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SUMMARY

In order to make easier the process of dose calculation and to minimize dosage 
errors, a nomogram was developed, based on current recommendations for 
opioid dose calculation tools. Using Microsoft Excel 2013, a nomogram was 
created consisting of 18 parallel lines; some of them marked at 24 equidistant 
points as a minimum and most of them marked at 87 equidistant points as a 
maximum, resembling a ruler. The last mark of each line corresponds to the 
maximum recommended dose for each drug product or the dose equivalent. 
The nomogram developed for this document enables the equianalgesic dose 
calculation, at the same time that decreases the risk of making mathematical 
mistakes. Opioid rotation is an essential medical intervention when looking 
for effi cacy and safety of opioid analgesics in clinical practice. Equianalgesic 
dose calculation is a complicated process with a high probability of error. 
The nomogram here described is a new tool able to reduce the complexity of 
calculation and to decrease the risk for the patient in terms of safety as well 
taking into account the available scientifi c evidence and following the measures 
recommended in the literature.

Key words: Nomogram, opioid, rotation, equianalgesic, doses.

RESUMEN

Con el propósito de facilitar el proceso de cálculo de dosis y minimizar los 
errores que se cometen en él, se diseñó un nomograma con base en las reco-
mendaciones actuales para los instrumentos de cálculo de dosis de opioides. 
Se creó un nomograma mediante el programa Microsoft Excel 2013, el cual 
consiste en 18 líneas paralelas; algunas de ellas marcadas a 24 puntos equidis-
tantes como mínimo y la mayoría de ellas marcadas a 87 puntos equidistantes 
como máxima dosis recomendada para cada grupo de fármacos o el equiva-
lente de dosis. El nomograma desarrollado para el presente documento facilita 
el cálculo de dosis equianalgésica, al mismo tiempo que disminuye el riesgo 
de cometer errores matemáticos. La rotación de opioides es una intervención 
médica esencial cuando se busca efi cacia y seguridad de analgésicos opioi-
des en la práctica clínica. El cálculo de la dosis equianalgésica es un proceso 
complicado que tiene una elevada probabilidad de error. El nomograma aquí 
descrito es una herramienta innovadora, capaz de reducir la complejidad del 
cálculo, de disminuir el riesgo para un paciente (en términos de seguridad) y 
de tomar en cuenta la evidencia científi ca disponible, así como las medidas 
recomendadas en la literatura.

Palabras clave: Nomograma, opioide, rotación, equianalgésico, dosis.
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INTRODUCTION

Opioid rotation consists in switching from one opioid medica-
tion to another and/or changing the route of administration(1-4) 
to improve the analgesia, to reduce the adverse effects, to 
respond when changes in the clinical status of a patient oc-
cur (i.e. loss of availability of the oral route or onset of a new 
organic failure), or when it is considered be operatively or 
economically benefi cial(1-7).

It is used in 50% to 80% of patients with cancer pain(1,8,9) 
because it is effective to improve analgesia in 75% to 
95%(1,9,10) and to decrease adverse effects from 50% to 70%(9-

11). However, quality of evidence about its usefulness is low 
in both cases(10,12).

When performing opioid rotation, it is necessary to care-
fully select the dose in order to avoid sub-dosage and over-
dosing because this may lead to adverse effects, withdrawal 
syndrome or loss of analgesic control(2,3,7,8,13). To do so, the 
calculation is usually done using a table of equianalgesic 
doses which provides comparable analgesia of different opi-
oids(1,3,4,8,12-18). Nevertheless:

•  The original table of equianalgesic doses (published more 
than 40 years ago) is based on studies designed with a 
limited methodology, no longer suitable to current clinical 
situations(3,4).

•  The current tables differ in values, and none is based on 
strong scientifi c evidence(1,3,4,6-8,10,12,13,19).

•  There is signifi cant variability in pharmacokinetic and phar-
macodynamic response to opioids(5,7,8,13) (levels of cross 
tolerance, clinical circumstances, pathologies, changes in 
drug bioavailability, stages of kidney and liver function, 
drug-drug interactions, populations, and genetics).

•  Up to 39% of the physicians found it diffi cult to calculate 
a dose for opioid rotation, 19% to 32% result in incorrect 
calculations, and 18% simply are not able to make correct 
calculations.

•  Errors decrease but do not disappear at all when com-
puter systems are used(17,18). That may even increase the 
incidence of deaths due to overdosing(4,8,13). Besides, the 
possibility of making dangerous mistakes in the dose 
selection is higher when the healthcare personnel is not 
appropriately trained, poorly designed calculation tools are 
used, calculation tools are not friendly to use(8,13,19), and 
the rotation is either made from methadone or to it(8,13).

Therefore, some authors have consistently expressed the 
need to have new systems(4,8,13,19) which should be accompa-
nied by practical guidelines pointing out the limitations of any 
equianalgesic doses calculation system, titrating the dose fol-
lowing an opioid rotation, and implementing measures to min-
imize the risk of overdosing or sub-dosage(1-7,10,12,13,15,16,19).

Others, emphasizing safety, recommend not to make 
calculations of equianalgesic doses at all and to titrate from 
initial low doses throughout a period of several days in all 
cases(8,13,19). Nevertheless, this has not demonstrated reduc-
ing risks, and it probably requires titration periods which are 
unnecessarily longer.

Another proposal is developing an equianalgesic dose 
calculation system easier to use and taking into account the 
clinical evidence available to date; thus, reducing the risk of 
dosage errors. In this context, a two-dimensional graphical 
nomogram was developed aiming to solve mathematical 
problems in clinical practice following the current recom-
mendations from recent systematic reviews.

METHODS

Using Microsoft Excel 2013, a nomogram was created 
consisting of 18 parallel lines; some of them marked at 24 
equidistant points as a minimum and most of them marked 
at 87 equidistant points as a maximum, resembling a ruler.

The marks of each line are aligned with ah the others. 
Each line corresponds to a different opioid drug and to a 
specifi c route of administration. The fi rst mark of each line 
corresponds to the 0-mg dose and every two marks the equi-
analgesic dose to all doses aligned with that particular mark 
is specifi ed (Figure 1).

The calculation of each equianalgesic dose was made 
according to the selected equianalgesic dose ratio following 
a rigorous review, but non-systematic, of the current medi-
cal literature. The last mark of each line corresponds to the 
maximum recommended dose for each drug product or the 
dose equivalent to 210 mg of oral morphine. All lines, marks 
and doses are carefully aligned; so, when a perpendicular line 
is traced from any mark upwards or downwards, it will reach 
the line of a different opioid at the point corresponding to the 
equianalgesic dose for such drug.

In order to select the equianalgesic dose ratio, a non-
systematic literature search was performed throughout 
two consecutive years (2013-2014). Search was carried 
out into PubMed, Google and Google Scholar using the 
following terms: systematic review, guidelines, opioid, 
opiate, narcotic, morphine, hydromorphone, methadone, 
fentanyl, oxycodone, tramadol, buprenorphine, tapentadol, 
codeine, hydrocodone, nalbuphine, dextroproproxyphene, 
equianalgesic, equianalgesia, dose ratio, potency, potency 
ratio, and tables.

Literature references of each of the found documents were 
reviewed and a manual search was performed of those that 
might provide further relevant information about equianal-
gesic dose ratios. Likewise, a manual search of textbooks on 
opioid treatment, pain management, and palliative care was 
performed. Once the information on different dose ratios 
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was collected, a selection was done taking into account the 
frequency at which a ratio recommendation and clinical evi-
dence was repeated, priorizing those supported by high-quality 
evidence and recommended in practical guidelines issued by 
renowned medical associations.

RESULTS

Selection of equianalgesic dose ratios

Morphine

The original equianalgesic table suggests that 60 mg of oral 
morphine are equianalgesic to 10 mg of parenteral morphine; 
so, a ratio of 6:1 between oral morphine and parenteral 
morphine (both intravenous and intramuscular) was initially 
considered. Nevertheless, the recommendation is based on 
a clinical trial in an acute pain model, in single doses and 
without previous opioid tolerance(2,3).

In a very consistent manner, the majority of tables most 
recently developed refer to a ratio of 3:1 between oral mor-
phine and parenteral (subcutaneous and intravenous) mor-
phine(1,2,5,7,12,15,20). Some references extend the ratio between 
oral and parenteral morphinefrom 2:1 to 3:1(2,14,21-23).

Most of the guidelines suggest that subcutaneous morphine 
and intravenous morphine require similar doses at a 1:1 ra-
tio(21). Moreover, there is evidence that the bioavailability of 
morphine via subcutaneous route varies from 83% to 100%(24); 
so, some clinicians recommend to use higher doses of sub-
cutaneous morphine than intravenous one (2:1 ratio). For 
purposes of the nomogram, a 3:1 ratio between oral morphine 
and parenteral (intravenous and subcutaneous) morphine was 
selected, and an alternative version with a lower ratio, 2:1, 
for subcutaneous morphine was included.

Oxycod one

With regard to oral oxycodone, the original table specifi es that 
a 20 mg-30 mg dose of oral oxycodone is equivalent to 60 mg 
of oral morphine, and to 10 mg of parenteral morphine. The 
ratio between oral oxycodone and oral morphine would be 
then 1:2-3(3). Correcting the original table with the currently 
most accepted ratio between oral morphine and parenteral 
morphine (3:1), equianalgesia would be 20-30 mg of oral 
oxycodone to 30 mg of oral morphine with a 1:1-1.5 ratio.

Some authors have recommended rotation between oral 
oxycodone and oral morphine at a 1:1 ratio leading to effective 
and safe analgesia in a series of cases(7,25). The vast majority 
of the tables and practical guidelines; however, recommend 
to consider oral oxycodone as a more potent drug than oral 
morphine, even though the recommended relative potency 
ratio between oral oxycodone and oral morphine varies from 

1:1.1 to 1:2.3(1,2,5,7,12,14,15,20,22,23,25-28). These recommenda-
tions are based on clinical studies, and variations in ratio 
may be explained in terms of bioavailability. Many of the 
guidelines and systematic reviews recommend to use a 1:1.5 
ratio between oral oxycodone and oral morphine(5-7,14,20,25-28). 
For this nomogram, we chose a 1:1.5 ratio between oral oxy-
codone and oral morphine.

The oral bioavailability of oxycodone is about 50% to 
60%(3,29). According to several equianalgesia tables based on 
systematic reviews, an equianalgesic dose ratio from 1.5:1 to 
2:1 was established between oral oxycodone and parenteral 
oxycodone(1,2). In a number of clinical studies it has been 
shown that the relative potency ratio between parenteral 
oxycodone and oral morphine varies from 0.7:1 to 4.1:1(3,7,20). 
A study comparing different doses by means of patient 
controlled analgesia (PCA) demonstrated that the potency 
between parenteral morphine and parenteral oxycodone is 
very similar (ratio of 1:1)(3,20). Moreover, a 2:1 ratio between 
oral and parenteral oxycodone, and a 3:1 ratio between oral 
and parenteral morphine are mathematically consistent with 
a ratio of 1:1 between parenteral oxycodone and morphine. 
Due to these reasons, a 1:1 ratio between parenteral morphine 
and oxycodone was chosen.

Fentanyl

In the nomogram, lines for intravenous fentanyl and for trans-
dermal fentanyl were included. The original equianalgesic 
dose table recommends an equianalgesic ratio of 1:100-200 
between 50-00 μg of intravenous fentanyl and 10 mg of par-
enteral morphine and corresponding to a ratio of 1:300-600 
between parenteral fentanyl and oral morphine(3). However, 
most recent evidence highlights the fact that parenteral fen-
tanyl (intravenous and subcutaneous) is only about 80 times 
more potent than parenteral morphine(2). In some opioid 
rotation studies, 1:60 and 1:70 ratios(7,30-32) have been used 
in a number of patients. In consequence, several tables and 
practical guidelines recommend to modify the original table in 
order to include 1:80-100 ratios between parenteral morphine 
and parenteral fentanyl(2,3,7,30-32).

Although the evidence available for equianalgesic dose 
calculation of parenteral fentanyl (intravenous and subcuta-
neous) is relatively scarce, there are studies which suggest 
the possibility that most of the information collected about 
equianalgesia of transdermal fentanyl may be extrapolated. 
Hence, in a study of 20 patients with terminal cancer it was 
found that the dose of intravenous fentanyl, titrated by means 
of patient controlled analgesia (PCA), corresponded to a 1:1 
ratio to that released by a fentanyl transdermal device(33). 
Thus, different authors have recommended an equianalgesia 
ratio of 1:1 between intravenous, subcutaneous and transder-
mal fentanyl(15,22,23,32,33).



Hernández-Ortiz A. Nomogram to calculate equianalgesic oploid doses

255Volume 39, No. 4, october-december 2016

www.medigraphic.org.mx

Este documento es elaborado por Medigraphic

Most of the equianalgesic doses studies for transdermal 
fentanyl do establish conversion ratios with respect to oral mor-
phine. Manufacturers of fentanyl transdermal devices recom-
mend an average ratio of 1:150 between transdermal fentanyl 
and oral morphine (90 mg/day of oral morphine equivalent to 
a device delivering 25 μg/h, that is, 0.6 mg/day), correspond-
ing to a 1:50 ratio between transdermal fentanyl and parenteral 
morphine (assuming a ratio of 3:1 between oral morphine and 
parenteral morphine). However, due to the fact that the devices 
are manufactured in fi xed doses, extended ranges of oral mor-
phine are usually recommended, which should be rotated to one 
same fi xed dose of the transdermal device. So, the offi cially 
recommended ratio actually varies from 1:75 to 225(2,14,32,34). 
Nevertheless, it has been observed that such recommendation 
results in too low doses in 50% to 58% of the patients, and 
only 40% of patients receive an adequate dose. Therefore, most 
of the patients usually get a dose of transdermal fentanyl that 
could have been calculated by using a 1:70-100 ratio between 
transdermal fentanyl and oral morphine instead(14,35). It has 
been shown that a 1:100 ratio results in rotations with good 
response, and such ratio is usually recommended by a number 
of the reviewed authors(1,2,6,12,15,36,37). Some authors have even 
proposed clinical algorithms using a ratio of 2 mg/day of oral 
morphine to 1 μg/h of transdermal fentanyl (1:83 ratio)(38).

Based on this review, it may be concluded that the relative 
potency of fentanyl with regard to morphine was overesti-
mated in the beginning, and more recent studies have been 
progressively reduced the conversion ratio. The offi cial con-
version ratio is 1:150 between transdermal fentanyl and oral 
morphine, and 1:50 in regards to parenteral morphine. This 
ratio will be appropriate in 40% of the patients, but in the 
remaining patients a subsequent titration will be necessary. 
This percentage could be reduced changing to a 1:100 ratio 
with regard to oral morphine (1:33 to parenteral morphine), 
and even more if changing to a 1:70-80 ratio (1:23-27 to 
parenteral morphine). However, overdosing risk is increased 
when switching to transdermal fentanyl.

Therefore, emphasizing the need of safe opioid rotations 
and the importance of monitoring the titration, it was decided 
to use the ratios recommended by the manufacturer (1:150 
with regard to oral morphine and 1:50 to parenteral morphine) 
in this nomogram.

Hydromorphone

The original equianalgesic dose table suggests that 60 mg of 
oral morphine is equivalent to 7.5 mg of oral hydromorphone; 
that is, a 1:8 ratio between hydromorphone and morphine(28). 
However, different tables created subsequently uses different 
ratios ranging from 1:4 to the original 1:8(1-3,15,22,23,34,39,40).

A number of more recent clinical studies have used nar-
rower ranges of ratios between 1:4.9 and 1:5.7, with a central 

trend towards a ratio of 1:5 between oral hydromorphone and 
oral morphine(2,5,6,14,22,23,28,34,39,41). This 1.5 ratio has proven 
to be effective and safe(6,39-42).

Based on the enormous consistency among recent recom-
mendations and the good quality of evidence supporting it, 
a 1.5 ratio between oral hydromorphone and oral morphine 
was chosen for the nomogram.

Tapentadol

Tapentadol is an opioid drug of recent clinical appearance. 
Hence, it has not yet been included in many of the equian-
algesic dose calculation tables, including the original one(3). 
A 1:2.5 ratio was one of the fi rst ratios recommended for the 
calculation of equianalgesic doses between oral morphine and 
oral tapentadol. However, this recommendation was based on 
experimental studies in animals(43-45).

In subsequent clinical studies, it was observed that the ratio 
was closer to 1:3. For example, a phase IIIb study found a 
1:2.9 ratio with regard to oral morphine and a 1:4.3 ratio to 
oral oxycodone (as relevant to the ratio of 1:1.5 between oral 
oxycodone and oral morphine)(46). A study of opioid rotation 
from and to tapentadol in cancer patients found that a 1:3.3 
ratio resulted in effective and safe rotations(47). Based on 
these considerations, a conversion ratio of 1:3.3 between oral 
morphine and oral tapentadol was chosen for the nomogram.

Hydrocodone

The relative potency of hydrocodone in relation to other opi-
oids has not been studied appropriately and is rather based on 
clinical practice and empirical knowledge(14,15). Hydrocodone 
is not included in the original equianalgesic dose table and 
many other tables do not incorporate it either(3). In those 
tables where it is included, a 1:1 ratio with oral morphine 
is always considered. In these tables, pairs of equianalgesic 
doses, such as 20-30 mg of oral morphine equivalent to 20-30 
of oral hydrocodone(2), 30 mg of oral morphine equivalent to 
30-45 mg of oral hydromorphone(15), or 30 mg of oral mor-
phine equianalgesic to 30 mg of oral hydromorphone, may 
be observed. In spite of important limitations of the available 
evidence, the recommendations are suffi ciently consistent to 
determine a 1:1 ratio in regards to oral morphine to be used 
in the nomogram.

Codeine

As with hydrocodone, the data for the calculation of equian-
algesic doses are originated rather from empirical knowledge 
than from good quality evidence and the original table does 
not include them either(2,3,14,22,23,28). In tables included in good 
quality systematic reviews and guidelines, an equivalence of 
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200 mg of oral codeine to 30 mg of oral morphine is con-
sistently considered corresponding to a 1:6.7 ratio between 
morphine and codeine(2,14).

In some of the tables published for local operational pur-
poses, an equivalence of 7.5 mg of oral morphine to 60 mg of 
oral codeine is also mentioned; that is say, an extended ratio of 
1:8(22,23,38). In spite of the limited quality of evidence, due to 
the higher methodological quality of reviews recommending 
it, the ratio of 1:6.7 between oral morphine and oral codeine 
was preferred for the construction of this nomogram.

Buprenorphine

Conversion ratios were investigated to construct lines in the 
nomogram for buprenorphine administered by parenteral and 
sublingual route, and through transdermal devices.

In some countries, buprenorphine has been available since 
the 1960’s in its parenteral and sublingual form. Nevertheless, 
clinical evidence about its relative potency has been scarce. 
The recent development of systems for transdermal delivery 
has largely increased the number of studies conducted with 
buprenorphine(48).

In most of the papers where equianalgesic doses of trans-
dermal buprenorphine were investigated, it was compared 
to oral morphine. The recommended ratio varies from 1:75 
to 1:115 (between transdermal buprenorphine and oral mor-
phine)(48,49). In all cases, ratios were calculated based on the 
amount of buprenorphine that was actually administered per 
day, and not the amount contained within the device.

During the fi rst years of development of the device, a 1:75 
ratio (0.8 mg/day of transdermal buprenorphine equivalent 
to 60 mg of oral morphine) was recommended, although it 
was determined based on preclinical studies and initial ap-
proaches(2,36,37,50,51). Subsequent studies, however, showed 
that this ratio could lead to doses higher than those required 
upon switching to a transdermal buprenorphine device(50). 
Thus, a 1:100 ratio between buprenorphine and oral mor-
phine has been consistently recommended(14,22,23,50,52). More 
recently, some authors state that such ratio might be as high 
as 1:110-115(51,53,54).

Just as with transdermal fentanyl(33), it would be expected 
that the amount actually administered of transdermal bu-
prenorphine keep a ratio of 1:1 with buprenorphine adminis-
tered via the parenteral route. Although there are no studies 
available directly comparing this ratio, if it was true, it would 
be expected that assuming a 3:1 ratio between oral morphine 
and parenteral morphine, and a 1:100 ratio between trans-
dermal buprenorphine and oral morphine, the ratio between 
parenteral buprenorphine and parenteral is 1:33.

This mathematical hypothesis has been confi rmed in sev-
eral clinical studies demonstrating an equivalence between 
0.3 mg of parenteral buprenorphine (intravenous or intra-

muscular route) and 10 mg of parenteral morphine(3,14,55,56). 
On the other hand, there is very limited evidence about the 
relative potency of sublingual buprenorphine, although there 
is one study that directly compared the effects of sublingual 
buprenorphine versus its parenteral formulation showing that 
0.4 mg of sublingual buprenorphine are equivalent to 0.3 mg 
of parenteral buprenorphine (intravenous and intramuscular 
route) corresponding to a 1:0.75 ratio between both formula-
tions(14,57).

For the nomogram purposes, a 1:1 ratio between paren-
teral buprenorphine and the amount actually administered of 
transdermal buprenorphine was selected. In addition, a 1:100 
ratio between transdermal/parenteral buprenorphine and oral 
morphine (given a 1:33 ratio between parenteral buprenor-
phine and morphine) was considered. Likewise, a 1:0.75 ratio 
between sublingual buprenorphine and parenteral buprenor-
phine, and one of 1:75 between sublingual buprenorphine and 
oral morphine were chosen.

Nalbuphine

Just as with codeine and hydrocodone, the existing evidence 
regarding the calculation of equianalgesic doses of nalbuphine 
is very limited, and it is another opioid not included in the 
original equianalgesic dose table. In the few clinical studies 
that have been conducted(3), it was found that its potency 
ranges from a 1:0.8 ratio to a 1:1 ratio with regard to paren-
teral morphine. And the scarce tables including hydrocodone 
consistently used a 1:1 ratio in relation to parenteral morphine. 
Therefore, such ratio is used in the nomogram.

Tramadol

Tramadol is available for oral and parenteral administration 
route. In a very consistent manner it has been found that the 
relative potency of parenteral morphine with regard to par-
enteral tramadol is 1:10 to 1:11, and the most repeated and 
used recommendation is 1:10(14,22,23,58,59). Some tables recom-
mend this same 1:10 ratio when converting doses between 
oral morphine and oral tramadol. The bioavailability of oral 
tramadol (80% to 100%); however, is much higher than that 
of oral morphine (30% to 50%)(6), so maintaining the 1:10 
ratio would be paradoxical.

The 1:10 ratio between oral morphine and oral tramadol 
has only been found in studies that were not designed for this 
purpose, but to compare groups of patients with one or the 
other drug product without performing an opioid rotation. In 
opioid rotation studies, the fi nal ratios were found rather be-
tween 1:3.8 and 1:5.3(60,61). With regard to this range, which is 
more appropriate considering the differences in bioavailability, 
there are many tables recommending a 1:5 ratio between oral 
morphine and oral tramadol, but they come from not clinical 
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studies(22,23,28). On the other hand, there are clinical studies on 
opioid rotation supporting the use of a 1:4 ratio(14,62). Due to 
this evidence, we used a 1:10 ratio between parenteral morphine 
and parenteral tramadol, and a 1:4 ratio between oral morphine 
and oral tramadol. Therefore, a 1:1.2 ratio between parenteral 
tramadol and oral tramadol is assumed.

Dextropropoxyphene

Dextropropoxyphene is an old drug initially used based on 
effi cacy and safety studies of poor quality(63,64). At present, 
due to its poor benefi t-risk balance, it is recommended not to 
use this drug(2). Only few equianalgesic dose tables include 
it, and these usually consider that a 130 a 200 mg dose of 
dextropropoxyphene is equivalent to 30 mg of oral mor-
phine and 200 mg of oral codeine(63-66). The clinical studies 
comparing its effi cacy with other drug products consider that 
65 mg of dextropropoxyphene is equianalgesic to 65 mg of 
codeine(63,64,66). Given that the most accepted equianalgesic 
dose ratio between codeine and oral morphine is 200 mg to 30 
mg, for this nomogram we consider that dextropropoxyphene 
is equianalgesic to codeine and, thus, maintains the same ratio 
(1:6.7 between oral morphine and oral dextropropoxyphene).

Creation of the nomogram

The fi nal version of the nomogram is shown in fi gure 1. The 
selected equianalgesic dose ratios are listed in table I. A 

nine-step instructive was developed in order to guide the user 
when using the nomogram to calculate opioid equianalgesic 
doses (Table II).

Selection of safety recommendations and use instructions

Most of the authors have recommended that any opioid 
rotation system shall be accompanied by practical guide-
lines emphasizing the limitations of any equianalgesic dose 
calculation system, the need of titrating the dose following 
any opioid rotation, and the implementation of measures to 
decrease to the utmost potential risks of overdosing or sub-
dosage(1-7,10,12,13,15,16,19). It is also suggested to always include 
such recommendations in a clear manner in any calculation 
tool in order to increase safety and usefulness(7). Thus, this 
nomogram includes some important recommendations on 
safety. One of the most repeated and emphasized aspects is 
that every user of an equianalgesic dose calculation system 
shall bear in mind that all of them are only heuristic guide-
lines and may not consider individual biological variability or 
clinical characteristics such as age, level of organic function, 
predisposition to adverse effects or pharmacogenetic and 
physiopathological differences(1,3,5,7,14).

Therefore, upon functioning as a heuristic tool, the calcu-
lated equianalgesic doses may provide results with different 
levels of effi cacy and safety. High doses increase the pos-
sibility of having an appropriate effi cacy, but also the risk of 

Table I. Equianalgesic dose ratios selected for the nomogram creation.

Oral morphine 3:1 Parenteral morphine
Oral morphine 2:1 Subcutaneous morphine
Oral oxycodone 1:1.5 Oral morphine
Parenteral oxycodone 1:1 Parenteral morphine
Oral oxycodone 2:1 Parenteral oxycodone
Parenteral fentanyl 1:1 Transdermal fentanyl (released dose)
Parenteral/transdermal fentanyl 1:150 Oral morphine
Parenteral/transdermal fentanyl 1:50 Parenteral morphine
Oral hydromorphone 1:50 Oral morphine
Oral morphine 1:3.3 Oral tapentadol
Oral hydrocodone 1:1 Oral morphine
Parenteral buprenorphine 1:1 Transdermal buprenorphine (released dose)
Parenteral/transdermal buprenorphine 1:100 Oral morphine
Parenteral/transdermal buprenorphine 1:33 Parenteral morphine
Sublingual buprenorphine 1:0.75 Parenteral/transdermal buprenorphine
Sublingual buprenorphine 1:75 Oral morphine
Parenteral nalbuphine 1:1 Parenteral morphine
Parenteral morphine 1:10 Parenteral tramadol
Oral morphine 1:4 Oral tramadol
Parenteral tramadol 1:1.2 Oral tramadol
Oral morphine 1:6.7 Oral codeine
Oral morphine 1:6.7 Oral dextropropoxyphene
Oral codeine 1:1 Oral dextropropoxyphene
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decreasing safety. Lower doses are more secure, but are less 
likely to be effective.

The optimal result of an opioid rotation is choosing a dose 
that is effective and safe at the same time. When this combina-
tion may not be achieved, the second best alternative is a dose 
that is less effective, but safe. The idea of improving effi cacy 
in exchange of reduced safety is not acceptable(14). However, 
it is also important to avoid using too low doses leading to 
poor effi cacy or withdrawal syndrome(3).

Due to this reasoning, it is always preferred to act slightly 
conservative when choosing a dose for opioid rotation. The 
objective is to reach the optimal dose between sub-dosage and 
overdosing. This may be achieved by means of a systematic 
decrease of the calculated dose(1-5,7,14). Another reason to try 
this systematic decrease when calculating the dose of a rota-
tion is the fact that cross tolerance among different opioid 
drugs due to heterologous sensitization is usually lower than 
that caused by homologous sensitization(1).

Different published practical guidelines recommend ap-
plying a 25%-50% reduction when using a tool to calculate 
an equianalgesic dose. The most usual reduction is 30%, 
with major decrease in elderly, non-Caucasian and weakened 
patients(1,2,4,5,7,14,15,22,23).

Likewise, experts have repeatedly recommended to clearly 
indicate that these tools do not replace the medical experience 
and judgment, and it is always important to adjust the dose ac-

cording to the unique circumstances of each patient, especially 
related to possible pharmacokinetic variations secondary to 
organic failures (as in renal and hepatic insuffi ciency)(1,5,7,14). 
Once chosen, it is critical to monitor the effi cacy and safety 
of the starting dose in order to implement a titration process. 
Hence, the calculation of an initial equianalgesic dose is only 
the fi rst step of a titration process aiming to fi nd the optimal 
dose(1,5,7,14).

DISCUSSION

The nomogram herein described makes easier the process 
of equianalgesic dose estimation and reduces the risk of 
mathematical error. Nevertheless, due to the low-quality of 
the evidence currently available, the huge individual vari-
ability among patients, and the variation among results, risk 
of error in calculation cannot be totally avoidable. Thus, any 
estimation of opioid equianalgesic dose may be potentially 
erroneous. Likewise, choosing a ratio may imply a personal 
bias, considering that there is no ratio unanimously accepted 
as the best one.

Therefore this nomogram, or any other method, must al-
ways include a clear notice explaining that such tool should 
be used as an initial heuristic guideline when looking for an 
appropriate dose in opioid rotation, and further titration and 
monitoring processes should always be in place.

Table II. Nomogram usage instructions and safety recommendations.

Instructions

This nomogram may be used to calculate equianalgesic doses in opioid rotation when switching from another opioid 
and/or from a different route of administration or when using the same opioid drug but switching to a different route of 
administration. To use it, make sure the steps below are followed:

1.  Calculate the total opioid dose received by the patient within 24 hours
2.  Identify in the nomogram the line corresponding to the original opioid and the route of administration
3.  Find the daily dose received by the patient on the selected line
4.  Trace a perpendicular line intersecting the lines of the remaining opioids upwards and downwards from the mark found 

for the daily dose
5.  Identify in the nomogram the line corresponding to the opioid and route of administration to which it will be switched 

or rotated. The equianalgesic dose corresponds to the point in which this line is intersected by the perpendicular line 
traced in the previous step

6.  For reasons of safety, based on the identifi ed equianalgesic dose, always apply a 20%-50% decrease. Usually, a 30% 
decrease is needed, but reductions up to 50% may be required in elderly or medically fragile patients

7.  The calculated equianalgesic dose corresponds to the total daily dose to be administered. It has to be distributed in 
adequate doses throughout 24 hours taking into account the pharmacokinetics of the chosen opioid

8.  It is very unlikely that the fi rst selected dose is the ideal one. Thus, after having initiated the treatment with the selected 
dose, monitor the effi cacy of treatment and the presence of adverse effects. Increase or reduce the dose accordingly 
to fi nd the optimal dosage

9.  The dose calculated by this method is only an approximate guideline. You should always use your medical judgment 
and clinical experience for determining the daily dose and its posology. Take especially into account age, race, co-
morbidities of the patient, and the presence of kidney or liver failure
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CONCLUSIONS

Opioid rotation is an essential medical intervention when 
looking for effi cacy and safety of opioid analgesics in clini-
cal practice. When switching to a new opioid, it is necessary 
to fi nd a dose providing an adequate effi cacy along with an 
acceptable level of safety. This is often achieved by the calcu-
lation of equianalgesic doses. Equianalgesic dose calculation 
is a complicated process with a high probability of error.

In this paper, we propose a nomogram as a new tool able to 
reduce the complexity of calculation and to decrease the risk 
for the patient in terms of safety as well taking into account 
the available scientifi c evidence and following the measures 
recommended in the literature.

In the future, it will be important to determine by means 
of well-designed clinical studies whether the different 

tools or guidelines currently available meet such recom-
mendations.

Acknowledgements

Literature research, adaptation of the opioid rotation meth-
odology and ratios were supported by the clinical staff and 
residents from the Pain and Palliative Medicine Service at 
Instituto Nacional de Ciencias Médicas y Nutrición «Salvador 
Zubirán».

Disclosure information

There is no confl ict of interest. This document has only the 
fi nancial support for the editorial and publication process 
from Grünenthal.

REFERENCES

1. Vissers KC, Besse K, Hans G, Devulder J, Morlion B. Opioid rotation 
in the management of chronic pain: where is the evidence? Pain Pract. 
2010;10:85-93.

2. Vadalouca A, Moka E, Argyra E, Sikioti, Siafaka I. Opioid rotation in 
patients with cancer: a review of current literature. J Opioid Manag. 
2008;4:213-250.

3. Knotkova H, Fine PG, Portenoy RK. Opioid rotation: the science and 
the limitations of the equianalgesic dose table. J Pain Symptom Manage. 
2009;38:426-439.

4. Fine PG, Portenoy RK. Establishing “Best practices” for opioid rotation: 
conclusions of an expert panel. J Pain Symptom Manage. 2009;38:418-425.

5. Indelicato RA, Portenoy RK. Opioid rotation in the management of 
refractory cancer pain. J Clin Oncol. 2002;20:348-352.

6. Mercadante S, Caraceni A. Conversion ratios for opioid switching 
in the treatment of cancer pain: a systematic review. Palliat Med. 
2011;25:504-515.

7. Pereira J, Lawlor P, Vigano A, Dorgan M, Bruera E. Equianalgesic dose 
ratios for opioids: A critical review and proposals for long-term dosing. 
J Pain Symptom Manage. 2001;22:672-687.

8. Webster LR, Fine PG. Overdose deaths demand a new paradigm for 
opioid rotation. Pain Med. 2012;13:571-574.

9. Cherny NJ, Chang V, Frager G, Ingham JM, Tiseo PJ, Popp B, et al. 
Opioid pharmacotherapy in the management of cancer pain: a survey of 
strategies used by pain physicians for the selection of analgesic drugs 
and routes of administration. Cancer. 1995;76:1283-1293.

10. Quigley C. Opioid switching to improve pain relief and drug tolerability. 
Cochrane Database Syst Rev. 2004;3:CD004847.

11. McNicol E, Horowicz-Mehler N, Fisk RA, Bennett K, Gialeli-Goudas 
M, Chew PW, et al; Americal Pain Society. Management of opioid 
side effects in cancer-related and chronic noncancer pain: a systematic 
review. J Pain. 2003;4:231-256.

12. Dale O, Moksnes K, Kaasa S. European Palliative Care Research Col-
laborative pain guidelines: opioid switching to improve analgesia or 
reduce side effects. A systematic review. Palliat Med. 2011;25:494-503.

13. Webster LR, Fine PG. Review and critique of opioid rotation practices 
and associated risks of toxicity. Pain Med. 2012;13:562-570.

14. McPherson ML. Demystifying opioid conversion calculations. American 
Society of Health System Pharmacists, Bethesda MD, 2010.

15. National Comprehensive Cancer Network. NCCN Clinical Practice 
Guidelines in Oncology: Adult Cancer Pain. Available from: External 
link http://www.nccn.org/professionals/physician_gls/f_guidelines.
asp#supportive

16. Slatkin NE. Opioid switching and rotation in primary care: implementa-
tion and clinical utility. Curr Med Res Opin. 2009;25:2133-2150.

17. Borgsteede SD, Rhodius CA, De Smet PA, Pasman HR, Onwuteaka-
Philipsen BD, Rurup ML. The use of opioids at the end of life: knowl-
edge level of pharmacists and cooperation with physicians. Eur J Clin 
Pharmacol. 2011;67:79-89.

18. Plagge H, Ruppen W, Ott N, Fabbro T, Bornand D, Deuster S. Dose 
calculation in opioid rotation: Electronic calculator vs manual calcula-
tion. Int J Clin Pharm. 2011;33:25-32.

19. Passik SD. Opioid rotation: what is the rush? Pain Med. 2012;13:487-
488.

20. Kalso E, Vainio A. Morphine and oxycodone hydrochloride in the 
management of cancer pain. Clin Pharmacol Ther. 1990;4:639-646.

21. Hanks GW, de Conno F, Cherny N, Hanna M, Kalso E, McQuay HJ, 
Mercadante S, et al; Expert Working Group of the Research Network 
of the European Association for Palliative Care. Morphine and alterna-
tive opioids in cancer pain: the EAPC recommendations. Br J Cancer. 
2001;84:587-593.

22. Eastern Metropolitan Region Palliative Care Consortium (Victoria) 
Clinical Group. Opioid Conversion Ratios-Guide to Practice 2010 (No-
vember 2014). Available from: External link http://www.emrpcc.org .au/
wp-content/uploads/2013/03/EMRPCC-Opioid-Conversion2010-Final2.
pdf Accessed December 29th, 2015.

23. Eastern Metropolitan Region Palliative Care Consortium (Victoria) 
Clinical Group. Opioid Conversion Ratios-Guide to Practice 2013 v 2 
(November 2014). Available from: External link http://www.emrpcc.org.
au/wp-content/uploads/2014/12/EMRPCC-OpioidConversion-2013-V2-
November-2014.pdf Accessed December 29th, 2015.

24. Stuart-Harris R, Joel SP, McDonald P, Currow D, Slevin ML. The phar-
macokinetics of morphine and morphine glucuronide metabolites after 
subcutaneous bolus injection and subcutaneous infusions of morphine. 
Br J Clin Pharmacol. 2000;49:207-214.

25. Glare PA, Walsh TD. Dose-ranging study of oxycodone for chronic pain 
in advanced cancer. J Clin Oncol. 1993;11:973-978.

26. Curtis GB, Johnson GH, Clark P, Taylor R, Brown J, O’Callaghan R, 
et al. Relative potency of controlled-release oxycodone and controlled-
release morphine in a postoperative pain model. Eur J Clin Pharmacol. 
1999;55:425-429.

27. Bruera E, Belzile M, Pituskin E, Fainsinger R, Darke A, Harsanyi Z, 
et al. Randomized, double-blind, crossover trial comparing safety and 
effi cacy of oral controlled-release oxycodone with controlled release 
morphine in patients with cancer pain. J Clin Oncol. 1998;16:3222-3229.



Hernández-Ortiz A. Nomogram to calculate equianalgesic oploid doses

260 Revista Mexicana de Anestesiología

www.medigraphic.org.mx

28. Gippsland Region Palliative Care Consortium Clinical Practice Group. 
Opioid Conversion Guidelines (August 2013). Available from: External 
link http://www.grpcc.com.au/wp-content/uploads/2014/01/GRPCC-
CPG002_1.0_2011-Opioid-Conversion-Guidelines.pdf Accessed 
December 29th, 2015.

29. Pöyhiä R, Seppälä T, Olkkola KT, Kalso E. The pharmacokinetics and 
metabolism of oxycodone after intramuscular and oral administration 
to healthy subjects. Br J Clin Pharmacol. 1992;33:617-621.

30. Paix A, Coleman A, Lees J, Grigson J, Brooksbank M, Thorne D. Sub-
cutaneous fentanyl and sufentanyl infusion substitution for morphine 
intolerance in cancer pain management. Pain. 1995;63:263-269.

31. Hunt R, Fazekas B, Thorne D, Brooksbank M. A comparison of sub-
cutaneous morphine and fentanyl in hospice cancer patients. J Pain 
Symptom Manage. 1999;18:111-119.

32. Prommer E. The role of fentanyl in cancer-related pain. J Palliat Med. 
2009;12:947-954.

33. Zech DF, Grond SU, Lynch J, Dauer HG, Stollenwerk B, Lehmann KA. 
Transdermal fentanyl and initial dose-fi nding with patient-controlled 
analgesia in cancer pain. A pilot study with 20 terminally ill cancer 
patients. Pain. 1992;50:293-301.

34. Mercadante S, Bruera E. Opioid switching: a systematic and critical 
review. Cancer Treat Rev. 2006;32:304-315.

35. Donner B, Zenz M, Tryba M, Strumpf M. Direct conversion from oral 
morphine to transdermal fentanyl: a multicenter study in patients with 
cancer pain. Pain. 1996;64:527-534.

36. Mercadante S, Porzio G, Fulfaro F, Aielli F, Verna L, Ficorella C, et al. 
Switching from transdermal drugs: an observational “N of 1” study of 
fentanyl and buprenorphine. J Pain Symptom Manage. 2007;34:532-538.

37. Mercadante S, Casuccio A, Tirelli W, Giarratano A. Equipotent doses 
to switch from high doses of opioids to transdermal buprenorphine. 
Support Care Canc. 2009;17:715-718.

38. Breitbart W, Chandier S, Eagel B, Ellison N, Enck RE, Lefkowitz M, et 
al. An alternative algorithm for dosing transdermal fentanyl for cancer 
related pain. Oncology. 2000;14:695-705.

39. Bruera E, Pereira J, Watanabe S, Belzile M, Kuehn N, Hanson J. Opioid 
rotation in patients with cancer pain: a retrospective comparison of dose 
ratios between methadone, hydromorphone and morphine. Cancer. 
1996;78:852-857.

40. Palangio M, Northfelt DW, Portenoy RK, Brookoff D, Doyle RT Jr, 
Dornseif BE, 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 nonmalignant pain. 
J Pain Symptom Manage. 2002;23:355-368.

41. Lawlor P, Turner K, Hanson J, Bruera E. Dose ratio between morphine 
and hydromorphone in patients with cancer pain: a retrospective study. 
Pain. 1997;72:79-85.

42. Wallace M, Rauck RL, Moulin D, Thipphawong J, Khanna S, Tudor IC. 
Conversion from standard opioid therapy to opioid therapy to once-daily 
oral extended-release hydromorphone in patients with chronic cancer 
pain. J Int Med Res. 2008;36:343-352.

43. Torres MLM. Tapentadol retard en el dolor crónico intenso. Rev Soc 
Esp Dolor. 2011;18:283-290.

44. Mercadante S, Porzio G, Ferrera P, Aielli F, Adile C, Ficorella C, et al. 
Tapentadol in cancer pain management: a prospective open-label study. 
Curr Med Res Opin. 2012;28:1775-1779.

45. Tzschentke TM, De Vry J, Terliden R. Tapentadol hydrochioride: 
analgesic mu-opioid receptor agonist noradrenaline reuptake inhibitor. 
Drugs Future. 2006;31:1053-1061.

46. Gálvez R, Schäfer M, Hans G, Faike D, Steigerwald I. Tapentadol pro-
longed release versus strong opioids for severe, chronic low back pain: 
results of an open-label phase 3b study. Adv Ther. 2013;30:229-259.

47. Mercadante S, Porzio G, Aielli F, Adile C, Verna L, Ficorella C, et al. 
Opioid switching from and to tapentadol extended release in cancer 
patients: conversion ratio with other opioids. Curr Med Res Opin. 
2013;29:661-666.

48. Davis MP. Buprenorphine in cancer pain. Support Care Cancer. 
2005;13:878-887.

49. Davis MP. Twelve reasons for considering buprenorphine as a frontline 
analgesic in the management of pain. J Support Oncol. 2012;10:209-219.

50. Pergolizzi J, Aloisi AM, Dahan A, Filitz J, Langford R, Likar R, et al. 
Current knowledge of buprenorphine and its unique pharmacological 
profi le. Pain Pract. 2010;10:428-450.

51. Likar R. Transdermal buprenorphine in the management of persistent 
pain-safety aspects. Ther Clin Risk Manag. 2006;2:115-125.

52. Louis F. Transdermal buprenorphine in pain management-experiences 
from clinical practice: Five case studies. Int J Clin Pract. 2006;60:1330-
1334.

53. Sittl R, Likar R, Nautrup BP. Equipotent doses of transdermal fentanyl 
and transdermal buprenorphine in patients with cancer and noncancer 
pain: results of a retrospective cohort study. Clin Ther. 2005;27:225-237.

54. Sittl R. Transdermal buprenorphine in cancer pain and palliative care. 
Palliat Med. 2006;20:S25-S30.

55. Kjaer M, Henriksen H, Knudsen J. A comparative study of intramus-
cular buprenorphine and morphine in the treatment of chronic pain of 
malignant origin. Br J Clin Pharmacol. 1982;13:487-492.

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

57. Bullingham RE, McQuay HJ, Dwyer D, Allen MC, Moore RA. Sublin-
gual buprenorphine used postoperatively: clinical observations and pre-
liminary pharmacokinetic analysis. Br J Clin Pharmacol. 1981;12:117-
122.

58. Silvasti M, Svartling N, Pitkänen M, Rosenberg PH. Comparison of 
intravenous patientcontrolled analgesia with tramadol versus mor-
phine after microvascular breast reconstruction. Eur J Anaesthesiol. 
2000;17:448-455.

59. Wilder-Smith CH, Hill L, Wilkins J, Denny L. Effects of morphine and 
tramadol on somatic and visceral sensory function and gastrointestinal 
motility after abdominal surgery. Anesthesiology. 1999;91:639-647.

60. Grond S, Sablotzki A. Clinical pharmacology of tramadol. Clin Phar-
macokinet. 2004;31:879-923.

61. Grond S, Radbruch L, Meuser T, Loick G, Sabatowski R, Lehmann KA. 
High-dose tramadol in comparison to low-dose morphine for cancer pain 
relief. J Pain Symptom Manage. 1999;18:174-179.

62. Wilder-Smith CH, Schimike J, Osterwalder B, Senn HJ. Oral tramadol, 
a mu-opioid agonist and monoamine reuptake-blocker, and morphine 
for strong cancer-related pain. Ann Oncol. 1994;5:141-146.

63. Burget DE Jr, Greene NM. Dextro propoxyphene and the ventilatory 
response to carbon dioxide in man. Yale J Biol Med. 1962;35:185-188.

64. Gruber CM Jr. Codeine phosphate, propoxyphene hydrochioride, and 
placebo. J An Med Assoc. 1957;164:966-969.

65. Divvela S, Williams A, Meives C, Gozun E. Opioid analgesics: com-
parison of pharmacokinetics and equianalgesic doses. Hospital Pharm. 
2006;42:1130-1135.

66. Twycross R, Wilcock A. Symptom management in advanced cancer. 
Radcliffe Medical Press, Third Edition, UK, 1997.


