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Pharmacist perspective on extended  
release analgesics for persistent pain
Jeffrey Fudin, Bill H. McCarberg, Gavril Pasternak, Leslie N. Schechter, Sidney H. Schnoll, and Stephen D. Lande

Objective:  To provide an overview of the key patient- and drug-related issues 
relevant to the use of extended release (ER) versus immediate release (IR) 
analgesics and the variables that must be taken into consideration when select-
ing a specific type of ER analgesic to optimize treatment, such as efficacy, dos-
ing, safety, drug–drug and drug–disease interactions, and abuse and diversion 
issues.
Data sources:  Published articles identified through bibliographies from gath-
ered articles.  
Study selection:  By the authors.
Data extraction:  By the authors.
Data synthesis:  Persistent pain is a prevalent condition experienced by about 
25% of Americans that continues to spur the use of prescription analgesic med-
ications. ER analgesic formulations have been introduced that may offer several 
advantages over IR formulations, such as reduced “pill” burden, improved con-
venience and adherence, and around-the-clock pain relief. ER analgesics offer 
more consistent steady-state plasma levels without the more pronounced peaks 
and troughs associated with short-acting formulations, leading to reduced 
adverse events. In this article, the formulations of ER analgesics and the practi-
cal considerations, therapy options, and potential issues associated with them 
are discussed. In addition, several brief case studies are presented to highlight 
some of the clinical scenarios in which specific types of ER analgesics may offer 
greater benefit with less risk than other analgesics.
Conclusion:  Pharmacists are uniquely positioned to assess patients’ response 
to therapy with and susceptibility to risk from ER analgesics and to counsel 
patients on the differences between specific analgesic classes and products.
Keywords:  Analgesic, nonsteroidal anti-inflammatory, opioid, pain, pain man-
agement.
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Chronic pain—pain that persists 
beyond the normal healing period 

and disrupts sleep and normal daily 
activities—remains a prevalent con-
dition that drives the use of OTC and 
prescription analgesic use.1 Indeed, 
persistent noncancer pain, specifically 
musculoskeletal pain, is the chief symp-
tom that triggers new visits to primary 
care physicians.2 The American Pain 
Foundation estimates that about 25% 
of all Americans experience persistent 
pain, and about 10% take prescription 

medication to manage it.3 
In 2006, prescription analgesics 

accounted for 7.2% (almost 266 million) 
of all prescriptions dispensed (about 3.7 
billion) in all pharmacy settings and for 
7.7% of all prescriptions dispensed in the 
community pharmacy sector. Extended 
release (ER) prescription analgesics 
accounted for 7.0% (about 181 million) 
of all prescription analgesics dispensed 
in 2006 and 6.2% of all prescription 
analgesics dispensed in the community 
pharmacy sector. The annual percentage 

growth rate in volume of ER analgesics 
has increased during the period 2003 
to 2006, from 9.3% in 2003 to 11.4% in 
2006. During 2003 to 2006, the annual 
percentage growth rate in volume of all 
analgesics increased from 4.0% to 5.7%. 
As a result, for pharmacists, analgesics, 
and increasingly ER analgesics, are 
among the most commonly dispensed 
prescriptions.4 

Indeed, community pharmacists are 
at the forefront of balancing analgesic 
drug efficacy with risks across an array 
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of drug classes and patient groups. Phar-
macists can play a central role in improv-
ing the management of persistent pain 
by counseling patients on the appropri-
ate use of OTC and prescription analge-
sics and by consulting with prescribers 
when a prescription analgesic treatment 
appears inadequate or inappropriate, or 
when potential drug interaction issues 
arise. In addition, pharmacists can moni-
tor for potential aberrant medication-
taking behaviors indicating opioid anal-
gesic abuse or diversion. In these roles, 
the pharmacist can act as a gatekeeper, 
assessing whether a prescribed anal-
gesic prescription serves a useful and 
legitimate medical purpose through the 
life of the prescription.5 To perform these 
tasks, however, pharmacists require suf-
ficient, up-to-date knowledge on pain 
management and newer analgesic for-
mulations that have entered the market. 
Toward that end, the main purpose of 
this review is to provide an overview of 
the key patient- and drug-related issues 
relevant to the use of ER versus immedi-
ate release (IR) analgesics and the vari-
ables that must be taken into consider-
ation when selecting a specific type of ER 
analgesic to optimize treatment. 

ER analgesic formulations
Rationale
For many patients with persistent pain, 
ER analgesics can offer important 
advantages over short-acting formula-
tions. The potential benefits of ER over IR 
analgesic formulations include improved 
convenience and adherence secondary to 
reduced “pill” burden and improved sleep 
secondary to reduced nighttime pain.6,7 
Sustained pain relief is a primary goal in 
the management of persistent pain, and 
the use of ER formulations provides the 
best opportunity to achieve around-the-
clock analgesia, with short-acting anal-
gesics used to titrate to effective dose 

and manage breakthrough pain.7 
Further, more consistent steady-

state plasma levels with long-acting 
formulations, without the more pro-
nounced peaks and troughs associated 
with short-acting formulations, predict a 
reduction in troublesome adverse events 
such as nausea and somnolence. How-
ever, whether long-acting formulations 
yield consistently improved tolerability 
remains a controversial issue.8 More-
over, persistent pain has been directly 
linked to sleep disturbances, highlight-
ing the importance of effective 24-hour 
analgesia as a step in improving patients’ 
quality of life and restoring normal daily 
function.9 The use of ER analgesics that 
require administration every 8 to 72 
hours has shifted patients’ focus from 
pain and pain management to family, 
work, and daily activities.7 

A number of prescription ER opioids 
and ER NSAIDs are currently available 
for the treatment of persistent pain. 
NSAIDs
NSAIDs available in ER formulations are 
displayed in Table 1. Other NSAIDs—cele-
coxib (Celebrex—GD Searle), meloxi-
cam (Mobic—Boehringer Ingelheim), 
and piroxicam (Feldene—Pfizer)—are 
indicated for once-daily dosing by virtue 
of their long half-lives. However, piroxi-
cam is often not recommended for use in 
older patients, who may be more sensi-
tive to its adverse effects.

All NSAIDs display efficacy in reliev-
ing pain and inflammation, and selec-
tive COX-2 inhibitors, such as celecoxib, 
demonstrate efficacy in persistent pain 
comparable to nonselective agents.10,11

Certain patients may respond to one 
NSAID and not another. There are no 
data that would predict which patients 
will respond well to one NSAID versus 
another. Thus, an inadequate response to 
one NSAID does not preclude a response 
to another NSAID. If the response to an 

NSAID is inadequate, factors such as 
the nature and extent of pain as well as 
patient adherence should be considered. 
Generally, less frequent dosing, as with 
ER formulations, bolsters adherence.12 
In addition, if an NSAID in one structural 
class (such as ibuprofen, a priopionic 
acid derivative) is not effective, chang-
ing to another structural class (such as 
sulindac, an acetic acid derivative) may 
be beneficial. Overall, clinical studies 
show that the ER, once-daily NSAIDs are 
as effective as their IR counterparts or 
other IR NSAIDS, with comparable inci-
dences of adverse effects.13,18

Opioids
Opioid analgesics can activate three dif-
ferent classes of receptors—mu, kappa, 
and delta. While some short-acting opi-
oids act at the kappa receptor, all of the 
long-acting opioids and opioids with ER 
formulations, with the exception of tram-
adol, exert their effects only through mu 
receptor activation. Some opioids, such 
as methadone and levorphanol (Levo-
Dromoran—Valeant), may provide up 
to 8 hours of analgesia because of their 
long half-lives, while others are long-act-
ing because they were designed as ER 
formulations (Table 2). In contrast to 
conventional opioid analgesics, trama-
dol, a unique, centrally acting, synthetic 
analgesic, displays a relatively modest 
affinity for mu opioid receptors—10 
times less than codeine and 6,000 times 
less than that of morphine.19 In addition 
to its modest opioid activity, tramadol 
inhibits the reuptake of norepinephrine 
and serotonin, and, together, these com-
plementary actions account for its anal-
gesic activity.20 Because tramadol has 
both opioid and nonopioid mechanisms 
of action, it is considered a mixed- or 
dual-action analgesic.

Morphine, oxymorphone, and oxyco-
done are, in their IR formulations, effec-
tive short-acting agents that require 
frequent administration to achieve 
around-the-clock analgesia and are 
thus ideal candidates for developing ER 
formulations. Since fentanyl displays 
significant first-pass effect, it is admin-
istered in transdermal formulations to 
achieve long-duration analgesia. In addi-
tion, short-acting tramadol, because of 
its dual action or mixed mechanism of 
action, is well tolerated against both 
nociceptive and neuropathic pain, sup-
porting an ER formulation to provide 
consistent 24-hour analgesia.28–30 In 

Table 1.  Extended release NSAIDs marketed in the United States
Brand name Generic name

Voltaren XR Diclofenac

Lodine XL Etodolac

Indocin SR Indomethacin

Naprelan Naproxen

Oruvail Ketoprofen
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the treatment of persistent, noncancer 
pain, systematic reviews of the litera-
ture suggest that long-acting oral opi-
oids alleviate both nociceptive and neu-
ropathic pain, although clinical trials 
report substantial individual variations 
in response.31 

The superior effectiveness, effect 
on quality of life, and adherence asso-
ciated with ER versus IR analgesic for-
mulations in the treatment of persistent 
cancer pain have been demonstrated. In 
a randomized study of 83 patients with 
chronic cancer pain, patients receiving 
controlled release (CR) morphine dem-
onstrated a significant decrease in pain 
distress over time and significantly lower 
pain intensity, better adjustment to dis-
ease and treatment, improved strength 
and perception of quality of life, and bet-
ter adherence than patients receiving 
short-acting opioids. Patients receiving 

the short-acting opioids had significantly 
better outcomes in the areas of nausea 
and constipation, which may be a result 
of the higher rates of adherence and 
achievement of a steady analgesic state 
in the CR morphine group.32

ER analgesic formulations have also 
been associated with improvements 
in physical function and sleep. In a  
12-week, multicenter, randomized, dou-
ble-blind, placebo-controlled, parallel 
group study of patients with persistent 
osteoarthritis, 124 patients who received 
tramadol ER (in doses up to 400 mg per 
day) demonstrated a significantly greater 
improvement in a number of endpoints 
than 122 patients who received placebo, 
including measures on the Arthritis Pain 
Intensity Visual Analog Scale and the 
Western Ontario and McMaster Univer-
sity Arthritis pain, physical function, and 
stiffness subscales.32

Patients on tramadol ER also 
showed significantly greater improve-
ments than those receiving placebo on 
various parameters of the Chronic Pain 
Sleep Inventory, including trouble fall-
ing asleep, awakened by pain during the 
night or in the morning, and overall qual-
ity of sleep. Additionally, the discontinu-
ation rate because of lack of treatment 
was significantly lower in the tramadol 
ER versus the placebo group.32

Although ER analgesics appear to 
have a favorable effect on physical func-
tion, sleep, and adherence, additional 
research is needed to determine whether 
ER analgesics of any therapeutic class 
are indeed superior to IR treatments on 
these parameters. Currently, the evi-
dence from the larger body of clinical 
studies and systematic reviews is insuf-
ficient to conclude that ER opioids are 
superior to IR opioids in terms of pain 

Table 2. Characteristics of extended release opioid analgesics marketed in the United Statesa

Generic
names

Brand
names

Dosing 
frequency

Formulation Time to steady 
state

Strengths Mechanism of 
action

Fentanyl Duragesic 72 hours Patch

Varies depend-
ing on skin 
permeability 
and fentanyl 
clearance

12.5, 25, 50, 75, 
100 µg/h Mu agonist

Morphine  
sulfate

Avinza 24 hours Capsule: IR and 
ER beads

2–3 days 30, 60, 90, 120 
mg

Mu agonist

Kadian 12 or 24 hours Capsule: polymer-
coated pellets

2 days 20, 30, 50, 60, 
100 mg

Mu agonist

Oramorph 8–12 hours Tablet 1–2 days 15, 30, 60, 100 
mg

Mu agonist

MS Contin 8–12 hours Tablet 1 days 15, 30, 60, 100, 
200 mg

Mu agonist

Oxycodone  
HCl

OxyContin 12 hours Tablet 1–1.5 days 10, 20, 40,  
80 mg

Mu agonist

Opana ER 12 hours Tablet 3 days 5, 10, 20,  
40 mg

Mu agonist

Tramadol Ultram ER 24 hours Tablet 4 days
100, 200, 300 
mg

Mu agonist and 
serotonin and 
norepinephrine 
reuptake 
inhibition

a Data derived from products’ respective package inserts.21–27
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reduction and functional improvement 
or to support the use of one long-acting 
opioid over another.33–36

It should be noted, however, that 
clinical trials comparing ER and IR anal-
gesic formulations may represent a set-
ting that is significantly different from 
the real-world setting typically encoun-
tered by clinicians.37 For instance, the 
intensive subject monitoring in clinical 
trials ensures adherence so that the 
efficacy and tolerability of the interven-
tion, when ideally administered, can be 
accurately assessed. By contrast, in the 
real-world clinical setting, adherence is 
an unpredictable variable, and failure 
to achieve consistent adherence with 
the daily treatment regimen can clearly 
undermine long-term efficacy. There-
fore, future research comparing ER 
and IR analgesics should be conducted 
in naturalistic settings to better assess 
the effects of these formulations on the 
various aforementioned parameters. In 
real-world settings, ER analgesic for-
mulations should offer an advantage 
because reduced dosing frequency can 
boost adherence, and, in turn, sustain 
long-term efficacy in the management of 
persistent pain.12 

Practical considerations
Dosing
NSAIDs induce dose-dependent analge-
sic effects characterized by a minimum 
effective dose and a ceiling dose.38 Since 
NSAIDs are associated with substantial 
individual variability in minimum effec-
tive, toxic, and ceiling doses, titration 
from a low starting dose appears most 
appropriate. Further, NSAIDs appear 
most effective in pain secondary to 
inflammation and bone pain, and less 
effective in neuropathic pain. 

Although opioid blood concentrations 
are not directly predictive of analgesic 
response, increasing the dose of strong 
opioids like morphine yields greater 
analgesia without a ceiling effect; the 
dose ceiling is determined largely by the 
emergence of adverse effects.39 How-
ever, some opioid analgesics, including 
codeine and tramadol, do have ceiling 
effects.40 According to the American 
Pain Society, the choice of an opioid 
analgesic should be based on the clini-
cian’s experience with the opioid and on 
patient-related factors such as age and 
previous experience with opioid treat-
ment.41 Wide variations in pain percep-

tion and response to certain analgesic 
therapies, possibly secondary to genetic 
polymorphism, comorbid conditions, 
concomitant medications, or tolerance, 
have fostered the use of opioid rotation 
(replacing one drug with equianalgesic 
doses of another) to achieve a satisfac-
tory clinical response in patients with 
an inadequate response to one opioid 
analgesic.8 In addition, some patients 
with at least moderate pain may require 
more frequent dosing of ER opioids than 
recommended by the drug’s manufac-
turer. The results of a recent prospective 
observational study that included adult 
outpatients receiving opioid treatment 
for chronic, nonmalignant pain revealed 
that more frequent dosing than recom-
mended was required by 91%, 86%, and 
50% of the patients treated with oxyco-
done ER, morphine ER, and the fentanyl 
patch, respectively.42

At the initiation of opioid therapy, the 
dosage and frequency should be based on 
the intensity of the patient’s pain, comor-
bidities, concomitant therapies, and pre-
vious opioid exposure.8 Short-acting opi-
oids may be preferable at the initiation of 
therapy because these agents are easier 
to titrate; however, they result in rapid 
rises and falls in plasma opioid levels 
with long-term use. Consequently, after 
a stable, effective dose with a minimal 
need for rescue medication has been 
achieved with short-acting opioids, it is 
often preferable to convert to an ER for-
mulation of the same opioid.

Alternatively, long-acting opioids, 
such as Avinza (morphine sulfate—
King), OxyContin (oxycodone—Pur-
due), and Ultram ER (tramadol—Ortho-
McNeil) are indicated and can be used in 
the initiation of analgesic therapy.22,25,27 
In two separate studies—one in patients 

Figure 1. Mean steady-state tramadol concentrations on day 8 after administra-
tion of Ultram ER once daily and tramadol every 6 hours

Figure 2. Mean steady-state morphine concentrations following once daily adminis-
tration of Avinza capsules or 6-times daily administration of morphine solution
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with chronic low back pain and the other 
in patients with chronic cancer pain—
the percentage of patients achieving 
stable analgesia, the time to stable pain 
control, and the degree of pain control 
achieved was not significantly differ-
ent between patients receiving ER and 
IR oxycodone.36 Additionally, pain relief 
was achieved with a minimum dose 
titration of either ER or IR oxycodone 
in both trials. The authors concluded 
that oral ER oxycodone can be used as 
readily as the IR formulation for titration 
to stable pain control in patients with 
moderate to severe chronic cancer or  
noncancer pain.36

Adverse effects
When compared with IR analgesic for-
mulations, ER formulations display 
smoother steady-state drug plasma 

concentrations, with notable absence of 
sharp peaks and troughs (Figures 1 and 
2), a pharmacokinetic characteristic that 
may, in principle, predict a diminished 
risk for adverse events such as nausea, 
agitation, and somnolence.8 Studies 
have drawn different conclusions as to 
whether ER or IR formulations have the 
better adverse event profile; however, 
in general clinical practice, as opposed 
to a controlled trial setting, the conve-
nience of longer-acting formulations may 

result in improved patient adherence, 
fewer dosing errors, and less-frequent  

adverse events.8

However, whether ER analgesics 
reduce the risk for adverse events 
remains a controversial issue. Because 
of the paucity of clinical data demonstrat-
ing differences in adverse effect liability 

between ER and IR analgesics, a con-
servative approach to treatment would 
assume that ER and IR analgesic formu-
lations confer a similar risk for adverse 
effects with long-term use in persistent 
pain. Thus, when choosing one ER anal-
gesic over another, a consideration of 
the safety data for their respective IR 
formulations provides a reasonable por-
trayal of the adverse effects that could 
be expected with the ER formulation. 
The potential for serious adverse effects 
with the different analgesic classes with 
ER formulations varies considerably  
(Table 3).

NSAIDs
Gastrointestinal effects
NSAID use heightens the risk for 
adverse gastrointestinal (GI) events 

Table 3.  Potentially serious safety issues with currently marketed analgesics

Analgesic class

NSAID Opioid

Body system Nonspecific COX-2 specific Mu agonist Mixed 

Gastrointestinal
Perforations, obstruc-
tions, bleeding44

GI discomfort, bleed-
ing, ulceration, and 
perforation of stom-
ach, large and small 
intestine. However, 
decreased risk for 
upper GI tract com-
plications and symp-
tomatic GI ulcers 
versus nonspecific 
NSAIDs44,45

Nausea,  
constipation23 Nausea, vomiting28

Cardiovascular
Myocardial infarction, 
heart failure45–48

Myocardial infarction, 
stroke, hyperten-
sion45–47,49

None None

Central nervous system None None
Cognitive impair-
ment, somnolence, 
reduced respiratory 
drive50,51 

↑ seizure risk, 
somnolence28

Hematologic ↓ platelet  
aggregation42

Anemia49 None None

Renal/hepatic Renal pathology52
Long-term administra-
tion can cause renal 
papillary necrosis and 
other renal injury49

None None

painmanagement
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almost threefold, with the highest risk 
in subjects over the age of 60.52 More-
over, among older patients (≥65 years),  
nonaspirin NSAID use elevates the risk 
for gastric ulcer fourfold.53 The identifi-
cation of Helicobacter pylori as a trigger 
for the development of peptic ulcer raises 
the possibility of a synergistic relation-
ship between the presence of H. pylori 
infection and NSAID use.54

In terms of GI tolerability, selective 
COX-2 inhibitors can offer short-term, 
modest benefits over nonselective agents 
in patients not taking concomitant  
aspirin. In the 6-month, Celecoxib Long-
Term Arthritis Safety Study (CLASS), 
8,059 subjects with osteoarthritis were 
randomized to either high-dose celecoxib 
therapy (400 mg twice daily) or to treat-
ment with ibuprofen or diclofenac.43 Low- 
dose aspirin use (≤325 mg/day) was per-
mitted. In all celecoxib-treated subjects, 
the combined endpoint of annualized risk 
for upper GI tract complications (perfo-
ration, obstruction, or bleeding) plus 
symptomatic GI ulcers was significantly 
reduced with the use of celecoxib ther-
apy, but not GI tract complications alone.  

In subjects not taking aspirin, the 
combined endpoint, as well as the risk 
for upper GI tract complications, were  
significantly reduced, while in subjects 
taking aspirin, neither of these param-
eters was significantly reduced. For 
NSAIDs, the spotlight is now focusing 
on cardiovascular risks in addition to GI 
tract complications.
Cardiovascular effects
The results of a meta-analysis of  
50 clinical trials suggest that nonse-
lective NSAIDs can elevate blood pres-
sure by 5 mm Hg and interfere with 
the actions of certain antihypertensive 
agents, such as beta-blockers, perhaps 
elevating the risk of cardiovascular 
mortality.55 However, a recent meta-
analysis of patient data derived from 
studies in osteoarthritis, rheumatoid 
arthritis, ankylosing spondylitis, low 
back pain, and Alzheimer’s disease sug-
gested that the risk for the combined 
endpoint of nonfatal myocardial infarc-
tion (MI), nonfatal stroke, and cardio-
vascular death was statistically similar 
for celecoxib, nonselective NSAIDs, or 
placebo.56 In this analysis, the dose 

of celecoxib, the use of aspirin, or the 
presence of cardiovascular risk fac-
tors did not influence the results. These 
findings stand in sharp contrast to the 
findings of other clinical studies that 
show all NSAIDs—selective and nonse-
lective—elevate the risk for cardiovas-
cular adverse events, including at least 
a 40% increase in the risk for MI.44–46 
Further, the use of nonaspirin NSAIDs 
has been linked to a twofold increase in 
the risk for hospitalization for conges-
tive heart failure in older patients with 
a history of cardiovascular disease.47 
In this analysis, the risk for congestive 
heart failure increased as NSAID dose 
increased, and with the use of long half-
life formulations.
Renovascular effects
NSAIDs, both selective and nonselective, 
have been associated with the poten-
tial for renovascular adverse events.57  
In conditions associated with intravas-
cular volume depletion or renal hypo-
perfusion, NSAID interference with 
COX-2 activity can hinder renal blood 
flow and glomerular filtration rate. In 
addition, the use of high-dose NSAIDs 
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in patients with frequent urinary tract 
infections may enhance the risk for 
analgesic nephropathy, a condition 
characterized by slow, progressive renal 
failure.58 NSAID use has also been asso-
ciated with acute nephritis, hematuria, 
proteinuria, and occasional nephrotic 
syndrome.51

Hematologic effects
All nonselective NSAIDs diminish plate-
let aggregation by reversibly inhibiting 
COX-1. Platelet aggregation inhibition 
endures as long as therapeutic plasma 
concentrations are present; thus, with 
long-acting or ER NSAID formulations 
this effect would be continuous during 
therapy.41

Renal effects
NSAIDs can induce renal insufficiency by 
decreasing the synthesis of renal vaso-
dilator prostaglandins yielding inter-
stitial nephritis, impaired renal secre-
tions, and enhanced tubular water and 
sodium reabsorption.41 The risk factors 
for NSAID-related acute renal failure 
include the presence of congestive heart 
failure, chronic renal insufficiency, cir-
rhosis with ascites, systemic lupus ery-
thematosus, intravascular volume deple-
tion, significant atherosclerotic disease 
in older patients, and multiple myeloma. 
Additionally, the risk for renal toxicity 
in older patients is sharply increased in 
the presence of diabetes and/or the con-
comitant use of ACE inhibitors.59

Opioids
Overall adverse events
Sedation, constipation, nausea, vomit-
ing, pruritis, and respiratory depression 
are the hallmark adverse effects asso-
ciated with opioid therapy.41 However, 
these adverse effects may escape rec-
ognition unless the patient is queried 
directly by a health care professional. 
Often, the common adverse events sec-
ondary to long-term opioid treatment 
can be dampened or averted by lowering 
the opioid dose, changing drug formula-
tions, or using a different opioid analge-
sic.20 For instance, fentanyl and oxymor-
phone trigger minimal histamine release 
and are thus associated with a lower risk 
for pruritis compared with other opioid 
analgesics.41 Additionally, many of the 
opioid-related adverse effects usually 
subside or diminish over time, and the 
dose can be titrated without the risk of 
the original adverse effect.60

A meta-analysis that included data 

from 34 mostly short-term trials exam-
ined the incidence of common adverse 
events associated with opioids typically 
used for the management of moder-
ate noncancer pain.59 A total of 4,212 
patients contributed data related to 
opioid adverse events; just over half 
received tramadol or tramadol plus 
acetaminophen, while a third received 
codeine plus acetaminophen, dextrop-
ropoxyphene plus acetaminophen, or 
morphine. Across these trials, about half 
the subjects experienced at least one 
treatment-emergent adverse event—the 
most prevalent was dry mouth (25%), 
followed by nausea (21%), constipation 
(15%), dizziness (14%), drowsiness or 
somnolence (14%), pruritus (13%), and 
vomiting (10%). 
Central nervous system effects
At high doses or in patients with renal 
impairment, opioid-related neurotoxic-
ity may manifest as cognitive impair-
ment, hallucinations, delirium, gener-
alized myoclonus, hyperalgesia and/or 
allodynia.49 Further, in patients with 
persistent nonmalignant pain, daily 
opioid doses equivalent to morphine  
60 mg (median) have been associated 
with impairments in measures of vigi-
lance/attention, psychomotor speed, 
and working memory.61 Sedation typi-
cally emerges at the initiation of opioid 
therapy or with dose increases.62

For all opioids, equianalgesic doses 

yield similar reductions in respiratory 
drive.49 However, pure mu opioid agonists, 
such as oxycodone and morphine, are  
seldom associated with significant respi-
ratory depression when taken chronically 
as monotherapy in non–high risk patients. 
Although rare in patients receiving 
chronic opioid therapy for persistent pain, 
respiratory depression is more likely in 
opioid-naive patients who require high 
opioid doses for severe pain.40

According to the tramadol labeling, 
seizures have been reported in patients 
receiving this agent within the recom-
mended dosage range, and the risk for 
seizures is heightened when tramadol 
is taken concomitantly with selective 
serotonin reuptake inhibitors (SSRIs), 
tricyclic antidepressants, other tricyclic 
compounds (e.g., cyclobenzaprine), or 
opioids. Tramadol may increase this risk 
in patients with, or at risk for, seizure 
disorders.27 However, a postmarketing 
surveillance case control study of 10,916 
patients who had taken tramadol during 
a 22-month period was conducted to 
estimate the risk of seizures associated 
with tramadol, which was generally pre-
scribed for musculoskeletal disorders 
in a dose of 50 mg three to four times 
daily.40 The study found 11 patients who 
had definite seizures and 6 who had pos-
sible seizures. Within 90 days prior to a 
seizure, no patient took only tramadol, 8 
used opiates, 5 took both tramadol and 

Table 4. Common drug interactions involving NSAIDs
Medication Potential effect

Beta blocker ↓ Antihypertensive action

ACE inhibitor Impaired renal function

Statin ↓ NSAID metabolism

Antihistamine (H2) ↑ NSAID toxicity;
↓ NSAID efficacy

Corticosteroid ↓ NSAID efficacy

Furosemide ↑ NSAID toxicity

Sulfonylurea Possible hypoglycemic effect

Benzodiazepine Delayed NSAID absorption

Nifedipine ↓ Nifedipine efficacy

Anticoagulant ↑ Bleeding risk

Thiazides ↓ Diuretic efficacy; hyponatremia

Tricyclic antidepressant ↑ Tricyclic antidepressant toxicity

Adapted with permission from reference 71.
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opiates, 3 received other analgesics and 
1 took no analgesics. In the 30-day win-
dow prior to the onset of a seizure, only 
one patient took tramadol alone. The 
authors concluded that the use of trama-
dol alone as prescribed for patients in 
the study rarely causes seizures.40

Multimodal therapy
The utility of multimodal therapy—com-
bining analgesics with different mech-
anisms of action—has gained wide 
recognition in recent years.8 Prudent 
multimodal analgesic therapy offers 
the opportunity to improve efficacy and 
safety when compared with equi-analge-
sic doses of the individual agents.63 

Combinations of acetaminophen with 
a weak opioid agent have gained wide 
acceptance in the management of per-
sistent pain. A substantial percentage 
of patients treated with oral morphine 
(10% to 30%) fail to achieve adequate 
analgesia because of excessive adverse 
effects, inadequate efficacy, or combina-
tion of both factors.64 For these patients, 
the use of a multimodal regimen, such 
as adding an NSAID to the opioid regi-
men, can enhance analgesia in certain 
patients and is opioid-sparing—reduc-
ing the required opioid dosage by as 
much as 14% to 50%—thereby lowering 
the risk for adverse events and delaying 

the development of tolerance and hyper-
algesia.8,65 However, use of a combina-
tion product requires careful monitoring 
of the cumulative dose of the nonopioid 
(i.e., acetaminophen or NSAID) to avoid 
toxicity.

Another example of combination 
analgesia is tramadol plus acetamino-
phen, which offers complementary 
pharmacokinetic and pharmacodynamic 
actions, and the results of studies in 
animals suggest that this combination 
provides genuine synergistic analgesic 
efficacy.63 In a study of patients with sub-
acute back pain, tramadol 37.5 mg plus 
paracetamol 325 mg (acetaminophen) 
demonstrated a significant decrease in 
the incidence of adverse events, includ-
ing nausea, vomiting, vertigo, and consti-
pation, when compared to tramadol 50 
mg alone.63 

Breakthrough pain
Multimodal therapy is also used to 
manage breakthrough pain, commonly 
defined as an abrupt, short-lived, and 
intense exacerbation of pain observed 
in patients with otherwise stable persis-
tent pain. Breakthrough pain is common 
in patients with chronic pain associated 
with various diseases, including cancer, 
with a reported incidence ranging from 
16% to 95%.66 Results of a telephone 

survey conducted with 228 patients 
with diverse types of chronic noncancer 
pain indicated that breakthrough pain 
is highly prevalent and varied in opioid-
treated patients. Even though all patients 
had controlled baseline pain, 74% expe-
rienced severe to excruciating break-
through pain.66,67 An important principle 
related to the use of ER analgesics is 
that breakthrough medication—in an 
immediate release formulation—should 
be made available during the extended 
dosing intervals.68 

While multimodal therapy may 
enhance the risk for adverse events 
from drug–drug interactions, combined 
therapy may allow for smaller therapeu-
tic doses of each individual agent; thus, 
care must be taken when choosing anal-
gesic combinations. 

Drug interactions
NSAIDs
Because of extensive plasma-protein 
binding, NSAIDs interact with com-
monly used drugs such as warfarin, 
digoxin, oral antidiabetics, and antihy-
pertensives, especially ACE inhibitors 
and diuretics.69 NSAIDs can decrease 
the efficacy of diuretics, beta-blockers, 
and ACE inhibitors.70 Celecoxib under-
goes extensive hepatic metabolism, 
specifically by the CYP2C9, 2C19, and 

Table 5. Common interactions involving opioid analgesics
Medication Potential effect

Tricyclic antidepressants Inhibition of morphine glucuronidation leading to ↑ blood 
levels 

MAO inhibitors and SSRIs ↑ Risk for adverse events

Diuretics ↓ Diuretic efficacy

Methadone and morphine ↓ Metabolism of desipramine, yielding ↑ toxicity

Quinine ↓ Conversion of codeine to morphine, yielding ↓ efficacy 

Metoclopramide Early peak plasma levels with controlled-release  
formulations

Erythromycin ↑ Opioid effects

Rifampin ↓ Opioid effects
CYP2D6 inhibitors (e.g., paroxetine, fluoxetine,  

quinidine)
↑ Tramadol levels
↓ Hydrocodone/codeine analgesia

CYP2D6 substrates (e.g., debrisoquin, dextromethor-
phan, metoprolol)

↑ Tramadol levels 

Central nervous system depressants ↑ Risk for profound sedation or coma

Muscle relaxants ↑ Risk for respiratory depression

Adapted from reference 21.   Abbreviations used: CYP, cytochrome P450; MAO, monoamine oxidase; SSRI, selective serotonin reuptake 
inhibitor. 
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Table 6. Disorders that potentially interact with extended-release analgesics 

Analgesic class

NSAID Opioid

Disorder Nonspecific COX-2 specific Mu agonist Mixed

Renal disease ↑ Renal toxicity51,81 

Not recommended for 
use in patients with 
advanced renal disease 
because no information 
available about such 
use48,82

↑ Opioid plasma con-
centrations23, 83

↓ Rate and extent of 
tramadol excretion28,84

Hepatic disease ↑ ALT or AST51 

Not recommended for 
use in patients with 
severe hepatic impair-
ment. Reduce dosage 
by 50% in patients with 
moderate impairment48,82

↑ Opioid plasma con-
centrations23,83

↓ Exposure with 
increasing hepatic 
impairment  
severity28,84

Pancreatic/ 
biliary disease None None

Spasm of sphincter of 
Oddi and ↑ amylase 
levels23,83

None

Heart disease ↑ Risk for MI51,81

↑ Risk of MI and stroke 
in patients with known 
CV disease or risk fac-
tors. Worsening of 
preexisting hyperten-
sion48,82

Peripheral vasodilation 
may yield hypotension23 None

Seizure disorder None None None ↑ Seizure risk28,84

Head injury None None
Head injury may exac-
erbate respiratory 
depressant effects23,83

Head injury may exacer-
bate respiratory depres-
sant effects28,84

GI disorders
↑ Perforation, 
ulceration, and 
bleeding51,81

↑ Risk for GI bleed in 
patients with history 
of peptic ulcer disease 
and/or GI bleeding48,82

Contraindicated in 
patients with paralytic 
ileus23,83

None

COPD None None
Yes: ↑ airway resis-
tance and ↓ respiratory 
drive23

None

Asthma
Yes: patients with 
aspirin-sensitive 
asthma51,81

Yes: do not use in 
patients with aspirin-
sensitive asthma. Use 
with caution in preexist-
ing asthma48

Yes: contraindicated in 
acute or severe bron-
chial asthma23,83

None

Abbreviations used:  ALT, alanine aminotransferase; AST, aspartase aminotransferase; COPD, chronic obstructive pulmonary disease; CV, 
cardiovascular; GI, gastrointestinal; MI, myocardial infarction.

2D6 isoenzymes, yielding possible drug 
interactions with fluconazole, tricyclic anti-
depressants, SSRIs, and beta-adrenergic  
antagonists.69 A retrospective chart 
review of a large emergency department 

population (1,355 patients) identified the 
common potential NSAID interactions at 
the time of triage, before emergency room 
treatment.71 Of the 32 potential drug–
drug interactions reported, 12 (38%) 

involved NSAIDs, the most frequent drug 
category implicated (Table 4). 

In older patients NSAIDs interact 
with ACE inhibitors, angiotensin recep-
tor blockers (ARBs), and diuretics and 
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can trigger loss of blood pressure con-
trol, cardiac failure, and, in hypovolemic 
conditions such as dehydration, renal 
failure.72 These interactions can occur 
with all patients but may have a more 
pronounced effect in older patients, 
who seem to be more sensitive to the 
adverse effects of NSAIDs than younger 
patients.73

Opioids
Most opioids are metabolized by oxida-
tion and/or glucuronidation,74 while fen-
tanyl, methadone, and levorphanol also 
undergo significant 3A4 metabolism.21,75 
Tramadol undergoes significant metabo-
lism by CYP3A4 and 2D6. Both codeine 
and tramadol are converted to mu ago-
nists by CYP2D6; thus, patients taking 
medications that block CYP2D6 such as 
fluoxetine, paroxetine, and amitriptyline 
or who are poor CYP2D6 metabolizers 
(10% of population) may fail to achieve 
analgesia with either agent.76,77 For  
tramadol, postmarketing surveillance 
has revealed rare reports of digoxin tox-
icity and alteration in the effect of war-
farin, including elevation of prothrombin 
times.27 Oxymorphone does not inhibit 

any of the major CYP450 isoforms, and 
clinical drug interaction studies show no 
induction of CYP2C9 or CYP3A4 activity, 
suggesting minimal risk for drug–drug 
interactions stemming from the induc-
tion or inhibition of hepatic enzymes.26,78 
Generally, opioids can interact with 
several commonly prescribed drugs or 
drug classes, affecting the activity of 
the opioid or the coadministered drug 
(Table 5).

Drug–disease interactions
The analgesic classes that include ER 
formulations vary considerably in their 
risk for exacerbating certain disease 
states or having their pharmacology 
altered by commonly encountered disor-
ders (Table 6). For instance, in patients 
with heart disease, NSAIDs can result in 
poorer outcomes because these agents 
have been associated with elevations in 
blood pressure and a heightened risk for 
MI.79 Although the opioids appear free of 
serious cardiovascular effects, they can 
worsen symptoms of chronic obstructive 
pulmonary disease, and tramadol can ele-
vate seizure risk in susceptible individu-

als. Because of these varying risks, the 
pharmacist faces an ongoing challenge 
in untangling which ER analgesic therapy 
would be most appropriate based on an 
individual patient’s disease profile. 

Age
In older patients, defined as individu-
als at least 65 years of age, persistent 
pain represents a common problem, 
with a prevalence of up to 50% in com-
munity-dwelling individuals.84 Although 
pharmacotherapy is the most common 
treatment option for pain management 
in older patients, the choice of analge-
sic is complicated by the fact that many 
older patients have impaired hepatic and 
renal function, achlorhydria, as well as 
reductions in serum albumin levels and 
higher fat-to-lean body mass ratios.70 
In addition, older patients often display 
increased sensitivity to centrally active 
drugs, including opioid analgesics. In 
older patients, alterations in the phar-
macodynamics and pharmacokinetics of 
certain analgesics result in differences 
in efficacy, sensitivity, and toxicity, when 
compared with younger patients. In 
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fact, 3% to 10% of all hospitalizations 
in older patients result from adverse  
drug reactions.85 

Older patients are clearly more sensi-
tive to NSAID-related GI toxicity. In long-
term care facilities, nearly a quarter of 
older residents use NSAIDs, and, as a 
result, they experience a five- to sixfold 
increase in the risk for serious gastroin-
testinal events, when compared with the 
non-institutionalized older patients.69 
The use of adjunctive treatment, such 
as misoprostol or proton pump inhibi-
tors can ameliorate the gastric toxicity 
associated with NSAIDs, but may be of 
limited use in older patient populations 
because these agents are expensive and 
associated with drug interactions. The 
doses required for significant misopro-
stol NSAID-induced GI protection are 
200 mcg four times daily; this dose is 
often associated with GI cramping and 
diarrhea.86 In addition, the cardiovascu-
lar adverse effects, such as increased 
arterial blood pressure, associated 
with long-term NSAID therapy may be 
of particular concern in older patients. 
Although generally mild, NSAID-related 
renal adverse affects, such as weight 
gain and edema, affect 3% to 5% of older 
patients. In addition, NSAIDs can trig-
ger or contribute to acute renal failure 
in some older patients, especially in the 
presence of preexisting renal abnormali-
ties.69 In fact, older male patients who 
use NSAIDs on a regular basis display a 
twofold increase in the risk for chronic 
renal disease.

Moreover, in older patients, care-
ful monitoring is required for poten-
tially serious opioid adverse events, 
especially neurological, gastrointesti-
nal, and cognitive-behavioral effects, 
as well as respiratory depression. 
Mild sedation and transient cognitive 
impairment are common at the initia-
tion of opioid therapy in older patients; 
these events usually do not require dos-
age reduction, but rather patient reas-
surance that they will resolve after a 
few days.76 Also, poor pain control in 
older patients can result in cogni-
tive impairment independently of opi-
oid use. Older patients with chronic 
obstructive pulmonary disease or sleep 
apnea may be at increased risk for opi-
oid-related respiratory depression.85 
Because long-acting opioids require 
less frequent dosing and are associated 
with less breakthrough pain, they are 

preferred in older patients, once stable 
opioid doses have been established 
with short-acting formulations.76,85 

Tramadol may represent an option 
for older patients who are at high risk 
for NSAID adverse effects but are  
reluctant to move on to more traditional 
opioid analgesics.70 Tramadol is generally 
well tolerated in older patients; however, 
because this drug has been associated 
with dizziness and seizures, it should be 
used with caution, especially in those 
patients taking concomitant medications 
that elevate serotonin levels. 

Abuse/diversion issues
The treatment of persistent pain with 
opioid analgesics remains inextricably 
entwined with patient and prescriber 
concerns related to potential abuse 
and dependence.87 In a presentation to 
Congress in 2005, DEA recognized that 
the misuse of prescription opioids has 
become an increasingly widespread and 
serious problem in the United States.88 
DEA posited that the introduction of a 
new generation of high-dose ER opioid 
medications has markedly increased the 
risk for abuse and diversion. Despite 
established efficacy in the management 
of persistent pain, these agents contain 
increased amounts of potent and pure 
active ingredients that magnify their 
attractiveness to potential abusers. 
Typical abusers of high-dose ER opioids 
included young males with a history of 
opioid or alcohol abuse.89,90 Sees et al. 
have shown that nonmedical users of 
ER oxycodone demonstrate high rates 
of nonmedical use of other opioids and 
illicit drugs.91 

Because of their high potential for 
abuse and diversion, all of the conven-
tional opioids with ER formulations—
morphine, oxymorphone, oxycodone, 
and fentanyl—are Schedule II, which 
provides the maximum amount of con-
trol possible under the Controlled Sub-
stances Act for a marketed prescription 
drug. The abuse potential and regula-
tory burden associated with Schedule 
II opioids impose clear barriers to their 
use in persistent pain. In one California 
survey, only 35% of the primary care 
physicians were willing to prescribe 
Schedule II opioids for around-the-clock 
analgesia, primarily because of con-
cerns about physical dependence, toler-
ance, and addiction.90 Other physician 
surveys suggest that more than half of 

physicians reduce opioid dose, prescrip-
tion quantity, or number of refills, or 
choose a less-potent, lower-scheduled 
opioid because of regulatory concerns.93 
Moreover, in New York City only 50% of 
the pharmacies citywide and 25% of the 
pharmacies in nonwhite neighborhoods 
stock adequate supplies of Schedule II 
opioid medications to treat severe pain.94 
The pharmacists cited five primary rea-
sons for opioid analgesic understocking: 
disposal regulations, illicit use, fraud, 
low demand, and fear of theft.

In contrast, tramadol is the only 
unscheduled analgesic with opioid ago-
nist properties.20 The approval of tra-
madol in 1995 as an unscheduled drug 
was contingent upon the development of 
a proactive surveillance program over-
seen by an independent steering commit-
tee. Survey data for the first 3 years fol-
lowing introduction of the drug showed 
that the reported rate of abuse was low, 
stabilizing at a rate of less than 1 case 
per 100,000 patients;95 and a follow-up 
study covering the period from 2001 to 
2002 suggests the risk for abuse and 
diversion remains low.96 In addition, the 
abuse liability of tramadol, NSAIDs, and 
hydrocodone-containing analgesics was 
evaluated in a 12-month randomized 
study in subjects with chronic noncancer 
pain.97 The study used an “abuse index” 
algorithm to identify subjects display-
ing evidence of drug abuse—increas-
ing dose without physician approval, 
use for purposes other than prescribed, 
inability to stop use, and withdrawal. The 
percentages of subjects per group who 
scored positive at least once over the 12-
month follow-up were as follows: NSAID 
2.5%, tramadol 2.7%, and hydrocodone 
4.9%. When multiple algorithm hits 
were used to assess persistence, abuse 
rates were as follows: NSAIDs 0.5%, 
tramadol 0.7%, and hydrocodone 1.2%. 
These results indicate that the relative 
abuse of hydrocodone was significantly 
higher than either tramadol or NSAIDs 
(P < 0.01).

Case studies
This series of cases highlights some of 
the therapeutic dilemmas faced by pre-
scribers when considering the use of ER 
analgesic formulations, along with pos-
sible treatment resolutions. 
Case 1
Sally is a 56-year-old patient with moder-
ate, persistent pain secondary to osteo-
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arthritis of the hips and knees. This pain-
ful condition has persisted for 2 years. 
Her physician had prescribed NSAIDs 
that provide meaningful, but incomplete, 
pain relief, with twice-daily dosing. She 
admitted to not taking her medication 
as often as prescribed. After 3 months’ 
treatment with NSAIDs, she developed 
an NSAID-related stomach ulcer. What 
alternative analgesic therapy could be 
considered?

Because she experienced NSAID-
related GI toxicity, either a mu or a mixed 
opioid would represent a medically pru-
dent option. Since her pain is persistent, 
an ER formulation would offer conve-
nient dosing, and reduced “pill” burden 
may improve her ability to adhere to the 
prescribed regimen. 
Case 2
A 40-year-old patient with mild to mod-
erate, persistent low back pain, John 
has used OTC acetaminophen and short- 
acting NSAIDs, which reduced some of 
his pain since he initiated treatment 1 
year ago. Yet because of persistent noc-
turnal pain flare-ups, which he described 
as at least moderate in intensity, John’s 

sleep is regularly disrupted. To main-
tain sleep, he has been consuming 1 or 
2 ounces of alcohol before retiring, a 
strategy that has proved to be less than 
effective.

This patient would be an ideal  
candidate for an ER or long-acting 
analgesic, because of his clear need for 
around-the-clock analgesia. Because 
his pain is typically mild or moderate in 
intensity, analgesic options may include 
long-acting NSAIDs or ER tramadol.
Case 3 
Steve is a 72-year-old patient with dia-
betic neuropathy, hypertension, coro-
nary artery disease, moderate renal 
failure, and a history of dehydration 
and acute bronchial asthma. Over the 
last 2 years, he has experienced wide-
spread osteo-arthritis that results in 
diffuse moderate to severe, persistent 
pain throughout the day. He is taking 
multiple medications, including an ACE 
inhibitor for hypertension, which have 
become increasingly difficult to man-
age. Steve is treated with prescription 
NSAIDs, which he supplements with 
acetaminophen when needed for break-

through pain.
Because Steve presents with car-

diovascular disease, the use of NSAIDs 
may increase his risk for cardiovas-
cular events, such as an MI. In addi-
tion, combining an NSAID with an ACE 
inhibitor, especially in a hypovolemic 
patient, elevates the risk for renal fail-
ure. Steve also has a history of bron-
chial asthma, a contraindication for 
the use of a strong opioid because of an 
increased risk for respiratory depres-
sion. For this patient, an agent such as 
ER tramadol may be a suitable option. 
Tramadol has demonstrated efficacy 
against neuropathic pain states, and 
the patient’s persistent pain warrants 
an ER formulation. 
Case 4
Judy is a 67-year-old patient with esca-
lating pain secondary to breast cancer 
with bony metastases. Her pain, which 
has persisted for 6 months, often reaches 
severe levels and has worsened progres-
sively over the last 2 months. She also 
takes carbamazepine for epilepsy and 
fluoxetine for depression.

Because her pain can be severe 
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and persistent, Judy is a candidate for 
ER opioid analgesic therapy. Moreover, 
unlike NSAIDs, opioids do not display 
ceiling analgesic effects, an important 
consideration in a patient with escalat-
ing pain. Tramadol would increase the 
risk for seizures in this patient because 
of her history of epilepsy and use of an 
SSRI. Further, tramadol is not indicated 
for severe pain and carbamazepine 
would increase tramadol metabolism, 
diminishing its analgesic activity. In this 
patient, a strong ER opioid may be the 
most appropriate alternative.

Conclusions 
ER analgesics have demonstrated effi-
cacy in treating persistent pain. Addi-
tionally, ER analgesics exhibit smoother 
steady-state drug plasma concentrations 
than their IR counterparts, which may be 
predictive of a decreased risk for adverse 
events. The literature suggests that ER 
analgesics can improve physical func-
tion and sleep. However, results from 
the larger body of clinical studies and 
analyses from systematic reviews make 
it difficult to conclude that ER analgesics 
are superior to IR analgesics in terms 
of efficacy, functional improvement, 
enhancement of sleep, or adverse event 
profiles. The need exists for additional 
research to affirm the benefits of ER 
versus IR analgesic formulations. Such 
research should be conducted in natural-
istic settings to assess the performance 
and adverse events of these formulations 
in the manner in which they are used in 
clinical practice.

All analgesics—regardless of their 
mechanisms of action or formulations—
are associated with risks. NSAIDs 
increase the risk for adverse gastroin-
testinal and cardiovascular events and 
have been associated with deleterious 
renovascular and renal effects. Addi-
tionally, nonselective NSAIDs decrease 
platelet aggregation. Opioids can cause 
sedation, pruritus, constipation, nau-
sea, vomiting, itching, and respiratory 
depression, and are associated with 
increased risk of abuse and diversion. 
Tramadol can also cause dizziness, pru-
ritus, nausea, vomiting, constipation, 
drowsiness, and seizures.

The challenge from the pharmacist’s 
perspective is to balance the benefits and 
risks of the various analgesics and their 
different formulations in the individual 
patient. Therefore, it is critical that the 

pharmacist have sufficient knowledge to 
evaluate the benefits and risks of cur-
rently available analgesic medications 
and their various formulations, so that 
they may provide the best counsel and 
support for each patient. 

In summary, pharmacists are 
uniquely positioned to assess pain 
patients’ response to therapy and sus-
ceptibility to risk and, in turn, to further 
best practices in the management of per-
sistent pain. 
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