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Abstract 
 
Opioid medications are commonly prescribed for older adults for treat-

ment of chronic pain. Opioids are associated with various side effects 

including constipation, nausea, and dizziness, as well as delirium, falls, 

fractures, and motor vehicle crashes. This article will provide a hypo-

thetical but plausible case presentation involving opioid-induced neu-

rotoxicity, a less common but clinically significant adverse drug reac-

tion (ADR). Chronic pain is multifaceted and requires a multimodal and 

multidisciplinary approach incorporating both non-pharmacologic and 

pharmacologic therapies. As older adults are at higher risk for opioid-

associated adverse effects, close monitoring of side effects is critical. 
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 Key Points 
 

 Chronic pain and opioid use in the elderly is common and increasing. Monitoring efficacy and early 

recognition and management of ADRs through regular evaluation is important for patients on chronic 

opioid therapy. Particular attention should be focused on mobility and functional changes, weight loss, 

and falls. 

 Older adults are at greater risk for ADRs including toxicity due to drug-drug interactions, multimorbidi-

ty, and age-related physiologic changes. The most common opioid associated ADRs include constipa-

tion, nausea, and dizziness; serious ADRs include falls, delirium, respiratory depression and sedation. 

 Opioid rotation is indicated for opioid-induced neurotoxicity (OIN).  

 OIN is managed with hydration, correcting underlying precipitants, and reducing the calculated equi-

analgesic dose of the new opioid by 25–50%. 

   

Introduction 
 

Chronic pain is a costly disorder affecting 45–85% of older adults and is associated with considerable 

morbidity including reduced quality of life, social withdrawal, depression, sleep disturbance, cognitive impair-

ment, disability and malnutrition.1, 2 Opioids have been used for analgesia for moderate to severe cancer and 

non-cancer pain for many years. Opioids provide analgesia by acting as agonists at opioid receptors (mu-, 

delta-, and kappa-opioid receptors), which are present throughout the central and peripheral nervous sys-

tem.3  

Canada is the second-largest per capita consumer of opioids in the world.4 In Canada, compared with 

all other age groups, people over the age of 65 have consistently received more new opioid prescriptions and 

have a higher proportion (24.8%) that go on to long-term opioid therapy, which is defined as someone pre-

scribed opioids for 90 days out of a 100-day period.5 In response to the opioid epidemic, an updated Canadi-

an guideline for opioids for chronic non-cancer pain (CNCP) was published in 2017.6 Unfortunately, there 

were no specific recommendations for older adults. As older people are excluded from many medication tri-

als, guidelines developed for adults cannot necessarily be applied to older populations.7 

Several adverse drug reactions (ADRs) are associated with opioid prescription. Older adults are at in-

creased risk for these adverse effects due to a combination of drug-drug interactions, multimorbidity, and 

age-related physiologic changes. These ADRs will be discussed further below.  

 

Indications for opioid prescription 
 

Opioids are frequently prescribed for different etiologies of pain. There is strong evidence for their use 

in chronic cancer pain; however, their use in CNCP is less well established.8 They are frequently prescribed in 

the palliative care setting to treat both pain and breathlessness. A conditional recommendation has also been 

made for opioids in patients with chronic obstructive pulmonary disease (COPD) who experience advanced 

refractory dyspnea despite optimal therapy.9 

Evidence from high-quality studies in a recent meta-analysis of patients with CNCP demonstrated that 

opioid use was associated with statistically significant but small improvements in pain and physical function-

ing.10 However, low- to moderate-quality evidence suggests similar associations of opioids with improve-

ments in pain and functioning compared with non-opioid alternatives. As a result, the Canadian guideline for 

opioid therapy in CNCP recommend a trial of opioids for patients with persistent problematic pain after opti-

mization of non-opioid pharmacotherapy (see Table 2 below).6 Additionally, opioids are considered second-

line analgesia for neuropathic pain; opioids were found in a meta-analysis to be more effective for pain com-

pared to placebo, in addition to a small effect size in favor of opioids for improved function.11, 12  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5422147/pdf/189e650.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5422147/pdf/189e650.pdf


GODWIN, DYKS, AKTER| TOLERABILITY OF OPIOIDS IN OLDER ADULTS: FOCUS ON NEUROTOXICITY 

CGS JOURNAL OF CME |  VOLUME 11, ISSUE 2, 2021  
 

 2 

 

 The short-term efficacy of opioids for CNCP in the elderly is established.2 The evidence for long-term 

opioid use for managing chronic pain at any age is limited.10 A systematic review found limited evidence sup-

porting long-term opioid use for CNCP in community-dwelling older adults.13 It is also important to note that 

few studies on opioid efficacy are conducted in older adults with severe cognitive impairment, who are more 

likely to experience untreated pain.13 Many older adults have comorbidities (heart failure, kidney disease, liv-

er cirrhosis) that preclude the use of many other forms of non-opioid analgesia. Therefore, opioid use for 

CNCP in older adults may be justifiable when less potent medications have been tried or are contraindicated. 

Long-term opioid use may be reasonable if it improves quality of life and functional status and is used as part 

of a comprehensive management plan.14  

 

Clinical Case - Part 1 
 

Ms. X. is a 75-year-old female who was referred to Geriatric Medicine regarding cognition and recur-

rent falls, which included several in-hospital falls. She lives with her family in a bungalow and is functionally 

independent without any gait aids. She recently stopped driving as she no longer felt safe to drive. Her past 

medical history is significant for COPD, valvular heart disease, pulmonary hypertension, and chronic pain. 

She was admitted with decompensated congestive heart failure. She complained of involuntary muscle 

movements in all her extremities, which caused spontaneous falls without warning. She was irritable and 

tearful throughout her admission and refused to use any gait aids. On physical examination, she was irritable 

with mood lability and marked inattention, euvolemic, and had resting positive and postural negative myoclo-

nus in all extremities without any focal neurologic deficits. Myoclonus is a sequence of repeated, often non-

rhythmic, brief shock-like jerks due to sudden involuntary contraction (positive myoclonus) or relaxation 

(negative myoclonus; i.e. asterixis) of one or more muscle.44 You review her medications and note she has 

taken MS Contin® (extended-release morphine) 30 mg BID for many years. Laboratory investigations were 

pertinent for serum creatinine 173 umol/L (baseline 100 umol/L) and urea 16.2 mmol/L, with a normal com-

plete blood count, electrolytes, thyroid-stimulating hormone, liver enzymes and synthetic function. Non-

contrast CT head was non-contributory. 

  

Pharmacokinetics and pharmacodynamics of opioids 
 

Opioid medications vary in their pharmacokinetic and pharmacodynamic properties, which in turn af-

fect the tolerability and efficacy of each agent. As one ages, the pharmacokinetic and pharmacodynamic pa-

rameters can be significantly impacted to varying degrees, which results in an increased sensitivity to medi-

cations in older adults.15 While oral absorption and distribution are similar between younger and older adults, 

metabolism and excretion can be greatly altered with age due to decline in organ function, particularly hepat-

ic and renal function.16 First pass metabolism can be significantly decreased in older adults. As a result, med-

ications that undergo substantial first pass metabolism (i.e. morphine) will have higher bioavailability due to 

reduced metabolism in the elderly when compared with younger counterparts; this can affect tolerability by 

increasing risk of ADRs.  

Cytochromes P450 (CYPs) are among the principal pathways of drug metabolism for several drugs in-

cluding opioids, which represents a clinically relevant problem for older adults who take multiple medica-

tions.17 Significant metabolism via CYP pathways will predispose older adults to drug interactions and there-

fore potential toxicity or decreased efficacy depending on the interacting drugs and the nature of the interac-

tion. Therefore, patients taking CYP inducers and inhibitors should be identified when initiating opioid therapy 

and monitored closely, especially upon initiation of therapy and dose adjustments of opioids and these medi-

cations. Several opioids and their pharmacokinetic properties are listed in Table 1.16, 18, 52 In general, hydro-

morphone has minimal drug-drug interactions. Morphine primarily undergoes phase II metabolism via 

UGT2B7; however theoretically 3A4 inhibitors (amiodarone, diltiazem, verapamil, grapefruit juice, antifun-

gals) can increase the morphine bioavailability leading to increased opioid effects. Alternatively, 3A4 inducers 

(anticonvulsants such as phenytoin) may reduce morphine bioavailability. Codeine has a high potential for 

drug interactions due to metabolism by both 2D6 and 3A4 isoenzymes. Codeine is converted to morphine via 
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  O-demethylation, which is catalyzed by 2D6. There is strong evidence that 2D6 inhibitors (quinidine, bu-

propion, fluoxetine, paroxetine) will inhibit morphine production and its opioid effects. Codeine is also metab-

olized to inactive norcodeine via CYP3A; there is some evidence that 3A4 inhibitors increase codeine and 

subsequent morphine bioavailability.50 

Table 1. Pharmacokinetics of selected opioids. 

Renal function generally decreases with age to varying extents. Clearance of opioids and their active 

metabolites are impaired as renal function decreases, which increases the risk of toxicity with doses that 

Opioid 

Plasma 
protein 
binding 

(%) 

Vol-
ume 
of 

dis-
tribu
tion 
(L/
kg) 

Half-
life 

(t1/2
) (h) 

Bioavaila-
bility (%) 

Phase I 
metab-
olism 

Phase 
II me-
tabolis

m 

Major metabolites 

Tramadol 
(prodrug) 

20 2.6-
2.9 

  

6.3-
7.7 

  

75 (IR) 

85-95 (ER) 

CYP3A4
, 
CYP2D6
, 
CYP2B6 

  Nortramadol (inactive), 

O-desmethyltramadol (active) 

  
Tapentadol 20 540 4 32 CYP2D6, 

CYP2C9, 
CYP2C19 

UGT1A9, 
UGT2B7 

  

Tapentadol O-glucuronide 

  

Codeine 
(prodrug) 

7-25 3-6 3-4 53 CYP3A4
, 
CYP2D6 

UGT2B7, 
UGT2B4 

Codeine-6-glucuronide (C6G), morphine, 
norcodeine (inactive) 

Morphine 

  

20-35 

  

1-6 2-4 17-33 CYP3A UGT1A1 Morphine-3-glucuronide (M3G, neuroexcitato-
ry effects), Morphine-6-glucuronide (M6G, 
analgesic effects) 

Hydromorphone 8-19 4 2-3 24 (IR) - UGT2B7, 
UGT1A3 

Hydromorphone-3-glucuronide 

Oxycodone 

  

38-45 2.6 3.2-4 60-87 CYP3A4
, 
CYP2D6 

UGT2B7 Noroxycodone (low analgesic), Oxymorphone 
(analgesic) 

Fentanyl 

(TD patch) 

79-87 4-6 20-27 - CYP3A4 - Norfentanyl (inactive) 

  

Methadone 85-90 1-8 8-59 36-100 CYP3A4
, 
CYP2B6
, 
CYP2C19
, 
CYP2C9, 
CYP2D6 

- Inactive metabolites 

  

Buprenorphine 
(TD patch) 

96 97-
187 

26 15 CYP3A4
, 
CYP2C8 

UGT1A1, 
UGT1A3, 
UGT2B7 

Norbuprenorphine, Buprenorphine-3-
glucuronide, Norbuprenorphine-3-glucuronide 

NOTES: 

1) Bolded = major substrate status for metabolism based on clinically relevant drug interaction potential 

2) TD = transdermal 

3) UGT = uridine diphosphate glucuronosyltransferase 

4) CYP = cytochrome P450 
Note: Table 1 created by authors using references 16, 18, 52 
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 would usually be well tolerated in younger adults.16 The greater the extent of dependence on renal clearance 

of the opioid or its active metabolites, the greater the impact that decreased renal function will have on the 

tolerability of the specific opioid. Chronic kidney disease (CKD) is highly prevalent among older adults with 

approximately 72% of patients with CKD being over the age of 60 years.19 Despite the high incidence of CKD 

in older adults, there is limited existing evidence for the safety and efficacy of opioids in this population.20 

Pharmacodynamic changes that affect drug action also occur with aging. Pharmacodynamic changes 

are less predictable and there are often altered drug response at usual or lower concentrations.15 Drug-drug 

and drug-disease interactions may also alter responses to medications. These changes are complex and de-

pend on variables that are difficult to measure such as receptor function and intracellular response.16 Among 

older adults, enhanced pharmacodynamic sensitivity (i.e. more pronounced effects at equivalent doses used 

in younger adults) is seen with all opioids, which results in prolonged pain relief with lower dosages.15,16 

 

Opioid-related adverse drug reactions 
 

As previously mentioned, older adults are at greater risk for opioid-associated ADRs including toxicity 

due to drug-drug interactions, multimorbidity, and age-related physiologic changes. The most common opi-

oid-associated adverse effects include constipation, nausea, and dizziness.14 Other ADRs include pruritus, dry 

mouth, sedation, fatigue, hot flushes, increased sweating, delirium, respiratory depression, urinary retention, 

hyperalgesia, and opioid endocrinopathy (hypogonadism with sexual dysfunction, dysmenorrhea, reduced 

bone mineral density, depression, and adrenal insufficiency).10, 14, 21-23, 45 Opioids alter sleep regulation and 

can cause sleep disordered breathing, management of which is discussed elsewhere.6, 24 Opioids are also as-

sociated with falls and fractures, especially when combined with other CNS agents such as benzodiazepines 

(clonazepam), tricyclic antidepressants (amitriptyline) and nonbenzodiazepine receptor agonist hypnotics 

(zopiclone, zolpidem).25, 26 The 2019 Beers Criteria® provided new strong recommendations to avoid use of 

opioids concurrently with benzodiazepines or gabapentinoids due to the increased risk of overdose. Excep-

tions include when transitioning from the former to the latter or when using gabapentinoids to reduce opioid 

dose.27 These concerns need to be balanced with the need to treat chronic pain. 

A recent Cochrane review reported on adverse events associated with medium- and long-term use of 

opioids for CNCP. It demonstrated a 42% higher risk of any adverse event and a 175% increased risk of seri-

ous adverse events associated with opioid use when compared to placebo, which corresponded to number 

needed to harm of 4.20 and 28.71, respectively.23 There are no evidence-based guidelines for prescribing 

opioids to manage CNCP in older adults with non-dialysis CKD. However, a recent review on opioid manage-

ment in older adults with CKD recommended buprenorphine, fentanyl and hydromorphone as the safest opi-

oids in terms of ADRs.20 

While opioids may be part of an appropriate pain management approach for some people, they come 

with an increased risk of harms including addiction, dependence and death, especially at high doses.5 Hospi-

talizations for opioid poisoning increased by 27% between 2013 and 2017 in Canada.28 Older adults in Cana-

da represent 30% of all admissions to hospital for opioid poisoning.46 Additionally, opioid use disorder (OUD) 

is a growing concern among older adults. As a result, Canadian guidelines on OUD in older adults have been 

recently published, which is beyond the scope of this paper.29 A recently published Delph Study developed 

130 expert consensus recommendations to promote opioid safety in adults receiving palliative care; many of 

these suggestions can be applied to older adults receiving chronic opioids in the non-palliative setting.49 

 

Non-opioid management for chronic pain 
 

A multimodal and multidisciplinary approach is essential for addressing the multifaceted nature of 

chronic pain, which includes the biopsychosocial effects of the medical condition on the patient.30, 31 The 

American Geriatrics Society updated its guidance on the management of persistent pain in older adults with a 

specific focus on non-opioid and opioid pharmacotherapy in 2009.32 Non-opioid pharmacotherapy includes 

acetaminophen, non-steroidal anti-inflammatories (NSAIDs), antidepressants (serotonergic norepinephrine 

https://ccsmh.ca/wp-content/uploads/2019/11/Canadian_Guidelines_Opioid_Use_Disorder_ENG.pdf
https://ccsmh.ca/wp-content/uploads/2019/11/Canadian_Guidelines_Opioid_Use_Disorder_ENG.pdf
https://painbc.ca/sites/default/files/events/materials/AmericanGeriatricSociety-Guidelines2009.pdf
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 reuptake inhibitors [SNRI] and tricyclic antidepressants [TCA]), antiepileptic medications, topical medications 

(e.g. NSAIDs, lidocaine, and capsaicin).14, 32  

Non-pharmacologic interventions include (1) physical modalities (i.e. cryotherapy, heat therapy, phys-

ical exercise, transcutaneous electrical nerve stimulation (TENS), acupuncture, massage), (2) psychological 

therapy (i.e. cognitive behavioural therapy (CBT), mindfulness-based stress reduction, reassurance, counsel-

ing), and (3) invasive interventional procedures (i.e. intravenous infusions, epidural injections, nerve blocks, 

spinal cord stimulation).14, 30, 33 There is evidence supporting biofeedback training in relaxation as well as CBT 

among nursing home patients.33, 34  For general pain management strategies to optimize prior to initiating 

opioid therapy, see Table 2.14, 30-33 Helpful guidance including the evidence, recommended starting doses, 

and side effects for non-opioid pharmacotherapy have been provided in several reviews.30,31 

 
Table 2. Brief summary of non-opioid management for chronic pain 

Non-pharmacologic interventions Non-opioid pharmacotherapy 

(1) Physical modalities 

Heat therapy 

Cryotherapy 

Physical exercise – including Tai Chi, Yoga 

Transcutaneous electrical nerve stimulation 
(TENS) 

Acupuncture 

Massage therapy 

  

Topical 

Non-steroidal anti-inflammatory drugs (NSAIDs) 

Lidocaine 

Capsaicin 

(2) Psychological therapy 

Mindfulness-based stress reduction 

Relaxation therapies including meditation 

Reassurance 

Counselling 

Biofeedback 

Cognitive-behavioural therapy (CBT) 

  

Oral 

Acetaminophen 

NSAIDs including COX-2 inhibitors* 

Antidepressants (TCA, SNRI) 

Antiepileptics (gabapentinoids, carbamazepine) 

Cannabinoids* 

Muscle relaxants* 

(3) Invasive interventional procedures 

Intravenous infusions 

Epidural injections 

Nerve blocks 

Spinal cord stimulation 
NOTES: 

*Caution with use – special attention to underlying comorbidities, medications, and cognitive impairment 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8119532/pdf/40122_2021_Article_235.pdf
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 Older adults with functional impairment and/or reduced quality of life due to chronic pain may benefit 

from a multidisciplinary pain rehabilitation program. These programs provide an integrated, multimodal ap-

proach to chronic pain management through education, personal and group therapy, psychology, physical 

and occupational therapy.14, 35 Such programs address the various dimensions of pain and often require a 

physician referral; a list of updated Canadian pain clinics is maintained by the Michael G. DeGroote Institute 

for Pain Research and Care at McMaster University.47 Due to the long wait times associated with these pro-

grams, primary care physicians can consider referring patients to individual healthcare professionals who 

have an interest in pain (psychology, occupational and physical therapist). 

There remains a significant role for interventional therapies for managing CNCP in older adults, who 

often suffer from degenerative disorders that may not amenable to surgical repair. Relatively low-risk injec-

tions and minimally invasive surgical implants can significantly reduce the need for pharmacotherapy, includ-

ing opioids.14 Interventional pain management is beyond the scope of this paper, but the Canadian Pain Soci-

ety Special Interest Group on Neuropathic Pain (NePSIG) has previously reported evidence-based guidelines 

on interventional neuropathic pain treatments.36 These therapies are usually considered when standard phar-

macologic treatment fails and are typically ordered and frequently performed by pain specialists. 

  

Return to Clinical Case - Part 2 
 

Collateral history from family revealed similar sporadic episodes of involuntary muscle movements in 

the preceding year causing falls-related admissions. A diagnosis of hypoactive delirium secondary to opioid-

induced neurotoxicity in the context of acute kidney injury was made based on myoclonus and delirium in the 

context of chronic opioid use after other causes, including primary neurological conditions were excluded. 

Neurology was consulted for a second opinion and did not feel additional investigations were warranted due 

to metabolic and toxic etiologies and the absence of any focal neurologic deficit. 

  

Opioid-induced neurotoxicity (OIN) 
 

 OIN is a clinical syndrome presenting with a range of cognitive, motor and sensory symptoms including 

hypersomnolence, delirium, hallucinations, allodynia, hyperalgesia, myoclonus, tremor, and seizures.37, 38 

There is some overlap between OIN and serotonin syndrome, however most cases of the latter begin within 

24 hours of increasing a serotonergic agent, overdose, or addition of another serotonergic agent; additional 

features include autonomic hyperactivity (hyperthermia, tachycardia, mydriasis, diaphoresis, diarrhea) and 

neuromuscular abnormalities (tremor, myoclonus, hyperreflexia, muscle rigidity).51 OIN can be challenging to 

diagnose as it can be misinterpreted as disease progression in cancer and palliative patients.38 Neurotoxicity 

can occur with any opioid, but it is most commonly associated with those that form active metabolites such 

as meperidine, morphine, oxycodone, and hydromorphone.38, 39 Risk factors for OIN include high dosage of 

opioids, dehydration, renal failure, infection, end-stage disease and advanced age due to increased risk of 

metabolite accumulation.38, 40 

 The pathophysiology of OIN is poorly understood. It is largely accepted that the accumulation of 

active glucuronidated morphine and hydromorphone metabolites is responsible for many cases of OIN.41 Ad-

ditional etiologies are suspected as neurotoxicity can occur with opioids lacking active metabolites. Hypothe-

sized alternative mechanisms include endocytosis of opioid receptors, activation of N-methyl-D-aspartate 

(NMDA) receptors, and opioid-induced effects on inhibitory and excitatory neurotransmitters including acetyl-

choline and dopamine.40 

There are a limited number of studies on OIN; therefore, data are lacking on the incidence of OIN, 

especially in the non-palliative setting.3 OIN was observed in 15% of cancer patients receiving opioids as part 

of inpatient palliative care. Delirium was the most common symptom, whereas myoclonus occurred in 47% 

of patients.38 Current evidence for OIN in patients with renal impairment consists of very low-quality studies 

with hospice or palliative care patient populations42. One prospective study found that 26% of 109 patients 

receiving morphine for chronic-malignancy related pain developed myoclonus.43 

https://healthsci.mcmaster.ca/npc/resources
https://healthsci.mcmaster.ca/npc/resources
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3401085/pdf/prm17150.pdf
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 OIN is managed with dose reduction or discontinuation of opioids, opioid rotation (changing one opioid 

to another in order to improve pain control or reduce unwanted side effects), hydration and correction of un-

derlying precipitants such as renal impairment.3 If performing an opioid rotation due to intolerable side ef-

fects, it is recommended to reduce the calculated equianalgesic dose of the new opioid by 25–50% to mini-

mize the risk of inadvertent overdose.6 For equianalgesic dosing of different opioids, see Table 3. 

 
Table 3. Opioids and approximate equianalgesic doses (mg). 

  
Case - Part 3 
 

The patient was managed with opioid rotation to hydromorphone with 25% dose reduction (morphine 
30 mg BID was stopped and hydromorphone 2 mg q6h was started simultaneously), reduced diuresis, and 
subsequent transfer to the Geriatric Medicine Unit. Over the course of 1 week, her myoclonic jerks complete-
ly stopped with rotation, and with resolution of her acute kidney injury and delirium. She was discharged on 
oral hydromorphone with Cardiology follow-up. 

Initiating, monitoring, and deprescribing opioids 
 

It is important to not initiate opioid therapy for CNCP unless non-opioid pharmacologic and non-
pharmacologic options have been optimized as these modalities may achieve a similar magnitude of improve-
ment in pain and function more safely without the risk of opioid-related ADRs.6 When initiating opioids for 
CNCP, it is recommended to use the lowest possible dose and titrate up based on tolerability and efficacy 
with close follow-up.16  

As with all medication, long-term opioid use should be regularly evaluated to determine efficacy, tol-
erability, indication, as well as counselling on the benefits and harms of ongoing treatment. No specific moni-
toring intervals were recommended in the Canadian guideline for opioid therapy and CNCP, however the CDC 
recommends clinicians consider follow-up within 1–4 weeks of dose escalation or when total daily opioid dos-
age is >50 morphine milligram equivalents (MME)/day.6,48 Do the ADRs outweigh the benefits of treatment? 
Once determined that deprescribing is appropriate, initiation of tapering depends on the dose and the dura-
tion of opioid use. Currently, there are no Canadian validated opioid tapering protocols or algorithms. For 
general strategies to consider when initiating opioid tapering, see Table 4. 

 
 

 

 

 

 

Generic Name IM/SC PO 

Tramadol   175-300 

Tapentadol   150 

Codeine 120 200 

Morphine 10 20-30 

Hydromorphone 2 4-6 

Oxycodone   10-15 

Fentanyl 0.1   

Methadone   3 

Buprenorphine sublingual   0.375 

Adapted from The Ottawa Hospital. The Ottawa Hospital Formulary; Ottawa, Ontario; 2016. 
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 Table 4. General strategies of opioid tapering. 

Monitoring is a key aspect of the deprescribing process. Depending on the individual situation, with-

drawal symptoms can develop within 1 to 3 days of dose reductions, whereas recurrent pain may occur with-

in 1 to 2 weeks of dose reductions. If pain or withdrawal symptoms develop, extend tapering intervals and 

consider pausing until pain stabilizes and PRN use decreases. If patients are experiencing serious challenges 

with tapering, a referral should be made to a formal multidisciplinary program.6 

Rotation to or from transdermal fentanyl requires carefully monitoring as wide variations on dosing 

equivalencies have been reported. There is more guidance with respect to conversion from oral opioids to 

transdermal fentanyl (as opposed to rotating from transdermal fentanyl to oral opioids), which is listed in Ta-

ble 5. I t should be noted that recommendations are not reciprocal (i.e. recommendations for con-

verting oral opioids to transdermal fentanyl should not be used to convert transdermal fentanyl to oral opi-

oids as the conversion to fentanyl is conservative and could overestimate the dose of the new agent). 

Table 5. Converting from current opioid to transdermal fentanyl. 

Establish a supportive and trusting relationship with the patient and/or substitute decision maker. Obtain 
buy-in in order to maximize chances of successful opioid reduction. 

Ensure a multimodal pain management approach exists with optimization of non-pharmacologic and non-
opioid pharmacologic therapy. 

Continue with the same opioid when possible. This facilitates accurate calculation of opioid use and appro-
priate titrations. Opioid rotation is sometimes necessary, especially when experiencing ADRs. Opioids 
and their equianalgesic doses are listed in Table 3. 

A gradual dose reduction of 5–10% of the morphine equivalent dose every 2–4 weeks with frequent follow 
up is a reasonable rate of opioid tapering.6 

If withdrawal symptoms develop, return to the previous tolerated dose and extend the tapering interval. 

In a tapering regimen, prescribing as needed (PRN) doses is discouraged to promote adherence. 

If the patient is taking a sustained release product, it will eventually be necessary to switch to an immedi-
ate acting product to facilitate further decreases. 

Current Analgesic Daily Dosage (mg/day) 

Oral Morphine 60-134 135-179 180-224 225-269 
270-
314 

315-359 360-404 

IM/IV Morphine1 20-44 45-60 61-75 76-90 NA2 NA2 NA2 

Oral Oxycodone 30-66 67-90 91-112 113-134 
135-
157 

158-179 180-202 

Oral Codeine 150-447 448-597 598-747 748-897 
898-
1047 

1048-
1197 

1198-1347 

Oral Hydromorphone 8-16 17-22 23-28 29-33 34-39 40-45 46-51 

IV Hydromorphone 4-8.4 8.5-11.4 11.5- 14.5- 16.6- 19.6-22.5 22.6-25.5 

 
       

Recommended Fenta-
nyl Transdermal3,4,5 

25 mcg/
hr 

37 mcg/
hr 

50 mcg/
hr 

62 mcg/
hr 

75 
mcg/hr 

87 mcg/hr 100 mcg/h 

NOTES:  
1) Using 1:3 parenteral to oral dose ratio. 
2) NA: not available, meaning that there is insufficient data available for guidance. 
3) This conversion table uses conservative equivalent dosage and therefore the safety factor dose reduction is not necessary. 
4) The 12 mcg/hr dose is not included in this table because it generally should not be used as the initiating dose, except in the case of 
patients for whom clinical judgement deems it appropriate to start at less than 25 mcg/hr. 

5) Fentanyl transdermal at any dose is contraindicated in opioid-naïve patients. 
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 Adapted from The Ottawa Hospital. The Ottawa Hospital Formulary; Ottawa, Ontario; 2015. 

The 12 μg/hr patch is typically used for titrating doses up or down, but can be considered for the frail 

older patient, patient with advanced CKD where hydromorphone is poorly tolerated, or in patients taking a 

3A4 inhibitor where a lower dose of fentanyl may be warranted. 

 
Conclusion  
 

Older adults have increased susceptibility to opioid-related ADRs, but many substantially benefit from 

appropriate prescribing. It is important for opioid-prescribing physicians to regularly reassess management 

and understand how to recognize and manage anticipated ADRs. Additionally, careful monitoring of efficacy 

and tolerability by the entire medical team (physician, pharmacist, nurse, patient and family) is critical. One 

must consider opioid reduction and/or rotation in older adults experiencing unexplained symptoms such as 

delirium, hyperalgesia, and involuntary muscle movements. 

To optimize pain, quality of life, and function, a multimodal approach incorporating both non-

pharmacologic and pharmacologic treatment is strongly recommended. Certain patients may benefit from 

referral to a multidisciplinary pain rehabilitation program, which may incorporate minimally invasive interven-

tional procedures. 

The potential adverse health consequences combined with the prevalence of opioid use in the elderly 

suggest the need for more targeted and evidence-based treatment of chronic pain in older adults. Future 

studies should evaluate both opioid efficacy in terms of pain reduction, physical functioning and psychosocial 

well-being, as well as the incidence of opioid-related ADRs including OIN. 

 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



GODWIN, DYKS, AKTER| TOLERABILITY OF OPIOIDS IN OLDER ADULTS: FOCUS ON NEUROTOXICITY 

CGS JOURNAL OF CME |  VOLUME 11, ISSUE 2, 2021  
 

 10 

 

 References  
 
1. Gianni W, Ceci M, Bustacchini S, Corsonello A, Abbatecola AM, Brancati AM, Assisi A, Scuteri A, Cipriani 

L, Lattanzio F. Opioids for the treatment of chronic non-cancer pain in older people. Drugs Aging. 2009 

Dec;26 Suppl 1:63-73. doi: 10.2165/11534670-000000000-00000. PMID: 20136170. 

2. Papaleontiou M, Henderson CR Jr, Turner BJ, Moore AA, Olkhovskaya Y, Amanfo L, Reid MC. Outcomes 

associated with opioid use in the treatment of chronic noncancer pain in older adults: a systematic re-

view and meta-analysis. J Am Geriatr Soc. 2010 Jul;58(7):1353-69. doi: 10.1111/j.1532-

5415.2010.02920.x. Epub 2010 Jun 1. PMID: 20533971; PMCID: PMC3114446. 

3. Omoto T, Asaka J, Sakai T, Sato F, Goto N, Kudo K. Disproportionality Analysis of Safety Signals for a 

Wide Variety of Opioid-Related Adverse Events in Elderly Patients Using the Japanese Adverse Drug 

Event Report (JADER) Database. Biol Pharm Bull. 2021;44(5):627-634. doi: 10.1248/bpb.b20-00904. 

PMID: 33952819. 

4. International Narcotics Control Board; United Nations. Narcotic Drugs 2017: Estimated World Require-

ments for 2018, Statistics for 2016. 2017.  

5. Canadian Institute for Health Information (CIHI). Opioid prescribing in Canada: how are practices 

changing? Ottawa, ON: The Institute; 2019. Available from: https://www.cihi.ca/sites/default/files/

document/opioid-prescribing-canada-trends-en-web.pdf  

6. Busse JW, ed.; National Pain Centre at McMaster University. The 2017 Canadian Guideline for Opioids 

for Chronic Non-Cancer Pain. 2017.  

7. Van Spall HG, Toren A, Kiss A, Fowler RA. Eligibility criteria of randomized controlled trials published in 

high-impact general medical journals: a systematic sampling review. JAMA. 2007 Mar 21;297(11):1233

-40. doi: 10.1001/jama.297.11.1233. PMID: 17374817. 

8. WHO guidelines for the pharmacological and radiotherapeutic management of cancer pain in adults and 

adolescents. Geneva: World Health Organization; 2018. PMID: 30776210. 

9. Nici L, Mammen MJ, Charbek E, Alexander PE, Au DH, Boyd CM, Criner GJ, Donaldson GC, Dreher M, 

Fan VS, Gershon AS, Han MK, Krishnan JA, Martinez FJ, Meek PM, Morgan M, Polkey MI, Puhan MA, Sa-

datsafavi M, Sin DD, Washko GR, Wedzicha JA, Aaron SD. Pharmacologic Management of Chronic Ob-

structive Pulmonary Disease. An Official American Thoracic Society Clinical Practice Guideline. Am J 

Respir Crit Care Med. 2020 May 1;201(9):e56-E69. doi: 10.1164/rccm.202003-0625ST. Erratum in: 

Am J Respir Crit Care Med. 2020 Sep 15;202(6):910. PMID: 32283960; PMCID: PMC7193862. 

10. Busse JW, Wang L, Kamaleldin M, Craigie S, Riva JJ, Montoya L, Mulla SM, Lopes LC, Vogel N, Chen E, 

Kirmayr K, De Oliveira K, Olivieri L, Kaushal A, Chaparro LE, Oyberman I, Agarwal A, Couban R, Tsoi L, 

Lam T, Vandvik PO, Hsu S, Bala MM, Schandelmaier S, Scheidecker A, Ebrahim S, Ashoorion V, 

Rehman Y, Hong PJ, Ross S, Johnston BC, Kunz R, Sun X, Buckley N, Sessler DI, Guyatt GH. Opioids for 

Chronic Noncancer Pain: A Systematic Review and Meta-analysis. JAMA. 2018 Dec 18;320(23):2448-

2460. doi: 10.1001/jama.2018.18472. PMID: 30561481; PMCID: PMC6583638. 

11. Moulin D, Boulanger A, Clark AJ, Clarke H, Dao T, Finley GA, Furlan A, Gilron I, Gordon A, Morley-

Forster PK, Sessle BJ, Squire P, Stinson J, Taenzer P, Velly A, Ware MA, Weinberg EL, Williamson OD; 

Canadian Pain Society. Pharmacological management of chronic neuropathic pain: revised consensus 

statement from the Canadian Pain Society. Pain Res Manag. 2014 Nov-Dec;19(6):328-35. doi: 

10.1155/2014/754693. PMID: 25479151; PMCID: PMC4273712. 

12. Furlan A, Chaparro LE, Irvin E, Mailis-Gagnon A. A comparison between enriched and nonenriched en-

rollment randomized withdrawal trials of opioids for chronic noncancer pain. Pain Res Manag. 2011 Sep-

Oct;16(5):337-51. doi: 10.1155/2011/465281. PMID: 22059206; PMCID: PMC3206784. 

https://www.cihi.ca/sites/default/files/document/opioid-prescribing-canada-trends-en-web.pdf
https://www.cihi.ca/sites/default/files/document/opioid-prescribing-canada-trends-en-web.pdf


GODWIN, DYKS, AKTER| TOLERABILITY OF OPIOIDS IN OLDER ADULTS: FOCUS ON NEUROTOXICITY 

CGS JOURNAL OF CME |  VOLUME 11, ISSUE 2, 2021  
 

 11 

 

 13. O'Brien MDC, Wand APF. A systematic review of the evidence for the efficacy of opioids for chronic non-

cancer pain in community-dwelling older adults. Age Ageing. 2020 Feb 27;49(2):175-183. doi: 

10.1093/ageing/afz175. PMID: 31971548. 

14. Gazelka HM, Leal JC, Lapid MI, Rummans TA. Opioids in Older Adults: Indications, Prescribing, Compli-

cations, and Alternative Therapies for Primary Care. Mayo Clin Proc. 2020 Apr;95(4):793-800. doi: 

10.1016/j.mayocp.2020.02.002. PMID: 32247352. 

15. Harper GM, Lyons WL, Potter JF. Geriatrics review syllabus: a core curriculum in geriatric medicine. 10th 

ed. New York: American Geriatrics Society; 2019. 

16. Naples JG, Gellad WF, Hanlon JT. The Role of Opioid Analgesics in Geriatric Pain Management. Clin Geri-

atr Med. 2016 Nov;32(4):725-735. doi: 10.1016/j.cger.2016.06.006. Epub 2016 Aug 9. PMID: 

27741966; PMCID: PMC5139620. 

17. Pergolizzi J, Böger RH, Budd K, Dahan A, Erdine S, Hans G, Kress HG, Langford R, Likar R, Raffa RB, 

Sacerdote P. Opioids and the management of chronic severe pain in the elderly: consensus statement 

of an International Expert Panel with focus on the six clinically most often used World Health Organiza-

tion Step III opioids (buprenorphine, fentanyl, hydromorphone, methadone, morphine, oxycodone). 

Pain Pract. 2008 Jul-Aug;8(4):287-313. doi: 10.1111/j.1533-2500.2008.00204.x. Epub 2008 May 23. 

PMID: 18503626. 

18. Prostran M, Vujović KS, Vučković S, Medić B, Srebro D, Divac N, Stojanović R, Vujović A, Jovanović L, 

Jotić A, Cerovac N. Pharmacotherapy of Pain in the Older Population: The Place of Opioids. Front Aging 

Neurosci. 2016 Jun 16;8:144. doi: 10.3389/fnagi.2016.00144. PMID: 27378916; PMCID: PMC4909762. 

19. Nagar VR, Birthi P, Salles S, Sloan PA. Opioid Use in Chronic Pain Patients with Chronic Kidney Disease: 

A Systematic Review. Pain Med. 2017 Aug 1;18(8):1416-1449. doi: 10.1093/pm/pnw238. PMID: 

28339928. 

20. Owsiany MT, Hawley CE, Triantafylidis LK, Paik JM. Opioid Management in Older Adults with Chronic 

Kidney Disease: A Review. Am J Med. 2019 Dec;132(12):1386-1393. doi: 10.1016/

j.amjmed.2019.06.014. Epub 2019 Jul 8. PMID: 31295441; PMCID: PMC6917891. 

21. Swart LM, van der Zanden V, Spies PE, de Rooij SE, van Munster BC. The Comparative Risk of Delirium 

with Different Opioids: A Systematic Review. Drugs Aging. 2017 Jun;34(6):437-443. doi: 10.1007/

s40266-017-0455-9. PMID: 28405945; PMCID: PMC5427092. 

22. Benyamin R, Trescot AM, Datta S, Buenaventura R, Adlaka R, Sehgal N, Glaser SE, Vallejo R. Opioid 

complications and side effects. Pain Physician. 2008 Mar;11(2 Suppl):S105-20. PMID: 18443635. 

23. Els C, Jackson TD, Kunyk D, Lappi VG, Sonnenberg B, Hagtvedt R, Sharma S, Kolahdooz F, Straube S. 

Adverse events associated with medium- and long-term use of opioids for chronic non-cancer pain: an 

overview of Cochrane Reviews. Cochrane Database Syst Rev. 2017 Oct 30;10(10):CD012509. doi: 

10.1002/14651858.CD012509.pub2. PMID: 29084357; PMCID: PMC6485910. 

24. Van Ryswyk E, Antic NA. Opioids and Sleep-Disordered Breathing. Chest. 2016 Oct;150(4):934-944. 

doi: 10.1016/j.chest.2016.05.022. Epub 2016 Jun 1. PMID: 27262224. 

25. Boudreau RM, Hanlon JT, Roumani YF, Studenski SA, Ruby CM, Wright RM, Hilmer SN, Shorr RI, Bauer 

DC, Simonsick EM, Newman AB. Central nervous system medication use and incident mobility limitation 

in community elders: the Health, Aging, and Body Composition study. Pharmacoepidemiol Drug Saf. 

2009 Oct;18(10):916-22. doi: 10.1002/pds.1797. PMID: 19585466; PMCID: PMC2904745. 

26. Hanlon JT, Boudreau RM, Roumani YF, Newman AB, Ruby CM, Wright RM, Hilmer SN, Shorr RI, Bauer 

DC, Simonsick EM, Studenski SA. Number and dosage of central nervous system medications on recur-

rent falls in community elders: the Health, Aging and Body Composition study. J Gerontol A Biol Sci 



GODWIN, DYKS, AKTER| TOLERABILITY OF OPIOIDS IN OLDER ADULTS: FOCUS ON NEUROTOXICITY 

CGS JOURNAL OF CME |  VOLUME 11, ISSUE 2, 2021  
 

 12 

 

 Med Sci. 2009 Apr;64(4):492-8. doi: 10.1093/gerona/gln043. Epub 2009 Feb 4. PMID: 19196642; 

PMCID: PMC2657172. 

27. By the 2019 American Geriatrics Society Beers Criteria® Update Expert Panel. American Geriatrics So-

ciety 2019 Updated AGS Beers Criteria® for Potentially Inappropriate Medication Use in Older Adults. J 

Am Geriatr Soc. 2019;67(4):674-694. doi: 10.1111/jgs.15767. 

28. Canadian Institute for Health Information (CIHI). Opioid-related harms in Canada. Ottawa, ON: The In-

stitute; 2018. Available from: https://www.cihi.ca/sites/default/files/document/opioid-related-harms-

report-2018-en-web.pdf  

29. Rieb LM, Samaan Z, Furlan AD, Rabheru K, Feldman S, Hung L, Budd G, Coleman D. Canadian Guide-

lines on Opioid Use Disorder Among Older Adults. Can Geriatr J. 2020 Mar 30;23(1):123-134. doi: 

10.5770/cgj.23.420. PMID: 32226571; PMCID: PMC7067148. 

30. El-Tallawy SN, Nalamasu R, Salem GI, LeQuang JAK, Pergolizzi JV, Christo PJ. Management of Musculo-

skeletal Pain: An Update with Emphasis on Chronic Musculoskeletal Pain. Pain Ther. 2021 Jun;10

(1):181-209. doi: 10.1007/s40122-021-00235-2. Epub 2021 Feb 11. PMID: 33575952; PMCID: 

PMC8119532. 

31. Makris UE, Abrams RC, Gurland B, Reid MC. Management of persistent pain in the older patient: a clini-

cal review. JAMA. 2014 Aug 27;312(8):825-36. doi: 10.1001/jama.2014.9405. PMID: 25157726; 

PMCID: PMC4372897. 

32. American Geriatrics Society Panel on Pharmacological Management of Persistent Pain in Older Persons. 

Pharmacological management of persistent pain in older persons. J Am Geriatr Soc. 2009 Aug;57

(8):1331-46. doi: 10.1111/j.1532-5415.2009.02376.x. Epub 2009 Jul 2. PMID: 19573219. 

33. Tick H, Nielsen A, Pelletier KR, Bonakdar R, Simmons S, Glick R, Ratner E, Lemmon RL, Wayne P, Zador 

V; Pain Task Force of the Academic Consortium for Integrative Medicine and Health. Evidence-Based 

Nonpharmacologic Strategies for Comprehensive Pain Care: The Consortium Pain Task Force White Pa-

per. Explore (NY). 2018 May-Jun;14(3):177-211. doi: 10.1016/j.explore.2018.02.001. Epub 2018 Mar 

1. PMID: 29735382. 

34. Qaseem A, Wilt TJ, McLean RM, Forciea MA; Clinical Guidelines Committee of the American College of 

Physicians, Denberg TD, Barry MJ, Boyd C, Chow RD, Fitterman N, Harris RP, Humphrey LL, Vijan S. 

Noninvasive Treatments for Acute, Subacute, and Chronic Low Back Pain: A Clinical Practice Guideline 

From the American College of Physicians. Ann Intern Med. 2017 Apr 4;166(7):514-530. doi: 10.7326/

M16-2367. Epub 2017 Feb 14. PMID: 28192789. 

35. Niknejad B, Bolier R, Henderson CR Jr, Delgado D, Kozlov E, Löckenhoff CE, Reid MC. Association Be-

tween Psychological Interventions and Chronic Pain Outcomes in Older Adults: A Systematic Review 

and Meta-analysis. JAMA Intern Med. 2018 Jun 1;178(6):830-839. doi: 10.1001/

jamainternmed.2018.0756. PMID: 29801109; PMCID: PMC6145761. 

36. Mailis A, Taenzer P. Evidence-based guideline for neuropathic pain interventional treatments: spinal 

cord stimulation, intravenous infusions, epidural injections and nerve blocks. Pain Res Manag. 2012 

May-Jun;17(3):150-8. doi: 10.1155/2012/794325. PMID: 22606679; PMCID: PMC3401085. 

37. Martin EJ, Vaughan CL, Atayee R, Hirst JM, O'Donnell K, Edmonds KP. Hydromorphone-induced chorea 

as an atypical presentation of opioid neurotoxicity: A case report and review of the literature. Palliat 

Med. 2018 Oct;32(9):1529-1532. doi: 10.1177/0269216318786861. Epub 2018 Jul 13. PMID: 

30004301. 

38. Lim KH, Nguyen NN, Qian Y, Williams JL, Lui DD, Bruera E, Yennurajalingam S. Frequency, Outcomes, 

and Associated Factors for Opioid-Induced Neurotoxicity in Patients with Advanced Cancer Receiving 

https://www.cihi.ca/sites/default/files/document/opioid-related-harms-report-2018-en-web.pdf
https://www.cihi.ca/sites/default/files/document/opioid-related-harms-report-2018-en-web.pdf


GODWIN, DYKS, AKTER| TOLERABILITY OF OPIOIDS IN OLDER ADULTS: FOCUS ON NEUROTOXICITY 

CGS JOURNAL OF CME |  VOLUME 11, ISSUE 2, 2021  
 

 13 

 

 Opioids in Inpatient Palliative Care. J Palliat Med. 2018 Dec;21(12):1698-1704. doi: 10.1089/

jpm.2018.0169. Epub 2018 Sep 27. PMID: 30260731; PMCID: PMC6308282. 

39. Gallagher R. Opioid-induced neurotoxicity. Can Fam Physician. 2007 Mar;53(3):426-7. PMID: 

17872676; PMCID: PMC1949075. 

40. Vella-Brincat J, Macleod AD. Adverse effects of opioids on the central nervous systems of palliative care 

patients. J Pain Palliat Care Pharmacother. 2007;21(1):15-25. PMID: 17430825. 

41. Smith MT. Neuroexcitatory effects of morphine and hydromorphone: evidence implicating the 3-

glucuronide metabolites. Clin Exp Pharmacol Physiol. 2000 Jul;27(7):524-8. doi: 10.1046/j.1440-

1681.2000.03290.x. PMID: 10874511. 

42. Lee KA, Ganta N, Horton JR, Chai E. Evidence for Neurotoxicity Due to Morphine or Hydromorphone Use 

in Renal Impairment: A Systematic Review. J Palliat Med. 2016 Nov;19(11):1179-1187. doi: 10.1089/

jpm.2016.0101. Epub 2016 Jul 11. PMID: 27399959. 

43. Tiseo PJ, Thaler HT, Lapin J, Inturrisi CE, Portenoy RK, Foley KM. Morphine-6-glucuronide concentra-

tions and opioid-related side effects: a survey in cancer patients. Pain. 1995 Apr;61(1):47-54. doi: 

10.1016/0304-3959(94)00148-8. PMID: 7644248. 

44. Sanger TD, Chen D, Fehlings DL, Hallett M, Lang AE, Mink JW, Singer HS, Alter K, Ben-Pazi H, Butler 

EE, Chen R, Collins A, Dayanidhi S, Forssberg H, Fowler E, Gilbert DL, Gorman SL, Gormley ME Jr, Jin-

nah HA, Kornblau B, Krosschell KJ, Lehman RK, MacKinnon C, Malanga CJ, Mesterman R, Michaels MB, 

Pearson TS, Rose J, Russman BS, Sternad D, Swoboda KJ, Valero-Cuevas F. Definition and classification 

of hyperkinetic movements in childhood. Mov Disord. 2010 Aug 15;25(11):1538-49. doi: 10.1002/

mds.23088. PMID: 20589866; PMCID: PMC2929378. 

45. de Vries F, Bruin M, Lobatto DJ, Dekkers OM, Schoones JW, van Furth WR, Pereira AM, Karavitaki N, 

Biermasz NR, Zamanipoor Najafabadi AH. Opioids and Their Endocrine Effects: A Systematic Review 

and Meta-analysis. J Clin Endocrinol Metab. 2020 Mar 1;105(3):1020–9. doi: 10.1210/clinem/dgz022. 

PMID: 31511863; PMCID: PMC7054712. 

46. Canadian Institute for Health Information (CIHI). Hospital morbidity database; 2018b. Available from: 

https://www.cihi.ca/en/hospital-morbidity-database 

47. Michael G. DeGroote National Pain Centre – Resources – Documents: listing of Canadian Pain Clinics, 

2021. Available from: https://healthsci.mcmaster.ca/npc/resources  

48. Dowell D, Haegerich TM, Chou R. CDC Guideline for Prescribing Opioids for chronic Pain—United States, 

2016. JAMA. 2016 Apr 19;315(15): 1624-45. Doi: 10.1001/jama.2016.1464. PMID: 26977696; PMCID: 

PMC6390846. 

49. Lau J, Mazzotta P, Whelan C, Abdelaal M, Clarke H, Furlan AD, Smith A, Husain A, Fainsinger R, Hui D, 

Sunderji N, Zimmermann C. Opioid safety recommendations in adult palliative medicine: a North Amer-

ican Delphi expert consensus. BMJ Support Palliat Care. 2021 Aug 13:bmjspcare-2021-003178. doi: 

10.1136/bmjspcare-2021-003178. Epub ahead of print. PMID: 34389553. 

50. Overholser BR, Foster DR. Opioid pharmacokinetic drug-drug interactions. Am J Manag Care. 2011 

Sep;17 Suppl 11:S276-87. PMID: 21999760. 

51. Volpi-Abadie J, Kaye AM, Kaye AD. Serotonin syndrome. Ochsner J. 2013 Winter;13(4):533-40. PMID: 

24358002; PMCID: PMC3865832. 

52. Lexi-Comp OnlineTM , Pediatric & Neonatal Lexi-Drugs OnlineTM , Hudson, Ohio: Lexi-Comp, Inc.; No-

vember 18, 2021. 

https://www.cihi.ca/en/hospital-morbidity-database
https://healthsci.mcmaster.ca/npc/resources

