
OPIOIDS, SUBSTANCE ABUSE &
ADDICTIONS SECTION

Review Article
Review and Critique of Opioid Rotation
Practices and Associated Risks of Toxicitypme_1357 562..570

Lynn R. Webster, MD,* and Perry G. Fine, MD†

*Lifetree Clinical Research, Salt Lake City, Utah;

†Pain Research and Management Centers,
Department of Anesthesiology, School of Medicine,
University of Utah, Salt Lake City, Utah, USA

Reprint requests to: Lynn R. Webster, MD, FACPM,
FASAM, Lifetree Clinical Research, 3838 South 700
East, #202, Salt Lake City, UT 84106-6102, USA. Tel:
801-892-5140; Fax: 801-261-3341; E-mail:
lrwebstermd@gmail.com.

Disclosure: Lynn Webster, MD, has received funding
from the following companies as compensation for
clinical research or as honoraria: Adolor, Alkermes,
Allergan, AlphaBioCom, American Academy of Pain
Medicine, American Board of Pain Medicine,
AstraZeneca, Bayer, BioDelivery Sciences
International, Boston Scientific, Cephalon, Collegium
Pharmaceuticals, Covidien, Eisai, Elan
Pharmaceuticals, Gilead Sciences, GlaxoSmithKline,
Identigene (Sorenson), King Pharmaceuticals,
Meagan Medical, Medtronic, Merck, Naurex, Nektar
Therapeutics, NeurogesX, Nevro Corporation,
Novartis, Pfizer, SchaBar, Shionogi USA, St. Renatus,
SuCampo Pharma Americas, Takeda, TEVA
Pharmaceuticals, Theravance, Vanda, Vertex, and
Xanodyne Pharmaceuticals.

Perry Fine, MD, over the last 12 months has received
honoraria for serving on advisory boards for Ameritox,
Archimedes, Nuvo, Covidien, Purdue Pharma, and
Pricara/OrthoMcNeil, and he has received consulting
fees for medical-legal consultation for Johnson &
Johnson, Cephalon, and Mylan.

Abstract

Objectives. A dramatic increase in unintentional
deaths from opioids has occurred over the past
decade with strong inference that many of these
deaths may be resulting from prescriber’s error.
Recent evidence suggests that the use of dose con-
version ratios published in equianalgesic tables

may lead to fatal or near-fatal opioid overdoses. The
objective of this review was to determine whether
the current practice of opioid rotation may be con-
tributing to high rate of unintentional deaths.

Methods. We performed a focused literature review
to identify reports of fatal or near-fatal outcomes
that have occurred in conjunction with opioid rota-
tion, to evaluate clinician competence in opioid rota-
tion, and to identify inconsistencies in published
protocols for opioid rotation. Further information
was obtained by reviewing dosing instructions con-
tained in product labels for extended-release formu-
lations of several opioids.

Results. An increasing body of literature suggests
that widely used opioid rotation practices, including
the use of dose conversion ratios found in equian-
algesic tables, may be an important contributor to
the increasing incidence of opioid-related fatalities.
These errors may be due, in part, not only to inad-
equate prescriber’s competence but also to pro-
liferation of inconsistent guidelines for opioid
rotation, conflation of equianalgesic tables as
conversion tables, and limitations inherent in the
equianalgesic dose tables.

Conclusions. Most of the fatal outcomes occurring
during opioid rotation are preventable. The current
process being used for opioid rotation has impor-
tant flaws that must be corrected.

Key Words. Opioid Rotation; Equianalgesic Dose
Tables; Opioid Dose Conversion

Introduction

Chronic pain affects more than 100 million people in the
United States and has a considerable impact on overall
health, functional capacity, and quality of life [1–5]. While
many people with moderate to severe pain achieve
adequate analgesia with a specific opioid regimen, some
may suffer from intolerable adverse events, tolerance,
and/or inadequate pain relief. For these patients, opioid
rotation (or opioid switching)—defined as a change in
opioid drug or route of administration with the goal of
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improving outcomes [6]—has become a widespread
practice. In fact, available data suggest that 50–80% of
patients with chronic pain who respond poorly to one
opioid improve after being rotated to another opioid [7,8].
Another study of patients with chronic noncancer pain
found that 81% of patients (N = 86) required a switch to
another opioid with as many as five different extended-
release opioids in succession to establish an effective level
of pain control with a tolerable side-effect profile [9].

Unfortunately, a dramatic increase in unintentional poison-
ing deaths from opioids has occurred in recent years
[10–13]. A recent report by the United States Centers for
Disease Control and Prevention (CDC) noted that nearly
15,000 people die every year as a result of overdoses
involving prescription painkillers and that the number of
overdose deaths now exceeds the number of deaths from
heroin and cocaine combined [10]. A review of all serious
adverse events and medication errors in the United States
reported to the United States Food and Drug Administra-
tion (FDA) found that 5 of the 15 drugs most frequently
named in fatal outcomes were opioids, including
oxycodone, fentanyl, morphine, methadone, and
acetaminophen/hydrocodone [14]. Although most of the
deaths are due to polysubstance abuse, opioids have
been cited as a major factor contributing to many of the
deaths. Unintentional deaths from opioids are not only
related to diversion for nonmedical use and misuse by
patients, but by prescriber’s error as well. A study in which
researchers examined medical records of 208 patients
who were hospitalized 304 times found that opioids had
the highest predictive value of prescribing discrepancies
for adverse events with a positive prediction value (PPV) of
0.28 [15]. The next highest prescriber error rates were
found for metronidazole (PPV of 0.16), non-opioid analge-
sics (PPV of 0.14), and levothyroxine (PPV of 0.12) with
the PPV for all other drugs or drug classes �0.08.

Although data are not yet sufficient to elucidate all of the
reasons for prescribing errors or their relationship to
increases in unintentional opioid-related deaths, evidence
suggests that the use of dose conversion ratios published
in equianalgesic tables may be an important associated
and contributing factor, especially—but not only—when
patients are converted to methadone [16,17]. Several
reviews have recently drawn attention to limitations inher-
ent in the construction of equianalgesic dose tables
[18–20]. In an effort to further examine the extent to which
the current practice of opioid rotation may be contributing
to the unacceptable rate of unintentional deaths, a litera-
ture review was performed to identify reports of fatal or
near-fatal outcomes that have occurred in conjunction
with opioid rotation, to evaluate clinician competence in
opioid rotation, and to identify inconsistencies in published
protocols for opioid rotation.

Methods

An extensive literature search was performed in the
Medline database using PubMed to identify articles. The
terms searched included various combinations of “opioid

rotation,” “opioid switching,” “equianalgesic,” “medication
errors,” “education,” “deaths,” and “side effects.” Further
information was obtained by reviewing product labels for
extended-release formulations of several opioids. Addi-
tional articles were identified by a manual search of the
reference lists of retrieved articles. English language
articles published from 1970 to November 2011 were
reviewed. All articles describing deaths or life-threatening
events that occurred during opioid rotation were included.
Most of these articles described case reports or events
that occurred during clinical trials. All relevant articles that
addressed clinician competence or education in opioid
rotation were included. Additional articles, particularly sys-
tematic reviews, were selected based on their quality and
relevance to the subject with a focus on opioid conversion
practices, equianalgesic dose tables, and incomplete
cross-tolerance to opioids. This literature was collated,
reviewed, and critiqued with the goal of elucidating the
important inconsistencies and weaknesses of the evi-
dence basis for guiding safe and effective medical practice
when rotating opioid analgesia for chronic pain related to
both cancer and noncancer conditions.

Results and Discussion

Protocols for Opioid Rotation Using Dose
Conversion Ratios

There are several proposed protocols for opioid rotation
with most protocols involving the use of equianalgesic
dosing tables to convert the dose of the original opioid to
a putative equivalent dose of morphine, then convert the
dose of morphine to the new opioid, and then incorporate
a safety margin by reducing the calculated equianalgesic
dose. The most widely accepted guideline for opioid rota-
tion was developed by an interdisciplinary panel of clinical
and research experts in opioid pharmacology [6]. This
guideline has been a major contribution to the field;
however, it has never been formally validated for safety or
efficacy. Methodologically sound studies of opioid rotation
protocols with well-defined outcomes are lacking.
Although opioid rotation has been shown to be of benefit
to many patients [7,9], systematic reviews of opioid rota-
tion have concluded that well-founded recommendations
for opioid rotation practices are difficult to make due to
insufficient evidence and serious limitations in the designs
of opioid rotation studies [21–24].

Dose Conversion Ratios Found in Equianalgesic Dose
Tables Are Arguable

Several factors contribute to limitations in the utility of
currently available opioid equianalgesic tables for opioid
rotation. Exhaustive reviews have recently been published
detailing the shortcomings of equianalgesic tables and
dose conversion ratios [18,19,23]. Limitations of equian-
algesic tables include the fact that most studies used
single dose or a relatively limited range of doses of a
specific route and therefore may not generalize to chronic
dosing or other routes; study designs were intended to
increase the study’s sensitivity to finding differences
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between drugs and doses and therefore acquisition of
data lacked broad generalizability; and studies were per-
formed in non-opioid-tolerant patients [18,23]. Patients in
these studies usually had no concurrent illness or organ
dysfunction, and studies did not account for responses
based on ethnicity, advanced age, concomitant medica-
tion use, or comorbidities [18,23]. Studies did not neces-
sarily assess the direction of switching from one drug to
another, and for several drugs, the potency varies
depending on the direction of the switch [18,23]. Lastly,
and very importantly, most opioid equianalgesic dose
studies were performed prior to recognition of significant
opioid receptor polymorphism, with its implications for
major interindividual differences in opioid responsiveness.

Incomplete Cross-Tolerance Limits Generalizability of
Dose Conversion Ratios

Even if dose ratios contained in the equianalgesic dose
table were accurate within an individual, it is impossible for
these tables to account for the large variability in interpa-
tient responses to opioids. Recent research has demon-
strated incomplete cross-tolerance when patients are
switched from one mu-opioid to another due to genetic
factors [25–27], causing the pharmacokinetics and phar-
macodynamics of different opioids to vary unpredictably
among patients. Figure 1 shows how differing receptor
selectivity can lead to complete, partial, or no cross-
tolerance of mu-opioid analgesics [25]. Demographic dif-
ferences such as race, age, and gender as well as major
organ dysfunction—such as renal, hepatic, and adrenal
impairment—can also cause unpredictable differences in
the relative potency, effectiveness, and safety of opioids.
These factors alone preclude safe use of the tables even
by the most experienced clinicians. Although much is
being discovered about the role of pharmacogenetics and
interpatient response to opioids, there are no available
tests or measures to inform most daily clinical decisions.
Knowing whether a patient metabolizes opioids poorly
would require genetic testing, which is not currently the
standard care for patients undergoing opioid rotation.
Therefore, for safety’s sake, clinicians must assume that
every patient is at risk for overdose when instituting opioid
therapy for pain.

Methadone: A Particularly Challenging Drug

The use of equianalgesic tables when converting patients
to methadone is particularly dangerous due to the unique
pharmacokinetic/pharmacodynamic profile of methadone
(i.e., long and highly variable half-life with shorter duration
of analgesia). This can contribute to unpredictable accu-
mulation of methadone during the early days and weeks of
treatment, leading to potentially life-threatening, and in
many cases fatal, respiratory depression, particularly
during sleep. Moreover, because it can take several days
to achieve meaningful analgesia when methadone is initi-
ated, patients may tend to self-escalate dosing to obtain
relief, leading to respiratory failure. Therefore, relying on
tables derived from single-dose studies is especially prob-
lematic with repeated dosing of methadone.

Methadone-related deaths have been documented during
methadone induction when being used to treat opioid
dependence as well as chronic pain [28–32]. In fact, the
FDA published a public health advisory regarding death
and life-threatening changes in breathing and heart rate
that were occurring in patients newly starting methadone
[32]. Prescribing information for use of methadone for
detoxification and maintenance treatment of opiate
dependence recommends an initial single dose of
20–30 mg with the total daily dose of methadone on the
first day of treatment not exceeding 40 mg (Dolophine®

Package Insert, 2009; Roxane Laboratories, Inc. Colum-
bus, OH, USA). However, consensus now exists that
methadone induction protocols should initiate doses less
than 30 mg due to the risk of fatal respiratory depression
[31].

Figure 1 Incomplete cross-tolerance. (a) Drugs
A–D can act on one or more of the receptors 1–3. (b)
These drugs can show complete, partial, or no
cross-tolerance when tested against each other.
Extension of this model illustrates how incomplete
cross-tolerance among analgesics acting at the
mu-opioid peptide (MOP) receptor could reflect
differing selectivity profiles of drugs for the MOP
receptor subtypes. Reproduced with permission
from Pasternak [25]. (From: Pasternak 2001/p69/
figure 4).
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Deaths or Near Misses Occurring During Opioid
Rotation When Dose Conversion Ratios Are Used

Several case reports suggest that opioid-related deaths or
near misses may occur when clinicians switch patients
from one opioid to another using a dose conversion ratio
[33–35]. Hunt and Bruera reported on a 61-year-old
cancer patient who had been switched from 84 mg/day of
subcutaneous hydromorphone to 90 mg/day of oral
methadone [33]. The authors noted that the conversion
rate they used was 1:20 subcutaneous hydromorphone to
oral morphine, giving a morphine equivalent daily dose
equal to 1,680 mg of oral morphine. At the time of publi-
cation, the authors noted that the literature favored a 1:1
conversion of parenteral morphine to parenteral metha-
done, although they acknowledged there was a growing
debate. The authors were using a dose ratio of 5:1.
Because of the patient’s recent adverse reactions to
opioids, they cautiously prescribed a much lower dose of
methadone (30 mg orally every 8 hours). On this dose, the
patient developed respiratory depression and noncardio-
genic pulmonary edema that responded to subcutaneous
naloxone and methadone discontinuation. Regnard and
Pelham described a 70-year-old patient with drowsiness
and mild confusion who was converted from controlled-
release morphine 50 mg 12 hourly to 25 mg/h transdermal
fentanyl [34]. Approximately 36 hours after starting the
fentanyl, the patient became sedated with pinpoint pupils
and developed central cyanosis with a respiratory rate less
than 6 breaths/min. Respiratory depression abated with
removal of the transdermal fentanyl. Fishbain and col-
leagues described a case of a chronic pain patient who
was rotated from controlled-release oxycodone to metha-
done for detoxification purposes [35]. The oxycodone
60 mg/day the patient had been receiving was discontin-
ued and a methadone taper was initiated with a first step
of 35 mg twice a day. Approximately 11 hours after the
first dose of methadone was administered, the patient
was found in cardiopulmonary arrest with resuscitation
unsuccessful.

Studies in which patients were rotated from one opioid to
another have also reported deaths during rotation [36,37].
Twycross stopped a study prematurely when it was dis-
covered that patients being rotated to methadone from
diamorphine-cocaine had a lower survival rate than
patients who remained on the diamorphine-cocaine [36].
The authors had selected a potency ratio of metha-
done : diamorphine of 1:1 based, in part, on literature that
had been published up to 10 to 20 years prior to their
study [38,39]. Moksnes and colleagues evaluated two
protocols for rotating cancer patients from morphine or
oxycodone to methadone: a stop-and-go strategy (i.e.,
the original opioid was immediately replaced by metha-
done using dose-dependent conversion ratios, N = 16),
and a 3-day switching strategy (i.e., the original opioid
dose was reduced stepwise by 1/3 every day and substi-
tuted with 1/3 of a putative equianalgesic dose of metha-
done over 3 days, N = 19) [37]. The dose-dependent
conversion ratios used were 4:1 for patients on
91–300 mg morphine, 7.5:1 for patients on 301–600 mg

morphine, 11.7:1 for patients on 601–1,000 mg mor-
phine, and 14.2:1 for patients on >1,000 mg morphine.
Two patients died and one experienced severe sedation in
the stop-and-go group. No serious adverse events
occurred in the 3-day switching group [37].

An analysis of the root causes for opioid-related deaths in
the United States was recently published [40]. For this
analysis, a panel of experts in pain medicine and public
policy were convened to review results from a search of
PubMed and state and federal government sources to
assess frequency, demographics, and risk factors for
opioid-related overdose deaths from the previous decade.
The panel of experts concluded that clinicians’ overreli-
ance on published equianalgesic conversion tables, par-
ticularly when converting to methadone from another
opioid, was one important contributor to opioid-related
deaths caused by physician’s error [40].

Dose Conversion Ratios Found in Equianalgesic
Tables Are Not Consistently Supported by Research

In addition to the articles cited previously with respect to
deaths or near misses, several other authors have
described problems they encountered while using pub-
lished dose conversion ratios. For example, some patients
have been found to require far lower doses of the second
opioid than predicted by equianalgesic tables. A case
report of a 48-year-old patient with hyperalgesia who was
switched from fentanyl to methadone required an “exag-
geratedly low” dose of the second opioid (about 1/10 of the
initial dose calculated), which the authors attributed to
reversal of hyperalgesia that had been induced by fentanyl
[41]. Unfortunately, a clinician cannot predict which patients
will require these “exaggeratedly low” doses a priori. A
report of four patients with neuropathic pain or a neuro-
pathic component to their pain found that effective pain
relief was produced by a much lower dose of transdermal
buprenorphine than the equianalgesic tables proposed
[42]. Again, there is no way for even an experienced pain
specialist to predict who these patients will be. For these
patients, reliance upon equianalgesic tables can be dan-
gerous, leading to potentially life-threatening dosing errors.

A study of opioid rotation in 118 patients found no rela-
tionship between the starting opioid dose and dose at
stabilization after switching (P = 0.810) or time to achieve
stabilization (P = 0.064) with patients switching to metha-
done requiring more changes in doses (about three dose
changes) than those switching to transdermal fentanyl or
buprenorphine [8]. A retrospective study of clinical expe-
rience with transdermal and orally administered opioids in
354 palliative care patients found that pain relief was
achieved with lower equianalgesic morphine doses but
higher equianalgesic hydromorphone doses than pre-
dicted based on equianalgesic tables, for which the
authors had no clear explanation [43].

Studies in acute pain have also demonstrated limitations
inherent in the use of equianalgesic tables. A recent study
comparing the efficacy of a low-dose methadone tapering

565

Opioid Rotation Practices and Toxicity

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/13/4/562/1873097 by guest on 25 April 2024



schedule to a high-dose methadone tapering schedule in
pediatric intensive care unit patients exposed to fentanyl
infusions demonstrated that the methadone dose must be
adjusted to each patient’s response because of the risks
of both withdrawal and oversedation with any fixed
methadone schedule [44]. In this study, the researchers
were unable to predict success with the low or high
methadone group based on clinical characteristics. For
example, the researchers had anticipated a higher
incidence of withdrawal in the low-dose methadone group
and a higher incidence of oversedation in the high-dose
methadone group—neither scenario occurred. They also
anticipated that patients who had been on prolonged
infusions of fentanyl would be more likely to fail the low-
dose methadone taper—this also did not occur.

Inconsistent Guidelines Including Varying Dose
Conversion Ratios and Recommendations Regarding
the Use of Rescue Medication

Contributing to the confusion surrounding opioid rotation
is the widespread availability of numerous published equi-
analgesic tables containing inconsistent and variable con-
version ratios (Table 1). A recent survey of commercially
available educational materials for equianalgesic tables
found that opioid route conversion ratios of oral to
parenteral morphine ranged from 3:1 to 2:1 to 6:1; ratios
for oral to parenteral hydromorphone ranged from 2:1 to
5:1; and oral to parenteral methadone ratios varied from
2:1 to 10:1 and 4:1 [20]. In the same study, ratios for
opioid rotation within the same route also varied with
parenteral methadone to parenteral morphine ratios
varying from 1:10 to 6.7:10 to 1:1; modified-release oxy-
codone to modified-release morphine ratios ranged from
1:1 to 1:2; ratios between oral morphine and hydromor-
phone varied from 40–60:6.5–7.5 to 10:2.5 [20].

Published protocols for how opioid rotation itself should
be performed also vary. For example, one review article

distinguished between opioid switching and opioid rota-
tion and provided unique instructions for each regarding
the use of the equianalgesic table [45]. Specifically, opioid
switching was defined as occurring soon after opioid ini-
tiation because of a poor initial response and opioid rota-
tion was defined as occurring during chronic opioid
treatment because of declining efficacy and/or increasing
adverse effects. For opioid switching, the author noted
that “equianalgesic tables can generally be used without
modification because conversion from the ineffective or
poorly tolerated opioid occurs early in treatment before
tolerance emerges,” and for opioid rotation, the author
noted that “the computed conversion dose must be
adjusted to account for incomplete cross-tolerance
between the previous and substitute opioid.” Other guide-
lines make no distinction between opioid switching and
opioid rotation [6].

Dose conversion guidelines found in package inserts for
opioids, particularly the newer extended-release opioids,
are also inconsistent and potentially dangerous. For
example, language in the Exalgo® (Mallinckrodt Brand
Pharmaceuticals, Inc. Hazelwood, MO, USA) package
insert for extended-release hydromorphone states: “In
general, start Exalgo therapy by administering 50% of the
calculated total daily dose of Exalgo (see conversion ratio
table below) every 24 hours. The initial dose of Exalgo can
be titrated until adequate pain relief with tolerable side
effects has been achieved.” Assuming a patient is on
200 mg of extended-release morphine daily, the equiva-
lent dose of extended-release hydromorphone would be
40 mg (200 mg ¥ 0.2 = 40 mg). Using the guideline sug-
gested in the package insert, the patient would be started
on 50% of 40 mg, or 20 mg. However, because
extended-release hydromorphone is only formulated in 4,
8, 12, and 16 tablets, the prescriber would be inclined to
prescribe either 16 mg tablets or 2 ¥ 12 mg tablets
(24 mg). This conversion would create one of three clinical
situations: 1) the conversion underestimates the amount

Table 1 Approximate equivalent oral doses in various equianalgesic dose tables

Drug

APS. Principles of
Analgesic Use in the
Treatment of Acute
Pain and Cancer Pain

Online Opioid
Analgesic
Converter*

Narcotic
Equivalence
Converter†

EXALGO
Package
Insert

OPANA ER
Package
Insert OxyContin‡

Morphine 30 mg 30–60 mg 30 mg 60 mg 30 mg 60 mg
Hydromorphone 7.5 mg 7.5 mg 3.8 mg 12 mg — 7.5 mg
Hydrocodone 20–30 mg 2.5–5 mg 30 mg 20 mg 33.3 mg
Methadone 10 mg 2–20 mg (short-term

use: 20 mg)
10 mg 20 mg 20 mg 20 mg

Chronic dosing:
2–4 mg (3 mg)

Oxycodone 20 mg 15–30 mg (20 mg) 2.5–5 mg 30 mg 20 mg 30 mg
Oxymorphone — 10 mg 20 mg 10 mg —
Codeine — 200 mg 100 mg 200 mg — 200 mg

* http://www.globalrph.com/narcoticonv.htm. These conversion data are also used for Epocrates MedTools.
† http://www.medcalc.com/narcotics.html.
‡ The approximate equivalent dose was not presented in the package insert, only oral conversion ratios.
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of extended-release hydromorphone necessary for
adequate analgesia; 2) the conversion overestimates the
amount of extended-release hydromorphone necessary
for analgesia and the patient is subjected to increased risk
of overdose; or 3) the conversion is within a reasonable
window and would not need an adjustment. Underesti-
mating the dose of the new opioid might seem to be safe
but, in fact, may lead to self-medication in an attempt to
find adequate relief or to treat withdrawal symptoms
induced by the conversion. This could represent a subset
of patients where this type of error could be fatal. Inad-
equate analgesia during opioid rotation may be especially
problematic in patients who have difficulty controlling their
drug use, such as patients with substance use disorders
or patients with chronic pain.

Guidelines for initiation of methadone found in the current
package insert are also concerning. The package insert
for methadone states that patients may be started on
methadone doses up to 30 mg/day. Although a starting
dose up to 30 mg/day may be safe for some patients, it
may be lethal for patients who are slow methadone
metabolizers or have comorbid medical conditions such
as sleep-disordered breathing associated with obesity. A
recent review of medical records of 20 patients with
chronic pain who died from overdose found methadone to
be responsible for 10 of these deaths. Some of these
patients were receiving less than 30 mg methadone/day.
Of the 20 deaths, 13 occurred within the first week after a
change in opioid prescription dosage, suggesting that
some early opioid-associated deaths are due to too high
of a starting dose and/or too rapid of a dose titration [46].

Recommendations for the use of rescue medication with a
short-acting opioid are also inconsistent, particularly in
product labeling for extended-release opioids. Some, but
not all, package inserts encourage the use of rescue
dosing with short-acting opioids during rotation. For
example, rescue dosing is encouraged in package inserts
for Avinza® (King Pharmaceuticals, Inc. Bristol, TN, USA),
Kadian® (Actavis Kadian, LLC Morristown, NJ, USA), MS
Contin® (Purdue Pharma L.P., Stamford, CT, USA),
Oramorph® (Xanodyne Pharmaceuticals, Inc. Newport,
KY, USA), and Oxycontin® (Purdue Pharma). However, no
mention of rescue dosing is included in the package
inserts for Dolophine®, Exalgo®, and Opana®. Due to FDA
regulations, when no mention of rescue dosing is made in
the product labeling, manufacturers of opioids are prohib-
ited from educating physicians on the importance of using
a rescue medication when rotating patients from another
opioid to their drug as this is outside the confines of
approved labeling.

Opioid Rotation, Including Use of Dose Conversion
Ratios, Is Confusing to Prescribers

Not surprisingly, clinician’s competence in opioid rotation
has been found to be woefully inadequate [47–54]. A
survey of 182 pharmacists found that almost 39% of
respondents found it difficult to calculate opioid dosages
in the case of opioid rotation, and 18% were unable to

calculate the correct dosage when asked to do so using
the existing tables [47]. In a randomized, crossover study
designed to compare a Web-based individualized opioid
conversion calculator with manual calculation using a
written table by 72 graduate students with little experience
in opioid conversion, 81% of participants answered the
question correctly when using the calculator and 68%
answered correctly when using the table, revealing that
19–32% of the time doses were erroneously calculated
[48]. In another study, when residents in internal medicine
programs were asked four multiple choice questions on
basic aspects of opioid analgesia, three of which per-
tained directly to opioid conversion, only 20% of residents
answered all questions correctly [49]. Approximately one-
half (51%) of residents could not convert an intravenous
morphine infusion regimen to an equivalent regimen of
immediate-release oral morphine and 59% could not
make the same conversion to an equivalent regimen of
long-acting oral morphine.

Buss et al. conducted a survey of palliative care and non-
palliative care topics in hematology/oncology fellows [50].
Fellows rarely reported receiving explicit education on
when to rotate opioids (33%). When given an equianalge-
sic chart and asked to perform an opioid conversion from
oxycodone to long-acting morphine with reduction for
incomplete cross-tolerance, 77% answered incorrectly.
Fellows who completed a palliative care rotation were
twice as likely to report explicit education on opioid rota-
tion (49% vs 27%). When a group of 406 nonpain spe-
cialist physicians (182 general practitioners, 110 geriatrics
care physicians, and 112 clinical specialists) were sur-
veyed about their knowledge of opioid rotation, 59% said
they had difficulties calculating opioid dosages when
rotating and 46% were interested in education about
opioid rotation [51]. When asked to convert a daily dose of
60 mg oxycodone to a fentanyl patch, the response “don’t
know” was given by 41% of clinical specialists, 28% of
general practitioners, and 17% of geriatrics care physi-
cians. Of particular interest was the fact that the research-
ers were forced to provide two correct answers (25 and
50 mg/h) because different guidelines give different con-
versions, which lead to two different answers. Also of
concern was the finding that although 62% of respon-
dents reported sometimes or often rotating opioids in
practice, 59% reported that they find calculating opioid
dosages when rotating difficult. Nurses also find opioid
rotation to be difficult, with one study reporting that 73%
of nurses were unable to provide a correct response to an
equianalgesic route conversion question [52]. A more
recent study found that nurses had the most difficulty
answering questions relating to pharmacology of opioids
and the authors suggested that nurses may perceive phy-
sicians and pharmacists to be the experts and rely on their
expertise with analgesia regimens [53].

Even after educational interventions to improve opioid
rotation skills are instituted, competence remains inad-
equate. A study of an educational intervention to improve
pain management practices by internal medicine residents
found that although opioid conversion skills improved fol-
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lowing the intervention, competence was still relatively low
[54]. Prior to the intervention, 37% of residents knew the
relative potency of parenteral to oral morphine, 26% were
able to convert a fixed immediate-release morphine to a
long-acting morphine, and 43% were able to convert oral
morphine to oral hydromorphone. Following the interven-
tion, 67%, 37%, and 57% of residents were able to
answer the three questions correctly, respectively. Before
and after the intervention, 54% and 43% of residents,
respectively, reported being unfamiliar with equianalgesic
tables. Clearly, the type of education or “intervention” was
not sufficient to lead to competence. Notwithstanding that
issue, competence, as defined by answering test ques-
tions or accurate use of conversion tables (mathemati-
cally), may not correlate with safety.

As might be expected with low prescriber’s competence,
serious errors have been reported when clinicians believe
that equianalgesic doses are being prescribed. For
instance, one report [55] describes a situation in which an
internist prescribed intravenous hydromorphone 4 mg for
an opioid-naïve patient with a migraine. When questioned
by the pharmacist, it was discovered that the physician
believed the hydromorphone to be relatively equivalent to
morphine on a milligram-for-milligram basis (in actuality,
hydromorphone is putatively 8–10 times more potent than
morphine). Crosby reported an error in switching a patient
from oral morphine to subcutaneous diamorphine [56].
The patient had been switched from 80 mg controlled-
release oral morphine daily to a syringe driver with 120 mg
diamorphine in 24 hours (equivalent to a 360 mg of oral
morphine daily). A dose of 25 mg diamorphine in 24 hours
was found to be sufficient for the patient.

Conclusions

Opioids are an important component of a pain control
regimen when more effective or safer options are not
available. However, based on increasing levels of morbidity
and mortality with the use of opioids in the management of
chronic pain, and serious concerns about current opioid
rotation practices, prescribing guidelines and opioid con-
version methods must be carefully re-examined. An
increasing body of scientific literature suggests that widely
used opioid rotation practices, including the use of dose
conversion ratios found in equianalgesic tables—mostly
developed nearly a half century ago—may be an important
contributor to the increasing incidence of opioid-related
fatalities. Moreover, prescriber’s competence is shockingly
inadequate. There is no acceptable level of medically pre-
scribed opioid dosing error, especially when toxicity can
and does lead to fatality. Guidelines for opioid rotation must
eliminate the risk of inadvertent harm to all patients, but the
growing toll of opioid-related fatalities demonstrates that
the current system is not working.

Fatal outcomes can occur during opioid rotation even
when prescribers have not deviated from published opioid
rotation guidelines. Prescribing errors, regardless of cause
(inadequate education, confusion, lack of attention to
detail, calculation error, etc.), are an increasingly common

impetus for litigation and clinicians who make these errors
can suffer dire consequences. Unfortunately, a punitive
approach by which clinicians are blamed for errors over-
looks the more pressing and overt system’s problem: that
clinicians have “bought into” use of opioid conversion
charts that are inherently flawed when used in the context
of opioid rotation, which can lead to fatal outcomes. Many
physicians who are trained and very comfortable using
“expert-consensus” clinical algorithms for other clinical
conditions may be lulled into believing that conversion
tables are safe and appropriate, particularly clinicians who
do not specialize in pain medicine. In many cases, pre-
scribers feel reassured or protected from liability when
using published guidelines such as these. The recognition
of this problem calls for a systematic approach to
re-evaluate currently promulgated methods for opioid
rotation, starting with cautionary notes included in all pre-
scribing information for opioids.

In conclusion, fatal outcomes are occurring during opioid
rotation, most of which could likely be prevented. The
current processes for opioid rotation have important flaws
that must be corrected. All patients who have indications
for opioid therapy must be assured that routine clinical
practices are safe and have an evidentiary basis. It is time
for professional societies, government agencies, and
industry to work together to ensure this goal is attained.
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