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Editorial Policy

The mission of the Journal of Opioid

Management is to educate and promote,

through scientifically rigorous research, the

adequate and safe use of opioids in the

treatment of pain as well as the legal and

regulatory issues surrounding abuse, addic-

tion, and prescription practices (both over-

and under-prescribing). Original articles,

case studies, literature reviews, editorials,

and letters to the editor concerning all

aspects of opioid management will be con-

sidered for publication. All submissions,

excluding editorials and letters to the edi-

tor, are subject to peer review by the edito-

rial board prior to acceptance.

Manuscript Submission

Electronic manuscript submission is pre-

ferred. Attach articles in MS Word,

WordPerfect, or rich text (.rtf) format to the

journal email address at jom@pnpco.com. If

submitting via regular mail, please supply

your article on a 3-1/2 inch IBM-PC format

floppy disk or CD in MS Word 6.0 or greater,

WordPerfect, or rich text format (.rtf).

Manuscripts and all correspondence should

be addressed to the Managing Editor, Journal

of Opioid Management, 470 Boston Post

Road, Weston, MA 02493. Submit one paper

copy of the manuscript, typed and double-

spaced, with the floppy disk or CD. As a gen-

eral guideline, text should be 1,500 to 2,500

words (seven to 12 pages for a research paper,

three to five manuscript pages for editorials or

book reviews).

Manuscript Format

The cover page should indicate the article’s

title, the full name, highest pertinent acade-

mic degrees, institutional affiliations, and

current address of each author, contact

information for the author handling all cor-

respondence, telephone number, fax num-

ber, and, if the manuscript was orally pre-

sented at a meeting, the name of the organi-

zation, place, and date it was read. The first

use of an un common abbreviation should

be preceded by the full name. Brief defini-

tions of key terms may be appended to the

manuscript and can be presented in paren-

theses after the term within the article. With

the exception of forum articles, book

reviews, or letters to the editor, manuscripts

should include the following five sections:

Abstract, Introduction, Methods, Results,

and Discus sion. Subheads should be insert-

ed at suitable levels. Style should conform

to “Uniform Requirements for Manuscripts

Submitted to Biomedical Journals” (avail-

able online at http://www.icmje.org).

Figures & Tables

The Journal welcomes illustrations,

charts, and photographs to accompany arti-

cles. Figures should be titled and numbered

consecutively according to the citation in

the text. Information presented in figures

and tables should be explained in the text.

If data have been published previously, an

appropriate reference should be included. 

Short, descriptive legends should be

provided on a separate page. Legends for

figures previously published should include

a complete reference to the original publi-

cation, with the copyright designation.

Copies of the publisher's and author's per-

mission to use the figure must be provided.

Photo graphs should include legends and

should be numbered consecutively accord-

ing to the citation in the text and labeled on

the back. Tables, photos, and figures must

be submitted in the following formats:

TIFF, JPEG, or EPS.

Manuscript review

Manuscripts are received with the under-

standing that they are submitted solely to

Journal of Opioid Management and that,

apart from abstracts, none of the material con-

tained in the manuscript has been published

previously or is under consideration for pub-

lication elsewhere. Authors should secure all

necessary clearances and approvals prior to

submission. 

Journal of Opioid Management is a ref-

ereed journal. All manuscripts are generally

subject to review by at least two members of

the editorial advisory board who are noted

experts in the appropriate subject area. The

Journal reserves the right to make editorial

revisions prior to publication.

All manuscripts are acknowledged im -

mediately, and every effort will be made to

advise contributors of the status of their sub-

missions within 60 days. 

References

References are organized in AMA for-

mat; that is, they are to be cited numerically

in the text and in consecutive order, includ-

ing the first three authors followed by et al.,

and listed at the end of the article in the fol-

lowing format:

Journal articles—

1. Mudd P, Smith JG, Allen AZ, et al.:
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Management Handbook. Madison, WI:

Clearwater Press, 1998, pp. 310-334.

Web sites—

Health Care Financing Administration:

HCFA Statistics at a glance. Available at:

www.hcfa/gov/stats/stahili.htm. Accessed

December 27, 2002.

Ethics

Style should conform to “Uniform Require -

ments for Manuscripts Submitted to Biomedi -

cal Journals” prepared by the International

Committee of Medical Journal Editors and

pub lished in Ann Intern Med 1997; 126: 36-47,

and available on the web at http:www.acpon-

line.org/journals/annals/01jan97/unifreqr.htm.

The Journal expects authors to disclose

any commercial or financial associations

that might pose a conflict of interest in con-

nection with the submitted article. All fund-

ing sources supporting the work should be

acknowledged on the title page.

Manuscripts and all correspondence re -

garding them should be addressed to the

Managing Editor, Journal of Opioid

Manage ment, 470 Boston Post Road,

Weston, MA 02493.
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european authorities recommend 

approval for ionsYs

IONSYS, a transdermal fentanyl delivery system pro-
duced by the ALZA Corporation (Mountain View, CA),
has been recommended for approval in Europe. The sys-
tem is approximately the size of a credit card, and can be
attached to a patient’s upper arm or chest. Patients can
push a button to receive a small dose of fentanyl, a short-
acting prescription opioid analgesic.

The manufacturer of IONSYS claims that through the
use of the E-TRANS drug delivery system (also found in
ALZA’s Duragesic transdermal fentanyl patches), the drug
is transported through intact skin via low-level electrical
energy, providing a rapid onset of action and sustained
effect comparable to that seen with intravenous dosing.
In addition, IONSYS dosing can be easily adjusted incre-
mentally to suit patient-specific needs.

Once formal approval has been received, Janssen-
Cilag will market the system throughout Europe. In the
United States, IONSYS is currently under review by the
Food and Drug Administration. Ortho-McNeil will market
the product if approval is received. (Source: Drug Policy
Central Web site, October 17, 2005.)

opioid use and nsaids in migraines

A recent study headed by Dr. Rami Burstein, an
Associate Professor at Harvard Medical School and Vice
Chairman of Research of the Department of Anesthesia
and Critical Care at Beth Israel Deaconess Medical
Center, found that patients with a history of opioid use
received no benefit from intravenous nonsteroidal anti-
inflammatory drugs (NSAIDs) during treatment for
migraine headaches. The study consisted of 32 partici-
pants with advanced migraines whom had developed
allodynia (skin hypersensitivity).

One-half of the study participants received the NSAID
ketorolac (Toradol, Roche Laboratories, Inc., Nutley, NJ)
delivered intravenously beginning four hours after the start
of a migraine. The other participants received an injection
of one of the triptans (sumatriptan) four hours after the
migraine began, followed by ketorolac two hours later, if
the pain had not subsided. With the ketorolac infusion, 64
percent of the patients were pain-free one hour after, with
skin sensitivity returning to normal. However, 32 percent
received no benefit at all, and it was noted that these indi-
viduals all had a previous history of using opioids.

According to Dr. Burstein, NSAIDs were chosen for
this study because previous research had shown that
inflammatory molecules play a role in chronic pain,
including frequent migraines. These inflammatory mole-
cules are found in the periphery of the body and also the
central nervous system. Whereas NSAIDs in pill form
block inflammation only in the periphery, they can reach
high enough concentrations to block inflammatory pro-
duction in the central nervous system in intravenous
form.

Previous research has indicated that once allodynia
occurs, triptans—drugs commonly used to treat
migraines—no longer work. Once this occurs, migraine
patients visiting the emergency room often are given an
infusion of opioids (51 percent, according to one 1998
survey). With the results of this new study, Dr. Burstein
recommends that physicians revisit the prescription of opi-
oids for migraine patients and consider intravenous
NSAIDs as a viable, nonhabit-forming alternative. (Source:
Times Herald-Record Web site, October 19, 2005.)

phase ii trial for abuse-resistant 

extended-release opioid

Alpharma, Inc. has received clearance from the US
Food and Drug Administration to begin a Phase II trial of
an abuse-resistant extended-release opioid. Target audi-
ences for the product include individuals with chronic
moderate to severe cancer- and noncancer-related pain.
Alpharma also currently produces Kadian, a sustained-
release morphine product.

The new product features a combination of an extend-
ed-release opioid with an antagonist in a single tablet.
Tampering with the dose (e.g., crushing, chewing, or dis-
solving the tablet) will cause the antagonist to be
released, thereby suppressing the opioid’s effects.
Alpharma hopes that this product will help improve the
treatment of patients with chronic pain and also reduce
the potential for abuse of opioid medications by eliminating
the ability of patients to use the medication in any way other
than that intended by the prescribing physician. (Source:
Alpharma, Inc. press release, October 10, 2005.)

m-opioid therapY and chronic arthritis pain

Led by Dr. Jason McDougall, researchers at the University
of Calgary recently conducted an experiment on the effec-
tiveness of endomorphin 1, a natural morphinelike

news briefs
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compound, in lieu of morphine in knee joint pain. Male
rats with induced acute and chronic arthritis were used in
the study, in which endomorphin 1 was injected into
affected knee joints. The effectiveness was measured by
joint edema formation and sensory nerve activity associ-
ated with pain.

The rats with acute arthritis showed a reduction in joint
nerve hypersensitivity of up to 75 percent. However, the rats
with chronic arthritis showed no observable effect on the
telltale triggers of pain. From these results, Dr. McDougall
and colleagues concluded that chronic inflammation negates
the pain-relieving benefits of the body’s m-opioid receptors,
and that the endogenous opioid system may be inadequate
in alleviating chronic arthritis pain.

Details of the study appear in the October 2005 issue
of Arthritis & Rheumatism, which is available online at
http://interscience.wiley.com/journal/arthritis. (Source:
Medical News Today, October 1, 2005.)

reduced opioid availabilitY in minoritY areas

Pharmacies in minority neighborhoods are much less
likely to carry sufficient supplies of frequently prescribed
opioid medications than those in white neighborhoods,
as reported in a study led by Dr. Carmen R. Green of the
University of Michigan Medical School. In this study, it
was found that pharmacies in wealthy black neighbor-
hoods were no more likely to carry opioids than those in
poorer black neighborhoods; however, pharmacies in
wealthy white neighborhoods were far more likely to
carry opioids than those in poorer white neighborhoods.

In addition, 91 percent of independent pharmacists were
found to have adequate stock, whereas only 59 percent
of chain stores met the criteria.

The study surveyed 188 Michigan pharmacies. Of
those pharmacies, 87 percent within predominantly
white Zip codes were found to have sufficient supplies of
opioids, compared to only 54 percent in predominantly
minority Zip codes. Dr. Green and other researchers
noted that their study is consistent with earlier ones that
showed doctor reluctance in prescribing opioids to
minority patients.

One possible nonclinical explanation for lower avail-
ability offered by the authors is concern over potential
illicit use and ensuing consequences for the dispenser.
Several of the surveyed pharmacists echoed that concern,
as did Susan Winkler, the Vice President for Policy of the
American Pharmaceutical Association. Winkler also
noted that pharmacists carry the burden of determining
whether prescriptions are actually valid and/or clinically
appropriate, with heavy fines as a consequence and limit-
ing factor in the decision to stock medications with high
potential for abuse.

In response to the study results concerning chain
stores, Valerie Stork, spokeswoman for the National
Association of Chain Drug Stores, stated that although the
Drug Enforcement Administration tracks and monitors
the sale of controlled drugs, there is no direct mandate on
how much of a medication each pharmacy must carry.

The study appears in the October 2005 issue of the
Journal of Pain. (Source: The Washington Post Web site,
October 15, 2005.)



Journal of Opioid Management 1:5 n November/December 2005236

Johns Hopkins University Office

of Continuing Medical Education

11th Annual Pain Medicine Update

December 10-11, 2005
Johns Hopkins University School of Medicine

Baltimore, Maryland

For more information, contact:
Johns Hopkins University School of Medicine

Thomas B. Turner Building
720 Rutland Avenue

Room 20
Baltimore, MD 21205-2195

Tel.: 410-955-2959
Fax: 410-955-0807

E-mail: cmenet@jhmi.edu

Web site:http://www.hopkinscme.org

Beth Israel Medical Center Department of Pain

Medicine and Palliative Care

The 7th International Conference 

on Pain and Chemical Dependency

January 11-14, 2006
Brooklyn, New York

For registration information, contact:
Shameeka Ayers, International Medical Press

Six Concourse Parkway, Suite 3050, Atlanta, GA 30328
Tel.: 404-443-1532
Fax: 404-506-9393

E-mail: info@painandchemicaldependency.org

Web site: http://www.painandchemicaldependency.org

Dannemiller Memorial Educational Foundation

Invasive Pain Management: An Advanced
Interdisciplinary Comprehensive Course

January 13-15, 2006
The Scottsdale Plaza Resort

Scottsdale, Arizona

For registration information, contact:
Maria Courtney, Dannemiller Foundation

5711 Northwest Parkway, Suite 100
San Antonio, TX 78249-3360

Tel.: 800-328-2308
Fax: 210-641-8311

E-mail: mariac@pain.com

Web site: http://www.pain.com

Diamond Headache Clinic Research and

Educational Foundation, Diamond Inpatient

Headache Unit at Thorek Memorial Hospital

and
Rosalind Franklin University of Medicine and Science

The 19th Annual Practicing Physician’s Approach to the

Difficult Headache Patient

February 14-18, 2006
In conjunction with:

The National Headache Foundation’s 3rd Annual
Headache Research Summit

February 15-16, 2006
Marriott’s Las Palmas Resort & Country Club

Rancho Mirage, California

For registration information, contact:
Tel.: 877-706-6363 or 773-880-5142 • Fax: 773-880-5143

E-mail: info@dhc-fdn.org

Web site: http://www.dhc-fdn.org

American Academy of Pain Medicine

22nd Annual Meeting

February 22-26, 2006
Manchester Grand Hyatt

San Diego, California

For more information, contact:
American Academy of Pain Medicine

4700 W. Lake Ave., Glenview, IL 60025-1485
Tel: 847-375-4731
Fax: 877-734-8750

E-mail: aapm@amctec.com

Web site: http://www.painmed.org

European Society of Regional Anaesthesia

2nd World Congress on Regional 

Anaesthesia and Pain Therapy

March 4-8, 2006
Rio De Janeiro, Brazil

For registration information, contact:
Caroline Davis, OPTIONS Eurocongress

Rue de l’Instruction, 126b Onderwijsstraat
B-1070 Brussels, Belgium
Tel.: +44-870-013-2930
Fax: +44-870-013-2940

E-mail: info@optionsglobal.com

Web site: http://www.optionsglobal.com/rio

calendar



Pain journals and professional organizations have
devoted much attention recently to the increasing intru-
sion of the Drug Enforcement Administration (DEA) into
the practice of pain medicine.1 Little attention, however,
has been given to the role of clinicians—as the sole licit
source of opioid analgesics—in inviting this intrusion. As
we watched Major League Baseball (MLB) come under
intense congressional and media scrutiny this year for its
handling of the steroid abuse problem, it prompted us to
look at medicine’s issues with chronic opioid therapy in a
somewhat different light. This editorial contains a few of
our observations.

Self-reports of drug use, no matter how convincing and

who they’re from, are of limited value. Baltimore Orioles
superstar Rafael Palmeiro testified this past spring before
the US House Committee on Government Reform, con-
vened to investigate steroid misuse in baseball. Under
oath, Palmeiro jabbed his finger at the panel, swearing,
“Let me start by telling you this: I have never used
steroids. Period. I don’t know how to say it any more
clearly than that. Never.” So convinced was the commit-
tee of Palmeiro’s verity that they appointed him to spear-
head Zero Tolerance, an outreach program designed to
keep our nation’s children off steroids. The children
would have been especially receptive to this squeaky
clean superstar, because over the summer, Palmeiro
became only the fourth player in baseball history to col-
lect 3,000 hits and 500 home runs. The plan was quickly
scuttled, however, when Palmeiro was suspended and
fined for a random drug screen that demonstrated the
presence of an anabolic steroid, stanozolol, in his urine.
Despite incontrovertible evidence to the contrary,
Palmeiro, like virtually all players who fail drug tests,
maintained his innocence.

Similarly, self-reports of opioid and other drug abuse
are unreliable in our patient population.2 Yet, in manag-
ing patients on chronic opioid therapy, physicians
depend almost entirely on patient self-reports. Patients
who display aberrant behaviors are easy to identify, but
many patients who abuse or divert their opioids—the
“professionals”—are able to get their act together for the
10 minutes every month (or every few months) that they

spend in our offices, and are adept at being seen as
“model” patients.

There is indeed a problem, the magnitude of which

remains to be determined, but is probably bigger than pre-

viously thought. Until recently, and despite occasional
player reports to the contrary, MLB maintained that it
had no drug problem, merely a few bad apples. In 2003,
after congressional threats, MLB and the Players As -
sociation amended their collective bargaining agreement
to include anonymous survey testing. Knowing that test-
ing would be conducted, and with methods unable to
detect the new designer steroids and other performance-
enhancing substances, 5 to 7 percent of players tested
positive for steroids, automatically triggering a new disci-
plinary testing policy for the 2004 season.

The lifetime prevalence of substance use disorders in
this country is estimated to be 15 percent.3 A reasonable
inference would be that the prevalence of substance use
disorders in the population of patients on chronic opioid
therapy is at least as high, and the available literature
indicates that this might be the case.4,5 A related issue is
that for each of several popular prescription opioids—
morphine, oxycodone, fentanyl, hydrocodone, and
hydromorphone—the number of prescriptions written
increased every year from 1994 to 2001, and in most
cases, so did the ratio of illicit to licit use.6 While there are
many sources for illicitly obtained prescription opioids,
we must consider the likelihood that a significant,
although indeterminate, percentage originates from our
prescription pads.

There is no profile for drug abusers. Drug testing in base-
ball has revealed some unexpected findings. Long thought
to be manna only for the gargantuan home-run hitters like
Mark McGwire and Barry Bonds, we now know that
steroid abusers fit no profile. This season has seen steroid-
related suspensions of pitchers, base-stealers, super stars,
and even benchwarmers—all looking to get an edge.

Likewise, opioid and other drug abuse in society and
in our practices is nondiscriminatory, blind to social,
racial, educational, economic, and gender lines.
Physicians cannot make assumptions about substance
abuse based on demographic factors.
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What can we learn from baseball’s steroid scandal?
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Testing is essential. It is inconceivable that the drug
problem in MLB could have been fully understood or
seriously addressed without drug testing. A few vocal
players have been complaining for years about the preva-
lence of steroid abuse in the locker room, to no avail.
This year, Jose Canseco’s book, Juiced: Wild Times,

Rampant ‘Roids, Smash Hits, and How Baseball Got Big

(which, incidentally, identified Palmeiro as a steroid
abuser), was dismissed as the ranting of a publicity
hound. Only with the establishment of drug testing has
the problem begun to be seen as credible. Clearly, the
proof is in the urine—yet, physicians do not test. Recent
data indicate that less than 10 percent of primary care
physicians who prescribe chronic opioid therapy for their
pain patients use urine-based drug testing (UDT).7

Failure to address drug abuse results in government

involvement. MLB, unlike most other sports, has long
been viewed as not taking its drug problem seriously.
Their testing program has been seen as weak, and their
penalties even weaker. Unlike track and field, for exam-
ple, in which a positive UDT results in a two-year ban
from international competition, MLB’s “five strikes and
maybe you’re out”-type policy has been seen as a wink
and a nod to the players who fill the stands (and the own-
ers’ pockets), resulting in congressional scrutiny and
threats of legislative action.

Likewise, physicians have not faced up to the breadth
of drug abuse in our chronic opioid population. Drug
testing, when done at all, is generally used in the face of
aberrant behavior to weed out and banish problem
patients from our practices. With our busy schedules and
our sensitivity about giving offense, patients who cause
no problems tend to be the beneficiaries of a laissez-faire
policy (i.e., absence of aberrant behaviors means
absence of testing). Yet, there is evidence that the
absence of aberrant behaviors is not a reliable indicator
of absence of substance abuse.8 And, like that of the
MLB, our problem has piqued the interest of government
agencies. Unfortunately, however, the attention has not
come from Congress, but rather from law enforcement.
The attention is also directed at physicians, not just the
patients, or “players.” It is more than just a threat—the
DEA is bypassing medical societies and bringing physi-
cians directly into the criminal justice system.

There is a growing list of what we need to do. MLB now
mandates one unannounced UDT of each player during
the baseball season, with further testing of select players.
Physicians managing patients with chronic opioid thera-
py should do the same. This and other monitoring should
be part of our own collective bargaining agreement and
promulgated in our individual physician-patient opioid
agreements. This will enable us to test all of our patients
on chronic opioid therapy without feeling uneasy and
without making them feel stigmatized—it will be just
another part of the deal. Of course, UDT is not a panacea

and lacks perfect sensitivity and specificity. It is impera-
tive that we understand their capabilities and their limita-
tions. We suggest that all physicians prescribing chronic
opioid therapy should have a working knowledge of
UDT, particularly the specific tests used by their labs.

An important caveat is that neither screening tests
(usually immunoassays) nor confirmatory tests (e.g., gas
chromatography-mass spectrometry) are immune to false
positives or false negatives, both of which could result in
patients being (wrongly) labeled as drug abusers or
diverters and deprived of appropriate therapies. In addi-
tion to demonstrating the presence (or absence) of pre-
scribed opioids, UDT is also valuable for what else it can
detect in urine—illicit drugs and nonprescribed or unau-
thorized licit drugs that raise red flags for substance use
disorders. The importance of this sensitivity lies in the
improbability of successfully treating pain while concur-
rent substance use disorders remain unaddressed.

We are not suggesting that UDT be the only monitor-
ing tool used. There is no substitute for spending time
with patients, regularly reassessing their pain and the
effects of pain—and its treatment—on their lives. We also
need to use other tools in conjunction with UDT, such as
the following:

• Intervisit pill counts. Having patients come to the
office (on, for example, 24 hours notice) with
their opioid medication can be helpful in detect-
ing abuse and diversion and can help make
sense of (false) negative drug screens.

• Selective witnessed administration of opioids,
with continual observation through the period of
peak opioid effect (and with naloxone on
hand!), particularly for those on higher-dose opi-
oid therapy, may result in somnolence or respi-
ratory depression in those who are diverting
their opioids.

• Interviews with significant others (with patient
permission).

Some might object that this is an unfair burden on our
already time-strapped schedules, or that we are physi-
cians, not police officers (and are treating patients, not
criminals). We would counter by suggesting that the
responsible management of pain with chronic opioid
therapy is not as simple as writing a prescription and
hoping for the best. Indeed, writing the prescription is
merely the simplest part of a process that begins with
meticulous assessment, and continues with ongoing
reassessment for level of pain relief, functional level,
adverse drug effects, and aberrant behaviors, and may
occasionally progress to referral to specialists in addiction
medicine/psychiatry. We also cannot ignore the fact that
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opioids are the prescription drugs with the greatest
potential for abuse and diversion,6 and that we some-
times play an unwitting role in enabling these behaviors.
This places us at risk for censure (or worse), and places
our present and future patients at risk for being deprived
of appropriate treatment for legitimate pain issues. UDT,
as one component of a comprehensive treatment and
monitoring program, is a reliable and time- and cost-
effective method for detecting drug abuse. If it is deemed
essential for the integrity of professional sports, we
believe it should likewise be viewed as essential to the
integrity and continued viability of our endeavor.
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introduction

Dextropropoxyphene (DP) is a mildly analgesic synthet-
ic opiate structurally related to methadone. Peak plasma
concentrations are reached 2.0 to 2.5 hours after oral
administration. N-demethylation is the major biotransfor-
mation pathway of DP to norpropoxyphene (NP). The
manifestations of acute overdose with DP are similar to
those of narcotic overdose. DP poisoning may also result in
cardiac failure and arrhythmias. These cardiac side effects
are the result of a local anesthetic effect. 

The effectiveness of naloxone to reverse all opiate fea-
tures in DP poisoning is well established. However, data
from animal and human reports suggest that naloxone fails
to reverse DP cardiotoxicity. Positive inotropic drugs are
usually used to treat cardiac failure. In uncommon cases,
lidocaine and sodium bicarbonate have been successfully
used in the management of cardiac conduction abnor-
malities. 

Acute intoxication by ingestion of DP is considered to be
easily treatable with low mortality rate at hospital. However,
legal medicine institutes in the United States, the United
Kingdom, and the Nordic countries have reported a pro-
nounced proportion of prehospital deaths.1-3 The majority of
these deaths are attributed to cardiovascular complications
and opioid effects.3 Restriction of availability and even total
withdrawal of DP from the market are currently being
debated in some countries. Observation of the following
two cases has led to discussion of the links between the car-
diovascular system and DP.

case reports

case 1

A 29-year-old man was admitted for acute self-ingestion
of flunitrazepam, bromazepam, paracetamol, and DP (1.3 g);
the patient was a former heroin addict who took benzodi-
azepine and DP (650 to 1,300 mg per day) as a substitute. On

admission, he was conscious but restless. He suddenly pre-
sented a generalized convulsive crisis and, after resolution,
the neurological examination was normal apart from altered
consciousness and constricted pupils. Seizures were recur-
rent. The blood pressure was low (70/40 mmHg) and the
heart rate 55 beats per min. The patient was also cyanosed
and bradypneic, with the following arterial blood gases in
ambient air: pH 7.09, HCO

3
- 20 mmol per L, PaCO

2
9.80 kPa,

PaO
2
6.10 kPa, SaO

2
65 percent (normal ranges: pH 7.38 to

7.42, HCO
3
- 22 to 25 mmol per L, PaCO

2
4.9 to 5.6 kPa, PaO

2

12 to 14 kPa, SaO
2
> 95 percent). The venous lactates were

12.2 mmol per L (normal range, 0.6 to 2.4 mmol per L). After
diazepam and sodium valproate infusions, the seizures
stopped; PaO

2
, blood pressure, and pulse normalized after

endotracheal intubation, mechanical ventilation, and
hydroxyethylamidon infusion. Many tablets were evacuated
by gastric lavage, and activated charcoal was administered.

The serum electrolytes and liver function tests were
normal. Glycemia was 7.7 mmol per L (normal range, 4.2
to 5.8 mmol per L). Serum creatinine was increased to
132 µmol per L (normal range, 40 to 100 µmol per L),
with normal blood urea nitrogen. The complete blood
cell count showed hyperleucocytosis to 16.6 x 103 µ per L
(normal range, 3.6 to 10.0 103 µ per L) without anemia or
thrombopenia. A rhabdomyolysis was found (serum cre-
atinine kinase 1,401 U per L; normal < 195 U per L) and
serum troponin was negative. The arterial blood gases
improved after one hour of mechanical ventilation (pH
7.34, HCO

3
- 25.5 mmol per L, PaCO

2
6.5 kPa, PaO

2
26 kPa

with FiO
2

to 60 percent), and the venous lactates were
restored to normal (2 mmol per L). Tests to detect antide-
pressants in the blood and cocaine in the urine were neg-
ative, and weakly positive for benzodiazepines and
paracetamol (respectively, 98 g per L and 6.3 mg per L).
The blood alcohol level test was also negative.

On admission, the electrocardiogram (ECG) showed a
regular junctional rhythm (55 beats per min), an absence
of P waves, and broad QRS complexes (0.16 mm per sec)
with an aspect of right bundle-branch block (Figure 1).

case report

Dextropropoxyphene and the cardiovascular system: About two
cases of acute poisoning with cardiac conduction abnormalities

Frédérik Staikowsky, MD, PhD
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After airway management and arterial pressure improve-
ment, a second ECG, done 11 minutes after the first,
revealed a regular sinusal rhythm (90 beats per min) with
the persistence of wide QRS complexes (0.16 mm per
sec) and right bundle-branch block. Four hours after the
initial ECG, the cardiac rhythm was sinusal, the QRS com-
plexes were normal (0.10 mm per sec), and the right bun-
dle-branch block had disappeared.

The patient was quickly weaned from mechanical ven-
tilation and extubated. He was discharged home on the
fourth day of his hospitalization without complications.

case 2

A 21-year-old drug-addicted woman was admitted for
acute self-ingestion of medicines. On admission, she showed
a regular respiratory rate of 12 breaths per min without
pause, a blood pressure of 120/90 mmHg, and a heart rate of
84 beats per min. The patient was conscious and answered
appropriately. Her pupils were slightly constricted. She
acknowledged having ingested two packs of flunitrazepam,
and was treated by activated charcoal. Thirty minutes after
her admission, the patient was deeply asleep with no verbal
response but did respond to nociceptive stimuli, and her res-
piratory rate remained regular (12 breaths per min). Twenty
minutes later, the decrease in consciousness had advanced,
and the patient was bradypneic with a respiratory rate of six
breaths per min. A short-duration awakening was ob -
tained after an intravenous injection of 0.3 mg flumazenil.
Qualitative tests to detect toxic substances in the blood
showed 301 mg per L of benzodiazepine and the absence
of imipraminic antidepressant or neuroleptic agents.

Eight hours later the patient was sleepy, but able to be
aroused; hemodynamic and respiratory indices were normal,
and the pupils were constricted. Intravenous injection of 0.8
mg naloxone resulted in complete awakening and disap-
pearance of the myosis. The patient confessed the ingestion
of DP associated with flunitrazepam and also a snort of hero-
in: she was trying to come off heroin with these medicines.
In the urine, the opiates were greater than 1,000 mg per L
and there was no trace of cocaine. The presence of DP and
one of its metabolites was confirmed in mass spectrometry.
The initial ECG showed a first-degree auriculoventricular
block (PR interval, 0.24 mm per sec) that persisted after
naloxone injection. The PR interval was 0.18, then 0.16 mm
per sec, respectively, 16 and 20 hours after admission. The
patient was discharged home without ECG abnormality.

discussion

DP is a weak opioid analgesic that is commonly com-
bined with other nonopioid analgesics such as paraceta-
mol. Analgesic drugs and DP are respectively implicated in
7 percent and 4 percent of all acute self-drug poisonings in
French emergency departments.4 Fatal DP poisonings

seem uncommon in France, while they are frequent in
the United Kingdom and Nordic countries.1-3 A UK study
designed to assess the suicide rate due to DP-acetamino-
phen compound (co-proxamol) versus acetaminophen
alone and tricyclic antidepressants, reported that the
odds of dying after overdose with co-proxamol was 2.3
times that for tricyclic antidepressants and 28.1 times that
for acetaminophen.1 Legislation limiting the pack sizes of
analgesics in the United Kingdom has been beneficial for
reducing paracetamol poisoning, and the restriction of
DP-paracetamol availability has also been recommend-
ed.1,5 Moreover, it has been suggested that suicide reports
where DP is in question may in fact be better categorized
as accidental poisonings.2 The Britain Com mittee on
Safety of Medicines announced in 2005 that co-proxamol
will be gradually withdrawn from the market.6

DP is mainly metabolized through N-demethylation
into NP, a weak opioid analgesic with a significant local
anesthetic effect. After repeated administration of DP, this
metabolite is present in plasma in higher quantity and
with a three-times-longer half-life than the parent mole-
cule. In case of the use of great quantities of DP, as a sub-
stitute by heroin addicts or during acute intoxication, the
contribution of NP to toxic effects is significant, and its
long half-life can explain a prolonged action. In our
observations, the addicted individuals substituted heroin
for DP. It is likely that NP, because of its pharmacokinet-
ics, has played a particular and additive role on the acute
DP cardiotoxicity.5

Acute poisoning is characterized by a short period
between the ingestion and the onset of symptoms. Toxic
effects include coma, respiratory depression, myosis, and
convulsions7; pulmonary edema, cardiogenic shock, or car-
diac arrest can also occur. In a study including 222 consecu-
tive patients hospitalized in the intensive care unit for serious
acute DP intoxication over a six-year period, one-half of the
patients suffered from circulatory failure at their admission,
and 10 out of 17 deaths were attributed to a cardiac insuffi-
ciency3; ECG abnormalities were present in 41 percent of
patients with widening of the QRS complex (43 patients),
first-degree auriculoventricular block (1 patient), or varied
ventricular arrhythmias (19 patients). Other ECG particulari-
ties have been described, such as typical bundle-branch
block, widening of the QT interval, and nonspecific modifi-
cations of the T wave and ST segment. These ECG abnormal-
ities are considered independent of all ischemic modifica-
tions secondary to respiratory failure.

Most of the toxic DP effects are linked to its opioid activi-
ties and can be reversed by opiate antagonists; the cardiac
effects are apparently without link to analgesic activity.
Naloxone has shown its incapacity to reverse DP cardiotoxi-
city7 in vitro and in some clinical observations.8 On isolated
Purkinje fibers, DP and NP have produced a dose-depend-
ent inhibition of V

max
, a shortening of the action potential

duration (APD), and a decrease of the effective refractory
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period (ERP) without modifying the ERP/APD ratio.9 On an
isolated guinea pig atrium, they have exerted negative
inotropic and chronotropic actions9 that have been con-
firmed in vivo on pentobarbital-anesthetized pigs.10,11 The
depressant effect on myocardial contractility is more impor-
tant with NP than with DP. Other in vivo animal experimen-
tation has shown depressant effects on the cardiac conduc-
tion (PR interval, QRS complex and QT interval
prolongation) and a biphasic effect on the cardiac frequency
(bradycardia, then tachycardia).10 DP and its metabolite have
also slowed down the auriculoventricular node and His-
Purkinje system conduction on endocavitary explorations.9

Thus, it is clearly suggested that DP and NP cardiotoxicity is
the result of a local anesthetic action that is twice more signif-
icant for NP.10 Hypoxemia and lactate or respiratory acidosis
that can be observed during DP poisoning are known to
exacerbate the DP membrane-stabilizing effect. Whitcomb et
al. have demonstrated that DP and its metabolite are a potent
blocker of inward sodium currents in cardiac myocytes12;
Ulens et al. have suggested that inward potassium current
block may also contribute to the nonopioid effects of these
molecules.13 DP also exerts a negative inotropic effect by its
blockage of the inward calcium current.14 Moreover, DP and
NP dilate the systemic and coronary vascular beds.10

The clinical use of naloxone to reverse DP cardiotoxicity
is still being discussed.8 On the isolated papillar cardiac mus-
cle, the negative inotropic effect of DP has not been prevent-
ed by pretreatment with naloxone.7 In an experimental study

on pigs with cardiogenic shock induced by DP, naloxone led
to a transitory improvement of the ejection volume that has
not been reproducible with supplementary doses11; this
action was secondary to increased cardiac frequency and
myocardial contractility. Moreover, naloxone has not
reversed the systemic vasodilatation after DP overdose. In
healthy men or men with hypertension and who had not
received opioid substances, the naloxone did not involve
any modification of hemodynamic indices or catecholamine
concentrations. Nevertheless, during the reversion of narcot-
ic effects, an immediate increase of the cardiac frequency,
myocardial contractility, and arterial pressure mediated by
the sympathoadrenal system has been described.15 In exper-
imentation as well as clinical situations, naloxone does not
modify ECG abnormalities, even in cases in which hemody-
namic effects were reported.8

Animal experiments have shown the capacity of posi-
tive inotropic drugs to improve cardiovascular function
during severe DP intoxication.16 Similar results have been
observed in human subjects with dopamine and dobuta-
mine.17 Nevertheless, arterial hypotension can resist
dopaminergic and adrenergic drugs, and it has been sug-
gested that DP has its own capacity to inhibit the calcium
channels of vascular smooth muscle fibers.12

To summarize, the relevance of the use of naloxone in
the treatment of DP-induced cardiotoxicity is still debat-
ed. Moreover, because of naloxone-induced withdrawal
manifestations, its use must be circumspect in addicted

Figure 1: Dextropropoxyphene overdose, Case 1. ECG abnormalities on admission: Regular junctional rhythm (55 beats

per min), absence of P waves, and broad QRS complexes (0.16 mm per sec) with aspect of right bundle-branch block.
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patients. Most authors have found it ineffective, and it
must be emphasized that supportive therapy (e.g.,
mechanical ventilation, fluid replacement, inotropic
drugs) is of primary importance. Gastric lavage and acti-
vated charcoal may be useful, while dialysis is of little
value. No data support the use of antiarrhythmic drugs
such as phenytoin or b-blockers to correct DP-induced
ECG disturbances. Lidocaine has been successfully used
in the management of cardiac conduction abnormalities,
even though this therapeutic approach seems paradoxical
because DP and lidocaine exert a common inhibition of the
inward sodium currents.12 The association of two sodium-
channel inhibitors would allow the production of a less-sig-
nificant sodium-channel inhibition as observed with each
drug because of a difference of affinity for sodium chan-
nels. The use of sodium bicarbonate has also been reported
to be successful in one case in the literature.18

DP has a narrow therapeutic index. Death can result from
an overdose with relatively few tablets, especially when alco-
hol has also been taken. The rapid gastrointestinal absorp-
tion of DP explains that cardiorespiratory arrest can occur 15
minutes after an acute ingestion. Regarding fatal poisoning
by DP, strict regulation in prescription with a close attention
to the patient’s risk category (e.g., suicidal patients, drug
addicts, drinkers) is well advised.
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introduction

Pain is a complex symptom which, at times, challenges
even the best clinician.1,2 In patients with cancer, pain is a
pervasive and difficult problem3 that encompasses psycho-
logical, social, spiritual, and physical realms.4 Palliative
care clinicians must understand the psychosocial and
spiritual domains in addition to the physical aspects of pain
treatment to truly alleviate suffering. Thus, being adept
with opioid dosing and titration is essential in comprehen-
sive palliative care,5 as it often requires rapid escalation and
continual reevaluation. There is a general lack of comfort
and understanding concerning the use of many opioids,
how ever, which often leads to undertreatment of pain—
even among patients receiving care for terminal diseases.6

This is particularly true of methadone. Methadone is well
known among addiction specialists for its use as mainte-
nance therapy in opioid-dependent patients.7 Increasingly,
methadone’s unique properties and economic advantages8-10

are being realized by those within the palliative care com -
munity, whose practice settings often involve homebound
patients with limited funds or difficult-to-control terminal
pain. Because of its potential for serious adverse effects,
however, methadone should only be prescribed with
knowledge of its intricacies.

pharmacodYnamics and pharmacokinetics

Methadone is a synthetic opioid, which exists as a racemic
mixture. L-methadone provides analgesia in part via activa-
tion of the body’s endogenous analgesia system: m-, d-, and
k-opioid receptors in the ascending pain pathway are ag -
onized. L-methadone also modulates the descending pain
pathway via inhibition of serotonin and norepinephrine re -
uptake. This monoamine reuptake inhibition dampens pain
pathways. Finally, both D- and L- enantiomers are noncom-
petitive antagonists of the N-methyl-D-aspartate (NMDA)
receptor. The reverse pro cess, agonism of the NMDA recep-
tor in the spinal cord, contributes to opioid tolerance. Hence,
methadone’s unique property of antagonizing this untoward
process contributes to its notably higher milligram-for-
milligram equianalgesic potency compared to morphine.11

Methadone has been used to treat neuropathic pain.12

As well, some authors have theorized that NMDA recep-
tor antagonism could offer a unique mechanism of added
efficacy for neuropathic pain, whereas opioids without
NMDA activity would not. However, a retrospective chart
review suggested methadone affords no additional effica-
cy for neuropathic pain versus non-neuropathic pain
when compared to equianalgesically dosed hydromor-
phone.13 An evidence-based review of the current limited
literature of eight randomized trials has revealed no
research support for methadone’s theoretical benefit in
neuropathic pain treatment.14 Whereas methadone has
the complex pharmodynamics already mentioned, mor-
phine is almost exclusively a m-receptor agonist. Such
variability among individual opioid analgesic receptor
profiles contributes to the phenomena of incomplete opi-
oid cross-tolerance. Occasionally a change in opioid
agent will yield notably better analgesia, even when
equianalgesic dosing is taken into consideration.15

Clinical onset of analgesia is within 30 to 60 minutes
after oral administration; the plasma level peaks in four
hours, and peak analgesia is achieved in 2.5 to 4.0 hours.
Because methadone is stored in tissues and then subject to
redistribution, repeat dosing may extend the initial anal-
gesic effect from three to six hours initially to eight to 12
hours after a steady state is achieved. Methadone’s tissue
binding (to muscle, liver, kidney, lungs, and brain) is more
extensive than its plasma binding. Methadone in the plas-
ma is highly protein bound via a-1-acid glycoprotein
(AAG). AAG is an acute-phase reactant, which is often ele-
vated in cancer patients. Unbound methadone is metabo-
lized in the liver primarily via cytochrome P-450 (CYP)
3A4, CYP2C8, and CYP2D6. Hence, hepatic clearance of
methadone is decreased and half-life is increased among
cancer patients.17 CYP activity is important when consider-
ing potential drug interactions (Table 1). Numerous drugs
that either inhibit or activate the CYP system can lead to
opioid toxicity or withdrawal with methadone. The elimi-
nation half-life has a mean of 22 hours, but an extremely
variable range of 15 to 190 hours has been reported.18 This
comparatively long half-life is beneficial for chronic pain
management.19 Elimination is predominantly via liver
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metabolism and subsequent renal and fecal excretion.
There are no active metabolites. Methadone needs to be
titrated with additional caution in patients with hepatic or
pulmonary impairment. Approximately 40 percent of
methadone is eliminated renally. If urine pH is less than 6,
then the percent renal elimination increases. None theless,
renal dosing is almost never clinically necessary.

Formulations

In the United States, methadone is commonly dispensed
as a tablet, dispersible tablet, liquid, or liquid concentrate for
oral administration. Additionally, it may be administered via
sublingual (SL), intravenous,20,21 rectal, subcutaneous (SC),
epidural, or intrathecal routes. Given orally, metha done has

Table 1. CYP activity and potential drug interactions

2C8 
substrate

2C8 
inducer

2C8
inhibitor

2D6 
substrate

2D6 
inducer

2D6
inhibitor

3A4 
substrate

3A4 
inducer

3A4
inhibitor

repagli -
nide

rifampin gemfibrozil amitriptyline
dexametha-
sone

amiodarone alprazolam
barbitu-
rates

amiodarone

torsemide glitazones aripiprazole rifampin bupropion amlodipine
carba-
mazepine

cimetidine

montelukast carvedilol celecoxib aripiprazole
glucocor-
ticoids

ciproflox -
acin

trimethoprim
chlorpro-
mazine

chlorpromazine atorvastatin modafinil diltiazem

clomipramine cimetidine buspirone
oxcar-
bazepine

erythromycin

codeine citalopram cisapride
pheno -
barbital

grapefruit
juice

desipramine clomipra mine
clarithro -
mycin

phenytoin norfloxacin

duloxetine
diphenhy-
dramine

diazepam verapamil

flecainide doxepin erythro mycin

fluoxetine duloxetine estradiol

haloperidol escitalopram felodipine

imipramine fluoxetine fentanyl

metoclo-
pramide

hydroxyzine finasteride

metoprolol metoclopramide haloperidol

risperidone paroxetine
hydrocorti-
sone

thioridazine quinidine lovastatin

tramadol sertraline nifedipine

venlafaxine ondansetron

propranolol

quinidine

testosterone

trazodone

verapamil

zaleplon

zolpidem
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a bioavailability of 80 percent (range, 41 to 99 percent),
whereas morphine’s is approximately 25 percent. In pallia-
tive care, providing pain relief in the least invasive manner is
preferred. The oral route is used when at all possible. Most
lipophilic drugs such as methadone can be given via the SL
route. Methadone’s SL bioavailability can be 75 percent
when taken with bicarbonates.22 Methadone can be given
rectally as a suppository or microenema solution. Micro -
enema preparations of methadone can have onset of action
at 30 minutes and duration of effect up to eight hours.23

Rectal administration has the potential to provide increased
bioavailability compared to oral routes; however, many pal-
liative patients experience constipation or impaction. The
presence of fecal material in the rectal vault can severely
affect absorption. Although many patients may refuse this
route of administration, it does provide an alternative in diffi-
cult clinical management situations. For patients who have
no other means of pain control, such as in cases of bowel
obstruction, hospice care uses SC routes for opioids in place
of painful intramuscular or invasive intravenous routes. In
these settings, SC is reserved for opioids such as morphine
and hydromorphone. Methadone is usually not given SC, as
it can cause adverse skin reactions and increased pain at the
site of administration24; however, if needed, this route is
available and useful. Dexamethasone added to the
methadone syringe has been reported to increase the inter-
val between changing the needle from 2.6 days in the
methadone-only group to 4.9 days in the dexamethasone
plus methadone group.25 In particular cases in which acute
inpatient hospice care is provided for intractable pain intoler-
ant to other opioids, injectable methadone may have a strong
role. Rotating patients onto injectable methadone in a hospi-
talized setting has been shown to be safe and effective.26

dosing

There are many options for methadone dosing. Choice
for dosing is dependent on the clinical scenario, ability to
monitor a patient, and experience of the provider.
Many clinicians are familiar with common methadone
initiation strategies, but rotation with rapid titration is
often fraught with confusion for providers due to differ-
ing published equianalgesic conversions and ratios. The
following are some commonly accepted schematics.

initiation

Methadone can be the initial opioid used to mitigate
severe pain. Initial dosing can vary from 2.5 to 5.0 mg by
mouth every four hours, as needed (p.r.n.), for several days.
The total p.r.n. doses consumed over those days are then
converted to scheduled doses, divided over every eight
or 12 hours. An alternative to this consists of beginning
with both scheduled and p.r.n. dosages. A recent prospec-
tive randomized trial by Bruera involving 103 patients

compared the initiation of oral methadone 7.5 mg every
12 hours and 5.0 mg every four hours p.r.n for break-
through pain versus slow-release morphine 15 mg twice
daily and immediate-release morphine 5.0 mg every four
hours p.r.n. for breakthrough pain in cancer patients.27

The primary objective of the study was to evaluate the
difference in pain intensity at four weeks. Methadone
was not found to be superior to morphine and had higher
dropout rates at eight days owing to side effects such as
seda tion, vomiting, and myoclonus. The investigators
postulated that the true dose ratio between methadone
and morphine may be lower than the ratio of 0.5 (7.5:15)
used in the study. Moreover, they added that it is possible
methadone is more toxic than morphine when it also is used
as a breakthrough opioid at the doses used in the trial.

opioid rotation

Often a clinician may find a need to rotate from one
opioid, such as morphine, to another. For example, when a
patient develops renal insufficiency, neurotoxic morphine
metabolites may accumulate, leading to myoclonus. Switch -
ing from one opioid to another is a worthwhile strategy,
because incomplete cross-tolerance between the two agents
may mitigate better analgesia at a lower dosage with the
second agent. Toxicity owing to methadone occurs more
commonly among patients using high-dose opioids, not
among the opioid naïve.28 Cross-titration, consisting of
discontinuing the current analgesic and beginning
methadone, is done in a so-called slow or rapid manner.29

Slow rotation. Changes occur over three days for
patients on > 100 mg morphine equivalent (ME) at base-
line. A progressive substitution of one-third of the previ-
ous opioid, using an equianalgesic dose ratio based on
the prior morphine dose, is used as follows:

• Day one: The current opioid is decreased by 30
to 50 percent over 24 hours. Equianalgesic
methadone dosage is given orally or rectally,
divided over every eight hours.

• Day two: The original opioid is decreased by
another 30 to 50 percent. Scheduled methadone
is increased if the patient has moderate to severe
pain. Breakthrough pain is addressed with a res-
cue dose of short-acting opioids or methadone at
10 percent of the daily dose, given as frequently
as every two hours if needed, up to three doses.

• Day three: The original opioid is discontinued.

Variations of this slow-rotation scheme are used
around the world. Among patients on < 100 mg ME, how-
ever, rapid rotation is used.

The conversation ratio of morphine to methadone
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varies inversely per the current magnitude of MEs.
Various authors suggest differing equianalgesic ratios.
Table 2 is adapted from work by Bruera and colleagues,
Ripamonti and colleagues, and others. Of note, there are
many additional equianalgesic tables not reported here.

Rapid rotation. The current opioid is completely and
abruptly stopped. In a randomized trial using this method,
there was a reported effectiveness of the stop-and-go
method when rotating from morphine to methadone in
patients with uncontrolled pain.30 A dose ratio of 1:4 (1 mg
of oral methadone = 4 mg of oral morphine) was used for
patients receiving less than 90 mg of morphine. Patients
receiving 90 to 300 mg per day received methadone at a
ratio of 1:8. Finally, a ratio of 1:12 was used for patients
receiving morphine doses greater than 300 mg per day. The
authors concluded that higher doses of methadone are not
dangerous initially, because the pharmacokinetics of
methadone require priming before achieving a pharmaco-
logic effect. Appropriate monitoring of methadone dosing
is necessary in the days that follow, however, when
methadone accumulation could occur and dosing may
need to be reduced. Eighty percent of the patients were
successfully converted using this method and had
improved pain and adverse symptom reports (assessed via
the self-reported Visual Analog Scale for pain and a self-
reported four-item, 4-point Likert scale devised by the
authors, respectively). Constipation was also noted to be
less in the methadone group.

Fixed-dose rotation

Conversion to methadone is set at a fixed ratio.
Mercadante examined the feasibility of a rapid substitution
of morphine with methadone at 20 percent (ratio of 1:5)
of the previous morphine dosage to assess if this could
improve the opioid response in terms of global effect
(i.e., balance between analgesia and adverse effects) in pa -
tients with poor pain control.31 Most of the patients in this
study were on lower-dose morphine (< 90 mg per day)
and tolerated the switch with efficacious analgesia and

low morbidity. It was noted that patients on higher doses
of morphine (median, 256 mg) required methadone dose
reduction. There is no significant literature support for use
of this method among patients using high-dose morphine.

Morley offers an alternative fixed-dose rotation using
one-tenth of the previous morphine dose with a maximum
initial dose of 30 mg, dosed not more than every three
hours.32 After six days, the amount of methadone taken
over two days is converted to a daily dose given in 12-hour
intervals. Additionally, there are many more fixed-dose
models that are reported among European communities
but are not commonly used in the United States.

side eFFects

As with all opiates, methadone can exhibit side effects
that limit its use by the general community. Methadone is
highly lipophilic and easily accumulates in tissues.
Among clinicians naïve to methadone prescribing, this
tissue accumulation can lead to iatrogenic sedation, res-
piratory depression, delirium, and seizures. Other report-
ed adverse effects include constipation, hallucinations,
QTc prolongation,33,34 and torsades de pointes.35 Reports
of QTc prolongation in the literature have not been corre-
lated with any linear relationship to the methadone dose.
Currently, there are no consensus recommendations on
electrocardiogram monitoring among cancer patients on
chronic methadone therapy.

Additionally, sexual dysfunction and decreased sex
hormone levels have been reported with chronic metha -
done use. A clinical trial of heroin addicts treated with a
single daily dose of methadone reported decreased levels
of testosterone and increased levels of erectile dysfunc-
tion.36 Additionally, a study of 92 opioid-dependent men
using methadone surveyed reported a direct correlation
with increased orgasm dysfunction and methadone dose.37

costs

Methadone is generally reported to be less expensive

Table 2. Equianalgesic ratios of oral morphine to oral methadone

Method Initial daily morphine equivalence Morphine:methadone conversion ratio

Model 1 slow route
0 to 1,000 mg per day 10:1

> 1,000 mg per day 20:1

Model 2 stop-go

30 to 90 mg per day 4:1

90 to 300 mg per day 8:1

> 300 mg per day 12:1

Model 329 fixed < 400 mg per day 5:1

Model 430 fixed < 300 mg per day 10:1
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than other long-acting opiates. As of 2004, methadone
costs a fraction of sustained-release morphine, oxycodone,
or transdermal fentanyl.8 Sample wholesale prices for
morphine sulfate controlled-release tablets (MS Contin,
Purdue Pharma LP, Stamford, CT) at 100 mg every 12
hours for one month averages $328, whereas methadone
hydrochloride (Methadose, Mallinckrodt, Inc., St. Louis,
MO) 40 mg every 12 hours for the same period averages
$17. With the availability of methadone in scored form, it can
be easily fractionated, which further decreases the finan-
cial costs in most formulary-limited hospice systems.38

conclusion

Methadone is an old drug that is increasingly providing
new meaning among the pain community. It can be a pow-
erful tool in the treatment of terminal pain symptoms. With
knowledge of its pharmacokinetics, drug interactions, and
variable equianalgesic potency, it can prove a powerful anal-
gesic in our armamentarium against end-of-life pain.
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abstract

Naltrexone’s current use has been limited by compli-

ance. Subcutaneous implants would seem to offer a solu-

tion to this problem and improve long-term outcomes. The

aim of the present study was to compare groups of patients

who had received oral naltrexone or a naltrexone

implant after detoxification and to follow their progress.

Forty-one patients received an implant, and 42 patients

received oral naltrexone. They were surveyed at one,

three, six, and 12 months after detoxification. Their desig-

nated support person was also contacted to confirm the

self-reports of the participants. Patients were compared on

gender, age, and length of time since detoxification.

Implant patients showed much higher abstinence rates,

while those in both groups who were abstinent showed

greater compliance to naltrexone (time spent in treat-

ment) and attended more counseling sessions. Although

the participants were not randomly allocated to each

treatment condition, the preliminary evidence indicates

that implants can improve compliance rates and out-

comes.

Key words: naltrexone, implant, social support, compli-

ance, opiate addiction

introduction

Naltrexone, a potent opiate antagonist, has been
shown to have valuable properties for the treatment of
addiction to opiates such as heroin and methadone. The
most important property is its ability to completely block
the effects of heroin,1 making relapse to regular opiate
use almost impossible while it is being taken. Research
has shown that a dose of 50 to 100 mg of oral naltrexone
provides effective protection against heroin for two to
three days, and with chronic dosing, no accumulation of
naltrexone or its metabolites has been observed.2,3

Naltrexone is nontoxic2-4 and produces no clinically
important side effects.2,4-6 The main factor restricting

 naltrexone’s widespread use in opiate dependency treat-
ment is rate of noncompliance.7-11

The ability to resist and ignore drug misuse cues is not
easy. Indeed, 50 percent of clients who left a three-week
inpatient opiate detoxification program had misused opi-
ates within several days of doing so.12 This early relapse
undermines any chance of success, as it does not allow
the user the chance to implement new opiate-free behav-
iors and thoughts. Naltrexone offers no immediate rein-
forcement after use and discontinuation produces no
adverse effects, making it easier to stop using it. This is in
contrast, however, to heroin and methadone, which offer
strong immediate reinforcement after use and adverse
effects and withdrawal if they are discontinued.13

Noncompliance to naltrexone-based treatment is of par-
ticular concern because tolerance is reduced after a peri-
od of abstinence from opiate use and, as such, patients
who relapse are at an increased risk of overdose and
death.14

Poor outcomes in the treatment of opiate dependency
using naltrexone relate to shortened time in treatment;
conversely, longer time in treatment has been related to
better long-term outcomes.15,16 Moreover, with no after-
care counseling, compliance strategy, or social support in
place, studies have shown predictably poor long-term
outcomes.9,17,18 When naltrexone is combined with an
effective aftercare program and social support to enhance
compliance, however, results have been promising.19,20

This view has been supported empirically for other drug
addiction treatment services.21,22

One approach to the issue of noncompliance in naltrex-
one treatment has been the development of subcutaneous
naltrexone implants. The latest development with these
implants enables a slow release into the body.3,23 This frees
the patient of the mental battle they face when trying to
remain compliant with oral naltrexone use and the need to
sustain a support-person relationship as part of a compliance
strategy. Several studies have indicated the excellent
bioavailability of naltrexone in subcutaneous form.6,13
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In summary, clinical studies of patients recovering
from opiate addiction indicate that patients who are
retained in counseling and who continue to take naltrex-
one tend to have better long-term outcomes compared to
those who spend less time in counseling and who take
naltrexone for shorter periods of time. The issue of com-
pliance has led to poor outcomes when support is lack-
ing and there is little or no follow-up counseling, and
these problems persist because of low retention among
those using oral naltrexone. In the context of the present
study, it was hypothesized that patients using naltrexone
implants would have improved compliance rates,
increased total time in treatment, and with aftercare
counseling, improved long-term abstinence rates, as
compared to those taking oral naltrexone.

Methods

Participants

As part of the present follow-up study, 83 patients and
their support people were interviewed, with approxi-
mately one-half of the patients receiving implants and the
other one-half receiving oral naltrexone. All participants
had completed the program over an eight-month period
12 to 20 months before data collection was completed in
September 2004. As part of the practice of Addiction
Treatment and Psychology Services’ treatment program,
all patients had undergone some counseling and were
kept in regular contact via telephone. Their appointed
support person was also contacted. Data collection
involved a telephone survey of the patient and their sup-
port person for corroboration of the patient’s self-report
regarding their drug use and compliance to naltrexone.

implant

Implants produced by Go Medical Industries Pty, Ltd.
(Subiaco, Australia; International Patent Application
Number: PCT/AU01/01107), in cooperation with the
Department of Pharmacy at Curtin University (Bentley,
Western Australia) were used. Each implant was
designed to contain approximately 1.7 g naltrexone
hydrochloride that had an in vitro release rate ranging
from 0.2 to 0.8 percent of their residual mass per day.24

The naltrexone was encapsulated in poly-DL-lactide—a
polymer similar to that used in dissolvable surgical
sutures and screws—microspheres compressed into pel-
lets. Each implant consisted of 10 pellets. Subjects were
given a single (10 pellets; 1.7 g naltrexone) or double (2 x
10 pellets; 3.4 g naltrexone) implant, which was surgical-
ly inserted into the subcutaneous tissues on the right or
left side of the lower abdomen, in the fat tissue below the
waistline. The length of time the implant was expected to
release therapeutic doses of naltrexone was three months

(approximately 100 days) for a single implant and up to
five months (approximately 150 days) for a double
implant.3,23

Procedure

Before detoxification, all patients underwent a psy-
chosocial assessment to determine whether or not they
were suitable for the program. Suitability was determined
by the client’s motivation to be opiate free, their level of
social support, any serious psychiatric diagnoses of men-
tal illness, and any medical issues that would make the
detoxification process dangerous.

Part of the psychosocial assessment also entailed the
completion of two psychometric tests, the Beck
Depression Inventory-II (BDI-II) and the Symptom
Checklist-90-Revised (SCL-90-R). The BDI-II is a short
inventory designed to measure depression. As a general
rule, a BDI-II score ranging from 0 to 13 is considered
minimal, 14 to 19 is considered mild, 20 to 28 is consid-
ered moderate, and 29 to 63 is considered severe. The
SCL-90-R is a broad, multidimensional measure of psy-
chological distress. Only one of the scores on the SCL-90-
R was included for comparison between the two
groups—the Global Severity Index (GSI). The GSI is the
best indicator of overall psychological distress, combin-
ing the breadth and intensity of symptoms that are expe-
rienced. As an operational rule, a GSI T-score of 63 or
greater is considered to indicate a positive risk for an
actual psychological disorder. All participants were asked
to rate their self-esteem and the quality of their primary
relationships on a 0 to 10 Likert scale before and after
treatment.

All patients were told before detoxification about the
costs and benefits of oral naltrexone and naltrexone
implants. Each patient signed informed consent forms
before detoxification and another consent form before
insertion of the implant, in accordance with the Helsinki
Declaration of 1975. One of the consent forms included
permission to release the data collected for research pur-
poses and other information relating to the nature and
risks attached to the detoxification procedure and the use
of naltrexone. No patient received an implant at the time
of detoxification, but did so a number of days later. This
was to ensure that consent was given while they were
drug free and to rule out any possible complications that
may have arisen after the implant was inserted. Use of the
implant was authorized under the Special Access Scheme
of the Therapeutic Goods Administration.

analysis

The data were collected over a period of 20 months
and were based on self-report. Researchers called the
patients and their support people, often in the evening,
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to verify information. If an individual used opiates only a
few times (i.e., once or twice) since their detoxification
(e.g., to test if the naltrexone was working), this was not
considered a relapse. Rather, a relapse was defined as
occurring in those people with opiate use daily or on
most days, sporadic opiate use (weeks or months of reg-
ular use followed by weeks or months of abstinence),
and/or a few days of use followed by nonuse on a regu-
lar basis.

Data were compared for significant differences using
two-tailed t-tests with an a level set at 0.05.

results

Table 1 presents the characteristics of patients in the
two groups (naltrexone implant and oral naltrexone) in
terms of several variables, including age, gender, BDI-II
scores, SCL-90-R GSI T-scores, years of education, length
of time using opiates, whether detoxification was from
heroin or methadone, and the number of days since
detoxification (at the time these statistics were compiled).
T-tests were conducted to see whether the groups dif-
fered significantly on mean age, years using opiates,

years of education, daily heroin and methadone dose,
SCL-90-R GSI T-scores, BDI-II scores, and days since
detoxification. The differences were found to be non-
significant with an a level of 0.05 for all of these vari-
ables.

Table 2 compares the two groups in terms of the social
factors of self-esteem and general relationship quality
pre- and post-detoxification for those people who were
successful in their attempt to cease opiate use. The statis-
tics reported are the means for the two groups. T-tests
were conducted to determine whether the changes (i.e.,
improvements) in self-esteem and relationships were sta-
tistically significant for both groups. Statistical analysis
comparing ratings pre-detoxification and at six and 12
months post-detoxification were highly significant with
an a level of 0.01, showing the psychosocial benefits of
abstaining from opiate use. T-tests showed that the differ-
ences in scores on a scale from 0 to 10 for the two groups
in relationships (approximately 2.3) and self-esteem
(approximately 3.8) before their detoxification were non-
significant (p = 0.81 and 0.86, respectively). However, at
six months the differences in the groups after detoxifi-
cation were significant for self-esteem with an a level

251Journal of Opioid Management 1:5 n November/December 2005

Table 1. Characteristics of patients before detoxification from opiates

compared with oral and implant naltrexone groups

Characteristics Naltrexone implant Oral naltrexone

Total male patients (percent) 25 (61) 26 (62)

Total patients detoxed from methadone (percent) 8 (20) 5 (12)

Total patients detoxed from heroin (percent) 26 (63) 30 (71)

Total patients detoxed from heroin/methadone (percent) 5 (12) 6 (14.5)

Total patients detoxed from other opiates (percent) 2 (5) 1 (2.5)

Mean years using opiates (± SD) 7.2 (5.0) 9.6 (8.8)

Mean years of education 10.6 10.8

SCL-90-R GSI T-score (mean ± SD) 68.7 (16) 63.5 (10.3)

BDI-II score (mean ± SD) 22.2 (10.3) 17.9 (11.7)

Mean heroin use (g) 0.66 0.75

Mean methadone (mg) 60 53.5

Mean counseling sessions 8.5 (SD 2.7; 2 months duration) 6.4 (SD 2.5; 1.5 months duration)

Age range (yr) 20 to 40 22 to 48

Mean age (yr) 26.2 32.3

BDI-II, Beck Depression Inventory II; SCL-90-R GSI, Symptom Checklist-90-Revised Global Severity Index; SD, standard deviation.



of 0.05 (p = 0.018), while the relationship ratings
approached significance (p = 0.055), with the oral nal-
trexone group tending to do better. The differences
between the groups when ratings were compared in the
period from six to 12 months post-detoxification and for
scores at 12 months were all nonsignificant, indicating that
improvements in self-esteem and relationships tended to be
maintained and also evened out over time. Average scores
on self-esteem and quality of relationships at 12 months
were approximately 8.5 for both groups.

Table 3 shows the reports by the patients and their
support people of the time compliant to naltrexone,
which is equated with time spent in treatment. Those
who had an implant and relapsed to opiate use tended to
do so after they believed the implant(s) had ceased being
effective—the difference in time compliant to naltrexone
between the abstinent and relapse groups was statistical-
ly significant at six and 12 months. Those with implants
who were abstinent at six and 12 months estimated the
implant was effective for approximately six months,
whereas those who relapsed on the implant estimated
the effective time as approximately four months. These
differences were statistically significant. For those on oral
naltrexone who maintained abstinence, the time compli-
ant to naltrexone averaged four months, whereas those
who relapsed took naltrexone for only three to six weeks
on average. The time spent using oral naltrexone for
those who relapsed was highly significant compared to
the other three groups.

Table 4 shows the number of counseling sessions each
group attended on average. None of the differences were
statistically significant although, as expected, those who
relapsed or were noncontactable attended significantly
fewer sessions (four, on average) than those who were
known to be abstinent (nine to 12 sessions).

Table 5 represents the number of people in each
group who relapsed to opiate use. Follow-up reports
showed that 19 of the 42 individuals taking oral naltrex-
one (45 percent) relapsed to opiate use or were noncon-
tactable at six months, whereas only eight out of 41 indi-
viduals (19 percent) were using opiates or were
noncontactable after receiving an implant at six months.
This advantage was maintained for the implant group at
12 months, with relapse rates of 17 percent and 38 per-
cent for that group and the oral naltrexone group, respec-
tively.

discussion

In this study, patients received naltrexone implants,
generally four days after detoxification, or else agreed to
take oral naltrexone for a period of at least six months.
For this latter group, a support person was identified who
agreed to supervise the daily taking of the medication. As
can be seen from Table 1, both groups were comparable
in terms of age, gender, and mean number of days since
detoxification. Table 1 also shows that the mean BDI-II
scores were in the moderate depression range for the nal-
trexone implant group, and the moderate-severe depres-
sion range for the oral naltrexone group. There was a
large amount of variance in depression scores, however,
as indicated by the standard deviations for both groups.

One significant difference between groups related to
gender and was common to both of them: women scored
much higher in terms of depression (mean score 32, severe)
compared to men (mean score 23, moderate). The mean
SCL-90-R GSI T-scores were above the critical score of 63 for
both groups (and for men and women), indicating that a
large number of clients in both groups should be considered
positive for diagnosis of a mental disorder.
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Table 2. Mean ratings on social factors before and after detoxification

Social factors measured Naltrexone implant Oral naltrexone

Self-esteem rating predetoxification 3.9 3.8

Self-esteem rating postdetoxification (six mo) 7.9 9.1

Self-esteem rating postdetoxification (12 mo) 8.7 8.3

General relationship quality predetoxification 2.4 2.2

General relationship quality postdetoxification (six mo) 7.8 9

General relationship quality postdetoxification (12 mo) 8.1 8.8

All ratings are based on a scale where 0 = disastrous and 10 = excellent.



Both groups rated their self-esteem and general rela-
tionship quality comparably low before detoxification
from opiates. As was hypothesized, both groups showed
sharp increases in these ratings after detoxification; how-
ever, data were obtained only for those who were suc-
cessful at abstaining from opiate use. It is interesting to
note that the oral naltrexone group actually showed
greater improvements on self-esteem and relationship
ratings six months after detoxification; this may indicate a
greater resolve within this group to “stay clean” and also
closer reliance on their support people.

Compliance with naltrexone use was the main point of
interest of this study (Table 3). It proved difficult to obtain
precise information for those in the implant group who
were abstinent, however, as the duration for which the
implant was considered effective was based on their expec-
tations about coverage and did not necessarily relate to the
actual release of naltrexone. Information gathered from
those who relapsed and who had the implant during the
time of effective coverage was somewhat more accurate, as
some patients tried using opiates for a period before they
became aware that they could “feel it” and could therefore
pinpoint the date it was no longer effective. Obviously the
time spent using oral naltrexone was much more accurate
to determine, as patients and support people were both
clearly aware of when a patient stopped taking the tablets,
although in many cases they had done so well before they
relapsed. The expectation of those having a double implant
was that it would be effective for up to six months.
Estimates for this group were therefore higher than for
those with a single implant, although in both groups many
felt the implants were effective for longer than the actual
duration patients were told the implants had.

A comparison of those in the oral group who main-
tained abstinence and those who relapsed show very
clear differences in time spent taking naltrexone. At 12
months, those who were abstinent had taken naltrexone
for an average of four months, whereas many of those
who relapsed had ceased taking naltrexone within days

of detoxification and the relapse group, on average, took
naltrexone for only one month. Inspection of the results
show that of those in the oral group who were abstinent
at six months, only four (19 percent) stopped taking nal-
trexone less than one week after detoxification, and two
(11 percent) had done so at 12 months. On the other
hand, of those in the oral group who relapsed, 14 out of
21 (67 percent) had ceased taking naltrexone within a
fortnight of detoxification, whereas at 12 months, 17 of 24
(70 percent) had stopped within two weeks.

The other result of note was that many still relapsed in
the implant group despite being compliant to naltrexone
for a similar period to those who were abstinent in the
oral group. It seems there was a group who relapsed
shortly after they believed the implant had stopped work-
ing and who possibly would have relapsed even sooner
had they been on oral naltrexone. For both groups, it
may be that some participants were not ready or were
not suitable candidates for detoxification, and relapse
was more likely among these individuals. It seems that if
some of these potential relapsers are able to stay in treat-
ment long enough, however, then better results are
achievable given the overall better outcomes in the
implant group.

The data in Table 4 show that participants who
remained abstinent attended significantly more counsel-
ing sessions than those who relapsed and, while those
who attended longer reported feeling better, it was also
the case that if they relapsed they tended to drop out of
treatment. However, because there was a cost to receive
counseling, it may be that those who opted for oral nal-
trexone for financial reasons were also not able to afford
counseling, thus compromising their outcomes.

The most important data to come from this study appear
in Table 5, showing the clear advantage of a naltrexone
implant over oral naltrexone. The difference between the
two groups was quite striking, particularly when com-
pared to traditional detoxification and rehabilitation pro-
grams.15,16
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Table 3. Group comparison of mean time using naltrexone

Classification Naltrexone implant, mean days (SD) Oral naltrexone, mean days (SD)

Abstinent six mo 176.6 (68.1) 120.00 (104.8)

Abstinent 12 mo 187.3 (69.1) 123.21 (105.5)

Relapsed six mo 112.5 (50) 19.7 (31.7)

Relapsed 12 mo 120 (45.6) 30.1 (54.25)

SD, standard deviation.



Closer analysis of the relapse groups showed that
those in the implant group who relapsed to heroin in par-
ticular had sold the drug before detoxification and con-
tinued selling afterward, had experienced early sexual or
physical abuse and reported being able to get “over the
top” of the naltrexone if they used enough, or else agreed
that it didn’t do anything, but used it anyway. They also
reported that although they thought the heroin had only
a weak effect, they still felt compelled to use, even while
the implant was actively antagonizing the effect of the
drug. This motivation contrasts with that found in the oral
naltrexone group, as the participants knew they need
only avoid taking the naltrexone tablets to receive the
strong reward component associated with heroin use.

A large number in each group admitted to using hero-
in once or twice; however, the majority soon realized that
it had no subjective effect, and knowing that it would
only be a waste of time and money, went on to achieve
abstinence during the study period. If any insight can be
derived from this study, it is that those who were crimi-
nally inclined with a history of early delinquency and
ongoing criminal behavior, irrespective of the need to
obtain their drug (mainly men), and those who experi-
enced abuse early in life and were inclined to use opiates
to self-medicate (mainly women), seemed more likely to
relapse. Notwithstanding, time spent in treatment had the
effect of improving outcomes in general.

The other prominent feature of this study was the
large number of people who were noncontactable, espe-
cially in the period from six to 12 months, during which
this figure represented almost one-fourth of the partici-
pants in each group. These individuals may have been
abstinent, but this could not be confirmed.

The present study would seem to provide strong pre-
liminary evidence that the use of naltrexone implants is
an effective solution to the problem of compliance, and
that the effect tends to last for some time after the antago-
nistic effects of the implant have worn off. It seems that
the lack of positive reinforcement (i.e., no subjective
effect), strong negative reinforcement (i.e., wasting
money) associated with using opiates, and lack of crav-
ing while an implant is releasing naltrexone into the
body, are sufficient to prevent drug use. This allows time
for the development of more adaptive coping behaviors,

and for the patient, time to deal with the underlying psy-
chological issues that so often compel people to use
these drugs. It remains to be seen how many patients
remain abstinent at longer follow-up intervals, although
the trend seems to be that with more time spent in treat-
ment and the ability to effect change in lifestyle, the more
chance that long-term recovery will be sustained.

Overall, this study demonstrates the potential for nal-
trexone implants to improve compliance rates, increase
time spent in treatment, and improve abstinence rates, as
opposed to oral naltrexone.

study limitations

This study would have produced more robust results if
subjects had been randomly allocated to each treatment
condition, whereas here patient groups were self-selected.
Perhaps the patients who chose oral naltrexone might have
been less motivated, selecting a treatment method that they
felt they could opt out of at any point. Alternatively, this
group may have felt they wanted to take responsibility for
their own recovery and not proceed with the “easy way” of
an implant, or as mentioned previously, it may have simply
been that they could not afford the implant.

It is interesting to note that at the time of collecting
these data, the ratio of people opting to use oral naltrex-
one compared to the implant has changed dramatically.
Very few patients, who now come to our clinic for treat-
ment, choose oral naltrexone (less than 10 percent), and
many come to have an implant inserted after completing
detoxification elsewhere. Reasons for not having an im -
plant in the group we studied may have reflected some
misgivings about the relative effectiveness of the implant or
misunderstandings about how it worked, rather than finan-
cial concerns, as we assumed at the time. It seems that as
word about the effectiveness of the implant has spread,
financial concerns have not had as much influence.

This study also was comprised of patients who were
screened for serious psychiatric problems, levels of moti-
vation, and social support. Motivation was defined as the
demonstration by intrinsic signs, and not by extrinsic
signs, of behavioral hurdles placed in the path of a per-
son who is already low on self-esteem and self-efficacy.
As can be seen from our results, most patients were
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Table 4. Group comparison of mean number of counseling sessions attended

Classification Naltrexone implant Oral naltrexone

Abstinent 12.7 9.0

Relapsed 4.0 4.9

Noncontactable 4.0 3.2

Total 8.5 6.4



moderately to highly depressed, and therefore tended to
lack motivation. It has always been our contention that
the use of naltrexone should be limited to those who
have a reasonable chance of long-term recovery. That
notwithstanding, it can also be seen that the patient
group presented with a range of psychological prob-
lems that must be attended to, a history of multiple
detoxification attempts, and often polydrug use. None
of these problems was considered a bar to inclusion in
the program. As other re searchers have pointed out,
naltrexone should be targeted to those who can most
benefit, and the aim of research is to clearly define the
best way to use this medication.24

In the present study, we relied on self-report and cor-
roboration of support people to verify patient compli-
ance to naltrexone and abstinence from opiates. Having
patients give regular urine drug screens would also have
lent more certainty to our reported results, especially
effective levels of naltrexone.

Future research

Future research should include random allocation of
subjects to each treatment condition, although matching
on significant confounding variables may be warranted
before random allocation. It is also important to main-
tain other strategies that have been shown to enhance
outcomes and maintain the safety of the patients. Neither
group maintained counseling for as long as it was felt
desirable, and this often related to patient financial con-
cerns. Not only is this in keeping with the re search, but
there is also a strong ethical argument to proceed in this
manner and to ensure equal access to supportive coun-
seling. Even with the provision of counseling, however,
there appears to be a group of patients who are not likely

to benefit from use of naltrexone and for whom
methadone or buprenorphine is the preferred treatment.

To obtain valid data, it is important that future research
also includes biological tests of opiate and other drug use
to verify self-reports. Although regular checks of naltrex-
one levels and screening for opiates would lend more cre-
dence to the results, we are confident about the accuracy
of the data collected. The timeframe for collection of data
should also be extended to a point some years beyond the
end of implant effectiveness. It is believed that the longer a
person is in treatment the better the outcome, and certain-
ly the use of implants facilitates this. However, it has yet to
be shown that the use of naltrexone implants translates
directly into long-term improvement.

The present study indicates the potential of the use of
these devices in the treatment of opiate dependency.
Clinical trials that are properly constituted with ethical
approval and that extend well beyond the blocking effect
of the implant, combined with biological testing of drug
use, are necessary to confirm the results of this study.
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Table 5. Group comparison for number of patients relapsed to opiate use

Classification Naltrexone implant Oral naltrexone

Abstinent six mos 33 (80.5) 23 (54.5)

Relapsed six mos 6 (15) 15 (35.5)

Noncontactable six mos 2 (5) 4 (10)

Abstinent 12 mos 25 (61) 17 (40.5)

Relapsed 12 mos 7 (17) 16 (38)

Noncontactable 12 mos 9 (22) 9 (22)

Numbers in parentheses are percentages.
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abstract

The increasingly common practice of long-term opioid

therapy for chronic noncancer pain must be guided by ongo-

ing assessment of four types of outcomes: pain relief, function,

side effects, and drug-related behaviors. Our objective was to

gather initial pilot data on the clinical application of a spe-

cialized chart note, the Pain Assessment and Documentation

Tool (PADT), which was developed and tested with 27 physi-

cians. This pilot test provided the means to collect cross-sec-

tional outcome data on a large sample of opioid-treated

chronic pain patients. Each of the physician volunteers (locat-

ed in a variety of settings across the United States) completed

the PADT for a convenience sample of personally treated

chronic pain patients who had received at least three months

of opioid therapy. Completion of the PADT required a clinical

interview, review of the medical chart, and direct clinical

observation. Data from the PADTs were collated and ana-

lyzed. The results suggested that the majority of patients with

chronic pain achieve relatively positive outcomes in the eyes of

their prescribing physicians in all four relevant domains with

opioid therapy. Analgesia was modest but meaningful, func-

tionality was generally stabilized or improved, and side effects

were tolerable. Potentially aberrant behaviors were common

but viewed as an indicator of a problem (i.e., addiction or

diversion) in only approximately 10 percent of cases. Using

the PADT, physician ratings can be developed in four

domains. In this sample, outcomes suggested that opioid ther-

apy provided meaningful analgesia.

Key words: opioids, noncancer pain, assessment,

documentation, outcomes

introduction

The use of opioid analgesics is a cornerstone of pain
management. Although still controversial, chronic opioid
therapy for noncancer pain is becoming a more widely
accepted therapeutic option.1-5 A large gap exists
between the empirical literature on the safety and effica-
cy of long-term chronic opioid therapy and the expand-
ing use of this approach in clinical practice.

To use opioids safely and effectively, candidates for
therapy should be appropriately selected, drug adminis-
tration should be optimized, and ongoing monitoring
should provide detailed information in multiple domains.
Based on extensive clinical experience, four domains
have been proposed as most relevant: pain relief, side
effects, physical and psychosocial functioning, and the
occurrence of any potentially aberrant (or nonadherent)
drug-related behaviors.6 These domains have been sum-
marized as the “Four As” (analgesia, activities of daily liv-
ing, adverse side effects, and aberrant drug-taking behav-
iors).7 The monitoring of these outcomes over time
should inform therapeutic decision-makers and provide a
framework for documentation of the clinical use of these
controlled drugs.

Suboptimal physician monitoring and documentation
during opioid therapy is a significant problem8 and may
have adverse clinical, medicolegal, and regulatory impli-
cations.9 In an effort to improve the approach to monitor-
ing and simultaneously provide a standardized chart note
for the purposes of documentation, a brief, physician-
rated Pain Assessment and Documentation Tool (PADT)
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was developed and successfully field tested.10 The PADT
was developed from a series of questions and checklists
that together assessed each of the Four As.

PADT items that evaluated pain relief and function
were modeled on the Brief Pain Inventory,11 a validated
patient-rated instrument. Side effects were tabulated. A
list of potentially aberrant drug-related behaviors was
developed from descriptions in the medical literature3

and clinical experience. The list included drug-related
behaviors that are illegal (e.g., altering of prescriptions,
lying to obtain a controlled substance, drug diversion),
those that strongly suggest addiction (e.g., continued use
despite harm), and those that raise concern about drug
abuse or addiction but are not, in themselves, diagnostic
(e.g., multiple requests for higher doses, repeated visits
to an emergency room).

The process by which the PADT was developed and
refined, using application of the tool clinically by physi-
cians, has been described previously.10 The pilot clinical
application itself yielded outcomes data on a large and
diverse patient sample. These data, described later, reflect
the perceptions of treating physicians pertaining to a broad
set of outcomes achieved by a selected population of opi-
oid-treated chronic pain patients. As such, they represent a
type of survey data that has not heretofore been explored
as a means to define the spectrum of responses observed
in clinical practice. Our objective was to gather initial pilot
data on the clinical application of a specialized chart note,
the PADT, which could then be used in the design of
future validation and reliability trials.

Methods

Procedure

Twenty-seven physicians attending a training program
for a pain-oriented speakers’ bureau were recruited to
participate in the pilot study. The physicians practiced in
all regions of the continental United States and spent at
least part of their clinical practice time caring for patients
with chronic noncancer pain. They were chosen for their
collective expertise in pain management and their ready
access to patients with chronic pain issues being main-
tained on opioid therapy. Although this is a potential
source of bias, it was felt that having physicians with
interest and expertise in pain administer the PADT was
important for gathering initial data on the tool.

The physicians were given the checklists that together
constituted the first draft of the PADT and were asked to
identify patients from their practices who had been
receiving opioid therapy for a period of at least three
months. They were then instructed to obtain the informa-
tion necessary to complete the PADT from a clinical inter-
view, review of the medical chart, and direct clinical
observation.

A total of 388 patients with a diverse assortment of
pain syndromes and a wide variety of opioid and adju-
vant medications were interviewed for the study. As stat-
ed previously, all patients with chronic noncancer pain
were eligible to be selected as long as they had been on
opioids for a period of three months or longer. This
selection criterion was chosen in the hopes of obtaining a
patient sample that was not new to the various physicians
so they could render judgments based on some estab-
lished relationship. In addition, it was hoped that this
time period would also maximize the chance that any
“dose-finding” for opioids would be well underway or
stable in those who were selected. After the checklists
were completed by the physician, the forms underwent
removal of identifying information and were sent to the
lead investigator for analysis.

study instrument

The PADT was developed by the investigators with
input from a group of experts in pain and addiction med-
icine.10 The tool has four sections: physician demograph-
ics, patient demographics, assessment of the Four As, and
the physician’s diagnostic impression of the patient. The
physician demographics section includes information
such as age, mode of practice, practice location, and the
number of prescriptions written for opioids in the last
month. The patient demographics section includes gen-
der, ethnicity, employment status, pain diagnosis, and
medical history.

The section on the Four As requires the physician to
rate the effectiveness of the analgesic regimen, the pres-
ence of side effects and their severity, the current impact
of the pain on function, and the presence of any aberrant
drug-taking behaviors. The last section, physician
impression, asks the physician to note whether aberrant
drug-related behaviors, if present, most likely owed to
addiction, unrelieved pain, criminal intent (diversion), or
nonaddiction-related psychiatric disturbance (e.g.,
depression, anxiety, personality disorder).

analysis plan

The goal of the study was to characterize the impres-
sions of physicians who were treating patients on chronic
opioid regimens according to the PADT. To this end, the
data analysis plan was to collate and describe the partici-
pating physicians and the patients they interviewed. A
series of descriptive analyses was conducted, including
frequency and mean calculations. Overall, the objective
was to simply tally and report the findings from the clini-
cal application of the PADT. However, we were also
interested in some exploratory areas that might lead to
future research questions. Exploratory analyses were
conducted on how each of the Four As related to each
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other and to demographic information through a series of
Pearson correlations and t-tests. To accomplish this, glob-
al scores for each of the Four As were created by sum-
ming the items from each section of the instrument. As a
final analysis, a series of one-way analysis of variance
(ANOVA) tests was conducted to determine whether or
not the opioid regimen chosen for the patient had an
effect on any of the Four As.

results

Physician data

A total of 27 physicians volunteered to participate in the
trial. Physicians interviewed an average of 14.4 patients,
for a total sample of 388 patients (described later). The
majority of physicians were in the 41- to 50-year-old range
(n = 15, 55.6 percent), followed by those in the 51- to 60-
year-old range (n = 6, 22.2 percent), and then the 30- to 40-
year-old range (n = 5, 18.5 percent). Specific ages were not
requested to avoid potential identification of the physi-
cians, given the small physician participant pool. Most
were male (n = 21, 77.8 percent), and all were board certi-
fied (n = 27, 100 percent) in their specialty areas. The most
common mode of practice was family practice (n = 10,
45.5 percent), followed by anesthesia (n = 7, 31.8 percent),
and neurology (n = 2, 9.1 percent).

Most physicians were located in an urban setting (n =
18, 69.2 percent), followed by those in suburban (n = 7,
26.9 percent) and rural settings (n = 1, 3.9 percent). Most
practice settings were in an office (n = 10, 50 percent) or
university hospital (n = 5, 25 percent). The physicians
reported an average of 14 years in practice (SD = 10.6).
Most stated that more than one-half of their patients had
chronic pain (mean = 62.7 percent, SD = 36.6); overall,
they treated an average of 912.6 patients per year with
chronic pain (SD = 1,211.9).

The physicians reported that they managed more than
one-half of their chronic pain patients with an opioid reg-
imen (50.6 percent, SD = 31.3), and that they treated an
average of 576.9 patients per year with opioids (SD =
927.2). Table 1 lists the estimated number of prescrip-
tions for opioids that were written by the physicians dur-
ing the month prior to completion of the PADT.
Oxycodone-containing products (mean = 39.2, SD =
71.9), hydrocodone-containing products (mean = 31.9,
SD = 37.2), and methadone (mean = 16.4, SD = 27.6)
were the most frequently prescribed opioid analgesics.

Patient data

A total of 388 chronic pain patients were interviewed
and rated by the physicians. The sample was comprised
of 233 women (63.7 percent) and 133 men (36.3 percent),
and had a mean age of 50.1 years (SD = 13.6, range = 21

to 87 years, median = 47.0). Most were white (n = 322,
84.1 percent), followed by African American (n = 29, 7.6
percent) and Hispanic (n = 23, 6.0 percent). Most had
some college experience (n = 115, 30.5 percent), fol-
lowed by those who were high school (n = 93, 24.7 per-
cent) or college (n = 63, 16.7 percent) graduates. Many
were disabled (n = 160, 41.2 percent), while others were
working full-time (n = 80, 20.6 percent), or retired (n =
60, 15.5 percent). Before their pain diagnosis, most of the
patients were working full-time (n = 250, 67.4 percent) or
part-time (n = 32, 8.6 percent). They were most likely to
be married (n = 218, 56.2 percent), followed by divorced
(n = 76, 19.6 percent), single (n = 47, 12.1 percent), and
widowed (n = 32, 8.3 percent). Most lived with a spouse
(n = 208, 53.9 percent) and the next largest group lived
alone (n = 95, 24.6 percent).

Nearly one-half of the sample (n = 178, 45.9 percent)
reported only one source of chronic pain; the remainder
endorsed two or more causes of pain. Somatic pain was
documented for 291 patients (75 percent), followed by
mixed/other sources (n = 160, 41.2 percent), neuropathic
pain (n = 125, 32.2 percent), and visceral pain (n = 37, 9.5
percent). Only 17.8 percent of the sample (n = 69) stated
that the pain was related to a past job, and an additional
4.4 percent (n = 17) stated that the pain was related to
their current job.

outcomes: the Four as

Analgesia. On a scale of 0 to 10 (0 = no pain, 10 =
worst pain imaginable), patients rated their average pain
for the prior week as 5.4 (SD = 2.2) and their worst pain
during that time as 7.9 (SD = 2.1). When asked what per-
centage of pain had been relieved since starting treat-
ment, the average response was 57.8 percent (SD = 24.4).
More than three-fourths of the patients (n = 301, 77.6 per-
cent) stated that they had a meaningful degree of pain
relief, and 85.1 percent of the physician responses (n = 330)
also indicated that they believed the degree of pain relief
from the analgesic regimen was clinically meaningful.

Activities of daily living. Physicians rated aspects of
functioning as “better,” “same,” or “worse” compared to a
baseline defined as before the current opioid therapy
(Table 2). Overall, physicians rated their patients’ physi-
cal (n = 307, 79.1 percent), psychological (n = 250, 64.4
percent), and social functioning (n = 214, 55.2 percent) as
improved since starting their current regimen.

An index of declining function was created by adding
all the domains of function that were scored by the physi-
cian as declining since the opioid regimen was begun.
The domains included physical functioning, mood, fami-
ly relationships, social relationships, sleep pattern, occu-
pational functioning, and overall functioning. Therefore,
a range of 0 to 7 was possible for domains that had wors-
ened. Overall, only 16.3 percent (n = 63) of the sample
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was rated as worsening in one or more domains of func-
tion. This was broken down as follows: one (n = 31, 8
percent), two (n = 9, 2.3 percent), and three (n = 15, 3.9
percent).

Adverse effects. The most common side effects and
ratings of their severity by the patients are listed in Figure
1. A total of 132 (34 percent) patients required treatment
for constipation, 23 (5.9 percent) for nausea, 14 (3.6 per-
cent) for sedation, and seven (1.8 percent) for mental
clouding. Forty-nine patients (12.6 percent) stated that
side effects forced them to cut down their medications,
and five (1.3 percent) stated that they had to stop taking
the medications entirely. Ninety percent (n = 349) consid-
ered the side effects of the medications tolerable.

Only 32.8 percent (n = 127) of the sample rated one or
more of the possible adverse side effects as moderate or
severe in nature. Most reported only one (n = 97, 25 per-
cent) or two side effects (n = 25, 6.4 percent) as being
moderate or severe.

Potentially aberrant drug-related behaviors.

When asked whether there was concern about a patient’s
responsibility in the use of the current analgesic regimen,
physicians reported 71 times (18.3 percent) that they
were concerned, 299 times (77.1 percent) that they were
not concerned, and 13 times (3.4 percent) that they were
uncertain. When asked whether the patients’ families

raised concerns over their use of medications, the physi-
cians responded “yes” 53 times (13.7 percent) and “no”
330 times (85.1 percent).

In a series of related questions, physicians rated the
degree to which they suspected problematic behaviors
on the part of their patients. Table 3 lists the behaviors as
well as the physicians’ impressions. Overall, the physi-
cians believed that their patients answered clinical ques-
tions in a completely truthful (n = 308, 79.4 percent) or
somewhat truthful (n = 74, 19.1 percent) manner. In only
two cases (1.0 percent) was it felt that their patients were
“not at all truthful.” In 46 cases (11.9 percent), physicians
concluded that their patients had exhibited worrisome
aberrant drug-taking behaviors, and in 40 cases (10.3 per-
cent) they felt that the aberrant behavior was related to
unrelieved pain.

Nearly one-half of the sample (n = 173, 44.6 percent)
was rated as having engaged in at least one of the 29 list-
ed aberrant drug-related behaviors. The range of aberrant
behaviors was from 0 to 17, with a mean of 1.48 behav-
iors per patient (SD = 2.65). Most often, patients engaged
in one (n = 62, 16 percent) or two (n = 36, 9.3 percent)
aberrant drug-related behaviors. When examining the
percentage of patients engaging in multiple behaviors,
19.3 percent of the sample engaged in three or more
potentially aberrant behaviors, with 10.8 percent of the
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Table 1. Frequency of opioids prescribed in the past month

Item n Mean (SD) Median Range

Morphine products 27 14.50 (18.00) 8 0 – 80

Oxycodone-containing products 27 39.23 (71.85) 15 0 – 350

Fentanyl patch 27 15.54 (25.62) 5 0 – 125

Methadone 27 16.42 (27.55) 6.5 0 – 100

Hydromorphone 27 5.50 (6.49) 3.5 0 – 20

Tylenol #3 27 3.92 (3.43) 3 0 – 10

Tylenol #4 27 1.27 (2.44) 0 0 – 10

Hydrocodone-containing products 27 31.85 (37.23) 15 0 – 125

Tramadol 27 12.92 (16.02) 5 0 – 50

Levorphanol 27 0.15 (0.46) 0 0 – 2

Dihydrocodeine 27 0.08 (0.27) 0 0 – 1

Butorphanol 27 0.35 (0.69) 0 0 – 2

Pentazocine 27 0.31 (0.68) 0 0 – 2

Others 27 0 (0) 0 0

SD, standard deviation.



sample having engaged in five or more of these
behaviors.

Table 4 indicates the aberrant drug-related behaviors
recorded by the physicians and the average number of
occasions on which a behavior occurred. Because this
was a cross-sectional survey, physicians noted the num-
ber of times an aberrant behavior occurred over the
course of treating the given patient. Requests for frequent
early renewals (n = 69) and insisting on a particular med-
ication (n = 63) were the most common potentially aber-
rant behaviors. Five patients (1.3 percent) had been
arrested or detained by the police, four (1.0 percent) had
associates who were arrested or detained by the police,
and six (1.5 percent) were victims of abuse or violence.

exploratory analyses of the Four as

It was of interest to determine whether the Four As
were correlated and how they were associated with psy-
chological, alcohol, or drug problems or demographic
variables. For purposes of determining analgesia level,
the question pertaining to the percentage of pain relieved
was selected for the analysis. For the remaining domains,
summary scores (i.e., total score of each item in that
domain) were used as global representations of outcome.
Only the activities of daily living domain was significantly
related to the other three. Decreased functioning as

measured by activities of daily living was associated with a
smaller degree of reported pain relief (r = –0.20, p < 0.01), as
well as more problems with side effects from medications (r
= 0.17, p < 0.01) and a greater number of aberrant drug-relat-
ed behaviors being endorsed (r = 0.10, p < 0.05).

Several other relationships were significant and note-
worthy. Concerning the demographic variables, gender
was associated with reported pain relief (t1, 361 = 2.09, p
< 0.05), with women (mean = 55.8 percent, SD = 25.5)
experiencing a lesser percent of pain relief from treat-
ment than men (mean = 61.4 percent, SD = 22.3).
Younger age was also found to be significantly related to
an increase in the number of aberrant drug-related
behaviors recorded (r = –0.21, p < 0.01).

With regard to psychiatric issues, a past psychiatric
history of any kind was associated with engaging in more
aberrant drug-related behaviors (r = –0.14, p < 0.01). A
final set of interesting correlations concerned the smok-
ing status of the patients. A history of having smoked cig-
arettes was associated with poorer functioning in their
activities of daily living (r = –0.14, p < 0.01). Current
smoking activity was associated with a greater number of
aberrant drug-related behaviors (r = –0.17, p < 0.01).

exploratory statistics based on medication

Another key area of interest concerned the effect of
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Table 2. Results of patient interviews and physician impressions on activities of daily living (N = 388)

Better Same Worse Missing

Patient interview

Physical functioning 303 (78.09) 67 (17.27) 14 (3.61) 4 (1.03)

Mood 368 (69.07) 96 (24.74) 22 (5.67) 2 (0.52)

Family relationships 219 (56.44) 151 (38.92) 16 (4.12) 2 (0.52)

Social relationships 194 (50.0) 171 (44.07) 20 (5.15) 3 (0.77)

Sleep pattern 226 (58.25) 129 (33.25) 30 (7.73) 3 (0.77)

Occupational functioning 155 (39.95) 176 (45.36) 19 (4.90) 38 (9.79)

Overall functioning 289 (74.48) 81 (20.88) 12 (3.09) 6 (1.55)

Physician impression

Physical functioning 307 (79.12) 64 (16.49) 13 (3.35) 4 (1.03)

Psychological functioning 250 (64.43) 112 (28.87) 22 (5.67) 4 (1.03)

Social functioning 214 (55.15) 137 (35.31) 29 (7.47) 8 (2.06)

Numbers in parentheses are percentages.



medication choice on the Four As. Using the summary
scores and analgesia items mentioned in the previous
section, a series of one-way ANOVAs was conducted to
compare long- and short-acting opioids. Long-acting opi-
oids were associated with more adverse side effects than
short-acting opioids (F1, 381 = 11.86, p < 0.01). There
were no significant differences between these categories
of opioids concerning percent pain relief, number of
impairments in activities of daily living, or number of
aberrant drug behaviors exhibited.

discussion

The use of opioids for noncancer pain must be accom-
panied by a careful and ongoing assessment of outcomes
supported by documentation. In this work, we examined
outcomes using a tool designed to guide this assessment
and generate a comprehensive note to improve record-
keeping. We attempted to put this tool into the hands of
busy clinicians and examine perceptions of outcome. It is
important to note that these results do not represent an
epidemiological survey of outcome in chronic opioid
therapy—it was neither designed (i.e., sampling) nor
powered to be interpreted in this fashion.

Thus, it is important to recognize the limitations of this
design to better appreciate what can be learned from
such a naturalistic cross-sectional observation of pain
therapy with opioids. The physicians who took part in
this study were not selected at random, and all had some
expertise and familiarity with chronic pain management.
Indeed, chronic pain patients made up more than one-
half of their respective medical practices. In addition, the
patient sample was one of convenience, needing to be on an
opioid regimen for a period of at least three months. In addi-
tion, the physicians interviewed the patients directly and
completed all of the assessment, which could lend to a bias
for under-reporting on the part of patients, especially con-
cerning the aberrant drug-taking behaviors. Indeed, we
should expect that the patients were not totally forthcoming
to their physicians, although a number of aberrant behaviors

were reported. Thus, the data reported in this paper are sub-
ject to multiple selection biases and may not be representa-
tive of outcome in chronic opioid therapy; in this respect, it is
not terribly different from many short, often industry-spon-
sored, community-based studies of opioid therapy in the
extant literature. However, this type of design does involve a
naturalistic look at pain practice as opposed to a more con-
trived clinical trial and also offers some insight into how doc-
tors perceive outcomes in their long-term opioid-treated
patients.

The PADT does appear to describe outcome in a com-
prehensive fashion and might prove to be a useful addi-
tion to record-keeping in chronic opioid therapy. It may
also aid in improving the adherence to guidelines for opi-
oid use and the safe use of opioids for noncancer pain.
However, replication studies focusing on more stringent
reliability and validity data for the tool are needed. We
conclude that this study is an important first step toward
creating a clinically applied tool for documentation.

In describing outcomes in these patients, the PADT
helps to explicate the Four As of pain outcomes. The
patients described in this study overall were assessed as
having moderate to severe pain while on opioid therapy.
Their degree of pain relief is best described as modest,
but meaningful, in that it was overwhelmingly felt to
make “a real difference” in patients’ lives. The actual
degree of relief noted was a diminution of approximately
58 percent from baseline pain. This is an important and
telling observation, one that says much about the need to
set appropriate expectations for opioid therapy. With
most patients attaining this level of pain relief, a figure
which compares favorably with those previously report-
ed in the literature,12,13 it is clear that the average patient
will have significant residual pain with which to cope.
Patients should be informed of this when first going into
treatment, thus helping them to see they will likely require
lifestyle changes, fitness enhancement, coping strategy
acquisition, etc. to realize a satisfying outcome. Patients
who have the capacity to improve in their function with
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Figure 1. Side effect severity of opioid therapy (N = 388). Figure 2. Total number of aberrant behaviors endorsed

by each patient (N = 388).



this degree of relief are probably fairly uncomplicated
and could be considered for opioid therapy in routine
medical management settings. Patients who do not func-
tionally improve with this degree of relief are likely to
have other clinical problems, such as comorbid psychi-
atric issues (i.e., depression, anxiety, secondary gain
issues, a deep-seated need to stay in the sick role), and
would require specialized attention for a satisfying out-
come to be realized.

Additionally, nearly four of five patients were seen as
improved in overall functioning with this rather gross
approach to assessment and documentation. This is an
important consideration in the wake of the negative
attention focused on opioid therapy owing to OxyContin
abuse.14-15 There is a suggestion of the validity of these
ratings given that most of the improvement comes in the
areas of physical functioning and mood where opioids
have their most direct impact.

Opioid side effects were common in this study, but
overwhelmingly seen as tolerable and manageable by
patients and physicians. Constipation was the most com-
mon side effect and was severe in one-third of patients,
which is similar to results found elsewhere.16,17 Side
effects can detract from ability to function and must be
aggressively managed.

The results from this study in the area of aberrant
drug-related behavior, should they be replicated in an ade-
quately designed and powered epidemiological survey,

are powerful. For many years, pain experts have argued
that addiction is rare in people receiving adequate and
appropriate opioids as part of the medical management
of pain.18,19 While this may be true, large-scale studies
are, in fact, lacking. 

Addiction may not be the central issue facing pain cli-
nicians. In the phenomenology of the pain clinician, the
management of noncompliance behavior arising from
multiple causes is the central issue. These results suggest
that noncompliance is fairly common and challenges the
clinician to note, understand, and react to it in nearly 50
percent of patients. Noncompliance has a complex “dif-
ferential diagnosis,” including addiction, uncontrolled
pain (pseudoaddiction), self-medication of psychiatric
and physical symptoms other than pain and situational
stressors, family dysfunction, and diversion.6,20-22 The cli-
nician must know how to assess and come to decisions
about the meaning of this behavior and importantly, doc-
ument about it. Physicians noted noncompliance in 45
percent of patients but considered it worrisome only one
in 10 times, and so must have a repertoire for responding
to psychiatric and other causes of noncompliance.

Behaviors varied tremendously in their frequency. The
very aberrant and illegal behaviors were rare and
occurred in less than 2 percent of patients overall. The
less obvious behaviors were common, seen in the cases
of nearly one in five patients in some instances. Most
behaviors were seen in approximately 6 percent of
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Table 3. Physician-reported impressions of behaviors

Behavior Yes No Do not know

Opioid prescription abuse/addiction 23 (5.93) 342 (88.14) 18 (4.64)

Prescription opioid dependence 92 (23.71) 261 (67.27) 19 (4.90)

Prescription drug abuse/addiction 11 (2.84) 358 (92.27) 9 (2.32)

Prescription drug dependence 6 (1.55) 349 (89.95) 10 (2.58)

Alcohol abuse/addiction 5 (1.29) 364 (93.81) 11 (2.84)

Alcohol dependence 9 (2.32) 349 (89.95) 12 (3.09)

Other illicit drug abuse/addiction 7 (1.80) 356 (91.75) 17 (4.38)

Any illicit drug dependence 0 351 (90.46) 15 (3.87)

Drug-taking behavior related to criminal intent 2 (0.52) 367 (94.59) 10 (2.58)

Drug-taking behavior resulting from family dysfunction 16 (4.12) 346 (89.18) 17 (4.38)

Has a psychiatric disorder that may be causing or contributing to 
aberrant drug-related behavior

21 (5.41) 344 (88.66) 16 (4.12)

Numbers in parentheses are percentages.
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Table 4. Noted aberrant drug-taking behaviors and mean number of occasions observed 

by physician or through reports from family/outside sources (N = 388)

Behavior n
Mean number of occasions 

noted per patient (SD)

Requests frequent early renewals 69 2.88 (2.35)

Asks for medication by name 63 2.68 (1.79)

Increases dose without authorization 51 2.59 (2.38)

Requests higher dose in a worrisome manner 33 3.29 (2.45)

Reports lost/stolen prescriptions 32 1.36 (0.54)

Oversedation 31 4.92 (13.12)

Negative mood change 30 3.05 (2.23)

Attempts to obtain medication from other doctors 30 1.98 (1.33)

Successfully obtains medications from other doctors 27 1.80 (1.13)

Misses appointments except for medication renewal 22 2.23 (1.57)

Does not comply with other recommended treatments 21 3.26 (2.65)

Reports no effect of other medications 18 2.78 (1.77)

Uses medication for purpose other than described 17 2.21 (1.10)

Declining physical function 16 2.38 (1.82)

Declining social function 13 2.15 (1.63)

Declining psychological function 13 2.04 (1.51)

Intoxicated seeming 13 2.62 (1.82)

Contact with street culture 13 1.31 (0.63)

Abusing alcohol or street drugs 11 1.27 (0.47)

Staff splitting 10 2.70 (1.64)

Involved in motor vehicle or other accident 7 1.14 (0.38)

Increasingly unkempt or impaired 6 2.33 (1.21)

Hoarding of medications 6 2.00 (1.67)

Worrisome drug effects 5 2.30 (1.72)

Changes route of administration 4 3.50 (2.89)

Engaging in the sale of sex to obtain drugs 0 0

SD, standard deviation.



patients, an interesting observation in that the rate of sub-
stance abuse/addiction in the United States is thought to
be approximately 6 to 10 percent of the population,23-25

and recent reports in chronic pain populations have
ranged from 3 to 18 percent.26 Thus, if this observation is
replicated in larger epidemiologic surveys, it suggests
that the subgroup of patients expected to be problematic
on opioids could have been predicted from the baseline
population norms.

inter-relationships between 

the Four as and other patient variables

It is interesting that there was not a greater degree of
intercorrelation among the Four As. Although they tap
vastly different areas, overall we expected that the chron-
ic pain experience would lend an overarching thread to
combine these four important areas. Indeed, only the
second “A,” activities of daily living, was significantly cor-
related to the other aspects of the chart note. This may
suggest a rather important role for paying attention to the
functionality of patients being treated for chronic pain.
Poor functioning in this sample was related to lesser
amounts of pain relief, more adverse side effects, and a
greater number of aberrant drug-related behaviors being
engaged in by patients. It might be that assessing func-
tionality is a rather innocuous means of getting a global
impression of the patient and whether or not he or she is
going to ultimately respond to opioid therapy. This
notion has been at least initially supported by a recent
study of 158 patients treated in an inpatient chronic pain
setting.27

Regarding aberrant drug-related behaviors, it is
important to highlight the predictors that were signifi-
cant in this study. Those who were younger, had a psy-
chiatric history of any kind, and were current smokers
were all more likely to engage in a greater number of
aberrant drug-related behaviors. Further assessment of
psychiatric history, addiction history, and smoking sta-
tus and the ability of these factors to predict aberrant
behavior is warranted.

conclusion

We attempted to implement a new documentation aid,
the PADT, in a naturalistic study of outcomes in opioid
therapy. Although subject to the types of selection biases
that are common in the field of community-based trials in
pain management, the study does suggest that the meas-
ure records a comprehensive view of outcomes. The
study also suggests that, in general, patients on ongoing
opioid therapy were seen as having favorable outcomes
by their treating physicians. Future trials are needed to
explore the factor structure, reliability, and validity of the
tool.
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abstract

The present study was performed to establish whether

analgesic consumption in the first four postoperative

hours is a suitable basis for selecting the demand dose

and predicting the likely analgesic requirement over the

next 20 hours with single-use patient-controlled analgesia

(PCA) pumps, and to establish whether this method pro-

vides effective pain control.

Forty-two patients who had undergone a laparotic

gynecological procedure (hysterectomy) were given an

electronic PCA pump (Abbott Lifecare, Abbott Labora -

tories, Abbott Park, IL) for four hours (phase I) with a

demand dose of 1 mg piritramide and a lockout period of

five minutes for dose titration. Piritramide’s potency is

comparable with that of morphine. The patients then

received single-use PCA pumps (Baxter Infusor/Watch,

Baxter, Deerfield, IL) for the next 20 hours (phase II) with

a demand dose of 0.75 mg in Group A and 1.5 mg in

Group B, depending on whether more or less than 10 mg

pritramide had been consumed in phase I. A specially

designed electronic recorder was used to measure the

exact amount consumed and number of demands.

Patients experiencing pain were free to receive additional

piritramide at any time as rescue medication; however,

these patients were withdrawn from the study.

Ninety percent of the patients in group A said they were

satisfied with or undecided as to the level of analgesia.

The corresponding figure in group B was 95 percent.

Piritramide consumption was significantly higher in

group B than in group A. There were no significant differ-

ences between the groups regarding demographic data or

duration of surgery, nor did either of these two parameters

affect postoperative piritramide consumption. Significant

alleviation of pain and improvement in visual analog

scale scores from phase I [group A, 4.7 (range, 2.0 to 6.8);

group B, 4.6 (range, 3.0 to 8.3)] to phase II [group A, 3.1

(range, 0.4 to 5.2); group B, 3.2 (range, 0.4 to 6.0)] was

achieved in both groups. A significant difference in

analgesic consumption up to 18 hours postoperatively was

seen after dose titration. In the first four hours, the rate of

successful demands was significantly higher in group A

(80.9 percent) than in group B (40.9 percent). The num-

ber of successful demands was comparable in the two

groups during phase II (A, 98.8 percent; B, 94.5 percent).

In summary, total opioid consumption during the first

four hours after operation showed two groups of patients

with significantly different needs for piritramide (< 10 mg

per 4 hours or > 10 mg per 4 hours). Two different dose

regimes were applied using a high and a low bolus size in

the following 20 hours. We concluded that effective pain

control without respiratory depression was achieved with

single-use PCA pumps. Opioid consumption varied signif-

icantly, whereas pain levels did not.

Key words: postoperative analgesia, patient-controlled

analgesia, single-use, demand-dose, acute analgesia

introduction

Patient-controlled analgesia (PCA) is a highly effective
means of providing postoperative pain management.1

Patients can control their own individual analgesic
requirements, thus enhancing user acceptance and satis-
faction.2,3 With proper monitoring, the method is also a
safe means of handling strong opioids.1,4-6 Routine use of
electronically controlled PCA pumps is limited by the
expense and technical problems involved,7 and also a
lack of available pumps. The need for improved postop-
erative pain management is amply documented in a num-
ber of national and international studies.8-15 Mechanically
operated single-use PCA pumps without electronic
recording and control therefore constitute a rational alter-
native.16,17 Because of their construction, the demand
dose can only be adjusted with systems of this type when
filling the pumps, and the lockout period is fixed at a set
level. Also, because the demand dose is essential to suc-
cessful PCA18-20 and the postoperative analgesic require-
ment may vary greatly,2 the present study was performed
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to establish whether the postoperative analgesic require-
ment during the first four hours after surgery established
using an electronic PCA pump accurately predicts the
analgesic requirement during the subsequent 20 hours
and can be used as a basis for setting the demand dose.
Another objective of the study was to establish whether
single-use PCA pumps provide effective analgesia with
no added risk of respiratory depression.

Methods

A total of 42 American Society of Anesthesiologists
class I/II female patients undergoing abdominal hysterec-
tomy were included in the study. Ethics committee
approval from our institutional review board was
obtained beforehand and written informed consent was
obtained from all patients. Patients displaying opioid
intolerance, suspected alcohol or drug dependency, anal-
gesic abuse, or inability to understand the method were
excluded from participation. All patients were instructed
in the method on the day before surgery. The participants
were taught how to operate both PCA pumps and when
to administer a dose. A demonstration was also shown.
The night before surgery, patients received oral premed-
ication with diazepam of 5 to 10 mg. Midazolam 7.5 mg
p.o. was administered on the day of surgery before trans-
port to the operating room. General anesthesia was
inducted by intravenous injection of pancuronium (1
mg), fentanyl (3 to 5 µg per kg), thiopental (3 to 5 mg per
kg), and succinylcholine (1 mg per kg). The patients
were intubated and ventilated with 0.5 to 1.5 vol% enflu-
rane or isoflurane and O

2
/air (FiO

2
= 0.35). After the sur-

gical procedure, patients were wheeled to the recovery
room and connected to an electronic PCA pump (Abbott
Lifecare, Abbott Laboratories, Abbott Park, IL) containing
pritramide (1 mg per mL, demand dose 1 mg, lockout
period 5 min, maximum dose in 4 h = 30 mg).
Pharmacological data on piritramide are comparable to
those of morphine; its potency is 0.7 of that of morphine.
The pharmacological duration of action is six hours. In
our study, piritramide consumption was recorded over
the four-hour period. According to the findings of
Lehmann,21 the average accumulated piritramide dose
within four hours was 8.52 mg in postoperative pain with
on-demand pumps. In relation to the type of operation,
and to have objectives, we had to fix a certain quantity of
opioid consumption from which patients received a low
or high demand dose. Patients were allocated to one of
two groups on the basis of piritramide consumption over
the first four postoperative hours (< 10 mg or > 10 mg)
and the demand dose for the subsequent 20-hour period
delivered via the single-use PCA pump (0.75 mg or 1.5
mg per demand dose) was set based on these data. The
only way that opioid consumption can be altered in sin-
gle-use PCA pumps is to change the demand dose by the

concentration of the administered opioid. Patients who
had a higher opioid consumption in phase I were expect-
ed to continue this demand in phase II. Patients who had
lower opioid requirements in phase I were also expected
to have similar demands in phase II.

Group A received piritramide 0.75 mg per demand
dose; group B received piritramide 1.5 mg per demand
dose. The severity of pain was documented every four
hours on the basis of a visual analog scale (VAS, range 0
to 10). A short infusion of piritramide 15 mg as rescue
medication was available at any time to patients requir-
ing additional pain relief, who were then withdrawn
from the study. The single-use PCA pumps for phase II
were from the Baxter Infusor/Watch line (Baxter,
Deerfield, IL). The system was filled with piritramide 30
mg in 20 mL of 0.9 percent saline (group A) or with pir-
itramide 45 mg in 15 mL of 0.9 percent NaCl (group B).
The pumps were used without a basal infusion, in com-
pliance with the recommendations in the literature on
preventing risks and side effects of PCA therapy.3,22-28

The Baxter systems have a default lockout period of six
minutes. The fixed demand dose was set at 0.5 mL. The
frequencies and times of demands and doses during the
20-hour observation period were documented on a ded-
icated electronic recorder; this allowed us to determine
each patient’s exact piritramide consumption. The
patients were monitored continuously during the first
four hours in the recovery room and the subsequent 20
hours in the postoperative intermediate care unit (elec-
trocardiogram, blood pressure, pulse oximetry). SaO

2

levels were recorded every two hours. Patients exhibit-
ing oxygen saturation below 95 percent on pulse
oximetry were administered oxygen at a rate of 3 L per
hour through a nasal tube. The number of such
episodes and saturation levels below 90 percent were
recorded. Other safety parameters according to the
study protocol were spontaneous reports of nausea and
episodes of vomiting. The patients were asked to rank
the severity of their pain at intervals of no greater than
four hours on the basis of the VAS used.

Patient demographics, duration of surgical proce-
dure, and postoperative piritramide consumption were
described as means with standard deviations and com-
pared statistically with the U test. Incidences were com-
pared by Chi-square analysis. The data concerning pir-
itramide consumption were compared between the two
groups (A/B) and among the two phases (I/II) with the
Wilcoxon test. Also used were nonparametric tests for
unpaired probes (comparison of groups) with the
Wilcoxon test and paired probes (comparison of phas-
es) with the Wilcoxon test. Continuous quantitative
parameters were investigated by a correlation coeffi-
cient. A t-test was used to show any deviation from 0 of
the correlation coefficient. The level of significance was
p < 0.05.
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results

The results of 40 of the original 42 patients were
assessable. In one patient’s case, the nursing staff threw
away the counting module by mistake; in another case,
the nurse forgot to open the three-way valve on the
indwelling cannula after changing the drip at night. The
latter patient required piritramide infusion for pain and
was withdrawn from the study. The remaining 40 patients
were allocated according to the stated criteria into two
groups, depending on whether their piritramide con-
sumption in phase I was more or less than 10 mg
(demand dose: group A, 0.75 mg; group B, 1.5 mg). After
the first four hours, it was possible to distinguish one
group of patients with an average opioid consumption of
piritramide of 6.5 ± 2.6 mg and another with a significant-
ly higher consumption of 13.6 ± 2.9 mg (Table 1). There
were 20 patients in either group. The two groups did not
differ in demographics or duration of surgical procedure
(Table 2).

Over the next 20 hours, cumulative consumption was
significantly lower in group A (16.5 ± 8.9 mg) than group
B (25.2 ± 14.3 mg) (p < 0.05). Figure 1 shows the exact

time curve of piritramide demand. It can be seen that the
difference between the two groups was significant only
up to 18 hours postoperatively. No difference at all was
discernible after 20 hours. The number of successful dose
demands was twice as high in group A (80.9 percent)
than in group B (40.9 percent) during phase I. There was
no difference between the two groups in terms of the
number of successful demands during the subsequent 20
hours (group A, 98.8 percent; group B, 94.5 percent).
Significant alleviation of pain from phase I to phase II
was achieved in both groups, with VAS in group A of 4.7
(range, 2.0 to 6.8) and 3.1 (range, 0.4 to 5.2) and in group
B of 4.6 (range, 3.0 to 8.3) and 3.2 (range, 0.4 to 6.0) in
the two phases, respectively.

Figure 2 shows that the patients in both groups were sim-
ilar regarding severity of pain. There were no significant dif-
ferences at any time. Only two patients in group A and one
patient in group B were unsatisfied with the analgesic regi-
men. Eighty percent of patients in group A and 85 percent in
group B said pain relief had been good (Table 1). Thus, the
two groups did not differ significantly in this respect.

Table 1 also shows the observed side effects. The inci-
dence of nausea differed significantly (p < 0.05) between
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Table 1. Piritramide use, patient satisfaction, reported side effects, and oxygen saturation

Group A (n = 20) Group B (n = 20) Statistics

Piritramide (mg in first four hours postoperative) 6.5 ± 2.6 13.6 ± 2.9 p < 0.05

Piritramide (mg in subsequent 20 hours) 16.5 ± 8.9 25.2 ± 14.3 p < 0.05

Patient evaluation of treatment effectiveness (percent)

Satisfied 16 (80) 17 (85) ns

Undecided 2 (10) 2 (10) ns

Dissatisfied 2 (10) 1 (5) ns

Patient side effects

Nausea 8 3 p < 0.05

Vomiting 0 1 ns

Pulse oximetry (first four hours postoperative)

SaO
2
< 95 percent 12 17 ns

SaO
2
< 90 percent 0 0 ns

Pulse oximetry (subsequent 20 hours)

SaO
2
< 95 percent 1 2 ns

SaO
2
< 90 percent 0 0 ns

Statistics on piritramide use from U1-test and on incidences from Chi-square test; ns, not significant.



group A (eight patients) and group B (three patients).
Vomiting was seen in only one patient (group B). Decline
in oxygen saturation measured by pulse oximetry to lev-
els below 95 percent in the first four hours was seen in 12
patients in group A and 17 in group B. In the subsequent
20 hours, oxygen saturation measured below 95 percent
was seen in only one patient in group A and two in group
B. Saturation levels below 90 percent were not observed
in any patient.

discussion

We found a significant correlation between analgesic
consumption in the first four hours after laparotomy and
consumption over the subsequent 20-hour period.
Single-use PCA systems may represent an alternative to
purchasing expensive electronically controlled PCA
pumps. The only adjustable variable with single-use PCA
pumps is the demand dose. The demand dose appears to
be of greater significance for pain relief than adjustment
of the lockout period.2

Because of their construction, currently available sin-
gle-use PCA systems allow the demand dose to be set
only when filling the pump. However, because the anal-
gesic consumption in the initial postoperative phase may
vary greatly,2 we used an electronic PCA pump in this
study to determine the precise individual analgesic
requirement and use this as a basis for setting the
demand dose for subsequent pain control with the sin-
gle-use PCA system.

Sources in the literature19 recommend use of the opi-
oid amount needed in the recovery room as a basis for
determining the following day’s analgesic requirement
for adjustment of conventional postoperative analgesia.
On the basis of our own studies on postoperative opioid
requirements, we decided on a study design with pir-
itramide use in the first four postoperative hours as a cut-
off point for allocating patients to one of two groups
(low/high analgesic requirements).

Analysis of time curves showed that differences in dos-
ing behavior persisted up to 18 hours after surgery. The

results support the observations of other authors18,29,30

who propose further graduations in the demand dose in
the quest for optimum PCA therapy. Previous studies
using single-use PCA pumps mention a single uniform
level of 1 mg morphine per demand dose.31,32 Limitation
of demand dose and lockout period to a single standard
level for all patients regardless of the type of surgery,
gender, and body weight greatly limits the therapeutic
potential of PCA pumps, thereby reducing the effective-
ness of PCA therapy.

Our study results also corroborate those of other
authors18,19,30 in identifying considerable interindividual
variation in analgesic requirements, which can best be
addressed by providing individually adjusted demand
doses. The specially designed recorder used in this study
enabled us to determine the exact dosage behavior of
patients using single-use PCA pumps after dose titration.
The results showed a large percentage of successful
demands by patients in group A (80.9 percent) on the
basis of the uniform demand dose of piritramide 1 mg
during the first four hours. However, demand failure was
much higher in group B, with only 40.9 percent success-
ful demands. During phase II, with different demand
dose levels (group A, 0.75 mg; group B, 1.5 mg), there
was no longer any difference between the groups regard-
ing the rate of successful demands (98.8 percent and 94
percent, respectively).

Unlike the analysis of dosing behavior, evaluation of
severity of pain by VAS disclosed no significant differ-
ence between the two groups. Use of the PCA pumps
according to the stated regimen brought about continu-
ous pain relief over a 24-hour period in both groups,
while piritramide consumption was significantly higher in
group B (1.5 mg demand dose) than in group A up to the
18th postoperative hour. Patient assessment of the effec-
tiveness of pain control showed that only two patients in
group A and one in group B were dissatisfied with the
chosen procedure, showing that 90 percent and 95 per-
cent of patients in each group, respectively, were satis-
fied with the method or were undecided.

Nausea was reported by eight patients in group A (low
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Table 2. Demographic data of patients and anesthesia

Group A (n = 20) Group B (n = 20) Statistics

Age (yr) 48.0 ± 8.0 48.0 ± 9.4 ns

Weight (kg) 66.0 ± 12.2 65.0 ± 12.9 ns

Operation duration (min) 133.0 ± 61.0 138.0 ± 59.0 ns

ns, not significant.



demand dose) and three patients in group B. This contrasts
with earlier studies in which nausea was more usually
associated with higher opioid doses.1 This observation
may be attributable to slightly higher vigilance in the
lower-demand dose group; our hypothesis is that the
smaller amount of opioid consumption by this group
causes lower blood levels of the medication, resulting in
the higher vigilance. Interestingly, nausea and vomiting
have the same incidence in morphine and piritramide
treatment.33

One very important aspect in assessing the safety of
an analgesic procedure using opioids is the potential to
cause respiratory depression. Therefore, all the patients
in this study were monitored by pulse oximetry
throughout the entire period of observation. Oxygen
saturation below 95 percent was seen during the first
four hours in 12 patients from group A and 17 from
group B. These patients were administered oxygen
through a nasal tube. During phase II, oxygen satura-
tion levels below 95 percent were seen in only one
patient in group A and two in group B. There were no
cases of oxygen saturation below 90 percent. The
method thus appears to be safe under the conditions
described here.

The results of our study confirm the hypothesis that
use of an electronic PCA pump in the first four hours
after laparotomy provides a suitable basis for predicting
the analgesic requirement during the subsequent 20
hours and can be used to set a fixed demand dose to be
administered by single-use PCA pumps. Dose titration
can also be performed by manual means in clinical
practice (e.g., in the recovery room).34 Single-use PCA
systems provided effective and safe postoperative anal-
gesia in our study. Thirty-one to 75 percent of patients
receiving standard analgesia on general wards report
severe postoperative pain.9 The postoperative pain con-
trol method presented here seems more effective than

the previously described standard ward procedures.
Direct costs are higher with the PCA, however, in con-
trast to standard intramuscular injections.35

Titration of the individual opioid requirement
enabled us to identify and provide optimum postopera-
tive care for two patient groups with significantly differ-
ent postoperative piritramide consumption. The
patients in both groups were able to steadily reduce
their pain with the selected fixed demand dose. None of
the patients with a PCA pump required rescue medica-
tion. Single-use pumps are not equipped with any kind
of alarm function; therefore, dose titration is important
to give patients a safe bolus size of opioids. Respiratory
depression did not occur in any patient on either regi-
men during the study.

Single-use PCA pumps are small pumps requiring no
main electricity supply or maintenance, which we test-
ed for suitability in a postoperative setting. The pumps
are user friendly, with little potential for error in admin-
istration. We divided the patients in our study into low-
and high-analgesia groups based on prior dose titration
and set them up with single-use PCA pumps, which
were primed to provide demand doses of piritramide
0.75 mg or 1.5 mg according to group. In this study, we
used a dedicated electronic recorder, which gave us
important information on the use of those pumps in the
postoperative period. Our data indicate that effective
24-hour pain relief was achieved in both patient
groups. Based on this, we believe that single-use PCA
pumps are suitable for use in conjunction with or as an
alternative to electronic pumps and, as such, represent
a useful addition to the postoperative pain control
armamentarium.
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Figure 1: Piritramide consumption (average ± standard

deviation) was significantly higher in group B than in

group A up to the 18th postoperative hour.

Figure 2: The level of change in the visual analog scale

pain scores (VAS, range 0 to 10, average ± standard devia-

tion) was the same in both groups.
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introduction

Cholecystokinin (CCK), originally thought to be con-
fined to the gastrointestinal tract, is now known to be
colocalized in the gastrointestinal tract and the central
nervous system (CNS). In animal models, levels are
increased after neural injury and with opioid administra-
tion. CCK acts as an antiopioid, and as its levels
increase, the extent of opioid-derived antinociception
decreases.

Coadministration of a CCK antagonist along with an
opioid is associated with an improved level of antinoci-
ception. Furthermore, CCK antagonists may prevent
antinociceptive tolerance with opioids and even reverse
established tolerance. Human studies have now con-
firmed the proanalgesic effect of some CCK antagonists;
however, human investigation of the effect of CCK
antagonists on analgesic tolerance has yet to be per-
formed.

Few would argue about the crucial role played by opi-
oids in modern pain management. That said, concerns
still remain regarding the partial analgesic efficacy of
these opioids and issues such as analgesic tolerance with
sustained use, particularly in the field of chronic pain
management. Consequently, much investigation is
focused on ways of minimizing these concerns.

One line of investigation has been into the role of
CCK in the nociceptive processing systems. In contrast
to many other areas of study, the insight into its function
is matched by the availability of a group of therapeutic
entities, the CCK antagonists, which are already exten-
sively investigated. The initial findings from human
studies confirm the strong impression from the animal
literature that CCK has an integral part in nociceptive
processing and that antagonists of its action have a use-
ful proanalgesic effect.

The aim of this review is to outline the results of the
extensive investigation that has already been made into
the function and action of CCK and its antagonists and
hopefully stimulate further interest in the application of
this knowledge into human clinical practice.

original description of cholecystokinin

Following work by Boyden in 1926,1 which showed
that transfusion of blood from cats that had just been fed
into other cats made their gall bladders contract, Ivy and
Oldberg2 suggested the existence of a hormone released
after feeding that causes gall bladder contraction. They
showed that in anesthetized dogs whose carotid arteries
were connected to allow cross-circulation between two
animals, feeding of one led to gall bladder contraction in
both. They named this hormonal substance “cholecys-
tokinin.”

central localization of cholecystokinin

Some 50 years after the original description of CCK,
immunochemical studies started to reveal that not only
was CCK present in gut tissues, but also in the CNS.3-5 In
addition, nerves containing CCK were found to be partic-
ularly numerous in the guinea pig neocortex, hippocam-
pus, amygdaloid nuclei, hypothalamus, and spinal cord.6

Further work has confirmed the presence of cells con-
taining mRNA encoding CCK in the rat7 and human8 CNS.
Levels of CCK in the rostroventral medulla are elevated in
cases of neuropathic pain and tolerance.9 What emerges
is that CCK has extensive CNS as well as gastrointestinal
representation. There are, however, some differences in
the structure of CCK found in the alimentary tract of
rodents and that found in the CNS. That predominating in
the alimentary system is known as “CCK A,” while that
localized predominately in the CNS is known as “CCK B”
(brain).

In rodent and murine models, “peripheral” CCK, or
CCK A, is indeed found predominately in the periphery,
but also has some CNS representation. The localization of
CCK A varies among differing rodents.10 In contrast, the
density of CCK A receptors in the CNS is significantly
higher in primate models.11 Indeed, Verge and colleagues
have shown that 20 percent of monkey dorsal root gan-
glion neurones express mRNA for CCK irrespective of
spinal level. In contrast, mRNA for CCK is found at very
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low levels in uninjured rats, and it is only after neural
injury that its levels increase substantially.12 Tissue levels
of CCK are unaltered at the site of neural injury, and it is
only at the dorsal root ganglion level that increases in
CCK are seen. This increase is in mRNA levels for CCK13-15

and in the extent of CCK binding.15

Not only neural injury can increase CCK levels.
Gustafsson and colleagues used microdialysis techniques
to show that systemic administration of antinociceptive
doses of morphine induces a dose-dependent release of
CCK-like immunoreactivity in the dorsal horn of the rat
spinal cord.16 Similarly, Zhou and colleagues have
demonstrated an 89 percent increase in CCK immunoreactiv-
ity in the perfusate of the rat spinal cord after morphine
administration.17 Wiesenfeld-Hallin and colleagues have
confirmed these findings and shown that morphine causes
release of CCK after axotomy but not during carrageenan-
induced inflammation.18 In rodents, even a single dose of
morphine can cause up to a threefold increase in the con-
centration of brain and spinal cord CCK.19

effect of elevation of central nervous 

system cholecystokinin levels

If we accept that CCK is found in both the gastroin-
testinal tract and CNS and that its levels are elevated after
neural injury or opiate administration, then the question
of the relevance of such elevated levels arises.

Xu and colleagues20 studied rats, of which some had a
spinal cord injury inflicted. Of these, some exhibited
behavioral signs of allodynia. They measured the circu-
lating level of CCK in the cerebrospinal fluid and found
that the levels in uninjured animals were almost exactly
the same as those in animals with a spinal injury, but not
exhibiting signs of allodynia. In contrast, those animals
that were spinally injured and did show evidence of allo-
dynia were found to have a very marked increase in level
of circulating CCK.

Kovelowski and colleagues21 have also investigated
the role of CCK in neuropathic pain. We know that the
CNS exerts facilitatory and inhibitory drives that regulate
pain. In animals, spinal section at T8 blocks tactile allody-
nia, but not thermal hyperalgesia after spinal nerve liga-
tion, suggesting a supraspinal integration of allodynia.
They found that injection of CCK-8 into the rostroventro-
medial medulla was associated with a robust tactile allo-
dynic effect and produced a more modest hyperalgesia.
They also showed that the antinociceptive effect of mor-
phine injected into the periaqueductal gray region was
substantially reduced in spinal nerve-ligated rats, but that
its effect was restored by the concomitant administration
of a CCK antagonist. They concluded that activation of
descending nociceptive facilitatory pathways is important
in the maintenance of neuropathic pain, and that this is
dependent on CCK release.

If CCK is injected systemically or perispinally, the
antinociception produced by morphine is antagonized.22

Furthermore, if CCK is injected into the inflamed paws of
rats, the antinociceptive effect of fentanyl is reduced and
this reduction is blocked by CCK A, but not CCK B antag-
onists in this species.23

effect of cholecystokinin antagonists 

on opioid-derived antinociception

The studies presented previously imply a role for CCK
in nociceptive processing. Although this is of interest, it is
of clinical relevance only if it suggests a therapeutic inter-
vention that may produce patient benefit. In fact, there is
a depth of evidence to support the concept that the use
of CCK antagonists may improve opioid-derived antinoci-
ception in a variety of animal models. Perhaps the first of
these pieces of evidence dates from 1985, when Watkins
and colleagues showed that proglumide given systemi-
cally, intrathecally, or intracerebrally enhanced mor-
phine-derived antinociception in a rat radiant heat pain
model.24 That this effect was mediated by CCK was con-
firmed by Suh and colleagues,25 who showed that intrac-
erebroventricular injection of CCK-8 antagonized the
antinociceptive effect of morphine in a mouse tail-flick
test. The antagonistic effect of CCK-8 on morphine was
blocked by the specific CCK B antagonist PD135,158, but
not by the CCK A antagonist lorglumide.

While the majority of studies suggest that CCK B antago-
nists such as L365,260,26,27 PD134, 308,28-30 and PD135, 15831

have the greatest enhancing effect on opioid-derived
antinociception, other isolated reports confirm an enhancing
effect with the mixed CCK A and B antagonist proglu-
mide32,33 and even with the specific A antagonist L364,718.34

Although this evidence tends to point toward CCK B antago-
nists as having the more pronounced effect on the antinoci-
ceptive effects of morphine, we will see later that there are
important interspecies variations.

The magnitude of effect produced by a CCK antago-
nist on morphine antinociception is typified by the results
of Nichols and colleagues.27 They examined rats that
underwent an L5-L6 spinal nerve ligation. Allodynia was
assessed using von Frey filaments. Neither administration
of morphine nor the CCK B antagonist L365,260 alone
had any effect on allodynia. When they were coadminis-
tered, however, a significant antiallodynic effect was
observed. The d-opioid receptor antagonist naltrindole
NTI blocked this antiallodynic effect.

cholecystokinin and other 

neuroactive substances

dynorphin

CCK is not the only antiopioid peptide found in the

Journal of Opioid Management 1:5 n November/December 2005274



CNS. Dynorphin A, when given in very small doses
intrathecally, reduces the antinociceptive effects of mor-
phine.35,36 This effect seems not to be a direct action, but
rather, one that is mediated by CCK. The antinociceptive
effect of morphine is reduced by intrathecal dynorphin,
producing a rightward shift of the morphine dose-
response curve. This effect is prevented by administra-
tion of a CCK antagonist and by pretreatment with CCK
antiserum. On the other hand, the antianalgesic effect of
CCK is not affected by pretreatment with dynorphin anti-
serum, suggesting that dynorphin A has an indirect effect
mediated by spinal CCK.37 In a similar fashion, the
antianalgesic effects of pentobarbital38,39 and neuro -
tensin40-42 seem to be mediated by spinal release of CCK.

enkephalins

Radioimmunoassay and immunochemical studies
have shown that enkephalins and CCK 8 have a similar
distribution within many areas of the CNS.43,44

Enkephalins act as endogenous opioids, while CCK has
antiopioid properties. This has produced interest in the
possible combined use of CCK antagonists and
enkephalinase inhibitors, such as RB101, a complete
inhibitor of the enkephalin-catabolizing enzymes.45

Valverde and colleagues46 have shown that RB101 does
indeed have antinociceptive properties and that coad-
ministration of the CCK antagonists L365,260, RB211, and
PD134,308, along with RB101, increases the antinocicep-
tion by 300, 500, and 800 percent, respectively, as com-
pared with RB101 alone. The duration of action of RB101
is short, however, and this may limit its clinical useful-
ness. RB3007 has a longer duration of action, and recent
work has confirmed its long-lasting antinociceptive prop-
erties and a significant potentiation by the CCK B antago-
nist PD134,308.47

Vanderah and colleagues48 confirmed that the addition
of a peptidase inhibitor (thiorphan) to L365,260 produced
marked antinociception, while application of either alone
produced no such decrease in nociceptive signaling. The
effect of the combination of CCK antagonist and pepti-
dase inhibitor was blocked by naltindole (a d-opioid
antagonist) and by antisera to [Leu5]enkephalin, but not
by antisera to [Met5] enkephalin. This suggests that CCK
may tonically inhibit [Leu5] enkephalin, which results in a
subsequent enhancement of morphine activity.

This raises the question of the effect of CCK antago-
nists on placebo-mediated analgesia. It has been
observed that the opioid antagonist naloxone is capable
of reversing placebo analgesia.49-52 Benedetti53,54 exam-
ined human subjects with experimentally induced
ischemic pain. He found that while the placebo response
was indeed reversed by naloxone, proglumide enhanced
it. This enhancement was seen only in placebo respon-
ders.

opioid agonists

The knowledge of an interaction between CCK levels
and the antinociceptive action of opioids has led to inter-
est in the design of a novel peptide ligand for the CCK B
receptor, which has potent agonist-binding affinity and
bioactivity at d-and m-opioid receptors and simultaneous
antagonist activity at CCK receptors.55

effect of cholecystokinin antagonists 

on antinociceptive tolerance to opioids

In keeping with much of the evidence relating to the
actions of CCK and the effects of administration of its
antagonists, referring to its effects on antinociceptive tol-
erance to opioids is not new. In 1984, Tang and col-
leagues demonstrated that the antinociceptive tolerance
that developed after only seven or eight subcutaneous
injections of morphine can be curtailed by treatment with
proglumide without altering the half-life of the mor-
phine.56

Similarly, in 1987, Panerai and colleagues studied rats
that were fed morphine alone, morphine with proglu-
mide, or morphine and benzotript (both CCK antago-
nists) dissolved in their drinking water.57 The experiment
lasted 27 days. The presence of tolerance to morphine
was assessed by an evaluation of the analgesic responses
evoked by graded doses of acutely injected morphine in
the tail-flick and hotplate tests. Both proglumide and
benzotript shifted the dose-response curve for morphine
to the right when compared to those treated with mor-
phine alone, suggesting that they had curtailed the devel-
opment of tolerance. Neither proglumide nor benzotript
had any effect when administered alone.

A recurring theme from animal experiments examin-
ing antinociceptive tolerance to opioids is that almost-
complete tolerance is relatively easily obtained. This con-
trasts with human practice, in which many still maintain
that even prolonged treatment with opioids is not com-
monly associated with such tolerance.

Tortorici and colleagues58 have given some insight into
the possible central location where tolerance is mediated
through. They introduced a cannula into the periaqueduc-
tal gray area of rats. Microinjections of morphine produced
antinociception, as quantified with the tail-flick and hot-
plate tests. When morphine microinjection was repeated
twice daily, the antinociceptive effect disappeared within
two days. If each morphine microinjection was preceded
by a microinjection of proglumide into the same site, how-
ever, the microinjection of morphine always produced
antinociception and did not induce tolerance. If the proglu-
mide microinjections were suspended, subsequent mor-
phine microinjections induced tolerance. In morphine-tol-
erant rats, a single microinjection of proglumide was
enough to restore the antinociceptive effect of morphine.
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The work of Idanpaan-Heikkila and colleagues59 con-
firms that the CCK B antagonist L365,260 curtails toler-
ance in a rat model of peripheral neuropathy, while the
studies by Zarrindast60,61 show that both the CCK A antag-
onist MK329 and the B antagonist L365,260 curtail
antinociceptive tolerance to morphine in mice. Dourish
and colleagues also show that both the CCK A antagonist
L365,031 and the B antagonist L365,260 curtail antinoci-
ceptive tolerance in a rat radiant heat tail-flick model,
although they did show the morphine-enhancing effect
was greater with L365,260 than with L365,031.62

The majority of studies investigating antinociceptive
tolerance have concentrated on morphine. Kissin and
colleagues,63 in contrast, studied the effect of intravenous
infusion of the short-acting opioid analgesic alfentanil in
a rat model. Within four hours of commencement of
alfentanil infusion there had been an approximate cumu-
lative reduction of initial analgesic effect of 95 percent.
L365,260 administered with alfentanil attenuated this
reduction to a value of approximately 65 percent after
four hours. Most impressively, proglumide, when given
with alfentanil, had the effect of allowing a cumulative
reduction of initial analgesic effect of only 45 percent.

reversal of established tolerance

The majority of studies addressing the issue of
antinociceptive tolerance have concentrated on preven-
tion. In contrast, Hoffmann and Wiesenfeld-Hallin64

looked at the effect of a CCK antagonist, CI988, on estab-
lished tolerance. This was induced by twice-daily subcu-
taneous injections of morphine in rats. By this stage, tol-
erance was almost complete. Administration of further
morphine with saline did not improve the level of
antinociception as judged by a hotplate test. When CI988
was given with morphine, however, marked antinocicep-
tion was observed, suggesting that this CCK antagonist
had reversed established antinociceptive tolerance.
Similarly, Watkins and colleagues65 showed that proglu-
mide not only increased the antinociceptive effect of
morphine in a rat model, but also seemed to reverse
established tolerance.

safety of cholecystokinin antagonists

As has been shown, a considerable body of evidence
supports the contentions that CCK has an antiopioid
effect, its levels are increased after neural injury and
chronic opioid administration, and CCK antagonists have
a pro-opioid analgesic effect. The use of opioids is not
without risk, however, with the major concern after acute
administration being respiratory depression. Efficacy mat-
ters little in the promotion of better analgesia if additional
risk to the patient is accrued from their use. Dourish and
colleagues66 provide a degree of reassurance from one of

the few studies actually done in primates. They examined
the effect of morphine on respiratory depression in squir-
rel monkeys and demonstrated a reduction in respiratory
frequency after morphine administration, as would be
expected. Addition of devazepide, a CCK A antagonist to
a similar dose of morphine, increased the antinociception
obtained from morphine alone, but did not decrease the
respiratory rate any more than morphine alone. It is also
interesting that they demonstrated such an increase in
antinociception with a CCK A antagonist, given that the
majority of studies done in rodent and murine models
suggest that the B antagonists have a greater effect on
nociception than the A antagonists.

To date, only one study has been undertaken in
human subjects addressing the issue of safety.
McCleane67 studied nine subjects, all of whom were unre-
sponsive to previous analgesic intervention, and in
whom a trial of strong opioids was indicated. All subjects
were given a twice-daily dose of sustained-release mor-
phine. After stabilization of this dose, subjects were divid-
ed into three groups. All received L365,260, with the first
three getting two doses of 10 mg separated by a four-
hour interval; of the remaining six, three received 30 mg
and the other three 60 mg, in a similar fashion.
Cardiovascular and respiratory parameters were meas-
ured at regular intervals for the 10 hours after drug
administration. No alterations in these variables were
observed, and side effects were infrequent and mild.

human evidence

Despite the abundance of studies examining the con-
cepts surrounding the issue of CCK in animal models, rel-
atively few human comparisons have been made.

In 1985, Price and colleagues68 used a human experi-
mental pain model (radiant heat stimulus to the forearm)
to examine the effect of proglumide on morphine-
induced analgesia. Each subject received intravenous
morphine at a dose of 0.04 or 0.06 mg per kg. They were
then given intravenous saline and 10 or 100 mcg of prog-
lumide. Morphine with saline had a very modest anal-
gesic effect; however, the quality and duration of analge-
sia was substantially improved by coadministration of
proglumide with morphine. Although this paper was the
first to demonstrate a useful improvement in analgesia
when a CCK antagonist is given with morphine, the dose
of proglumide used was exceptionally small. The majori-
ty of other human studies examine the use of proglumide
with doses measured in milligrams, rather than micro-
grams. If nothing else, this highlights the lack of dose-
finding studies in humans with this and all of the other
CCK antagonists currently available.

Lavigne and colleagues69 studied 60 subjects undergo-
ing impacted third molar extraction. Subjects received
intravenous morphine at a dose of 4 or 8 mg or morphine
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4 mg with proglumide at a dose of 0.05, 0.5, or 5 mg.
Morphine 4 mg with proglumide 5 mg not only produced
analgesia comparable to morphine 8 mg alone in terms of
quality, but also of much greater duration.

In contrast to the studies with positive results,
Lehmann and colleagues70 were unable to demonstrate
any improvement in pain scores or reduction in mor-
phine consumption when they studied 80 subjects under-
going major abdominal or gynecological surgery. The
morphine and proglumide administered in this study was
given on demand using a patient-controlled analgesia
device. It is hard to rationalize the failure to observe
improvements in analgesic quality when proglumide was
given, although four dose levels were examined. Also,
the subjects were undergoing a variety of different proce-
dures, so the comparability between subjects may not
have been that great.

McCleane71 studied 40 subjects who were already tak-
ing sustained-release morphine at a mean daily dose of
50 mg for a median time of 7.4 months (range, 0.3 to 72
months) for intractable pain. Subjects were blindly treat-
ed with proglumide 200 mg twice daily and placebo
twice daily, in random order, for a two-week period
each. Pain scores fell from a baseline of 8 on a 0 to 10-cm
linear visual analog scale to 6 with proglumide treatment
(p < 0.002), while no significant changes in pain score
were seen with placebo. Side effects resultant from prog-
lumide use were infrequent and minor. While morphine
is occasionally considered as a possible treatment option
in pain management, infinitely greater numbers of
patients receive codeine-based preparations. McCleane72

also examined the effect of proglumide on analgesia
derived from a stable dose of dihydrocodeine in 30 adult
subjects with pain of varied etiology using a double-
blind, placebo-controlled crossover study. Pain scores
were essentially unaltered by addition of placebo, but
proglumide 200 mg twice daily produced a fall in pain
scores of 1.23 on a 0 to 10-cm linear visual analog scale
(p < 0.05).

Bernstein and colleagues73 performed a double-blind,
placebo-controlled crossover study of 60 subjects with
cancer pain who were receiving morphine. Each patient
received their usual daily dose of morphine along with
placebo and half of their normal daily morphine dose
with proglumide 50 mg. Forty-three patients completed
the study. No differences in pain scores were observed
between the two treatment periods, indicating that a sub-
stantially smaller dose of morphine could be used to
achieve analgesia when proglumide was added. They
also observed no side effects from the use of proglumide.
The clinical implications of this study are obvious.

The majority of the murine and rodent studies suggest
that antagonism of the CCK B receptors produces a more
pronounced enhancement of opioid-derived antinoci-
ception. Few primate studies have been undertaken, but

that of Dourish and colleagues66 examined the effect of a
CCK A antagonist in a squirrel monkey pain model. They
observed impressive antinociception when the CCK A
antagonist was added to morphine. McCleane74 investi-
gated the effect of the CCK B antagonist L365,260 on
morphine-derived analgesia in humans with chronic neu-
ropathic pain. Forty subjects were studied, all of whom
were taking sustained-release morphine but obtaining
incomplete pain relief. All subjects received placebo and
L365,260 at three dose levels (30, 60, and 120 mg) in
three divided doses daily for two weeks in random order
separated by a washout period. Pain scores, activity lev-
els, sleep, concomitant analgesic consumption, electro-
cardiographs, and serum biochemistry were all meas-
ured. No differences between the treatment periods (at
any dose given) and the placebo period were observed,
and few side effects were attributable to the use of
L365,260. The study population was made up of patients
with pain previously resistant to treatment, similar to
other studies with proglumide in which definite reduc-
tions in pain levels were observed.70,71 This implies that
there may be species variations in the response to CCK
antagonists and also raises the possibility that CCK A
antagonists may be more efficacious in primate and
human models.

To date, no randomized controlled trials have been
reported that examine the effect of CCK antagonists on
analgesic tolerance in humans. McCleane75 reported an
open-label series in which patients stabilized on proglu-
mide 200 mg twice daily along with a fixed dose of mor-
phine were followed for one year. At the end of this peri-
od all subjects were still receiving a similar level of
analgesia from this fixed dose of morphine, and it was
concluded that analgesic tolerance had not developed.

conclusion

A significant body of evidence confirms that in animal
pain models, CCK and its receptors play an important
role in nociceptive processing. Again in these models, the
addition of a CCK antagonist to an opioid enhances its
antinociceptive effect and reduces the extent of antinoci-
ceptive tolerance with sustained use.

Human evidence is less complete and only partially
suggests that the same effects are associated with CCK
use. Therefore, the full story of the effect of CCK antago-
nists and their effects on opioid-derived analgesia in
humans needs significant further research, but given the
highly suggestive animal evidence, such human work is
well merited.
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