increased protein levels, thereby 
decreasing free methadone levels. Conversely drugs such as propranolol, phenothi-
azines, tricyclic antidepressants, and progesterone compete for protein binding and 
may result in increased levels. 

  Clinical implications of methadone pharmacokinetics in pain management : In con-
trast to other commonly used opioids, methadone’s plasma elimination half-life 
does not match its duration of analgesic effects [ 17 ,  20 ,  24 ,  25 ]. No correlation 
between plasma methadone levels and analgesic effects has been shown [ 21 ]. The 
discrepancy between methadone extended half-life and duration of analgesic effects 
is of clinical importance as it may result in drug accumulation and toxicity [ 20 ,  26 ]. 
Further, wide interindividual variations in its half-life contributes to diffi culties 
in appropriately prescribing this drug and the potential toxic accumulation in 
some individuals. 
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 Methadone has a rapid onset of action, with analgesic effects occurring within 
30–60 min, and an analgesic peak between 2.5 and 4 h. Methadone’s typical dura-
tion of analgesic effects is approximately 4–8 h with single dose, and 6–12 h after 
steady state is achieved [ 17 ,  24 ]. Steady-state plasma concentrations and full anal-
gesic effects are usually not attained until 3–5 days of dosing. The shorter observed 
duration of methadone’s analgesic effects relative to its longer elimination half-life 
(~15–60 h) require frequent methadone dosing (2–4 times per day) for pain man-
agement, but can lead to tissue accumulation, and delayed opioid toxicity. 

 Due to methadone’s extensive metabolism by CYP450 isoenzymes, potentially all 
agents metabolized by this system could interact with this drug. Induction or inhibi-
tion of CYP34A enzyme is the primary mechanism behind methadone’s drug interac-
tions. Examples of common drugs used in the palliative care setting that may interact 
with methadone via the CYP450 system is shown in Table  17.2 . Pharmacogenetic 

   Table 17.2    Example of drugs that affect CYP450 system and potential for interaction with 
methadone   

 Drug  Proposed mechanism 

  May  ↑  serum methadone levels/ ↑  methadone effects  
 Antibiotics/antifungals/antiretrovirals 

 • Erythromycin and other macrolides  Strong CYP3A4 enzyme inhibitor 
 • Ciprofl oxacin and other quinolones  CYP3A4 inhibition 
 • Fluconazole, ketoconazole, and other 

azole antifungals 
 CYP3A4 inhibition 

 • Delavirdine  CYP450 enzyme inhibition 
 Antidepressants/anxiolytics 

 • Selective serotonin reuptake inhibitors 
(in particular fl uvoxamine) 

 CYP450 enzyme inhibition 

 • Atypic antidepressants (e.g., nefazodone)  CYP450 enzyme inhibition 
 • Diazepam  Mechanism undetermined 

 GI medications 
 • Cimetidine  CYP450 enzyme inhibition 

 Grape fruit  Intestinal CYP3A4 inhibition 
 Cardiac/hypertension medications 

 • Verapamil  CYP450 enzyme inhibition 
 • Amiodarone  CYP450 enzyme inhibition 
 • Quinidine  CYP450 enzyme inhibition 

  May  ↓  serum methadone levels/ ↓  methadone effects  
 Anticonvulsants 

 • Barbiturates  CYP450 enzyme induction 
 • Phenytoin, carbamazepine  CYP3A4 and CYP2B6 enzyme induction 

 Antituberculosis drug: rifampacin  Induces CYP450 enzymes 
 Dexamethasone  CYP3A4 and CYP2B6 enzyme inducer 
 Antiretrovirals 

 • Amprenavir  CYP3A4 enzyme induction 
 • Efavirenz  CYP3A4 and/or CYP2B6 induction 
 • Nelfi navir  CYP3A4 induction 
 • Nevirapine  CYP3A4 and/or 2B6 enzyme induction 
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differences in these enzymes also play an important role in the wide interindividual 
variation in the plasma half-lives reported [ 22 ]. For example, due to a polymorph of 
CYP2D6, a subset of the white population (<10 %) are considered to be poor metabo-
lizers of methadone [ 27 ] and may result in increased toxicity from methadone. More 
clinical research is needed to better understand methadone drug interactions, and in 
the meantime it is advisable to limit the use of agents metabolized by CYP3A4 and 
possibly the 2D6 isoenzymes in patients using methadone. If this is not possible, 
increased clinical monitoring of side effects is indicated.

    Formulations : Methadone hydrochloride is available in multiple formulations, 
including 5-, 10-, and 40-mg scored tablets; solution in concentrations of 1 mg/mL, 
10 mg/5 mL, and 10 mg/mL for oral administration, and a 10 mg/mL solution for 
parenteral administration. In the USA, the DEA advisory stresses that the 40-mg 
formulation of methadone hydrochloride is indicated only for the detoxifi cation and 
maintenance treatment of opioid-addicted patients and is not FDA-approved for use 
in pain management.  

    Clinical Uses of Methadone in Palliative Care 
for Pain Management 

 Methadone is most commonly used as a second-line agent, when patients are 
switched to methadone from their existing opioids. In recent years, however, metha-
done is increasingly being used as a fi rst-line opioid in the management of pain, 
particularly in the setting of renal failure or neuropathic pain. 

 Methadone is an excellent alternative opioid when opioid rotation becomes nec-
essary due to opioid-induced neurotoxicity (OIN) or the development of opioid tol-
erance. OIN includes a constellation of neuropsychiatric symptoms such as 
excessive sedation, cognitive impairment, delirium, hallucinations, myoclonus, and 
opioid-induced hyperalgesia [ 28 ,  29 ]. Mechanism includes increase in excitatory 
non-analgesic opioid metabolites and NMDA activation [ 30 ,  31 ]. Palliative care 
patients are at an increased risk of OIN due to dehydration and renal impairment. 
Methadone rotation offers several advantages over other opioids in this setting as it 
has no active metabolites, has NMDA receptor antagonist effects, and can be safely 
used in renal failure. Successful rotation to methadone has been demonstrated in 
several prospective and retrospective studies [ 32 – 35 ]. 

 Methadone is increasingly being used as a fi rst-line agent for the treatment of 
cancer pain. Four randomized controlled trials (RCTs) compared the use of oral 
methadone to other opioids (morphine or transdermal fentanyl), as a fi rst-line agent 
for treating cancer pain [ 18 ,  36 – 38 ]. In all of these studies, methadone was compa-
rable to other opioids with regard to analgesic effi cacy. Adverse events were also 
similar except in one study (which used 2:1 morphine to methadone dose conver-
sion ratio), which had higher incidence of sedation and drop outs [ 37 ]. The other 
three trials using conversion ration of ≥4:1 had similar adverse events between 
methadone and other groups.  
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    Starting Patients on Methadone 

 When methadone is initiated, as with all opioids, it is necessary to adjust the dosing 
regimen for each patient individually, taking into account patient’s prior analgesic 
treatment experience and methadone’s unique pharmacological properties. 
Clinicians should follow appropriate pain management principles of careful assess-
ment and ongoing monitoring of treatment outcomes (such as pain relief and opioid 
side effects). The recommendations in the following section should only be consid-
ered as suggested approaches to what is actually a series of clinical decisions over 
time in the management of pain of each individual patient. 

  Opioid rotation to methadone from other opioids : Switching to methadone from 
another opioid should only be attempted by experienced clinicians in pain manage-
ment. Optimal methadone initiation and dose titration strategies for the treatment of 
pain have not been determined. As mentioned previously, methadone’s analgesic 
effects do not match its long and variable half-life, and there is potential for toxic 
accumulation of the drug. Additionally, inherent uncertainties of dose conversion 
ratios and incomplete cross-tolerance between mu-opioid agonists makes determi-
nation of dosing during opioid conversion complex. 

 Published equianalgesic conversion ratio tables between common opioids, and 
between methadone and morphine, provide average analgesic potencies of single 
opioid doses in non-tolerant patients. This may greatly underestimate methadone’s 
analgesic potency, and its potential for adverse effects in repeated-dose settings. 
Regardless of the dose determination strategy employed, methadone is most safely 
initiated and titrated using small initial doses and gradual dose adjustments. 

 Recommended steps for obtaining methadone dose during opioid rotation are 
shown in Tables  17.3  and  17.4 . As morphine is used as the standard for opioids, the 
initial step involves converting the current daily opioid dose to oral morphine equiv-
alent daily dose (MEDD) from equianalgesic tables. The second step involves cal-
culating the approximate methadone dose from morphine to methadone conversion 
tables. The equianalgesic conversion ratio to obtain methadone dose is based on the 

        Table 17.3    Recommended    initial morphine to methadone conversion ratios   

 Oral morphine equivalent daily 
dose (MEDD) in milligrams  Conversion ratio a  

 <100  3:1 
 >100–300  5:1 
 >300–600  10:1 
 >600–800  12:1 
 >800–1,000  15:1 
 >1,000  20:1 

   a Dose of methadone is calculated by dividing the MEDD by the conversion 
ration. This dose should be decreased by 25–50 % to accommodate for lack 
of incomplete tolerance  

S. Dalal and E. Bruera



247

pre-switch morphine equivalent dose range [ 32 ], with higher MEDD requiring 
 higher morphine to methadone conversion ratios , as shown in Table  17.3 . The third 
step involves reducing the methadone dose by 25–50 % for incomplete cross- 
tolerance between opioids. It is important to note that the methadone dose obtained 
from these steps is approximate [ 39 ], and methadone should be further titrated to 
patient’s response.

    The best schedule for dosing methadone once the approximate equianalgesic 
dose is calculated has not been determined. Both a phased rotation (done over days) 
and a “stop and go” approach (rapid switch) have been proposed. When pre-switch 
MEDD is higher than 100 mg, the switch to methadone should ideally be done over 
several days [ 40 ]. In the slower approach described by Bruera et al. [ 35 ] and 
Ripamonti et al. [ 41 ], the opioid to be discontinued is gradually decreased over 3 
successive days and is replaced by gradually increasing methadone by one third 
increments, as shown in Table  17.4 . Longer schedules may also be used. Some stud-
ies suggest that when pre-switch MEDD is more than 600, switching to methadone 
should be done more slowly (3–6 days) and in the inpatient setting [ 42 ]. 

 In the rapid switching approach described by Morley and Makin [ 43 ], Mercadante 
et al. [ 44 ], and the German model [ 42 ], the current opioid is abruptly discontinued 
and replaced by methadone. For those patients receiving opioids with MEDD 
approximately 100 mg or less per day, a rapid switch to methadone seems to be 
most appropriate. In the study by Mercadante et al., the mean morphine dose for all 
patients was 125 mg/day, with more than half the patients receiving 90 mg/day of 
morphine or less daily. A fi xed morphine to methadone conversion ratio of 5:1 was 
initially used and subsequently adjusted as appropriate. This approach was success-
ful in approximately 80 % of patients. However, in the setting of higher pre-switch 
opioid dose, a phased 3-day switch is recommended to avoid opioid toxicity. In a 
recent prospective study of 42 cancer patients on morphine or oxycodone, patients 
were randomized to a rapid methadone switch vs. a 3-day phased rotation to metha-
done [ 45 ]. The mean pre-switch morphine doses in the two groups were 900 and 
1,330 mg/day, respectively. The rapid switch group had higher number of drop outs 
and serious adverse events (two deaths and one severe sedation). 

 When rotating from 12 h sustained release preparations, it is recommended to 
delay initiation of methadone by up to 12 h [ 46 ]. Similarly, a wash-out period when 
switching from fentanyl to methadone is recommended. A small study ( n  = 17) 

    Table 17.4    Recommended methadone rotation schedule   

 Recommended steps for a 3-day phased conversion from morphine to methadone (with example) 
 Calculate methadone dose from Table  17.3  and decrease by 25–50 % for lack of incomplete 

tolerance. If pre-switch oral morphine dose is 600, the calculated methadone dose will be 
~30 mg/day (after 50 % reduction) 

 Day 1: Administer 2/3 of the pre-switch morphine (400 mg) and 1/3 of the planned methadone 
dose (5 mg twice/day) 

 Day 2: Administer 1/3 of the pre-switch morphine dose (200 mg) and 2/3 of the planned 
methadone dose (10 mg every 12 h) 

 Day 3: Stop morphine. Administer all of the planned methadone dose (10 mg every 8 h) 
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demonstrated a safe switch to methadone by instituting a wash-out period after 
removal of the fentanyl patch (8–12, 12–16, 16–18, or 18–24 h depending on 
whether previous transdermal fentanyl doses were ≤100, 100–200, 200–300, or 
>300 µg/h, respectively). This study used a morphine to methadone conversion ratio 
of 5:1 and made methadone dose adjustments no earlier than every 72 h. 

  Rotation from methadone to other opioids : With the wider use of methadone for 
pain management, it is no longer uncommon for palliative care patients to be on 
methadone, and require a switch to alternative opioids. Methadone to morphine 
rotation has received limited study, but is not bidirectional. One prospective study 
and two retrospective studies have reported on methadone to morphine rotation. In 
the prospective study by Moryl et al. [ 47 ], 12 of a total of 13 patients were unable 
to complete a rotation from methadone to another opioid due to uncontrolled pain 
and adverse side effects. The pre-switch methadone dose in this study ranged from 
2 to 80 mg/h. However, two retrospective studies have reported successful switch 
from methadone to morphine or another opioid [ 33 ,  48 ]. Lawlor et al. [ 49 ] reported 
on six patients rotated from oral methadone to morphine. The median pre-switch 
methadone dose was 60 mg/day (range 3–240), and the median methadone to mor-
phine dose ratio was 8.3 (range 4.4–11.0). In the study by Walker et al. [ 48 ], the 
conversion ratios were reported separately for patients on IV methadone ( n  = 13, 
median methadone dose 20 mg/day) and oral methadone ( n  = 16, 26 mg/day), and 
were found to be approximately 14 and 5, respectively. For both groups, stable dose 
was achieved in approximately 3 days. This study suggests higher analgesic potency 
for IV methadone vs. oral methadone, than previously thought (1:3 vs. 1:1 to 1:2). 

  Initiation of methadone in opioid naïve patients : When oral methadone is used as 
the fi rst opioid for management of chronic pain, the recommended starting dose 
should be 2.5–5 mg orally every 12 h, and slowly titrated to effect. Dose escalations 
should ideally be made not earlier than every 72 h (Table  17.5 ). More frequent 
administration may be required during methadone initiation in patients who have 
uncontrolled pain, but extreme caution is necessary to avoid toxicities, taking into 
account methadone’s long elimination half-life.

    Treating breakthrough pain  ( BTP )  when on scheduled methadone : Short-acting opi-
oids such as morphine, hydromorphone, and oxycodone are generally preferred 
agents for BTP. While methadone has also been used in doses 10–30 % of the cal-
culated daily methadone dose for managing BTP [ 32 ,  43 ], caution is advised as 
repeated dosing could lead to drug accumulation. In selected patients who have 
previously experienced adverse effects from several opioids, and those at risk 

   Table 17.5    Recommendations for dosing methadone on opioid naïve patients   

 Days 1–3  Start with 2.5–5 mg PO q 12 for fi rst 3 days. Use short-acting opioids 
(example morphine or hydromorphone) for breakthrough pain 

 Days 4–5  Increase dose of methadone by 50–100 % if patient has uncontrolled pain, 
and no evidence of opioid toxicity 
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of opioid-induced toxicity (dehydration, renal failure), we recommended use of 
methadone for BTP as 10 % of the total methadone dose every 2–3 h, once steady 
state (usually 3–5 days) has been achieved. 

  Conversion from parenteral methadone to oral methadone : As methadone has 
excellent bioavailability ranging from 60 to 90 %, a parenteral to oral methadone 
conversion ratio ranging from 1:2 to 1:1 has been suggested. We recommend a more 
conservative approach ratio of 1:2. A recent retrospective review of methadone to 
alternate opioid rotation [ 48 ] has suggested higher (1:3) analgesic potency for IV 
vs. oral methadone, and requires further studies for clarifi cation.  

    Methadone Dosing in Special Populations 

  Renal failure : Methadone and its metabolites (inactive) are excreted in the urine 
(20–50 %) and feces (10–45 % as the pyrrolidine metabolite). For patients with 
impaired renal function, methadone clearance via feces increases and no dose adjust-
ment is necessary [ 50 ]. Because methadone is highly protein bound and has a large 
volume of distribution, removal by dialysis is not expected to be signifi cant [ 51 ]. 

  Liver failure : Methadone is not hepatotoxic; however, the liver has a central role in 
methadone metabolism, clearance, and drug storage. Studies of patients with severe 
uncompensated chronic liver disease or acute fulminant liver failure have not been 
conducted. In preclinical studies, methadone metabolism was shown to be signifi -
cantly altered in the presence of severe liver disease or abrupt changes in liver func-
tions [ 52 ]. However, methadone is well tolerated and successfully used in patients 
with mild liver disease. Therefore, we recommend that for patients with chronic, 
stable liver functions, the usual methadone doses may be implemented, and in 
patients with progressive failure methadone is best avoided. 

  Age considerations : As age does not appear have a major infl uence on methadone 
clearance, no change in dose is usually required in elderly patients. Methadone has 
been used and shown to be safe and effective in pediatric patients with neuropathic 
pain or nociceptive pain unresponsive to other opioids [ 53 ].  

    Buprenorphine 

 Buprenorphine is a semisynthetic derivative of the opium alkaloid thebaine. 
Although well recognized for its potent analgesic effects [ 54 ], buprenorphine’s clas-
sifi cation as a partial agonist or as a mixed agonist–antagonist discouraged further 
development of this drug for the management of chronic pain. Concerns about lim-
ited and ceiling analgesic effects, precipitation of opioid withdrawal when given to 
opioid-tolerant patients, and non-reversal of effects with naloxone have been some 
of the widespread misconceptions of this drug. However, over the past decade and 
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half, improved understanding of buprenorphine’s pharmacological profi le, analge-
sic effectiveness, tolerability, and recent availability of the transdermal system 
(TDS) formulation has led to a resurgence of interest in its use for chronic pain 
management. Much of the research and experience of using buprenorphine has 
emerged from European countries, where the TDS formulation has been available 
since 2001 as a 3–4 day formulation. Buprenorphine TDS has been successfully 
initiated in both opioid naïve and tolerant patients with chronic cancer and noncan-
cer pain, and there are no published data indicating an analgesic ceiling dose with 
clinical use. While published research is promising, there is still need for more 
evidence from well-designed studies before there can be defi nite conclusions 
regarding use of buprenorphine in the palliative care setting. 

  Buprenorphine formulations : Buprenorphine is currently available in sublingual, 
parenteral, and TDS formulations. Although a solution form has been tested and 
found to have higher bioavailability than sublingual tablets [ 55 ], this is not currently 
approved for clinical use. Lower dose sublingual tablets of 0.2 mg buprenorphine 
are available for analgesia in some European and Asian countries. Higher dose sub-
lingual tablets are approved for opioid addiction and are available as combination 
tablets with naloxone (2 mg/0.5 mg and 8 mg/2 mg tablets) and as buprenorphine 
alone (2 and 8 mg tablets). 

 Buprenorphine TDS formulation incorporates buprenorphine into a polymer 
adhesive matrix. In Europe, buprenorphine TDS is available in three strengths with 
release rates of 35-, 52.5-, and 70-µg/h over a 3-day period, corresponding to daily 
doses of 0.84, 1.26, and 1.68 mg, respectively. Although it is recommended that the 
patch be replaced every 3 days, a recent open-label, randomized, crossover phase III 
study of patients with stable pain control with buprenorphine TDS doses ranging 
from 17.5 to 105 mg/h, demonstrated that prolongation of the patch for an addi-
tional day, to a 4-day regimen, had no impact on analgesic effi cacy or tolerability 
[ 56 ]. In Canada and the USA, buprenorphine TDS became available in 2010 and 
2011, respectively, at lower doses and as a 7-day formulation. These patches deliver 
buprenorphine doses of 5-, 10-, and 20-µg/h over a 7-day period, corresponding to 
daily doses of 0.12, 0.24, and 0.48 mg, respectively. 

  Pharmacological profi le : Buprenorphine’s analgesic properties are attributed to its 
unique agonist or antagonist effects at various opioid receptors—mu, kappa, delta, 
and nociceptin [ 57 – 60 ]. Buprenorphine has high binding affi nity for both mu- and 
kappa-receptors. At the mu-receptor, buprenorphine is a partial agonist, and is an 
antagonist at the kappa-receptor. Once bound to the mu-receptor, buprenorphine dis-
sociates much slower than other full opioid receptors, which partly accounts for its 
longer duration of effects, and fewer signs and symptoms of opioid withdrawal upon 
termination of therapy [ 57 – 60 ]. Buprenorphine also has delta-receptor antagonist, 
and opioid-like-1 (ORL-1) receptor (nociceptin/orphanin FQ receptor) agonist effects 
[ 57 – 60 ]. The clinical implications of delta-receptor effects are not well understood, 
while the ORL-1 receptor has been attributed to pay a role in opioid tolerance. 

 One of the major concerns of using buprenorphine for analgesia in chronic pain 
is the potential for ceiling effects due to its partial mu-opioid agonistic activity. 
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While earlier studies of rodent models of acute pain did demonstrate a typical 
bell- shaped dose–response curve with high doses of buprenorphine [ 61 ], more 
recent experiments conducted in acute and chronic pain models did not confi rm the 
same [ 62 ]. Further, in humans, at therapeutic dose levels, buprenorphine showed a 
linear analgesic dose–response curve, with no evidence of ceiling effects [ 63 ,  64 ], 
suggesting that over the relevant dose range buprenorphine acts as a full agonist for 
analgesia [ 65 ,  66 ]. However, as a partial mu-opioid receptor there is potential exis-
tence of an analgesic ceiling effect, and based on preclinical studies this has been 
estimated to be above doses of 15–25 mg daily, which is much higher than currently 
recommended doses [ 67 ]. Among subjects using sublingual buprenorphine for opi-
oid addiction, maximal effects of buprenorphine have been reported to occur in the 
16–32 mg dose range [ 68 ]. In contrast, a ceiling effect for respiratory depression has 
been observed in human and animal studies [ 64 ,  66 ]. 

 Buprenorphine has low oral bioavailability because of extensive fi rst pass 
 metabolism [ 66 ]. 

 Buprenorphine’s low molecular weight and high lipophilicity makes it very suit-
able for sublingual and transdermal delivery. Sublingually, buprenorphine’s bio-
availability is approximately 60 %, with peak effects within 0.5–3 h, as compared to 
20 min following intravenous dose. It is highly bound (96 %) to plasma proteins, 
primarily to α- and β-globulin fractions [ 69 ]. Buprenorphine is metabolized via 
CYP3A4, to the active metabolite norbuprenorphine, which has weak analgesic 
properties [ 70 ]. Both the parent compound and norbuprenorphine are subject to 
glucuronidation, and are eliminated mainly via excretion into the bile (70 %), and to 
a lesser extent by the kidneys (30 %) [ 66 ,  71 ]. Due to rapid glucuronidation of 
buprenorphine and its metabolites, the risk of pharmacokinetic interactions with 
other drugs is considered to be low, and buprenorphine is also considered to be safe 
in patients with renal impairment. 

 The elimination half-life of buprenorphine in humans is approximately 20–73 h. 
The half-life of sublingual buprenorphine is higher than intravenous due to sublin-
gual tissue reservoirs [ 72 ]. With the buprenorphine TDS formulation, bioavailabil-
ity is approximately 60 %. Effective plasma concentrations are reached within 
12–24 h of patch application, while  T  

max
  occurs at approximately 60 h for the 35- 

and 70-µg/h patch. 

  Clinical implications of buprenorphine ’ s pharmacological profi le in pain manage-
ment : As a partial mu-opioid agonist, theoretical concerns of ceiling analgesic 
effects with buprenorphine dose increase exists. However, as discussed previously, 
linear analgesic dose–response curves have been demonstrated at therapeutic levels. 
Up to two buprenorphine 70 µg/h TDS have been used in clinical trials and pub-
lished reports without evidence of ceiling effects, suggesting that at relevant doses, 
buprenorphine acts as a full mu-opioid agonist [ 65 ,  66 ]. Buprenorphine has high 
affi nity for mu-opioid receptors and is not easily displaced by opioid antagonists. 
Consequently, the effects of buprenorphine in overdose may only be partially 
reversed by naloxone. As naloxone has a relatively short half-life, multiple doses, or 
naloxone infusions may be required in settings of overdosage and respiratory 
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compromise. Buprenorphine is predominantly excreted via the fecal route (70 %) 
and therefore can be safely used in patients with renal failure. Further, despite 
buprenorphine undergoing initial metabolism via CYP3A4 enzymes, the risk of 
pharmacokinetic interactions with other drugs is considered to be low, as both the 
parent compound and its metabolites undergo rapid glucuronidation.  

    Clinical Uses of Buprenorphine for Managing Pain 
in Palliative Care Populations 

  Analgesic effi cacy : The analgesic effect and tolerability of buprenorphine TDS have 
been investigated in four RCTs. Three of these were 15 day, double-blinded, placebo- 
controlled phase-III trials [ 73 – 75 ] involved in the clinical development of buprenor-
phine were conducted in patients with cancer or noncancer pain, who were on weak 
(Step-II on the WHO analgesic ladder) or low doses of strong (Step-III) opioids. In 
the fi rst two trials [ 73 ,  74 ], patients were randomized to placebo vs. three dose 
strengths of buprenorphine TDS (35-, 52.5-, and 70-µg/h) every 72 h, and sublingual 
buprenorphine at 0.2 mg was allowed for BTP. In the fi rst trial by Sittl et al. [ 73 ] 
( n  = 157) buprenorphine TDS at 35- and 52.5-µg/h were both associated with signifi -
cantly higher proportion of analgesic responders, improved sleep, and lower number 
of rescue medications. Surprisingly, buprenorphine TDS 70 µg/h as compared to 
placebo did not reach signifi cance. In the study by Bohme and Likar [ 74 ] ( n  = 151), 
analgesic response was shown to be dose-dependent (34 %, 37 %, and 50 % for 35-, 
52.5-, and 70-µg/h, respectively) but did not reach statistical signifi cance. 

 In the third study by Sorge et al. 174 patients were treated in an open, run-in 
phase with buprenorphine sublingual tablets for 6 days. Patients who obtained at 
least satisfactory pain relief ( n  = 137) were then randomized to either buprenorphine 
TDS 35 µg/h or placebo for 9 days. The number of rescue sublingual buprenorphine 
used (main endpoint of study) was signifi cantly lower in the active treatment group. 
When the daily dose delivered by the patch was added to the additional sublingual 
buprenorphine required, the total dose in the double-blind phase was comparable to 
the sublingual dose during the run-in phase. Patients’ assessment of pain intensity 
and relief suggested better analgesia with buprenorphine TDS, although these 
results never gained statistical signifi cance during the study protocol ( P  > 0.05). 

 The fourth trial by Poulain et al. [ 76 ] was conducted to evaluate the maintenance 
of effi cacy of buprenorphine TDS in 289 opioid-tolerant cancer patients with severe 
pain. Prior to study entry, these patients were consuming opioids (single opioids or 
combination therapy, including oral tramadol, morphine, hydromorphone, oxyco-
done, and transdermal fentanyl) in the dose range of 90–150 mg/day oral morphine 
equivalents. The study included a 2-week run-in phase, during which all patients were 
switched to buprenorphine TDS 70 µg/h, following which patients who were success-
fully switched entered into the placebo-controlled maintenance phase of the trial. 
A signifi cant number ( n  = 100, 53 %) of patients discontinued treatment due to lack of 
analgesic effi cacy or adverse events. Of the 189 patients who continued treatment in 

S. Dalal and E. Bruera



253

the maintenance phase (94 buprenorphine TDS, 95 placebo), a signifi cantly higher 
number of patients responded well in the active treatment group (74.5 % vs. 50 %, 
 P  = 0.0003) with lower daily pain intensities, lower intake of rescue medication 
(buprenorphine sublingual tablets). Further, there were lower dropout rates in the 
buprenorphine TDS group vs. placebo group (7 vs. 24). The mean daily pain intensity 
and the mean daily intake of rescue medication both decreased in 70 % of patients 
during the fi rst 12 h following active patch application, indicating a rapidly develop-
ing distinct analgesic response from buprenorphine TDS. Further, this study demon-
strated that opioid-tolerant patients can be switched to buprenorphine, and the latter 
did not precipitate a withdrawal syndrome. 

 Maintenance of effi cacy was also demonstrated in an open-label follow-up trial 
by Likar et al. [ 77 ], that enrolled 239 patients from the fi rst three above mentioned 
RCTs. Buprenorphine TDS were found to be effective for managing chronic pain in 
134 cancer patients (maximum study participation was 3.4 years) and 105 noncan-
cer patients (5.7 years), with 90 % reporting at least satisfactory analgesia. 

 An 8-week randomized, open label prospective study of 52 cancer patients pain 
[ 78 ], compared buprenorphine TDS (35 µg/h) vs. morphine (60 mg sustained 
release) for the treatment of chronic pain. Patients treated with buprenorphine expe-
rienced signifi cantly greater improvement in pain intensity, sleep, and quality of life. 

 A number of post-marketing surveillance studies [ 79 – 81 ] and retrospective stud-
ies [ 82 ] continue to demonstrate the effi cacy of buprenorphine TDS in the manage-
ment of cancer and noncancer pain. Although these results are promising, more 
evidence from well-designed studies are warranted before there can be defi nite con-
clusions regarding this drug. A recent systematic review published in 2009 [ 83 ] 
identifi ed six randomized trials and two observational studies for analysis of clinical 
endpoints, but was unable to conduct a meta-analysis due to heterogeneity between 
studies and variances in outcome measures. 

  Switching between buprenorphine and other opioids : Several trials involving 
patients with cancer or noncancer chronic pain suggest that patients can be safely 
and effi caciously switched bidirectionally between buprenorphine TDS and another 
opioid [ 76 ,  84 – 87 ]. In a small prospective “N of 1” study by Mercadante et al. [ 84 ], 
22 cancer patients with adequately controlled pain using buprenorphine TDS (35 or 
70 µg/h;  n  = 6) or fentanyl TDS (25 or 50 µg/h;  n  = 16) were switched from one 
transdermal opioid to the other for 3 days, and then switched back again. This study 
used a fentanyl:buprenorphine conversion ratio of 0.6:0.8, and found no signifi cant 
differences in pain or use of rescue opioids between the two groups, thereby sug-
gesting that patients on stable doses of either transdermal opioid could be safely 
switched to another, and that concomitant presence of both opioids was feasible 
without important consequences. 

 In another study by Mercadante et al. [ 85 ], ten cancer patients with adequate pain 
control and on stable doses morphine (120–240 mg) or fentanyl TDS (50–100 µg/h) 
for more than 6 days were switched to buprenorphine TDS, using equipotency ratios 
of 70:1 with morphine and 0.6:0.8 with fentanyl. The study found no signifi cant 
differences in pain intensity or use of rescue medications before the opioid switch, 
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or days 3 and 6 after switch. Signifi cant improvements in constipation and global 
satisfaction with analgesia were also observed after the switch. 

 In clinical practice, switching from one opioid to another is usually undertaken 
in the presence of inadequate analgesia or in the presence of intolerable opioid side 
effects. Several trials have evaluated buprenorphine’s effi cacy in these circum-
stances. In a prospective open-label study by Freye et al. [ 86 ], 42 patients (nine with 
cancer) were switched (due to inadequate analgesia, side effects, or other) from 
morphine (dose range 120–800 mg/day) to buprenorphine TDS. Buprenorphine 
dose (at least 52.5 µg/h) was titrated individually by the treating physician. Outcome 
assessments (pain relief, sleep, and adverse events) were conducted over a mini-
mum period of 10 weeks and up to 1 year. Following rotation, patients experiencing 
good/very good pain relief increased from 5 to 76 % ( P  < 0.001), and only 5 % 
reported insuffi cient relief. In the majority of patients, relief was achieved with 
buprenorphine alone (77.4 %), while a minority (17 %) needed additional opioids 
for BTP. Adverse effects were reported in 11.9 %, mostly because of local irritation, 
and did not result in buprenorphine discontinuation. In another study, Aurilio et al. 
assessed the effi cacy and tolerability of switching between transdermal opioids in 
32 cancer patients with chronic pain receiving insuffi cient analgesia using either 
fentanyl TDS ( n  = 16) or buprenorphine TDS ( n  = 16) [ 87 ]. The dosages used to 
switch opioids were 50 % of that obtained from commonly used fentanyl:buprenorphine 
equianalgesic ratio of 0.6:0.8 (75-fentanyl TDS converted to 52.5-buprenorphine 
TDS; 70-buprenrophine TDS converted to 25-fentanyl TDS). Patients were assessed 
at weekly intervals for 3 weeks. The study demonstrated signifi cant reductions in 
pain levels, use of rescue medications, and side effects in both groups, suggesting 
that opioid switching between the two at 50 % of the calculated equianalgesic dose 
was successful in reducing pain and side effects. 

  Buprenorphine TDS combined with other opioids for BTP : Buprenorphine TDS has 
been shown to be successfully combined with other opioids for managing BTP. In 
an open label study by Mercadante et al. [ 88 ], 29 consecutive advanced cancer 
patients who reported acceptable basal analgesia with buprenorphine TDS (mean 
dose 44.5 µg/h), but who experienced BTP, were treated with an intravenous mor-
phine bolus, the dose being 1/5 of the MEDD of buprenorphine. Of 106 episodes, 
92 % were successfully treated and the mean pain intensity decreased from 7.3 to 
2.9 on an 11-point NRS after 15 min. Adverse events occurred in 18 % of episodes 
after administration of the morphine bolus. This study suggests that morphine is 
effective and safe for use in BTP in patients receiving buprenorphine TDS.  

    No Demonstration of Ceiling Effect of Buprenorphine 
in Clinical Studies to Date 

 In human trials to date there is no evidence of a ceiling effect of buprenorphine with 
respect to analgesia. A study of the use of i.v. buprenorphine for postoperative pain 
following cesarean section in 50 patients showed that doses up to 7 mg were 
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effective and provided long-lasting analgesia [ 63 ]. In a preliminary open label trial 
by Mercadante et al. [ 89 ], ten cancer patients who were already receiving 70 µg/h 
buprenorphine TDS and had uncontrolled pain, were administered higher doses up 
to a maximum of 140 µg/h within 6 days, when the study was completed. Intravenous 
morphine was given as needed (a 7-mg bolus for each 70 µg/h patch). Dose increase 
to 105–140 µg/h was shown to successfully relieve pain in six patients, with no 
increase in adverse events. The remaining four patients had inadequate pain relief 
with 140 µg/h buprenorphine TDS and required switch to an alternative opioid at 
equianalgesic doses that were higher than 140 µg/h buprenorphine TDS. This study 
suggests that there was no evidence of a ceiling effect with doses used a higher than 
140 dose may have been effective in controlling pain and that concomitant use of 
rescue morphine was effective in managing pain. A case report of a palliative patient 
with metastatic cancer using buprenorphine TDS at escalating doses up to 280 µg/h 
(6.4 mg/day) was described to provide effective pain relief. It is now considered that 
within the analgesic dose range of 0.2 mg to approximately 7 mg buprenorphine per 
day, there is no ceiling effect with buprenorphine [ 90 ]. 

  Potential benefi t of using buprenorphine in neuropathic pain syndromes : There are 
various reports of buprenorphine successfully treating cases of neuropathic pain, 
such as for management of trigeminal neuralgia, post-herpetic neuralgia, radicular 
pain, phantom limb pain, and post-thoracotomy pain [ 91 – 96 ]. Additional benefi ts of 
buprenorphine in neuropathic pain have been proposed due to demonstration of 
potent anti-hyperalgesic and anti-allodynic effects in preclinical [ 62 ] and human 
[ 97 ] studies. Further research is warranted to identify the role of buprenorphine for 
neuropathic pain.  

    Use of Buprenorphine in Special Populations 

  Renal failure : Buprenorphine and its metabolites are predominantly excreted via the 
fecal route, and it is generally considered to be safe in renal failure. However, there 
are only few small studies that have been conducted. In a small study [ 98 ], ten selected 
patients who were able to tolerate buprenorphine TDS and receiving dialysis, 
buprenorphine, and norbuprenorphine blood levels before and after dialysis did not 
change signifi cantly. There were no reports of severe toxicities predialysis; however, 
three patients reported either nausea or sweating predialysis. Among surgical patients, 
two studies suggest that buprenorphine disposition is not signifi cantly altered in 
renally impaired patients. In one study [ 93 ], buprenorphine levels over a 3-h sam-
pling period did not signifi cantly differ between patients with renal failure and healthy 
controls, and there was no clinical evidence of sedation or respiratory depression. 
This study did not measure buprenorphine metabolites and was of a very short dura-
tion. Another study examined buprenorphine disposition utilizing both single- and 
multiple-dosing [ 92 ]. In the single-dose study intravenous 0.3 mg buprenorphine 
was given to 15 anesthetized patients undergoing surgery. There were no differences 
in buprenorphine kinetics between healthy ( n  = 6) and renally impairment patients 
( n  = 9) over a 24 h period, and buprenorphine metabolites were undetectable. 
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In the multiple-dose study of 20 patients, a variable-rate of buprenorphine infusion 
(median infusion rate of 161 µg/h) was utilized with controlled ventilation to provide 
analgesia in the intensive care unit for a median duration of 30 h. Buprenorphine 
clearance in patients with normal ( n  = 12) and impaired renal function ( n  = 8) was 
similar, as were dose-corrected plasma concentrations of buprenorphine. However, in 
patients with renal failure, plasma concentrations of metabolites were signifi cantly 
increased (by a median of 4 and 15 times for norbuprenorphine and buprenorphine-
3-glucoronide), but were not associated with symptoms. 

  Hepatic failure : There is sparse date with regard to the safety of using buprenor-
phine in patients with hepatic failure. The liver plays a prominent role in metabolism 
of buprenorphine, and as CYP3A4 protein expression is reduced in severe chronic 
liver disease, dose reduction/monitoring may be required when on buprenorphine. 
In patients with mild to moderate hepatic impairments, a study by Lasseter et al. 
[ 99 ], found that the pharmacokinetic profi le of buprenorphine (0.3 mg intravenous) 
did not differ from matched healthy controls, for most parameters. However, maxi-
mum plasma concentrations of buprenorphine and norbuprenorphine were lower 
(by 50 % and 30 %, respectively) in patients with hepatic impairments, and these 
patients had less nausea/vomiting. These results suggest that buprenorphine dosage 
does not need to be adjustment in mild to moderate chronic hepatic impairment. 

  Age considerations : Buprenorphine has not been studied in pediatric patients for 
pain management, although case reports of use in chronic or cancer pain suggest 
that it is well tolerated and effi cacious [ 100 ].     
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           Pain in Sickle Cell Disease 

 Pain is the most common symptom reported by the 89,000 [ 1 ] to 100,000 [ 2 ] 
Americans with sickle cell disease (SCD) [ 3 ]. Vaso-occlusive pain, often occurring 
as an extremely painful vaso-occlusive crisis (VOC), is the hallmark of SCD    [ 4 ]. 
VOC is the most common cause of hospitalization for SCD [ 5 ]. Typical VOC pain 
is acute, disabling, and intense enough to require opioids. It usually affects the 
extremities, the back, the abdomen, or rarely the head and jaw [ 6 ]. 

 However, rather than leading to hospitalization, most vaso-occlusive pain in 
SCD, even pain characterized as a VOC and requiring opioids, is managed at home 
[ 7 ,  8 ]. The “iceberg” of pain in SCD is mostly “submerged,” out of the sight of 
health care professionals, and only the tip of the iceberg, 3.5 % of days in adults, is 
seen in hospitals and Emergency Departments [ 9 ]. 

 Despite signifi cant strides in our understanding of the underlying pathophysiol-
ogy of vaso-occlusive pain and VOC [ 10 ,  11 ], and the potential of novel pharmaco-
logical interventions to modify this pathophysiology [ 12 – 15 ], the evidence base for 
pain management of SCD is lacking [ 16 ], and resources utilized for pain manage-
ment in SCD have remained stagnant for decades, consisting mainly of fl uids and 
opioids. Most of the practices in use to treat pain in SCD seem to have derived from 
care of pain in cancer patients [ 17 – 21 ]. But unlike usual cancer pain, vaso-occlusive 
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pain in SCD is often unpredictable, temporally irregular, of widely variable inten-
sity, and acute-on-chronic (Table  18.1 ).

   Further, pain research in SCD is scant compared to other diseases, even though 
pain is the predominant presentation of the disease. The American Pain Society 
(APS) published consensus SCD pain guidelines in 1999 [ 22 ] which were based on 
few clinical studies in SCD. Similar consensus guidelines were developed in the UK 
in 2003 [ 23 ]. A 2010 review by APS staff to determine if an update was needed 
concluded that there was insuffi cient new information to warrant an update (C. 
Miaskowski, personal communication). A 2011 search of Clinical Trials.gov yielded 
257 registered trials related to SCD [ 24 ]. Of these, only 25 either mentioned “pain” 
or “crisis” or various analgesics in their titles or keyword descriptors. 

 Besides the hallmark VOC, various other pain syndromes may also affect patients 
with SCD. Some syndromes derive from regional or local nociceptive complica-
tions, including ischemic (venous stasis) leg ulcers, avascular necrosis of the hip, 
shoulder, or knee, cholecystitis or gall bladder colic, priapism, headache, and gout. 
Consensus defi nitions of these syndromes in SCD have recently been agreed to 
[ 25 ], to clearly distinguish them from vaso-occlusive pain for research and practice 
purposes. Because of their pathophysiology, these complications are treated differ-
ently than vaso-occlusive pain. 

 Early in life, vaso-occlusive pain in SCD appears purely  nociceptive , i.e., poten-
tially or actually damaging. The nociceptive nervous system involves the periphery, 
spinal cord, brain stem, thalamus and cerebral cortex, and links recognition of a 
damaging stimulus (via the afferent arm) to an adaptive behavioral response (via the 
efferent arm), such as avoidance if possible, through an intense and unpleasant sen-
sation (pain) [ 26 ]. This innate physiological response is repeated countless times 
during every painful episode, but may be distorted after decades of recurrences. 

 As a result, later in life, the ravages of vaso-occlusion may result in vaso- 
occlusive nociceptive SCD pain transforming from acute to chronic pain [ 27 ]. 
Patients may also develop  neuropathic pain , pain occurring as a result of malfunc-
tion or injury in the peripheral or central nervous system [ 28 ], like that seen in dis-
eases such as diabetes mellitus, immune defi ciencies, trauma, ischemic disorders, 
malignant diseases, and fi bromyalgia [ 29 ]. This permanent nerve injury from 

  Table 18.1    Characteristics 
of usual sickle cell pain vs. 
usual cancer pain  

 Sickle cell pain  Cancer pain 

 Ischemic initially  Non-ischemic usually 
 Episodic to continuous  Continuous 
 Widely variable intensity  Steady intensity 
 Unpredictable  Predictable 
 Throughout life  Terminal event 
 Validity questioned  Validity not questioned 
 Few objective correlates  Many objective correlates 
 Prominent feature of disease  May be absent 
 Frequent emergency visits  Few to no emergency visits 
 Children, adults  Mostly adults 
 Episodic care  Longitudinal specialty care 
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multiple prior nociceptive painful episodes may be expressed phenotypically as 
lowering of the pain threshold, hyperalgesia, and allodynia. There may actually be 
anatomical brain manifestations of this phenomenon, i.e.,  neuroplasticity or remod-
eling —that contribute to the maintenance of an altered, neuronal phenotype. 
Adjectives associated with neuropathic pain, e.g., burning, tingling, shooting, 
numbness, and lancinating, have recently been endorsed by adults with SCD pain 
who completed the McGill Pain Questionnaire [ 30 ]. 

 SCD may share this mechanism of transformation from acute to chronic pain 
with other originally nociceptive pain syndromes, including neck and back pain 
[ 31 ] and postoperative pain [ 32 ]. This chronic pain, via neurological changes in 
the prefrontal cortex as part of neuroplasticity and remodeling, may also affect 
emotion. This has been seen with chronic back pain and fi bromyalgia, both 
associated with decreased grey matter in the prefrontal cortex, which may be 
associated with a decreased ability to inhibit the experience of pain, and the 
above lowering of the pain threshold [ 33 ]. Indeed, SCD may share a common, 
“centrally driven” pathophysiologic pain mechanism with several other  diseases, 
all previously thought to be unrelated. These include fi bromyalgia, irritable 
bowel syndrome, interstitial cystitis, and somatization. These central nervous 
system pathologic processes are manifested clinically as a diffuse hyperalgesia, 
identifi able using experimental sensory testing, and corroborated by functional 
neuroimaging [ 34 ]. 

 The focus of most literature on opioid management for pain in SCD is vaso- 
occlusive nociceptive pain, managed in hospitalized patients [ 35 – 39 ]. Texts imply 
or state that chronic pain is far less prevalent. However, the studies of SCD pain 
epidemiology showing highly prevalent chronic pain suggest a mixed nociceptive/
neuropathic pathophysiology, and the need for a more comprehensive treatment 
regimen for pain in SCD that can address neuropathic pain as well as acute and 
chronic nociceptive pain. Only a few articles have acknowledged the need to focus 
on chronic pain management in SCD [ 40 ,  41 ]. 

 As is true for all pain, there are not only biological underpinnings and correlates 
of SCD pain, but also psychological, social, and health care seeking correlates. 
Unlike the former, the latter have been well studied by many over the past 30 years 
[ 42 – 47 ]. 

 Anecdotally, many individuals with SCD, even those not expected to be tolerant 
to opioids, fail to achieve adequate analgesia with standard doses of opioids. For 
example, SCD patients who underwent cholecystectomy had an increased require-
ment of postoperative opioids [ 48 ]. Unfortunately, when there is a clinical fi nding 
of an increased opioid requirement in SCD, it is often labeled as addiction or psy-
chological drug-seeking behavior by many health care providers [ 49 – 51 ]. Mistrust 
between SCD patients and their physicians is now well-documented in the literature 
[ 52 – 55 ]. SCD patients may manifest  pseudoaddiction , defi ned as appropriate drug- 
seeking behavior in a patient who is in pain and is undermedicated, that is misinter-
preted as addiction by clinicians [ 56 ]. This misclassifi cation of patient behavior and 
bilateral mistrust likely leads to delays in presentation for treatment, and to further 
undermedication of pain in SCD. 
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 Besides misplaced fear of addiction or opioid abuse, some also suspect that 
underlying racism partially explains undermedication of SCD patients. This is sup-
ported by disparities in prescribing opioids in general to blacks vs. whites [ 57 ]. 
Paradoxically, in 2003 the prevalence of prescription abuse in whites was signifi -
cantly higher than blacks (6.9 % vs. 3.7 %) [ 58 ].  

    Pharmacokinetics and Pharmacodynamics of Opioids 
in Sickle Cell Disease 

 Instead of addiction, a variety of biological factors likely explain the sometimes 
increased opioid requirements in SCD. Factors generally hypothesized to be respon-
sible for altered opioid responsiveness in SCD include altered pharmacokinetics 
and tolerance [ 59 ]. 

 In general, there are known racial and genetic differences in drug metabolism and 
drug response [ 60 ]. In the USA, most SCD patients are African American. It is unclear 
whether the pharmacokinetics and pharmacodynamics seen in SCD patients result 
from those attributable to racial differences, or those attributable to SCD itself. 

 However, the pharmacokinetics of opioids is clearly altered in SCD [ 61 ]. First, 
early on in SCD, both hepatic and renal blood fl ow are increased as a consequence 
of the high cardiac output state associated with the chronic anemia of SCD espe-
cially in children [ 62 – 65 ]. All of these may accelerate glucuronidation and elimina-
tion and thereby explain the reported increases in clearance of opioid during a VOC 
of SCD [ 66 ]. This increased clearance may mean that SCD patients require higher 
doses and frequency of opioids to achieve comparable plasma levels to controls. 
Second, acute vaso-occlusive pathology could itself alter the disposition of opioids, 
due to acute hemodynamic and infl ammatory changes associated with vaso- 
occlusion and pain [ 67 ]. 

 Third, opioid clearance in SCD may vary based on genetic differences in metab-
olism. This has been studied in morphine [ 68 ,  69 ], codeine [ 61 ], and mepridine 
[ 70 ]. Methadone pharmacokinetics is discussed later in this chapter, but we found 
no studies of its clearance in SCD. 

 Later in life, hepatic and renal dysfunction frequently occur in patients with SCD 
[ 71 ,  72 ], leading to likely diminished metabolism and excretion of drugs through 
hepatic and renal pathways. Repetitive episodes of vaso-occlusive ischemia and 
sickle vasculopathy damage these organs, along with all others. Regarding the liver, 
hepatomegaly and hepatic dysfunction may be related to impaired sinusoidal blood 
fl ow from vaso-occlusion, sinusoidal obstruction caused by Kupffer cell engorge-
ment as a result of erythrophagocytosis, chronic hepatitis C and B infections, and 
iron overload from multiple transfusions, until recently poorly treatable and leading 
to cirrhosis. On occasion, patients develop serum hyperbilirubinemia not explained 
by severe acute hemolysis, viral hepatitis, extrahepatic obstruction, or hepatic 
sequestration, called sickle hepatopathy [ 73 ]. Recently, a new classifi cation system 
for hepatic dysfunction in SCD has been proposed [ 74 ]. 
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 Regarding the kidney, aside from older-age-related losses in renal plasma fl ow 
along with GFR, proteinuria and glomerulopathy, specifi cally focal segmental glo-
merulosclerosis, membranoproliferative glomerulonephritis, glomerulopathy spe-
cifi c to SCD [ 75 ], and thrombotic microangiopathy, have all been reported in SCD 
[ 76 ]. 

 But it is unclear whether and when in any individual SCD patient these effects 
dominate the enhanced metabolism due to increased cardiac output. Thus, opioid 
pharmacokinetics and pharmacodynamics are not easily predictable between SCD 
patients. Unusual opioid-related side effects may also occur. For example, in chil-
dren morphine administration showed a dose–response association with acute chest 
syndrome of SCD [ 77 ]. 

 Next, many SCD patients develop cardiovascular and pulmonary complications 
which could disturb drug metabolism. Pulmonary hypertension is the most common 
and most fatal fi nding [ 78 ], but may be confounded by left ventricular or right ven-
tricular dilatation and/or hypertrophy, after years of high-output heart failure [ 79 ]. 
Diastolic dysfunction is an independent predictor of death, separate from pulmo-
nary hypertension [ 80 ]. Chronic oxygen desaturation may underlie the cardiac 
abnormalities [ 81 ]. Fluid and electrolyte imbalances including hypokalemia and 
hypomagnesemia have been reported [ 82 ]. The effects of these on drug metabolism 
in SCD have not been measured. 

 Methadone is primarily metabolized by CYP3A4 and CYP2B6; CYP2C8, 
CYP2C19, CYP2D6, and CYP2C9 also contribute in varying degrees to its metabo-
lism [ 83 – 87 ]. Methadone is also a very weak serotonin reuptake inhibitor. Thus, 
methadone has interaction potential with selective serotonin reuptake inhibitors, 
tricyclic antidepressants, β-blockers, and antiarrhythmics. An array of other drugs 
are substrates, inducers, or inhibitors of the CYP2D6 enzyme [ 88 ]. Occurrence of 
the serotonin syndrome after co-administration with an amine uptake inhibitor, such 
as monoamine oxidase inhibitors or selective serotonin reuptake inhibitors, is some-
times cited as a danger. 

 It is tempting to blame racial differences in opioid metabolism for the differences 
in responses to opioids in SCD, including methadone. But we found only one paper 
with evidence of CYP2D6-based opioid metabolism differences in African- 
Americans vs. whites [ 89 ], and only a few papers studying African populations [ 90 , 
 91 ]. All patients studied showed variably altered CYP2D6 gene metabolism.  

    Advantages and Disadvantages of Methadone Use in SCD 

 For SCD patients with chronic pain, methadone offers some features that suit it well 
to the management of pain in SCD. Compared to other opioids, its pharmacokinet-
ics are not signifi cantly affected by the hepatic impairment that may occur in SCD 
[ 92 ]. Similarly, reviews summarize that methadone may be less affected by renal 
impairment than other opioids. It does not seem to be removed by dialysis [ 93 ]. 
Thus, in stage 3 to stage 5 chronic kidney disease, it may be preferred [ 94 ,  95 ]. 
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In anuric patients, methadone excretion in the feces may be enhanced with limited 
accumulation in plasma [ 96 ]. Further, methadone does not produce active metabo-
lites, exerting its activity—both analgesic and toxic—through the parent 
compound. 

 A special advantage of methadone is that it may be better suited than other 
 opioids for treating chronic severe SCD pain. In rats, methadone is not only a potent 
μ-opioid receptor agonist, but also a noncompetitive antagonist for  N -methyl- d - 
aspartate  (NMDA) receptors [ 97 ].

   The activation of NMDA receptors is an important mechanism for the develop-
ment of hyperalgesia/allodynia and opioid resistance occurring during neuropathic 
pain [ 98 ]. Thus, along with a host of drugs including tricyclics, ketamine, gabapen-
tin, and the opioids codeine, oxycodone, tramadol, morphine, and buprenorphrine 
[ 99 ], methadone has been used in the treatment of neuropathic pain [ 100 – 102 ], 
including noncancer neuropathic pain [ 103 ], with at least one trial showing dra-
matic therapeutic success [ 104 ]. Thus, if SCD patients with chronic pain syndrome 
have a mixed nociceptive and neuropathic picture, methadone may be ideal among 
opioids. It is a potent analgesic, may minimize the likelihood of opioid tolerance, 
and may treat the neuropathic component of pain. 

 On the other hand, like all opioids, methadone may produce CNS-depressant 
effects, reduced ventilatory drive, sedation, hypotension, coma, and even death. 
Vigilance is critical during methadone treatment initiation and during dose titration. 
Similar vigilance is necessary during conversion from methadone to another opioid, 
or vice versa. This is because methadone has a 12–190-h half-life [ 105 ], and its 

  Table 18.2    Advantages and disadvantages of methadone as a maintenance opioid for sickle cell 
disease (SCD)   

 Advantages of methadone 
•  Relatively cheap 
•  Intrinsically long acting; stable inter-dose opioid levels 
•  High oral bioavailability (80 %), high lipid solubility 
•  No active or toxic metabolites 
•  Does not accumulate with renal insuffi ciency. Effective in hemodialysis 
•  Blocks non-opioid receptors—NMDA receptors and monoaminergic reuptake transporters; 

useful for neuropathic pain 
•  Available as an oral liquid or pill 
•  Tolerance and physical dependence develop more slowly than with morphine 
•  Relatively low street value 

 Disadvantages of methadone 
•  Highly variable pharmacokinetics and highly variable metabolism leading to a long and unpre-

dictable half-life 
•  Potential for accumulation and overdose during titration 
•  Unpredictable equianalgesic potency compared to other opioids 
•  Variable protein binding 
•  Social stigma because of its association with drug addiction treatment 
•  Low familiarity by SCD practitioners 
•  Potential risk of prolonged QT-based cardiac arrhythmias 
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pharmacodynamics refl ect this—analgesic and other effects lag and intensify well 
after their onset, and wane slowly, long after drug withdrawal [ 106 ]. Misunderstanding 
methadone’s pharmacokinetics and pharmacodynamics could lead to drastic under-
dosing or overdosing. This pharmacokinetic and pharmacodynamic profi le and 
need for vigilance have led some to question its safety in the outpatient setting. 
Its daily use for chronic pain in SCD    has not been widely studied. But at least in 
cancer pain, it appears to be safe [ 107 ]. 

 In particular, methadone may increase cardiovascular arrhythmia risk, namely QT 
interval prolongation, and torsades de pointes. In SCD, methadone was associated 
with these phenomena in doses at or in excess of 200 mg daily [ 108 ]. Some authorities 
now suggest not only obtaining baseline EKGs prior to chronic administration of 
methadone, but also obtaining EKGs if methadone doses exceed 100 mg daily [ 109 ].  

    Managing Sickle Cell Disease Pain with Methadone 

 Table  18.3  lists some common-sense principles for the use of methadone in SCD. 
Several adult sickle cell practitioners are now using methadone for pain in SCD. 
Usually methadone is not the fi rst opioid used. Following principles used in treat-
ment of cancer pain [ 110 ], analgesia is fi rst established with a short-acting opioid. 
Patients may then have methadone or another long-acting opioid added to their 
analgesic regimen if a short-acting only regimen fails and/or there is signifi cant 
breakthrough pain. However, unlike in cancer where long-term survival is not 
expected, in SCD, long-term maintenance for chronic pain is usually necessary. 
Once a long-acting opioid regimen is added, it may be necessary to continue it for 
years to maintain long-term analgesia. Thus, methadone is used in SCD as the 
 long- term opioid component of a multi-opioid treatment strategy consisting of a 
short- acting opioid for breakthrough pain (usually VOC) and a long-acting opioid 
for chronic pain (Table  18.3 ).

   Anecdotally, patients may often stay on the same maintenance dose of metha-
done for years, without requirement of dose escalation. One advantage of using 
methadone and other long-acting opioids is its fl exibility during various settings of 
care. We recently recommended continuing the oral maintenance dose of metha-
done or other long-acting analgesics, begun as an outpatient, during hospitalization 
for acute VOC, as a substitute for the maintenance or basal opioid infusion some-
times used during patient-controlled analgesia [ 111 ]. Its advantage in the inpatient 
setting is that there is no expected toxicity from continuing a “basal” dose of metha-
done with a known lack of prior toxicity. In contrast, toxicity sometimes occurs 
from starting a previously untried parenteral dose of short-acting opioid as a basal 
infusion during patient-controlled analgesia [ 37 ]. 

 Among adult hematologists in the USA, methadone is not the most often-used 
long-acting opioid, trailing behind long-acting morphine and oxycodone in fre-
quency of prescription. However, it is one of the best tolerated, with fewer side 
effects than either long-acting morphine or oxycodone. Doses much lower than the 
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200 mg daily associated with prolonged QTc interval and torsades de pointes are 
usually required, even when switching from another long-acting agent. Typical 
doses in our practice are 20–40 mg daily, sometimes in divided doses. 

 Clinicians need to be especially cautious when prescribing methadone for SCD 
patients with diminished metabolic capacities due to organ dysfunction. Dose 
adjustments of methadone and of other opioid analgesics may be required to achieve 
adequate pain relief without unwanted side effects. Both dose reduction and/or pro-
longation of dose intervals may be necessary depending on the severity of organ 
impairment. Moreover, especially when hepatic or renal impairment is a factor, cli-
nicians should adopt a “start low and go slow” approach to methadone titration—
begin with very low doses, monitor carefully, and titrate upward slowly [ 112 ].  

    Table 18.3    Principles of management of the pain of SCD with methadone   

 Ambulatory patients 
•  SCD pain may be managed at home with methadone in combination with other opioids 
•  Methadone should be used as maintenance opioid therapy, along with an immediate-release 

analgesic as rescue medication for breakthrough pain 
•  It is acceptable to prescribe methadone as a fi rst-line maintenance opioid 
•  Methadone prescribing for analgesia must be individualized. Typical doses are 20–40 mg daily 
•  The initial methadone dose should usually be low and be based on previous pain pattern, his-

tory of response to other opioids, current status, and other medical conditions 
•  In contrast to its use in suppressing symptoms of opioid withdrawal, use of methadone as an 

analgesic typically requires administration at intervals of no more than 8 h 
•  Methadone should be prescribed as scheduled, never as-needed. The time to reach steady-state 

concentration following a change in dosage may be up to 12 days 
•  Titration of methadone to analgesia requires patience, frequent reassessment over days to 

weeks, and vigilance for toxicity and effect 
•  Patients on methadone should be carefully observed for cumulative toxicity, heralded by seda-

tion or confusion 
•  Treating adverse effects of opioids is part of pain management 
•  Tolerance to methadone may be slower to develop than to other opioids after continuous long-

term use 
•  Patients with SCD may have disease-specifi c, renal, or hepatic complications which alter meth-

adone metabolism 
•  Published tables of equianalgesic doses of opioids indicate that methadone is 1–2 times as 

potent as morphine 
•  In morphine-tolerant individuals, methadone is closer to ten times as potent as morphine 
•  When analgesic tolerance or intolerable side effects have developed with the use of increasing 

doses of morphine or hydromorphone, “opioid rotation” to methadone has provided superior 
analgesia at 10–20 % of the morphine-equivalent daily dose 

•  Avoid abrupt discontinuation of methadone. If for any reason methadone has to be abruptly 
stopped, an alternative opioid should be considered to fi ll the “opioid debt” 

 Hospitalized patients 
•  Hospitalized SCD patients should not be started on methadone without assurance of close 

outpatient follow-up 
•  Hospitalized SCD patients with  moderate to severe breakthrough pain  may continue any 

previously started methadone dose as maintenance throughout hospitalization 
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    Behavioral Factors Related to Methadone 
Use for Sickle Cell Pain 

 In practice, clinicians may be reluctant to use methadone for SCD pain. Knowing that 
methadone is often the drug of choice for prevention of opioid withdrawal among 
heroin addicts [ 113 ], clinicians may fear that their prescribing methadone will be mis-
interpreted as prescribing to treat drug abuse. This is especially true given the reputa-
tion for misuse SCD patients sometimes carry in the minds of clinicians. Reluctance 
to prescribe methadone could also stem from clinicians’ unfamiliarity with metha-
done’s pharmacokinetics and pharmacodynamics. Or, clinicians might be unfamiliar 
with possible advantages for prescribing methadone over other long-acting opioids. 

 Much of this hesitation can be overcome with education. Physicians caring for 
SCD patients may not know that methadone maintenance for substance abuse 
requires special training, designation, and legal requirements, all of which are 
unnecessary for the use of methadone to treat pain. For this legal reason, when pre-
scribing methadone for pain, prescribers should spell out the indication, “for pain,” 
on the prescription, to avoid the implication they are treating substance abuse. In 
practice, use of the term “for pain” on the prescription may not only meet legal 
requirements but also avoid calls from questioning pharmacists. Even family mem-
bers and non-prescribing clinicians must sometimes be educated that patients are 
being prescribed methadone to treat pain, not to prevent opioid abuse. 

 Similar to clinicians, patients with SCD are also sometimes reluctant to use 
methadone. They may know that methadone maintenance is commonly prescribed 
for opioid abusers, and may suspect that clinicians believe they are opioid abusers. 
They may therefore refuse methadone to avoid stigmatization. Or, patients may not 
trust that clinicians intend to prescribe methadone to achieve adequate analgesia for 
their pain. They may suspect that, instead, methadone is being prescribed as a sub-
stitute for other opioids with superior analgesia. In order to convince patients to use 
methadone, this mistrust must be overcome. 

 An additional hesitancy may result when methadone, prescribed at usual low 
starting doses and titrated slowly, does not give immediate analgesia. Patients may 
lose faith in its effi cacy. Some patients cannot be convinced to fi nish an adequate 
therapeutic trial, and bail out of therapy in only a few days. 

 Patients must be educated and reeducated about the need for dose titration and 
patience while doses are slowly escalated to analgesia. Typical patient failings are 
overuse of methadone acutely, in a panic to obtain immediate analgesia, and/or 
substitution of short-acting opioids for methadone when expected analgesia is not 
obtained in one or a few days.     
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        Persistent pain is a common problem in older adults, with prevalence reported in 
epidemiological studies varying between 20 and 80 %, both in community-dwelling 
and institutionalized older adults [ 1 ]. Persistent pain diminishes the quality of life of 
older adults in many ways, due to its impact on functional autonomy, mood, sleep, 
and social interactions. 

 Unfortunately, both persistent and acute pain remain largely undertreated in 
older patients. Older patients receive opioid analgesics less frequently than younger 
ones, with resulting lower pain relief [ 2 ,  3 ]. Although opioids are clearly not with-
out risk and toxicity in older patients, opiophobia partly explains the underutiliza-
tion of opioids in this population [ 3 ]. After reviewing the scientifi c evidence of their 
effectiveness and safety, several organizations and authors support their use in 
appropriate conditions and dosing [ 4 – 8 ]. 

    Age-Related Pharmacological Changes 

 Before reviewing the pharmacological properties of buprenorphine and methadone 
in older patients, it is useful to briefl y review the age-related pharmacological 
changes. Table  19.1  provides a summary of these changes, with clinical signifi cance 
for methadone and buprenorphine.
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      Pharmacokinetic Changes 

    Absorption 

 Although aging is associated with decreased gastric secretion and higher gastric pH, 
decreased splanchnic fl ow, decreased number of active transporters and decreased 
absorption surface, these changes do not seem to have any signifi cant impact on 
absorption of oral medications [ 9 ]. Slower gastric emptying and gastrointestinal 
transit, combined with frequent occurrence of chronic constipation and decreased 
gastrointestinal motility, can however delay the absorption of oral medications, 
thereby delaying the achievement of therapeutic plasmatic levels and analgesic effi -
cacy [ 10 – 13 ]. 

 Several age-related modifi cations of the skin have been reported, including 
decreased hydration of the corneal layer, reduced skin thickness and elasticity, 
and decreased subcutaneous fat tissue. While these changes might modify the 
absorption of hydrophilic drugs, the impact on absorption of lipophilic drugs such 
as buprenorphine is minimal [ 9 ]. Transdermal absorption nevertheless presents 
important interindividual variability and less predictable absorption in older 
patients [ 9 ].  

    Distribution 

 Plasma concentrations and half-lives of medications are signifi cantly modifi ed by 
age-related changes in body composition. The lean mass and total body water 
volume are decreased, while the fat mass is increased [ 9 ,  14 ]. As a result, the 

   Table 19.1    Age-related pharmacokinetic changes and possible or reported impact on 
pharmacokinetics of methadone and transdermal buprenorphine   

 Age-related pharmacokinetics 
changes  Methadone  Transdermal buprenorphine 

 Decreased gastrointestinal 
motility 

 Possible delayed absorption 
and onset of action 

 Skin modifi cations  Possible increased interindividual 
variability of absorption 

 Increased body fat •  Increased volume 
distribution 

•  Increased volume distribution 

•  Decreased plasma 
concentrations 

•  Decreased plasma 
concentrations 

•  Increased half-life? •  Increased half-life? 
 Decreased serum albumin  Possible increased free fraction 
 Decreased renal function  None  None 
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volume of distribution of lipophilic drugs such as methadone and buprenorphine 
is increased, which decreases the plasma concentrations and prolongs the half-
life, favoring drug accumulation. 

 Decreased plasma albumin is often encountered in older patients, especially when 
they are medically sick, suffer from cancer or are malnourished [ 15 ]. This results in 
increased free fraction of the medication, which is however clinically signifi cant only 
in medications that are more than 90 % protein-bound, have a small volume of distri-
bution and a narrow therapeutic index [ 16 ]. An increased level of α 

1
 -glycoprotein is 

also frequent but this does not seem to have clinical consequences [ 9 ].  

   Metabolism 

 Due to decreased hepatic mass and blood fl ow, drug clearance of fl ow-limited (high- 
clearance) drugs is reduced, while the data on capacity-limited (low-clearance) 
drugs are confl icting [ 17 ]. The activity of phase 1 enzymatic reactions (oxidation, 
reduction, hydrolysis) is reduced, whereas phase II reactions (glucuronidation, acet-
ylation, sulfation) seems to be preserved [ 14 ,  18 ]. The age-related changes of cyto-
chrome activity remain largely unknown, but it probably does not undergo any 
signifi cant deterioration [ 11 ].  

   Renal Excretion 

 The age-related modifi cation with the most clinical signifi cance is decreased renal 
function that results from decreased kidney mass and tubular secretion, with a 
30–50 % decreased glomerular fi ltration at 80 years old [ 19 ]. This favors accumula-
tion of renally excreted drugs, which should therefore be avoided or prescribed in 
lower doses or longer dosing intervals in older patients.   

    Pharmacodynamic Changes 

 Increased risk of ventilatory depression and lower postoperative opioid require-
ments in older patients suggest that they are more sensitive to opioids [ 20 – 23 ], 
which has been confi rmed by pharmacokinetic–pharmacodynamic studies of fen-
tanyl and congeners in perioperative analgesia [ 24 ,  25 ]. Using pharmacokinetic–
pharmacodynamic models, some have suggested that initial doses should be lowered 
in older patients, while keeping the same dosing interval [ 26 ]. This is also recom-
mended by treatment guidelines, based on clinical experience confi rming that older 
patients often respond or experience adverse effects with lower doses of opioids 
than younger patients [ 4 ].   
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    Analgesic Effi cacy and Adverse Effects of Opioids 
in Older Patients 

 There are very few studies addressing specifi cally the analgesic effi cacy of opioids in 
older patients. Furthermore, older subjects are often underrepresented in clinical trials 
and, because of strict exclusion criteria, the ones who are included are not representa-
tive of the frail older patients with several comorbidities often seen in clinical prac-
tice. According to clinical trials studying the effi cacy of transdermal fentanyl [ 27 ] and 
sublingual [ 28 ] or transdermal buprenorphine [ 29 ] in persistent pain, and of morphine 
in postoperative pain [ 20 ], older patients obtain as good pain relief as younger ones. 
Because of pharmacokinetics and pharmacodynamics alterations, they often respond 
to lower doses of opioids or respond better to a similar dose [ 20 ,  29 ]. 

 Even though opioids can be used safely in older patients if initiated at low doses 
and titrated up progressively, they are clearly not without toxicity and risks. While 
the most common adverse effects are similar to those occurring in younger patients, 
clinical experience suggests that they are more frequent. Because of their frailty, 
older patients are also at higher risk of serious adverse effects. Risk of ventilatory 
depression is signifi cantly higher in older patients when prescribed opioids in post-
operative setting [ 21 – 23 ]. Opioids have also been linked to a higher risk of injury 
and fracture [ 30 – 35 ], which has been reported to be as much as fi ve times higher 
compared to nonsteroidal anti-infl ammatory users [ 34 ]. The risk of fracture might 
be higher with codeine preparations [ 36 ] and lower with tramadol [ 36 ]. While a 
propensity- cohort retrospective study has reported increased hospitalization and 
mortality compared to NSAIDs [ 34 ], especially for codeine and oxycodone [ 36 ], 
these results have been questioned [ 37 ]. To our knowledge, no such study has 
included buprenorphine or methadone in the analyses.  

    Guidelines on Utilization of Opioids in Older Patients 

 Following an extensive review of available evidence, the American Geriatrics 
Society has issued guidelines on the use of opioids in older patients, stating that “All 
patients with moderate to severe pain, pain-related functional impairment, or dimin-
ished quality of life due to pain should be considered for opioid therapy” [ 4 ]. More 
specifi cally, “Patients with frequent or continuous pain on a daily basis may be 
treated with around-the-clock time-contingent dosing aimed at achieving steady- 
state opioid therapy” [ 4 ]. The need for frequent monitoring of analgesic effi cacy 
and adverse effects of prescribed opioids is emphasized. 

 In order to reduce risk of overdose when prescribing opioids to older patients, 
recently published Canadian guidelines emphasize the importance of monitoring 
adverse effects (mostly sedation) and renal function, to favor hydromorphone and 
oxycodone over morphine, to use initial doses at least 50 % lower than in younger 
adults, and not to concomitantly prescribe benzodiazepines [ 8 ].  
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    Methadone 

 There are unfortunately no data on the pharmacokinetics and pharmacodynamics 
properties of methadone in older patients, and only a few case series of successful 
prescription have been published. For this reason, we have to base our analysis on 
known pharmacological properties of methadone and age-related pharmacological 
changes. 

 Methadone is a highly lipophilic drug with a resulting large volume of distribution 
[ 38 ]. Since the fat volume is increased in older patients, the volume of distribution of 
lipophilic drugs such as methadone is even larger than in younger patients, which 
prolongs its half-life. While its long half-life might sometimes represent an advantage 
because it provides a stable plasmatic level for a longer duration, it also increases the 
risk of adverse effects due to drug accumulation. The wide interindividual variability 
of its half-life, as well as the induction of its own metabolism with chronic use, is a 
signifi cant problem in older patients because it makes the dose adjustment diffi cult. 
A linear equianalgesic dose ratio also complicates opioid rotation [ 7 ]. 

 Because of its lipophilicity, methadone crosses the blood–brain barrier more 
 rapidly and easily than less lipophilic opioids. Although it has not been demon-
strated, this could increase the frequency of cognitive adverse effects and sedation 
in older patients. 

 Methadone is 90 % protein bound, mostly to α 
1
 -acid glycoprotein, which is 

increased in infl ammatory states and might then reduce free methadone. Although 
increased α 

1
 -acid glycoprotein levels are also associated with aging, it is not thought 

to have any signifi cant pharmacological impact. The high protein binding of metha-
done should therefore not have any clinical implications for older patients. 

 Methadone is mainly metabolized by the liver. Its pharmacokinetics appears to 
be impaired only in the presence of severe liver impairment, resulting in increased 
volume of distribution, decreased protein binding and increased plasma concentra-
tions [ 39 ,  40 ]. The mildly decreased hepatic function observed in some older adults, 
due to decreased hepatic blood fl ow and number of hepatocytes, should therefore 
not modify the pharmacokinetics of methadone. Although there are no data on older 
patients with liver disease, dose adjustment seems to be necessary only in those with 
signifi cant liver disease [ 5 ,  41 ]. 

 Older patients often present with chronic renal failure, at least of mild to moder-
ate severity. The predominant liver metabolism of methadone therefore represents 
an advantage for use in older patients, since pharmacokinetics is not signifi cantly 
modifi ed in renal failure, without accumulation of the parent drug or metabolites 
[ 38 ]. Because the half-life and pharmacokinetics are highly variable, some authors 
however nevertheless recommend decreasing doses in older patients with renal 
impairment [ 5 ,  42 ]. 

 Older patients often receive several concomitant medications, which increases 
the risk of drug–drug interactions. For this reason, it is preferable to use medications 
not metabolized by the cytochrome P450 system, such as hydromorphone, buprenor-
phine, or tapentadol, which are mainly metabolized by hepatic glucuronidation. 

αμ
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Methadone is mostly metabolized by N-demethylation to an inactive metabolite, via 
the CYP3A4 isozyme. Consequently, other medications metabolized by this iso-
zyme can interact with the metabolism of methadone. 

 Concerns have been raised on possible cardiac toxicity of methadone due to QTc 
interval prolongation and resulting torsades de pointe [ 43 ]. Although older age has 
not been identifi ed as a risk factor for methadone-induced QTc interval  prolongation, 
most studies were done in patients treated in methadone maintenance programs for 
opioid addiction, and few older patients were included in the analyses. A history of 
structural heart or arrhythmia is however recognized as a risk factor [ 43 ], as well as 
concomitant treatment with other medications prolonging the QTc interval [ 43 ]. 
Since these two conditions are frequent in older patients, caution should be exerted 
when prescribing methadone to an older patient, with an electrocardiogram per-
formed at baseline, after a 30-day treatment period and, thereafter, annually or when 
doses are increased [ 43 ]. 

 There are no clinical trials of methadone for the management of chronic pain in 
older patients. In a case series of six older patients successfully treated with metha-
done, the prescribing of low dose methadone is recommended as fi rst-line therapy 
for older patients because of its long duration [ 44 ]. This suggestion has however 
been questioned and criticized [ 45 ]. 

 Mainly because of its long and highly variable half-life, most authors and 
organizations recommend exerting caution when prescribing methadone to older 
patients, and only using it when other better studied and safer long-acting  opioids 
have been tried unsuccessfully [ 4 ,  6 ,  7 ,  13 ]. According to the American Geriatrics 
Society guidelines on the pharmacological management of persistent pain in 
older persons, “only clinicians well versed in its use should initiate it and titrate 
it cautiously” [ 4 ]. A brief review of available evidence also concludes that, 
although there are some advantages to the use of methadone, the lack of pharma-
cological data and the availability of several better studied long-acting analge-
sics (e.g., morphine, oxycodone, fentanyl) support the use of methadone as a 
second- or third-line opioid in older patients [ 45 ]. Specifi c indications however 
justify its use as fi rst-line, such as true allergy to phenanthrene derivatives and 
concomitant treatment with CYP2D6 hepatic enzyme inhibitors that could 
diminish the clearance of several other opioids (e.g., codeine, tramadol, oxyco-
done) [ 45 ]. Table  19.2  summarizes the most important advantages and disadvan-
tages of the use of methadone in older patients.

       Buprenorphine 

 The pharmacokinetics and pharmacodynamics of buprenorphine are better known 
than those of methadone, and studies provide some specifi c data on pharmacologi-
cal profi le and effi cacy/adverse effects in older subjects. Since the parenteral and 
sublingual formulations are not widely available and rarely used, we limit this 
review to the transdermal formulation. 
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 As previously noted, aging is have associated with several modifi cations of the 
skin, which however do not seem to have any clinical impact in older patients with 
normal weight. The transdermal absorption of buprenorphine however appears to be 
decreased in older patients with low body fat, in whom it has been reported to be 20 % 
lower compared to those with normal or high body fat [ 46 ]. Transdermal buprenor-
phine is therefore likely not the opioid of choice in older cachectic patients. 

 In order to be absorbed properly, the transdermal patch should be applied to a site 
with appropriate subcutaneous fat, as confi rmed by a small study in older subjects, 
in which exposure to the drug after application to the patella was only 29 % com-
pared to application on the upper back [ 46 ]. Other sites not providing adequate 
absorption were the abdomen and the thigh [ 46 ]. 

 As methadone, buprenorphine is highly lipophilic and has a large volume of dis-
tribution, which is increased in older patients due to age-related increases in fat vol-
ume [ 47 ]. Its lipophilicity also favors blood–brain barrier crossing, with concentrations 
in the cerebral spinal fl uid reported as 15–25 % of the plasma drug concentra-
tions [ 48 ]. Buprenorphine is highly (96 %) protein bound [ 48 ]. Its free portion 
could therefore be increased in older patients with decreased plasma proteins due to 
acute or severe medical disease, undernutrition, or cancer. 

 The metabolism of buprenorphine is almost entirely hepatic, with metabolites elimi-
nated via biliary and renal excretion. Hepatic metabolism is mediated via cytochrome 
P450 3A4 isoenzymes, with its active metabolite norbuprenorphine metabolized by 
glucuronidation [ 48 ]. Interactions with other medications metabolized by CYP450 3A4 
is therefore possible but do not occur with all inhibitors of CYP450 3A4 [ 47 ]. Elimination 
of the active metabolite should not be modifi ed, since glucuronidation is nonsaturable. 

 Elimination of buprenorphine and its metabolites is not modifi ed in the presence of 
chronic renal failure, even in patients undergoing hemodialysis [ 49 ], without relation-
ship between estimated creatinine clearance and steady-state plasma concentrations 
[ 48 ]. Given the age-related changes deterioration of renal function and the frequent 
occurrence of chronic renal failure, this lack of accumulation in the presence of 
impaired renal function is a signifi cant advantage for use in older patients. 

   Table 19.2    Advantages and disadvantages of methadone in older patients   

 Advantages  Disadvantages 

 No accumulation in renal failure  Highly lipophilic, with large volume of 
distribution and increased half-life 

 Long duration of action  Long, variable, and unpredictable half-life 
 Cheap  Linear equianalgesic dose ratio makes opioid 

rotation diffi cult 
  N -methyl- D -aspartate antagonist activity can 

block central sensitization and decrease 
opioid tolerance 

 Risk of QT interval prolongation and torsades 
de pointe 

 No cross-allergy with morphine, codeine, 
oxycodone, tramadol 

 Drug–drug interactions with other medica-
tions metabolized by CYP3A4 

 Very limited data on pharmacological 
profi le and tolerability in older patients 
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 A few pharmacokinetics studies provide specifi c data on the buprenorphine 
properties in older patients. In a single dose study of buprenorphine 10 μg/h, phar-
macokinetics in older (70 years and older) and younger subjects were similar, with 
similar rate of elimination after patch removal, but a trend toward higher plasma 
concentrations immediately after removal [ 48 ]. These observations were confi rmed 
by a fi xed dose-escalation study of transdermal buprenorphine 5, 10, and 20 μg/h, 
in which mean and maximum plasma concentrations, as well as drug exposure, 
were similar in healthy younger and older, as well as hypertensive older subjects 
[ 48 ]. Frequency of adverse effects in older subjects was similar or less than in 
younger ones, except for a more frequent occurrence of constipation and urinary 
retention [ 48 ]. 

 Another advantage of buprenorphine in older patients is its ceiling effect for 
respiratory depression but not for analgesia [ 50 ], which reduces the risk of respira-
tory arrest from overdose in frail older patients, especially those living alone. 

 While some opioids such as morphine and fentanyl possess immunosuppressive 
properties that can favor infections and cancer progression or metastasis, buprenor-
phine does not seem to exert any effect on the immune system [ 51 ]. This is another 
advantage in frail older patients who are more prone to infections due to age-related 
impairment of the immune system [ 52 ]. 

 Sedation and cognitive impairment are among the most common and feared 
adverse effects of opioids in older patients. While there are no specifi c data in older 
subjects, a clinical trial did not show any signifi cant difference between subjects 
treated with a stable dose of transdermal buprenorphine and matched controls, on a 
series of cognitive tests (reaction time, attention, visual orientation) done to assess 
driving ability [ 53 ]. Data on more complex cognitive functions and older patients 
are however lacking. 

 Scientifi c evidence is accumulating rapidly on the important role of descending 
inhibitory pain pathways, also called conditioning pain modulation (CPM), in the 
prevention and control of chronic pain. Impaired CPM has been shown in several 
diseases, including osteoarthritis [ 54 ], and has also been observed in healthy older 
adults [ 55 ]. Buprenorphine and fentanyl are currently the only two drugs for which 
there is human evidence of potentiation of the descending pain inhibition [ 56 ], 
which might offer an advantage for the management of chronic pain in older adults. 

 The availability of low-dose transdermal patches of buprenorphine, which are 
equianalgesic to very low doses of morphine, is a signifi cant advantage in older 
patients who often do not tolerate higher doses of opioids. Such low doses (e.g., 
5 μg/h) can even be used in opioid naïve older patients [ 52 ]. 

 Since several clinical trials have been performed in patients suffering from osteo-
arthritis and that this disease is mostly common in older patients, a signifi cant num-
ber of older subjects have been included in clinical trials. This allows assessment of 
the analgesic effi cacy and tolerability of buprenorphine in older patients. According 
to the US monograph of the low-dose buprenorphine transdermal formulation 
(BuTrans), it was administered to 1,377 and 457 patients aged 65 and 75 years and 
older, respectively [ 48 ]. Adverse effects, including those at the application site, 
were slightly higher in older subjects. 
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 In a post-marketing surveillance study of 13,179 patients treated with transder-
mal buprenorphine 35–70 μg/h, patients older than 70 years responded as well as 
younger ones with effective, dose-dependent, and sustained pain relief over the 
9-month observation period [ 57 ]. The occurrence of adverse effects was not related 
to age either, with an approximate 10 % frequency [ 57 ]. 

 It is very uncommon that a clinical trial is designed to specifi cally assess age- 
related differences in effi cacy and tolerability of a medication. Fortunately, such a 
study has been done for buprenorphine, in a prospective, three-age group (50, 
51–64, ≥65 years old), open clinical trial [ 29 ]. Interestingly, and consistent with 
experimental studies suggesting increased opioid sensitivity, pain relief was mildly 
but signifi cantly better in older compared to younger- and middle-aged patients. 
Both older groups used less rescue doses of sublingual buprenorphine than younger 
patients. Improvement of sleep duration was also better in older patients. 
Surprisingly, adverse effects did not occur more frequently in older patients. 
Although differences were not statistically signifi cant, older patients even experi-
enced less dizziness, nausea, pruritus, malaise, and fatigue than the younger age 
groups, but more frequent constipation and hyperhidrosis. The middle-age group 
tended to experience less adverse effects than the younger and older patients. 
Although the results of this study are encouraging and such studies should be 
encouraged, it is unclear to what extent it can be generalized to clinical practice, 
because the exclusion criteria and the age range of the oldest group are not speci-
fi ed, and older patients with comorbidities, most frequently encountered in clinical 
practice, are often excluded from clinical trials. The surprising better tolerability in 
older patients supports the possibility of such a selection bias. 

 In summary, transdermal buprenorphine offers several advantages in older 
patients, including lower risk of respiratory depression, no immunosuppressive 
effects, no dose adjustment necessary in renal impairment, low opioid equianalgesic 
doses available, and data on similar effi cacy and tolerability in older compared to 
younger patients (Table  19.3 ). Because of these various advantages over other opi-
oid analgesics, buprenorphine has been recommended as the opioid of choice for 
older patients by an expert panel [ 52 ].

   Table 19.3    Advantages and disadvantages of buprenorphine in older patients   

 Advantages  Disadvantages 

 No accumulation in renal failure  Lipophilic, with large volume of distribution 
and increased half-life 

 Low-dose transdermal formulation can be 
prescribed safely to opioid naïve older patients 

 Highly protein bound, free portion could be 
increased in undernourished patients 

 Ceiling effect for respiratory depression 
 No immunosuppressive effects 
 Possible potentiation of descending pain inhibition 
 Metabolism via hepatic glucuronidation decreases 

drug–drug interactions 
 Data on effi cacy and tolerability from clinical 

trials 
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