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Abstract

Opioid rotation refers to a switch from one opioid to another in an effort to improve the
response to analgesic therapy or reduce adverse effects. It is a common method to address the
problem of poor opioid responsiveness despite optimal dose titration. Guidelines for opioid
rotation are empirical and begin with the selection of a safe and reasonably effective starting
dose for the new opioid, followed by dose adjustment to optimize the balance between
analgesia and side effects. The selection of a starting dose must be based on an estimate of the
relative potency between the existing opioid and the new one. Potency, which is defined as the
dose required to produce a given effect, differs widely among opioids, and among individuals
under varying conditions. To effectively rotate from one opioid to another, the new opioid
must be started at a dose that will cause neither toxicity nor abstinence, and will be
sufficiently efficacious in that pain is no worse than before the change. The estimate of
relative potency used in calculating this starting dose has been codified on ‘‘equianalgesic
dose tables,’’ which historically have been based on the best science available and have been
used with little modification for more than 40 years. These tables, and the clinical protocols
used to apply them to opioid rotation, may need revision, however, as the science underlying
relative potency evolves. Review of these issues informs the use of opioid rotation in the
clinical setting and defines key areas for future research. J Pain Symptom Manage
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Introduction
Opioid rotation refers to a switch from one

opioid to another in an effort to improve
therapeutic response or reduce undesirable
effects. It is a well-accepted clinical practice
and usually is considered as a therapeutic
option in the following situations:

� Opioid dose escalation has yielded intoler-
able and unmanageable side effects, such
as somnolence or mental clouding;
0885-3924/09/$esee front matter
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� Severe pain (often with emerging side
effects) continues despite repeated dose
escalations;
� There may be benefit in a switch to a differ-

ent route of administration (e.g., transder-
mal rather than oral), or drug or
formulation (e.g., a formulation with
once-daily dosing);
� A change in clinical status suggests need

for an opioid with different pharmacoki-
netic properties (e.g., a drug without
active metabolites in the setting of pro-
gressive renal insufficiency);
� Cost considerations require a change in

therapy.

In most situations, opioid rotation is under-
taken in the setting of poor opioid responsive-
ness. The goal is to achieve a better balance
between analgesia and side effects, or to allow
sufficient dose escalation for satisfactory pain
control. The acceptance of this strategy derives
from the expectation that a switch to a new
drug is likely to yield equivalent or better anal-
gesia and fewer side effects. This expectation
has gained support from a small number of
observational studies1e3 and a substantial
clinical experience that has accumulated over
many decades.

Although the specific mechanisms by which
opioid rotation improves the overall response
to therapy are not known, the theoretical basis re-
lates broadly to the large individual variation that
characterizes the responses to different mu-ago-
nist opioids, and more specifically, to the phe-
nomenon of incomplete cross-tolerance to
both analgesic and nonanalgesic opioid effects.4

Presumably, any change from one opioid to an-
other is likely to yield a different set of effects,
sometimes more favorable and sometimes less fa-
vorable, and the impact of incomplete cross-tol-
erance may bias this change toward relative
improvement. If cross-tolerance to the analgesic
response produced by the first drug is less com-
plete than cross-tolerance to treatment-limiting
side effects, the switch will yield a more favorable
overall response to therapy. These phenomena
of individual variation and cross-tolerance are
poorly understood and offer a rich avenue for fu-
ture research to elucidate the mechanisms un-
derlying the success of opioid rotation.

To implement opioid rotation, a clinician must
first calculate an approximate equianalgesic dose
between the current opioid and the new opioid.
This calculated starting dose must be safe, nei-
ther high enough to cause opioid toxicity nor
low enough to cause withdrawal, and sufficiently
efficacious to produce no worsening of the pain.
The dose of the new drug usually must be titrated
from this starting dose, hopefully yielding an im-
proved balance between analgesia and side
effects.

The calculation of an approximate equianal-
gesic dose is necessary because the analgesic
potency of the various opioid drugs varies
greatly. Potency refers to the dose required to
produce a given effect. Among the various opi-
oids available for clinical use, potency varies by
orders of magnitude (i.e., from micrograms to
milligrams). For example, a typical patient
with relatively little prior opioid exposure is
likely to experience comparable analgesic
effects from parenteral administration of a sin-
gle 100 mg dose of fentanyl (FE) and a single
10 mg dose of morphine. Clearly, there could
be no way to switch among drugs safely and
effectively unless the relative potencies among
them were known.

Relative potency, which may be defined as the
ratio of opioid doses necessary to obtain roughly
equivalent effects, can be determined through
controlled clinical trials that compare different
drugs or routes of administration. Relative po-
tency can be calculated for analgesia or any mea-
surable nonanalgesic effect. Relative analgesic
potency can be converted into equianalgesic
doses by applying the dose ratio to a standard.
Historically, 10 mg of parenteral morphine has
been considered to be the standard for this de-
termination, and doses equianalgesic to this
have been calculated by using the empirically
derived relative potency estimates.5,6

The first equianalgesic dose table was pub-
lished more than 40 years ago5,7 and codified
the results of numerous relative potency stud-
ies. Although many versions of the table have
been published since then, the potency esti-
mates represented by the values in the table
have undergone little modification (Table 1).

In addition to their clinical utility in opioid ro-
tation, relative potency estimates are necessary
to meaningfully investigate the comparative ef-
fects of different opioid drugs. To determine
clinical relevance, nonanalgesic effects must be
compared at roughly equianalgesic doses. Stud-
ies of relative potency, therefore, have been the



Table 1
Values Included in the Original

Equianalgesic Dose Table

Drug Equianalgesic (mg) Doses

Morphine 10 IM/IV/SQ
60 PO

Hydromorphone 1.5 IM/IV/SQ
7.5 PO

Oxycodone 20e30 PO
Oxymorphone 1 IM/IV/SQ

10 PR
15 PO

Levorphanol 2 IM/IV/SQ
4 PO

Methadone 10 IM/IV/SQ
20 PO

Fentanyl 50e100 mg IV/SQ

Some early tables include other drugs, such as codeine and
propoxyphene. The original studies were performed with IM dos-
ing and were then extrapolated to IV and subcutaneous dosing.
Most tables published subsequently include these values with
some modifications: the morphine PO dose often is changed to
20e30 mg, recognizing subsequent work demonstrating that the
original, single-dose data did not apply to chronic treatment;
recent studies comparing oral doses of oxymorphone and oxyco-
done have led to modifications in dose-conversion recommenda-
tions; and methadone usually is footnoted to highlight that the
original ratios do not apply to the clinical setting without large
adjustment (see text).
IM¼ intramuscular; IV¼ intravenous; PD ¼ by mouth (oral);
SQ ¼ subcutaneous; PR ¼ per rectum.
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foundation for a better understanding of many
issues in opioid clinical pharmacology.
The Methodology of Relative Potency
Assays

Although the information collated in the
equianalgesic dose table generally is regarded
as the best science available, translation of this
information to the clinical practice of opioid ro-
tation requires guidelines that are informed by
a critical understanding of the nature of the
studies from which they were derived. The clin-
ical trial methodology that was developed in the
1950s and 1960s to explore relative analgesic
potency represented a landmark in pain re-
search and set a standard for meticulous exper-
imental design and study conduct that remains
today.5,7,8 Nonetheless, like all clinical trials, the
specifics must be understood to judge validity,
acknowledge limitations, and appropriately ap-
ply the data to the clinical setting.

Framework for Controlled Trials
of Relative Potency

The original relative potency assays were
designed as controlled four-point, single-dose
studies. A low dose and a high dose of a study
drug were compared with a low dose and high
dose of a standard, usually parenteral mor-
phine. Using double-blind technique and ran-
dom treatment assignment, each patient
received one or more of the study doses.
Most studies used a partial cross-over design
so that each patient received more than one
of the study doses, but not all of them. The
subjects chosen for these studies either had
acute postoperative pain or chronic cancer
pain. Postoperative patients were studied on
the first day after surgery and typically had
minimal opioid exposure. Studies of chronic
pain patients typically limited the population
to those who had been receiving no more
than a relatively low dose of opioid before
the study. The intention in developing these
entry criteria was to choose a population for
study that would be unlikely to have clinically
significant tolerance to the analgesic or nona-
nalgesic effects of the study drugs.

After each dose of the study drugs, analgesia
and other effects were evaluated repeatedly for
a period of hours, using simple scales. Pain
severity and pain relief, for example, were mea-
sured on separate 100 mm visual analog scales.
The multiple pain measurements were used to
calculate metrics that represented the total
amount of pain reduction after a dose of study
medication. Specifically, total pain reduction
was determined as the sum of pain intensity
differences (or SPID, which is defined as the
sum of the differences between each of
the pain severity ratings after the dose and
the baseline pain rating before the dose), or
the total pain relief (or TOTPAR, which is
defined as the sum of the pain relief scores
obtained after the dose). The effects pro-
duced by the dose of study medication also
could be described by other metrics, such as
peak effect on pain intensity or duration of
effect on pain.

Each dose in the relative potency assay
could, therefore, be defined in terms of a sum-
mary effect score, such as SPID, or a single
meaningful score, such as peak effect. Any
one of these outcomes could then be plotted
as a simple, two-point dose-response relation-
ship. Because the relationship between plasma
drug concentration and the resultant biologi-
cal effect usually is characterized by a sigmoid
curve, which becomes linear when plotted on
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a log-linear graph, these dose-response curves
for analgesia were plotted with dose on a log
scale.7 The usual approach first calculated
a summary measure like the SPID for each
dose studied. This SPID score for each of the
four doses was then plotted against the log of
the doses. The low and the high doses for
each drug thereby defined a straight line,
and each study usually yielded two such lines,
one for the so-called standarddtypically mor-
phinedand one for the new study drug
(Fig. 1). A relative potency estimate was calcu-
lated as the distance between these lines and
was expressed as the ratio of doses that would
yield comparable analgesic effects.

Indicators of Validity
These relative potency assays included

a group of checks, which were reviewed in
each study and affirmed the validity of the
results.5,7 First, by incorporating an active con-
troldspecifically low and high doses of mor-
phine or another standarddthese studies
had an ‘‘internal measure’’ of the assay’s sensi-
tivity. If the low dose and the high dose of the
standard did not separate in terms of the ef-
fects produced, the validity of the assay was
Fig. 1. An example of a four-point relative potency study: a
(PO) phenazocine. a) Pain intensity difference is plotted ag
circles: PO preparation). b) Total (left) or peak (right) cha
total scores, PO phenazocine is one-fourth as potent as the I
could be calculated because there was no overlap between th
the time course of response differs between the routes, note
would change according to the length of the study; for exam
disparity between IM and PO preparations would have appe
suspected.9 Second, the dose-response plots
ensured that the two drugs were being com-
pared in a similar effect range. This allows di-
rect measurement, rather than extrapolation,
of the ratio of doses yielding roughly compara-
ble effects. Third, the plots could demonstrate
whether the dose-response curves calculated
from the data were parallel, as they should
be if both drugs had similar mechanisms of ac-
tion- and dose-proportionate effects.

With these checks, and with meticulous con-
duct of the studies, the relative potency data
originally published and adapted for the equi-
analgesic table are highly credible and give cre-
dence to the view that the equianalgesic dose
table, as originally developed, represented
the best science available. Data reflecting the
‘‘best science available’’ still may be chal-
lenged, however, by the impact of specific
methodological decisions and the fundamen-
tal problem of human variation. Review of
the original studies, combined with more
recent relative potency data, highlight poten-
tial limitations and inform the guidelines that
have been developed to safely and effectively
apply the equianalgesic table to opioid
rotation.
comparison between intramuscular (IM) and oral
ainst time (filled circles: IM preparation and open
nges in pain intensity are plotted against dose. For
M preparation. For peak scores, no relative potency
e level of response seen with the two routes. Because

that the relative potency calculated for total scores
ple, if only the first three hours were considered, the
ared even greater (from Beaver et al., 19668).
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Studies of Relative Potency
Although the equianalgesic dose table sug-

gests a simplicity to the pharmacology underly-
ing relative analgesic potency, this is not
confirmed by review of the studies that pro-
vided the data used to construct it.
Hydromorphone
Standard equianalgesic tables indicate that

the equianalgesic dose ratio for total analgesic
effect between morphine sulfate (MS) and
hydromorphone (HM) is 7:1 for parenteral
dosing and somewhere between 4:1 and 8:1
for oral formulations.6,10,11 Adjusted to a stan-
dard of morphine 10 mg parenterally, a typical
equianalgesic dose for parenteral HM would
be 1.5 mg (roughly the 7:1 ratio noted).

Interpretation of these relative potency
ratios has been complicated by more recent
data suggesting that these ratios differ depend-
ing on the direction of a switch from one drug
to another.12,13 In one retrospective study, for
example, the MS:HM ratio for patients who
switched from MS to HM was 5.33:1, and the
ratio for patients who switched from HM to
MS was 3.8:1.12 These studies indicate that
a bidirectional difference in potency between
MS and HM may apply to both oral and paren-
teral dosing, and may be independent of prior
opioid exposure. Based on these findings,
Bruera et al.12 recommend a dose ratio of 5:1
for rotation from MS to HM and a dose ratio
of 3.7:1 for a switch in the opposite direction.
The 5:1 ratio was used safely and effectively
in a large survey of patients who were switched
from oral morphine to a modified-release,
once-daily oral formulation of HM.14

Another complexity has been suggested by
the finding that the equianalgesic dose ratio
of parenteral HM and MS can change over
time.15 In patients undergoing bone marrow
transplantation, the potency of HM relative
to MS decreased from 7:1 around Day 7 to
3:1 by Day 13 post-transplant. The 7:1 ratio
found in standard equianalgesic tables was
derived from single-dose studies, which would
not reflect time-dependent effects. If the in-
complete cross-tolerance that provides a ratio-
nale for opioid rotation requires time to
develop, this might explain a time-dependent
shift in relative potency, and in turn, would
suggest that the relative potency estimates
that were used to create the conventional equi-
analgesic dose table usually overestimate the
potency of one or more of the drugs involved
in the process of opioid rotation.

Oxymorphone
The relative potency between intramuscular

MS and intramuscular oxymorphone (OM)
has been estimated to be 8.7:1.16 In the study
that determined this ratio,16 the occurrence
of side effects was qualitatively and quantita-
tively similar for the two drugs at equianalgesic
doses. Intramuscular OM has been found to be
approximately six times more potent than the
oral formulation and 10 times more potent
than the rectal formulation.17 A more recent
study observed that the equianalgesic dose
ratio between OM extended release and oxyco-
done (OC) controlled release in patients with
cancer pain was OM:OC 1:2.18 Based on these
data, it may be extrapolated that, for clinical
purposes, a reasonable oral OM:MS ratio is
1:2e3.

Oxycodone
Early studies estimated the relative potency

between parenteral OC and parenteral MS at
0.71:1.5,19,20 A more recent double-blind, ran-
domized, cross-over study of oral formulations
has confirmed this finding.21 Other studies
that have attempted to measure the relative
potency between oral OC and oral MS have
yielded more variable results, however, pre-
sumably because of the large individual varia-
tion that characterizes the oral bioavailability
of the two drugs. The oral bioavailability of
MS ranges from 15% to 64%, and the oral bio-
availability of OC is 50% or more.12,15 This var-
iation alone may result in more than a twofold
difference in potency and suggests that oral
MS should be considered to be between equi-
potent and half as potent as oral OC.12,15,22,23

A study that compared oral modified-release
formulations of MS and OC in women under-
going hysterectomy was consistent with this
conclusion, finding that the MS:OC ratio was
1.8:1.24

Like the relative potency between HM and
MS, the ratio between OC and MS may be
influenced by the direction of the change. In
a controlled trial,25 patients who received OC
first had a potency ratio of MS:OC of 1.5:1,
whereas patients who received MS first had
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an MS:OC ratio of 1.33:1. This finding suggests
that when converting from MS to OC, a 2:1
ratio might be used, but a 1:1 ratio might be
more efficient when converting from OC to
MS.26 Although this finding of bidirectionality
was not replicated in another study,21 the ratio
of MS:OC was found to range from 1.1:1 to
2.3:1, with a mean of 1.5:1, corroborating
findings that OC is more potent than MS.

Methadone
The use of methadone (ME) in opioid rota-

tion has received a great deal of attention in re-
cent years. Initial enthusiasm for a switch to ME
based on anecdotal observations suggesting
that the potency of this drug is much greater
than anticipated has been tempered by recent
concerns about serious adverse events related
to unanticipated toxicity, inappropriate pre-
scribing, and the newly appreciated potential
to prolong the QTc interval (rate corrected elec-
trocardiographic QT interval).27 Although ME
may be very useful in opioid rotation, there is
a call for greater caution in the use of this
drug, especially by inexperienced clinicians.28

In early single-dose relative potency assays,
the equianalgesic dose ratio for parenteral
MS:ME was 1:1 and the ratio between paren-
teral ME and oral ME was 1:2.5,7 More recent
studies, however, have confirmed that the
potency of ME when patients are switched
from another mu agonist is greater than would
be anticipated from the early studies.12,25,29e31

For example, Ripamonti et al.30,31 reported
a dose ratio for oral MS:oral ME of 7.75:1
(range: between 14.1 and 2.5:1). A dose ratio
of subcutaneous MS vs. oral ME was reported
to range between 5:1 and 7:1.12,32

Several studies have found a significant rela-
tionship between the relative potency of ME
and the dose of the opioid taken at the time
that ME is administered.12,25,30,31 One study
noted that the oral MS:ME ratio for patients
receiving less than 1165 mg/day was 5.42:1,
whereas the ratio for those receiving more
than 1165 mg/day was 16.8:1.12 Another study
determined the MS:ME ratios as 3.71:1 if the
dose of MS before the switch was 30e90 mg/
day, 7.75:1 if the MS dose before the switch
was 90e300 mg/day, and 12.25:1 if the prior
MS dose was >300 mg/day.30,31 Another study
noted a bidirectional difference in the oral
MS:ME ratio, reporting that the ratio was
8.25:1 when switching from ME to MS, and
11.36:1 when switching from MS to ME,25

whereas the study by Walker et al.33 reported
the mean dose ratio for switching from oral
ME to oral MS to be 1:4.7, and intravenous
ME to oral MS to be 1:13.5. However, the study
did not find a significant relationship between
the relative potency of ME and the dose of ME
taken by the patient at the time of the switch.

The finding that the potency of ME after
a switch from another mu-agonist drug
depends on the dose of the prior drug has
been explained by the effects of the d-isomer
of ME, which comprises 50% of the commer-
cially available racemic mixture. The d-isomer
is an antagonist at the N-methyl-D-aspartate
receptor, and as such, has the potential to
reverse opioid tolerance and to produce
nonopioid analgesic effects.34 Presumably,
a relatively high-dose opioid regimen at the
time of the switch to ME would be associated
with greater tolerance, and initiation of ME
therapy would reverse this effect and yield
a greater degree of analgesia than a switch to
ME from a relatively low-dose regimen.

Together, these more recent studies suggest
that the conventional equianalgesic dose ratios
derived from a single dose study5,7 do not
apply to opioid rotation using ME without
substantial adjustment12,25,29,30 (see below).
This adjustment may take the form of a stan-
dardized reduction in the calculated equianal-
gesic dose in all cases, or a more specific
reduction based on the dose of the opioid
taken at the time of the switch to ME.

Codeine
The average dose ratio for total analgesic

effect between intramuscular and oral codeine
has been reported to be 0.6:1;19 the range in
total effect across patients was 0.57:1e0.64:1,
and the average ratio for peak effect was
0.49:1.19 A comparison between parenteral
codeine and OC found an equianalgesic dose
ratio of 10:1.20 Codeine is a prodrug of mor-
phine, however, and its relative potency pre-
sumably varies with the extent to which it is
converted to its active metabolite (see below).

Fentanyl
Transdermal, sublingual, and buccal formu-

lations of FE are now widely used in popula-
tions with chronic pain.35e37 Based on
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accumulated evidence from controlled trials,
the manufacturer of the transdermal FE citrate
delivery system provided a conversion tool that
presented dose ratios in broad ranges.38 For
example, the transdermal FE patch delivering
25 mg/hour is suggested to be roughly equia-
nalgesic to oral MS at 60e134 mg/day,
whereas transdermal FE at 300 mg/hour was
described as equianalgesic to oral MS at
a dose between 1035 and 1124 mg.38 The deci-
sion to apply a narrower range at the higher
dose of FE was based on very limited data.

In a prospective study of cancer patients
receiving modified-release MS who were con-
verted to chronic dosing with transdermal
FE, the mean ratio of MS:FE was 70:1.39 A sim-
ilar study yielded a ratio of 96.6:1.40 In a small
survey of 11 patients switched from MS or
codeine to a subcutaneous FE infusion, the
mean relative potency of MS:FE was 68:1, and
the range was 15:1e100:1.41 A study compar-
ing oral MS and subcutaneous FE found the
dose ratio to be 84.5:1,42 and a study compar-
ing subcutaneous MS and subcutaneous FE
suggested a ratio of 70:1.43 These studies dem-
onstrate considerable variability in conversion
ratios, both within and across studies, and
underscore the need for caution in applying
ratios during opioid rotation.26,44

Studies of oral transmucosal and buccal FE
formulations for breakthrough pain demon-
strate no relationship between the dose of
the drug and the dose of the baseline regi-
men.45 This finding would be unexpected if
the potency of the FE were strongly influenced
by analgesic tolerance and further reinforces
the conclusion that relative potency may be
influenced by a variety of factors, such as rapid-
ity of transit across the blood-brain barrier for
a highly lipophilic drug, such as FE, or avidity
for receptor sites. A study that formally evalu-
ated the relative potency of oral transmucosal
FE (OTFC) and intravenous MS in postopera-
tive patients found that the best equianalgesic
ratio of intravenous MS:OTFC was 80:1; in this
study, 800 mg of the FE produced analgesia
roughly comparable to 10 mg MS.46

Sufentanil
In patients with chronic pain previously

treated with opioids, a controlled trial deter-
mined the median potency ratio between an
FE infusion and a sufentanil (SF) infusion to
be 7.5:1, indicating that SF is approximately
7.5 times more potent than FE.47 In contrast,
a study of two patients with postoperative
pain, who were converted from FE to SF,
observed that dose ratios of 16:1 and 24:1
were effective.41 Other investigators48,49 found
the dose ratio between FE and SF to be 10:1.
Studies comparing intrathecal FE and SF for
labor analgesia identified potency ratios of
4.4:150 and 5.9:1.51
Buprenorphine
In a randomized, double-blind study that

compared epidural buprenorphine (BU) and
epidural MS in patients after major abdominal
surgery, the MS:BU relative potency ratio was
8:1.52 A comparison of sublingual BU and
intramuscular MS53 observed an MS:BU equia-
nalgesic dose ratio of 15.5:1, and studies com-
paring intramuscular BU and intramuscular
MS found MS:BU ratios of 33:1 in both.54,55
Nalbuphine
In controlled studies, parenteral nalbuphine

(NB) was found to be 0.8e0.9 times as potent
as parenteral MS,6 or equipotent to it.56

A study evaluating intramuscular NB and oral
NB found that the equianalgesic ratio was
1:4.57
Butorphanol
In patients with postoperative pain, the rela-

tive potency of parenteral butorphanol tartrate
and pentazocine hydrochloride was 24.3:1.58

Other studies found this ratio to be 16:159

and 20:1.60
Tramadol
Comparison of intravenous patient-controlled

analgesia with tramadol (T) vs. MS in female
patients undergoing reconstructive breast sur-
gery resulted in the potency ratio estimate of
1:11 (MS:T).61 Given this ratio, it may be surpris-
ing that another study, this one in children with
postoperative pain, showed that the use of an
MS:T equianalgesic dose ratio of 1:10 led to bet-
ter pain control with the MS.62 Another study of
children with postoperative pain determined an
equianalgesic dose ratio for epidural MS:T to be
1:20.63
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Relative Potency: Interpretation
and Limitations

The aforementioned review encompasses
both the early relative potency assays and
many studies that have appeared in subsequent
decades. Although the equianalgesic dose table,
which was created using measurements of mean
total effect from the original assays, has under-
gone little modification over the years, the
many later trials underscore the elements that
were not addressed by the early studies or the
equianalgesic dose table derived from them.
These studies were not used to describe other
estimates, such as peak effect, or to depict the
large confidence intervals that surrounded
each statistical calculation and objectified the
substantial variation around the mean.7,8,64

They did not assess many of the potential influ-
ences on potency that have become relevant
with subsequent research, including the direc-
tion of the switch from one drug to another,
the influence of chronic opioid administration,
and the importance of the dose at the time of
a change. They could not evaluate formulations
and drugs that have come into clinical use since
the original equianalgesic table was created, nor
did they specifically address responses based on
ethnicity, advanced age, concomitant medica-
tion use or comorbidities.

Applying Relative Potency Estimates to Opioid
Rotation

With the accumulation of relative potency tri-
als, it has become clear that guidelines for opioid
rotation based on the use of an equianalgesic
dose table cannot ignore the large variability in-
herent in this pharmacology. It is important to
clarify the extent to which the methodology of
the trials limits the generalizability of the data
they acquire.A critical understanding of the sour-
ces of variation, and their impact on the interpre-
tation of the data, may help refine the guidelines
for opioid rotation and increase the early effec-
tiveness of a switch from one opioid to another.
These sources of variation in relative potency es-
timates may be divided into those related to the
design and conduct of the assays and those re-
lated to variation in patient characteristics.

Assay Elements that May Influence
the Use of Relative Potency Assays

The specific procedures developed for rela-
tive potency assays are intended to control
for bias and increase the study’s sensitivity to
differences between drugs and doses. This pos-
itive effect may be balanced, however, by the
acquisition of data that lack broad generaliz-
ability as a result. Despite the rigor of the rela-
tive potency studies, limited generalizability
would raise questions about the application
of the data to equianalgesic ratios and guide-
lines for opioid rotation. These questions
would necessitate adjustments that acknowl-
edge this uncertainty and increase the safety
of the approach. In this regard, the following
are important considerations:

� As noted previously, the use of a total effect
measurement, such as SPID or TOTPAR,
calculated for a defined period after a study
dose, means that other parameters, such as
time to meaningful pain relief, peak analge-
sic effect, or duration of effect, are not de-
scribed. A relative potency estimate, and
the equianalgesic dose ratio derived from
this estimate, potentially could be calcu-
lated for any of these outcomes and could
theoretically yield a value with greater clin-
ical relevance. For example, it is possible
that an equianalgesic dose linked to peak
effect rather than total effect may be most
likely to lead to early benefit, particularly
if the change from one opioid to another
is occurring in the setting of severe pain.
The recognition that an equianalgesic
dose ratio based on average effect may yield
a dose conversion inadequate to address se-
vere pain can be incorporated into a guide-
line for opioid rotation (see below).
� The use of mean data in developing equia-

nalgesic ratios also may pose problems in
the clinical setting. A 10:1 ratio depicted in
the table may actually reflect a ratio of 2:1
in some patients and 20:1 in others. Varia-
tion may be systematic, such that specific
characteristics, like advanced age, are salient
influences on potency and may be associ-
ated with a relatively higher or lower ratio
than codified in the table. Uncertainty about
the extent of variation and the potential for
systematic influences also must be ad-
dressed in a guideline for opioid rotation.
� The four-point, incomplete cross-over

method, which increases the sensitivity of
the assay by having each patient act as
his or her own control, would be difficult
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to accomplish and prone to more error if
the time courses of effects between the
drugs differ greatly, or if the drugs have
a long duration of effect after a dose.
Although the original relative potency
studies tended to avoid these potential
problems by studying short half-life drugs,
ME was a notable exception and studies of
newer, long-acting formulations required
other study designs (e.g., Donner et al.
and Darwish et al.39,45). Guidelines for
opioid rotation that apply the traditional
equianalgesic dose table to ME or long-
acting formulations should acknowledge
the uncertainty in this approach and
incorporate adjustments for safety.
� Studies of relative potency largely have

included populations with little opioid
exposure. Given the likelihood that pro-
longed exposure to an opioid produces
changes (including some degree of analge-
sic tolerance) that will alter the relative po-
tency of the next opioid administered, the
dose ratios developed in such populations
cannot be directly applied to patients with
significantly greater opioid exposure. The
recent finding of large potency changes in
ME depending on the prior opioid expo-
sure highlight this concern.12,25,30,31
Clinical Elements That May Influence the Use
of Relative Potency Assays

In addition to these methodological issues,
relative potency estimates may be affected by
numerous factors that are minimized in the
clinical trial setting and similarly affect gener-
alizability of the data. When switching to
a new opioid, these potential sources of varia-
tion also must be considered.

Major Organ Dysfunction. Physiological distur-
bances may change the kinetics of a drug or
active metabolites, or alter pharmacodynamics.
Although these changes may shift relative anal-
gesic potency among opioids in ways that are
predictable, studies that would clarify the
changes have not been performed.

Renal insufficiency is likely to change the
potency of some drugs that depend on renal
clearance of the parent compound or active
metabolites. Although information about these
renal effects on opioid metabolism is
incomplete,65,66 patients with renal insuffi-
ciency who undergo opioid rotation generally
are given relatively lower starting doses and
more cautious dose escalation because of phar-
macodynamic changes leading to increased
risk of adverse effects, as well as the potential
for risk of accumulation of the parent com-
pound or its metabolites.67e72 The impact of re-
nally cleared metabolites is strongly suspected in
the case of drugs with known active metabolites,
such as morphine or BU.68e70,73 A study of BU in
the setting of renal impairment, for example,
revealed increases of fourfold and 15-fold,
respectively, in the plasma concentrations of
the metabolites BU-3-glucuronide and
nor-BU.73

There are even fewer data to clarify the ef-
fect of hepatic impairment on opioid potency.
A study of butorphanol, an agonist-antagonist
opioid, found kinetic changes that would be
unlikely to change potency,74 but a study of
morphine noted that the concentration of
active metabolites was relatively reduced in cir-
rhotic patients.75 The impact of this change on
relative potency is unknown. Because severe
hepatic disease increases the likelihood of ad-
verse drug effects overall, the usual approach
is to exercise caution when rotating opioids
in patients with liver disease, notwithstanding
the lack of information about specific changes
in relative potency.

Patients with adrenal insufficiency and hypo-
thyroidism may show a prolonged and exagger-
ated response to opioids. Abnormal levels of
plasma proteins may change the relationship
between protein-bound and protein-free drug,
and thereby influence opioid effects.76 These
changes also may influence relative potency es-
timates when converting from one drug to an-
other, but again, the details are not known.

Demography. Race, age, and gender, each can
affect the potency of specific opioids.
Although the impact of these characteristics
on relative potency estimates between pairs
of drugs is not known, data are continuing to
emerge and it is possible that future studies
will be able to apply this information systemat-
ically to guidelines for opioid rotation.

Recent data have underscored the impor-
tance of genetically determined racial differ-
ences in the response to opioids.77e83 The
best characterized one is the variation in the
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activity of the CYP2D6 isoenzyme of the
hepatic P450 system, and its encoding gene.
CYP2D6 is known to catalyze more than 50
clinically important drugs, including analge-
sics, antiarrhythmics, antidepressants, antipsy-
chotics, and b-blockers. It is the only one of
the drug-metabolizing CYPs that is not induc-
ible, and as a consequence, genetic variation
contributes largely to the interindividual varia-
tion in the enzyme’s metabolic activity.

CYP2D6 is involved in the metabolism of
codeine, hydrocodone, OC, T, and a number
of other opioids. Codeine is a prodrug and
CYP2D6 catalyzes O-demethylation of codeine
to morphine, which leads to clinical effect. Dif-
ferent CYP2D6 alleles result in enzyme variants
associated with abolished, decreased, normal,
or ultrarapid enzyme activity. Clinically, they
allow grouping of patients into ultrarapid
metabolizers, extensive metabolizers, interme-
diate metabolizers (IM), and poor metabolizers
(PM). PM produce less morphine from codeine
and demonstrate relatively poor analgesic re-
sponse when codeine is administered for pain.79

It has been shown that the activity of CYP2D6
is significantly greater in Caucasians than Asian
patients. Chinese subjects given codeine have
higher mean values of Cmax and area under
the curve, lower plasma clearance, longer
plasma half-life, and lower partial clearance by
glucuronidation.83 Similarly, Japanese subjects
were found to have a significantly higher fre-
quency of CYP2D6*10 mutation, predicting
them to be IM.80 With these findings, differ-
ences between Asians and Caucasians in the
relative potency estimates involving codeine
are highly likely.

Genetic differences in other metabolic path-
ways presumably are the cause of variation
between Caucasians and Chinese in the phar-
macokinetics and pharmacodynamics of
morphine.84 Based on these data, it is likely
that Chinese patients will be less efficient
metabolizers of morphine, leading to still ill-de-
fined changes in potency. In the absence of
a more robust scientific understanding of the
impact of race on relative potency estimates, it
is prudent to exercise caution when calculating
dose conversion from the equianalgesic dose ta-
ble in patients who are not Caucasian, the pop-
ulation studied in most relative potency assays.

Like racial differences, age also may affect the
apparent potency of opioid drugs. Opioid
potency may be altered in children aged less
than six months85 and in older patients86e89 be-
cause of pharmacokinetic differences and
changes in pharmacodynamic sensitivities com-
pared with older children, and young and mid-
dle-aged adults. These shifts tend to increase
the potency of these drugs above those that
characterize the adult populations included in
relative potency assays and would explain, in
part, the relatively lower opioid dose require-
ment for older, compared with younger, cancer
patients with chronic pain.87 Although the dif-
ferent effects of age on relative potencies
among various opioids are not known, the con-
cern about excessive toxicity suggests that dose
conversion based on the equianalgesic dose ta-
ble should be undertaken with caution in the
very young and in the geriatric age group.

Recent animal and human studies also have
indicated sex-related differences in the analge-
sic effects of opioids.87,90e93 However, the fac-
tors that determine the magnitude and
direction of sex differences have not been fully
elucidated, and the impact on relative potency
remains speculative. In rodents and primates,
mu- and kappa-receptor opioid agonists are
generally more potent in males than in
females, and some drugs can variably function
as agonists and antagonists under identical
experimental conditions.93 A study in normal
volunteers suggested that morphine may have
greater potency but slower speed of onset and
offset in women.91 Overall, the data suggest
that there is likely to be an influence of sex on
the potency ratios between drugs, but with few
exceptions (e.g., switching to or from a kappa
agonist), the data are not sufficient to predict
the direction or extent of this influence.

These data demonstrate the existence of var-
ious factors that may influence opioid potency.
Like the methodological strategies that may
reduce generalizability, they justify the conclu-
sion that the ratios in the equianalgesic tables
are best viewed as broad indicators of relative
analgesic potency, and cannot be applied to
opioid rotation without adjustment.
Conclusion
The development of clinical trials to evalu-

ate relative potency of opioid analgesics repre-
sented a watershed in pain research. Although
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the outcome of this workdthe equianalgesic
dose tabledremains a cornerstone of pub-
lished guidelines for opioid rotation, a review
of the science and the clinical practices that
have evolved around the use of the table dem-
onstrates substantial limitations. These may be
addressed through guidelines that promote
safety by introducing routine dose reduction
from the calculated equianalgesic dose based
on individual patient assessment.94,95

Future studies that refine the equianalgesic
dose table, and the guidelines for dose conver-
sions, are needed to improve the outcomes
associated with the clinical strategy of opioid
rotation. Studies would be valuable that assess
relative potency estimates in different popula-
tions, during treatment with newer formula-
tions, during long-term therapy, and in
patients on relatively high doses of opioids.
Similarly, the variability in opioid (and metab-
olite) toxicities among patients requires fur-
ther investigation to understand both the
basis for this variability and means to predict
and reduce adverse effects. The potential for
bidirectional change in relative potency
should be investigated across varied pairs of
drugs. The impact of dose range on potency
that appears to be particularly important
when ME is administered should be studied
with other drugs as well. Sources of variation
that may systematically alter potency, including
pain-related factors, disease-related factors,
and demographic factors, remain to be investi-
gated. With existing data, and the results of
these future studies, efforts will be needed to
adapt the equianalgesic dose table to the con-
tinuing accumulation of information about
opioid pharmacology.
References
1. Quigley C. Opioid switching to improve pain

relief and drug tolerability. Cochrane Database
Syst Rev 2004;(3):CD004847.

2. Quang-Cantagrel ND, Wallace MS, Magnuson SK.
Opioid substitution to improve the effectiveness of
chronic noncancer pain control: a chart review.
Anesth Analg 2000;90(4):933e937.

3. Thomsen AB, Becker N, Eriksen J. Opioid rota-
tion in chronic non-malignant pain patients. Acta
Anaesthesiol Scand 1999;43(9):918e923.

4. Eckhardt K, Li S, Ammon S, et al. Same inci-
dence of adverse drug events after codeine
administration irrespective of the genetically deter-
mined differences in morphine formation. Pain
1998;76(1e2):27e33.

5. Houde R, Wallenstein S, Beaver W. Evaluation
of analgesics in patients with cancer pain. Clin
Pharm 1966;1:59e97.

6. Beaver WT, Feise GA. A comparison of the anal-
gesic effect of intramuscular nalbuphine and
morphine in patients with postoperative pain.
J Pharmacol Exp Ther 1978;204:487e496.

7. Houde RW, Wallenstein SL, Rogers A. Clinical
pharmacology of analgesics. 1. A method of assaying
analgesic effect. Clin Pharmacol Ther 1960;1:
163e174.

8. Beaver WT, Wallenstein SL, Houde RW,
Rogers A. A clinical comparison of the effects of
oral and intramuscular administration of analgesic
pentazocine and phenazocine. Clin Pharmacol
Ther 1966;9:582e597.

9. Max MB, Portenoy RK, Laska EM, eds, The
design of analgesic clinical trials, Vol. 18. New
York: Raven Press, 1991. Advances in pain research
and therapy.

10. DeStoutz N, Bruera E, Suarez-Almazor M.
Opioid rotation for toxicity reduction in terminal
cancer patients. J Pain Symptom Manage 1995;10:
378e384.

11. Mahler DL, Forrest WH Jr. Relative analgesic
potencies of morphine and hydromorphone in
postoperative pain. Anesthesiology 1975;42:
602e607.

12. Bruera E, Pereira J, Watanabe S. Opioid rota-
tion in patients with cancer pain. A retrospective
comparison of dose ratios between methadone, hy-
dromorphone and morphine. Cancer 1996;78:
852e857.

13. Lawlor P, Turner K, Hanson J. Dose ratio
between morphine and hydromorphone in patients
with cancer pain: a retrospective study. Pain 1997;
72:79e85.

14. Palangio M, Northfelt DW, Portenoy RK, et al.
Dose conversion and titration with a novel,
once-daily, OROS osmotic technology,
extended-release hydromorphone formulation in
the treatment of chronic malignant or nonmalig-
nant pain. J Pain Symptom Manage 2002;23:
355e368.

15. Dunbar PJ, Chapman CR, Buckley FP. Clinical
analgesic equivalence for morphine and hydromor-
phone with prolonged PCA. Pain 1996;68:165e170.

16. Beaver WT, Wallenstein SL, Houde RW,
Rogers A. Comparisons of the analgesic effects of
oral and intramuscular oxymorphone and of intra-
muscular oxymorphone and morphine in patients
with cancer. J Clin Pharmacol 1977;17(4):186e198.

17. Beaver WT, Feise GA. A comparison of the anal-
gesic effect of oxymorphone by rectal suppository



Vol. 38 No. 3 September 2009 437Opioid Rotation Equianalgesic Table Limitations
and intramuscular injection in patients with postop-
erative pain. J Clin Pharmacol 1977;17:276e291.

18. Gabrail NY, Dvergsten C, Ahdieh H. Establish-
ing the dosage equivalency of oxymorphone
extended release and oxycodone controlled release
in patients with cancer pain: a randomized con-
trolled study. Curr Med Res Opin 2004;20:911e918.

19. Beaver WT, Wallenstein SL, Rogers A,
Houde RW. Analgesic studies of codeine and oxyco-
done in patients with cancer. I. Comparisons of oral
with intramuscular codeine and or oral with intra-
muscular oxycodone. J Pharmacol Exp Ther 1978;
207:92e100.

20. Beaver WT, Wallenstein SL, Rogers A,
Houde RW. Analgesic studies of codeine and oxyco-
done in patients with cancer. II. Comparisons of
intramuscular oxycodone with intramuscular mor-
phine and codeine. J Clin Pharm Ther 1978;207:
101e108.

21. Bruera E, Belzile E, Pituskin E. Randomized,
double-blind, crossover trial comparing safety and
efficacy of oral controlled-release oxycodone with
controlled release morphine in patients with cancer
pain. J Clin Oncol 1998;16:3222e3229.

22. Zhukovsky DS, Walsh D, Doona M. The relative
potency between high dose oral oxycodone and
intravenous morphine: a case illustration. J Pain
Symptom Manage 1999;18:53e55.

23. Coluzzi F, Mattia C. Oxycodone. Pharmacologi-
cal profile and clinical data in chronic pain manage-
ment. Minerva Anesthesiol 2005;71:451e460.

24. Curtis GB, Johnson GH, Clark P, et al. Relative
potency of controlled-release oxycodone and con-
trolled-release morphine in a postoperative pain
model. Eur J Clin Pharmacol 1999;55:425e429.

25. Lawlor PG, Turner KS, Hanson J, Bruera ED.
Dose ratio between morphine and methadone in
patients with cancer pain: a retrospective study. Can-
cer 1998;82(6):1167e1173.

26. Anderson R, Saiers JH, Abraham S, Schlicht C.
Accuracy in equianalgesic dosing conversion di-
lemmas. J Pain Symptom Manage 2001;21:397e406.

27. Cruciani RA, Sekine R, Homel P, et al. Measure-
ment of QTc in patients receiving chronic metha-
done therapy. J Pain Symptom Manage 2005;
29(4):385e391.

28. Manchikanti L, Atluri S, Trescot AM,
Giordano J. Monitoring opioid adherence in
chronic pain patients: tools, techniques, and utility.
Pain Physician 2008;11(2 Suppl):S155eS180.

29. Gebhardt R, Kinney MA. Conversion from intra-
thecal morphine to oral methadone. Reg Anesth
Pain Med 2002;27:319e321.

30. Ripamonti C, Groff L, Brunelli C, et al. Switch-
ing from morphine to oral methadone in treating
cancer pain: what is the equianalgesic dose ratio?
J Clin Oncol 1998;16(10):3216e3221.
31. Ripamonti C, DeConno F, Groff L, et al. Equia-
nalgesic dose ratio between methadone and other
opioid agonists in cancer pain: comparison of two
clinical experiences. Ann Oncol 1998;9:79e83.

32. Gagnon B, Bruera E. Differences in the ratios of
morphine to methadone in patients with neuro-
pathic pain versus non-neuropathic pain. J Pain
Symptom Manage 1999;18:120e125.

33. Walker PW, Palla S, Pei BL, et al. Switching from
methadone to a different opioid: what is the equia-
nalgesic ratio? J Palliat Med 2008;11(8):1103e1108.

34. Davis AM, Inturrisi CE. d-Methadone blocks
morphine tolerance and N-methyl-D-aspartate-in-
duced hyperalgesia. J Pharmacol Exp Ther 1999;
289(2):1048e1053.

35. Benitez-Rosario MA, Feria M, Salinas-Martin A,
Martinez-Castillo LP, Martin-Ortega JJ. Opioid
switching from transdermal fentanyl to oral metha-
done in patients with cancer pain. Cancer 2004;
101(12):2866e2873.

36. Sittl R, Likar R, Nautrup BP. Equipotent doses
of transdermal fentanyl and transdermal buprenor-
phine in patients with cancer and noncancer pain:
results of a retrospective cohort study. Clin Ther
2005;27(2):225e237.

37. Portenoy RK, Taylor D, Messina J, Tremmel L. A
randomized, placebo-controlled study of fentanyl
buccal tablet for breakthrough pain in opioid--
treated patients with cancer. Clin J Pain 2006;22:
805e811.

38. Duragesic� (Fentanyl Transdermal System)
Full Prescribing Information. Ortho-McNeil-Janssen
Pharmaceuticals, Inc., Titusville, NJ, USA, 2008.

39. Donner B, Zenz M, Tryba M, Strumpf M. Direct
conversion from oral morphine to transdermal fen-
tanyl: a multicenter study in patients with cancer
pain. Pain 1996;64:527e534.

40. Akiyama Y, Iseki M, Izawa R, et al. Usefulness of
fentanyl patch (Durotep) in cancer patients when
rotated from morphine preparations. Masui 2007;
56:317e323. [Japanese, with English abstract].

41. Paix A, Coleman A, Lees J. Subcutaneous fen-
tanyl and sufentanil infusion substitution for mor-
phine intolerance in cancer pain management.
Pain 1995;63:263e269.

42. Watanabe S, Pereira J, Hanson J, Bruera E. Fen-
tanyl by continuous subcutaneous infusion for the
management of cancer pain: a retrospective study.
J Pain Symptom Manage 1998;16:323e326.

43. Hunt R, Fazekas B, Thorne D. A comparison of
subcutaneous morphine and fentanyl in hospice
cancer patients. J Pain Symptom Manage 1999;18:
111e119.

44. Pereira J, Lawlor P, Vigano A, Dorgan M,
Bruera E. Equianalgesic dose ratios of opioids: a crit-
ical review and proposals for long-term dosing.
J Pain Symptom Manage 2001;22:672e687.



438 Vol. 38 No. 3 September 2009Knotkova et al.
45. Darwish M, Kirby M, Jiang JG, Tracewell W,
Robertson P Jr. Bioequivalence following buccal
and sublingual placement of fentanyl buccal tablet
400 micrograms in healthy subjects. Clin Drug
Invest 2008;28(1):1e7.

46. Lichtor JL, Sevarino FB, Joshi GP, et al. The rel-
ative potency of oral transmucosal fentanyl citrate
compared with intravenous morphine in the treat-
ment of moderate to severe postoperative pain.
Anesth Analg 1999;89:732e738.

47. Reynolds S, Rauck R, Webster L, et al. Relative
analgesic potency of fentanyl and sufentanil during
intermediate-term infusions in patients after long--
term opioid treatment for chronic pain. Pain
2004;110:182e188.

48. Kunz KM, Theisen JA, Schroeder ME. Severe
episodic pain: management with sublingual sufenta-
nil. J Pain Symptom Manage 1993;8(4):189e190.
[Letter].

49. Coda BA, O’Sullivan B, Donaldson G. Compar-
ative efficacy of patient-controlled administration of
morphine, hydromorphone, or sufentanil for the
treatment of oral mucositis pain following bone
marrow transplant. Pain 1997;72:333e346.

50. Nelson KE, Rauch T, Terebuh V, D’Angelo R. A
comparison of intrathecal fentanyl and sufentanil
for labor analgesia. Anesthesiology 2002;96(5):
1070e1073.

51. Capogna G, Camorcia M, Columb MO. Mini-
mum analgesic doses of fentanyl and sufentanil
for epidural analgesia in the first stage of labor.
Anesth Analg 2003;96(4):1178e1182.

52. Chrubasik J, Vogel W, Trotschler H,
Farthmann EH. Continuous-plus-on-demand epidu-
ral infusion of buprenorphine versus morphine in
postoperative treatment of pain. Postoperative epi-
dural infusion of buprenorphine. Arzneimittelfor-
schung 1987;37(3):361e363. [German, with
abstract in English].

53. Wallenstein SL, Kaiko RF, Rogers AG,
Houde RW. Clinical analgesic assay of sublingual
buprenorphine and intramuscular morphine.
NIDA Res Monogr 1982;41:288e293.

54. Tigerstedt I, Tammisto T. Double-blind, multi-
ple-dose comparison of buprenorphine and mor-
phine in postoperative pain. Acta Anaesthesiol
Scand 1980;24:462e468.

55. Orwin JM, Orwin J, Price M. A double blind
comparison of buprenorphine and morphine in
conscious subjects following administration by the
intramuscular route. Acta Anaesthesiol Belg 1976;
27(3):171e181.

56. Miller RR. Evaluation of nalbuphine hydrochlo-
ride. Am J Hosp Pharm 1980;37:942e949.

57. Beaver WT, Feise GA, Robb D. Analgesic effect
of intramuscular and oral nalbuphine in postopera-
tive pain. Clin Pharmacol Ther 1981;29:174e180.
58. Bauer RO, Bellville JW, Knox V, Capparell D.
Analgesic evaluation of butorphanol in patients
with postoperative wound pain. Proc West Pharma-
col Soc 1976;19:266e272.

59. Gilbert MS, Forman RS, Moylan DS, Caruso FS.
Butorphanol: a double-blind comparison with pen-
tazocine in post-operative patients with moderate
to severe pain. J Int Med Res 1976;4:255e264.

60. Dobkin AB, Eamkaow S, Caruso FS. Butorpha-
nol and pentazocine in patients with severe postop-
erative pain. Clin Pharmacol Ther 1975;18:
547e553.

61. Silvasti M, Svartling N, Pitkanen M,
Rosenberg PH. Comparison of intravenous patient--
controlled analgesia with tramadol versus morphine
after microvascular breast reconstruction. Eur J
Anaesthesiol 2000;17:448e455.

62. Ozalevli M, Unlugenc H, Tuncer U, Gunes Y,
Ozcengiz D. Comparison of morphine and trama-
dol by patient-controlled analgesia for postoperative
analgesia after tonsillectomy in children. Paediatr
Anaesth 2005;15:979e984.

63. Demiraran Y, Kocaman B, Akman RY. A compar-
ison of the postoperative analgesic efficacy of sin-
gle-dose epidural tramadol versus morphine in
children. Br J Anesth 2005;95:510e513.

64. Weiss NA. Descriptive measures. In Elementary
statistics, 4th ed. Addison Wesley Longman, Inc.,
1999, pp. 125e193.

65. Pergolizzi J, Böger RH, Budd K, et al. Opioids
and the management of chronic severe pain in
the elderly: consensus statement of an International
Expert Panel with focus on the six clinically most
often used World Health Organization step III opi-
oids (buprenorphine, fentanyl, hydromorphone,
methadone, morphine, oxycodone). Pain Pract
2008;8(4):287e313.

66. Arnold RM, Verrico P, Davison SN. Opioid use
in renal failure #161. J Palliat Med 2007;10(6):
1403e1404.

67. Boger RH. Renal impairment: a challenge for
opioid treatment? The role of buprenorphine.
Palliat Med 2006;20(Suppl):S17eS23.

68. Faura CC, Collins SL, Moore RA, McQuay HJ. Sys-
tematic review of factors affecting the ratios of mor-
phine and its major metabolites. Pain 1998;74:43e53.

69. Olsen GD, Bennett WM, Porter GA. Morphine
and phenytoin binding to plasma proteins in renal
and hepatic failure. Clin Pharmacol Ther 1975;17:
677e684.

70. Peterson GM, Randall CT, Paterson J. Plasma
levels of morphine and morphine glucuronides in
the treatment of cancer pain: relationship to renal
function and route of administration. Eur J Clin
Pharmacol 1990;38:121e124.

71. Mercadante S, Arcuri E. Opioids and renal
function. J Pain 2004;5:2e19.



Vol. 38 No. 3 September 2009 439Opioid Rotation Equianalgesic Table Limitations
72. Durnin C, Hind ID, Wickens MM, Yates DB,
Molz HK. Pharmacokinetics of oral immedi-
ate-release hydromorphone (Dilaudid IR) in sub-
jects with renal impairment. Proc West Pharmacol
Soc 2001;44:81e82.

73. Hand CW, Sear JW, Uppington J, et al. Buprenor-
phine disposition in patients with renal impairment:
single and continuous dosing, with special reference
to metabolites. Br J Anesth 1990;64:276e282.

74. Vachharajani NN, Shyu WC, Garnett WR,
Morgenthien EA, Barbhaiya RH. The absolute bio-
availability and pharmacokinetics of butorphanol
nasal spray in patients with hepatic impairment.
Clin Pharmacol Ther 1996;60:283e294.

75. Tegeder I, Geisslinger G, Lötsch J. Therapy with
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