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TO WHOM IT MAY CONCERN

I have enclosed my application to have Buprenorphine sublingual tablets included on the HML for
use in hospital. |1 am a Consultant Anaesthetist at Taranaki Base Hospital. | have a strong interest in
acute pain and do regular pain rounds. | also teach nursing staff at our monthly acute pain study
days.

| have had extensive experience in using sublingual and transdermal Buprenorphine for the
treatment of both acute and chronic pain while working at Sir Charles Gairdner Hospital in Perth tast
year. | can see that we have an unmet need for improved pain control with opioids for a growing
sector in our population; the elderly and infirm. | am concerned with medication safety and am
involved in the Health Quality and Safety Commission’s collaborative working on reducing harm
from opiocids.

) have no ties with industry, and this application was my idea, but | have the support of several other
practitioners here, including those who work in chronic and acute pain.

Thankyou for your consideration,

AN

P .
N
DrJo'e“:‘aylor

Consultant Anaesthetist
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Application for changes
to the Pharmaceutical Schedule

A guide to assist clinicians, clinical groups and consumer groups in preparing
funding applications to PHARMAC

Foreword

PHARMAC, the Pharmaceutical Management Agency, is primarily responsible for managing the funding of pharmaceuticals for
New Zealanders, on behalf of the District Health Boards. PHARMAC's objective is to secure, for eligible people in need of
pharmaceuticals, the best health outcomes that are reasonably achievable from pharmaceutical treatment and from within the
amount of funding provided.

Each year, PHARMAC receives a large number of applications containing proposals to fund new pharmaceuticals or to widen
access to phammaceuticals that are already funded. As we must work within a fixed budget, difficult choices need to be made about
which of the proposals should be progressed to a funding decision at any given time. This involves assessing a large amount of
often complex information, to identify those proposals thal would provide the best healih outcomes.

Guidelines for Funding Applications to PHARMAC were issued in 2010. While the information requested in the Guidelines is not
mandatory, providing it will result in fewer time delays while we undertake our own searches or analysis. We recognise that
consumers, clinicians and clinical groups are less able to prepare funding applications to PHARMAC that contain all the information
requested by the Guidelines, so we have prepared this form to help guide their preparation of applications to PHARMAC.
Pharmaceutical suppliers are still expected to follow the Guidefines.

Clinician, consurmner or clinical group applicants should consider this form to be a guide, and do not have to follow if in detail {or
even use the form at all), however we have outlined the general information that we require in assessing a funding application -
ensuring that your application addresses these points may reduce follow-up questions to you, and could speed up our
consideration of it.

Applications should be sent to us at:
Emait: applications@pharmac.govt.nz

Post: PO Box 10-254
Wellington 6143

You may find it useful to talk to the relevant Therapeutic Group Manager at PHARMAC before making a formal funding application.
Please email us as above, and we will get in contact with you.

We will keep you informed as our review of your application progresses. We publish and regularly update a record of all current
funding applications via the Application Tracker on our website (www.pharmac.govt.nz), which details the current status of
applications and relevant PTAC and subcommittee minutes.

Please note:
s« Copies of referenced articles should be supplied, wherever possible.

« Itis our preference that funding applications relate to medicines that have been registered by Medsafe. While we can
consider funding applications for unregistered medicines or unregistered indications, this is determined on a case by case
basis.

e _ We may decide to defer assessment of your application until we receive a full funding application, prepared in accordance
with the Guidelines from the supplier.



Changes to the Pharmaceutical Schedule
Application Form

Appllcant

~Name ‘ ‘
EJoseph Taylor l

Department & DHB, practice or organisation

! Consultant anaesthetist, Taranaki Base Hospital ]

Emall address

[ joe.taylor@tdhb.org.nz I

Phone or pager

[ 0211821045 - |

Are you making this application on behalf of a wider group (department, society, spacial inferest group)? If so, who?

acute pain service, taranaki base hospital ]

Is there anyone else that we should contact if we have questions about specific parts of this application?

[ |

The Funding Application
Chemical

| buprenorphine hydrochioride ]

Presentations and strengths

] sublingual tablet 200mcg ’

Brand néme(s)

l temgesic |

Supplers (e.g. pharmacettical companjes, wholesalérs)

' mundipharma, reckitt benckiser 1

Price

L |

Is it registered by Medsafe?

Lo | | | ]

The Funding Application
Describe indication(s)

Bcute pain |

if this phannaceuﬁea} has been registerad by Medsafa is it I‘lcenoed for \‘hese indl-ﬂons? If not, Is It Ncenced for these lndlcaﬁons overseas?
PIeas- provide detafls. -

'[NIA | | | ‘ |

If this ls a new pharmaueuﬁcal are there ﬂkaly to be oiher uses for it?

. ! no, it is not |ntended as subsmutlon therapy in cases of oplate abuse. | C

Doﬁm tha patlent group(s) (“ihe poputathn") . o
NewZEQA land Government

AT




' Hosplta1 mpahents wnh acute pain either postsurglcal or secondary to thEIr medlcal problems Emergency depam'nent patients couId
.| also benefit.

"'mmmmm‘amhmmedummmMamm

There are three scenarios where sublingual buprenorphine would be useful.

The first is in cases where the patient has significant renai impairmment. Currently the only oral opiate available that does not have
active metabolites which accumulate in renal failure is methadone. Although effective, the pharmacokinetics of methadone are highly
.| variable between people and accurate dosing is difficult. There is a significant risk of accumulation over days as it has a very long half
-1 lifel. Buprencrphine is eliminated predominantly via biliary excretion and no dosage adjustment is necessary in renal failure.

The other group of patients are those who have had bowel surgery and spend a prolonged time with an ileus unable to resume oral
intake. At present the only options for analgesia for them is to either continue with intravenous analgesia or to have a fentanyl patch.
As many of these patients are often elderly and frail and opiate naive, fentanyl patches tend to be too potent to give to them. The
intravenous route demands that they are hooked up to an IV infusion pole and require changes of the IV line every 3-5 days, which
adds to their discomfort and reduces the ability to mobilise, clean and shower them. 1V fentanyl also promotes fairly rapid tolerance
1 and hyperalgesia, which is reflected by the common observation that patients on fentanyl PCAs for several days tend to escalate their
) opioid use.

4 The third group are elderly patients in general who have reduced renal and hepatic function and are taking multiple other medications.
" i Buprenorphine needs no dosage adjustment for renal impairment or hepatic impairment. Itis also very unlikely to be affected by
pharmacokinetic interactions such as CYP450 enzyme inhibition or induction because it is predominantly excreted unchanged in the
faeces. Thisis very advantageous for the elderly.

L

' What are Ihe h'ealmenls Ihat paﬂents wifh lhese mclicaﬁons currently recelve, if any? (dose, duration of lreaiment. risks, benefits etc.}

Currently pahents with significant renal impaiment in acute pain who are coming off IV fentanyl receive oral oxycodone in reduced
doses (e.g. Smg up to 2 hourfy) or methadone 2.5 to Smg tds for 3 days before reducing the dose.

Oxycodone is known to have active metabolites that accumulate in renal failure. It is also a very addictive drug and if the patient is
being discharged with a script for it, this increases the chance that it will be diverted in the community to the black market. Anecdotally,
1 clinicians involved in substance abuse clinics in Wellington are being told by their clients that Taranaki is a good source of oxycodone.
Unfortunately | do not have hard evidence for this but it does concem me.

As explained above, methadone has a very long and variable half life so the risk is that they will accumulate the drug over 3-5 days
. | and suffer an overdose, particularly if they are being sent home with a prescription for methadone.

Wil the phannaceuﬁml replace or complement these ex:sﬁng treatments? Please explain,

| would anticipate that buprenorphine sublingual tablets would replace oxycodone as a first line alternative to morphine for acute

-{ severe pain in patients in this hospital, especiaily patients with renal impairment or elderly patients. Other than methadone

1 buprenorphing is one of the few long-acting sublingual potent opiates, but is much easier than methadone to dose due to its favorable
pharmacolkinetics. The sublingual route of administration makes it advantageous if patients are unable to swallow or suffer from
nausea and vomiting.

- What Is the unmet health need in this populaﬂon?

: ]75 descnbed above. . J

What Is the exped:ed size ofﬂ'tis populaﬁon?

At least 12 patients per month. | got this information by surveying all the general surgical and orthopaedic patients having operations
in theatre and identified those with an eGFR <50mU/min who were having significantly painful surgery who would likely receive oral
opioids during their admission. This is likely to be an underestimate as it does not include elderly medical patients with pain who would
be good candldates for buprenorphine.

: ;wr:at ls the expected dosing?

1 Between 200 600mog every 2 hours prn J

'v‘vnet'is}m_lmely duration ofa-eatment. if patients respand to treatment?

i Between 2-5 days for uncomplicated procedures and 2-4 weeks for more pa:nfullcomplex procedures (e.g. amputanons) J .

|

' Is mere a parﬂouiar nead m; this app!ieaﬂon fo be assessed quickly? If so. what Is the basls for thls urgency?

L6 pha eriaceliical wokd b used I, s the need for this this freabment |lmited ©a hospnal seuing, oris it also required in
I, i$ it t’ﬁealre only, on medical wards. oFin wlpatlant clinics? ~©




Benefits and Risks

|
.

Benefits: Buprenorphine needs no dose adjustment for patients with renal failure as no accumulation of active metabolites ocours.

This is in comparison to morphine and oxycodone. 1t can be given sublingually so for patients who cannot resume orai intake this
means they can come off |V analgesia earlier. As IV fentanyl promotes rapid tolerance this should result in better pain relief for these
patients. It can be safely used in the elderly and frail patients with no increased risk of opiate related side effects compared to other
opiates. It has been shown in healthy volunteers to have a ceiling effect on depression of respiration but not on analgesic effect. So
long as it is not combined with other CNS depressants drugs, it is less likely than other opiates to depress respiratory drive. It does not
cause as much euphoria as oxycodone, hence its addictive potential is less.

Risks: Like any opiate it has side effects such as sedation, respiratory depression, nausea, delayed gastric emptying and constipation.
It will interact with other central nervous system depressants to enhance sedation. Naloxone may not be fully effective in reversing the
effects of overdose so institution of airway and breathing support may be needed until its effects wear off. Altematively, higher doses
of naloxone may be required (5-12mg). Like other opiates there is a risk that people can get addicted and abuse buprenorphine. The
same level of care for prescnbmg other opiates for discharge would need to apply to buprenorphine.

Please outline the relevant dinical evldenos in support of this application (Induding comparative clinical evidence with the currently funded
treatments if available). Copiesofmfermeedsﬁdess!mldbesupplled where possible.

For its use in renal failure, see article in Anaesthesia and Intensive Care 2005 by EJ Murphy.

Buprenorphine can be used in isolation as the sole opiate or in combination with morphine to provide effective postoperative analgesia.
There is no evidence to suggest that buprenorphine inhibits the analgesic effects of morphine when the 2 opiates are combined. See
the article from Clinical Therapeutics 2009,

For the use of buprenorphine in acute pain in general see the review article in Journal of Pain and Symptom Management 2005. This
also outlines its pharmacology and safety in renal failure.

A specific comparison was made between sublingual buprenorphine and intravenous maorphine for use in adults with acute fractures to
compare the quality of analgesia and incidence of side effects. There were no differences between the groups, except buprenorphine
was associated with less side effects (hypotension) than morphine. see the article from Annals of Emergency Medicine 2012. | have
included this article to show that buprenorphine use will not lead to inferior pain relief compared te morphine. It is also as effective as
IV therapy for acute pain.

The consensus staterment on the use of opicids in elderly patients in Pain Practice 2008 outlines the advantages of buprenorphine in
elderly patients who have renal impairment and polypharmacy. This article also mentions the reduced risk of confusion and falls in
elderly people taking buprenorphine versus morphine, fentany! and oxycodone.

Wouldﬁmd:nghephamaeeuﬁwlresm\momermaasurablebeneﬁtsorﬂskstomeheaimsemr £.g. changes in number of surgeries,
hospitalisations, nursing ime, dlagnosﬂc tesis?

Analgesia is difficult to measure and audit. Reducmg the use of oxycodone in hospitals is in the community's best interests as it
reduces the supply of this drug to the black market. | envisage that buprenorphine could replace oxycodone in this hospital as an
alternative to morphine for use in elderly, frail patients and those with renal impairment. Oxycodone has no benefit over morphine for
these patients. We are concurrently planning on severely restricting the use of oxycodone in this hospital in conjunction with the
national medication safety campaign.

It appears that buprenorphine also has less central nervous system side effects compared to other opiates. Given that opiates
probably contribute 1o falls and fractures in the elderty, | believe this could contribute to reduced risks in this population.

With regard to nursing time, administration of sublingual buprenorphine is easier and quicker than giving |V fentanyl, so | believe this
would make their job easier.

Treatment Initiation

is treatment with the pharmaceutical started empirically? if so, please describe the symptoms of signs required to Initiate therapy.

I See earfier. I

Nemareanyspecﬁctes&neededtomnﬁmdiagmsls?mmesemenﬂy muﬂneandmnded?

L N/A | |

Should other theraples have been used prior o staring treatment with this phamaceutical?

| Nia |

Treatment Continuation

~How would treatment success be defined or measured? ‘ . .
| na |

* What is the average length of treatment réquired before determining treatment response?

{ N/A |

- What other intervenﬁons would be needad ln the event oi ﬁ'aahnent-mlated adverse evenis?

: ] stop treatment, supportive care, naloxone use does help but doesn't completely reverse its effects. |




. ] Any doctor who deals with patlents in acute pain and can recognize renal irnpairment on a blood test should be capable. j

WRbﬂappmpﬁathon—gohgpmu%hghbomamgedbyaMamofpmm?

rNIA B

Arqﬂ'lamanyoherissuesmatPHARMAcdmldbeamoflnrdaﬁonhheadmkﬁsﬁaﬁmofﬁsphannacewed. sud'laslnfusionﬁme.
. compomdhg requirements or safely lssues? -

[ ]
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W Abstract
Summary of consensus:

1. The use of opioids in cancer pain: The criteria for selecting
analgesics for pain treatment in the elderly include, but are
not limited 1o, overall efficacy, overall side-effect profile,
onset of action, drug interactions, abuse potential, and prac-
tical issues, such as cost and availability of the drug, as well as
the severity and type of pain (nociceptive, acute/chronic,
etc.). At any given time, the order of choice in the decision-
making process can change.

This consensus is based on evidence-based literature
(extended data are not included and chronic, extended-
release opicids are not covered). There are various driving
factors relating to prescribing medication, including avail-
ability of the compound and cost, which may, at times, be the
main driving factor.

The transdermal formulation of buprenorphine is avail-
able in most European countries, particularly those with high
opioid usage, with the exception of France; however, the
availability of the sublingual formulation of buprenorphine
in Europe is limited, as it is marketed in only a few countries,
including Germany and Belgium. The opioid patch is experi-
mental at present in U.5.A. and the sublingual formulation
has dispensing restrictions, therefore, its use is limited.

It is evident that the population pyramid is upturned,
Globally, there is going to be an older population that needs
to be cared for in the future. This older population has
expectations in life, in that a retiree is no longer an individual
who decreases their lifestyle activities. The “baby-boomers”
in their 60s and 70s are "baby zoomers”; they want to have
a functional active lifestyle. They are willing to make trade-
offs regarding treatment choices and understand that they
may experience pain, providing that can have increased
quality of life and functionality. Therefore, comorbidities—
including cancer and noncancer pain, osteoarthritis, rheuma-
toid arthritis, and postherpetic neuralgia—and patient
functional status need to be taken carefully into account
when addressing pain in the elderly.

World Health Organization step Ill opioids are the main-
stay of pain treatment for cancer patients and morphine has
been the most commenly used for decades. In generai, high
level evidence data {lb or Iib) exist, although many studies
have included only few patients. Based on these studies, all
opioids are considered effective in cancer pain management
(although parts of cancer pain are not or only partially opioid
sensitive), but no weill-designed specific studies in the
elderly cancer patient are available. Of the 2 opioids that
are available in transdermal formulation—fentanyl and
buprenorphine—fentany! is the most investigated, but based
on the published data both seem to be effective, with low
toxicity and good tolerability profiles, especially at low doses.
2. The use of opioids in noncancer-related pain: Evidence is
growing that opioids are efficacious in noncancer pain (treat-
ment data mostly level lb or llb), but need individual dose
titration and consideration of the respective tolerability pro-

files. Again no specific studies in the elderly have been per-
formed, but it can be concluded that opicids have snown
efficacy in noncancer pain, which is often due to diseases
typical for an elderly population. When it is not clear which
drugs and which regimes are superior in terms of maintain-
ing analgesic efficacy, the appropriate drug should be chosen
based on safety and tolerability considerations. Evidence-
based medicine, which has been incorporated into best clini-
cal practice guidelines, should serve as a foundation for the
decision-making processes in patient care; however, in prac-
tice, the art of medicine is realized when we individualize
care 1o the patient. This strikes a balance between the
evidence-based medicine and anecdotal experience. Factual
recommendations and expert opinion both have a value
when applying guidelines in clinical practice.
3. The use of opioids in neuropathic pain: The role of
opioids in neuropathic pain has been under debate in the
past but is nowadays more and more accepted; however,
higher opioid doses are often needed for neuropathic pain
than for nociceptive pain. Most of the treatment data are
level Il or 1ll, and suggest that incorporation of opicids earlier
on might be beneficial. Buprenorphine shows a distinct
benefit in improving neuropathic pain symptoms, which is
considered a result of its specific pharmacological profile.
4. The use of opioids in elderly patients with impaired
hepatic and renal function: Functional impairment of excre-
tory organs is commeon in the elderly, especially with respect
to renal function. For all opioids except buprenorphine, half-
life of the active drug and metabolites is increased in the
elderly and in patients with renal dysfunction. Itis, therefore,
recommended that—except for buprenorphine—doses be
reduced, a longer time interval be used between doses, and
creatinine clearance be monitored. Thus, buprenorphine
appears to be the top-line choice for opioid treatment in the
elderly.
5. Opioids and respiratory depression: Respiratory depres-
sion is a significant threat for opioid-treated patients with
underlying pulmonary condition or receiving concomitant
central nervous system (CNS) drugs associated with hypoven-
tilation. Not all opioids show equal effects on respiratory
depression: buprenorphine is the only opioid demonstrating
a ceiling for respiratory depression when used without other
CNS depressants. The different features of opiocids regarding
respiratory effects should be considered when treating
patients at risk for respiratory problems, therefore careful
dosing must be maintained.
6. Opioids and immunosuppression: Age is related to a
gradual decline in the immune system: immunosenescence,
which is associated with increased morbidity and mortality
from infectious diseases, autoimmune diseases, and cancer,
and decreased efficacy of immunotherapy, such as vaccina-
tion. The clinical relevance of the immunosuppressant effects
of opioids in the elderly is not fully understood, and pain
itself may also cause immunosuppression.

Providing adequate analgesia can be achieved without
significant adverse events, opiocids with minimal immunosup-
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pressive characteristics should be used in the elderly. The
immunosuppressive effects of most opioids are poorly
described and this is one of the problems in assessing true
effect of the opioid spectrum, but there is some indication
that higher doses of opioids correlate with increased immu-
nosuppressant effects. Taking into consideration all the very
limited available evidence from preclinical and clinical werk,
buprenorphine can be recommended, while morphine and
fentanyl cannot.

7. Safety and tolerability profile of opioids: The adverse
event profile varies greatly between opiocids. As the conse-
quences of adverse events in the elderly can be serious,
agents should be used that have a good tolerability profile
(especially regarding CNS and gastrointestinal effects) and
that are as safe as possibie in overdose especially regarding
effects on respiration. Slow dose titration helps to reduce the
incidence of typical initial adverse events such as nausea and
vomiting. Sustained release preparations, including transder-
mal formulations, increase patient compliance. B

Key Words: opioids,
consensus

chronic severe pain, elderly,

INTRODUCTION
Aim of the Consensus Meeting

A multidisciplinary group of experts in the fields of
pharmacology, toxicology, pain management, and anes-
thesia met in Sofia, Bulgaria in May 2005 during the
International Forum on Pain Medicine. The aim of the
meeting was to review and critically evaluate published
evidence for the efficacy and tolerability of the 6 clini-
cally most often used World Health Organization step
It opioids in the elderly patient, in order to provide
practical recommendations to physicians on the optimal
use of these drugs in the target population, ie, elderly
patients with chronic' severe pain requiring strong
optoids. This consensus meeting was supported by Gru-
nenthal GmbH; Aachen, Germany.

Intended users of the recommendations

The intended users of the recommendations are:

¢ Physicians: primarily general
and family medicine practitioners, but also
geriatricians, rheumatologists, orthopaedists,
oncologists/palliativists, and pain specialists;

*  Nurses, including advanced Practice Nurses;

¢ Occupational therapists;

*  Pharmacists;

®  Physician assistants;

*  Psychologists and behavioral health clinicians.

practitioners

Table 1. Opioids Considered in This Review

Compound Formulations
Morphine W, cral, rectal

Oxycodone Oral

Hydromorphone NV, oral

Fentanyl Transderma, 1V, submucosal
Buprenorphine Transdermal, sublingual, IV
Methadone v, oral

Table 2. Rating Scales Used to Assess Strength of
Evidence'*

| Large, randomized, controlled trial. At least 100 patients per
group

1] Systematic review

n Small, randomized controlled trial. Fewer than 100 patients per

group

v Non-randomized controlled trial or case report

v Expert opinion

Level of Evidence

la Evidence obtained from meta-analysis of randomized controlled
trials

b Evidence obtained from at least 1 randomized controlied trial or
SmPC of respective product

lla Evidence obtained from at least 1 well-designed controlled study
without randomization

lib Evidence obtained from at least 1 other type of well-designed

guasi-experimental study

mn Evidence obtained from well-designed non-experimental
descriptive studies, such as comparative studies, correlation
studies and case studies

v Evidence obtained from expert committee reports or opinions or
clinical experience of respected authorities

The opioids considered are those of World Health
Organization step Il that are used most frequently and
for which adequate information is available (Table 1).

Evidence rating Scales

There are a number of scales in use for assessing the
relative strength of evidence. Despite the different num-
bering systems, they are very similar, stratifying trials
from large randomized studies doewn to individual
opinion (Table 2}.

TARGET POPULATION
Demographics of the Elderly Population

The elderly are usually defined as those aged 65 years or
more. The proportion of people aged 60 and over is
rising throughout Europe {Table 3).* Improvements in
health care regarding prevention and treatment of dis-
eases have contributed to this, but with the growing life
span disease patterns also change and need adequate
treatment.
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Table 3. Proportion of People Over 60, Actual and
Projected®

Country % in 2000 % in 2020
Italy 24 3
Germany 23 29
Spain / France 21 27
Norway 20 26
U.K. 21 26
Switzerland 21 32

Incidence of Pain in the Elderly

Pain is one of the most prevalent symptoms among the
elderly.® In U.5.A., chronic pain is estimated to affect
around 68 million people each year, 25% of whom
(17.5 million) will be elderly, while 15% to 20% of the
U.5. population suffer acute pain each year.”® Teno
et al.* report that over 40% of nursing home residents
who had pain recorded at theit Minimum Data Set
assessment had either moderate daily pain or occasional
excruciating pain. Persistent pain varied between states
from 38% to 50%. Overall, 1 in 7 residents (14%) was
in persistent severe pain.

In UK., pain or discomfort is reported by at least
50% of people aged 65 and over, rising to around 60%
in those aged over 75.° A large and detailed study. of
chronic pain in the U.K. suggested that the prevalence of
pain in people aged over 60 is even higher than this, at
60%.'"°

Yet, it is known that underreporting of pain is fre-
quent, especially in older people and, asa consequence,
physicians tend to undertreat pain in this group, espe-
cially pain from nonmalignant causes such as ostecar-
thritis {OA) and joint pain, but also cancer-related pain.?

CHALLENGES IN THE MANAGEMENT OF
PAIN IN THE ELDERLY

Perception of Pain

Because of the scarcity of published data relating to
opioid use in the elderly, this is the first known attempt
by a consensus panel, to assess the information in a
comprehensive fashion.

Studies suggest that there are some age-related differ-
ences in the perception of, and response to, pain.'' The
response to mild pain i1s reduced in many individuals,
but elderly people may be more sensitive to severe pain.
The increase in pain threshold could lead to delays in
diagnosis and poor recovery, while the decreased toler-
ance to severe pain presents management problems. In

addition, underprescribing of opioids to the elderly con-
tributes to poor pain management.'?

The reasons for these age-related changes in pain
remain unclear.!” There are structural, biochemical, and
funcrional changes in the peripheral nervous system
with age, with a decrease in the density of myelinated
and unmyelinated fibres, together with increased neu-
ronal damage and deterioration. There is also'a reduc-
tion in the content and turnover of neurotransmitter
systems known to be involved with nociceprion.'** A
slowing in peripheral nerve conduction wvelocity may
be the cause of the change in pain sensitivity. Similar
changes have also been observed in the central nervous
system (CNS)Y

Studies comparing the efficacy and rtolerability of
opioids, such as fentanyl patches,’® morphine,'” and
sublingual buprenorphine'® in the elderly and other
populations have shown that the elderly respond, as
well as, or even better, to opioid treatment than younger
age groups. Indeed, a recent study by Likar etal. in
patients with moderate and severe pain showed that
transdermal buprenorphine benefited parients to 2 com-
parable or even higher extent in 265-year-olds com-
pared with the younger age group," supporting the need
to address the problems with underprescribing in this
age group.””

Cognitive Impairment and Compliance

Many eiderly patients suffer cognitive impairment, con-
fusion, and memory loss, either from pathology or
medication, and confounded by sight and hearing
impairment. This can lead to problems of compliance
and also to difficulties in accurately reporting or describ-
ing pain and adverse events,™® with the result that the
patient may be overtreated or undertreated, may suffer
increased adverse events, or may develop tolerance. The
sensory perception of pain is well preserved in the
elderly, but the ability to express pain is altered with
advancing dementia, Dementia and cognitive failure
often lead to atypical behavior and reactions to pain.*!
Senescence results in higher drug concentrations at
receptor sites, often exacerbated by delayed elimination,
and the elderly often develop bizarre manifestations of
drug-induced adverse events.

Sustained release preparations are preferred in
patients where compliance may be a problem, as dosing
frequency can be reduced. Transdermal analgesics in-
crease patient compliance’” and are suitable for
patients with swallowing difficulties or impaired gas-
trointestinal (GI} function.
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Table 4. Effect of Reduced Hepatic Function On Pharmacokinetics of Opioids®®

Plasma Concentration of

Opioid T2 Metabolites Comment Recommendations Evidence Level
Morphine T I8 MeG L Dosage | b
Oxycodone T T Dosage | Ib
Hydromorphone 7 ? No data available Dosage IV
Fentanyl TO T ? Dosage | 1l
Buprenorphine TD T i Low activity metabaolites Dosage | b
Methadone® T ? No data available No dosage change b

T, half life; M6G. morphine-6-f-glucuronide {active metabolite of morphine); ?, unknown; TD, transdermal.

Physiological Changes and Altered Pharmacology

There are particular challenges in managing pain in the
elderly.”® Physiological decline in organ function (eg,
renal or hepatic) can affect the pharmacology of anal-
gesics and, therefore, the onset of action, the rate of
elimination, and the half-life of drugs. Comorbidities
and polypharmacy increase the possibility of drug inrer-
actions, and adverse events, such as dizziness and respi-
ratory depression, can have serious consequences in a
patient that may already be at risk of falls and fractures.
The combined effect leads to a narrowing of the thera-
peutic window and increased ditficulty in balancing the
risk of adverse events against the need for adequate
analgesia.”

Volume of Distribution. Increasing age is associated
with increased body fat and reduction in total body
water, the combined effect of which is to increase the
volume of distribution of lipophilic:drugs. This delays
both the onset of action and the rate of elimination
without affecting plasma concentrations. Conversely,
there is a decrease in the volume of distribution for
hydrophilic drugs, which can increase plasma levels of
these drugs. Lower volumes of distribution increase the
initial peak plasma levels of morphine, which may affect
the response to therapy, particularly the adverse event
profile.’

Reduced Hepatic Function. Cardiac index tends to
decrease at the rate of 1% per year after the age of
50years, as a result of stiffening vasculature, increasing
systolic blood pressure, and reduced myocardial reserve.
This reduces renal and hepatic function, resulting in
a prolongation of drug circulation, uptake and
distribution.

In addition, reduced hepatic mass and blood flow,
together with reduced levels of monocoxygenases and
cytochromes (CYP) (particularly phase 1 reactions
metabolized by P450), but with relative preservation of

the conjugases, result in a 30% to 40% reduction of
elimination of agents metabolized by the liver. Conse-
quently, bioavailability of drugs with high first-pass
elimination will be increased.?” In elderly, patients, with
chronic hepatic disease; dosage reductions, or longer
dosing intervals, are required to prevent drug accumu-
lation (Table 4).

Reduced Renal Function. Renal function declines
steadily with age but may remain undetected by plasma
creatinine measurement in elderly patients because of
a simultancous decline in muscle mass. Reduction in
glomerular hltration rate ¢an increase the half-life of
drugs that are mainly eliminated via the kidneys. Accu-
mulation of drug or active drug metabolites increases
the risk of toxicity and the severity of drug-related
adverse events.™® The possible clinical outcomes of
administering opioids to patients with impaired renal
function are summarized in Table §.

MANAGING PAIN IN THE ELDERLY

The only international guidelines that are available are
from the American Geriatric Society, the most recent
being from 2002,’? which made a number of important
recommendations:

®  Use the least invasive route for medication;

»  Where possible, choose sustained release formu-
lations;

¢ Introduce 1 agent at a time, at a low dose, fol-
lowed by slow dose-titration;

*  Allow a sufficiently large interval between intro-
ducing drugs to allow assessment of the effect;

* Treatment should be constantly monitored and
adjusted if required to improve efficacy and limit
adverse events;

* [t may be necessary to switch opioids®

Notes: *While pharmacologic tolerance may develop
to the opioid in use, tolerance may not be as marked
relative to other opioids. This “incomplete cross-
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Table 5. Clinical Outcomes of the Use of Opicids in Patients with Impaired Renal Function®'

Opioid Tz Tiz Metabolites Clinical Qutcomes of Decreased Renal Function Recommendation Evidence Level
Morphine T T Increased active metabolites M3G and M&G may Dosage | lia
lead to long-lasting respiratory depression
Qxycodone 1 T Clearly reduced renal clearance of parent Dosage | lib
compound and metabolites
Hydromorphone T ™ Accumulation of metabolites deseribed Dosage | 115}
Fentanyl TD T 1 Decreased renal clearance in the eiderly Dosage | b
Buprenorphine TD = = No clinicatly relevart changes Adjust = lla
Methadone T T Not extensively evaluated in patients with renal Dosage 1 v

impairment Use with caution

Tirz, half life; M3G, morphine-3-glucuronide; M6G, morphine-6-glucuronide.

tolerance” is likely due to subtle differences in the
molecular structure of each opioid or the way each
interacts with the patient’s opioid receptors. Conse-
quently, when switching opioids, there may be differ-
ences between published equianalgesic doses of different
opioids and the effective ratio for a given patient.
Whether it 1s necessary to switch opioids because of
unremitting opioid-induced sedation or fatigue that
limits quality of life, or dose escalation to provide
optimum pain control tolerance, start with 50% to 75%
of the published equianalgesic dose of the new opioid to
compensate for incomplete cross-tolerance and indi-
vidual variation, particularly if the patient has ‘con-
trolled pain.

Unfortunately, not all currently favored World Health
Organization step Il opioids are considered here.

There are no European guidelines on the use of long-
acting analgesics in the treatment of chronic pain in
elderly, although some recent reviews propose the use of
long-acting analgesics and opioids as the mainstay for
the treatment of chronic pain for reasons of stable phar-
macokinetic and pharmacoedynamic features, as well as
for reasons of therapy compliance;*** however, there is
no real scientific proof to support the use of long-acting
analgesics over short-acting analgesics, Patients should
also be preseribed short-acting analgesics for the treat-
ment of breakthrough pain.

The role of Opioid Analgesics in Pain Control

Opioid analgesic drugs are an important component in
the control of moderate to severe pain; the criteria for
selecting analgesics for pain treatment in the elderly are
dependent on a number of factors explained previously.

The readiness to prescribe opioids in this group varies
between countries, and they are possibly under-used,
particularly in chronic conditions, such as arthritis. The
paucity of guidelines for opiotd use in the elderly reflects

Table 6. Evidence for General Principles of Opioid Use
in Cancer Pain*3®

STRONG (randomized controlled trials) evidence exists for the following
statements:

- Immediate release (IR} morphine for titration

- Controlled-release opioids should be used for long-term therapy

- Spinal opioids are effective

- Transdermal fentanyl is effective in stable pain

MEDIUM (case study) evidence exists for the following statements;
- Provide continucus analgesia around the clock
- _The World Health Organization analgesic ladder should be followed
- Strong opioids are useful for moderate to severe pain

Transdermal formulaticons are an effective alternative in stable pain
- Opioids should be switched when the side effects are intolerable
- Addiction is unlikely

WEAK (expert opinion) exists for the folfowing statements:
- Oral route is preferable
- Start with IR morphine
- Rescue doses are needed for breakthrough pain
- Dose reduction, hydration and drugs for opioid central nervous
system toxicity [77]
1:2 or 1:3 ratio for oral:parenteral morphine

7, unknown.

the lack of studies of these drugs on the old. Hence, it
seemed timely to review the evidence, ie, available and
to attempt to formulate some recommendations for the
use of opioids in the elderly population,

REVIEW OF OP10ID EFFICACY IN PAIN
MANAGEMENT IN THE ELDERLY

Cancer-Related Pain: Assessment of
Therapeutic Options

There is little high-grade data on opioid use specifically
in the elderly cancer patient; most recommendations and
clinical practice are based on expert optnion, From the
available studies that have been carried out in the cancer
pain area (mostly level Ib or IIb) (Tables 6 and 7}, we can
draw a number of conclusions, with varying degrees of
certainty, about the efficacy of opioids in treating cancer
pain, and extrapolate these to the elderly.
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Table 7. Published Data on the Use of Opioids in the Management of Cancer

Pain
Substance Studies in Cancer Pain Evidence Level Reference
Morphine 42 randomized controlled trials (RCTs) Ib 39-42,43-80

6 open-label studies lib 81,82-86

4 retrospective anatyses 1l 87-90
Oxycodone 8 RCTs b 39,42,81,91,92,93-95
Hydromorphone 7 RCTs b 40,96-101

2 open-labei studies lib 101,102

3 retrospective studies 1] 103-105
Fentanyl 1pooled analysis b 14

1 RCT m 106

4 open-label pilots lib 107-110

11 cpen-label prospective 1] 108,111-120

2 foliow-up 1]} 121,122

1 quality of life study. n 123
2uprenorphine 4 RCTs Ib 124-127

1 open-label extension lib 128

1 retrospective study 1 129

1 jarge postmarketing surveillance 1] 130

(incl. 28 % cancer patients}

Methadone 9 RCTs Ib 41,54,74,131-136

6 open-label studies liby 82,137-141

1 retrospective study 1} 89

Morphine. Morphine has been used to treat cancer
pain for many years and is undoubtedly effective as
shown in numerous clinical studies, comparing_ it
against oxycodone,” hydromorphone,® fentanyl,'* or
methadone.*' However, many of the studies comprised a
rather low number of patients; thus, the reliability of the
data is relatively low. No studies have been performed
to evaluate the efficacy in elderly «cancer patients.
Moreover, newer medications are.now available with
improved tolerability profiles, and in formulations, that
may provide smoother and more extended analgesic
cover.

Morphine is metabolized (>90%), mainly in the
liver, to morphine-3-glucuronide (M3G) and to smaller
amounts of morphine-6-glucuronide (M6G} and nor-
morphine, All 3 metabolites are active. M6G is thought
to contribute somewhat to morphine’s analgesic effect,
but M3G has neuroexcitatory properties (seizuregenic).
Although nermorphine is generally present in only small
amounts’ following parenteral administration, large
amounts of this neurotoxic metabolite form following
oral administration.

Enterohepatic recirculation of M3G and M6G results
in the continued presence of metabolites in the feces and
urine days after the fast dose, even in healthy individu-
als. The elimination of morphine metabolites is signifi-
cantly altered in patients with renal failure, such that,
patients with renal failure may have roxic reacrions
because of accumulated levels of the metabolites. In the

elderly, M6G may accumulate because of age-related
reduction in renal function or because of relative dehy-
dration; this is especially true if morphine is taken on a
regular basis,

Oxycodone. A number of randomized double-blind
studies, comparing oxycodone vs. morphine® 8 or
91,92

comparing ditterent release forms of oxycodone,
have demonstrated that the drug is equally effective to
morphine and in general well tolerated in the treatment
of cancer pain. No data are available for the elderly.

Hydromorphone. For hydromorphone, § randomized
double-blind studies have been performed in cancer
patients, some comparing different application forms of
hydromorphone,®*” others showing similar efficacy
compared with morphine®® or other opioid compara-
tors® but, again, no specific data for the elderly exist.

Fentanyl. Fentanyl has been frequently investigated
but mostly in open-label studies where it has proven to
be effective and well tolerated. There is only 1 random-
ized, double-blind, placebo-controlled study, which
demonstrated the efficacy of transdermal fentanyl at 50
to 75 ug/hour vs. placebo in 93 patients with chronic
cancer pain.'™ Transdermal fentanyl provided effective
analgesia and was well tolerated, with a low incidence
of constipation, somnolence, or nausea; salthough,
because of an unexpected high placebo response in this
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group of cancer patients with high interindividual vari-
ability, transdermal fentanyl was not statistically supe-
rior to placebo.

One open multicenter study from China'® investi-
gated the management of moderate to severe cancer
pain in 1664 elderly patients aged 65 to 90 years with
transdermal fentanyl 25 to 150 pg/hour initially to 235 to
200 pg/hour at days 15 and 30. Transdermal fentanyl
was effective in reducing pain in >97% of patients and
improving quality of life rate from 25% to >71%.

3

Buprenorphine. Four randomized controlled trials
vs. placebo are available,’*'?’ the latter dedicated to
cancer pain, the other 3 with mixed indications. The
first study was in 151 patients with severe to very severe
chronic cancer/noncancer pain who maintained “at least
satisfactory pain relief” with sublingual buprenorphine
0.8 to 1.2 mg/day during an open-label 5-day run-in
phase.'?* Patients were randomly allocated to transder-
mal buprenorphine at 35 pwgfhour, 52.5 pghhour, or
70 pg/hour, or placebo, receiving 2 parches consecu-
tively, each applied for 72 hours. Patients treated with
transdermal buprenorphine benefited substantially in
terms of reduced pain intensity, improved pain relief,
and duration of sleep, compared with placebo
recipients.

The second study was carried out in 30 centers in
6 countries (France, Belgium, Netherlands, Austria,
Croatia, and Poland):'*’ Two hundred and eighty-nine
patients with severe cancer pain were treated success-
fully with transdermal buprenorphine at 70 ugthour
during the 14-day run-in period, then 188 patients
were randomized to either transdermal buprenorphine
at 70 pg/hour or placebo, applied for 72 hours for
14 days. The analgesic activity of transdermal buprenor-
phine at 70 pg/hour was statistically significantly more
effective than placebo, with reduced pain intensity and
rescue medication (sublingual tablet consumption), and
had a comparably good side-effect rate.

The third study was a randomized, double-blind,
placebo-controiled, multicenter study, in 154 patients
with chronic, severe pain related to cancer or other
diseases and inadequately controiled with weak opio-
ids.'* Patients were randomized to receive transdermal
buprenorphine at 35 pg/hour, 52.5 pg/hour, or 70 pg/
hour, or placebo patch, applied for 72 hours, for up to
15 days. Transdermal buprenorphine was shown to be
an effective analgesic against chronic, severe pain in this
study population, and showed improved duration of
sleep and reduced need for additional oral analgesics.

The fourth multicentre, double-blind, placebo-
controlled, parallel-group study was of 137 patients
with either cancer or noncancer-related pain {NCP).'”
Following a 6-day open-label, run-in phase with sub-
lingual buprenorphine 0.8 to 1.6 mg/day as needed,
patients were randomized to receive 3 sequential
patches of either buprenorphine at 35 pg/hour or
placebo, applied for 72 hours. In this study, transdermal
buprenorphine previded adequate pain relief and
improvements in pain intensity and duration of pain-
free sleep.

All have shown buprenorphine to be effective and
well rolerated, burt again no specific studies in the elderly
were performed; however, a postmarketing surveillance
study of 13,179 patients. (mean and median age
68 vears),"”” one-third of whom suffered from cancer
pain, showed that transdermal buprenorphine provides
effective, sustained, and dose-dependent analgesia, irre-
spective of age,

Methadone. For methadone 2 randomized controlled
trials.could be identified (Table 7) in cancer pain, com-
paring methadone mainly with morphine, but with no
specific data in the elderly.

Recommendation for the Use of Opioids in Cancer
Pain. World Health Organization step 111 opioids are
the mainstay of pain treatment for cancer patients and
morphine has been the most commonly used for
decades. In general, high level evidence data (Ib or Hb)
exist, although many studies have included only few
patients. Based on these studies, all opioids are consid-
ered effective in cancer pain management, but no well-
designed specific studies in the elderly cancer patient are
available. Of the 2 opioids that are available in trans-
dermal formulation—fentany! and buprenorphine—
fentanyl is the most investigated, but based on the
published data both seem to be effective, with low tox-
icity and good tolerability profiles especially ar low
doses.

Noncancer-Related Pain

Common etiologies for NCP include QA, rheumatoid
arthritis and herpes zoster, In US.A,, more than
1 million new cases of herpes zoster arise each year,'"
with approximately 10% to 15% of these cases devel-
oping postherpetic neuralgia (PHN). The age distribu-
tion of its victims, however, includes a disproportionate
number of the elderly: nearly half of older patients,
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greater than 60 years old, with herpes zoster that will
have enduring neuropathic pain,'**'* PHN is usually
refractory to simiple analgesic therapies, and treatment
is most often pharmacologic, including a wide variety of
drugs and routes of delivery.'*”'* The most commonly
used agents are oral medications. Currently, the stan-
dard treatment for PHN is with various tricyclic
antidepressants (amitriptyline, desipramine, and clomi-
pramine) either as monotherapy or in combination with
other medications, such as carbamazepine or opioids.

Unfortunately, only 50% of patients treated with tri-
cyclic antidepressants for PHN in clinical trials experi-
ence pain relief in the absence of intolerable adverse
effects. Different therapeutic options do exist for these
patients, but usually side-effects play a major role in the
criteria for analgesic selection, especially with regard
to relative toxicities of the agents and their particular
relationship to the elderly, eg, nonsteroidal anti-
inflammatory drugs (NSAIDs) and Gl toxicity, or
COX-2 inhibitors, NSAIDs, and cardiovascular toxicity.
Because of these toxicities, the medications from the
more traditional stepladder approach are commonly
undertaken. The utilization of low-dose opioids as first-
line therapy in these types of situations becomes more
rational 119!

Moderate to severe NCP arises from musculoskeletal
disease (MSD), such as osteoporosis, collapsed verte-
brae, pelymyalgia, and Paget’s Disease; peripheral vas-
cular disease, such as leg ulcers, coronary artery disease,
and other conditions, such as diabetes, stroke and back
pain. As curative treatment is often impossible, the man-
agement goal is usually palliative.

There is still no consensus as to the pain mechanisms
in MSD but microfractures around osteoarthritic joints
could produce a rise’in prostaglandins, giving rise to an
mnflammatory component. Significant hyperalgesia can
develop, producing painful allodynia on walking.
Moarning stiffness is also a typical pattern with arthritis;
therefore, analgesia needs either to have a rapid onset,
or tobe'in place from overnight application.

Besides some studies of evidence level Ib or IIb, the
literature on opioid therapy for NCP consists of
“surveys” or uncontroiled case series {Table 8). Despite
this, the available data suggest that patients with NCP
can achieve satisfactory analgesia by using a constant
dose of an opioid, most conveniently delivered via an
oral slow release preparation or a transdermal patch.'®?
Opioids are effective, but need careful individual dose
titration, because side-effects are common. The use of
opioids is limited by patients’ fears and the possible

Table 8. Published Data on Management of
Non-cancer-Related Pain with Opioids

Evidence

Study Level Reference

Morphine sustained release (SR), LE] 152
non-tancer-related pain

Oxycodone in back pain: instant vs. SR b 153

Oxycodone in ostecarthritis (OA): SR at 2 doses vs. Ib 166
placebo

Hydromorphone SR: mixed chronic pain. No b 102
studies in OA, ostecporosis

Transdermal fentanyf (TDFj vs. oxycodone + b 155
acetaminophen, low back pain

TDF, back pain from osteoporosis m 156

TDF vs. morphine SR: cancer and non-cancer pain laflb 157

TDF vs. oxycodone SR: non-cancer-related chronic n 158
pain

TDF vs. oxycodone + acetaminophen: low back b 159
pain, neuropsychological effects of long-term
opioid use

TDF vs. morphine SR; non-cancer-related chronic Ib 160
pain

TDF vs, oxycodone + acetaminophen: low back It 181
pain, sleep and somnolence chahges

TOF vs. morphine 5R: mixed pain, pooled data Ib 14
analysis

Transdermal buprenorphine (TDB): chronic b 124
non-cancer-related pain

TDB: mixed pain 1b 126

TOGB: mixed pain b 127

Methadone. No studies. —

negative effects on balance and motor function. A high
percentage of emergency room visits by elderly patients
are for falls, so analgesia should ideally not contribute
to unsteadiness or dizziness.'*?

The options for NCP are increasing and there are
now a number of oral sustained releases or patch prepa-
rations. The desired advantage of sustained release or
steady-state administration vs. intermittent dosing of an
opioid (or any drug) is maintenance of the drug’s plasma
level within its therapeutic range without the peaks and
troughs characteristic of intermittent dosing that might
lead to either inadequate pain relief or excess adverse
effects. If adequate compliance can be achieved with
intermittent dosing, equivalent therapeutic outcome
would be expected, and is reported. However, poor
compliance, particularly with opioids, is not uncommaen
with the elderly, for a variety of reasons. A concern that
steady-state exposure of opioid receptors to agonist
might lead to greater tolerance and dependence is not
borne out in studies of transdermal patches.'”’

Morphine. Treatment for up to 6 years with a moder-
ate dose of up to 195 mg/day morphine or its equivalent
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has been reported'** and even up to 360 mg and
2 g/day.'"® Cognitive function is relatively unaffected in
patients taking stable, moderate doses but it may be
impaired for up to 7 days after a dose increase.' The
most important effect of age is reduction in renal cleas-
ance, Many aged patients thus excrete drugs slowly and
are highly susceptible to nephrotoxic agents. Acute
illness may lead to rapid reduction in renal clearance,
especially if accompanied by dehydration. Dosage
should be generally substantially lower than for younger
patients and it is common to start therapy with about
50% of the adult dose. Simple treatment regimes should
be implemented and only drugs with a clear indication
should be prescribed and, whenever possible, given once
or twice daily. Complicated regimes should be avoided.

Instrucrions concerning prescription and use should
be given clearly: the patient being asked not only if they
understand them, bur also asked to repeat them to the
prescriber. Written instructions should also be clear and
readable by someone with imperfect eyesight.

Morphine is administered as tablets (normal release),
tablets (modified release), solution, suspension, or cap-
sules. Because the pharmacokinetic profiles of modified
release compounds differ, it is best to keep individual
patients on the same brand. Most are administered
twice daily, and some daily.'®-'#*

The time to reach peak plasma concentration. is sig-
nificantly shorter using an aqueous solution of mor-
phine than with an oral tablet (0.5 hours :-1.5 hours),
suggesting that morphine solutions are a better option
than tablets for pro re nata (as needed) use.

The starting dose of morphine should be calculated
to give a greater analgesic effect than any previously
used medication, If the patient is frail and/or elderly, a
low dose, eg, 5 mg 4-hourly, will help to reduce the
likelihood of drowsiness, confusion, or unsteadiness. If
the patient was previously receiving a weak opioid regu-
larly, 10 mg 4-hourly is a reasonable commencing dose,
alternatively 20 to 30 mg modified release 12-hourly.
Thereafter, providing adverse effects which do not inter-
vene, the dose should be increased stepwise until
adequate analgesia is achieved. “Adequate” should be
what the patient deems satisfactory, as total analgesia is
not always the ultimate goal.

Step increases are generally 33% to 50%, with 65%
of patients never needing more than 30 mg 4-hourly
(100 mg 12-hourly for modified release preparations).
The remainder will need up to 200 mg 4-hourly
{600 mg 12-hourly fur modified release) or, on occa-
sions, in excess of this. Should the total daily dose reach

3 g daily without adequate analgesia, opioid-resistant
pain should be suspected, and additional analgesics of
other types introduced or interventional techniques con-
sidered. If a patient presents with severe, uncontrolled
pain, intravenous (I1V} titration is the mode of choice:
There is no place for the use of the intramuscular route
of administration in this or other situations.

Oxycodone. The 2 short oxycodone studies with
doses up to 40 mg/day demonstrated effective analgesia
with typical opiotd adverse events. The second study'™
had a 6-month extension period {(with optional treat-
ment for an additional 12 menths); which found no
evidence of tolerance.

Hydromorpbone. The single hydromorphone study'™
provided a lower level of evidence but showed adequare
efficacy and tolerability in a mixed group of cancer and
noncancer patients.

Fentanyl. A larger body of evidence is seen with trans-
dermal fentanyl'*'*'%! byt the studies in NCP pain are
fewer than in cancer pain. In a randomized open-label
2-way crossover study,'”' both groups reported benefit
from treatment. Patents switching to fentanyl from
oxycodone/acetaminophen at the 3 month crossover
point, however, experienced better pain relief, while
those switching from fentanyl did not. The results of
8 studies in cancer and noncancer pain were pooled'
and demonstrated that pain scores were significantly
reduced with fentanyl but adverse events were high in
active and placebo groups. Many of these were not
necessarily related to treatment, and discontinuations
were lower in the fentanyl group than with morphine. In
an analysis of patients over 65 in the California Medi-
care database,'¥* oxycodone was associated with a sey-
enfold higher constipation rate than fentanyl, while
Jamison et al. investigated the psychomotor effects of
long-term oxycodone with acetaminophen or transder-
mal fentanyl use in 144 patients with low back pain.'*
All subjects were administered 2 neuropsychological
tests (Digit Symbol and Trail Making Test-B} before
being prescribed the opioids for pain, and at 90 and
180 day intervals. The neuropsychological test scores
significantly improved, which suggests that long-term
use of oxycodone with acetaminophen or transdermal
fentanyl does not significantly impair cognitive ability or
psychomotor function.

Similar improvements have also been reported from
a 6-month, open-label, randomized, multicenter, 2-way




—_——

Opioids and Chronic Severe Pain in the Elderly » 297

crossover study with transdermal fentanyl or oxyc-
odone.!®! The study compared health-related quality of
life, measured by the Trearment Cutcomes in Pain
Survey {including a short-form-36 component and a
pain-specific component), in 229 patients with chronic
low back pain. Patients receiving transdermal fentanyl
showed a significant improvement in the SF-36 mental
health summary scale, pain, perceived disability, and
total pain summary scales during the 3- to 6-month trial
period.

Buprenorphine. Three  double blind  placebo-
controlled studies with transdermal buprenorphine have
investigated the efficacy and safety in patients with pain
of different origin, among which there was a large pro-
portion of noncancer pain indications.'*+!2%!2” These
studies provide a good level of evidence, demonstrating
good dose progression and responsiveness, and the
ability to control adverse evenrs with careful titrarion
(see also previous section on cancer-related pain).

Methadone. No adequate clinical studies of metha-
done in NCP were found.

Recommendations for the Use of Opioids in NCP. _E-
vidence is growing that opioids are highly efficacious in
noncancer pain (increasing treatment data of level Ib or
IIb}, but need individual dose titration and. consider-
ation of the respective tolerability profiles. Again, no
specific studies in the elderly have been performed, but it
can be concluded thar opivids have shown efficacy in

noncancer pain, which is often due to diseases typical
for an elderly population, The appropriate drug should
be chosen based safety and tolerability considerations.

Neuropathic Pain

Our knowledge base of neuropathic pain (damage/
injury or central-mediated pain) is increasing, in that
we are more cognizant thar other pain syndromes
also contain a neuropathic component, such as long-
standing OA, which has a mixed pain syndrome, in-
cluding neuropathic pain. Various modalities, eg, one
example in the elderly—PHN——¢an use monotherapy or
combination therapy with opioids,'”™ ' anticonvul-
sants.'” Postmeeting information on first-line medica-
tions for neuropathic pain was recently published by
Dworkin etal® Various types of delivery systems,
including topical application of lidoderm plaster, are
used, with the combination with opioids having proven
efficacy also in elderly patients.'”® When opioids are
used, however, very high doses may be required.'”® The
published dara for the use of opioids in neuropathic pain
are summarized in Table 9.

Morphine. There is very little information on the use
of morphine in elderly patients wicth neuropathic pain.
In a study investigating IV morphine in patients with
multiple sclerosis,' 4 out of 14 patients responded. In
poststroke and spinal cord-injury-related pain,’™ the
intensity of brush-induced allodynia was reduced in all
15 patients but the age of the patients was not recorded.
In a study on diabetic neuropathy {# = 35) and PHN

Table 9. Published Data for the Use of Opioids in Neuropathic Pain

Agent Study Evidence Level Reference
Morphine IV in multiple sclerosis b 176
IV in central pain b 177
Oral with gabapentin in PHN, PDN Ib 178
Oxycodone Oral—PHN b 179
Controlled release—PON Ib 180
Controlled release—PDN b 181
Hydromorphone No studies
Fentanyl IV v diazepam b 182
Transdermal v placebo lla 157
Transdermal v placebe m 183
Buprenorphine Intrathecal—phantom pain m 84
IV post thoracotomy (i) b 85
IV post thoracotomy (i) 1] 86
Transdermal--neuropathic & nociceptive pain mn 87
Transdermal—mixed neuropathic pain 1]l 23
Transdermal—mixed neuropathic pain b 124
Transdermal—mixed neuropathic pain Ib 126
Methadone Orai—Ilow dose b 188
Oral methadone/morphine ratio study 11} 189

PHN, post-herpetic neuralgia; PDN, Painful diabetic neuropathy.



298 e PERGOLIZZI ET AL.

(rn=22), a combination of oral morphine with gabap-
entin produced better analgesia than the single agents or
placebo but adverse evenrs were common.'™®

Oxycodone. Studies with oxycodone have focused on
painful diabetic neuropathy (PDN) and PHN. In a ran-
domized, double-blind, cross-over study in 50 elderly
PHN patients, oxycodone effectively reduced allodynic
symptoms and spontaneous pain, and was preferred to
placebo.’” In a similar study in 36 elderly PDN patients,
oral slow-release oxycodone significantly reduced mean
daily pain and general disability compared with pla-
cebo.'” A further randomized, double-blind, cross-over
study in 159 PDN patients found a significant decrease
in the daily pain score with controlled-release oxye-
odone compared with placebo, but 96% of patients
reported opioid-related adverse effects,'®!

Hydromorphone. There are no studies on hydromor-
phone in neuropathic pain.

Fentanyl. Fentanyl in transdermal and IV prepara-
tions is moderately effective!*”'#2'*% but the response is
variable even at high transdermal doses of 100 pgfhour
or IV infusion 35 pg/kg/hour for neuropathic pain.
Adverse events, particularly nausea, were commonly
encountered. In these studies, analgesic efficacy was
independent of the type of neuropathic pain and there
were a marked number of nonresponders. All 3 studies
included elderly patients. The findings were the same for
both IV and transdermal form.

Buprenorphine, Buprenorphine has demonstrated effi-
cacy in neuropathic pain, but information on elderly
patients is limited: Two elderly patients with phantom
limb pain were successfully treated with intrathecal
buprenorphine,’™ IV buprenorphine was used to treat
postoperative and incipient neuropathic pain in a series
of 42 patients undergoing thoracotomy for lung resec-
tion.'# A double-blind randomized controlled trial in 21
postsurgical patients found that buprenorphine was able
to control pain, but at higher doses, than is needed for
nociceptive pain.'® Transdermal buprenorphine was
used in a retrospective multicenter study of 237 patients
with nerve injury-related pain** and was effective in
relieving neuropathic pain, Similar results were obtained
from case studies'™ and in 3 early studies where,
among others, neuropathic pain indications were also
included.ll“"]:ﬁ,IR?

Methadone. Methadone has been investigated in 2
studies. One was a randomized, double-blind, placebo-
controlled study on 18 patients of variable ages, includ-
ing some elderly."® Lower doses of methadone had no
effect on the neuropathic pain, but higher doses pro-
duced statistically significant improvements in reported
pamn scores. However, withdrawals were high, with 7
patients discontinuing because of adverse events. A ret-
rospective analysis of 34 patient records of patients of
mixed ages with neuropathic and non-neuropathic pain
found that methadone was effective in both neuropathic
and nonneuropathic pain.'"

Recommendation for the Use of Opioids in Neuro-
pathic Pain. The role of opioids in neuropathic pain
has been under debate in'the past, but is nowadays more
and more accepted. Most of the treatment data are level
[T or I, and suggest that incorporation of opioids
earlier on might be beneficial, ar least in a number of
patients. Buprenorphine shows a distinct benefit in
improving neuroparhic pain symptoms, which is consid-
ered a result of its specific pharmacological profile,

SAFETY AND TOLERABILITY
Adverse Drug Reactions and Adverse Events

The tolerability profile of opioids 1s verv important in
elderly patients, as adverse events, which have minimal
consequences in younger patients, such as drowsiness,
dizziness, and motor imbalance, can have serious con-
sequences in fragile patients who are already more
prone to falls. Common adverse reactions with opioids
use include;

* constipation, nausea and vomiting;
+  sedation;

* impaired judgement;

* impaired psychomotor function;

* respiratory depression.

With all opioids, these can be limited by using lower
starting doses, longer dose intervals, and slow titration;
however, constipation, nausea, and vomiting often
require prophylaxis or therapy.

Gastrointestinal System. Elderly patients often have
increased gastric pH, reduced gastric and intestinal
motility, decreased enzyme activity and absorption.
These changes manifest themselves as prolanged colon
transit times, frequent constipation, and GI distress.
Constipation is a well-known and frequent adverse
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event of opioid analgesics, which is exacerbated in
patients with reduced GI function. It is apparent that,
in the elderly population, constipation or obstipation is
something that patients are acutely aware of, and treat-
ments that can potentially result in this are not favored,
Although constipation can be managed with laxatives
and other bowel treatment regimens,'' it may on occa-
sion be such a problem that the patient may need to
switch opioids. Buprenorphine and potentially transder-
mal fentanyl produces less constipation than mor-
phine and oxymorphone, and may be preferable to
other opioids where constipation cannot be easily
managed.*!2

Central nervous system Effects. Opioid neurotoxicity
is a significant issue in the elderly, presenting as hallu-
cinations, confusion, and loss of cognition. Most
opioids are associated with this when given long-term
at high doses, particularly in dehydrated, severely ill
patients with renal impairment. This is particularly
harmful for elderly patients, for whom the risk of falling
with subsequent skeletal fractures may be increased.

Central nervous system effects have been demon-
strated for all opioids except buprenorphine, although
more data on the use of buprenorphine in this patient
group are needed. A Danish nationwide register-based
study has shown that the use of morphine and other
opioids, including fentanyl and oxycodone, increased
the risk of fractures. It is speculated ‘that this may be
related to the risk of falls because of CNS effects or
accidents resulting from an altered state of conscious-
ness. Increased fracture risk was lowest in those patients
taking buprenorphine.'®:

Addiction. The under-treatment of pain may lead
cancer patients to complain and request opioids; such
drug-seeking ‘behavior mimics addictive behavior, and

Table 10. Pharmacokinetic Interactions of Opioids

these patients may be incorrectly perceived as addicts by
health professionals. In fact, this is an iatrogenic condi-
tion that has been termed “pseudoaddiction™, and can
be avoided by listening to the patient, conducting a
careful pain assessment, and treating the pain.'”

The risk of addiction or aberrant opioid use can be
monitored by recognition of published characteristics,
such as failure of a drug to work or frequently
demands by the patient for increasing doses that can
assist the physician in making decisions to prescribe
opioids,'® and by adequate follow-up and observation.
Portnoy suggested 3 types of aberrant phenomena that
characterize addiction: loss of control over drug use,
compulsive drug use, and continued use despite
harm. '™

A review of 24 papers by Fishbain et al., however,
showed that addictive behavior was not common in the
general chronic pain population (3.2% to 18.9%),"
and examples from postoperative pain studies indicate
that addiction is almost nonexistent.'*~"* [n addition,
MeQuay and Evans baoth reported that medical use of
opioids does not create “street addicts™,!?200

In summary, many clinical studies have shown that
long-term opioid therapy can be maintained without
escalation of dose or tolerance to effect presenting. Such
confidence in opioid therapy should be purveyed to both
nonspecialist professionals and the general public.

Drug interactions. The average nursing home patient
is taking 7 prescription medicines and the average
elderly person takes 2 to 4 prescription drugs per day.
The probability of drug interactions increases nearly
exponentially with the number of drugs being pre-
scribed”® and the potential for drug—drug interactions,
and exacerbation of adverse events is therefore high.
Hence, analgesics with the lowest level of drug interac-
tions are preferred (Table 10).

Opioid Mainly Metabolized By Drug-Drug Interactions Evidence Level
Morphine UGT 2B7 Ranitidine, rifampicin, valspodar nb

UGT 1A3 b
Oxycodone C60 2D6 Unlikely to cause effects I
Hydromorphone UGT WB7 Very little data on potential effects v

UGT 1A3
Fentanyl TD CYP 384 Ritonavir: Tfentanyl b
Buprenorphine 7D CYP 3A4 Only minor effects described v
Methadene CYP 3A4 Inducers and inhibitors of the respective CYP enzymes v

CYP 2B6

CYP 2C19




300 ® PERGOLIZZI ET AL.

A number of drug interactions have to be taken into
account for morphine, fentanyl, and tramadol, based on
their metabolism by liver enzymes which may be affected
by other drugs. Also, some opioids are metabolized by
CYP P450 isoenzmyes for which genetic polymorphisms
have been reported in the population, which may account
tor high rates of side-effects or minor efficacy in affected
patients. This holds true for oxycodone and tramadol,
which are metabolized by CYP2Dé6. Buprenorphine is
metabolized by CYP3A4; however,”™ this pathway
appears to play only a minor role in buprenorphine
metabolism. Nonetheless, an interaction has been
reported for protease inhibitors like indinavir and for
azole antimycotics with buprenorphine in wvitro.™"
Whether this will result in clinically relevant changes in
plasma levels during therapy is unknown, Buprenorphine
binds to alpha and beta globulins, unlike the majority of
drugs, which bind to albumin. As a result, the likelihood
of drug—drug interactions related to protein binding for
this drug is small 2%

The importance of the CP450 system plays an impor-
tant role when administering polypharmacy to special
patient populations, such as the elderly. CYP450 is one
of the principal pathways of drug metabolism for 60%
to 70% of all drugs, including statins, selective seroto-
nin reuptake inhibitors, NSAIDs, proton pump inhibi-
tors, sedative hypnotics, and beta-blockers. Sixty-seven
per cent of patients on opioids are taking at least one
other prescription drug.”® Forty per cent of people over
65 years of age take 5 or more different drugs per week
with 12% taking 10 or more. The majority of patients
are on polypharmacy, including over-the-counter medi-
cation, psychiatric, psychoactive medications, CNS
drugs, and/or other drugs for other medical condi-
tions.” Adverse drug linked to
polypharmacy—in excess of $1 million annually in
U.S.A. As many as 28% of events are avoidable and
occur most commonly with cardiovascular drugs,
diuretics, opioid analgesics, antidiabetic agents, and
anticoagulants.**® Buprenorphine binds to alpha and
beta glabuling®® unlike the majority of drugs, which
bind to albumin and therefore theoretically the drug-
drug interaction is limited (Tables 11-13).

reactions are

Recommendation for Selecting Opioids with Regard to
Tolerability Profile.
greatly between opioids. As the consequences of adverse
events in the elderly can be serious, agents should be
used that have a good tolerability profile (especially
regarding CNS and GI effects) and that are as safe as

The adverse event profile varies

possible in overdose. Slow dose titration helps to reduce
the incidence of adverse events. Sustained release prepa-
rations, including transdermal formulations, increase
patient compliance.?

Specific Safety Aspects

Impaired Hepatic and Renal Function. Existing
opioids differ in terms of their pharmacokinetics in
hepatic and renal impairment (Tables 4 and 3).

Morphine 1s metabolized in the liver mostly into
the analgesically inactive metabolite morphine-3-
glucoronide ({M3G), and motphine-6-glucoronide
(M6G), which is a potent analgesic.”* Both metabolites
are completely eliminated by the kidneys and secreted
through the urine, The elimination of metabolites is
reduced in case of renal impairment, where, in this
situation, both metabolites accumulate. The accumula-
tion causes increased plasma concentrations of M3G
and M6G, and the increase in M6G levels in particular,
but also M3G levels, can result in intoxication.

Oxycodone has multiple active metabolites that may
accumulare in renal dysfunction. Hydromorphone has
only one glucouronide, but this is neurcexcitatory and
could accumulate in renal dysfunction.

Fentanyl is metabolized by the liver, mostly into the
inactive norfentanyl and several other unspecified inac-
tive metabolites. Nearly 10% of the active substance is
not metabolized, with less than 10% of the inactive
metabolite, norfentanyl, eliminated by the biliary
system, and excreted in the feces. The vast majority of
the metabolites—around 75%—are eliminated in the
urine. In cases of renal impairment, the clearance of
fentanyl is reduced and the terminal half-life of the drug
is prolonged. The kinetics of fentanyl in geriatric
patients has not been extensively studied. Patients with
renal impairment or elderly patients taking fentanyl as
analgesic therapy need to be monitored very closely.
Insufticient information exists to make recommenda-
tions regarding fentanyl in patients with impaired renal
or hepatic function. If the drug is used in these patients,
it should be used with caution because of the hepatic
metabolism and renal excretion of fentanyl.

For buprenorphine, approximately, two-thirds of the
drug is not metabolized at all, and the rest is metabolized
by the liver: the 3 major metabolites are norbuprenor-
phine, buprenorphine-3-glucuronide, and norbuprenor-
phine glucuronide. Approximately, two-thirds of the
parent drug is eliminated by the biliary system via the
feces. The metabolites are eliminated via the biliary
system and the kidneys. The kidneys’ overall exposure to
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Table 11. Pharmacokinetic Interactions

Opioid Pharmacokinetic interactions

Buprenorphing?$s21® Up to 30% of buprenorphine metabolism is mediated by cytochrome (CYP) 3A4.
New studies indicate buprenorphine and norbuprenorphine are not predicted to cause clinically
important drug interactions with other drugs metabolized by hepatic P450s.
Inhibitors or inducers of CYP 3A4 are not expected to cause significant alteration of buprenorphine metabolism or
effects.
Buprenorphine is not expected to cause significant alteration of other drugs' metabclism because of
the low piasma ¢oncentrations reached after transdermal application.

Morphine?!"2!12 Although a smali fraction {less than 5%} of morphine is demethylated, for all practical purposes,
virtually all morphine is converted to giucuronide metabolites; among these, morphine-3-glucuronide
is present in the highest plasma concentration following oral administration.

UGT 2B7 and UGT 1A3 are the enhzymes responsible for glucurenidation of morphine;
MBG is ah active metabolite that contributes significantly to morphine’s analgesic effects,
whereas M3G is inactive as an analgesic, but may cause paradoxical central neuroexcitatory effects,

Fentanyl?'? The concomitant use of fentanyl with potent CYP P450 3A4 inhibitors (ritenavir, ketotonazole, itraconazole,
treleandomycin, clarithromycin, nelfinavir, and nefazodone) may result in an increase in fentanyl plasma
concentrations, which could increase or prolong adverse drug effects and may cause potentially fatal respiratory
depression. Patients receiving fentanyl and potent CYP3A4 inhibitors should be carefully monitored for an
extended period of time and dosage adjustments should be made if warranted.

Methadone?" Methadone is primarily metabolized by N-demethylation 10 an inactive metabolite, 2-ethylidene-1,5-dimethyl-3,
3-diphenylpyrrolidene (EDDP). CYP P450 enzymes, primarily CYP3A4 and to a lesser extent CYP2D6 are
responsible for conversion of methadane to EDOP and other inactive metabolites, which are excreted mainly in
urine.

Oxycodone?'™ Oxycodone hydrochloride is extensively metabolized to noroxycodone, oxymerphone, and their glucuronides
The major circulating metabolite is noroxycodone with an AUC ratio of 0.6 relative to that of oxycodone
Noroxycodone is reported 1o be a considerably weaker analgesic than oxycodone. Cxymorphone although
possessing analgesic activity, is present in the plasma only in low concentrations. The correlation between
oxymorphene concentrations and opiaid effects was much less than that seen with oxycodone plasma
concentrations. The analgesic activity profile of other metabolites is not known. The formation of oxymorphone,
but not noroxycodone is mediated by CYP P450 2D6 and, as such, its formation <an, in theory, be affected by
other drugs.

Hydromorphone?'® Hydromorphone metabolites have been found in plasma, uring, and in human hepatocyte test systems However, it
is not known whether hydromorphone is metabolized by the CYP P450 enzyme system Hydromorphone is a poor
inhibitor of human recombinant CYP isoforms, including CYP1A2, 2A86, 2C8, 2D6 and 3A4 with an 1C50 > 50 uM.
Therefore, hydromarphone is not expected to inhibit the metabolism of other drugs metabolized by these CYP
isoforms,

UGT, glucuronosyltransferase; M3G, morphine-3-glucuronide; M6G, morphine-6-giucuronide.

Table 12. Pathways of Opioid Metabolism: Relevance to Drug-Drug Interactions

Mainly Metabolized Drug-Drug Interactions
Opieid By... Active Metabolites? Proven With . ., Evidence Level
Morphine?'?2'% UGT 2B7 (M3G) ranitidine, rifampin Hb
UGT 1A3 MBG Pgp: valspodar b
Buprenorphine TD% CYP 3A4 - none described nor expected v
Fentanyl TD?" CYP 3A4 - ritonavir: fentanyl b
Oxycodone?'® CYP 2D6 Oxymorphone unlikely to cause any effects [\
Hydramorphone?'® UGT 287 H&G very little data on potential W
UGT 1A3 (H3G) effects of enzyme
inhibition or Induction
Tramadol?® CYP 2086 M1 carbamazepine: tramadol ib
effect lib

quinidine; tramadol, M1

TD, transdermal; UGT, glucuronosyliransferase; M3G, morphine-3-glucuronide; M6G, marphine-6-glucuronide; CYP, cytochrome.

buptenorphine metabolites is very small. In case of ingof patients with hepatic impairntent is recommended.
hepatic impairment, the half-life of the drug is prolonged, In cases of renal impairment, no clinically important
but because of the low activity of the metabolites, this is  accumulation of metabolites has been observed; there-
of low clinical relevance. Nevertheless, careful monitor-  fore, a dose reduction is not necessary.
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Table 13. OQverview of Common Pain Therapies

Compound Active Components Dosing Metabolism {CYPA450)

OPANA® ER Oxymorphone??! Q 12 hours?? No CYP450 drug/drug interactions
at clinically relevant doses??!

QxyContin® Qxycodone?® Q 12 hours?? 206, 3A472

Vicodin®Lortab® Hydrocodone + acetaminophen??.224 Q 4-6 hours pro re nata?222¢ 2D6*22

Ultram® Tramadol*®® Q 4-6 hours?® 2Dg220

Percocet® Qxycodone + acetaminophen??® Q § haurg?? 2DG, 34422233

Codeine Codeine??’ Q 4 hours pro re nata?’ 2D612%#

Avinza® Morphine??® Q 24 hours?®® Conjugated in the liver*®’

Kadian® Morphine?? Q12-24 hours?® Conjugated in the liver??®

Notes: Avinza® is a registered trademark of King Pharmaceuticals.
Kadian® is a registered trademark of Alpharma Pharmaceuticals LLC.
Lortab® is a registered trademark of UCB Pharma, Inc.

OPANA® is a registered trademark of Endo Pharmaceuticals,
OxyContin® is a registered trademark of Purdue Pharma L P,
Percocet® is a registered trademark of Endo Pharmaceuticals.
Ultram® is a registered trademark of Ortha-McNeil Pharmaceuticals.
Vicodin® is a registered trademark of Abbott Laboratories.

In elderly patients with impaired heparic and renal
function, it is important to be cognizant of the accumu-
lation of metabolites from certain opiocids, such as
morphine. In practice, it is preferred to avoid such accu-
mulation, by using compounds such as hydromorphone
and buprenorphine.

Recommendation for the Use of Opioids in Elderly
Patients with Impaired Renal and Hepatic Function.
Functional impairment of excretory organs is common
in the elderly, especially with respect to renal function,
For all opioids except buptrenorphine, half-life of the
active drug and metabolites is increased in the elderly
and in patients with renal dysfunction. It is, therefore,
recommended that doses should be reduced, a longer
time interval be used between doses, and creatinine
clearance be monitored. Oxycodone, hydromorphone,
and buprenorphine appear to be a safe choice for opioid
treatment in the elderly.*®

Respiratory Depression. Respiratory depression is
mediated via the p-opioid receptor and, with full ago-
nists such as morphine and fentanyl, there is a clear
dose-dependent effect which, at high doses or combined
with.other CNS system depressants, progresses to
apnoea.?’

Respiratory depression is rare in opioid-naive
patients if low starting doses and proper titration are
used. However, it is of particular concern in very
elderly and debilitated patients, and those with under-
lying pulmonary conditions such as chronic bronchitis,
multiple sclerosis, chronic o¢bstructive pulmonary
disease, etc. or who receive other UNS drugs that
affect ventilation.

Morphine, oxycodone, hydromorphone, fentanyl,
and methadone all cause a dose-dependent decrease in
respiration, with apnoea at high doses.

Buprenorphine has a well-defined ceiling effect for
respiratory depression and respiratory rate rarely drops
below 10 breaths per minute (50% of baseline).?* The
reason for this favorable effect is not clear. It may be
that the intrinsic activity at a receptor to produce anal-
gesia is less than that required to produce respiratory
depression. Respiratory depression with buprenorphine
can be reversed with opioid antagonists, such as nalox-
one, but this must be given by continuous infusion for at
least 90 minutes or longer, and not only until respiration
is normalized.?*

Central nervous system depressants, such as benzo-
diazepines, barbiturates, antidepressants, phenothiazine
derivatives, and alcohol, increase the risk of respiratory
depression if taken with any opioid analgesic;***** this
may progress to total apnoea.

Recommendation for Interpreting Data on Opioids and
Respiratory Depression. Respiratory depression is a
significant threat for opioid treated patients with, eg,
underlying pulmonary condition or receiving concomi-
tant CNS drugs associated with hypoventilation, Not all
opioids show equal effects on respiratory depression:
buprenorphine is the only opicid demonstrating a ceiling
for respiratory depression. The different features of
opioids regarding respiratory effects should be consid-
ered when treating patients ar risk for respiratory
problems,

Immunosuppression. There is a gradual decline with
age in responsiveness of the immune system (immunose-
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Table 14. Opioid Immunosuppression in Animais and Man24-245.245-251

Animals Man

Agent Immunosuppression Evidence leve!  Immunosuppression  Evidence level
Morphine +4++ la +Ht+ b
Oxycodane - Ha NG

Hydromorphone - lla N

Fentanyl o+ Ib bt b
Buprenorphine - b ND

Methadone ? b ND

-+++, high degree of immunosuppression; -, not immunosuppressive; ?, data inconclusive; ND, not determined.

nescence}, leading to increased susceptibility to infectious
diseases,®” cancer, and reduced ability to fight such ill-
nesses. T-lymphocyte production is reduced and B-cell
production in the bone marrow is diminished. Neutro-
phils and granulocytes are decreased, producing fewer
reactive oxvgen species. Macrophage production of reac-
tive oxygen species and cytokines is also reduced,?*® while
prostaglandin production isincreased, leading to a proin-
flammatory environment. Naturat killer cells increase in
number but are functionally less active.™ This general
decline in immune responses makes the elderly particu-
larly at risk when further immunosuppression . is
achieved, such as during surgery or in the presence of
immunomodulating drugs. Moreover, it is well known
that pain itself is an exquisite stressor as it has both
psychological and physiological components. The linked
responses of the CNS and the hypothalamic-pituitary-
adrenal axis 1o a perceived stress involve a complex
network of signals, including catecholamines, peptides—
such as endorphins, and corticosteroids—such as corti-
sol, All of these factors canlead to immunosuppression.
Pain relief is chviously beneficial for the immune func-
tion; however, several opioids possess intrinsic immuno-
suppressive activities.

Morphine is the most immunosuppressive of the
opioids, acting via the g-opioid receptor.”® These recep-
tors are on all immune cells and are activated directly
by morphine. There are also indirect effects via the
hypothalamic-pituitary-adrenal axis and the sympa-
thetic nervous system, the former generating release of
glucocorticoids, and the latter, norepinephrine, which
binds to leukocytes, modulating the immune function,**!
The immunopharmacological profile of the potent
opioid, fentanyl, does not seem to differ from that of
morphine, When administered to experimental animals,
fentanyl induced a clear dose-related immunosuppres-
sion.?*?* The immunosuppressive properties of fenta-
nyl have been replicated in the human, as it has been

shown to affect cellular immune responses in humans,
and immune modulation seems to be dose related: the
few studies conducted in human, however, deal only
with acute fentanyl treatment, #%24

It is not clear why other opioids, which also bind to
the p-recepror,'do not depress the immune system;
buprenorphine, hydromorphone, and oxycodone have
been repotted to be less immunaosuppressive than mor-
phine. 24 Iy particular, analysis of the literature exist-
ing on the immune effects of buprenorphine points to a
different profile of this molecule in comparison with
morphine or fentany], 243247248

It is speculated that nonimmunosuppressive opioids
—buprenorphine, hydromorphone, oxycodone—have
little or no neuroendocrine effect, or that x-opioid recep-
tor antagonism may be involved.”** Either way, there is
little evidence available to gauge the immunosuppressive
effects of other opioids and even less evidence in the
elderly (Table 14).

Although the long-term clinical impact of opioid-
induced immunomodulation is not yet clear, and further
studics are needed, it is evident that the possibility to
reach adequate and equivalent pain control choosing
either immunasuppressive drugs or drugs without effect
on immune responses could represent a further point to
be considered in opioid therapy.

Recommendation for Interpreting Data on Opioids
and Immunosuppression. Providing adequate analge-
sia can be achieved without significant adverse events;
opioids with minimal immunosuppressive characteris-
tics should be used in the elderly. The immunosuppres-
sive effects of most opioids are poorly described and this
is one of the problems in assessing the true effect of the
opioid spectrum. Taking into account all the available
evidence from acute opioid administration in the general
population and chronic administration in dependent
subjects, buprenorphine can be recommended, while
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Table 15. QOverview of Opioid Metabolism

Opioid

Metabolism

Buprenorphine?0s.21

Plasma protein binding of about 96%, but not to the albumin fraction like most drugs but only to the «- and B-globulin

fractions; the very low plasma levels of buprenorphine are far below {by approximately a tactor of 100) the molar
concentrations of plasma globulins. Hence, any relevant interaction based on competition of globulin binding sites is

highly unlikely

Morphine?'! 212

Fentanyl?™ Primarily oxidized to norfentanyl

Primarily metabolized to norbuprencrphine and N-dealkylbuprenorphine
2/3 of metabolites are excreted via the faeces, only 1/3 is renally excreted
Evidence of enterohepatic recirculation in non-human studies

Low plasma levels of buprenorphine during transdermal analgesic therapy
Large presystemic elimination (in gut wall and liver)

Only about 40% of dose reaches central compartment

75% excreted within 72 hours mostly as metabolites, 10% excreted unchanged information from a pilot study of the

pharmacokinetics of IV fentanyl in geriatric patients indicates that the clearance of fentanyl may be greatly decreased in

the population above the age of 60
Methadone?'™*
Oxycodone?!?

Hydromorphone®'®

Converted to 2-ethylidene-1, 5-dimethyl-3, 3-diphenylpyrrolidene and 2-ethyl-5-methyl-3, 3-diphenylpyraline
Oxycodone hydrochloride is extensively metabolized to active noroxycodone, oxymorphone, and their glucuronides
Oxycodone and its metabolites are excreted primarily via the kidney

in general: the plasma concentrations of oxycedone are 15% greater in the elderly, with large interindividual variation
Metabolized 10 hydromorphone-3-glucorcnide, hydromorphone-3-glucoside, and dihydroisomorphine-8-glucoside

morphine and fentanyl cannot; only few data are avail-
able at present for oxycodone and hydromorphone, and
their reported minimal immunosuppression needs to be
confirmed.

OVERALL CONCLUSIONS

In light of the International Association for the Study of
Pain motto for 2006 to 2007, “Pain in Older Persons”,
the topic of this consensus statement is highly relevant.
Opioids are the mainstay of treatment for chronic,
severe pain, and morphine is an_effective analgesic—
certainly better than nothing in areas where other
opicids may not be available or affordable. Significant
data are available for the use of the 6 reviewed opioids
in general, but not specifically in the elderly. Efficacy of
the 6 opioids is comparable for chronic, severe pain,
although there seem to be some differences with respect
to efficacy agaiust neuropathic pain,

The levelof clinical evidence is high {mostly Ib or b}
in general for cancer pain and chronic, noncancer pain;
the level of evidence for neuropathic pain is at present
less strong,.

In order to choose the best treatment option in the
elderly pain patient, the important pharmacological and
pharmacokinetic differences between the 6 reviewed
optoids should influence treatment decisions (Table 15).
In this respect, evidence from data submitted to authori-
ties upon registration of the opioids reveals that dosage
adjustments need to be considered for all opioids
in subjects with impaired liver function; however,

accumulation of the drugs or their acrive metabolites in
renal failure has been reported for all opioids except
buprenorphine. Renal dysfunction and polymedication
are 2 very common traits of the elderly patient; there-
fore, opioids with robust pharmacokinetics in renai dys-
function and with little drug interaction potential
should be used with preference in his age group.
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Sublingual Buprenorphine in Acute Pain Management: A Double-
Blind Randomized Clinical Trial

Mohammag Jalili, MD, Marzieh Fathi, MD, Maziar Moradi-Lakeh, MD, Shahriar Zehtabchi, MD
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Study objective: We compare the efticacy and safety of sublingual buprenorphine versus intravenous morphine
suifate in emergency department aduits with acute bone fracture.

Methods: Enrolled patients received buprenorphine 0.4 mg sublingually or morphine 5 mg intravenously in this
double-blind, double-dummy, randomized controiled trial. Patients graded their pain with a standard 11-point numeri¢
rating scale before medication administration and 3¢ and 60 minutes after, and we recorded adverse reactions.

Results: We analyzed 44 and 45 patients in the buprenarphine and morphine groups, respectively. Mean pain
seores were similar ai 30 minutes (5.0 versus 5.0: difference 0; 95% confidence interval —0.6 to 0.8) and at 60
minutes (2.2 versus 2.2; difference 0; 95% confidence interval —0.3 to 0.3). Adverse effects observed within 30
minutes were nausea (14% versus 12%), dizziness (14% versus 22%), and hypatension {4% versus 18%).

Conclusion: For aduits with acute fractures, buprenorphine 4.4 mg sublingually is as effective and safe as
morptiineg 5 mg intravenously. (Ann Emerg Med. 2012;59:276-280.]
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INTRODUCTION
Background

Pain is a common complaint in the emergency
deparunent (E1) and needs both psychological and
pharmacologic interventions, including appropriate
analgesics wicth appropriate dosage. Alchough timely,
effective, and safe pain management is a standard of care in
all health care organizations, “oligoanalgesia,” or
underereatment of pain, still remains a common problem in
many Els. [n one study, for example, the mean waiting time
to analgesia wasreported to be [ hour 46 minutes for
paticnts with moderace and severe pain.’

Importance

Appropriate pain management relies on sefection of the
appropriate analgesic and dosage.” In the hectic
environment of the ED, especially in crowded EDs in which
only 49% of the patients in severc pain receive analgesics,
59% of patients who receive analgesics experience defays in
treatmene from their criage, and 20% experience delays from
time of room placement,” casy-to-use drugs are more

appealing.

Morphine sulfate is the prototypic analgesic in acure pain
management in the ED. Itis often used intravenously with a
slow rate and under close patient monitoring because of
potential adverse effects such as respiratory depression, cencral
nervous system depression, hypotension, and gastrointestinal
problems, Several studies have compared morphine with other
drugs such as sufenvani! and fentanyl or have compared different
doses of morphine.”'? Other effective modalicies and drugs,
which can be more conveniently tolerated by patients and
administered by nurses, may be a good alternative for morphine
sulface.

Buprenorphine is an agonist-antagonist of apioid receptors,
wich an analgesic patency 23 to 40 times greater than that of
morphine sulfite. It has been successfully used for opiotd
detoxification, cancer-related pain, and postoperative pain control
with a high elinical safery profile and a more prolonged durarion of
action. Buprenorphine is well absorbed sublingually and is available
as 01.4-, 2+, and 8-mg sublingua! rablets in many countries. "

Goals of This Investigation )
The objective of this double-blind randomized clinical wial ¥
to compare the efficacy and safery of sublingual buprenorphine

—
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Editor’s Capsule Summary

What is already known on this vpic

In patients with acute fractures, intravenous line
initiation delays opioid administration.

What question this study addressed

Is sublingual buprenorphine 0.4 mg as effective and
safe as intravenous morphine 5 mg?

What this study adds ro our knowledge

In this blinded comparison of 44 adules receiving
buprenorphine and 45 receiving morphine, pain
scores at 30 and 60 minutes were similar, with
confidence intervals that exclude clinically
important differences. The adverse effect profile of
buprenorphine was similar or better.

How this is relevant to clinical practice

Sublingual buprenorphine appears as effective as
intravenous morphine in adults with acute fractures,
and is certainly easier to administer.

with that of inrravenous morphine sulfate in adule EIY patients
with acute fracture pain.

MATERIALS AND METHODS
Study Design and Setting
This prospective double-dummy, double-blind, placebo-

controlled, randomized clinical trial was conducted in an

cademic tertiary care aduit EID (annual census 50,000) and
ano]led a convenience sample of patients during 12 months
{February 28, 2010, o March 1, 2011). The study was
approved by the ethics committee of Imam Hospital and

patients provided informed consent. The rrial was regisrered
with clinicaltrials.gov (NCT 01298297),

Selection of Participants

We included patients if they were aged 16 years or older,
with acute extremity fracture(s) and a pain numeric rating scale
score higher than 3 of 10. We excluded patients unable to
understand or communicate because of language barrier or
other causes; altered consciousness because of alcohol, sedatives,
or other causes; concurrent significant trauma or a life-
Ehrcawning condition; known opioid allergy; history of chronic
respiratory, renal, hepatic, ur heart failure; administration of
analgesics before ED admission; addiction to narcotics reported
by either the patient or the family; pregnancy; or systolic blood
pressure lower than 90 mm Hg.

[nterventions
Subjects were randomly assigned to receive either 0.4 mg
sublingual buprenorphine tablets plus § mL of sterile water (as

placebo} or 5 mg intravenous morphine sulfate plus 1 sublingual
placebo. We used computer-generated randomization blocks of

4 and sealed opaque envelopes to ensure allocation concealment.
Patients, physicians, nurses, and research associates all remained

blinded to group assignment throughout the entire study.

Methods of Measurement

A research assistant asked subjects to grade their pain as
follows: “Tell me on a scale of 0 to 10 what is the level of your
pain; 0 is no pain and 10 is the worst possible pain.” This 11-
point score was assessed at baseline and then 30 and 60/minutes
after analgesic administration. The research assistantalso
recorded adverse effects, including respiratory and central
nervous system depression, hypotension, nausea, vomiting,
dizziness, and headache.

We monitored patients with continuous pulse oximetry and
assessed vital signs at least every 15 minutes. We defined oxygen
desarurarion as less than 95%, hypotension as a systolic blood
pressure decrease of more than 20 mm Hg, and respiratory
depression as a rate below 12 breaths/min. Naloxone was
immediately available.

Outcome Measures

Our primary study outcome was efficacy, as measured by
pain scores 30 and 60 minutes after analgesic administration.
Qur sccondary outcome was adverse events.

Primary Data Analysis

We compared pain scores with the Mann-Whimey test and
adverse events with x* or Fisher exact test, with P<<.05 regarded
as significant.

We calculated our sample size according to data of Bounes et
al'® and assuming a=.05 and 8=.20 (2-sided}, with a result of
46 patients in each group. We enrolled 110 partients to account
for possible cases with missing data or withdrawals from the
study.

All analyses were performed with SPSS, version 15 (SPSS,
Ine., Chicago, IL) or Stata, version 10 (StataCorp, College
Stadon, TX).

RESULTS
Characteristics of Study Subjects

Study subject flow is shown in Figure 1. Baseline
characteristics were similar berween groups (Table 1).

Main Results

Pain scores were similar berween groups 30 and 60 minutes
after medication administration (Table 2; Figure 2}.

“The frequency of nausea and dizziness was similar between
groups (Table 3). We observed more hypotension in the
morphine group; however, all such patients responded promptly
to the administration of intravenous Huids. We did not observe
in cither group decreased level of consciousness, respiratory
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Assessed for
eligibitity (n=143)

b

Excluded (n=33)
- Not meeting inclusion criberia (n=22)
- Allergy {n=1)
- Addiction (n=9)
- Medicated in ED before
assessing for study (n=7)
- Self-medicated with analgesics
vefore ED arrival (n=3)
- Pregnant (n=2)
- Renai failure (n=4)
- to participate (n=35)

- Other reasons {n= 2)

Randemized
(n=110)

—

-

Allocated (o Morphine sulfate (n=53}
-Receiveq Morphine sulfate (n=55)

Allocated to Buprencrphine (n=355)
-Recgived Bupreagsphing (n=33)

'

'

Lost to foltow-up (a=4)
-2 left against medical advice
-2 transfer to OR (open fracture

Lost o foliow-up (n=35)
-4 lef! against medical advice
-1 transfer to OR (open fracture

cases) cases}
Refuse to continne pasticipation Refuse to continue participation
(n=6) (n=6)

45 Anzlyzed: 44 Analyzed:

Excluded from analysis (n=0) Excluded from analysis (n=0}

Figure 1. Diagram showing participanis flow in study.

Table 1. Baseline data in the morphine sulfate and
buprenorphine groups.

Morphine Suifate,

Buprenorphine,

Baseline Characteristics n=55 n=6%
Age, mean (standard deviation), y 35 (13) 35(13)
Sex, No. (%)

Male 45 (82) 44 (80)
Femate 10 (18} 11{20}
Mechanism of Injury, No. {%)

Motor vehicie crash 12 (22) 17 (31)
Falling 22(40) 17 (31)
Auto-pedestrian accident 16 (34) 1620y
Assault 12} 34{5i
Direct injury 1(2) 21(4)
Site of fracture, No. (%)

Forearm 1527 15 (27)
Wrist 7(13) 4(7)
Hand 8(14]j (13}
Leg 417) 9 (16}
Foot 8{14} 5{9) -
Other sites 1324} 15 (27)

depression, oxygen desaturation, seizure, or vomiting, and no
naloxone was adminisrered.

LIMITATIONS

Our study has several limitations. First, it was conducted
only with patients who could participare actively in their pain
scoring, and we lost intoxicated patients, patients with other
distracting injuries, and patients who had an accompanying
trauma or were under investigadion for ather reasons, Second,
for practical reasons, we used fixed doses of medicacions in all
patients, alchough it may be preferable to use the body weighe-
adjusted doses, Third, we selected 1 group of patients with pain,
ie. anly those with pain resulting from bone fracture. Furure

studies should be conducted o evaluare this medication in other

settings such as in parients with abdominal pain, headache, or
renal colic; in special populations such as children and elderly
patients; and with higher buprenorphine doses such as 2 mg.

Excluding patients with chronic respiratory or heart faiture may

S
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Table 2. Pain numeric rating scale scores before medication administration and 30 and 60 minutes after.

Time Regimen Median {95% CI) Mean SD SEM P Value* Mean Difference (95% Cl)
Score O Bup 8(7t09) 8.0 1.7 Q.2 2 0.3{-03101.0)
MS 8(Tw8 7.7 1.7 0.2
Score 30 Bup 5(4108) 5.0 1.8 0.3 1.0 0.0{-0.6100.8)
MS 5(41086) 5.0 1.7 0.2
Score 60 Bup 22w 3) 2.2 0.7 0.1 kel 0.0{-0.3100.3}
MS 2(2t03) 2.2 0.7 0.1

Ci, Confidence interval; SD. standard deviation; SEM, standard error of mean: Bup, buprenorphine group; MS, morphine sulfate group.

*Mann-Whitney test.

Pain Reduction From 0 to 60 Minutes

Pain Score
o~

Ruomhne

Buprenorphing

M B
Fra Post 44 1

Figure 2. Graphic depiction of pain score reduction. The
vertical bars represent patients (sorted by initial pain
score), with the initial pain score at the top (grey line) and
the 60-minute score at the bottom.

ymean that one should be careful when generalizing the resuls to
blder populations. Last, a noninferiority design would be more
suitable for proving (or disproving) that buprenorphine is as
effective as morphine sulfate in pain managemenc.

DISCUSSION

Our study showed chat sublingual buprenorphine can
decrease acute fracture pain in ED parients as effectively as
intravenous marphine, and with 2 similar safety profile.
Considering thar the range in differences (confidence intervals)
hetween the pain scores of the 2 groups ar each poine does not
include values thac are clinically important, effective equivalence

between the 2 regimens can be concluded. We observed no
serious or persistent adverse cffects with eicher drug,

Our findings about buprenorphine are compatible with those
in the study conducted by Risho et al,'® in which the effect of
sublingual buprenerphine in postoperative pain management
was evaluated in 50 patients who had elective knee joint surgery.
This study showed that buprenorphine was as effective as
marphine in pain reliefand had a superior safety profile. In
another study, 80 patients undergoing abdominal surgery
exhibited consistently lower pain scores with buprenorphine
sublingually than did those receiving morphine
intramuscularly. '

Abideval'® compared the efficacy and safety of sublingual
buprenorphine with subcutaneous morphine in 50 patients with
cesarcan section and showed that the pain relief was similar in 2
groups, whereas more morphine patients experienced pruritus.
In this scudy, narses considered buprenorphine o be more
efficient, casier 1o use, and safer than subcutancous morphine.'®

Buprenorphine use has also resulted in greater patient
satisfaction than placebo in patienrs with hip/knee osteoarthritis
and chronic low back pain.'”'® In a large surveillance study,
buprenorphine was administered to 13,179 patients by differenc
physicians in different doses to control moderate and severe
cancer-related and noncancer-related pain, About 80% of
patients reported their pain relief as good or very good, and less
than 5% of patients discontinued their drug because of
unsatisfactory resules.'? But buprenorphine is not routinely used
in EDs and has not been evaluated for acure pain management
in ED patients.

I'n summary, we found that sublingual buprenorphine is as
effective as intravenous morphine for pain relief in adult
patients presenting with fractures. Because sublingual dosing

Table 3. Frequency of occurrence of adverse events in sublingual buprenorphine and intravenous morphine sulfate groups.

Adverse Events, No. - W_Eli:?renorphineA o o Morphine P Value

(%) 30 min (n=49) 60 min (n=44) 30 min {n=50} 60 min (n=45) 30 min* 60 min’
Nausea 7(14) 0 6(12) 1{(2) .73 1.00
Dizziness 7(14) 0 11 (22) 2{4) .32 .49
Hypotension 2(4) 0 9(18) 1(2) .02 1.00

*x* Test.
Trisher-exact test.
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allows for casier and quicker administration, huprenorphine
appears to be s promising alternative ro intravenous morphine
for acute pain management.
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Abstract

New effective analgesics are needed for the treatment of pain. Buprenorphine, a partial mu-
opioid agonist which has been in clinical use for over 25 years, has been found lo be
amenable to new formulation technology based on ils physiochemical and pharmacological
profite. Buprenorphine is marketed as parenteral, sublingual, and lransdermal
SJormulations. Unlike full mu-opioid agonists, at higher doses, buprenorphine’s physiological
and subjective effects, including euphoria, reach a plateau. This ceiling may limit the
abuse polential and may reswlt in a wider safety margin. Buprenorphine has been used for
the treatment of acute and chronic pain, as a supplement fo anesthesia, and for behavioral

and psychiatric disorders including treatment for opioid addiction. Prolonged use of
buprencrphine can resull in physical dependence. However, withdrawal symptoms appear
to be mild {o moderate in inlensity compared with those of full mu agonists. Overdoses
have primarily involved buprenorphine taken in combination with other central nervous
system depressanis. ] Pain Symptom Manage 2005;29:297-326. © 2005 U.S. Cancer
Pain Relief Committee. Published by Ilsevier Ine. All rights reserved,

Key Words

Buprenorphine, pharmaceiogy, pharmacodynamics, pharmacokinelics, pain managemend,
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partial agonists, formulations, opioids

Introduction

Buprenorphine has been available worldwide
as a parenteral and sublingual analgesic since

the 1970s. Parenteral buprenorphine has been
approved for commercial marketing in the
United States since December 1981. It is one of
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a number of opioid partial agonists and mixed
agonist-antagonists currently approved as anal-
gesics by the Food and Drug Administration
(Table 1).!

Buprenorphine (Figure 1) is a derivative of
the morphine alkaloid thebaine®® and is a
member of the 6,14endo-ethanotetrahydro-
oripavine class of compounds that includes
other potent analgesics such as diprenorphine
and etorphine.*® Although buprenorphine has
been shown to interact #n vive and in vitro with
multiple opicid receptors, its primary activity
in man is that of a partial agonist at the mu-
opioid receptor and antagonist at the kappa
receptor.”? The effects of binding at mu-
opioid receptors include supraspinal analgesia,
respiratory depression, and miosis. Buprenor-
phine, heing a partial mu-opioid agonist, may
have a wider safety profile compared to full mu
agonists, especially with regard to respiratory
depression. Further, the stow dissociation of bu-
prenorphine from the receptor may result in
fewer signs and symptoms of opioid withdrawal
upon termination of buprenorphine therapy
than those which occur with full mu-opioid ago-
nists, such as morphine, heroin, and metha-
done. Buprenorphine’s antagonist effects at the
kappa receptor are associated with limited
spinal analgesia. and dysphoria and psychoto-
mimetic effects.!!

Several delivery formulations of buprenor-
phine have been investigated. Oral bioavailabil-
ity of buprenorphine is low because of extensive
first-pass hepatic metabolism,'*'¥ However, bu-
prenorphine has certain physiochemical proper-
ties (discussed later) that can allow for other drug
delivery technologies to be utilized. The admin-
istration of buprenorphine by the sublingual
route allows for bypassing of the first-pass he-
patic metabolisin. Transdermal administration

Fig. 1. Chemical struciure of buprenorphine. The
chemical name of buprenorphine is 6,14-ethenomor-
phinan-7-methanol,  17-(¢yclopropylmethyl)- o-(1,
1-dimethylethyl)-4, 5-epoxy-18, 19«dihydro-3-hydroxy-
6-methoxy-o-methyl, [ba, 7o, ($)]. The structural
formula is described in Reference 2.

has proven clinical utility for numerous medica-
tions and provides clinicians the opportunity to
treal patients who cannot take oral medications,
such as those with head, neck, mouth or bowel
lesions, or persistent nausea and vomiting. Both
the sublingual and transdermal analgesic
dosage forms of buprenorphine are approved
for use outside of the United States. In the
United States, the sublingual formulation has
been recently approved for the treatment of
optoid addiction (but not as an analgesic) 14and
a transdermal formulation is under develop-
ment. Both are discussed in this review.

The purpose of this review is to provide
clinicians and researchers with information
regarding the appropriate therapeutic use of
buprenorphine for pain management, and an
understanding of the mechanisms underlying
its pharmacodynamic actions. Buprenorphine
is approved for use as an analgesic for various

Table 1

Opioid Partial Agonist and Agonist/Aniagonists Analgesics Commercially Available for
Analgesia in the United States

Dosage Forms

Controlled Substances
Act Schedule

LUsual Single
Available Analgesic Dose {mg)

Activity at Activity at
Medication Mu-opioid Receptor Kappa-opioid Receptor
Buprenorphine partial agonist antagonist
Pentazocine partial agonist or agonist
weak uantagomnist
Butorphanol partial agonist strong agonist
Nalbuphine antagonist agonist

parenteral 0.3 i
parenteral 30 v

oral H}

parenteral 1-2 v
nasat 1-2

parenteral 10 Unscheduled

Adapted from Gutstein and Akil.!
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types of pain (e.g., acute, chronic, and neuro-
pathic pain). It has also been used for treating
various behavioral and psychiatric disorders
{e.g., depression and opioid dependence).

Preclinical Pharmacology

Receptor Binding/Interactions Studies

In vitro studies have shown that buprenor-
phine binds with high affinity to mu- and kappa-
opioid receptors and relatively lower affinity
to delta-opioid receptors.'™® Although most
in vitro studies have shown buprenorphine 10 be
relatively non-selective for these receptors,
others have shown a selective potency of the (-)
enantiomer of buprenorphine for kappa, =
mu > delta > kappag, > kappag;,,'” with a slow
dissociation from all receptors.'®

In vive studies have shown that buprenor-
phine binds at the mu-opioid receptor,’” where
it is believed that analgesic and other effects
{e.g.. supraspinal analgesia. respiratory de-
pression, miosis, decreased gastrointestinal
motility, and euphoria} are mediated. Bupren-
orphine is an antagonist at the kappa-opioid
receptor; agonist activity at the kappa-opioid re-
ceptor is thought to be associated with spinal
analgesia, sedation, miosis, and psychotomi-
metic (i.e., dysphoric) effects. Although bu-
prenorphine binds with high affinity o the
delta opioid receptor (but still lower than to
the mu or kappa, receptor), the functional sig-
nificance of this interaction has ot been fully
elucidated.! More recently, it has been proposed
that partial agonist activity at the opioid-receptor-
like 1 (ORL-1} receptor, with its endogenous
ligand nociceptin or orphanin FQ (N/OFQ),
may contuibute’ to the analgesic effect of
buprenorphine.”

Buprenorphine Effects in Pain Models

Buprenorphine has been shown to increase
the nociceptive threshold to electrical stimula-
tion in the tooth pulp assay in dogs.‘?l'?(z The
antinociceptive potency of buprenorphine in
the rat and guinea pig paw pressure tests was
noted to be greater than morphine,” and bu-
prenorphine was shown to be 10 times more
potent than morphine in the formalin test (a
madel of postinjury pain).*

In addition to the biphasic dose-response
curve observed for buprenorphine with regards
to effects on respiration in mice and intestinal

25

motility in rats,™ a bellshaped dose-response
curve for the antinociceptive action of bupren-
orphine has been observed in certain preclini-
cal pain models (e.g., mouse and rat hot plate,
rat and monkey 1ail dip, and rat electrical
stimulation of the tail and formalin-induced
flinching).*** whereas a linear dose-response
relationship has been observed in others (e.g..
rodent writhing and tail pressure) 25 A curvilin-
ear dose response for antinociceptive effects
was first observed by Cowan and coworkers in
the rodent tail dip/flick test,”® and later by Dum
and Herz?’ in in vive binding studies in the rat.
Explanations for this bell-shaped curve include
a 2-receptor model and noncompetitive autoin-
hibition.”!”""* The peak of the dose-response
curve occurred at _a dose of approximately
1 mg/kg. The entire curve shifted to the right
following pretreatment with the opioid anta-
gonists naloxone™ or naltrexone.”’ Although
readily demonstrated in preclinical analgesic
studies, the bell-shaped dose-response curve has
notbeen observed in clinical analgesic trials that
have utilized much lower doses of buprenor-
phine. A study (not an analgesic trial) designed
to find the peak of this dose-response curve in
human subjects used a maximum single dose of
32 mg administered as a sublingual solution.® A
plateau of subjective and respiratory depressive
effects was observed, consistent with the pardal
agonist classification of buprenorphine {Figure
2}; however, the effects were not biphasic even
in this dose range.

Distinguishing (Discriminative) Stimulus
Properties and SelfAdministration

In studies where animals were trained to dis-
tinguish between an opioid (e.g., morphine)
and no drug (e.g., saline}, buprenorphine gen-
eralized 10 medications such as morphine and
fentanyl.**% These results indicated that the
internal drug cues produced by buprenorphine
are similar to those of the other opioids. Ani-
mals that have previously been made depen-
dent on morphine will acquire drug-taking
behavior (i.e., self-administration by pressing a
lever that activates administration) when ex-
posed to morphine-like drugs. Albeit some-
tmes weakly, buprenorphine has been shown
to suppert intravenous selfadministration in
animals under various conditions of reinforce-
ment?** Both drug-naive and drugexperienced
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Fig. 2. The elfects of the partdal-agonist buprenor-
phine (closed circle) and the full-agonist methadone
{open circle} on an opioid agonist scale. The scale
contains 16 adjectives descriptive of opioid-like ago-
nist effects rated on a 0-4 ordinal scale (maximum
score = 64). Each vertical bar represents = 1 SEM.
Reprinted from Walsh SL, Preston KL, Stwzer ML,
Cone E[. Bigelow GE. Clinical pharmacology of
buprenorphine: ceiling effects at high doses. Clinical
Pharmacology and Therapeutics, 1904, 55: 568580,
wilth permission from the American Society lor
Clinical Pharmacology and Therapeulics.

animals have been shown to self-administer
bupren01phine.37'38

Physical Dependence Liability

Three primary preclinical experimental pro-
cedures have been used to evaluate the mor-
phine-like physical dependence potential of
buprenorphine in animals. The first procedure
is the substitution of buprenorphine for mor-
phine in morphine-withdrawn animals. The
second is the precipitation of an opioid absti-
nence syndrome by buprenorphine in mor-
phine-dependent animals. The third is the
substitution of placebo (i.e., saline) to assess
the presence of spontaneous withdrawal in bu-
prenorphine-maintained animals.

Instudies of the above-described procedures,
buprenorphine has been shown to produce
either no, or a protracted but mild, opioid-
like withdrawal syndrome in rats, dogs, and
non-human primates.®?**7374142 Eor example,
Martin and coworkers showed that in dogs
maintained on 125 mg/day morphine, at low
doses, buprenorphine substituted for morphine
{i.e., suppressed spontaneous withdrawal) and
at higher doses, precipitated an abstinence syn-
drome.’ Buprenorphine was also reported to

precipitate an abstinence syndrome in rhesus
monkeys maintained on morphine.” In an-
other study, no signs of opioid withdrawal were
observed when saline was substituted for chroni-
cally-administered buprenorphine in rhesus
monkeys, and there were no signs of disrup-
tions in other behaviors such as food intake.*
Taken together, the ability of buprenorphine
to generalize to morphine-like drugs along with
its production of only relatvely mild physical
dependence indicates that buprenorphine’s
potential for abuse is limited compared to many
other opioids.

Tolerance to the behavioral effects of bu-
prenorphine has been reported in the rhesus
monkey.** Cross-tolerance of buprenorphine
to morphine has been shown in the mouse®
and rat.*!

Safety

The LDj values for buprenorphine, assessed
in a number of animal species by various routes
of admihistration, are shown in Table 2. Table
3 shows the comparison of the ratio of the acute
toxic doses to the antinociceptive doses yielding
the therapeutic index for morphine and bu-
prenorphine in rats. These data are consistent
with a wide safety margin for buprenorphine.

Studies in mice and rats have shown that bu-
prenorphine is not a carcinogen at doses 1600
times greater than the analgesic dose. From
genetic toxicity studies, including the Ames test,
the chromosomal aberration assay, and the
mouse lymphoma forward mutation assay. it has
been concluded that buprenorphine is not a
mutagen and presents no genetic danger to
man.

Table 2
Acute Toxicity (LD} of Buprenorphine

LDy (mg/kg)

Species Route of Administration Base HCI salt

Mouse oral 260 800
Mouse intravenous 24 72
Mouse intramuscular - =600
Mouse intraperitonieal 90 -

Mouse subcutaneous - >1000
Rat oral - =>1000
Rat ntravenous 3 62
Rau inrramuscular - =60}
Rat intraperitoneal 197 -

Rat subcutaneous - >1000
Dog intravenous - 79

— -Daita not avallable. Reference 45,
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Table 3
Therapeutic Indices for Morphine
and Buprenorphine

EDs, Therapeutic
LDy, Acute Tail Pressure Index
Opioid (mg/kg) (mg/kg) LDpy/ELxsy,
Morphine 306 .66 164
(237, 395] [0.26, 1.6]
Buprenorphine 197 0.016 12,313

{145, 277] [0.011, 0.024]

252

References
Numbers in brackets are 93% confidence limits.

Although buprenorphine has been reported
to be without teratogenic effects in rodents,™
significant increases in skeletal abnormalities
were noted in rats after subcutaneous admin-
istration of 1 mg/kg/day and greater, but not
at oral doses up to 160 mg/kg/day.H Increases
in skeletal abnormalities in rabbits after intra-
muscular administration of 5 mg/kg/day, or
1 mg/kg/day or more given orally were not
statistically significant. Buprenorphine pro-
duced statistically significant pre-implantation
(oral doses of 1 mg/kg/day or more) and post-
implantation (intravenous doses of 0.2 mg/kg/
day) losses in rabbits,'*

Unlike effects observed from some other opi-
oids, prenatal exposure in rats to buprenor-
phine does notappear to affect activity, cyclesof
rest-activity, or developmental milestones,**
The oral administraiien of buprenorphine to
rats during gestation and lactation, at doses sev-
eral hundred times greater than the analgesic
dose, has been associated with delayed post-
natal development of the righting reflex and
startle response.**? It has been reported that
buprenorphine reduces striatal nerve growth
factor® and produces toxic effects similar to
methadone. Mixed effects of buprenorphine
on maternal water intake, postnatal growth,
maternal weight gain, frequency of resorption,
or pup birth weights, number of stillbirths,
and offspring mortality have also been re-
ported. 't Physical dependence and toler-
ance to the antinociceptive effects of morphine
in pups exposed perinaially to buprenorphine
and methadone have been demonstrated; gen-
eralized neuromuscular development does not
appear to be delayed by perinatal exposure to
buprenorphine.®”

Pharmacokinetics
General Observations

Buprenorphine is an extremely lipophilic
compound™ that dissociates very slowly from

the mu-opioid receptor.'***% This slow recep-
tor dissociation has generally been regarded
as the property respensible for buprenor-
phine’s relatively long duration of action as an
analgesic. Buprenorphine also has a high af-
finity for the mu-opioid receptor, and is not
displaced easily by antagonists, such as nalox-
one, which have a lower receptor affinity.!

The elimination halflife of buprenorphine
in humans has been described as either bipha-
sic® or triphasic.5%%* Buprenorphine is highly
bound (96%} to plasma proteins, primarily to
a- and B-globulin fractions.”” Swdies utilizing
human liver microsomal preparations indicated
that buprenorphine is‘demethylated to form
norbuprenorphine, and is also metabolized
to other compounds by cytochrome P-1450
3A4.5567 Both buprenorphine and norbupren-
orphine form . conjugates with glucuronic
acid.®% Srudies in rats utilizing intraventricu-
lar administration of norbuprenorphine and
buprenorphine indicated that the intrinsic an-
algesic activity of norbuprenorphine was 25%
that of buprer,u:n‘phine.70

The oral bicavailability of buprenorphine
is approximately 10%, secondary to extensive
first-pass hepatic metabolism.!>”! Preclinical
studies in rats indicate that buprenorphine
distributes rapidly to the brain following intra-
venous administration.” Brain to plasma con-
centration ratios of buprenorphine in rats
following a single intravenous dose ranged from
3.0 at 15 minutes to 1.5 at 6 hours post-drug
administration.”® The more polar metabolite
norbuprenorphine has an n-octanol:water par-
titton coefficient about 10% that of bupren-
orphine™ and penetrates into the central
nervous systern to a much lesser degree than
the parent compound.73 In the rat, dog, monkey,
and human, approximately 70% or more of an
intravenous dose is recovered in the feces;™
enterohepatic recycling is likely.”” A much
lesser percentage of buprenorphine (10-30%)
is found in the urine following administration
by various other routes.®*™ Concentrations
found in human red blood cells are comparable
10 those in the plasma.®®

Parenterally Administered Buprenorphine

In the United States. buprenorphine, used
as an analgesic, is only approved for parenteral
administration, typically by the intramuscular
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or intravenous route. Peak plasma concentra-
tions following intramuscular administration
occurred, in general, 5 minutes after dosing,
and in some patients, by 2 minutes.”® Mean
plasma concentrations of buprenorphine in
that study differed little after 5 minutes post-
drug administration by either the intravenous
or intramuscular routes; intramuscular bicavail-
ability ranged from 40% to greater than 90%.
The volume of distribution at steady state has
usually been found to be between 200 and
400 liters.™

Following the adminiscration of 0.3 mg of
intravenous buprenorphine given intraopera-
tively, the initial half-life was found to be about
2 minutes,”™ with a mean terminal halfife of 5
hours.”” A study by Mendelson and coworkers™
indicated that the mean terminal half-life of
intravencusly given buprenorphine (1 mg in-
fused over 30 minutes) was about 6 hours.
Kuhlman and colleagues™ reported a mean ter-
minal halflife of 3.2 hours following single
doses of 1.2 mg given intravenously.

Buprenorphine clearance following intrave-
nous administration has typically been reported
to be between 70 and 80 liters/hour when doses
in the analgesic range have been used.5>™ The
clearance of buprenorphine in anesthetized
patients was found to be lower than in the
same individuals not under anesthesia secondary
to reduced hepatic blood flow from the
anesthetic.”

Buprenorphine Sublingual Liguid/Buccal Strip

The absorption of buprenorphine liquid
from the sublingual mucosais rapid, occurring
within 5 minutes.* In‘a study utilizing healthy
volunteers,***! the bioavailability of buprenor-
phine in a 30% ethanol solution administered
sublingually was approximately 30%. Kuhlman
and colleagues™ studied the pharmacokinetics
of buprenorphine by various routes of admin-
istration using a crossover design in healthy,
non-dependent men who bhad a history of
heroin abuse. Buprenorphine bioavailability by
the sublingual and buccal routes was approxi-
mately 51% and 28%, respectively, with much
interindividual variability. The mean terminal
half-lives were 28 hours following sublingual
administration and 19 hours following buccal
administration, compared with 3.2 hours
following the intravenous route, perhaps re-
lated to the sequestering of buprenorphine in

the oral mucosa. Average clearances for the 3
routes of administration were 210, 712, and 77
liters/hour, respectively. In a study that evalu-
ated sublingual dosages of buprenorphine up
to 32 mg,* peak plasma concentrations of bu-
prenorphine were observed at 60 minutes fol-
lowing doses of 2 and 4 mg, and at 30 minutes
for doses of 8, 16, and 32 mg. Plasma concentra-
tions after administration of the 32 mg dose
were significantly elevated for up to 60 hours
following medication administration. As noted
previously, the oral bioavailability of buprenor-
phine is very low (approximately 10%). Thus,
the swallowing of buprenorphine that is not
absorbed buccally or sublingually would con-
uribute little to overall absorption.

Buprenorphine Sublingual Tablets

Following the sublingual administration of
0.4 or 0.8.mg doses, there was no significant
rise in buprenorphine plasma concentrations
for 20 minutes; the time to maximum concen-
tration was variable, ranging from 90 to 360
minutes.”®”’ The average systemic bioavailabil-
ity was 55%, with large intersubject variability.

A number of studies have assessed the phar-
macokinetic profile of a buprenorphine rablet
formulation. Bioavailability of the tablet was
reported to be approximately 50-656% that
of the sublingual solution, based on 48- and
24-hour AUC measurements, respecti\’ts])/.m"‘]’S
Results were generally comparable regardless
of whether buprenorphine was administered
as a single dose, or administered once daily
over multiple days. When buprenorphine tab-
lets were given over multiple days, average con-
centrations peaked 2 hours after medication
administration, in contrast to 1 hour as has
been found for the solution.

Buprenorphine for Intranasal Administration
The bioavailability of intranasal buprenor-
phine has been assessed in humans®' and
sheep™ using a polyethylene glycol 300 (PEG)
and a 5% dextrose vehicle. The buprenorphine
formulation in humans was found to be approx-
imately 50% bioavailable, with a time to maxi-
mum concentration of 30 minutes. In sheep,
the bioavailability of buprenorphine in PEG
and dextrose was 70% and 89%, respectively;
time to maximum concentration was 10 mi-
nutes, From these data, it appears that an intra-
nasal formulation of buprenorphine would
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Fig. 3. Approximate bioavailability of buprenorphine by route of administration. Reprinted from Methadone
Treatment for Opioid Dependence [Figure 13.2 (c)]. Strain, Eric €., M.D., and Maxine L. Stizer, Ph.D,,
eds. The Johns Hopkins University Press. Baltimore, Maryland: The Johns Hopkins University Press, 1999 300,
Reprinted with permission from The Johns Hopkins University Press.

provide a rapid onset of analgesic effect. The ap-
proximate bioavailability of buprenorphine by vari-
ous routes of administration is shown in Figure 3.

Buprenorphine for Transdermal Administration
The ideal medication for transdermal ad-
ministration should be highly lipophilic and of
low molecular weight (less than approximately
1000) for ease of crossing the skin barrier.®® It
should also be highly potent so that adequate
doses could be delivered through the skin. Bu-
prenorphine meets these requirements. It has
an octanol-to-water partition coefficient of 1217
{i.e., high lipophilicity), 8 a-molecular weight
of 468, and is 25 to 50 times more potent as
an analgesic, per mg, than morphine. Further,
with a transdermal formulation, a therapeutic
blood level could be maintained over an ex-
tended period of time, thus improving compli-
ance and effectiveness of the medication.
Recently, a transdermal buprenorphine pro-
duct has been approved and marketed in a
numbet of European countries.**? This trans-
dermal system is designed tc continuously re-
lease buprenorphine at one of three defined
rates: 35, 52.5, or 70 pg/hr, corresponding to
daily doses of 0.84, 1.26, and 1.68 mg/24 hr,
respectively. Effective plasma levels are reached
within 12 to 24 hours and are kept at a constant
level for 72 hours. The buprenorphine is incor-
porated into a polymer adhesive matrix.
Three dosage strengths of a seven-day bu-
prenorphine transdermal system are being de-
veloped in the United States, which deliver 5,

10, or 20 pg/hr buprenorphine, r‘espectively.90
The highest strength patch (20 pg/hr) will
result in a dosage of (.48 mg/day. Compared
to the higherstrength European product de-
scribed above, these three dosage strengths may
be more useful for milder pain syndromes. The
buprenorphine is dissolved in a polymer matrix
and the rate of drug release is controlled by
the diffusion of the buprenorphine in the adhe-
sive matrix through the stratum corneum of
the epidermis. The concentration of buprenor-
phine mixed in the adhesive matrix is the same
for each sirength. After application of the trans-
dermal system with release rates of 5, 10, and
20 pg/hr to healthy subjects, mean (FSEM)
peak buprenorphine plasma concentrations
(Cpiax) were 176 = 84, 191 = 19, and 471 =
77 pg/mL, respectively.” The concentration of
buprenorphine released from each system per
hour is proportional to the surface area of the
system. The time to reach steady-state plasma
concentrations was approximately 24 to 48
hours and the percentage of the total dose del-
ivered in 7 days was 15%.% Following system
removal, concentrations decreased to about
one-halfin 12 hours, then declined more gradu-
ally with an apparent terminal half-life of
26 hoius.*?!

Special Considerations

Buprenorphine in Renal Failure.  The disposition
of buprenorphine in patients with renal failure
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was examined in studies utilizing both single-
and multiple-dosing.* In the single-dose study
using balanced anesthesia, buprenorphine was
given intravenously at a dose of 0.3 mg. In the
multiple-dose study, a variable-rate infusion was
utilized with controlled ventilation to provide
analgesia in the intensive care unit (median
infusion rate of 161 pg/hr for a median of 30
hours). In the first study, there were no differ-
ences in buprenorphine kinetics between
healthy patients and those with renal failure
{all dialysis-dependent with creatinine clear-
ances less than 5 mL/min). Buprenorphine
clearances and dose-corrected plasma concen-
trations were similar in the 2 groups of patients.
However, in patients with renal failure (plasma
creatinine concentration greater than 140
uwmol/liter), plasma concentrations of nor-
buprenorphine were increased by a median of
4 times, and buprenorphine-3-glucuronide by
a median of 15 times.

Another study, which measured only bupren-
orphine (not metabolites) over a 3-hour sam-
pling period, reported that the disposition of
buprenorphine was similar in patients with end-
stage renal failure compared to healthy con-
trols.”™ The renal failure patients did not show
clinical evidence of sedation or respiratory
depression.

Bugmenorphine in Hepalic Failure. Few data are
available with regard to the use of buprenor-
phine in patients with hepatic failure, A recent
study evaluated the pharmacokinetic profile of
buprenorphine (0.3 mg given intravenously) in
subjects with mild to moderate chronic hepatic
impairment and in_healthy controls matched
for age. weight, and sex.** No differences be-
tween the groups were observed for most
pharmacokinetic parameters (e.g., steady-state
volume of distribution, total clearance). How-
ever, the maximum plasma concentrations of
buprenorphine and norbuprenorphine were
50% and 30% lower, respectively, in individuals
with hepatic impairment. These subjects also
had less nausea and vomiting than the controls.
The results did not indicate the need for a
buprenorphine dosage adjustment in individu-
als with mild 1o moderate chrenic hepatic
impairment.

Buprenorphine in Children and Infants. When
buprenorphine (3 pg/kg) was given intrave-
nously as premedication to children aged 4 to

7 vears, mean clearance was 3.6 liters/hr/kg
and steady state volume of distribution varied
from 1.2 to 8.3 liters/kg.*® None of the kinetic
parameters correlated with age, body weight,
or body surface area. Because buprenorphine
plasma concentrations declined rapidly, termi-
nal elimination halflife could not be estimated
reliably. In a study of the pharmacokinetics of
a buprenorphine infusion in premature neo-
nates,™ the clearance of buprenorphine was
lower than values previously reported for
adults and children, probably related to im-
maturity of the glucurenidation. metabolic
pathway.

Clinical Pharmacology
Analgesia and Anesthesia

Pain Assessment and Treaiment,  Pain may be de-
scribed as an unpleasant sensory and emotional
experience associated with actual or potential
tissue damage, or described in terms of such
damage. It is typically categorized broadly as
being either acute or chronic. Whereas acute
pain is often associated with a particular injury
or procedure, chronic pain is pain thathas been
present for more than three months, and which
may be persistent or intermittent. In addition,
chronic pain may persist after the disease itself
has been effectively reated.”

As noted by Bonica,”® few basic and clinical
scientists had devoted their efforts to pain re-
search prior to the 1960s. Differences between
acute and chronic pain were not appreciated,
and animal meodels, particularly for chronic
pain, were not being developed. More recently,
preclinical and clinical research studies have
elucidated multiple mechanisms and sites asso-
ciated with the production of pain.*” Pain itself
is subject to much inter-individual variability
with regard to threshold and tolerance, and has
expectational and emotional components.'®
Thus, all clinical practice guidelines emphasize
the need to use patient self-report as the gold
standard for assessing pain rather than observ-
ers’ reports because pain is such a personal
experience.

Numercus opioids and opioid-like medica-
tions have been used to treat both acute and
chronic pain. Chronic pain may involve pain
related to cancer, as well as noncancer pain due
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to osteoarthritis, chronic back pain, and neural-
gia. Although morphine is the prototypical
agent, numerous other drugs such as hydroco-
done, oxycodone, methadone, and others have
been utilized effectively. The use of opioid anal-
gesics for the treatment of chronic noncancer
pain, however, still elicits controversy, much of
it related to concerns regarding adverse effects
and possible addiction.'™ Tt is especially im-
portant to differentiate between addiction Lo
opioids and the appropriate use of opicids for
analgesia and between addiction and physical
dependence. Although patients using opioids
for chronic pain may become physically depen-
dent, they usually do not exhibit evidence of
behaviors indicative of addiction.!” Although
the treatment of pain in patients with a current
or pasi diagnosis of addiction presents its own
unique challenges,'™ opioids have generally
been shown to be safe and effective for the
treatment of chronic pain.!®*1%

Buprenorphine has undergone clinical evalu-
ation for the treatment of acute and chrenic
pain, analgesic anesthesia, and to a much lesser
extent, neuropathic pain. Buprenorphine is in-
dicated for the treatment of moderate to severe
pain. Doses of 0.3 mg of buprenorphine are typ-
ically considered to produce analgesia approxi-
mately equivalent to 10 mg of morphine when
both medications are given parentc—:ral]y.’mHnS
As a parenteral analgesic. buprenorphine has
been administered by the epidural, intra-articu-
lar, intramuscular, intravenous, and subarach-
noid routes. It has also been given through the
use of subcutanecus implanted micropumps
and by continucus subcutaneous infu-
sion. 1% The sublingual and transdermal
routes of administration have also been utilized.
There are no published data indicating an anal-
gesic ceiling dose in humans.

Acute Pain. Most studies of acute pain have
used 1 or 2 doses of the medication, typically
in postoperative patients. One of the earliest
assessments of buprenorphine when given par-
enterally for postoperative pain found that it
generally provided good or adequate pain relief
with an incidence of less than 1% of drug-associ-
ated respiratory depression.!!® Various other
studies have shown buprenorphine to be as or
more effective than morphine as a postopera-
tive analgesic,l”'116 and more effective than
meperidine, often with a longer duration of

o Q _ . . .
activity,''*1'7 119 patients undergoing various

types of surgical procedures, including abdomi-
nal, gynecological, and cardiac, were evaluated.
Nausea/vomiting and dizziness were sometimes
more common following buprenorphine admin-
istration, but other effects (e.g., decreased re-
spiratory rate, drowsiness) were often observed
no more frequently than with the comparison
opioid. Further, doubling the intravenous dose

" of buprenorphine from (1.3 1o 0.6 mg has been

reported to produce a dose<lependentincrease
in analgesia without a paralle! increase in respi-
ratory depression.64 Doses as high as 7 mg given
intravenously for postoperative analgesia have
been reported to be without associated respira-
tory depression.'®”_Although, as noted pre-
viously, the dosage at which the peak of the
analgesic dose-response curve occurs has been
estimated in animal models, there are insuffi-
cient data to determine that dosage in humans.
Thus. whereas at typical analgesic dosages bu-
prenorphine is approximately 25 to 50 times
more _potent than morphine, determining po-
teney equivalency at very high doses (such as the
7 mg dose mentioned above) is problematic.

Wallenstein and coworkers found relative po-
tencies of intramuscular to sublingual bupren-
orphine of about 2:1 in postoperative cancer
patients.'”’ The sublingual buprenorphine
(tablet formulation) was approximately 15
times more potent than intramuscular mor-
phine. Additionally, the sublingual, but not the
intramuscular, formulation was found to be
longer acting than morphine.

For the treatment of postoperative pain by
the intramuscular route, buprenorphine is about
30 times more potent than morphine, %!
In contrast, buprenorphine administered epi-
durally has been shown to be only about 8 to
12 times more potent than morphine !2'*
However, doses of buprenorphine were typi-
cally less by the epidural (e.g., 0.06 to (.15 pg)
than by the intramuscular (6.3 mg) route. 123124
Although higher epidural buprenorphine
doses (0.3 to 0.9 mg) have also been used suc-
cessfully with a low occuirence of side effects,
little addituonal benefit {as far as duration of
action or quality of analgesia) from doses
greater than 0.3 mg has been abserved.'® Pain
relief for 12 to 24 hours has typically been ob-
served when buprenorphine is administered
epidurally.’®® Intrathecal buprenorphine, 0.03
or 0.045 mg, with bupivacaine has also been
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shown to produce effective, long-lasting analge-
sia, with nausea and vomiting as the predomi-
nant side effects.'?’

With regard to comparisons to other analge-
sics, buprenorphine has been found to compare
favorably te the agonist-antagonist nalbuph-
ine when the medications were given intrave-
nously for pain after abdominal surgew.128
Buprenorphine (0.15 mg/ml.) or nalbuphine
{10 mg/mL} were administered as a continuous
infusion at the rate of (.2 mL/kg per 24 hours.
Patients who received buprenorphine had
significantly greater pain relief and requested
less additional analgesic than those who were
given nalbuphine. Compared to pentazocine
(30 and 60 mg) in men undergoing orthopedic
procedures, buprenorphine (0.3 and 0.6 mg)
was associated with less nausea, vomiting, and
euphoria, but more sedation, when both medi-
cations were given intramuscularly.'™ Bupren-
orphine, although more potent. was found to
provide equivalent analgesia and a similar
side effect profile as pentazocine when both
were given intravenously on demand post
cholecystectomy.*

Sublingually administered buprenorphine
has also been shown to be an effective postoper-
ative analgesic.”'3-1%* Benefits associated with
buprenorphine treatment included decreased
need for additional analgesics and ‘a long
duration of activity. One trial showed that bu-
prenorphine given sublingually (0.4 mg)
was associated with less depression of con-
sciousness than when administered intra-
muscularly (0.3 mg} following majorabdominal
surgery.'*® Although lack of salivation was prob-
lematic with regard to sublingual administra-
tion, instillation of normal saline sublingually
was used to overcome this limitation.

A recent study evaluated the efficacy of intra-
arricular buprenorphine and bupivacaine after
knee arthroscopy.’ Both buprenorphine (0.1
mg) and bupivacaine {50 mg) were associated
with good postoperative pain control and re-
duced need for analgesia after surgery. Al-
though systemic effects of buprenorphine
contributing to its effectiveness could not be
ruled out, the low dose of buprenorphine used
compared to the therapeutic response ob-
served would seem to argue against this.

Girotra and coworkers found that caudal bu-
prenorphine (4 pg /kg) provided prolonged

analgesia with less nausea and vomiting in chil-
dren undergoing orthopedic surgery compared
to buprenorphine administered intramuscu-
larly at the same dose.'*” Results from other
studies have also supported the efficacy of
caudal buprenorphine in children, %

Patient-controlled analgesia (PCA) utilizing
opioids. including buprenorphine, is widely
used for the management of postoperative pain.
One study of buprenorphine given as sub-
lingual tablets (up to two 0.2 mg tablets every
3 hrs; maximum of 8 tablets in 24:hrs) following
cholecystectomy observed that an acceptable
level of pain relief was attained in about 80%
of the patiﬁ'ms.l'10 Another study showed that
sublingual buprenorphine compared favorably
to intramuscular meperidine with respect to
pain relief following gynecological surgery.'"’
Other studies have also shown the utility of PCA
with buprenorphine using various routes of
administration, including intravenous and in-
tramuscular.’**'* The amounts of buprenor-
phine administered varied based on anumber of
factors, including the route of buprenorphine
administration, type of surgical procedure, and
other medications used.

Buprenorphine /naloxone combinations have
been evaluated as an analgesic combination to
reduce potential abuse, including use in pa-
tient-controlled analgesia paradigms.Hﬁ In one
study, patients undergoing abdominal or ortho-
pedic surgery were evaluated."’ They were
randomly assigned to receive either buprenor-
phine or a mixture of buprenorphine and nal-
oxone, with the amount of naloxone equal to
60% that of buprenorphine on a mg basis. Al-
though the admixture decreased both the an-
algesic and respiratory depressant effects of
buprenorphine, it nonetheless provided an ad-
equate analgesic response. In another investiga-
tion, single intramuscular injections of either
buprenorphine (0.3 mg) or buprenorphine
(0.3 mg) with naloxone {0.2 mg) were com-
pared in individuals following abdominal sur-
gery.148 Patients in both groups had a good
analgesic response that lasted for approxi-
mately 12 hours, with no significant differences
between the groups observed for efficacy. A
trial comparing buprenorphine and buprenor-
phine/naloxone at the same dosages in patients
following orthopedic or gynecological surgery
produced similar results.*
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Chronice Cancer and Noncancer Pain.  Buprenor-
phine has also been studied for the treatment
of chronic cancer pain. One of the earliest stud-
ies evaluated sublingual buprenorphine in the
dosage range of 0.15 to 0.8 mg per dose for an
average duration of 12 weeks of treatment.'™
Ninety-four of 141 cancer patients on the ini-
tially offered dosage range of 0.15 to 0.4 mg
discontinued participation in the study within
1 week of initiation. Of those who discontinued,
approximately one-half (50 patients) discon-
tinued secondary to side effects that included,
in order of frequency, dizziness, nausea, vom-
iting, drowsiness, and lightheadedness. How-
ever, no constipation was reported. Another
study’®! utilizing a range of daily buprenor-
phine doses between 0.4 and 3.2 mg (median
of 1.6 mg for individuals with pain of malignant
origin compared to 1.0 mg for those with non-
malignant pain} found similar results, with most
patients withdrawing secondary to adverse ef-
fects or inadequate analgesic response. As in
the first study, the early dropout rate was severe,
with 26 of the 70 patients discontinuing treat-
ment within one week. No correlation between
buprenorphine plasma levels and analgesic re-
sponse was found.

When single doses of intramuscularly admin-
istered buprenorphine (0.3 mg) and morphine
{10 mg) were compared, buprenorphine was
found to have a longer duration of action.'*
When compared to pentazocine (50 mg given
orally), sublingual buprenorphine (0.2 mg) was
found to be superior with respect to analgesia,
quality of life, and study terminations secondary
to side effects when 1'to 2 tablets were adminis-
tered every 6 to 8 heurs,!®

In a long-term evaluation (representing
9,716 days of treatment) of 139 patients with
cancer whose pain was not previously controlled
using conventional analgesic approaches, epi-
dural morphine or buprenorphine provided
pain relief in 87% of patients.’® Mean, daily
doses of morphine and buprenorphine were
15.6 (range: 2 to 290) and 0.86 mg (range: 0.15
to 7.2), respectively. The mean duration of
treatment was 72 days (range: 2 to 700).

Results trom a study of 12 opioid-naive indi-
viduals with cancers of various types, and who
did not previously respond to nonsteroidal
anti-inflammatory agents, indicated similar an-
algesic efficacy for buprenorphine (0.3 mg)
and morphine (3 mg) when both were admin-

istered by the epidural route.'”® Changes in
respiratory function indices associated with bu-
prenorphine in this study were judged to be
clinically irrelevant.

A continuous subcutaneous infusion of bu-
prenorphine atarate of 4 pg/kg per day, follow-
ing the intramuscular administration of 0.004
ug/kg, provided adequate pain relief with few
side effects in 10 patients with pain secondary
to cancer.'"” Buprenorphine, administered
through the use of an external subarachnoid
catheter connected to a micropump; has also
been used to treat pain associated with various
types of cancers.'”’ Subarachnoid buprenor-
phine, 0.06 to 0.15 mg per day titrated to indi-
vidual response, provided effective analgesia in
all 23 patients studied. No respiratory depres-
sion was observed, even in one individual who
received 0.52 mgin 24 hours secondary to a
dosing error.

Fewer studies have been conducted evaluat-
ing the use of buprenorphine for chronic non-
cancer pain than those assessing its utility for
cancer pain, and some include a heterogeneous
patient population including individuals suffer-
ing from hoth cancer and noncancer pain, In
an evaluation of the use of sublingual buprenor-
phine in individuals over 85 years of age with
chronic pain of various eticlogies (including
osteoarthritis and malignancy), buprenorphine
was well tolerated over the l4-day treatment
period."® Individuals were given 0.1 mg bu-
prenorphine 3 to 4 times daily as required. Pa-
tients in the over-80 years age group had a
better analgesic response than those aged 65
to B0 years; the incidence of side effects was low.

The analgesic effectiveness of buprenor-
phine in the treatment of chronic cancer and
noncancer pain was assessed in a number of
studies using transdermal administration. With
regards 1o the evaluation of the transdermal
product already available in Europe (described
previously}, three randomized, controlled, double-
blind trials have been performed. In one, 157
patients with chronic severe pain related to
cancer or other disorders and inadequately
controlled with so-called “weak” opioids were
randomized to receive buprenorphine or pla-
cebo patch for up to 15 days. Patients were
switched directly from their previous analgesics
on day one of the study and rescue medication
(sublingual buprenorphine} was available 1o all
participants.'™ Buprenorphine dosages of 35
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and 52.5 pg/hr were associated with signifi-
cantly higher response rates than placebo. In-
terestingly, the response to the highest
buprenorphine dosage tested, 70 pg/hr, did
not reach statistical significance, perhaps sec-
ondary (as the authors suggested} to fewer pa-
tients assigned to this group and the presence
of several refractory patients. Only summary
data are available for the two other double-blind
studies. "8 153 the first, patients who had been
inadequately treated with weak opioids or 30
mg morphine were randomized directly to one
of the three doses of transdermal buprenor-
phine or placebo. The double-blind phase
lasted for 15 days, and no problems were en-
countered by patients switching from cne of the
other opioids to buprenorphine. In the second,
patients were treated in an open, run-in phase
with buprenorphine sublingual tablets. Individ-
uals who obtained at least satisfactory pain relief
were then randomized to either 35 pug/hr bu-
prenorphine transdermal or placebo for 9 days.
When the daily dose (0.84 mg) delivered by the
patch was added to the additional sublingual
buprenorphine required, the total dose in the
double-blind phase was comparable to the sub-
lingual dose during the run-in phase. The etfi-
cacy of this product was also demonstrated in-an
open-label follow-up study conducted following
the completion of the double-blind stud-
ies'™ and from a survey of 3,255 patients with
chronic pain.'®®

Clinical studies have been‘conducted with
the 7-day buprenorphine transdermal delivery
system that is being developed in the United
States. Patients with chronic back pain were
treated up to 84 days with the buprenorphine
wransdermal systen1 (5 to 20 pg/hr).'®* Pain in-
tensity was significantly reduced after treatment
with the buprenorphine transdermal system
compared to placebo. Another study in patients
with pain from osteoarthritis showed higher
odds ratio of successful treatment with the bu-
prenorphine transdermal system for up to 28
days compared with placebo.'™ Studies showed
similar pain control after treatment with the
buprenorphine transdermal system compared
with active controls, such as hydrocodone/
acetaminophen or oxycodone/acetamino-
phen.'®31% Additionally, the buprenorphine
transdermal systern was shown to be well-
tolerated over long-term study periods, up to
18 months.'**166

Even in consideration of the above data. the
use of buprenorphine for the treatment of ad-
vanced cancer pain cannot be generally recom-
mended because treatment typically requires
high doses of opioids and a rightward shifting
of the analgesic dose-response curve may occur.
Most of the above-cited studies represent small
or uncontrolled trials, Further, data supporting
the use of buprenorphine for the treatment of
cancer-related pain is very limited compared to
the data available for many other opieids (e.g.,
morphine, fentanyl, and oxycodene). Thus, ad-
ditional large-scale, controlled trials of bupren-
orphine will be required hefore the true utility of
buprenorphine in this area can be determined.

Neuropathic Pain. ~The treatment of neuro-
pathic pain with-opicid analgesics is controver-
sial. Neuropathic pain is generally thought to
be relatively less responsive to opioids; however,
analgesia may be obtained when adequate med-
ication doses are administered.!%71% It was re-
ported that 85% of approximately 850 patients
with noncancer pain benefited from treatment
{of up to 14 years’ duration) with opioids. Addi-
tionally, 67-80% of individuals treated with
patient-controlled opicid anaigesia for neuro-
pathic pain were responsive to treatment.'® Bu-
prenorphine injected near the upper cervical
or stellate ganglion has been used effectively
for sympathetically-maintained pain.”o'm Al-
though the buprenorphine literature s limited
in this regard. there is evidence that buprenor-
phine may be effective for treating some types
of neuropathic pain.

Preclinical efficacy was assessed in a rodent
mode] that utilized intrathecal administration
of pertussis toxin to produce effects similar to
symptoms reported by patients suffering from
neuropathic pain, Buprenorphine-induced anti-
nociception, unlike the effects of other opioids,
was not inhibited.'”>!”® The clinical effective-
ness of buprenorphine in combination with
bupivacaine has been reported in a 77-year-old
woman who developed refractory nociceptive-
neuropathic pain after a total hip arthroplasty,
Mean daily doses of 37 mg bupivacaine and
0.I14 mg buprenorphine administered in-
trathecally (for over 6 vears) provided the pa-
tient with 85-100% pain relief.!”* In another
evaluation, 21 patients were studied immedi-
ately after (nociceptive pain) and at 1 month
{neurcpathic pain) following thoracic surgery.
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The analgesic dose of buprenorphine needed
to reduce pain by 50% (the AD5(}) for postoper-
ative nociceptive pain was compared to the
AD50 for neuropathic pain. Neuropathic pain
could be adequately controlled by buprenor-
phine; however, the AD50 for it was significantly
higher than for nociceptive pain, Further, when
the AD5S0 for nociceptive pain was low (e.g.,
0.16 mg), the AD50 for neuropathic pain was
3 times higher (e.g., 0.5 mg). However, when
the former was high (e.g.. 0.6 mg), the latter was
only slightly increased (e.g.. 0.66 mg), showing
that a large part of the difference seen in neuro-
pathic pain was due to a pre-existing painful
condition.!® The authors concluded that post-
operative neuropathic pain is treatable with opi-
oids, treatment is dose responsive, and that dose
responsiveness may be more reflective of indi-
vidual differences and not of the neuropathic
pain, per se.

Analgesic Supplemented Anesthesia. Buprenor-
phine has been used successfully as a supple-
ment to anesthesia in dosages typically rangin
from 5 to 40 pg/kg.m"lw In one of the trials,!”
one-half of the patients undergoing biliary sur-
gery who received buprenorphine in dosages
of 30 to 40 pg/kg requested an analgesic within
5 minutes of extubation. Surprisingly, none of
the patients receiving 10 to 20 ng/kg needed
an analgesic within 1 hour of the operation,
although some required supplemental analge-
sics intraoperatively. Although a precise expla-
nation for this phenomenon is lacking, and
analgesic requests could have been related to
sedation, nausea, or vomiting, all patients re-
portedly were awake or'woke up when spoken
to. The influence of nausea and vomiting
during the first postoperative hour was appar-
ently negligible. In a study of single-dose, bu-
prenorphine-supplemented  anesthesia in
patients undergoing cholecystectomy, multiple
regression techniques indicated that the dura-
tion of analgesia was dependent on the age of
the patient, but not on the weight-adjusied dose
of buprenorphine, nor the sex, or body weight
of the patient.!”

In a comparison of intraoperative buprenor-
phine (0.6 mg) to methadone (20 mg) in
women undergoing laparohysterectomy, those
who received buprenorphine required fewer
doses of supplemental analgesic and had a
longer duration of analgesia.'” Buprenorphine

{2 and 5 pug/kg) has also been compared to
meperidine (0.8 mg/kg) for intraoperative use
in balanced anesthesia.'™ Twenty percent of
the patients in the buprenorphine group re-
quired analgesic supplementation compared to
40% in the meperidine group, although recov-
ery was quicker in the meperidine group.

Drug Discrimination, Abuse Liabilily,
and Physical Dependence

Drug Discriminalion.  Drug discrimination stud-
ies are often used to determine if the properties
of a test drug are similar to those of a known
{control) drug. In these types of investigations,
an individual is trained te discriminate the con-
trol drug and is subsequently exposed to varying
doses of the test drug to determine its general-
ization of effects compared to the control. The
greater the generalization to the control drug
of abuse, the greater the likelihood for abuse.

A 2- or 3-choice procedure has been utilized
in clinical laboratory studies to assess an ineli-
vidual's ability (o discriminate buprenorphine
from no drug (saline placebo), a mu-opioid
agonist (e.g., hydromorphone), or a mu-opioid
mixed agonistantagonist (e.g., butorphanol,
pentazocine, nalbuphine). In the 2choice proce-
dure, the subject is trained to recognize 2 drugs,
or 1 drug versus placebo (saline), whereas in
the 3-choice procedure, the subject is trained to
recognize 3 drugs, or 2 drugs versus placebo.

Using the 2-choice procedure, 3 opiocid
agonist-antagonists {pentazocine, butorphanol,
nalbuphine) and the partial agonist buprenor-
phine were discriminated as hydromorphone-
like."® When varying doses of pentazocine and
placebo were compared to varying doses of
buprenorphine in a 3-choice procedure, hu-
prenorphine was identified half the time as
hydromorphone and half as pentazocine. No
dose of buprenorphine generalized completely
1o pentazocine or hydromorphonE:.“"2 These
studies demonstrated that, although buprenor-
phine may be discriminated as hydromorphone
when the only choice is between hydromor-
phone and saline, it must also share some dis-
criminative stimulus properties of pentazocine
because buprenorphine has also been identi-
tied as that drug.

In a 3-choice procedure, buprencrphine pro-
duced a subjective effects profile similar to hy-
dromorphone, whereas nalbuphine produced
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a profile more similar to, and was identified as,
butorphano).'"® Pentazocine was not found to
be similar to either butorphanol or hydromeor-
phone. In a variation of the 3-choice procedure
where individuals were trained to discrimi-
nate between high- and low-doses of hydromor-
phone, nalbuphine generalized o low-dose
hydromorphone, whereas buprenorphine pro-
duced 75% responding (partial generalization)
to low-dose and 25% responding (slight gener-
alization) to high-dose hydromorphone.’®

The authors of the above two studies con-
cluded that the effects observed with buprenor-
phine were consistent with a mu-opioid partial
agonist because buprenorphine was discrimi-
nated as hydromorphone-like in both the 2-and
3-choice procedures. The observaton that it
was discriminated as both hydromorphone and
pentazocine under a 3-choice procedure in
which individuals were trained to discriminate
pentazocine, hydromorphone, and saline can
be explained by the fact that pentazocine has
some mu-opioidlike activity. It can, therefore,
be concluded from these studies that buprenor-
phine has a unique pharmacological profile
that differs from mixed agonist-antagonists and
that this profile is consistent with a mu-opioid
partial agonist,

Abuse Liability. FDA Research Guidelines de-
scribe “abuse liability” as the “likelihood that a
drug with psychoactive or central nervous sys-
tem effects will sustain patterns of nonmedical
self-administration that result in disruptive or
undesirable consequences.”'™  Psychoactive
medications that produce elevations in the feel-
ing of pleasure, euphoria, or mood may have
potentiial for abase. Individuals trained to rec-
ognize a mu agonist will identify buprenor-
phine as a mu agonist when it is the only choice
they have. However, when these same individn-
als are exposed to a mixed agonist-antagonist,
buprenorphine may be identified as a mixed
agonist-antagonist and less often as a pure mu
agonist. Taken together, these results indicate
that buprenorphine likely has an abuse poten-
tial similar to the mixed agonist-antagonists. Bu-
prenorphine appears to produce a maximal
effect of euphoria similar to that of 20 mg of
morphine/70 kg.lsﬁ As the dose is increased,
buprenorphine is associated with a plateau
with regard to subjective and physiologic ef-
fects,"™ %718 ynlike full mu-opioid agonists.

This ceiling effect may limit the abuse potential
of buprenorphine.

Between 1994 and 2001, there have been 26
mentions of buprenorphine in the Drug Abuse
Warning Network (DAWN} “Table of Esti-
mates of Drug-Related Emergency Department
Visits and Mentions.”"* There are a number of
reports of buprenorphine abuse in the interna-
tional literature; generally this abuse has been
associated with ease of availability, lack of regu-
latory controls, and/or a decrease inavailability
of strong opioids. In the United States, bupren-
orphine is currently classified as a Schedule II1
substance under the Controlled Substanice Act
of 1970 and will be subject to regulatory con-
trols appropriate to its. abuse liability.

Physical Dependence, -~ Buprenorphine has the
capacity 1o produce physical dependence as
assessed from behavioral and physiologic
changes that eccur following the withdrawal of
the medication after prolonged administration
of high (i.e., supra-analgesic) doses. The with-
drawal syndrome has been associated mainly
with reports of subjective discomfort but not
autontomic signs. It has generally been reported
to be mild to moderate in intensity (25% of the
maximum possible withdrawalscale score),
and has appeared to follow the time course
of short- as compared to long-acting opioids;
namely, onset of 1 to 3 days, peak of 3 to 5
days, and duration of 8 to 10 days.m"‘m Al-
though the slow receptor dissociation of bu-
prenarphine would suggest that its withdrawal
syndrome would be more similar to long-acting
opioids, other factors, such as elimination half-
life and intrinsic activity, also influence the ob-
served time course.

Further evidence of buprenorphine’s capac-
ity to produce physical dependence has been
demonstrated using a naloxone or naltrexone
challenge test, 51192 Qualitatively, the with-
drawal syndrome observed in individuals main-
tained on high doses of buprenorphine is
indistinguishable from that observed with a full
mu-opioid agonist. However, quantitatively, the
dose of naloxone or naltrexone needed to
induce the withdrawal syndrome is 15 to 50
times greater than that required to precipitate
withdrawal effects at a comparable dose of a
full mu-opioid agonist. Results from these tests
are consistent with buprenorphine being a par-
tial agonist at the mu-opiocid receptor with high
affinity and low intrinsic activity.
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Role of Buprenorphine in the Treatment
of Depression, Schizophrenia,
and Other Mental Disorders

The use of opioids for the treatment of de-
pression and other psychiatric and behavioral
disorders may date back to the earliest recogni-
tion of opium’s therapeutic properties. How-
ever, concerns regarding the abuse potential
and liability of dependence have limited thera-
peutic opioid use primarily to the areas of anal-
gesia and opioid dependence. Studies have
shown that buprenorphine may be effective for
the treatment of depression'™ ' in patients
who are nonresponsive to conventicnal ther-
apy.w-""‘“:'8 It is estimated that 10-30% of patients
with major depressive symptoms are non-re-
sponsive to conventional therapy.!™ The anti-
psychotic effects of buprenorphine in the
treatment of schizophrenia have also been
evaluated and potential benefits have been
observed, 20201

The prevalence of major depression in
chronic pain patients may exceed 20%** and
the occurrence of depression in patients re-
ferred for pain symptoms has been reported to
be as high as 80%.*"® Buprenorphine could be
a medication with potential utility in patents
with a comeorbid diagnosis of depression and
pain; however, studies in this group of patients
have not been reported.

Safety
Buprenorphine Alone

Buprenorphine is safe and welltolerated
when used as recommended for both analgesia
{as demonstrated in over two decades of use)
and for the treatment of opioid dependence;
the current number of patients receiving treat-
ment for opioid dependence is approaching
200,000 worldwide (personal communication;
Chris Chapleo, PhD, Reckitt Benckiser, March
3,2004). Preliminary data from a survey of 3,255
patients with chronic pain who had used a trans-
dermal buprenorphine product available in
Europe indicated that, although adverse events
were similar to those observed with other opi-
oids, the incidence was relatively low compared
to these opioids.’™ Long-term use of buprenor-
phine administered as a transdermal system
(mean exposure time 234 days, range 1-609
days) in approximately 400 patients with

chronic pain in a clinical trial showed no unex-
pected safety concerns,'®

Adverse events associated with buprenor-
phine, when used for either analgesia or addic-
tion treatment, have been typical of opioids in
general. These include constipation, headache,
nausea, vomiting, sweating and dizziness, as well
as respiratory depression, and changes in blood
pressure and heart rate.'®** 2% Buprenor-
phine, when given alone, can produce a dose-
related increase in respiratory depression and
sedation®"!” 10 a maximal effect that is gener-
ally clinically nonsignificant. For example,
although Gal and coworkers, utilizing a carbon
dioxide rebreathing method, observed marked
drowsiness and a 40-50% decrease in the slope
of the carbon dioxide response following the
administration’ of buprenorphine (0.3 mg/70
kg IV} to healthyvolunteers, the authors did not
report that any subjects were terminated from
the trial for safety reasons, but did note {with
reference to buprenorphine-induced sedation)
that quiet sleep alone was previously reported
to produce a 20% decrease in the slope of the
carbon dioxide response.™ Additionally,
Walsh and colleagues reported that buprenor-
phine (given at a maximum dose of 32 mg
sublingually to volunteers who were opioid-
experienced but not physically dependent on
opioids) maximally reduced respiratory rate by
about 4 breaths per minute and reduced
oxygen saturation by about 3% from the pla-
cebo condition of 98%; respiratory depression
did not require medical intervention.™

One of the most recently reported investiga-
tions was a dose-ranging study involving 6
experienced opioid users without opioid de-
pendence.?!! The study was conducted single-
blind, doubledummy, with buprenorphine
administered by both the intravenous (0 to 16 mg)
and sublingual (0 and 12 mg) routes. The main
adverse effects reported were sedation, mild ir-
ritability, nausea, and itching; 1 subject was dis-
continued from the study after the 12 mg TV
dose secondary to severe nausea. The authors
concluded that there was a ceiling for cardiac
and respiratory effects and that buprenorphine
had a high safety margin when administered by
the intravenous route in the absence of other
drugs.

If an overdose of buprenorphine is suspected
and significant respiratory depression is ob-
served, standard intravenous doses of an opioid
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antagonist (e.g.. naloxone or nalmefene) will not
be effective in reversing the respiratory depres-
sion. In fact, doses of naloxone hydrochloride
as high as 10-35 mg,/70 kg may be required.®"'*
Buprenorphine is longer acting and binds more
tightly to opioid receptors than naloxone or nal-
mefene. Thus. in cases of suspected buprenor-
phine overdose, the patient should be closely
monitored and maintained with life sapport mea-
sures (e.g., artificial respiration}, including mult-
ple administrations of high-dose naloxone or
nalmefene as needed to maintain respiration.
Dysphoric  and psychotomimetic  effects
appear to be minimal, possibly because of the
kappa antagonist properties of buprenorphine.
It is possible for buprenorphine to precipi-
tate an opioid abstinence syndrome in individu-
als heavily dependent on opioids. Therefore,
buprenorphine should be given with caution
to patients who are physically dependent on
other opioids, and taking greater than or equal
to the equivalent of 30 mg of oral methadone
or 120 mg of parenteral morphine. The most
serious adverse events, including death, have
been reported when buprenorphine has been
administered in combination with other CNS
depressants, especially the benzodiazepines
(see Buprenorphine Overdosage section,
below}. A number of studies have assessed sub-
jective effects of buprenorphine in drug-non-
abusing volunteers,”**1%21% Analgesic doses of
buprenorphine were associated with significant
psychomotor  impairment  and  subjective
changes compared with pre-buprenorphine
baseline.?!*#1% Additionally, when administered
intravenously, 0.3 mg of buprenorphine was as-
sociated with a greater magnitude of subjective
and psychomotor impairing effects than an
equianalgesic (10 mg) dose of morphine.?!
Compared to individuals maintained on a full
agonist (e.g., methadone), individuals chroni-
cally maintained on buprenorphine appear to
have less cognitive-motor impairment as mea-
stred by psychomotor performance and driving
ability.?!* Increases in aminotransferase (AST
und ALT) levels have been reported in clinical
trials assessing buprenorphine for addiction
treatment.>**?'*  Further, hepatoxicity has
been reported in large overdoses and individu-
als misusing buprenorphine lz)a.renterallym6‘("17
and 53 cases of buprenorphine-asscciated cyto-
Iytic hepaiitis have been reported in France

since buprenorphine was introduced as a treat-
ment for opioid dependence in 1996.*'® How-
ever, adverse hepatic effects have not been
reported for individuals receiving buprenor-
phine in analgesic dose ranges,

Buprenorphine Overdosage

Most reports of buprenorphine overdosage
have involved the inappropriate use (e.g.,
crushing and injection of sublingual prepara-
tions)} of high-dose buprenorphine for the treat-
ment of opioid dependence, and have occurred
in combination with other central nervous
system depressants (e.g., benzodiazepines). Re-
ports from the United States have been limited
primarily to those from clinical investigations.
Effects have included respiratory depression
(with a ceiling) at doses between 8 and 16 mg
of the sublingual solution,™ and severe nausea
and vomitling following rapid intravenous bu-
prenorphine infusion of ¢.3 mg/70 kg.219

There have been only a few case reports of
buprenorphine {alone) overdoses outside the
United States, and only 2 of these were fatal.
The cause of death in these cases was ascribed
to Mendelson’s Syndrome (acute aspiration of
gastric contents), with reported blood bupren-
orphine concentrations of 0.8 ng/mL and 3.1
ng/mL.*® Other reports included cases of
cutaneous complications following injection
of crushed tablets,™' myocardial infarction fol-
lowing insufflation,* and respiratory depres-
sion® ¥ in which individuals made a full
recovery.

In France, buprenorphine is the predomi-
nant medication used to treat opioid depen-
dence, with approximately 100.000 patients in
treatment (personal communication: Chris
Chapleo, PhD, Reckitt Benckiser, March 3,
2004). Primary care physicians prescribe bu-
prenorphine with minimal regulatory restric-
tions. This wide availability and limited
regulatory control has provided an opportunity
to assess the overall safety of buprenorphine.
There have been a number of reports of fatal
overdoses associated with buprenorphine since
its introduction in France for use in the treat-
ment of opioid dependence. ™***3% The
report by Tracqui and coworkers™® totaled 20
fatalities. Another report described 117 bupren-
orphine-associated fatal overdoses hetween
January 1996 and May 2000.%* All of these 137
reported cases associated with buprenorphine
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recently have been reviewed.”® Most of these
fatal overdoses were associated with the con-
comitant use of psychotropics or CNS depres-
sants, especially benzodiazepines. The majority
of these deaths occurred when buprenorphine
tablets were crushed and injected intravenously
along with another drug, An additional report
compared the number of deaths associated
with buprenorphine (# = 27) and methadone
(n=19) between 1994 and 1998.%' The low
number of deaths reported by Auriacombe and
colleagues probably reflects fewer patients in
treatment for opioid dependence between 1994
to 1998 compared to 1996 to 2000,

Reversal of Buprenorphine Effects with
Naloxone, Nalmefene, or Naltrexone
Currently, there are 2 (naloxone and nalmef-
ene} opioid antagonists approved by the FDA
for the treatment of acute opioid overdose.
Naloxone was the first approved and is a short-
acting antagonist with high affinity for the mu-
opicid receptor. Naloxone reverses multiple
actions of opioids, including respiratory depres-
sion. It is essentially without intrinsic activity,
including respiratory or cardiovascular ef-
fects.”*” When naloxone is administered to an
opicid dependent person, it will precipitate
an acute opioid withdrawal syndrome and will
reverse signs and symptoms of acute opioid
overdose, including respiratory depression, se-
dation, and hypotension. Ai doses of 6.4 to 0.8
mg given parenterally, it begins to reverse the
manifestations of opioid overdosage within 2
minutes. Because naloxone competes with the
opioid agonist for receptor binding sites, the
dose required to_treat overdosage depends on
the opioid taken and the severity of intoxica-
tion. Larger doses may be necessary in certain
circumstances {see Buprenorphine Alone sec-
ton, above). The duration of naloxone action
is between 1 and 4 hours depending on dose
and route of administration. The difference
in onset and duration of naloxone’s actions on
the respiratory depressant effect of bupren-
orphine compared to a mu-agonist (e.g., mor-
phine) is striking. Studies have shown that
naloxone doses ranging from 5 to 12 mg are
required 1o reverse the respiratory depressant
effects of buprenorphine in the analgesic thera-
peutic dose range, *"5*#%%9 The effects of nalox-
one were delayed for 30 to 60 minutes and
extended for up to 3 to 6 hours. Naloxone may

need to be given in repeated doses when treat-
ing an overdose induced by a long-acting opioid
such as buprenorphine, Further, because of
the short duration of naloxone effect, patients
should be observed even after apparent recov-
ery. No adverse effects of naloxone have been
observed in cases of acute opioid intoxica-
tion, and parenteral doses of 24 mg/70 kgand
oral doses as high as 3000 ing have been given
without incident.?*® However, in some cases,
naloxone may not be effective in reversing the
respiratory depression produced by bupren-
orphine. Thus, the primary management of
overdose should be the reestablishment of ade-
quate ventilation with mechanical assistance of
respiration, if required.®#!

Nalmefene is also approved to treat opioid
overdose and for reversal of postoperative
opioid effects. After intravenous administra-
tion, the onset of action is within 2 minutes
and peak effect occurs in 5 minutes. Nalmefene
and naloxone are equipotent, but nalmefene
has a longer duration of action,*® However,
multiple doses may still be necessary,

Naltrexone is another mu-opioid antagonist.
It is approved in the United States as an oral
medication for the treatment of opioid and alco-
hol dependence. Itis not approved for the treat-
ment of opicid overdose, although there are
reports of its utility for methadone overdose
treatment.”****! When compared to parenteral
naloxone, oral naltrexone produced equivalent
dose-dependent opioid-withdrawal effects in
buprenorphine-maintained individuals.®!

Buprenorphine with Medications
Used Therapeutically

Increased respiratory and central nervous
system depression may occur when buprenor-
phine, like other opioids, is combined with
other CNS depressant medications. These med-
ications may include other opioid analgesics,
general anesthetics, various sedatives and hyp-
notics (including benzodiazepines), antihista-
mines, and other drugs-.%s’_ﬂSg For example, in
a study of 12 patients undergoing cholecystec-
tomy, buprenorphine was administered preop-
cratively at a dose of either 30 or 40 ug/kg
intravenously. ™’ Pre- and intra-operative medi-
cations included diazepam, thiopentone, panc-
uronium, suxamethonium, and nitrous oxide.
The respiratory rate fell below 8 breaths per
minute in one-half of the patients 15 minutes
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following buprenorphine administration. A sig-
nificant decrease in arterial pH and increase in
PaCOy were observed postoperatively in the 40
compared to 30 lg/kg group.

Clinically, buprenorphine functions as a
peotent mu-opioid agonist analgesic atlow doses,
but at high doses has been shown to have a
maximal opioid effect that is less than would
be expected of a full mu-opicid agonist. As a
result, buprenorphine may precipitate a with-
drawal syndrome in individuals who are highly
tolerant to, and dependent on, other opioids.
It is unlikely, however, that buprenorphine will
antagonize or reverse the agonist effects of
chronically administered opioids at dosages
equivalent to less than 120 mg/day of paren-
teral morphine, or 30 mg/day of oral metha-
done. In opicid-dependent individuals stabilized
on 60 mg/day of intramuscularly given mor-
phine, buprenorphine 2 mg (administered in-
travenously) failed to reverse morphine effects
with regard to various physiologic, subjective,
and observer-rated measures.”*'** Further. bu-
prenorphine 6 mg (given intramuscularly)
failed to antagonize morphine-associated ef-
fects in individuals treated chronically with in-
tramuscular morphine in dosages of up to
120 mg/day.e”m Similar studies have been con-
ducted in individuals maintained on 30 and 60
mg of methadone daily®"***# 4nd challenged
with buprencrphine in the dose range of 0.5
to 8 mg (given intramuscularly) or 2'to 8 mg
(given sublingually). At the 30. mg methadone
dose level, buprenorphine‘was associated with
opioid-withdrawal effects when administered
2 hours after the methadone dose but not when
administered 20 hours after methadone dosing.
At the 60 mg methadone dose level, buprenor-
phine was associated with opioid-withdrawal ef-
fects when administered 40 hours after the
methadone dose. Thus, although buprenor-
phine may antagonize some of the effects of
morphine or other opioid agonists, this poten-
tial effect is dependent on at least 3 factors:
dose of buprenorphine, dose of the other
opioid, and the time interval between the ad-
ministration of the 2 medications.

It is important to note the possibility of a
drug interaction between buprenorphine and
certain HIV-1 protease inhibitors, especially be-
cause buprenorphine may be used in the man-
agement of AlDS-associated pain (and the
treatment of opioid addiction) in individuals

receiving these inhibitors. As discussed earlier,
buprenorphine is metabolized by cytochrome
P-450 3A4. A study utilizing human liver micro-
somes indicated that ritonavir, indinavir, and
saquinavir competitively inhibited the metabo-
lism of buprenorphine;**® the most potent in-
hibitor was ritonavir. A recent investigation
also gave a preliminary indication that the use
of buprenorphine (at higher than analgesic
doses) in HIV-nfected drug users had no
major, short-term influence on HIV viral load
in individuals receiving highly active antiretro-
viral t;hosrapy.247

Although data are limited, there may also
be a potential for a buprenorphine interaction
with other drugs and compounds that induce
or inhibit the cytochrome P-450 3A4 system,
There are manyagents in this category and they
include erythrowyein, zileuton, and grapefruit
juice (inhibitors), as well as carbamazepine.
phenobarbital, phenytoin, and rifampin (in-
ducers). In-an in vitre study of the effects of the
selective serotonin reuptake inhibitors fluox-
etine and fluvoxamine, the demethylated
metabolite of fluoxetine {(norfluoxetine) and
fluvoxamine, but not fluoxetine, were both
shown to inhibit buprenorphine deaikylation.ﬂs

Buprenorphine with Abused Drugs

Some of the therapeutic drugs that have the
potential to interact with buprenorphine may
also be used as drugs of abuse (e.g.. opioids,
benzodiazepines). When abused, these drugs
are often used in larger amounts and for longer
periods of time then when used therapeutically.
The abuse or therapeutic use of buprenorphine
in combination with drugs that are more often
abused than used therapeuiically, such as co-
caine, could also raise concerns regarding a
potential forincreased toxic effects secondary to
the combined use of both drugs. Interestingly,
a preclinical study revealed that buprenorphine
(0.3 1o 3.0 mg/kg intraperitoneally) protected
against the lethal effecis of cocaine-induced
convulsions in mice.*" Cocaine (75 mg intra-
peritoneally) produced convulsions in all mice
and lethal convulsions in 75% of the animals.
Buprenorphine pretreatment significantly
attenuated lethality, even though cocaine-
induced convulsions were equivalent in bupren-
orphine-treated and vehicle-pretreated mice.
This effect appeared to be mediated by the
mu-opioid agonist actions of buprenorphine



Vol 29 No. 3 March 2005

Buprenorphine for Pain Management 315

because pretreatment with low doses of intra-
peritoneal naltrexone (0.5 to 1.0 mg/kg) antag-
onized the protective effect of buprenorphine.
Another preclinical evaluation using lower in-
traperitoneal doses of buprenorphine also indi-
cated that buprenorphine pretreatment was
associated with an increased LD, for cocaine
in mice.*® Other studies in animals indicated
that buprenorphine may enhance some effects
of cocaine {e.g., turning in rats), whereas other
effects may be attenuated, %2

A clinical laboratory evaluation assessed the
safety of buprenorphine alone and in combina-
tion with cocaine and morphine.”* The physio-
logical effects of a single-blind challenge dose
of cocaine {30 mg), morphine (10 mg), and
saline placebo, all given intravenously, were
assessed before and during maintenance of
patients on 4 or 8§ mg daily of sublingual bu-
prenorphine solution. This dosage of bupren-
orphine is higher than thar used for analgesia
but typical of dosages that have been used for
oploid addiction treatment. Cardiovascular
responses to cocaine and morphine were
equivalent under buprenorphine-free and
maintenance conditions. The same was ob-
served for respiration and temperature changes
in response to cocaine, and morphine was asso-
ciated with nonstatistically significant lower re-
spiratory rates. These data suggested thatdaily
maintenance on buprenorphine was not associ-
ated with adverse effects or toxic interactions
with single doses of intravenous cocaine or
morphine.

Most of the deaths associated with buprenor-
phine exposure have been in combination with
other drugs, and have been associated with
high-dose sublingual tablets (those used for the
treatment of opioid dependence) taken by vari-
ous routes of administration, primarily massive
oral orintravenous administration.>™® A major-
ity of the deceased individuals were reported
to be addicts.**"#25%5 %8 pogmortem bupren-
orphine plasma concentrations were typically
provided in the reports without an estimate of
the buprenorphine dose ingested. Although in
most cases buprenorphine concentrations in
the blood were under 30 ng/mlL, in one case
a blood buprenorphine concentration of 3300
ng/mL was observed.”™ The most frequently
reported concomitant drugs found were benzo-
diazepines, including clorazepate dipotassium,

oxazepam, flunitrazepam, and diazepam; some-
times more than one benzodiazepine was
reparted. Other drugs found in combination
with buprenorphine included morphine and
ethanol. Although the precise role of the other
drugs in combination with buprenorphine
cannot be determined, their ability to produce
respiratory depression suggested a pharmaco-
dynamic interaction. While pharmacckinetic
interactions cannot be ruled ocut, a‘study as-
sessing the possible interaction of buprenor-
phine with flunitrazepam metabolism argues
against a pharmacokinetic interaction.™ Al-
though both compounds are metabolized by the
cytochrome P-450 3A4, the estimated inhibition
of buprenorphine N-dealkylation by flunitra-
zepam #n vivowas only 0.08%. and the projected
buprenorphineinhibition of flunitrazepam me-
tabolism was 0.1-2.5%.

Factors Associated
with Buprenorphine Abuse

The first published report of injectable bu-
prenorphine abuse came from New Zealand, 2%
Buprenorphine abuse is more frequently ob-
served in individuals already experienced in the
use of heroin and other opioids. Buprenor-
phine is rarely the drug by which opioid abuse
is initiated. Where buprenorphine abuse has
been reported, buprenorphine is often obtain-
able at a lower cost, with easier availability, and
with a higher and more consistent purity than
heroin.?"-*% Because of the extensive first-pass
hepatic metabolism, abuse of buprenorphine
by the oral route is unlikely. Buprenorphine
solutions for parenteral administration would
likely be the most desirable based on ease of
administration. Buprenorphine tablets could
be misused “as is” sublingually, but would re-
quire manipulation to effect them suitable for
parenteral abuse. Buprenorphine in combina-
tion with naloxone apparently has less abuse
potential than buprenorphine alone: bupren-
orphine with naloxone was reportedly less desir-
able to abusers than buprenorphine alone, !
Buprenorphine and the buprenorphine/nal-
oxone combination were approved for the
treatment of opioid addiction in the United
States in October 2002.'

The abuse liability of transdermal buprenor-
phine relative to other forms of buprenorphine
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should be considered for 2 populations: 1) pa-
tients who use the medication as directed, and
2) substance abusers who may divert and/or
misuse the product. When used as directed
for analgesia, abuse of transdermal buprenor-
phine would be limited by the relatively low
plasma concentrations achieved, and by the
slow rise and fall of these concentrations. A
study by Becker and colleagues indicated that
transdermal buprenorphine resulied in fewer,
less intense and delayed opioid effects, including
objective effects (decreases in pupil diameter),
subjective effects (general drug effect, drug
liking, heroin feeling) and cognitive effects
(digit symbol substitution tests}, and thus a
lower abuse potential than intramuscular bu-
prenorphine.%ﬁ In fact, transdermal buprenor-
phine produced few significant differences
from placeba. The potential that buprenor
phine from the transdermal product will be
abused by people with addictive disorders was
not fully assessed by this study. Nonetheless,
abuse of a wansdermal product could occur
through excessive use of the intact dosage form,
through chewing or other methods of alter-
ing the dosage form to increase absorption,
or through buprenorphine extracted from the
systern for the purpose of parenteral misuse.
However, data from France. where buprenor-
phine is widely available from general prac-
titioners as sublingual tablets for the treatment
of opioid addiction, show a substantially lower
death rate associated with buprenorphine com-
pared with methadone.”! This is consistent
with the wider margin of satety in overdose due
to the partial agonistactivity of buprenorphine.

Summary

Opioid analgesics are the primary therapeu-
tic agents used for moderate to severe pain.
In the past. clinicians have often been reluctant
to prescribe opioids, especially in high doses.
This reluctance was generally based on concern
that an “addict” would be created through
iatrogenically induced physical dependence.
This concern is generally anfounded;*®’ rather,
pseudoaddiction (an iatrogenic syndrome of
abnormal behavior developing as a direct con-
sequence of inmadequate pain management})
may be of more importance, Contributing fac-
tors include prescribing of less than adequate

cdoses of analgesics, increased demand for anal-
gesics by the patient, and deterioration of the
doctor-patient relationship.?®

Chronic pain patients may be more difficult
to manage than those in acute pain due to sec-
ondary medical and psychiatric disorders re-
lated not only to the disease but also to
disease treatment. The goal in providing effec-
tive therapy should be to eliminate orreduce the
pain, to improve the patient’s quality of life,
and to minimize medication side effects. These
goals may be better achieved through the use of
longer-acting medications or dosage forms that
will provide for more stable analgesic plasma
levels, increased patient compliance, and mini-
mal adverse events, and that will also provide
better pain contrel with less risk for physical
and psychological dependence. The physio-
chentical characteristics and pharmacological
profile of buprenorphine make it an excellent
medication for the treatment of both acute and
chronic pain utilizing a variety of different deliv-
ery. systems, including the transdermal de-
livery system.

In man, the primary activity of buprenor-
phine is as a mu-opioid partial agonist and a
kappa-opioid antagonist. Buprenorphine is in-
dicated for the treatment of moderate to severe
pain. It is not administered orally secondary to
extensive first-past metabolism. Typical dosages
are 0.2 to 0.4 mg (sublingually} or 0.3 to 0.6
mg (parenterally) every six hours. A 72-hour
transdermal product designed to continuously
release buprenorphine at either 35, 52.5, or 70
pg/hr is available in FEurope. Another trans-
dermal formulation is under development in
the United States. Buprenorphine has also
been used by other routes of administration
{e.g., intra-articular and for sympathetic
nerve blocks).

Common side effects following buprenor-
phine administration may include sedation,
nausea and/or vomiting, dizziness, and head-
ache. Respiratory depression may cccurand may
not be responsive to treatment with naloxone;
however, as a mu-opioid partial agonist with a
demonstrated ceiling on respiratory depres-
sion, buprenorphine may have a better safety
profile compared to full mu agonists,

Buprenorphine also has the potential to be
abused and should be used cautiously in indi-
viduals with a past or current history of sub-
stance abuse or dependence. Buprenorphine
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produces opioid-like subjective and physiologic
effects. The level of effect is limited and depen-
dent on the dose and route of administra-
tion. The greatest potential for abuse, however,
may be through the diversion of bupren-
orphine into illicit channels. How signific-
ant this diversion may be will be dependent on
numerous factors, including general medica-
tion availability, the amount of regulatory
control over buprenorphine, and the general
availability (or lack thereof) of other, more-
preferred opioids. Overall, buprenorphine is a
highly effective analgesic for the treatinent of
moderate to severe pain. It has a unique phar-
macological and physiochemical profile allow-
ing for relatively safe use, and flexibility with
regard to dosage and dosage forms. Nonethe-
less, buprenorphine has not been as extensively
studied in certain populations (e.g.. in individu-
als suffering from pain of malignant origin) as
other opioid analgesics and additional research
is needed to better define the role for buprenor-
phine in various patient subpopulations.

Acknowledgments

Financial support was provided by Purdue
Pharma, L.P., Stamford CT.

References

1. Guistein HB, Akil H. Opioid analgesics. In;
Hardman JG, Limbird LE, Gilman AG, eds. Good-
man and Gilman's: The pharmacological basis of
therapeutics, 10th ed. New York: McGraw-Hill, 2001:
569-619,

2. Reckinw Benckiser Pharmaceuticals, Inc. Bu-
prenex Productdnsert, Richmond, VA, 2002,

3. Heel RC, Brogden RN, Speight TM. Avery GS.
Buprenorphine: A review of its pharmacological
properties and therapeutic efficacy. Drugs 1979;17:
81-110.

4. Bentley KW, Hardy DG. Novel analgesics and
molecular rearrangements in the morphine-
thebaine group. I. Ketones derived [rom 6,14-endo-
ethenotetrahydrothebaine. | Am Chem Soc 1967;89:
3267-3273.

5. Comne EJ, Gorodewizky CW, Darwin WD, Buch-
wald WF, Stability of the 8, 14-endocthanotetrahydro-

oripavine analgesics: Acid-catalyzed rearrangement
of buprenorphine. ] Pharm Sci 1984;73:243-246.

6. Martin WR. Eades CG, Thompson JA, Hup-
pler RE, Gilbert PE. The elfects of morphine- and
nalorphine-like drugs in the nondependent and

morphine-dependent chronic spinal dog. ] Pharma-
col Exp Ther 1976;197:517-532.

7. Richards ML, Sadée W. Buprenorphine is an
antagonist at the kappa opioid receptor. Pharm Res
1985:2:178-181.

8. Richards ML, Sadée W, In vivo opiate receplor
binding of oripavines to mu, delia, and kappa sites
in ral brain as determined by an ex vivo labeling
method, Eur ] Pharmacol 1985;114:343-353.

9. Leander JD. Buprenorphine is a potent kappa-
opioid receplor antagonist in pigeons and mice. Eur
J Pharmacol 1988;151:457-461.

10. Reisine T, Bell GI. Molecular biology of opioid
receptors, Trends Neurosci 1993;16:506-510.

11. Lewis JW. Buprenorphine: Drug Alcohol
Depend 1985:14:363-372.

12, Jasinski DR, Haertzen CA, Henninglield JE,
etal. Progress report of the NIDA Addiction Re-
search Center. In: Harris LS, ed. Problems of drug
dependence. NIDA  Research Monograph  41.
Rockvyille, MD: The Committee on Problems of Drug
Dependence, Inc., 1982:45-52.

13. Bullingham RE, McQuay HJ, Moore RA. Clini-
cal pharmacokinetics of narcotic agonist-antagonist
drugs. Clin Pharmacokinet 1983;8:332-343.

14. PDR Physicians' Desk Reflerence, 58th edition.
Montvale, Nj: Thompson PDR, 2004:2866-2869,

15. Villiger JW. Taylor KM. Buprenorphine: Char-
acteristics of binding sites in the rat central nervous
system, Life Sci 1981;29:2699-2708,

16. Villiger JW, Tavlor KM. Buprenorphine: High
affinity binding 10 dorsal spinal cord. | Neurochem
1982,38:1771-1773.

17. Rothman RB, Ni @, Xu H. Buprenorphine: A
review of the binding literature. In: Cowan A, Lewis
JW, eds. Buprenorphine: combaitting drug abuse with
a unique opioid. New York: Wiley-Liss, 1995:19-29.

18. BoasRA, Villiger JW. Clinical actions of fernanyt
and buprenorphine. The significance ol recepror
binding. Br ] Anaesth 1985;57:192-196,

19. Sadeé¢ W. Rosenbaum ]S, Herz A, Buprenor-
phine: Differential interaction with opiate receptor
subtypes in vivo. | Pharmacol Exp Ther 1982;223:
157-162.

20. Bloms-Funke P, Gillen €, Schuetder A]J,
Wnendt S. Agonistic effects of the opicid buprenor-
phine on the nociceptin/OFQ) receptor. Peptides
2000:21:1141-1146.

21. Skingle M, Tyers MB. Evaluation of antinocicep-
tive activity using electrical stimulation ol the tooth
pulp in the conscious dog, ] Pharmac Methods
1979;2:71-80.

22. Skingle M, Tyers MB. Further studies on opiate
receptors that mediate antinociception: Tooth pulp
stimulation in the dog. Br ] Pharmaceol 1980,70:
323-327.



318 Joknson et al.

Vol 2% No. 3 March 2005

23. Hayes AG, Sheehan M], Tvers MB. Differential
sensitivity of models of antinociception in the rat,
mouse and guinea-pig to mu- and kappa-opioid re-
ceptor agonists. Br | Pharmacol 1987:91:823-832.

24. Cowan A. Update on the general pharmacology
of buprenorphine. In: Cowan A, Lewis JW, eds. Bu-
prenorphine: combaling drug abuse with a unique
opioid. New York: Wiley-Liss, 1995:31—47.

25, Cowan A, DoxeyJC, Harry E]. The animal phar-
macology of buprenorphine, an oripavine analgesic
agent. Br ] Pharmacol 1977;60:547-554.

26. Cowan A, Lewis JW, MacFarlane IR. Agonist
and antagonist properties of buprenorphine, a new
antinociceptive agent. Br ]| Pharmacol 1977,60:
537-545.

27. Dum JE, Herz A. In vivo receptor binding ol
the opiate partial agonist, buprenorphine, correlated
with its agonistic and antagonistic actions. Br | Phar-
macol 1981;74:627-633.

28. Tyers MB. A classification of opiate receprors
that mediate antinociception in animals. Br | Phar-
macol 1980;69:503-512,

29. Bryant RM, Olley JE, Tyers MB. Antinociceptive
actions of morphine and buprenorphine given in-
trathecally in the conscious rat. Br ] Pharmacol
1983;78:659-663.

30. Woods JH, France CP, Winger GD. Behavioral
pharmacclogy of buprenorphine: Issues relevant to
its potential in treating drug abuse. In: Blaine |D,
ed. Buprenorphine: An alternative treaument lor
opioid dependence. NIDA Research Monograph No
121. Washington, DC: U.S. Government Printing
Olfice, 1992:12-27.

31. Wheeler-Aceto H, Cowan A. Buprenorphine
and morphine cause antinociception by different
transduction mechanisms. Eur | Pharmacol 1991;
195:411-413.

32, Rance M]J. Lord JAH, Robinson T. Biphasic
dose response 1o buprenorphine in the rat 1ail {lick
assay: Effect ol naloxone pretreatment. In: Way EL,
ed. Endogenous and exogenous opiate agonists and
antagonists. Proceedings of the International Nar-
cotic Research Club Conference. New York: Perga-
mon Press, 1979:387-390.

33. Walsh 8L, Preston KL, Stitzer ML, Cone EJ,
Bigelow. GE. Clinical pharmacology of buprenor-
phine: Ceiling eflects at high doses. Clin Pharmacol
Ther 1994:55:569-580.

34. Colpaert FC. Discriminative stimulus properties
of narcotic analgesic drugs. Pharmacol Biochem
Behav 1978;9:563-887.

35. Shannon HFE, Cone E], Gorodetzky CW. Mor-
phine-like discriminative stimulus ellects of bupren-
orphine and demethoxybuprenorphine in rats:
Quantitative antagoenism by naloxone. | Pharmacol
Exp Ther 1984:229:768-774.

36. Woods JH. Narcoticreinforced responding:
A rapid screening procedure, hn: Proceedings of

the 39th Annual Scientific Meeting of the Commitlee
on Problems of Drug Dependence. Cambridge, MA:
National Institute on Drug Abuse, 1977:420-437.

37. Mello NK, Bree MP, Mendelson JH. Buprenor-
phine sel-administration by rhesus monkey. Pharma-
col Biochem Behav 1881:15:215-225,

38. Yanagita T, Katoh 8, Wakasa V. Oinuma N. De-
pendence potential of buprenorphine studied in
rhesus monkeys. In: Harris LS, ed. Problems ol drug
dependence. NIDA Research Monograph 41. Rock-
ville, MD: The Commitiee on Problems of Drug De-
pendence, Inc,, 1982:208-214.

39. Young AM, Stephens KR, Hein DW, Woods |H,
Reinforcing and discriminative stimulus properties
of mixed agonist-antagonist opioids. | Pharmacol

Exp Ther 1984;229:118-126.

46). Lukas SE. Brady [V, Grifiiths RR. Comparison
of opioid self-injection and disruption of schedule-
controlled performance in the bahoon. ] Pharmacol
Exp Ther 1986;238:924-4931.

41. Dum ). Blasig ], Herz A. Buprenorphine: Dem-
onstration of physical dependence liability. Eur ]
Pharmacol 1981;70:293=300.

42. Woods JH, Gmerek DE. Substitution and pri-
mary dependence studies in animals. Drug Alcohol
Depend 1985;1-4:233-247.

43. Gmerek DE. The suppression of deprivation
and antagonist-indluced withdrawal in morphine-
dependent rhesus monkeys. Neuropeptides 1984;5:
19-22,

44, Swain HH, Seevers MH. Primary addiction
study, UM9352. Problems of drug dependence 1975,
Proceedings of the Thirty-Seventh Annual Scientific
Meeting, Committee on Problems of Drug Depen-
dence. Washington DC: National Academy of Sci-
ences, Division of Medical Sciences, Assembly ol Life
Sciences, National Research Council, 1975:791.

45, Registry of Toxic Effects of Chemical Sub-
stances, MDL Information Systems, Inc.: San Lean-
dro, CA, 2002,

46. Mori N, Sakanoue M, Kamata 5, et al. Bupren-
orphine: Toxicological studies of buprenorphine: L.
Teratogenicity in rat [Japanese]. lyakuhin Kenkyu
1982:13:509-531.

47. Huichings DE, Feraru E, Gorinson HS,
Golden RR. Eifects of prenatal methadone on the
rest-activity cycle of the pre-weanling rat. Neurobehav
Toxicol 1979;1:33—40,

48. Hutchings DE, Hamowy AS, Williams EM,
Zmitrovich AC. Prenatal administration of buprenor-
phine in the rat: Effects on the rest-activity cycle at
22 and 30 days of age. Pharmacol Biochem Behav
1996:55:607-613.

49. Zagon IS, McLaughlin PJ. Thompson ClL. Devel-
opment of motor activity in young rats lollowing
perinatal methadone exposure. Pharmacol Biochem
Behav 1979:10:743-749.




Vol 29 No. 3 March 2005

Bugenorphine for Pain Management 319

50. Zagon 15. McLaughlin P|]. An overview of the
neurobehavioral sequelae of perinatal opioid expo-

sure. In: Yanai |, ed. Neurobehavioral teratology. New
York: Elsevier, 1984:197-235.

5l. Enters EK, Guo HZ, Pandey U, Ko D],
Robinson SE. The effect of prenatal methadone ex-
posure on development and nociception during the
early postnatal period of the rat. Neurotoxicol
Teratol 1991;13:161-166.

52. Mori N, Sakanoue M, Kamata S, et al. Bupren-
orphine: Toxicological studies of buprenorphine:
III. Perinatal and postnatal study in rat [Japanese].
Ivakuhin Kenkyu 1982;13:532-544,

53. MIMS Annual, 27th Australian Edition. St
Leonard’s, NSW: MultiMedia Australia, 2003:20-
1516-20-1519.

54. Rohinson SE. Effect of prenatal opioid expo-
sure on cholinergic development | Biomed Sci 2000,
7:253-257.

55, Evans RG, Olley JE, Rice GE. Abrahams JM.
Effects of subacute opioid administration during late
pregnancy in the rat on the initiation, duration and
outcome of parturition and maternal levels of oxyto-
cin and arginine vasopressin. Clin Exp Pharmacol
Physiol 1989:16:169-178.

56. Hutchings DE, Zmitrovich AC, Hamowy AS,
Liu PY. Prenatal administration ol buprenorphine

using the osmotic minipump: A preliminary study ol

maternal and oflspring toxicity and growth in the
rat. Neurotoxicol Teratol 1995:17:419-423.

57. Robinson SE, Wallace M]. Effect of perinatal
buprenorphine exposure on development in the rat.
J Pharmacol Exp Ther 2001;298:797-804.

58. Hambrook JM, Rance M]. The interaction of

buprenorphine with the opiate receptor: Lipophilic-
ity as a determining factor in drug-receplor kinetics.
In: Opiates and endogenous opioid peptides. Pro-
ceedings of the International Narcotics Research
Club Meeting, Aberdeen, United Kingdom, July 19—
22, 1976. Amsterdam: Elsevier/North-Holland Bio-
medical Press, 1976:295-301,

B9, Wuster M, Herz A. Signiflicance of physiochemi-
cal properties of opiates for in wvitro testing. In:
Opiates and endogenous opiate pepltides. Proceed-
ings of the International Narcotics Research Club
Meeting, Aberdeen, United Kingdom, July 19-22
1976. Amsterdam: Elsevier/North-Holland Biomedi-
cal Press, 1976:447-450.

60. Tallarida R}, Cowan A, The allinity of morphine
for its pharmacologic receptor in vivo. | Pharmacol
Exp Ther 1982:222:108-201.

61. Eissenberg T, Greenwald MK, johnson RE,
et al. Buprenorphine’s physical dependence poten-
tial: Antagonist-precipitated withdrawal in humans.
J Pharmacol Exp Ther 1996;276:449-459.

62. Ho ST, Wang ]]. Ho W, Hu QY. Determination
of buprenorphine by high-performance liquid chro-
matography with fluorescence detection: Applica-
tion to human and rabbit pharmacokinetic studies.
J Chromatogr 1991:57(:339-350.

63. Bullingham RE. McQuay HJ. Mcore A, Ben-
nett MR. Buprenorphine kinetics. Clin Pharmacol
Ther 1980:28:667-672.

64. Watson PJQ, McQuay HJ. Bullingham RE,
Allen MC, Moore RA. Single-dose comparison of bu-
prenorphine 0.3 and 0.6 mgiv. given after operation:
Clinical ellects and plasma concentration. Br |
Anaesth 1982;54:37-43.

65. Walter DS, Inturrisi CE. Absorption. distribu-
tion, metabolism, and excretion of buprenorphine
in animals and humans. In: Cowan A, Lewis JW, eds.
Buprenorphine: Combatting drug abuse with a
unique opioid. New York: Wiley-Liss, 1995:113-135.

66, Iribarne C, Picart D. Dréano Y, Bail JP,
Berthou F. Involvement ol cytochrome P450G 3A4
in n-dealkylation of buprenorphine in human liver
microsomes. Lile Sci 1997;60:1955-1964.

67. Kobavashi K, Yamamoto T, Chiba K, etal
Human buprenorphine N-dealkylation is catalyzed
by cytochrome P450 3A4. Drug Metab Dispos 1998;
26:818-821.

68. Misiry M. Houston ) B. Glucuronidation in vitro
and in vive. Comparison of intestinal and hepatic
conjugation ol morphine, naloxone, and buprenor-
phine. Drug Metab Dispos 1987,15:710-717.

69. Ohtani M, Kotaki H, Uchino K, Sawada Y, IgaT.
Pharmacokinetic analysis of enterohepatic circula-
tion of buprenorphine and its active metabolite, nor-
buprenorphine, in rats. Drug Metab Dispos 1994;
22:2-7.

70. Ohtani M, Kotaki H, Sawada ¥, Iga T. Comparative
analysis of buprenorphine- and norbuprenorphine-
induced analgesic eflects based on pharmacokinetic-
pharmacodynamic modeling. | Pharmacol Exp Ther
1995;272:505-510.

71. Harris D, Robinson JR. Drug delivery via the
mucous membranes of the oral cavity. ] Pharm Sci
1692:81:1-10.

72. Pontani RB, Vadlamani NL, Misra Al.. Disposi-
tion in the rat of buprenorphine administered paren-
lerally and as a subcutaneous implant. Xenobiotica
19856;15:287-297.

73. Ohtani M, Kotaki H, Nishitateno K, Sawada Y,
Iga T. Kinetics of respiratory depression in rats
induced by buprenorphine and its metabolite, nor-
buprenorphine. | Pharmacol Exp Ther 1997;281:
428-433,

74. Brewster D, Humphrey M]., McLeavy MA, Bili-
ary excretion, metabolism. and enterchepatic circu-
lation of buprenorphine. Xenobiotica 1981;11:
189-196.

75. Cone E). Gorodetzky CW, Youselnejad D,
Buchwald WF, Johnson RE. The metabolism and ex-
cretion ol buprenorphine in humans. Drug Metab
Dispos 1984;12:577-581.

76. Bullingham RE, McQuay HJ, Dwyer D, Allen
MC, Moore RA. Sublingual buprenorphine used



320 Johnson et al.

Vel. 29 No. 3 March 2005

postoperatively: Clinical observations and prelimi-
nary pharmacokinetic analysis. Br ] Clin Pharmacol
1981:12:117-122.

77. Bullingham RE, McQuay HJ. Porter E). Allen
MC, Moore RA. Sublingual buprenorphine used
postoperatively: Ten-hour plasma drug concentra-
tion analysis. Br | Clin Pharmacol 1982;13:665-673.

78. Mendelson ], Jones RT. Fernandez 1, et al. Bu-
prenorphine and naloxone interactions in opiale-
dependent volunteers. Clin Pharmacel Ther 1996;
60:105-114.

79. Kuhlman |] Jr, Lalani S, Magluilo ] Jr, Levine B,
Darwin WD. Human pharmacokinetics of intrave-
nous, sublingual. and buccal buprenorphine. | Anal
Toxicol 1996;20:369-378.

80. Mendelson |, Upton RA, Everhart ET, Jacob P
3rd, Jones RT. Bioavailability ol sublingual buprenor-
phine. ] Clin Pharmacol 1997,37:31-37.

81. Everhart ET. Cheung P, Shwonek P, et al. Sub-
nanogram-concentration measurement of buprenor-
phine in human plasma by electron-capture capillary
gas chromatography: Application to pharmacokinet-
ics of sublingual buprenorphine. Clin Chem 1997,
43:2292-2302.

82. Nath RP, Upton RA, Everhart ET, et al. Bupren-
orphine pharmacokinetics: Relative bioavailability of
sublingual tablet and liquid formulations. ] Clin
Pharmacol 1999;39:619-623,

83. Schuh K], Johanson CE. Pharmacokinetic com-
parison of the buprenorphine sublingual liquid and
tablet. Drug Alechol Depend 1999;56:55-60.

84. Eriksen},Jensen NH. Kamp-Jensen M, et al. The
systemic availability ol buprenorphine administered
by nasal spray. ] Pharm Pharmacol 1989;41:803-805.

#5. Lindhardt K, Ravn C, Gizurarson 8, Bech-
gaard E. Intranasal absorption ol huprenorphine—
in vivo bioavailability study in sheep. Int | Pharm
2000;205:159-163.

86. Bert JJ. Lipsky JJ. Transculaneous drug deliv-
ery: A practical review. Mayo Clin Proc 1995;70:
581-586.

87. Roy 8D, Roos E, Sharma K. Transdermal deliv-
ery of buprenorphine through cadaver skin. | Pharm
Sci 1994;83:126-130.

88, Likar R, Transdermal buprenorphine. A view-
point by Rudolf Likar. Drugs 2003;63:2011-2012.

89. Budd K. Buprenorphine and the transdermal
system: The ideal match in pain management. Int |
Clin Pract 2003;133(Suppl):9-14.

90. Reidenberg B, ElTahtawy A, Munera C, etal.
Absolute bioavailability ol a novel buprenorphine
transdermal system (BTDS) applied for 7 days
[abstract]. ] Clin Pharmacol 2001;41:1026.

91. Reidenberg B, El-Tahtawy A, Munera C, ct al.
Daily pharmacokinetic performance of a buprenor-
phine transdermal systemn (BTDS) for up 1o 7 days
[abstract]. | Clin Pharmacol 2001;41:1027.

92. Hand CW, Sear JW, Uppington J, et al. Bupren-
orphine disposition in patients with renal impair-
ment: Single and continuous dosing, with special
reference o metabolites. Br ] Anaesth 1990:64:
276-282.

93. Summerfield R]. Allen MC, Moore RA, Sear [W,
McQuay H]. Buprenorphine in end stage renal fail-
ure [letter]. Anaesthesia 1985;41:914.

94. Lasseler K, Venitz |, El-Tahtawy A, et alo Sys-
temic pharmacokinetic (PK) study of buprenorphine
(B) in mild 1o moderate chronic hepatic impairment.
Clin Pharmacol Ther 2001;69:P2.

95. Olkkola KT, Maunuksela EL. Korpela R. Phar-
macokinetics of intravenous buprenorphine in chil-
dren. Br ] Clin Pharmacol 1989;28:202-204.

96. Barrett DA, Simpson ], Rutter N, etal. The
pharmacokinetics and physiological elfects of bu-
prenorphine infusion in premature neonates. Br |
Clin Pharmacol 1993;36:215-219.

97. Nicholson B. Responsible prescribing of opi-
oids for the management ol chronic pain. Drugs
2003;63:17-32.

98. Bonica ]]. Past and current status ol pain re-
search and therapy. Semin Anesthesia 1986;5:82-89,

99, Wooll (], Decosterd L. Implications ol recent
advances in the understanding of pain pathophysiol-
ogy [or the assessment of pain in patients. Pain
1999;82 (Suppl 1):5141-8147.

100. Sternbach RA. Clinical aspects of pain. In:
Sternbach RA, ed. The psychology of pain, New York:
Raven Press, 1978;3:241-264.

101. Jamison RN, Comprehensive pretreatment and
outcome assessment for chronic opioid therapy in
nonmalignant pain. | Pain Sympiom Manage 1996;
11:231-241.

102, American Academy of Pain Medicine, the
American Pain Society, and the American Society
ol Addiction Medicine, Delinitions related 1o the use
of opioids for the treatment of pain, 2(01. Available
at www.painmed.org/producipub/siatements/ pdls/
delinition.pdl. Accessed on September 21, 2003,

103. Savage SR. Addiction in the treatment of pain:
Signilicance, recognition, and management. ] Pain
Symptom Manage 1993,8:265-278,

104, Portenoy RK. Chronic opioid therapy in non-
malignant pain. | Pain Symptom Manage 1990;5:
546-562.

105. Melzack R. The tragedy of needless pain. Sci
Am 1990:262:27-33.

106. Tigersiedi I, Tammisto T. Double-blind. mului-
dose comparison of buprenorphine and morphine
in postoperative pain. Acla Anaesthesiol Scand
1980;24:462-468,

107. Mok MS, Lippmann M, Steen SN. Multidose /
observational, comparative clinical analgesic evalua-

tion of buprenorphine. J Clin Pharmacol 1981:21:
323-329,



Vol 29 No. 3 March 2005

Buprenorphine for Pain Management 321

108. WangRI, Johnson RP,Robinson N, Waite E. The
study of analgesics following single and repeated
doses. ] Clin Pharmacol 1981;21:121-125,

109. Hoskin PJ, Hanks GW. Opicid agonist-antago-
nist drugs in acute and chronic pain states. Drugs
1991;41:326-344,

110. Harcus AH, Ward AE, Smith DW. Buprenor-
phine in postoperative pain: Results in 7500 patienis.
Anacsthesia 1980;35:389-386,

111. Downing JW, Leary WP, White ES. Buprenor-
phine: A new potent long-lasting synthetic analgesic.
Comparison with morphine. Br | Anaesth 1977:
49:251-255.

112. Isaksen B, Mikkelsen H, Bryne H. Prevention
of postoperative pain using buprenorphine, mor-
phine or pethidine [Norwegian]. Tidsskr Norski
Laegeloren 1982;102:1647-1648.

113. Bradley JP. A comparison of morphine and bu-
prenorphine for analgesia alter abdominal surgery.
Anaesth Intensive Care 1484;12:303-310.

114. Quelleite RD, Mok MS, Gilbert MS, etal.
Comparison of buprenorphine and morphine: A
multicenter, multidose study in patients with severe
postoperative pain. Contemp Surg 1986:28:55-64.

115. Payne KA, Murray WB, Barrett H. Intramuscu-
lar buprenorphine compared with morphine lor
postoperative analgesia, S Afr Med ] 1987;71:359-
361.

116, Rabinov M, Rosenleldt FL, McLean A). A
double-blind comparison of the relative efficacy, side
elfects and cost of buprenorphine and morphine in
patients after cardiac surgery, Aust NZ | Surg 1987;
57:227-231.

117. Hovell BC. Comparison of buprenorphine,
pethidine and pentazocine for the reliel of pain alter
operation. Br | Anaesth 1977,49:913-916.

118, Kamel MM, Geddes 1C. A comparison ol bu-
prenorphine and pethidine for immediate postoper-
ative pain relief by the iv. route. Br J Anaesth
1978;5(:599-603.

119. Ouelleite RD. Double-blind, multiple-dose
comparison of buprenorphine and meperidine for
postoperative. pain  following major abdominal
surgery. Current Ther Res 1989;46:352-365.

12¢. Budd K. High dose buprenorphine [or postop-
erative analgesia. Anaesthesia 1981;36:900-903.

121. Wallenstein SL, Kaiko RF, Rogers AG, Houde
RW. Crossover trials in clinical analgesic assays: Stud-
ies of buprenorphine and morphine. Pharmacother-
apy 1986;6:228-235.

122. Walll], Carl P, Crawford ME. Epidural bupren-
orphine for postoperative analgesia. A controlled
comparison with epidural morphine. Anaesthesia
1986;41:76-79.

123. Chrubasik |, Vogel W, Trotschler H, Farth-
mann EH. Continucus-plus-on-demand epidural in-
fusion of buprenorphine versus morphine in

postoperative treatment  of pain.  Arzneimittel-
[orschung 1987:37:361-363.

124. Chrubasik ], Vogel W, Friedrich G. Serum
morphine concentrations in epidural, on-demand
morphine infusion [German]. Anasth Intensivther
Notfallmed 1984;19:231-234,

125, Gundersen RV, Andersen R, Narverud G. Post-
operaltive pain reliel with high-dose epidural bupren-
orphine: A double-blind study. Acta Anaesthesiol
Scand 1986,30:664-~667.

126. Lanz E, Simko G, Theiss D, Glocke M. Epidural
buprenorphine—a double-blind study of postopera-
live analgesia and side eflects. Anesth Analg 1984;
63:593-598.

127. Capogna G, Celleno D, Tagariello V, Lolfreda-
Mancinelli C. Intrathecal buprenorphine for postop-

erative analgesia in the elderly patient. Anaesthesia
1988;43:128-130.

128. Pugh GC, Drummond GB, Elon RA, Macint-
yre CCA. Constant LV. infusions of nalbuphine or
buprenorphine [or pain after abdominal surgery. Br
] Anaesth 1987;59:1364-1374.

129. Freedman M. A comparison of buprenorphine
and pemtazocine for the reliel of postoperative pain,
S Afr Med ] 1986:69:27-28.

130. Harmer M, Slattery P], Rosen M, Vickers MD.
Comparison between buprenorphine and pentazo-
cine given i.v. on demand in the conwrol of postopera-
tive pain. Br | Anaesth 1983,55:21-25,

131. Edge WG, Cooper GM, Morgan M. Analgesic
elfects of sublingual buprenorphine. Anacsthesia
1979;34:463—467,

132. Fry ENS. Reliel of pain alter surgery. A compari-
son of sublingual buprenorphine and intramuscular
papaveretum. Anaesthesia 1979;34:549-551.

133. Risho A, Chraemmer Jorgensen B, Kolby P.
et al. Sublingual buprenorphine for premedication
and postoperative pain relief in orthopaedic surgery.
Acta Anaesehesiol Scand 1985;29:180-182,

134. Hayakawa ], Usuda Y, Okutsu Y, Numata K
Periodic sublingual buprenorphine for pain relief
after upper abdominal surgery [Japanese]. Jap | An-
esthesiol [Masui] 1989;38:493—497,

135, Carl P, Crawford ME, Madsen NB, et al. Pain
relief alter major abdominal surgery: A double-blind
controlled comparison ol sublingual buprenor-
phine, intramuscular buprenorphine, and intramus-
cular meperidine. Anesth Analg 1987;66:142-146.

136. Varrassi G, Marinangeli F. Ciccozzi A, etal.
Intra-articular buprenorphine after knee arthros-
copy. Arandomized, prospeclive, double-blind study.
Acta Anaesthesiol Scand 1999:43:51-55.

137. Girotra 8, Kumar 5, Rajendran KM. Caudal bu-
prenorphine [or postoperative analgesia in children:
A comparison with intramuscular buprenorphine.
Acta Anaesthesiol Scand 1993;37:361-364.



322 Johnson el al.

Vol. 29 No, 3 March 2005

138. May AE. Wandless ], James RH. Analgesia for
circumcision in children: A comparison of caudal
bupivacaine and intramuscular buprenorphine.
Acta Anaesthesiol Scand 1982;96:331-333.

139. Girotra §, Kumar S, Rajendran KM. Postopera-
tive analgesia in children who have genito-urinary
surgery: A comparison between caudal buprenor-
phine and bupivacaine. Anaesthesia 1990;45:406-
408.

140. Witjes WP, Crul Bl, Vollaard E|. Joosten HJ,
Egmond J. Application of sublingual buprenorphine
in combination with naproxen or paracetamol for
post-operative pain relielin cholecystectomy patients
in a double-blind study. Acta Anaesthesiol Scand
1992;36:323-327.

141. Moa G, Zeuerstrom H, Sublingual buprenor-
phine as postoperative analgesic: A double-blind
comparison with pethidine. Acta Anaesthesiol Scand
1940,34:68-71.

142, Chakravarty K, Tucker W, Rosen M, Vickers MD.
Comparison of buprenorphine and pethidine given
intravenously on demand 1o relieve posltoperative
pain. Br Med J 1979;2:895-897.

143. Gibbs JM, Johnson HD, Davies FM. Patient ad-
ministration of [.V. buprenorphine [or postoperative
pain relief using the "Cardiff” demand analgesia ap-
paratus. Br | Anaesth 1982:5.4:279-284,

144. Harmer M, Slattery P], Rosen M, Vickers MD.
Intramuscular on demand analgesia: Double blind
controlled trial of pethidine, buprenorphine, mor-
phine, and meptazinol. Br Med ] 1983;286:680-682.

145, Lehmann KA, Grond §, Freier |, Zech . Post-
operative  pain  management and respiratory
depression alter thoracotomy: A comparison of intra-
muscular piritramide and iniravenous patient-con-
trolled analgesia using fentanyl or buprenorphine.
J Clin Anesth 1991;3:194-201.

146. Robinson GM, Dukes PD, Robinson BJ,
Cooke RR. Mahoney GN. The misuse of buprenor-
phine and a buprenorphine-naloxone combination
in Wellington. New Zealand. Drug Alecohol Depend
1093,33:81-86.

147. Lehman KA, Reichling U, Wirtz R. Iniluence
of naloxone on the postoperative analgesic and respi-
ratory effects ol buprenorphine. Eur | Clin Pharma-
col 1988:34:343-352,

148. Vanacker B, Vandermeersch E, Tomassen J.
Comparison of intramuscular buprenorphine and a
buprenorphine /naloxone combination in the treat-
ment of post-operative pain. Curr Med Res Opinion
1986;10:139-144.

149. Rolly G, Poelaert ], Mungroop H, Paelinck H.
A combination of buprenorphine and naloxone
compared with buprenorphine administered intra-
muscularly in postoperative patients. | Int Med Res
1986;14:148-152.

150. Robbie DS. A (rial of sublingual buprenorphine
in cancer pain. Br ] Clin Pharmac 1979;7:3155-3178S.

151. Adriaensen H, Mattelaer B, VanMeenen H. A
long-term open. clinical and pharmacokinetic assess-
ment of sublingual buprenorphine in patients sufTer-
ing from chronic pain, Acta Anaesthesiol Belg 1985;
36:33-40.

152. Kjaer M, Henriksen H, Knudsen EJ. Intramus-
cular buprenorphine and morphine in the reatment
ol cancer pain. A controlied study [Danish]. Ugeskr
Laeger 1982:144:1306-1309.

1563, Ventairidda V. De Conno F. Guarise G, etal.
Chronic analgesic study on buprenorphine action in
cancer pain. Arzneim-Forsch/Drug Res [Arzneimit-
telforschung] 198%;33:587-590.

154. Zenz M, Piepenbrock S, Tryba M. Epidural opi-
ates: Long-term experiences in cancer pain. Klin Wo-
chenschr 1985;6%:225-2239,

155, Pasqualucei V. Tanwcci C, Paoleui F, et al. Bu-
prenorphine vs. morphine via the epidural route: A
controlled comparative clinical study of respiratory
effects and analgesic activity. Pain 1987:29:273-286.

156. Noda ], U'meda S, Arai T. Harima A, Mori K
Continuous. subcutaneous infusion of buprenor-
phine f{or cancer pain control. Clin J Pain 1989;
5:147-152.

157. Francaviglia N. Silvestro €, Caria F, et al. Sub-
arachnoid buprenorphine administered by implant-
able micropumps. Acta Neurochir (Wien) 1990;102:
62-68.

158. Nasar MA, Mcleavy MA, Knox ], An open study
of subdingual buprenorphine in the wreaument of
chronic pain in the elderly. Curr Med Res Opin
1986:10:251-255.

159, Siutl R, Gressinger N, Likar R. Analgesic efficacy
and tolerability of transdermal buprenorphine in pa-
tients with inadequately controlled chronic pain re-
lated to cancer and other disorders: A muliicenter,
randomized, double-blind, placebo-controlied trial.
Clin Ther 2003;25:150-168.

160. Bohme K Buprenorphine in a transdermal
therapeutic system—a new option, Clin Rheumatol
2002;21:513-816.

161. Radbruch L, Vielvoye-Kerkmeer A. Buprenor-
phine TDS: The clinical development rationale and
results, Int | Clin Pract Suppl 2003;133:15-18.

162. Radbruch L. Buprenorphine TDS: Use in daily
practice, benefits for patients, Int J Clin Pract Suppl
2003:133:19-22,

163. Spyker DA, Hale ME, Karpow SA, Miller ],
Reder RF. Effectiveness of buprenorphine transder-
mal system (BTDS) compared with oxycodone/acet-
aminophen and placebo in the reatment of patients
with chronic back pain [abstract]. Anesthesiology
2001;95:A826.

164. Spyker DA, St. Ville |, Lederman M, Munera L,
Wright C IV. Analgesic elficacy and safety of bu-
prenorphine transdermal system (BTDS) in patients
with ostecarthritis  [abstract]. ] Pain  2002;3
(2 Suppl 1):12,




Vol 29 No. 3 March 2005

Buprenorphine for Pain Management 23

165. Spyker D. Hale M, Munera C, Wright C. Effec-
tiveness and safety ol buprenorphine transdermat
system (BTDS) compared with hydrocodone/acet-
aminophen in the treatment of patients with chronic
low back pain [abstract]. ] Pain 2002;3(2 Suppl 1):14.

166. Spyker DA, Hale ME, Lederman M, et al. Long-
term use of buprenorphine transdermal system
(BTDS) in patients with chronic pain. ] Am Geriatr
Soc 2002;50(Suppl 4):566.

167. Benedetl F, Vighetti 8§, Amanzio M, et al. Dose-
response relationship of opioids in nociceptive and
neuropathic postoperative pain, Pain 1998;74:205—
211.

168, Wawson CPN, Babul N. Efficacy of oxycodone in
neuropathic pain: A randomized trial in postherpetic
nevralgia. Neurology 1998;50:1837-1841.

169. Dertwinkel R, Wiebalck A, Zenz M, Strumpl M.,
Long-term treatment ol chronic non-cancer pain
with oral opioids [German]. Anaesthesist 1996:;45:
495-505.

170, Maier C, Gleim M. Diagnostic and treatment
measures in patients with sympathetically maintained
pain [German]. Schmerz 1998:12:282-303,

171. Sabatowski R, Huber M, Meuser T, Radbruch L.
SUNCT syndrome: a trealment option with local
opioid blockade ol the superior cervical ganglion?

A case report. Gephalalgia 2001;21:154-156,

172. McCormack K, Prather P, Chapleo C. Some
new insights into the effects of opioids in phasic and
tonic nociceptive lests. Pain 1998;78:79-98.

173. Womer DE, DeLapp NW, Shannon HE. In-
urathecal pertussis Loxin produces hyperalgesia and
allodynia in mice. Pain 1997,70:223-228.

174. Dahm PO, Nitescu PV, Appelgren LK, Cure-
laru 1D, Six years ol continuous intrathecal inlusion
ol opicid and bupivacaine in the treatment of refrac-
tory pain due Lo intrapelvic extrusion of bone cement
after total hip arthroplasty. Reg Anesth Pain Med
1998:23:315-319,

175. Kay B. Double-blind comparison between fen-
tanyl and buprenorphine in analgesic-supplemented
anaesthesia. Br ] Anaesth 1980,52:453%-457.

176. McQuay HJ, Bullingham RE, Paterson GM,
Moore RA: Clinical effects of buprenorphine during
and after operation. Br ] Anaesth 1980;52:1013-
1019,

177. Pedersen JE, Chracmmer-Jorgensen B, Schmidt

JF. Risbo A. Perioperative buprenorphine: Do high
dosages shorten analgesia postoperatively. Acta An-
aesthesiol Scand 1986;30:660-663.

178. Obel D, Hansen LK, Hiuel MS, Andersen PE.
Buprenorphine-supplemented anaesthesia.  Influ-
cnee of dose on duration of analgesia alter cholecys-
tectomy. Br ] Anaesth 1985;57:271-274.

179, Cana F, Cervi D, Saracchi R, Dal Pra ML,
Bedoschi D. Intraoperative administration of bu-

prenorphine vs. methadone in postoperalive pain
management. Gurr Ther Res 1987;42:1003-1010.

180. Khan FA, Kamal RS. A comparison of buprenor-
phine and pethidine in analgesic supplemented an-
aesthesia. Sing Med ] 1990:31:345-349.

181. Preston KL, Liebson IA, Bigelow GE. Discrimi-
nation of agonist-antagonist opioids in humans trained
on a twochoice saline-hydromorphone  discrimin-
ation. | Pharmacol Exp Ther 1992:261:62-71.

182. Preston KL, Bigelow GE, Bickel WK, Liebson [A.
Drug discrimination in human postaddicts: Agonist-
antagonist opioids. | Pharmacol Exp Ther 1989%:
250:184-196.

183. Preston KL, Bigelow GE. Drug discrimination
assessment ol agonist-antagonist opioids.in humans:
A three-choice saline-hydromorphone-butorphanol
procedure. ] Pharmacol Exp Ther 1994;271:48-60,

184, Jones HE, Bigelow GE. Preston KL. Assessment
of opivid partial agonist activity with a three-choice
hydromorphone dese-discrimination  procedure.

] Pharmacol Exp Ther 199%:280:1350-1361.

185. Subcommittee on Guidelines {or Abuse Liabil-
ity Assessment. Draft guidelines for abuse liability
assessment. Subcommittee on Guidelines for Abuse
Liability Assessment, Drug Abuse Advisory Commit-
tee, Food and Drug Adminisiration, U.S. Public
Health Service. Rockyille, MD, June 1990.

186. Pickworth WB, Johnson RE, Holicky BA,
Cone EJ. Subjective and physiologic effects of intra-
venous buprenorphine in humans. Clin Pharmacol
Ther 1993:53:670-576.

187. Bigelow GE. Human drug abuse liability assess-
ment: Opiovids and analgesics. Br J Addict 1991:
86:1615-1623.

188. Amass L, Bickel WK, Higgins ST, Hughes R,
Peterson T. Delectability of buprenorphine dose al-
terations in opioid-dependent humans. In: Harris
LS, ed. Problems ol drug dependence 1992, NIDA
Research Monograph No. 132, Washington, DC:
U.S. Government Printing Ollice. NIDA Research
Monograph Ne. 132, 1993:335,

189. DAWN Emergency Department Reports and
Tables. Available at www.samhsa.gov/oas/dawn/
final2kleduends/publishedtables/pubtablesch2.x1s
Table 2.8.0. Accessed September 21, 2003,

190. Jasinski DR, Pevnick ]S, Griffith JD. Human
pharmacology and abuse potential ol the analgesic
buprenorphine: A potential agent for treating
narcotic addiction. Arch Gen Psychiatry 1978;35:
501-516.

191. Fudala PJ. Jalle JH, Dax EM, Johnson RE. Use
of buprenorphine in the treatment of opioid addic-
tion. II. Physiologic and behavioral effects of daily
and alternate-day administration and abrupt with-
drawal. Clin Pharmacol Ther 1990:47:525-534,

192. Kosten TR, Krystal JH, Charney DS, etal.
Opicid antagonist challenges in buprenorphine
maintxined patients. Drug Alcohol Depend 1990;
25:73-78.



324 Johuson el al.

Vol 29 No. 3 March 2005

193. Kosten TR, Morgan C. Kosten TA, Depressive
symptoms during buprenorphine weaiment of
opioid abusers. | Subst Abuse Trear 199(;7:51-54.

194. Resnick RB. Falk F. Buprenorphine: Pilot trials
in borderline patients and opiate dependence-treat-
ment of a common diserderr In: Harris LS, ed. Prob-
lems of drug dependence 1987. NIDA Research
Monograph. Washington, DC: U8, Government
Printing Office, 1988:289,

195, Mongan L. Calloway E. Buprenorphine re-
sponders. Biol Psychiatry 1990;28:1078-1080.

196. Bodkin JA, Zornberg GL. Lukas SE, Cole JO.
Buprenorphine treatment of refractory depression.
J Clin Psychopharmacol 1995;15:49-57.

197. Emrich HM, Vogt P, Herz A. Antidepressant
eflects of buprenorphine. Lancet 1982:2:709,

198. Emrich HM, Vogt P, Herz A. Possible ant-
depressive ellects of opivids: Action ol buprenor-
phine. Ann NY Acad Sci 1982;398:108-112.

199, Nierenberg AA, Amsterdam JD. Treatment-re-
sistant depression: Definition and treaunent ap-
proaches. ] Clin Psychiatry 1990;51{Suppl):39-47.

200. Schmauss C, Yassouridis A, Emrich HM. Anu-
psycholtic elfect of buprenorphine in schizophrenia.
Am | Psychiatry 1987;144:1340-1342,

201, Groves §, Nutt D. Buprenorphine and schizo-
phrenia [letter]. Human Psychopharmacol 1991;6:
71-72.

202, Wilson KG, Eriksson MY, D'Eon L, ¢t al. Major
depression and insomnia in chronic pain. Clin ] Pain
2002,18:77-83,

203. Lindsay PG, Wyckolf M. The depression-pain
syndrome and its response (o antidepressants. Psy-
chosomalics 1981;22:571-577.

204. Lange WR, Fudala PJ. Dax EM, Johnson RE.
Safety and side-ellects of buprenorphine in the clini-
cal management of heroin addiction. Drug Alcohol
Depend 1990:26:19-28,

205. Ling W, Wesson DR, Charuvastra C, Klewt CJ.
A controlled trial comparing buprenorphine and
methadone maintenance in opioid dependence.
Arch Gen Psychiatry 1996;53:401-407,

206. Ling W, Charuvastra C, Collins JF, ¢t al. Bupren-
orphine maintenance treaiment ol opiate de-
pendence: A multicenter, randomized clinical trial,

Addiction 1998;93:475—486.

207. Weinhold LL, Preston Kl., Farre M, Liebson 1A,
Bigelow GE. Buprenorphine alone and in combina-
tion with naloxone in non-dependent humans. Drug
Alcohol Depend 1992;30:263-274.

208. Gal JT. Naloxone reversal of buprenorphine-
induced respiratory depression. Clin Pharmacol
Ther 1989:;45:66-71.

209. Walsh SL, Preston KL, Bigelow GE, Stitzer M1..
Acute administration of buprenorphine in humans:
Partial agonist and blockade effects. ] Pharmacol Exp
Ther 1995;274:361-372.

210. Zacny JP, Conley K, Galinkin J. Comparing the
subjective, psychomotor and physiological eflects
of intravenous buprenorphine and morphine in
healthy volunteers. J Pharmacol Exp Ther 1997,
282:1187-1197.

211. Umbricht A, Huestis MA, Cone EJ. Preston KL.
Eftects of high-dose buprenorphine in experienced
opivid abusers. | Clin Psychopharmacol 2004:24:
479-487.

212, Saariaiho-Kere U, Mauila M], Paloheimo M,
Seppala T. Psychomotor, respiratory, and neuro-
endocrinological effects of buprenorphine and ami-
triptyline in healthy volunteers. Eur ] Clin Pharmacol
1987;33:139-146.

213. MacDonald FC, Gough K], Nicoll RA, Dow R].
Psychomotor effects of ketorolacin comparison with
buprenorphine and diclofenae, Br J Clin Pharmacol
1989;27:453-459.

214. Soyka M, Horak M. Dittert S, Kagerer S. Less
driving impairment on buprenorphine than metha-
done in drugdependent patients? [letter]. | Neuro-
psychiatry Clin Neurosci 2001;13:527-528,

215, Petry NM. Bickel WK. Piasecki D, Marsch LA,
Badger GJ]. Elevated liver enzyme levels in opioid-
dependent patients with hepatitis treated with bu-
prenorphine. Am | Addict 2000,9:265-269.

216. Berson A, Gervais A, Cazals D, eval. Hepatitis
afler intravenous buprenorphine misuse in heroin
addicis. ] Hepatol 2001;34:346-350.

217. Berson A, Fau D, Fornacciari R, etal. Mecha-
nisms [or experimental buprenorphine hepatotoxic-
ity: Major role of mitochondrial dysfunction versus
metabolic activation. ] Hepatol 2001;34:261-269.

218. Auriacombe M, Lagier G, Mallaret M, Thirion X.
French experience with buprenorphine. In: Dewey
WL. Harris LS, eds. Problems of drug dependence,
2002. Proceedings of the 64th Annual Scieniific
Meeting, The College on Problems of Drug Depen-
dence, Inc. NIDA Research Monograph 183
Bethesda, MD: Nalional Institute on Drug Abuse,
2003:134-141.

219. Fullerten T, Timm EG, Kolski GB, Bertino |8
Jr. Prolonged nausea and vomiting associated with
buprenorphine. Pharmacotherapy 1991;11:90-93.

220. Kintiz P. Deaths involving buprenorphine: A
compendium ol French cases. Forensic Sci Int 2001
121:65-69.

221. Decocq G, Fremaux D, Smail A, Compagnon M,
Andrejak M. Local complications after intravenous
injection ol dissolved tablets of buprenorphine
|leuwer, French], Presse Med 1997:26:1433.

222. Cracowski JL. Mallaret M, Vanzetio G. Myocar-
dial infarction associated with buprenorphine
[lewer]. Ann Intern Med 1999;130:536.

223. Orwin JM. The effect of doxapram on bupren-
orphine induced respiratory depression. Acta Anae-
sthesiol Belg 1977;28:93-106.



Vol. 29 No. 3 March 2005

Buprenorphine for Pain Managemen! 325

224, Auriacombe M, Franques P. Tignol J. Deaths
altributable to methadone vs. buprenorphine in
France. ] Amer Med Assoc 2001;285:45.

225. Tracqui A, Kintz P, Ludes B. Buprenorphine-
related deaths among drug addicts in France: A
report of 20 [awlities. ] Anal Toxicol 1998;22:430-
434,

236, Kimz P. Buprenorphinerelated deaths. In:
Kintz P, Marquet P, eds. Buprenorphine therapy of
opiate addiction. Totowa, NJ: Humana Press, 2002:
109-117.

227, Kumor KM, Haertzen CA, Jasinski DR, John-
son RE. The psychopharmacelogic and prolactin
response alter large doses ol naloxone in man. Phar-
macol Biochem Behav 1988;30:967-975,

228. Orwin JM, Orwin J, Price M. A double blind
comparison ol buprenorphine and morphine in con-
scious subjects following administration by the intra-
muscular route. Acta Anaesthesiol Belg 1976;27:
171-181.

229. Knape JT. Early respiratory depression resistant
1o naloxone following ¢pidural buprenorphine. An-

esthesiology 1986,64:382-384.

230. Evans LE, Swainson CP, Roscoe P, Prescott LF.
Treatment of drug overdosage with naloxone, a spe-
cific narcotic antagonist. Lancet 1973;1:452-455,

231. Reckitt Benckiser Proprietary Limited (West
Ryde, NSW, Australia). Temgesic Product Informa-
tion 2004.

232, Kaplan JL, Marx JA. Effectiveness and safety of
intravenous nalmefene lor emergency department
patients with suspecied narcotic overdose; A pilot
study. Ann Emerg Med 1993;22:187-190.

233. Audjian S, Dhopesh V, Yu E, Fudala P]. Metha-
done overdose in an opiate-naive patient [letter].
Am J Addict 1999;8:170-171.

234. Dhopesh V, Yu E, Fudala P]. Conservative man-
agement with naltrexone of an iatrogenic metha-
done overdosc in an opiate-naive patient [letter].
J Clin Psychopharmacol 2002;22:231-232.

235, Muller H, Gerlach H, Gips H, et al. Intra- and
postoperative interactions between the 2 opioids fen-
tanyl and buprenorphine [German]. Anaesthesist
1986:35:219-225.

236. Boysen K, Hertel S, Chraemmer-Jorgensen B,
Risbo A, Poulsen NJ. Buprenorphine antagonism of
ventilatory depression following fentanyl anaesthe-
sia. Acta Anaesthesiol Scand 1988;32:490-492,

237. Vedig AE, Gibbs JM, Ruuen A], llsley AH. The
ellect of buprenorphine on the analgesic and respira-
tory depressant effects of pethidine: A preliminary
study. Pain 1988;34:253-259,

238. Sansone M. Antihistaminc-opioid combination:
Eflfect on locomotor activity in mice. Pol } Pharmacol
Pharm 1988;40:515-523.

239. Hammersley R, Cassidy MT. Oliver J. Drugs as-
sociated with drug-related deaths in Edinburgh and

Glasgow, November 1990 to October 1992, Addiclion
1995;90:959-965.

240, Schmidt JF, ChraecmmerJorgensen B, Peder-
sen JE, Risho A, Postoperative pain reliel with nalox-
one. Severe respiratory depression and pain after
high dose buprenorphine. Anaesthesia 1985;4(0:
583-586.

241. Fudala P], Yu E, Macfadden W, Boardman C,
Chiang CN. Effects ol buprenorphine and naloxene
in morphine-stabilized opioid addicts. Drug Alcohol
Depend 1998:50:1-8.

242. Mendelson ], Jones RT, Welm 5, eval. Bupren-
orphine and naloxone combinations; The effects of
three dose ratios in morphine-stabilized, opiate-de-
pendent volunteers. Psychopharmacology (Berl)
1999;141:37-46.

243. Schuh K], Walsh SL, Bigelow GE, Preston KL,
Stitzer ML. Buprenorphine, morphine and naloxone
elfects during ascending morphine maintenance in
humans. | Pharmacol Exp Ther 1996;278:836-846,

244, Strain EC, Presion KL, Liebson 1A, Bigelow GE.
Acute ellecis of buprenorphine, hydromorphone
and naloxone in methadone-maintained volunteers.
J Pharmacol Exp Ther 1992;261:985-993.

245. Surain EC, Preston KL, Liebson 1A, Bigelow GE.
Buprenorphine effects in methadone-maintained
volunteers: Elfects at two hours after methadone.

J Pharmacol Exp Ther 1995;272:628-638.

246. Iribarne G, Berthou F, Carlhant 1D, et al. Inhibi-
ton of methadone and buprenorphine N-dealkyl-
ations by three HIV-1 protease inhibitors. Drug
Metab Dispos 1998;26:257-260.

247. Carrieri MP, Vlahov D, Dellamonica P, et al. Use
of buprenorphine in HlV-infected injection drug
users: Negligible impact on virologic response (o
HAART. Drug Alcohol Depend 2000,60:51-54.

248, Iribarne C. Picart D, Dréano Y, Berthou F. In
vitro interactions hetween fluoxetine or [luvoxamine
and methadone or buprenorphine. Fundam Clin
Pharmacol 1998;12:194-199,

249, Witkin JM. Johnson RE, Jaffe JH. et al. The par-
tial opioid agonist, buprenorphine, protects against
lethal effects of cocaine. Drug Alcohol Depend
1991;27:177-184.

250, Shukla VK, Goldfrank LR, Turndorf H, Bansi-
nath M. Antagonism of acute cocaine woxicity by bu-
prenorphine. Lile Sci 1991;49:1887-1893.

251. Tallarida R}, Kimmel HL. Holtzman SG, Theory
and statstics of detecting synergism between iwo
active drugs: Cocaine and buprenorphine. Psycho-
pharmacology (Berl) 1997,133:378-382.

252. Kimmel HL, Tallarida R], Holtzman SG. Syner-
gism between buprenorphine and cocaine on the
rotational behavior of the nigrally-lesioned rat. Psy-
chopharmacotogy (Berl) 1997:133:372-377.

253. Jackson HG, Griffin I}, Nuut DJ]. Buprenor-
phine-cocaine interactions in mice: Effect on loco-

motor activity and hole-dipping behaviour, ] Pharm
Pharmacol 1993;45:636-640.



326 Johnson et al.

Vol. 29 No. 3 March 2005

254, Teoh SK, Mendelson JH, Mello NK. et al. Acute
interactions of buprenophine with intravenous co-
caine and morphine: An investigational new drug
phase I salety evaluation. ] Clin Psychopharmacol
1993;13:87-99.

255, Reynaud M, Tracqui A, Petit G, Potard D,
Courty P. Six deaths linked 1o misuse ol buprenor-
phine-benzodiazepine combinations [letter]. Am |
Psychiatry 1998;155:448-449.

256. Tracqui A, Kintz P, Ludes B. Prison, drugs and
death: Two deaths due to overdoses in a prison envi-
ronment [French]. ] Méd Légale Droit Méd 1998,
41:185-192,

257. Tracqui A, Tournoud C, Flesch F, et al. Acute
puisoning by high-dosage buprenorphine-based sub-
stitution treatment. 29 clinical cases—20 fatal cases
[French]. Presse Méd 1998;27:557-561,

258. Gaulier ]M, Marquet P, Lacassie E, Dupuy JL,
Lachatre G. Fatal intoxication following self-zadminis-
tration of a massive dose of buprenorphine. J Foren-
sic Sci 2000;45:226-228.

259, Kilicarslan T, Sellers EM. Lack ol interaciion

of buprenorphine with [lunirazepam metabolism.
Am | Psychiatry 2000;157:1164-1166.

260. Harper 1. Temgesic abuse [letter]. NZ Med
J 1983,96:777.

261. O’'Connor]].MoloneyE, Travers R, Campbell A.
Buprenorphine abuse among opiate addicts. Br ]

Addict 1988:83:1085-1087,

262, Sakol MS, Stark C, Sykes R. Buprenorphine and
temazepam abuse by drug takers in Glasgow—an in-
crease [letter]. Brit | Addict 1989;84:435-141.

263. Lavelie TL, Hammersley R, Forsyth A. The use
ol buprenorphine and temazepam by drug injectors.
J Addict Dis 1991;10:5-14.

264. Segui ], Cascio A, Aragon C. ct al. Subgroups
of addicted buprenorphine-consuming patienis
[Spanishj. An Med Internat 1991;8:18-22.

265. Hammersley R, Lavelle T, Forsyth A, Predicling
initiation to and cessation ol buprenorphine and
lemazepam use amongst adolescents. Br ] Addict
1992;87:1303-1311.

266. Becker AB, Bigelow GE, Liebson 1A. Transder-
mal buprenorphine: Abuse potential assessment in
non-opicid-dependent volunteers [abstract]. Drug
Alcohol Depend 2001:63(Suppl 1):513.

267. Schuster CR. Does treatment ol cancer pain
with narcotics produce junkies? In: Hill C8, Fields
WS, eds. Drug weatment of cancer pain in a drug-
oriented society. New York: Raven Press, Ltd., 198%:
1-3.

268. Weissman DE, Haddox JD. Opioid pseudoad-
diction—an iatrogenic syndrome. Pain 1989;36:
363-366.

269. Johnson RE, Strain EC. Other medications for
opioid dependence. In: Sirain EC, Stizer ML, eds.
Methadone treatment for opioid dependence. Balti-
more and London: The Johns Hopkins University
Press, 1999:281-321,



Clinical Therapeutics/Volume 31, Number 3, 2009

Effects of Intravenous Patient-Controlled Analgesia With
Buprenorphine and Morphine Alone and in Combination
During the First 12 Postoperative Hours: A Randomized,
Double-Blind, Four-Arm Trial in Adults Undergoing

Abdominal Surgery

Stanislav Oifa, MD'; Tatiana Sydoruk, MD'; lan White, MD?; Margaret P. Ekstein, MD';
Nissim Marouani, MD?; Shoshana Chazan, RN3; Yehuda Skornick, MD?; and

Avi A. Weinbroum, MD"4

"Departments of Anesthesia and Critical Care Medicine, Tel Aviv Sourasky Medical Center and the Sackler
Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel; 2Department of Surgery “A,” Tel Aviv Sourasky
Medical Center and the Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel; *Acute Pain
Service, Tel Aviv Sourasky Medical Center and the Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv,
Israel; and *Post-Anesthesia Care Unit, Tel Aviv Sourasky Medical Center-and the Sackler Faculty of

Medicine, Tel Aviv University, Tel Aviv, Israel

ABSTRACT

Background: Intense pain in the first 12 hours af-
ter major abdominal surgery requires the use of large
amounts of analgesics, mainly opioids, which may
produce undesirable effects. Buprenorphine (BUP} is
not typically used intravenously in this setting, par-
ticularly in combination with morphine (MO}, due to
concerns that BUP might inhibit the analgesic effect of
MO.

Objective: This study compared the analgesic effect
of BUP and MO separately and in combination for
postoperative pain control in patients undergoing ab-
dominal surgery,

Methods: In this double-blind study, adule patients
were randomized to receive 1 of 4 regimens for 12 hours:
a basal BUP infusion (BUP-i} of (0.4 ug/kg/h + BUP
boluses (BUP-b) of 0.15 pg/kg each; a basal MQ infu-
sion {(MO-i) of 10 pug/kg/ + MO boluses (MO-b) of
5 pg/kg eachya basal BUP-i of 0.4 pg/kg/h + MO-b of
5 ug/kg each; or a basal MO-i of 10 pg/kgsh + BUP-b
of 0.15 pg/kg each. Bolus doses were delivered by in-
travenous patient-controlled anesthesia, with a bolus
lockout time of 7 minutes. Diclofenac 75 mg IM qéh
was available as rescue pain medication. Every 15 min-
utes during the first 2 postoperative hours and hourly
thereafter, patients used visual analog scales to rate
their pain {from 0 = totally free of pain ro 10 = un-
bearable pain), level of sedation {from 1 = totally
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awake to 10 = heavily sedated), and satisfaction with
treatment (from 1 = totally unsatisfied to 10 = fully
satisfied). Blood pressure, heart rate, respiration rate,
and arterial blood oxygen saturation (SpO,) were
monitored, and adverse effects reported by patients or
noted by clinicians were recorded at the same times.
Study end points included toral opioid consumption
(infusion + boluses), demand:delivery ratio, and use of
rescue medication.

Results: One hundred twenty patients (63 men,
57 women; age range, 21-80 years; weight range,
40-120 kg) were incluzded in the study. Seventy-four
percent had other mild, treared diseases (American
Society of Anesthesiologists physical class 2). Pain vi-
sual analog scale ratings were comparably high in all
groups during the first 2 postoperative hours. Pain
intensity ratings at 3 to 12 hours were significantly
lower in those who received BUP-1 + BUP-b compared
with the other treatment groups (P = 0.018). The drug
requirement during the postoperative period de-
creased significantly in all groups (P = 0.01); however,
there was a significant difference between groups in
the demand:delivery ratio at 3 to 12 hours (group *
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drug interaction, P = 0.026}. The numerically lowest
demand:delivery ratio was seen with BUP-i + BUP-b.
BUP-i was associated with a significantly lower heart
rate compared with the other groups (P = 0.027);
there were no drug-related differences in respiration
rate, SpQ),, or sedation. Patients’ level of satisfaction
with treatment was significantly higher in the group
that received BUP-i + BUP-b compared with the other
3 groups (P < 0.001). Pastoperative nausea and vornit-
ing were mild and occurred at a similar incidence in
all groups, as did rescue diclofenac use.

Conclusions: In these patients undergoing abdomi-
nal surgery, the BUP-i + BUP-b regimen controlled
postoperative pain as well as did MO-1 + MO-b or the
combinations of BUP and MO. BUP neither inhibited
the analgesia provided by MO nor induced undesired
sedation or hemodynamic or respiratory effects. (Clin
Ther. 2009;31:527-541) © 2009 Excerpta Medica Inc.

Key words: pain, postoperative, morphine, bupre-
norphine, IV PCA, infusion, bolus.

INTRODUCTION
Intravenous patient-controlled analgesia (IV PCA)
enables optimal control of postsurgical pain and is
associated with high levels of patient satisfaction,
wakefulness, and cooperation.! Morphine (MO} is the
most commonly used agent in IV PCA protocols.
However, the opioid adverse effects associated with
MO (eg, sedation, respiratory depression, pruritus,
nausea and vomiting} continue to pose a problem.?
Buprenorphine (BUP) is a semisynthetic, highly li-
pophilic opioid derived from thebaine. It partially
agonizes the p-opioid and opioid receptor-like 1 re-
ceptors and fully antagonizes the k- and 8-opioid re-
ceptors.”” BUP has higher affinity for—and thus
stronger binding to=—p-opioid receptors than for oth-
er opioid receptors; however, it has lower intrinsic
activity than do full p-opioid-receptor agonists such
as MO, whereas its drug-receptor dissociation rate
is comparatively slower.8® BUP is considered 25 to
50 times more potent than MO,10 and BUP 0.3 to
(.4 mg (administered intramuscularly or intravenous-
ly) is considered equianalgesic to MO 10 mg.!! The
most important adverse effects reported with BUP
administered intermittently by the intravenous or in-
tramuscular route or by continuous intravenous infu-
sion are respiratory depression, sedation, and hemo-
dynamic instability.? Escalating BUP doses have
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been reported to induce tolerance to BUP and cross-
tolerance with MO in rats, 13

These pharmacologic properties have led to con-
cerns about a possible interaction between BUP and
other propioid-receptor agonists or antagonists!4-16
and hence reluctance to use BUP as a postoperative
analgesic, even though these concerns have not been
supported by substantial prospective clinical data.!”
In clinical studies, concomitant administration of
intrathecal MO (4.3 pg/kg) and intravenons BUP
(1.3 pg/kg) was associated with a prolonged antinoci-
ceptive state, and 46% fewer untoward effects were
reported with the combination than with either agent
alone,'®1% These results contradicted earlier claims
that coadministrarion of MO and BUP would inhibit
the antinociceptive effects of the individual agents.2’
To date, there appear to be no randomized prospec-
tive studies in the literature that have compared the
analgesic effect of BUP and MO alone or in combina-
tion as an option for IV PCA for postoperative pain
control.

The present study compared the analgesic effect of
BUP and MO separately and in combination for post-
operative pain control. It was hypothesized that be-
cause of its higher receptor potency relative 1o MO,
BUP would provide good analgesia (primary goal) with
an acceptable adverse-effect profile (secondary goal)
when administered in combination with MO via IV PCA
at doses lower than those administered previously
(MO 5 mg + BUP 0.15 mg [first bolus] and 1.2 mg +
0.04 mg [subsequent boluses], respectively}.2?

PATIENTS AND METHODS
Inclusion and Exclusion Criteria

The study enrolled patients who were scheduled for
major abdominal surgery ar the Tel Aviv Sourasky
Medical Center during 2006. Eligible patients were
aged 18 to 80 years and were undergoing gastrectomy,
large bowel resection, or partial pancreatectomy. Can-
didates were approached during the preoperative an-
esthesia examination and were given a full explana-
tiont of the study’s aims, the study medications, and
the IV PCA device. Consenting patients provided writ-
ten informed consent. The study protocol and informed-
consent form were approved by the institutional review
board.

Exclusion criteria included a history of drug or al-
cohol abuse, psychiatric disturbance, senile dementia,
Alzheimer’s disease, seizures, suicide risk, use of psy-
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chotropic drugs, and hypersensitivity to BUF, MQ,
NSAIDs, or their excipients. Patients receiving antide-
pressants, anticonvulsants, or muscle relaxants were
excluded, as were those who had taken a moncamine
oxidase inhibitor within 2 weeks of surgery. Also ex-
cluded were patients with chronic or acute pain of any
origin, respiratory failure or insufficiency, uncompen-
sated or congestive heart failure or hepatic failure, and
those scheduled for an emergency or palliative proce-
dure. A pregnancy test was performed at screening in
all premenopausal women; women who were preg-
nant or nursing were excluded.

Anesthesia and Surgery Management

Anesthesia and surgery were performed by the same
team, although intraoperative care was not controlled.
All patients were premedicated with oral diazepam
10 mg the night before and 40 to 75 minutes before
surgery. Within 1 to 2 minutes after intravenous ad-
ministration of a sedative dose of midazolam (1.5-
2 mg) and fentanyl (1.5 pg/kg), propofol (1-2 mg/kg)
was injected intravenously until the patient lost con-
sciousness. A nondepolarizing muscle relaxant was
admunistered to enable endotracheal intubation. All
study patients were mechanically ventilated,

General anesthesia was maintained according to
the institution’s protocol using nitrous oxide/oxygen
2/1 L/min enriched with isoflurane, with the goal of
delivering 1 minimal anestheric concentration. The
nondepolarizing muscle relaxant and fenranyl were
infused continunally or given by repeated doses to main-
rain muscle relaxation and analgesia, as well as hemo-
dynamic and ventilatory stability. Standard periopera-
tive monitoring included  5-lead eiectrocardiography
and noninvasive measurement of systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP), heart
rate (HR), respiration rate (RR), end-tidal carbon di-
oxide concentration {when available), and arterial
blood oxygen saturation (SpQ, ), measured by fingerup
pulse oximetry (AS/3 Compact Patient Monitor, Datex-
Ohmeéda, Helsinki, Finland}. Intraoperative administra-
tion of fluids and blood replacement followed common
cardiovascular, renal, and laboratory indices.

All intraoperative drugs were stopped toward the end
of the procedure, and minimal doses of atropine and
neostigmine were administered to reverse muscle relaxa-
tion and allow the return of spontaneous respiration. All
patients were then transferred to the Post-Anesthesia
Care Unit (PACU) for 24 hours of close observation.
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Study Design

This was a prospective, randomized, double-blind
trial. At the completion of surgery, a computer-generated
list was used to allocate patients to receive 1 of 4 proto-
cols (prepared by the hospital pharmacist) for 12 hours:
a basal BUP infusion (BUP-i) of 0.4 pg/keg/h + BUP
boluses (BUP-b) of 0.15 pg/kg each; a basal MO in-
fusion (MO-i} of 10 pgfke/h + MO boluses (MO-b) of
5 pp/kg each; a basal BUP-i of 0.4 pg/kg/h '+ MO-b of
5 pg/kg each; or a basal MO-i of 10 pg/kg/h + BUP-b
of 0.15 pg/kg each (Figure 1). Bolus doses were deliv-
ered by IV PCA.

BUP,* which is approved for postoperative pain
control in Europe but not in the United States, was
donated by the manufacturer.

The dosages chosen for this study were based on
previously reported pain control studies in which low
doses of BUP {a 30-mg bolus every § minutes) pro-
vided satisfactory reduction or elimination of pain
along with-acceptable tolerability!!-2! compared with
high doses (0.4 mg/70-kg bolus).2%:23 The lowest stud-
ied dose of BUP administered via IV PCA for the man-
agement of acute postoperative {laparotomy) pain was
85 pg (total) in the first hour, followed by 30 pg/h,
which was reported to provide adequate pain control
for the next 17 hours.2* In a randomized trial in pa-
tients undergoing lumbar spinal fusion who received
postoperative IV PCA (30 pg/bolus, with a 5-minute
lockout time) without a continuous infusion,!! the cu-
mulative dose over the 6 consecutive hours of the study
was 270 ug. In the present study, a smaller bolus dose
of 10 pg/bolus (7-minute lockout time) was chosen,
along with a basal infusion of 28 pg/h. The doses were
divided into basal (infusion} and demand (bolus) por-
tions on a body-weight basis to minimize the adverse
effects of BUP, mainly respiratory depression, while
providing adequate analgesia. The selected doses were
also consistent with the previously reported pharma-
cologic relationship between MQ and BUP&2S MO
was chosen as the comparator because it is the most
commonly used agent in postoperative IV PCA.

Study Drug Administration

In the PACU, each patient was connected to an
oxygen face mask and a vital signs monitor. At the
first complaint of moderate to severe pain at rest

*Trademark: Temgesic Injection® {Reckitt Benckiser Health-
care Ltd., Hull, United Kingdom).
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Basal BUP infusion

BUP bolus 0.15 pg/k

L {n=30)

0.4 pg/kg/h
{n = 60) |

Basal MO infusion

5 |
|
—

B MO bolus 5 pg/kg |
(n=30) J

MO bolus 5 pg/kg
{n=-30)

10 pg/kg/h
{(n=60)

Figure 1. The 4 study protocols, BUP = buprenorphine; MO = morphine.

e ]

BUP bolus 0.15 pug/kg

(n =30) _I

(5-10 on a visual analog scale [VAS]} and after the
PACU atrending physician, who was blinded to study-
drug allocation, had established thar the patient was
coherent and cooperative, a PCA system consisting of
2 devices was connected to the patient’s intravenous
line. 'The physician started the basal infusion of the
assigned drug, and the first bolus was administered
5 minutes later via the second device. Subsequent
boluses were administered by the patient. A 7-minute
lockout time after administration of each bolus pre-
vented excessive dispensing of drug. The physician
could administer 2 additional boluses {applying the
specified lockout time) during the first postoperative
hour if required for optimal pain control. Rescue di-
clofenac 75 mg IM could be administered once in the
PACU to begin analgesia’ during the initial opioid
titration; thereafter, it could be administered every
6 hours. No hourly.dose limit was set on any of the
4 drug protocols. All patients were treated according
to the study protocol for 12 hours, after which they
received standard pain care in the relevant surgical
department.

Patients were discontinued from the study if they
required immediate postoperative artificial ventilation
lasting over 4 hours, if they were incoherent or expe-
rienced continuous sedation {VAS rating 25-10), ex-
hibited combative behavior in the PACU, or required
postoperative reintervention andfor transfer to the
intensive care unit, If a patient was discontinued from
the study, another suitable patient was recruited. Pa-
tients who were discontinued because of a protocol
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violation, patient’s decision, or ineffectiveness of study
drug were not replaced.

Study Assessments

Every 15 minutes during the first 2 postoperative
hours and hourly thereafter, patients used a VAS to
rate their pain {from 0 = totally free of pain to 10 =
unbearable pain), level of sedation (from 1 = rotally
awake to 10 = heavily sedated), and satisfaction with
treatment (from 1 = torally unsatisfied to 10 = fully
satisfied) {Table I). Blood pressure, HR, RR, and $pO,
were monitored, and adverse effects reported by pa-
tients or noted by clinicians were recorded at the same
times.

Statistical Analyses

The data were analyzed at the Statistical Labora-
tory of the School of Mathematics, Tel Aviv University,
using SPSS for Windows version 14.01 (SPSS Inc.,
Chicago, Tllinois).26

A prestudy power table in which 3 (the mean 6- to
9-hour difference in pain score from a separate pilot
study) was set at 1.8, o at 0.05, and power at 0.95
determined a need for a minimum of 15 patients per
group. Concomitant analysis of pain VAS ratings and
PCA use required a minimum of 2§ patients. Demo-
graphic data {age, weight), baseline clinical character-
istics (HR, RR, SpO,, SBP, DBP}, American Society of
Anesthesiologists physical class, duration of surgery,
and intraoperative fentanyl use were compared using
1-way analysis of variance {ANOVA}). Sex was ana-
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Table I. Components of the efficacy and safety evaluations.

Parameters

Mode of Measurement

Efficacy
Patient-rated pain

Patient-rated sedation

Patient-rated satisfaction with treatment
Total opioid consumption

PCA demand:delivery ratio

Rescue medication use

Safety/tolerability

Hemodynamic/respiratory parameters

Adverse-effect rate

VAS from 0 = totally free of pain to 10 = unbearable pain

VAS from 1 = totally awake to 10 = heavily sedated
(patient was awakened if sleepy; if not rousable,
no data were recorded at that time point)

VAS from 1 = totally unsatisfied to 10 = fully satisfied
Infusion + boluses

Rartio

Request for diclofenac 75 mg IM

Blood pressure, heart rate, respiration rate, SpO, (fingertip
pulse oximetry)

Hourly questioning of patient, medical staff notes

VAS = visual analog scale; PCA = patient-controlled analgesia; SpO, = arterial blood oxygen saturation,

lyzed using the Pearson & test. Hourly activation of the
IV PCA device was analyzed by repeated-measares
1-way ANOVA, Patient-rated pain, levels of sedation
and satisfaction {VAS), and amounts of analgesics
administered hourly were also analyzed using repeated-
measures ANOVA; their means were then compared
using the ¢ test and analyzed using log values be-
cause of nonnormal distribution, Total 12-hour drug
consumption was analyzed using 1-way ANOVA.
Rates of adverse effects were analyzed using the Pear-
son 2 test. The ANOVA tests were always followed
by the post hoc Tukey Honest Significant Difference
test. Correlations between factors were analyzed using
the Pearson correlation (2-tailed). Significance was set
at P £ 0.05.

RESULTS

Of the 126 patients originally screened, 6 were ex-
cluded. Thus, 120 surgical patients (30 per arm;
100% white) were randomized to treatment, all of
whom completed the study (Figure 2). There were no
significant differences between groups with respect to
the distribution of types of major abdominal surgery
{data not shown), demographic or clinical characteris-
tics, or intraoperative data {Table IT). Vital signs and
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patient-rated pain, sedation, and satisfaction were
similar in all groups before connection of the IV PCA
device. All patients were coherent before starting the
study.

Drug Use

The amount of drug delivered by infusion was
weight dependent, so the amount of BUP infused was
similar in both BUP-i groups and the amount of MO
infused was similar in both MO-i groups. The mean
total amounts of opiocid (infusion + bolus) delivered in
the first 2 hours after surgery in the 2 single-drug pro-
tocols were 2-fold those delivered over 3 1o 12 hours
after surgery (P < 0.03). Although the difference was
not statistically significant, the amounts of BUP deliv-
ered by bolus were 33% lower in patients assigned to
the BUP-i + BUP-b protocol compared with the MO-i +
BUP-b protocol; the amounts of MO delivered by
bolus were also numerically lower in patients assigned
to the BUP-i + MO-b protocol compared with the
MOQ- + MO-b protocol (Table II).

The demand:delivery ratios at 3 to 12 hours were
significantly different between groups (group * drug
interaction, P = 0,026) (Table IHI). The BUP-i + BUP-b
protocol was associated with a numerically fower ra-
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Screened for eligibility
(N - 126)

Excluded {n = 6)
Postoperative ICU admission (4}

Surgery cancelled due to cardiac arrest {1)
Intraoperative and postoperative bleeding,
leading to hemodynamic instability (T}

Randomized

(n=120)

Allocated to and received

Allocated to and received

BUP infusion MO infusion
(n = 60) {n=60)
Analyzed Analyzed
(n= 60} {n=60)

Figure 2. CONSORT diagram. ICU = intensive care unit; BUP = buprenorphine; MO = morphine.

tio than all other protocols, Finally, the equipotency of
the total amount of the 2 drugs {infusion + bolus) was
1:30 in the first 2 hours and 1:33 in the next 10 hours.
The ratio berween the cumulative BUP bolus dose
administered in the MQ-i + BUP-b group and the cu-
mulative MO bolus dose administered in the BUP-i +
MO-b group was 1:30. The overall 4-arm equipotency
was 1:32,

Approximately 70% of patients received diclofenac
during the first 2 hours in the PACU; thereafter, 3% to
13% of the patients requested a second dose of di-
clofenac. There was no significant difference in di-
clofenac use between the 4 groups (Table II).

Pain Evaluation

During the first 2 hours in the PACU, pain VAS
scores were similarly high {25) in the 4 groups. Pain
VAS values demonstrated a group * time interaction
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at 3 to 12 hours after surgery (P < 0.001) (Figure 3).
Specifically, pain ratings were significantly lower in
patients who received BUP-i compared with those
who received MO+ (P = (0.018). BUP-b was associated
with numerically betrer pain ratings when combined
with BUP-i rather than MO-1 (Figure 4). Pain VAS rat-
ings were significantly lower in the group that re-
ceived BUP-i + BUP-b (P = 0.04).

Age was associated with significant differences in
pain VAS ratings among all treatment groups. Those
aged >65 years rated their pain ~33% lower than did
younger patients in each group (P = 0.006). The group *
time interaction noted earlier also applied to the age
subgroups (P = 0.011).

Sedation and Satisfaction

Patient-rated sedation improved steadily and simi-
larly among the 4 groups over the course of the study.
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Table |l. Demographic, anesthesia and surgery, and baseline dinical characteristics of the study population.
BUP-i + MO-i + BUP-i + MGC-i +
BUP-b MO-b MO-b BUP-b P
Characreristic {n = 30) {n = 30) {n=30) {n =30) (ANOVA)
Age, mean (SD), y 61.6 (10.2) 63.1(15.2) 61.0 (13.2) 64.4 (9.5) 0.70
Weight,
mean (SD), kg 73.3(18.2) 69.8 (12.5) 67.9 (13.5) 70.2 (12.8) 0.54
Age group, no. of
pattents 0.33
<65y 15 16 15 12
65-80y 15 14 135 18
Sex, no. of patients 0.76
Male 18 15 14 16
Female 12 15 16 14
ASA physical class,
no. of patients 0.76
1 4 4 2 2
2 22 20 22 25
3 4 6 6 3
Type of surgery,
no. of patients 0.09
Small/large bowel
resection 16 21 16 19
Gastrectomy 8 6 6 4
Pancreatectomy 6 3 8 7
Intraoperative fentanyl,
mean (SD), ug/patient 423.3.(169.0)  463.3 (216.5) 446.7 (227.9)  444.2 (226.4) 0.91
Surgery time,
mean (SD), min 186.5 (92.4) 208.5 (103.0) 164.2 (69.7) 192.3 (90.0) 0.29
Baseline vital signs,
mean (SD)
Heart rate, beats/min 74.2 (11.9) 73.7 (10.9) 79.4 (10.6) 77.4 (10.9) 0.16
Respiration rate,
breaths/min 15.3 (2.7) 14.9 (2.6) 154 (2.9) 14.9 (2.2) 0.82
Systolic blood
pressure, mm Hg 137.3 (21.2) 140.9 (20.4) 139.7 (28.7) 133.4 (20.5) 0.63
Diastolic blood
pressure, mm Hg 778 (8.9) 75.4 (12.5) 74.5 (13.7) 741 (10.9) 0.64
5pC,, % 96.7 (2.0) 97.2 (1.6) 97.1 (2.0) 97.1 (2.0) 0.77

BUP-i = buprenorphine infusion; BUP-b =~ BUP bolus; MO-i = morphine infusion; MO-b = MO bolus; ANOVA = analysis of
variance; ASA = American Society of Anesthesiologists; SpO, = arterial bleod exygen saturation.
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Table lll. Use of study drug and rescue medication, level of sedation, hemodynamic and respiratory parame-

ters, and postoperative nausea and vomiting (PONV).

BUP-i + MO + BUP-i + MO-i + P
Characteristic BUP-b MO-b MO-b BUP-b {ANOVA)
Opioid amount (infusion +
bolus), ug/70 kg*
First 2 h - - -
Mean (SD) 98 (43) 3065 (1443)
Range 43-217 889-5354
3-12h - - -
Mean (SD) 45 (29t 1825 (941)t
Range 23-98 548-4050
Cumulative 3- to 12-h
bolus amount,
mean {SD), ug 135 (123) 7445 (5943) 5139 (4718) 178 {159) Q.25
Demand:delivery ratio
per group, mean (SD)
First 2 h 3.29 (2.29) 4.58 (3.58)  5.36(6.29)  7.28(8.27) 0.63
3-12h 2.27 (1.62)* 2.96 (2.04)t 3.57 (2.80)§ 3.72 (3.27)§ 0.03
Rescue diclofenac use,
no. of events 0.36
First 2 h 23 21 18 22
3-12 h 1 2 1 4
Sedation level over
12 h (VAS), mean (SD) 3.07 (1.74) 3.24 (2.00) 314 (1.69)  2.96 (1.60) 0.24
Respiration rate over
12 h, mean {SD),
breaths/min 16.4 (2.6) 16.4 (2.7) 15.7 (2.2) 16.2(2.1) 0.30
Sp0, over 12 h,
mean (SD), % 96.8 (2.3) 96.8 (2.4) 96.7 (4.4) 97.2 (2.0) 0.20
PONV, no. 0.36
First 2 h 7 5 10 &
3-12 h 15 1" 13 (4]
Antiemetic use,
no. of events 0.22
First 2. h 7 4 10 5
3-12 h 1 3 1 4

BUP-i = buprenorphine infusion; BUP-b = BUP bolus; MO-i = morphine infusion; MO-b = MO bolus; ANOVA = analysis of
variance; VAS = visual analog scale; SpO, - arterial bloed oxygen saturation.
*To allow comparison, drug amounts were adjusted to 70 kg body weight.
t£ = 0.01 versus the correspending <2-hour period, f test.
1 P = 0,026 versus the corresponding s2-hour period, ¢ test.
§ P < 0.001 versus the corresponding $2-hour period, ¢ test.
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P <0.001 (group * time interaction}

i BUP-i + BUP-b
-& MO-i + MO-b
-} BUP-i + MO-b
-Q- MO-i + BUP-b

Pain (VAS)

Time of Treatment (h)

Figure 3, Comparison of the 4 study protocols: mean (SD) patient-rated pain intensity on a visual analog scale
{VAS) from 0 = totally free of pain to 10 = unbearable pain. Zero on the x-axis represents the time the
patient-controlled analgesia device was connected to the intravenous line by the attending anesthetist.
BUP-i = buprenorphine infusion; BUP-b = BUP bolus; MO-i = morphine infusion; MO-b = MO bolus.

There was an overall negative correlation between the
mean sedation rate and the mean pain rating (r =
—(.182; P = 0.046). Satisfaction with pain control was
higher in the group that received BUP-i + BUP-b than
in the other 3 groups {group * time interaction, P <
0.001) {Figure 5). There was a negative correlation
between the log of the sum of 12-hour drug usage
and mean satisfaction levels in all 4 groups (r =-0.21;
P =0.023).

Respiratory Parameters

No differences were found between groups with
regard to RR or S5pO,. All groups had a significant
in¢rease in RR during the first 2 postoperative hours
{P =0.001) that decreased over time, indicating awak-
ening. There was no occurrence of respiratory depres-
sion (<6 breaths/min7). SpQ, during spontaneous
vencilation was also comparable in all groups, increas-
ing during the first 2 hours (probably indicating
gradual awakening) and decreasing slightly from 6 to
8 hours (time effect, P < 0.001) (data not shown).

March 2009

Hemodynamic Parameters

All groups had minimal fluctuations in HR during
the first 2 hours in the PACU, probably as a result of
emergence from anesthesia, that later stabilized {time
effect, P < 0.001). However, values were significantly
lower in the BUP-i + BUP-b group than in the other
3 groups (HR * drug infusion * bolus interaction, P =
0.027).

SBP was significantly increased in all groups on ar-
rival in the PACU as patients awakened from anesthe-
sia {mean, +15 mm Hg) and subsequently decreased
(time effect, P < 0.001). The 2 groups that received
BUP-i had a decrease in DBP in the 3- to 12-hour
postoperative period (drug infusion * time * DBP in-
teraction, P < 0.001) that was not seen in the groups
that received MO-i. During the first 9 hours, there
was a significantly greater decrease in DBP in the
BUP-i groups than in the MO-i groups (P = 0.001),
with subsequent stabilization. No patient had an SBP
<80 mm Hg, DBRP <40 mm Hg, or HR <40 beats/min
at any time during the study.
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4 BUP-i + BUP-b
- MO-i + BUP-b

P = 0.04 {group * time interaction)

Pain (VAS)
wh
|

T
0 1 2 3 4 5

] T ] T T T 1
6 7 8 9 10 11 12

Time of Treatment (h}

Figure 4. Comparison between buprenorphine infusion (BUP-i} + BUP bolus (BUP-b) and morphine infusion
(MO-i) + BUP-b: mean (SD} patient-rated pain intensity on a visual analog scale (VAS) from 0 =
totally free of pain to 10 = unbearable pain. Zero on the x-axis indicates the time the patient-
controlled analgesia device was connected to the intravenous line by the attending anesthetist.

Adverse Effects

There were no significant differences between
groups in the incidence of postoperative nausea and
vomiting (PONV) (Table III). Twenty-eight episodes
of PONV (38% of all 73 cases) occurred within
2 hours after surgery. These episodes were short-lived
and responded to treatment with metoclopramide
10 mg or granisetron 4 mg,

There was 1 case of pruritus in the BUP-i + BUP-b
group that occurred 5 hours after initiation of IV
PCA. The pruritus was alleviated by promethazine
(25 mg IV), which is commonly used for this indica-
tion in Isra¢l. No patient experienced dizziness, agita-
tion, or confusion,

DISCUSSION

Based on a search of MEDLINE, this 4-arm, random-
ized, double-blind, parallel-group study appears to be
the first to have compared the clinical effects of BUP
and MO, 2 pharmacologically different and repore-
edly antagonistic opioids,®?8 given by infusion and
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boluses {separately and in combination) for analgesia
in the first 12 hours after major abdominal surgery.
The results indicated that IV PCA with BUP alone or
in combination with MO provided equivalent postop-
erative analgesia to IV PCA with MO alone in patients
who had undergone major abdominal surgery. Pain
intensity was rated lower in those receiving BUP-i +
BUP-b, followed by BUP-i + MO-b, MO-i + BUP-b,
and MO- + MO-b. BUP did not negatively affect
patient-rated levels of sedation or satisfaction, or he-
modynamic or respiratory parameters. The group that
received BUP-1 + BUP-b had the lowest HR and DBP
of the 4 groups. All groups had similar rates of ad-
verse effects (PONV and pruritus), none of which pur
any patient at risk or caused drug-related discontinu-
ations. Thus, at the analgesic doses and modes of ad-
ministration used, BUP continued to be effective and
was well tolerated when given both alone and in com-
bination with MO, contradicting past reports of a
negative interaction between BUP and other p-opioid-
receptor agonists/antagonists in animals and humans
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- BUP-i + BUP-b
@ MO-i+ MO-b
-0 BUP-+ + MO-b
O MO-i + BUP-b

P < 0.001 (group * time interaction)

Satisfaction (VAS)

34 T T T T T
o] 1 2 3 4 5

1 |
6 7 8 9 10 11 12

Time of Treatment (h)

Figure 5. Mean (SD} patient-rated satisfaction on a visual analog scale (VAS) from 1 = totally unsatisfied to
10 = fully satisfied. Zero on the x-axis indicates the time the patient-controlled analgesia device was
connected to the intravenous line by the attending anesthetist. BUP-i = buprenorphine infusion;
BUP-b = BUP bolus; MO-i = morphine infusion; MC-b = MO bolus.

that might inhibit the antinociceptive effect of the in-
dividual drugs.14-1620.29

The primary goal of this study was to determine
the antinociceptive efficacy of BUP delivered by 1V
PCA at the predetermined low infusion and bolus
doses. In this respect, it differed from other studies
that have used upward/downward titration, adminis-
tration of high-dose boluses over a limited period,
combinations of intramuscular and intravenous ad-
ministration, and periodic dose limitation.11-30-33 The
doses used in this study, which were 10% to 15% of
those reported earlier,* were adequate and effective
based on the diminished need for bolus doses over
time, the demand:delivery ratio, and the decrease in
diclofenac use in the 3 to 12 hours after surgery. In
addition, levels of satisfaction improved as pain levels
decreased, and no patient asked to be withdrawn from
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the study. The higher amount of drug use in all groups
during the first 2 postoperative hours compared with
3 to 12 hours after surgery probably represent recov-
ery from anesthesia coupled with still low levels of
blood drug concentrations,?® as well as supporting the
efficacy of the drug protocols.

There is no common opioid dose for either BUP or
MO that can be used in an efficacy comparison, apart
from the wide range of equipotency data reported
previously™!!; the protocols used in this study fall
within such ranges. The study did not aim to compare
drug use per se, but rather to characterize the quality
of analgesia obtained using weight-related infusions
and boluses of both drugs alone and in combination.
The rate of PCA implementation provides an objective
assessiment of the level of pain and drug efficacy.*36 A
low overall rate of use {low demand:delivery ratio)
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indicated the effectiveness of all 4 protocols in provid-
ing analgesia. The numerically lowest demand:delivery
ratio was seen in the BUP-i + BUP-b group, which also
had the lowest mean pain values in the period from
3 to 12 hours after surgery; compared with MO-i +
BUP-b, these results suggest the efficacy of the agonist/
antagonist BUP-I protocol within known equianalge-
sic ratios. Moreover, no antagonism was noted when
BUP and MO were used in combination, as indicated
by the cumulative bolus doses. Animal experiments
have described antagonistic interactions that were
hypothesized to be caused by the partial-agoenist prop-
erties of BUP at the p-opioid recepror, which, in com-
petition with a full agonist such as MO, would reduce
the overall effect of BUP.1437.38 The results of the pres-
ent study are inconsistent with this assumption, Fur-
thermore, the results are consistent with those from
a study in rats by Kogel et al,” who reported that
an antinociceptive effect was achieved even when
BUP given at analgesic doses was switched to a full
p-opioid-receptor agonist {(MO, oxycodone, hydro-
morphone, or fentanyl), with no loss of analgesic
efficacy and no refractory period between the termi-
nation of BUP and the onset of action of the new
regimern,

Low oxygenation and decreased minute ventilation
are common physiologic occurrences in the early post-
operative and postanesthesia period, resulting from
incomplete awakening, opioid-induced sedation, or
both. Hypoxia and uncontrolled pain may interfere
with wound healing after major abdominal surgery.
Optimal oxygenation and respiratory status are,
therefore, essential. When using opioids, the risk of
respiratory depression due'to p-opioid—receptor inhi-
bition of respiratory control centers in the brainstem
must be taken into.account, BUP appears to be an
exception in this respect. Animal studies have sug-
gested a ceiling respiratory effect at increasing BUP
doses.® In_healthy volunteers, BUP was associated
with depression of minute ventilation thart leveled off
at doses 23.0 pg/kg (15-fold the dose used in the pres-
ent study).’? Administration of BUP 4 pg/kg IM after
orthopedic procedures conducted under fentanyl-
balanced anesthesia was associated with severe respi-
ratory depression requiring artificial ventilation.?% In
orthopedic patients who were randomized in a 1:33 ra-
tio to receive intramuscular BUP or MO, BUP was
associated with a cumulatively longer duration of
oxygen desaturation and more episodes of apnea per
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patient than MO.%? These effects were associated with
the intramuscular mode of administration, which pro-
vides the least consistent blood drug concentrations.
Finally, postoperative boluses of BUP 80 g in patients
who had undergone thoracotomy provided analgesia
but were associated with respiratory depression,24-34
Interestingly, in 50 women undergoing low-segment
cesarean section, BUP at (1.4 to 7.0 mg IV per 24 hours
was not associated with respiratory depression.*!

In the present study, BUP and MO had comparable
efficacy in maintaining adequate analgesia without
having the effects on ventilation that have been re-
ported in children.* Whether this finding was related
to the consistency of pharmacologic effect with the
infusion compared with bolus-induced peaks, a ceiling
effect of BUP on respiratory depression,*3 attainment
of optimal pain relief {and therefore better respiratory
mechanics), the low dose, or the overall agonist/
antagonist properties of BUP cannot be derermined
based on the study findings. Nevertheless, BUP ap-
pears to show promise for use in high-risk patients
because of the absence of respiratory depression.

In cardiac patients undergoing surgery, mainte-
nance of a lower HR and DBP has been recommend-
ed.** In the present study, the BUP-i + BUP-b group
had a 10% lower HR compared with the groups that
received other combinations of infusion + bolus; the
difference was greatest compared with the group that
received MO only. DBT was also low in the BUP-1 +
BUP-b group compared with the other groups. BUP
has been reported to be associated with reductions
from baseline in BP and HR in animals (10%-15%)!2
and in children (10-12 beats/min).*2 A lower and stable
HR could be the effect of better analgesia achieved
with BUP compared with MO or of partial p-opioid—
receptor blockade.

In a 3-day study in patents who had undergone
cholecystectomy, BUP and MO were given as loading
doses followed by boluses administered by IV PCA in
a 1:13 ratio, with a 15-minute lockout rime.2? A BUP
loading dose (0.1-0.3 mg) followed by 0.1-mg boluses
was associated with twice the rate of postoperative
nausea on day 1 compared with an induced MO
loading dose {2-4 mg}) followed by 1-mg boluses (P =
NS), Other studies have reported rates of pruritus,
dizziness, and sweating with BUP that were 10% to
20% higher than those in the present study.!8-24 BUP
administered intravenously or caudally has been as-
sociated with high rates (50% and 80%, respectively)
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and severity of PONV in children*’ but not in adults.#
No patients withdrew from the present study, and all
adverse effects were mild and tolerable, and respond-
ed rapidly to treatment. Use of low but effective BUP
doses may partially explain the absence of severe ad-
verse effects.

It is of clinical relevance that sedation decreased
and satisfaction improved as pain was progressively
centrolled with BUP compared with MO alone or in
combination. Moreover, no patients exhibited height-
ened anxiety. BUP has been reported to produce a
maximal {ceiling} euphoric effect similar to that of
MO 20 mg - 70 kg~1.47 High sublingual doses of BUP
{8 mg) have been associated with a plateau in terms of
subjective and physiclogic effects,®2? unlike the orally
administered full p-opioid-receptor agonist metha-
done (allowing for a linecar dose effect). The steady
improvement in the level of sedation over time with
BUP in this study was consistent with the findings of
Capogna et al.** The study findings are also consistent
with reports that BUP was associated with less-intense
opioid-induced dysphoria, probably because of its partial-
agonist activity at p-opioid receptors.*” The improve-
ment in satisfaction may have been associated with a
BUP-induced positive effect on mood and well-being
via its x-receptor activity.:2-50

Mast published reports concerning the use of BUP
for postoperative pain control come from studies in
animals or healthy volunteers under overdose-like
conditions and are quite old. Thus, no appropriate
data appeared to be available with which to compare
the results of the present study. In addition, as in other
stodies,2431,33.3445.48 the regults were limited to the
first 12 hours after surgery. A full 24 hours of data
would have provided information on the first bowel
movement®! and the time to removal of the urinary
catheter. Finally, because of the inclusion and exclu-
sion criteria, the results of this study are limited to the
population studied.

CONCLUSIONS

In these patients who had undergone major ab-
dominal surgery, BUP-i + BUP-b administered via IV
PCA controlled postoperative pain in the first 12 post-
operative hours as well as did MO-i + MO-b or the
combinations of BUP and MQ. BUP neither in-
hibited the analgesia provided by MO nor induced
undesired sedation or hemodynamic or respitatory
effects.
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Acute Pain Management Pharmacology for the Patient with
Concurrent Renal or Hepatic Disease

E. ). MURPHY*
Department of Anaesthesia, Royal Adelaide Hospital, Adelaide, South Australia

SUMMARY

The clinical utility of most analgesic drugs is altered in the presence of patients with impaired renal or hepatic function
not simply because of altered clearance of the parent drug, but also through production and accumulation of toxic or
therapeutically active metabolites. Some analgesic agents may also aggravate pre-existing renal and hepatic disease.

A search was performed, taking in published articles and pharmaceutical data to detenmine available evidence for
managing acute pain effectively and safely in these two paftient groups. The resulting information consisted mainly of
small group pharmacokinetic studies or case reports, which included a large variation in degree of organ dysfunction.

In the presence of renal impairment, those drugs which exhibit the safest pharmacological profile are alfentanil,
buprenorphine, fentanyl, ketamine, paracetamol (except with compound analgesics), remifentanil and sufentanil:
none of these deliver a high active metabolite load, or suffer from significantly prolonged clearance. Amitriptyline,
bupivacaine, clonidine, gabapentin, hydromorphone, levobupivacaine, lignocaine, methadone, mexiletine, morphine,
oxycodone and tramadol have been used in the presence of renal failure, but do require specific precautions, usually
dose reduction. Aspirin, dextropropoxyphene, non-steroidal anti-inflammatory drugs and pethidine, should not be
used in the presence of chronic renal failure due to the risk of significant toxicity.

In the presence of hepatic impairment, most drugs are subject to significantly impaired clearance and increased
oral bioavailability, but are poorly studied in the clinical setting. The agent least subject to aiteration in this context is
remifentanil; however the drugs’ potency has other inherent dangers. Other agents must only be used with caution and
close patient monitoring. Amitriptyline, carbamazepine and valproate should be avoided as the risk of fulminant
hepatic failure is higher in this population, and methadone is contraindicated in the presence of severe liver disease.

Key Words: ACUTE PAIN, ANALGESIA: renal failure, renal function, hepatic failure, hepatic function, review

The clinical utility of most analgesic drugs is
altered in the presence of impaired renal or hepatic
function: this is not simply because of variations in
clearance of the parent drug, but also due to potential
production and accumulation of toxic or thera-
peutically active metabolites. In some cases, analgesic
agents may aggravate pre-existing renal and hepatic
impairment; consequently meodifying their own
metabolism.

To assist in the provision of guidelines for the phar-
macologic management of acute pain in these situa-
tions, a literature review was performed, searching
for data on altered dosing requirements, adverse
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reactions and the mechanisms responsible. Categori-
zation wsing evidence-based medicine principles
was planned, to give appropriate weighting to the
consequent findings and recommendations.

With increased understanding of the mechanisms
which induce and maintain the pain state, drugs not
traditionally used for pain relief have been incor-
porated into the analgesic armamentarium. These
were included in the search criteria, and consist of
some antiepileptic and antidepressant medications,
mexiletine, alpha-2 agonist drugs and the anaesthetic
drug ketamine. They are more commoenly used in
the treatment of neuropathic pain, although the
latter two may also be used for nociceptive pain
management.

METHODS

A Medline search was performed using the follow-
ing key words: acetaminophen, alfentanit, amitripty-
line, analgesia, aspirin, bupivacaine, buprenorphine,
carbamazepine, clonidine, codeine, dextropropoxy-
phene, diclofenac, dihydrocodeine, epilim, fentanyl,
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gabapentin, hydromorphone, ketamine, ketorolac,
levobupivacaine, lignocaine, meperidine, methadone,
mexiletine, morphine, naltrexone, nsaid, oxycodone,
paracetamol, pethidine, propacetamol, remifentanil,
ropivacaine, sufentanil, tramadol, tricyclic anti-
depressant, and valproate. The results were then
linked in a combined search with each of the fol-
lowing: “renal failure”, “renal function”, “hepatic
failure” and “hepatic function”. The resultant
abstracts were reviewed for relevance and those
which did not address the issues of altered dose
requirements or adverse reactions or the mechanisms
responsible for these were excluded. Only those
articles with an English text body were then obtained.

Published pharmacokinetic data and pharma-
ceutical company monographs were sought for the
drugs listed above.

The following pharmacology texts were consulted:
* Drug Monitoring Data— Pocket Guide II-2nd Edi-

tion. American Association for Clinical Chemistry,

Inc., Washington DC, 1994%,

* Therapeutic Guidelines: Analgesic (Victorian Drug
Usage Advisory Committee)—3rd Edition. Thera-
peutic Guidelines Limited, Victorian Drug Usage
Advisory Committee, Melbourne, Vic., Australia,
1997",

* Goodman and Gilman’s The Pharmacological
Basis of Therapeutics. Macmillan Publishing Com-
pany, New York, 1985.

* The Australian Medicines Handbook—4th Edition.
Australian Medicines Handbook Pty Ltd,
Adelaide, S.A., 2003.

* MIMS Yearbook 2003-7th Edition. MediMedia
Australia Pty Ltd, Sydney, N.S.W.,; 20037,

Aside from the above texts, around 70 articles were
reviewed in depth, and some articles were excluded
because they added no new data to larger scale
studies or reviews.

FINDINGS

The words “dysfunction”, “failure”, “impairment”
and “insufficiency” appear to be used interchange-
ably throughout the literature, but will be quantified
by degree where possible.

Using evidence-based medicine definitions’, the
best available data consisted of small group non-
randomized pharmacokinetic studies, some with a
control group of patients displaying normal organ
function: this constitutes level III evidence. Some
data comprised small group patient case series with
drug or effect assessment; constituting level IV evi-
dence. A major portion of the data however, involved
single case studies, or expert opinion based upon
pharmacological properties of the analgesic agents,

which is no longer considered truly evidence based':
It is however, the only guidance available for some
pharmacologic agents in this setting. The phrase “use
with caution” is encountered frequently in referenced
articles without further clarification; in the context of
this article the author would suggest that it should at
least imply dose titration with observance for and
avoidance of toxic or excessive therapeutic effect, and
an understanding of the effects of organ dysfunction
on drug metabolism.

The available evidence levels and recommenda-
tions are considered separately for each drug class,
with discussion of both alterations in therapeutic
effect, and potential toxic effects. In all cases where
a drug’s half-life is prolonged, the resultant delay
in achieving a steady state concentration must be
considered whilst observing for these effects.

OPIOIDS

Considerable pharmacological variation occurs
within this group. The majority of biotransformation
is liver-dependant, including that for the short acting
agents. Minimal evidence exists to guide the appro-
priate use of opioids in the presence of hepatic
failure. Titration to effect should be more cautious
than usual with all opioids in the presence of liver
failure’. A small number of case reports link opioid
usage with acute renal failure, reversible with
naloxone*, however this is not borne out in the
literature as a common problem, and no explanation
for the underlying mechanism was given, excepting
animal data linking opioid dosage with an increase in
vasopressin levels.

Alfentanil

A controlled pharmacokinetic study assessing
patients with end stage renal failure found an in-
crease in the unbound plasma fraction of this drug
due to alterations in protein binding, but no change in
plasma clearance, which occurs primarily through
hepatic metabolism** (Level I1I evidence for both
references). Under these conditions there may be a
decreased dosage requirement, but no change in the
required dosing intervals, as the drug does not have
significant active metabolites’.

In a study assessing 9 children with cholestatic liver
disease and 10 children with chronic renal failure
undergoing organ transplantation, no significant dif-
ference was found in alfentanil clearance or half-life
(Level ITI evidence), suggesting the drug is safe to use
in these groups.

Buprenorphine
This drug undergoes liver metabolism followed

Anaesthesia and Intensive Care, Vol. 33, No. 3, June 2005
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by primary biliary excretion. Metabolite levels are
increased four-fold in the presence of renal failure,
but this is unlikely to have clinical consequences. [t
may be given in standard doses in the presence of
renal faiture? (Level III evidence). No evidence was
found to guide treatment in the presence of hepatic
dysfunction.

Codeine

Approximately 10% of codeine is metabolised to
morphine, which provides the majority of its clinical
effect. Most ingested codeine is converted to codeine-
6-glucuronide which is then renally excreted.
Although many opioids have been associated with
central nervous system (CNS) excitation and seizures
at higher doses, codeine appears to have a lower
therapeutic ratio, and may cause these effects when
the standard daily dose is exceeded’. It has been
reported to cause prolonged sedation in the presence
of renal failure, with a beta half-life of up to 27 hours
in dialysis dependant patients® (Level III evidence).
The available evidence does not support clinical use
in the presence of renal or hepatic failure.

Dextropropoxyphene

Plasma concentrations of both dextropropoxy-
phene and nordextropropoxyphene, its major metabo-
lite, are significantly increased with renal failure, and
the half-life of the metabolite is prolonged®. The
potential consequences of this include CNS, respira-
tory and cardiac depression’. It has been associated
with a number of deaths, many quite rapid, in cases of
both accidental and intentional overdosage®. Animal
studies found intracardiac conduction delays in the
presence of overdosage due to both the parent drug
and its metabolite®. It is inefficiently cleared during
dialysis, and its use is not recommended in the
presence of renal failure”,

It is subject to considerable first pass hepatic
metabolism after absorption, and has been associated
with impairment of liver function®. No studies were
located which specifically assessed safe usage in the
presence of hepatic failure.

Dihydrocodeine

This probably has similar elimination to codeine,
and has been reported to cause prolonged sedation,
reversible with naloxone It has not been so inten-
sively studied however, and should be avoided in the
presence of renal fajlure.

No evidence was found to guide treatment in the
presence of hepatic dysfunction.

Anaesthesia and Intensive Care, Vol 33, No. 3. June 2005

Fentanyl

Fentanyl is subject to a high hepatic extraction
ratio, which may lead to decreased clearance values
in the presence of altered hepatic blood flow during
uraemia. The pharmacokinetics of fentanyl have been
studied in eight patients with end stage renal failure
undergoing renal transplantation after a loading dose
of 25 ug/kg, and a strong correlation existed between
clearance and blood urea nitrogen levels. The most
marked changes in clearance occurred when urea
levels were greater than twice the normal value®
(Level 1V evidence). Fentanyl has no active metabo-
lites and has been shown in some pharmacokinetic
studies to have no significant change in clinical
effects, with normal clearance values in the presence
of chronic renal failure. It does have a prolonged
clearance (half-life up to 25 hours) in the critically ill
patient which must be taken into consideration®. It
does not appear to have been studied extensively in
the paediatric population with organ failure, however
a single article reported normal pharmacokinetic
values in one child with renal fajlure given high-dose
fentanyl anaesthesia, but markedly impaired clear-
ance (1/20 normal) in a child who underwent hepatic
manipulation during surgery”. Considering the lack
of active metabolites, fentanyl is an ideal agent for
use in renal failure; with the provision that high levels
of uraemia may significantly prolong clearance and
require a decrease in dosage. (The available data sug-
gests 1/2 to 1/3 of usual commencement doses may be
required in this case.)

Hepatic failure is likely to impair fentanyl clear-
ance and require a dosage reduction, however no
data was found to guide this specifically.

Hydromorphone

Hydromorphone is a semi-synthetic derivative of
morphine, metabolized in part to hydromorphone-3-
glucuronide (H3G), which is present at a steady state
concentration approximately 27 times that of the
parent drug in normal patients. H3G has been shown
to accumulate in the presence of renal failure to a
level approximately four times higher. It is postulated
as the cause for neuroexcitation and cognitive impair-
ment which has been reported with this drug in the
presence of renal failure, and is a reason to consider
an alternative agent if these symptoms should occur®.
One retrospective study compared hydromorphone
use in 55 palliative care patients with either normal or
impaired renal function, who were switched to this
drug from other opioids (mostly morphine) because
of adverse reactions. There was no significant differ-
ence in opioid conversion factors between groups and
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a lower incidence of unwanted side-effects. Whilst
the median doses were higher in the normal group,
the mean doses were not significantly different
between groups. This study suggests that hydro-
morphone use may be safe in the presence of renal
failure, and is associated with a lower incidence of
side effects than morphine in this group” (Level III
evidence).

The drug undergoes a high first pass metabolism",
and will be subject to increased bioavailability in the
presence of hepatic impairment. No evidence was
found to guide safe use of the drug in this scenario.

Methadone

The drug has a long half-life and is therefore not
suitable for the initial management of acute pain*. It
has a high oral bioavailability of around 80% of the
ingested dose. Renal excretion of the unchanged drug
accounts for approximately 20% of the total dose?,
whilst the majority of clearance occurs through the
gastrointestinal tract after hepatic transformation to
predominantly inactive metabolites”. A case report of
two patients with renal failure showed serum metha-
done levels in the range expected with normal renal
function, however it is generally recommended that
lower starting doses be used when initiating therapy
for the patient with renal failure, with subsequent
doses titrated to effect®. It is contraindicated in the
presence of severe liver disease".

Morphine

The parent drug has been shown to undergo
normal biotransformation in the presence of renal
failure' (Level III evidence), however the clearance
of one of the active primary metabolites morphine-6-
glucuronide (M6G) is highly renal dependant, and
its consequent accumulation may cause a prolonged
clinical effect. The half-life of M6G is prolonged from
a normal value of 2.1 hours, up to as much as 27 hours
in end stage renal failure. The other major metabo-
lite, Morphine-3-glucuronide (M3G) also accumu-
lates with renal failure® (Level III evidence): it is asso-
ciated with antinociception and irritability, but has
not been reported as a frequent cause of side-effects
in the patient with renal failure: it may decrease the
seizure threshold however, so morphine shouid prob-
ably be avoided where epilepsy and renal failure
co-exist.

As M3G and M6G are products of morphine
breakdown, it must be remembered that equivalent
oral doses of morphine which are higher than par-
enterally administered morphine, will produce a

greater metabolite load"™* (Level III evidence in
reference 17). This should be considered as an addi-
tional risk factor when converting to oral morphine
and necessitates a reduction in equivalence dosing by
a factor of up to three, or the use of an alternative
agent with inactive metabolites.

A wide variation in susceptibility to M6G effects
may occur in the patient with renal failure. At least
two causes for this have been determined. Firstly, up
to 20% of patients may have decreased sensitivity
to M6G due to genetic variation in the w-opioid
receptor: these patients could feasibly tolerate stan-
dard morphine dosage regimens, despite metabolite
accumulation: only minimal clinical evidence of this
has been reported”. A second cause for variation is
known to exist in which active transport (efflux) of
M6G across the blood brain barrier may be modu-
lated via p-glycoprotein, which has been described
as sensitive to modulation (decreased efflux) by
verapamil and ‘amitriptyline. (Other drugs may also
cause this effect)””, Both these variations can not be
predicted clinically at present.

The time to onset of M6G effects may be quite pro-
longed as it is slow in traversing the blood brain
barrier. In a controlled trial comparing eight normal
patients with six end stage renal failure patients, peak
morphine cerebrospinal fluid (CSF) morphine levels
were similar between groups, but CSF M6G levels
peaked at 12 hours in normal patients, and continued
to rise to a 24 hour peak (at which time measure-
ments were ceased) in those with end stage renal
failure. The peak level was approximately 15 times
that of the normal group, with the consequent risk
of delayed sedation” (Level 1II evidence). Delayed
sedation causing unconsciousness despite absence of
elevated morphine levels has been reported following
high loading doses in patients with renal failure. In
one (adult) case the metabolite load resulted in pro-
longed sedation with initial onset time 26 hours after
M6G blood levels approached their peak. At the
onset of unconsciousness, plasma morphine levels
were below the limit of quantification™. A similar case
scenario has been reported in a child with renal
failure using morphine patient-controlled analgesia,
although M6G levels were not documented in this
case”,

Whilst morphine and its metabolites are usefully
removed during haemofiltration (47-100%) and
haemodialysis (24-84%)°, they are not significantly
cleared by continuous ambulatory peritoneal dialysis,
which has similar clearance values to end stage renal
failure™* (Level I1I evidence in both references).

On the basis of widespread clinical use and avail-
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able evidence, morphine appears to be a safe agent to
use in the presence of renal failure, provided it is
carefully titrated to effect, and provided it is not con-
tinued where large doses are likely to be required
with acute pain. In the situation where high initial
doses are required, there is a significant risk that high
metabolite levels will lead to delayed sedation as the
pain abates. In this scenario, ongoing analgesia
should be altered to a shorter acting drug or one with-
out active metabolites such as fentanyl or oxycodone
until analgesic requirements decrease to a lower,
steady state. If parenteral morphine doses are con-
verted for oral administration in the presence of renal
failure, then the likelihood of a significant increase in
metabolite load due to first pass metabolism must be
considered, and doses appropriately lowered.

Morphine use in hepatic failure does not appear to
have been usefully studied. Reported hazards include
precipitation of hepatic encephalopathy, increased
oral bioavailability of morphine due to its normal
high first pass metabolism when given via this route®,
and impaired clearance,

Oxycodone

Oxycodone is eliminated mainly through hepatic
metabolism to noroxycodone and oxymorphone,
and some effect has been attributed to metabolite
activity. One controlled study compared 10 normal
patients with 10 uraemic patients who underwent
cadaver renal transplants, after a single loading dose
of oxycodone. None of the transplanted patients had
immediate graft function, and in all cases the oxy-
codone half-life was significantly prolonged. The
median half-life increased by a factor of 1.7, although
individual variation within the transpiant group was
significant, with values up to 10 times normal. Oxy-
codone has a lower hepatic clearance than morphine,
and it was considered that some of the variation in the
latter group may be accounted for by alterations in
hepatic blood flow with uraemia, or the use of cal-
cium channel blockers which are known to reduce
hepatic blood flow and enzyme activity® (Level 11
evidence). With this in mind, oxycodone should be
cautiously titrated to effect in the presence of renal
failure.

Pethidine

Pethidine (known also as meperidine) is primarily
cleared by hepatic demethylation to norpethidine, its
sole active metabolite’. Norpethidine has a usuval half
life of 14 to 21 hours®, but this is prolonged in the
presence of renal failure** to around 35 hours?, The
accumulation of this metabolite has been associated
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with seizures and death®. In patients with normal
renal function, toxicity will occur in approximately 19
per cent of cases where doses exceed around
10 mg/kg/day or therapy exceeds three days duration®
(Level IIT evidence). The toxic dose will obviously be
much lower in the presence of renal failure, and safe
doses have not been determined. A single dose in
the presence of renal failure is unlikely to produce
clinically significant toxicity’, however its use is not
recommended in the presence of renal failure*,
and with the existence of better alternatives its use
should now be contraindicated in this situation. Its
use during dialysis does not appear to have been
studied. Pethidine has not'been studied in the pres-
ence of hepatic failure, but there is no basis on which
to recommend its use above other agents without
toxic metabolites.

Remifentanil

This drug undergoes blood esterase hydrolysis to a
minimally active metabolite. It has been shown in
pharmacokinetic and clinical effect studies in patients
with renal failure**® (Level III evidence in refer-
ences 28 and 29), hepatic cirrhosis, mild hepatic
encephalopathy®, and during the anhepatic phase of
liver transplantation™ (Level 111 evidence) to have no
significant change in clinical effects compared with
published normal subject data, and slight, statistically
significant changes in serum levels. One study titrat-
ing to haemodynamic response under general anaes-
thesia required a mean reduction to 2/3 of the control
group infusion rate in the presence of renal failure®
(Level 111 evidence). It represents the ideal opioid for
use in both renal and hepatic failure when used with-
in an appropriate clinical setting, which must include
regular assessment of sedation levels and respiratory
function, with a reliable infusion device, and a skilled
clinician with training in the safe use of this potent
opioid. It is not appropriate for use outside of a high
dependency clinical setting.

Sufentanil

This drug has no active metabolites, and is not
generally expected to require dose adjustment in the
presence of renal failure". Clearance and half-life
were more variable than normal in adolescents with
chronic renal failure, despite a lack of statistical dif-
ference™ (Level 111 evidence}, and there has been a
case report of unexpected prolonged sedation in a
patient with renal failure, so it should be used with
caution’, In patients with uncomplicated cirrhosis
under anaesthesia, loading doses of 3 ug/kg were
not associated with significant differences in plasma



316 E. J. MuRrRpPHY

clearance or elimination half-life over 10 hours of
measurement® (Level I1I evidence).

Tramadol

Tramadol is primarily metabolized in the liver to
substances including the only pharmacologically
active metabolite; O-desmethyltramadol (M1), which
contributes toward its analgesic effect. Both the
parent drug and its metabolites undergo primarily
renal excretion, and hence are subject to accumula-
tion in the presence of renal failure™. It has not been
implicated in the production of renal impairment in
man, and one animal study assessing renal blood flow
in rats found no alteration in those with normal
kidneys, nor those with experimentally induced
nephritis, despite an increase in systemic blood
pressure® (Level III evidence).

The product manufacturers’ literature recom-
mends that dosage intervals should be increased to
every 12 hours where creatinine clearance is less than
30 ml/min (24 hours for stow release formulation),
and that the drug shouid be avoided where creatinine
clearance is less than 10 ml/min*. This recommenda-
tion for twelve hourly dosing is impractica! for treat-
ing acute pain as it ignores the need for a loading
dose. No evidence was found to guide appropriate
loading in this circumstance, however if used in the
absence of such guidelines® it would be prudent to
titrate the drug cautiously and cease dosing if agita-
tion, hyperreflexia, myoclonus or other signs of
serotonergic syndrome occur.

In the presence of severe hepatic insufficiency
where its use is contemplated, only the 50 mg imme-
diate release formulation should be used, with
cautious titration to clinical effect. Dosage intervals
will need to be extended, and. the patient should
be observed for signs of serotonergic syndrome; if
these occur the drug should be ceased, and the
syndrome appropriately managed as per product
guidelines™.

ALPHA-2 AGONISTS
Clonidine

Clonidine has been utilised as an anti-hypertensive
agentin patients with renal failure at doses of up to
600 pg oraily or transdermally daily, No deterioration
in renal function occurred, and no unusual side-
effects were documented. The half-life was increased
from a normal value of 12 hours up to 40 hours with
severe renal failure®. The drug is normally less than
50% metabolized by the liver, with the remainder
excreted unchanged in urine”. It should be given at a
reduced dose in the presence of renal failure.

Dexmedetomidine

As a new agent, dexmedetomidine has not been
widely studied in the context of acute pain manage-
ment, although it is approved for the provision of
combined analgesia and sedation within the intensive
care setting. It undergoes extensive hepatic metabo-
lism to an inactive metabolite and may prove suitable
for use in the presence of renal failure.

No evidence was found to guide the use of either
drug in the presence of hepatic dysfunction.

TRICYCLIC ANTIDEPRESSANTS

This drug class undergoes primarily hepatic
metabolism. Amitriptyline is most commonly used,
and undergoes conversion in the liver to nortriptyline,
the active agent. The doses used to assist with man-
agement of neuropathic pain are generally less than
those used to treat depression, however the articles
which assessed use in renal failure all considered the
latter, higher doses. There is little indication for dose
reduction in renal failure™® (Level III evidence in
both references), however, it has been suggested that
metabolite accumulation may increase the likelihood
of unwanted side- effects™.

Both amitriptyline (2-10% incidence of elevated
liver function tests)} and nortriptyline have been asso-
ciated with acute fulminant hepatic failure, but the
mechanism remains uncertain®. They both require
ongoing monitoring to exclude abnormalities in liver
function during introduction, in which case the drug
should be discontinued.

LOCAL ANAESTHETICS

The amide type local anaesthetics which include
bupivacaine, levobupivacaine, lignocaine and ropiva-
caine, undergo primarily liver metabolism to inactive
metabolites prior to excretion. The local anaesthetic
procaine has an ester linkage which also allows
hydrolysis by plasma cholinesterase. Toxic levels of
local anaesthetics are calculated on the basis of
steady state concentrations during short intravenous
infusion®, however the systemic absorption rate asso-
ciated with various routes of administering these
drugs is quite variable®. In general all local anaes-
thetics will be subject to decreased clearance with
hepatic failure, and may be associated with a higher
risk of side-effects in the presence of renal failure due
to altered protein binding and volume of distribution.

One study looked at eleven patients given bilateral
intercostal nerve blocks following hepatic transplant,
to assess the effects of bupivacaine 2 mg/kg in this
group. A total of twelve blocks were performed, and
six of these gave rise to toxic threshold levels of 2 to
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TABLE 1

Opioid pharmacology with renal or hepatic dysfunction: Summarised findings

Opioid agent Potential effects due to metabolite.
Accumulation in the presence of
renal dysfunction,

Alfentanil Nil significant metabolites?.

Buprenorphine Nil significant metabolites?.

Codeine Neuro-excitation may occur at
standard doses’. Morphine
metabolite accumulation increases
sedation risk.

Dextropropoxyphese  Cardiac and hepatic toxicity8,

Dihydrocodeine Unknown, probably similar 1o
codeine?.

Fentanyl Nil significant metabolites?.

Hydromorphone Neuro-excitation and delayed
sedation possible!l,

Methadone Nil significant metabolites!s.

Morphine Delayed sedation from M6G with
renal failure, especially when using
high initial doses?. Neuro-excitation
from M3G=. Higher metabolite
load with oral dosing! 78,

Oxycodone Increased opioid effects due to less
active metabolites, which have
impaired excretion2®.

Pethidine Neuro-excitation and seizures due
to norpethidine accumulation2,20.27,

Remifentanil Nil significant metabolites228,

Sufentanil Nil significant metabolites'?,

Tramadol Increased tramadol-like effects

from O-desmethyltramadol (M1)3.

Recommendations for use in the
presence of renal dysfunction.

Dose reduction requireds,

Standard doses may be used?.

Not recommended on basis of
available evidence2.

Not recommended on basis of
available evidence®.

Not recommended due to
insufficient evidence of safety2.

May require dose reduction2®.

Dose reduction required!?.

Not recomnmended for initial
treatment due to long half-life!.

Dose reduction required. Choose
an alternative agent if high
doses likely to be used.

Dose reduction reguired with
uraemia,

Not recommended (single dose
probably safe)?.

May require slight dose reduction?.
Dose reduction may be required?32,

Dose reduction required. Avoid
where creatinine clearance
<10 mifmin®.

Reported use in the presence of
hepatic dysfunction.

Unchanged clearance in children
with cholestatic disease®.

Nil,
Nil,

Nil.
Nil,

Case report of greatly impaired
clearance after hepatic
manipulation!®,

Nil. Higher bioavailability likely?3.

Cautious use with mild degrees of
liver dysfunction reported?.

Precipitation of hepatic
encephalopathy reported™, also
increased oral bioavailability.

Nil,

Nil.

Case report of safe use. Suggested
need for dose reduction,

3 upg/kg loading reported safe with
uncomplicated cirrhosis®.

Nil. Manufacturer's literature
suggests safety with mild degrees
of dysfunction using reduced
doses.

4 upg/ml bupivacaine, but ne detectable clinical
effects. In those patients whose results were displayed
in graphic form, the elimination half life was six
hours: approximately double the normal value*
(Level IV evidence). In the absence of further studies
to assess safety with other causes of hepatic failure,
these results indicate the need to avoid using anal-
gesic techniques which require large doses of bupiva-
caine to obtain spread of the drug, as plasma clear-
ance following redistribution from the effect site will
not have occurred in time for further dosing. The
maximum daily dose should be at least halved. Using
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the figures supplied by the Australian Medicines
Handbook, this would indicate a maximum adult dose
of 200 mg/day.

Lignocaine has previously been shown to have
impaired clearance in patients with hepatic disease®,
after hepatectomy, and with viral hepatitis*. No
quantitative dosage alterations were determined,
however it would be prudent to assume that adrena-
line will have less of a protective effect for larger
single doses due to the prolonged half-life, and that
the lower dose range should be used cautiously in
patients with hepatic impairment, observing regularly
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for signs of toxicity during infusion or injection.
Lignocaine also gives rise to some active metabolites
which will be less rapidly cleared in the presence of
renal failure, and may increase the risk of toxicity
with prolonged infusions™.

One study assessed the use of 0.5% levobupiva-
caine for axillary block in eight patients with end
stage renal disease, and compared clinical outcomes
and pharmacokinetic values with eleven patients who
had normal renal function. Following a dose of 50 to
60 ml of the solution, there was no significant differ-
ence between groups for clearance of the drug or
clinical outcome® (Level III evidence). As bupiva-
caine has a greater cardiac toxicity than both ropiva-
caine and levobupivacaine, but similar metabolism
and duration of action®¥, these latter two are prob-
ably more suitabie for use in the presence of renal
or hepatic failure if larger doses are required. All
local anaesthetic agents should however be used
cautiously where either problem exists. Those
regional anaesthesia techniques which use lower drug
doses such as spinal anaesthesia would theoretically
be safer, but no comparative study was located using
the search strategies outlined.

Mexiletine

This drug undergoes extensive hepatic metabolism,
but is also excreted by up to 15% unchanged in the
urine. It has been used in the acute setting for treat-
ment of refractory neuropathic pain in patients who
have responded to intravenous lignocaine, with which
it has structural similarities. It has a significant anti-
arrhythmic effect, and hepatic impairment will in-
crease the risk of toxicity®. It is not recommended
in this situation unless other treatment modalities
have been exhausted, and the potential risks taken
into account. Plasma concentrations should then be
monitored to allow dose titration®,

It has been shown to have normal clearance in
patients with renal failure where the creatinine clear-
ance exceeds 10 ml/min* (Level IV evidence), and
unchanged plasma levels in dialysis dependant
patients given 600 mg/day* (Level 1II evidence).
In the absence of large controlled trials, the lowest
effective dose should be used.

KETAMINE

Ketamine use in acute pain management involves
the use of low infused doses (between 0.06 and
0.24 mg/kg/h) to minimize the incidence of hallucina-
tions and dysphoria®, and to prevent unintentional
loss of consciousness. Bolus dosing of 1 to 1.5 mg/kg

intravenously has been recommended® prior to
painful procedures, but this dose range is capable of
inducing general anaesthesia in some patients and is
only appropriate in the fasted patient under safe con-
ditions for providing general anaesthesia. A pharma-
cokinetic study of four patient groups receiving keta-
mine 1.1 to 1.3 mg/kg/h for long-term analgesia and
sedation within an intensive care unit did not show a
significant increase in ketamine levels in patients with
cardiogenic shock or acute renal failure (Level 111
evidence), {a 20% increase in this group did not reach
statistical significance). The renal failure group had
significantly higher dehydronorketamine metabolite
levels, however this was only by a factor of five, and it
has but one hundredth the potency of ketamine. Less
than 10% of the delivered dose of ketamine was
removed during haemodialysis or haemofiltration.
Animal studies found the drug to undergo mostly
hepatic elimination, and did not show evidence of
renal blood flow alteration™. The search parameters
did not uncaver any studies using the lower range
analgesic doses, but the above values for higher
infusion rates indicate that a dose adjustment is
unnecessary in the presence of renal failure.

No data was found to guide the appropriate use of
low dose ketamine in the presence of hepatic failure.

ANTI-EPILEPTICS

These may be considered during the acute setting
as an adjunct in the treatment of neuropathic pain.
Those used are carbamazepine, valproate, and
gabapentin. Combination therapy using more than
one of these agents is not recommended for acute
pain management, as pharmacokinetic interactions
may occur in an unpredictable fashion®, and the risk
of fatal hepatotoxicity from valproate is increased
in this situation®. Gabapentin is probably the safest
agent in the presence of either renal failure or hepatic
failure.

Carbamazepine

This drug has been reported to cause acute hepatic
failure rarely (around 1/30,000 cases) in children, and
elevation of hepatic enzymes (approximately 6% of
patients treated)™. It is also an inducer of hepatic
enzymes, The drug undergoes primarily hepatic
metabolism, with less than 1% excretled renally, and is
contraindicated in severe hepatic impairment®, It has
also been reported as causing reversibie acute renal
failure, although this is rare™®. Its use in the acute
setting should be associated with regular monitoring
of hepatic and renal function to allow discontinuation
if these should deteriorate.
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Valproate

Fatal hepatic failure may occur due to valproate
treatment: pathological data suggests that some cases
are the result of chronic liver damage and cirrhosis®,
This rare complication has an incidence of between
1/10,000-49,000 in adults™*, but may be significantly
increased with the combination of antiepileptic medi-
cations, due to diversion of metabolism toward toxic
pathways. The initial presentation may include
anorexia, abdominal discomfort, nausea and vomit-
ing, prior to depressed consciousness in association
with biochemical markers of hepatic injury®. The
complication is more common in children, and was
reported in association with 21 childhood deaths
from hepatic failure in the United Kingdom prior to
the year 2000, Abnormalities of liver function occur
in up to 44% of patients”: and may include elevated
transaminases and impaired coagulation®. There is
some evidence that this complication is associated
with impaired beta-oxidation of the drug. Aspirin also
interferes with beta-oxidation and should not be used
concurrently. Valproate should be avoided in patients
with known liver disease®, If used in the presence of
renal failure, decreased albumin levels may lead to
an increase in unbound serum levels, and doses
should be lowered®. Plasma levels of the drug may be
monitored to assess the potential for toxicity.

Gabapentin

Gabapentin undergoes primarily renal excretion in
unchanged form, and has an approximate elimination
half life of 132 hours in dialysis dependant patients.
The half life during haemodialysis is around four
hours, with a recommendation to replace losses by
200-300 mg for every four hours of this* (Level IV
evidence). It otherwise requires dose reduction with
renal failure according to creatinine clearance, in line
with published guidelines™.

This drug was not found to be associated with
hepatic failure under the search conditions indicated,
and is probably the safest choice in this class in the
presence of hepatic failure. It must be remembered
that this is a relatively new drug, and some unex-
pected ‘adverse effects may not yet have been
elucidated.

NON STEROIDAL ANTI-INFLAMMATORY
DRUGS (NSAIDS) AND COX-2 SPECIFIC
INHIBITORS

This class are traditionally associated with the risk
of precipitating acute renal failure due to inhibition
of prostaglandin production, and consequent renal
afferent arterial vasoconstriction with the potential to
reduce glomerular filtration rate. In most cases this
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is reversible, and is associated more frequently with
debydration, hypotension, pre-existing renal failure,
liver cirrhosis and excessive dosage™”. There is only
limited evidence suggesting a causal association with
chronic renal failure®, Some studies have found no
significant effect in patients with normal renal func-
tion, but there appears to be a small risk of idiosyn-
crafic reaction, even in this group”. The onset of
acute renal fajlure due to this class of drug is usually
associated with oliguria and increased serum urea,
creatinine and potassium levels”, which necessitates
cessation of the agent responsible.

There is no strong evidence that any one NSAID is
safer in terms of renal side-effects when equipotent
doses are used. The newer COX-2 specific inhibitors,
despite having lesser pastrointestinal and haemaio-
logical effects, are’ pharmacodynamically similar in
their effects on the renal vascular bed, and have
similar renal side-effects®®”'. The use of NSAIDs,
aspirin or<COX-2 specific inhibitors for analgesia
should be avoided in the presence of chronic renal
failure, due to the likely impairment of potassium
handling, and the increased risk of acute renal failure
or bleeding™”. If no alternative exists, then dosages
must be kept to a minimum, hypotension and hypo-
volaemia prevented, and renal function monitored to
allow cessation should deterioration occur: The first
few days of treatment are associated with the highest
risk, and creatinine clearance is a more sensitive
measure of impairment than serum creatinine level™,

Elevated liver function tests have been reported in
up to 15% of patients taking NSAIDs, and should
lead to cessation of the drug if they occur™. Patients
using the drugs parecoxib, rofecoxib or celecoxib with
intercurrent moderate hepatic impairment were
studied, and experienced elevated steady state drug
levels, leading to a recommendation for decreased
dosage in this subgroup®™™. No study assessed use in
severe degrees of hepatic insufficiency. In all cases of
hepatic insufficiency where NSAIDS are considered,
regular monitoring of liver function should occur to
allow cessation in the event of deterioration.

Ketorolac

Ketorolac is subject to extensive hepatic metabo-
lism prior to renal excretion. The potential for renal
toxicity has been extensively studied following a sig-
nificant association with acute renal failure on its
introduction. The recommended dose ranges have
since been decreased, and it is not recommended for
use beyond five days. One study retrospectively
reviewed 198 healthy patients following donor
nephrectomy, of whom 83 received ketorolac, with a
mean total dose of 200 mg. The preoperatively calcu-
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lated creatinine clearance was equal to the group who
did not receive ketorolac, but the postoperative
values showed a slight decrease in clearance on the
second postoperative day. There was no subgroup of
patients who showed an association with renal func-
tion and the amount of ketorolac given, and there was
no difference in creatinine clearance between normal
and treated groups after three months from the time
of surgery® (Level 11l evidence). The relevance of this
study is questionable as these patients may be
assumed to have significant renal reserve on the basis
of their suitability for kidney donation.

In the presence of mild renal impairment (creati-
nine clearance 20 to 50 ml/min), the half-life is
approximately doubled: some authors suggest usage
in this group, with dosage reduction to less than
60 mg/day. It should be avoided in patients with a
greater degree of renal failure. In the presence of
liver cirrhosis, clearance is slightly prolonged and the
risk of renal dysfunction is also higher”, so dosage
reduction is also necessary.

PARACETAMOL

Paracetamo}l (known also as acetaminophen) has
been implicated in analgesic nephropathy: however
the problem is statistically likely only in the case of
prolonged use of compound analgesics containing at
least two antipyretic agents along with caffeine or
codeine. The resultant nephropathy has been linked
to the synergistic effect of inhibition of prostaglandin
synthesis and giutathione depletion in_this situa-
tion®. In a study on nine patients with chronic stable
renal failure using 40 mg/kg/day for three days, it did
not alter renal glomerular or tubular function, how-
ever sulphate and glucuronide metabolites accumu-
lated” {Level III evidence), Paracetamol is associated
with less risk of acute renal failure than NSAIDS™ or
COX-2 inhibitors™, and is the simple analgesic of first
choice in the patient with renal dysfunction. It may
accumulate in uraemic patients due to effects on
hepatic blood flow, but this was not addressed in any
of the studies found: in this situation it would be wise
to limit doses to the above figure of 40 mg/kg/day, and
monitor hepatic function frequently during initiation
of therapy.

Hepatic toxicity is a known consequence of para-
cetamol overdose, due to the formation of a reactive
intermediate which binds to hepatocytes and causes
tissue necrosis: this is protected against by endo-
genous glutathione, unless tissue stores become
depleted. Liver enzyme inducers such as alcohol or
barbiturates may increase the risk for toxic metabo-
lite formation, and in the presence of hepatic cirr-
hosis, the prolongation of paracetamol clearance

which occurs renders the patient more susceptible to
toxic effects. In the presence of cirrhosis, drug dosage
should be reduced™, although in the presence of
moderate to severe liver failure, it should be avoided
altogether.

RECOMMENDATIONS

The wide difference in degree of renal and hepatic
impairment which exists, coupled with the propor-
tionally small population group affected, has deter-
mined that most drugs are not studied extensively in
this group prior to introduction. Small group phar-
macokinetic studies and case reports cannot conclu-
sively guide drug use for all degrees of organ failure.
It remains up to the clinician in these cases to con-
sider fully the risk/benefit equation for any drug
introduced, in conjunction with other factors such as
potential adverse reactions and known pharmaco-
dynamic or pharmacokinetic interactions.

In consideration of the available data on patients

with renal failure, the following statements may be
made:
* Those drugs which exhibit the safest pharmacologi-
cal profile are alfentanil, buprenorphine, fentanyl,
ketamine, paracetamol (except with compound
analgesics), remifentanil and sufentanil: none of
these delivers a high active metabolite load, or
suffer from significantly prolonged clearance. A
slight dosage reduction may be required.
Amitriptyline, bupivacaine, clonidine, gabapentin,
hydromorphone, levobupivacaine, lignocaine,
methadone, mexiletine, morphine, oxycodone, and
tramadol have been used in the presence of renal
fajlure, but do require specific precautions, most
frequently a significant dosage reduction. Levo-
bupivacaine is probably safer than bupiva-
caine because of a higher therapeutic ratio and
similar clearance mechanisms, Ropivacaine has not
been studied in patients with significant renal
disease®.

Aspirin, dextropropoxyphene, non-steroidal anti-

inflammatory drugs and pethidine should not be

used in the presence of chronic renal failure, due to
the risk of significant toxicity.

In the presence of hepatic impairment, most drugs

are subject to significantly impaired clearance and

increased oral bioavailability, but are poorly studied
in the clinical setting. The available data indicates the
following:

* The agent least subject to alteration in metabolism
is remifentanil, however the drug’s potency limits
its use to the acute care/high dependency setting.

= Sufentanil clearance is unlikely to be impaired with
uncomplicated mild cirrhosis.
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* Tramadol may be given at lower doses, as per pro-
duct guidelines, with lesser degrees of hepatic
impairment.

* Methadone is contraindicated in the presence of
severe liver disease due to the potential for greatiy
prolonged clearance.

* Local anaesthetic clearance may be impaired to
quite significant degrees, and all types must be
administered cautiously in decreased doses. The
two newer agents; ropivacaine and levobupiva-
caine, may be safer than bupivacaine due to a
higher therapeutic index, but have not been studied
in this context*,

* Amitriptyline, carbamazepine and valproate use
should be avoided as the risk of fulminant hepatic
failure is higher in this population.

* NSAIDs are subject to decreased clearance and an
increased risk of causing renal failure. If used, the
dose must be decreased in accordance with product
guidelines.

* Paracetamol may unpredictably accumulate and
lead to hepatic necrosis. It has been used in the
presence of mild cirrhosis, and should be associated
with regular monitoring of hepatic function in this
situation. It should be avoided in greater degrees of
hepatic impairment,

* No evidence was found using the search protocol to
guide treatment using other agents,
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