
Background: Opioids may induce life-threatening respiratory depression, but limited 
knowledge is available on factors that contribute to opioid-induced respiratory depression 
(OIRD). This is especially true for patients with chronic pain on prolonged opioid therapy. 
There are no good quality case control studies or randomized controlled trials available on this 
topic. Here we present and analyze all case series since 1980 on OIRD in chronic pain patients 
extracted from PubMed. 

Objective: To describe and understand clinically identified factors involved in life-threatening 
OIRD in patients receiving opioids for chronic pain relief.

Study Design: A literature search was performed for all relevant case reports on OIRD in 
chronic pain. 

Methods: We searched PubMed (www.ncbi.nlm.nih.gov) for all available case reports/series 
on OIRD in adolescent (12 years and older) and adult patients treated with opioids for chronic 
pain, from which we identified specific commonalities that contributed to OIRD (akin to closed 
claims analyses). The dataset was post-hoc divided into 2 distinct categories: cases published 
from 1980 to 1999 and those from 2000 to 2012. 

Results: Thirty-four reports describing 42 chronic pain patients experiencing OIRD were 
retrieved. Cases published before the year 2000 (pre-2000) predominantly involved morphine 
in cancer patients, whereas cases since 2000 (post-2000) predominantly involved methadone 
or transdermal fentanyl in non-cancer pain patients. Specific factors that contributed to OIRD 
were elevated opioid plasma levels due to renal impairment and sensory deafferentiation in 
pre-2000 cases, and elevated plasma levels due to drug interactions on the cytochrome P450 
in post-2000 cases. 

Limitations: The case series analysis of published case reports imposes limitations in terms of 
the types of cases presented (only severe cases are published or cases with specific precipitating 
factors), the journal-related publication strategy, and changes in clinical practice.

Conclusions: Our case review confirms that life-threatening OIRD in chronic pain patients 
involves a series of complex often-interacting factors. In spite of the factors identified in this 
cases series, OIRD remains unpredictable and safe opioid prescribing requires careful titration 
of opioid dosages and continuous monitoring to prevent life-threatening OIRD.  
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case control studies, or meta-analyses (7,8). However, 
given the absence of such latter studies/analyses, we 
performed a systematic analysis of case reports rather 
than search for case control studies or RCTs for the 
simple reason that high quality RCTs and case control 
studies on OIRD are not available. We extracted reports 
from the literature where the intervention was opioid 
administration for chronic pain and the unexpected 
outcome was one of the following: 

1. respiratory depression or upper airway obstruc-
tion/sleep disordered breathing requiring some 
form of rescue or intervention (naloxone or doxa-
pram administration, resuscitation, intubation, 
admission into the intensive care unit, opioid with-
drawal), or 

2. death related to the opioid intake. 

Methods

In October 2012 we searched the electronic data-
base, PubMed (www.ncbi.nlm.nih.gov), for case reports 
describing one or more patients that developed OIRD 
after receiving opioids prescribed by medical personnel 
for the treatment of chronic pain (Appendix I).

We defined OIRD as a compromise of respira-
tory function that required one of the following  
interventions:

1. administration of naloxone or doxapram; 
2. intubation and/or positive pressure ventilation;
3. unplanned admission to an intensive care or moni-

tored setting.

We also checked relevant review papers and the 
contents of available case report journals for additional 
papers. Case report journals included Case Reports in An-
esthesiology, BMJ Case Reports, Journal of Medical Case 
Reports, and International Medical Case Reports Journal. 

The search strategy contained several exclusion 
criteria: 

1. case reports in languages other than English, 
French, German, or Dutch with the exception of 
foreign language papers with comprehensive ab-
stracts in English;

2. case reports that describe OIRD in an acute set-
ting, such as emergency rooms and perioperative 
locations;

3. case reports on patients < 12 years or published 
prior to 1980; 

Opioids are potent analgesics used for the 
treatment of moderate to severe acute and 
chronic cancer and non-cancer pain. Opioid 

analgesics have a number of side effects, of which, 
respiratory depression is the only one that is potentially 
life threatening. 

Literature reviews summarizing the results of 
mostly retrospective studies on acute and chronic opi-
oid use indicate that respiratory depression is relatively 
uncommon, although respiratory depression is rarely 
the primary end-point of these studies. From one such 
review, it appears that about 1 in 200 postoperative pa-
tients develops opioid-induced respiratory depression 
(OIRD) requiring rescue, such as the administration of 
naloxone (1). These figures regarding the overall safety 
of opioids may be misleading (1). A recent retrospec-
tive study on “code blue” emergencies revealed that 
opioids play an important determinant role in about 
50% of non-CardioPulmonary Resuscitation events in 
hospitals (2). 

Many reviews and textbooks describe the charac-
teristics of patients at increased risk for OIRD, and these 
include obese patients, patients with lung diseases 
and/or sleep-related breathing disorders, and elderly 
patients. However, these subsets have not been veri-
fied by randomized clinical trials (RCTs) or case control 
studies (1). Since 1980, a large number of case reports 
on opioid-OIRD have been published and these show 
considerable overlap in specific factors such as gender 
and age, opioid type, underlying disease, and drug-
drug interaction. 

Furthermore, with the recent exponential rise 
in opioid consumption related to prescriptions for 
chronic pain indications, the number of opioid-related 
respiratory complications has increased exponentially, 
although exact numbers are not available (3-6). Hence, 
we found it appropriate to reassess our understanding 
of OIRD in patients taking opioids for chronic pain. 
With the objective to describe and understand clinically 
identified factors involved in life-threatening OIRD in 
patients receiving opioids for chronic pain relief, we 
searched PubMed for all relevant case reports in pa-
tients over 12 years of age. The reports were analyzed 
for specific commonalities, which were then interpret-
ed as to whether they comprised specific contributing 
factors for OIRD. This approach is similar to published 
closed claims analyses. 

Case reports constitute less than 10% of the sci-
entific literature and contain a low level of evidence 
compared to other types of publications such as RCTs, 
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4. papers that describe reports of suicide or homicide 
by opioid-overdose, OIRD related to opioid abuse, 
inadvertent intake/application of oral or transder-
mal opioids; 

5. case reports that involved medical personnel and/or 
device errors. 

All relevant papers were read in full and the bimod-
al causality (strong, weak) between opioid treatment 
and subsequent respiratory depression was ascertained 
by 2 authors (AD, MN). Cases with weak causality were 
discarded, and differences in opinion were resolved by 
consensus. 

The following variables were extracted from the 
papers that were included in the final database: year 
of publication, patient gender and age, opioid, opioid 
dose, co-medication, route of opioid administration, the 
use of reversal agents, comorbidities, and genetic data 
(if available). The dataset was post-hoc divided into 2 
distinct categories: a) cases published from January 1, 
1980, to December 31, 1999, and b) cases published 
since January 1, 2000. 

The causality analysis of the data was subjective 
and descriptive and intended to find patterns that could 
identify contributing factors for OIRD. These factors 
were searched in each of the 2 data subsets within the 
following fields: age, gender, type of opioid, underlying 
disease, and drug interactions. 

Results

The search resulted in 4,667 unique papers of which 
4,633 were discarded (Fig. 1). Thirty-four papers describ-
ing 42 chronic pain patients (ie. individual case reports) 
with OIRD were retrieved and further analyzed (9-42). 
Papers discarded included 27 pediatric cases (43), 120 
acute pain cases, and 35 cases on error-related OIRD. 
Most other papers discarded were on opioid abuse and/
or suicide.

Date of Publication
Fifteen cases were published between 1980 and 

2000 (pre-2000) (9-22), and 27 cases between 2000 and 
2013 (post-2000) (23-42) (Fig. 2A).

Gender and Age
Nineteen men and 23 women are described, with 

equal distributions pre- and post-2000 (pre-2000: 7 men 
and 8 women, post-2000 12 men and 15 women). The 
median age (range) of the total population was 59 years 
(28 – 92 years). This distribution was similar in the cases 

reported before and after 2000: pre-2000 60 years 
(44 – 92 years), post-2000: 57 years (28 – 81 years). The 
age-gender distribution is given in Fig. 2B, showing, 
compared to men, a small increase in the number of 
cases in women between the ages of 40 and 60. 

Opioid Type
Pre-2000 the opioid involved in the majority of 

cases of OIRD was morphine (80% of cases, Fig 3A). 
Since 2000 the contribution of morphine in OIRD has 
declined to just 19%. Transdermal fentanyl and metha-
done now contribute the majority of cases (30% each). 
Oxycodone was the opioid in 17% of cases (Fig. 3B). In 
most cases additional circumstances contributed to the 
development of OIRD (see below). The route of opioid 
administration was predominantly oral or transdermal 
(fentanyl, buprenorphine) with just 4 cases involving 
neuraxial opioids. 

Indication for Opioid Therapy
The indication for opioid use was cancer pain in 

67% of the cases pre-2000, but dropped to 41% post-
2000 (Fig. 3C and D). Post-2000 the indication for opioid 
prescriptions for non-cancer pain was 59%, most com-
monly for treatment of musculoskeletal pain (33%) fol-
lowed by neuropathic pain and complex regional pain 
syndrome (11%) (Fig 3D). 

Fig. 1. Flow chart of  reports identified and selected.
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Additional Circumstances
Pre-2000, 2 patterns in the data are apparent. In 

one-third of the cases morphine-induced respiratory 
depression was due to the loss of pain-induced stimula-
tion of breathing due to deafferentiation. Deafferen-
tiation was induced by administration of a nerve block 
or spinal anesthetic, the application of a cordotomy or 
progression of metastatic disease with full spinal cord 
compression (10,11,19,22). One-third of the cases pre-
2000 with morphine-induced OIRD involved patients 
with varying degrees of renal failure (14,15,21). The 
most important etiology of OIRD in the post-2000 
data was interference with opioid metabolism from 
secondary drugs (including polycyclic aromatic hydro-
carbons in tobacco smoke) that induce or inhibit the 
cytochrome P450 metabolic pathway of the opioid, 
making opioid plasma levels unpredicatbale (Table 1) 
(23,26,30-33,38,41). 

Obesity, sleep disordered breathing, and lung dis-
ease did not play a prominent role in pre-2000 cases 

Fig. 2. A. Number of  reports published in the period 1980 – 1999 (pre-2000) and 2000 – 2012 (post-2000). B. Age-gender 
distribution of  the patients described in case reports on opioid-induced respiratory depression since 1980.

whereas 5 cases post-2000 describe patients that devel-
oped sleep disordered breathing from chronic opioid 
use (29,35). 

discussion

Herein we analyze 34 case reports describing OIRD 
in 42 adolescent and adult patients treated for chronic 
cancer and non-cancer pain from 1980 to 2012. The 
number of cases is relatively small compared to OIRD 
in acute pain patients (120 cases), but there is a sub-
stantial increase in the incidence of cases post-2000 
(pre-2000: 0.8 cases/year versus post-2000: 2.3 cases/
year). This reflects the increased use of opioids in pa-
tients with non-cancer pain in the last decade. There is 
currently a certain awareness of the problem of OIRD. 
The increased morbidity and mortality from opioids in 
chronic pain patients apparent from case control stud-
ies, postmortem forensic studies, retrospective studies 
on opioid effect, expert opinions, and anecdotal evi-
dence (1-5) has prompted the Federal Drug Administra-
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tion (FDA) and the Centers for Disease Control and 
Prevention (CDC) to take action in the United States 
(6,44). As part of their strategy to reduce opioid-related 
morbidity and mortality, the FDA requires opioid manu-
facturers to devise a Risk Evaluation and Mitigation 
Strategy (REMS) prior to marketing a new opioid (44). 
Only a few studies have investigated specific patient- 
and non-patient-contributing factors of OIRD (3,6,45), 

Fig. 3. Opioid-involvement in cases of  opioid-induced respiratory depression, 1980 – 1999 (A) and 2000 – 2012 (B). 
Indication for opioid prescription in cases of  opioid-induced respiratory depression, 1980 – 1999 (C) and 2000 – 2012 (D).

and the literature on OIRD in patients with chronic pain 
is sparse. We are aware that case reports constitute a 
relatively small part of the scientific literature with a 
limited level of evidence compared to other types of 
publication such as RCTs, case control studies, or meta-
analyses (7,8). However, we chose to perform a system-
atic analysis of case reports rather than of case control 
studies or RCTs for the simple reason that (good quality) 
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Table 1. Drug-drug interaction.

Ref. (year) Patient
Opioid (duration 

of  intake)
Disease Event Co-medication Interaction

23 (2000) 42 yr. F Methadone
(6 years)

Chronic intestinal 
obstruction 

(Ogilvie’s syndrome)

Sedation/respiratory 
depression responsive to 

naloxone
Ciprofloxacin

Inhibition of 
CYP1A2 and 3A4 
activity, increasing 
methadone blood 

levels

26 (2002) 60 yr. M Methadone
(15 days)

Adenocarcinoma of 
the stomach

Respiratory depression 
responsive to naloxone Fluconazol

Inhibition of 
CYP3A4 and 

2Y9, increasing 
methadone blood 

levels

30 (2005) 70 yr. M

Methadone (switch 
from long-term 

opioid use, 
respiratory event 
after one week of 

treatment)

Vertebral 
compression 
fracture and 
alcoholism

Respiratory depression 
responsive to naloxone Sertraline  

Inhibition of 
the CYP system, 

increasing 
methadone blood 

levels.

31 (2006) 61 yr. F Methadone
(long-term)

Lung cancer with 
bone metastasis and 

neuropathic pain

Naloxone-responsive 
respiratory depression 11 
days after carbamazepine 

withdrawal

Carbamazepine
Gabapentin

Induction of 
CYP3A4 activity. Its 

withdrawal slows 
down methadone’s 

metabolism causing 
an increase in plasma 

levels

32 (2006) 46 yr. M
Fentanyl TD patch

(45 days), morphine, 
oxazepam

Tonsillar cancer

8 days following start of 
fluconazole patient died 
during sleep. Forensic 
analysis showed high 

plasma conc. of fentanyl 
and fluconazole

Fluconazole

Inhibition of 
CYP3A4 system, 

increasing fentanyl 
blood levels

33 (2006) 34 yr. M Buprenorphine TD 
patch (12 h)

Skull osteosarcoma 
and pelvic 
metastasis

Respiratory depression 
upon start of 

chemotherapy with 
ifosfamide resolved by 
removal of the patch

Ifosfamide, an 
alkylating agent

Possible competitive 
interaction via 

common metabolic 
pathway (CYP3A4)

38 (2009) 81 yr. M Fentanyl TD patch
(long-term)

Spinal stenosis 
and spondylosis, 
dementia, COPD

36 h after receiving 
the first dose of 

clarithromycine he 
developed naloxone-

responsive respiratory 
depression.

Clarithromycine

Inhibition of the 
CYP3A4 system, 

increasing fentanyl’s 
plasma levels

41 (2011) 46 yr. M Methadone
(4 months)

Chronic low back 
pain

Smoking cessation (after 
33 pack years) initiated 

naloxone-responsive 
respiratory depression

Smoking 
cessation

Polycyclic aromatic 
hydrocarbons in 
tobacco smoke 

induce CYP1A2. A 
relative reduction 

in CYP1A2 activity 
upon smoking 

cessation may have 
reduced methadone’s 

metabolism.

F = female, M = male; COPD = chronic obstructive pulmonary disease.
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case control studies and RCTs on OIRD are not available. 
Our approach differs from traditional reports such as 
that of the American Society for Pain Management 
Nursing (45), in which mostly retrospective studies on 
OIRD were rated on strength of evidence. The current 
analysis is comparable to a closed claims analysis (an 
analysis of closed malpractice claims) (46,47).

A Change in Practice from Pre- to Post-2000
An important pattern observed in our analysis is that 

pre-2000 morphine was the predominant cause of OIRD 
in chronic pain patients (Fig. 3A). Post-2000 morphine 
loses first place to methadone and transdermal fentanyl 
(each contributed 30%, Fig. 3B). This observation is in 
line with a recent study by the CDC showing that metha-
done was involved in 31% of opioid-related deaths in 
13 states (6). The large contribution of methadone and 
fentanyl reflects the increased use of these 2 opioids for 
treatment of non-cancer chronic pain. Since 2000 non-
cancer pain patients have replaced cancer pain patients 
as the most commonly reported on (Fig. 3C and D). Most 
of them suffer from musculoskeletal pain (lower back 
and neck pain) and neuropathic pain (including complex 
regional pain syndrome). This reflects a major shift in 
the prescribing behaviors of physicians (especially in the 
US) and is related to many factors including an increased 
awareness, diagnosis, and treatment of chronic pain (5). 
It should be remembered, however, that chronic pain is 
often undertreated and any tendency to reduce opioid 
use due to an increased awareness of opioid-induced 
side effects in non-cancer chronic pain conditions, such 
as in osteoarthritis, should be offset by the potential risk 
of inadequately treating pain in such patients (48).

Patterns in Cases Published Pre-2000
Acute pain stimulates breathing (49,50). Such a 

stimulatory effect may offset OIRD and, in our data 
set, the removal of such stimulatory effects of pain on 
breathing is apparent. In 4 chronic pain patients being 
initially treated with potent opioids, a subsequent sen-
sory deafferentiation, either from a cordotomy, spinal 
anesthetic, peripheral nerve block, or a full compres-
sion of the spinal cord, led to life-threatening OIRD 
(10,11,19,22). Renal impairment, leading to an accu-
mulation of morphine’s active metabolite morphine-
6-glucuronide, is also apparent as a factor for mor-
phine-induced respiratory depression, as described in 3 
reports pre-2000 (14,15,21). Current practice is to avoid 
opioids that may accumulate in patients with even mild 
renal impairment. 

Patterns in Cases Published Post-2000
Drug interactions figure prominently during this 

period as the cause of OIRD (Table 1). Opioids involved 
are methadone, fentanyl, and buprenorphine. In most 
cases a secondary drug (antifungal medication, antibi-
otic, antidepressant, chemotherapeutic) inhibited the 
metabolic pathway (ie. the Cytochrome P450 [CYP] en-
zyme system) of these opioids, causing toxic elevations 
in opioid blood levels and, consequently, OIRD. In one 
case, carbamazepine (a CYP inhibitor) was withdrawn 
during long-term methadone treatment (31), and in 
another case, when a patient with chronic lower back 
pain quit smoking the polycyclic aromatic hydrocarbons 
in tobacco smoke that induce the CYP system became 
absent (41). These data exemplify the need for educat-
ing prescribing physicians on the pharmacokinetic drug 
interactions that are relevant to patients on prescribed 
potent opioids. 

In contrast to cases in the pediatric/perinatal popu-
lation (43), and in acute pain patients (Dahan, data on 
file), sleep-disordered breathing (SDB) did not play a 
significant role in any of the reports on OIRD in chronic 
pain patients. This was unexpected and suggests that 
SDB is likely not an important determining factor in the 
development of OIRD in chronic pain patients; yet, data 
on this topic are scarce. Interestingly, in 6 patients with-
out cardiac or neurologic disease, chronic opioid thera-
py contributed (n = 5) or exacerbated (n = 1) their SDB, 
as evident from increased ataxic breathing, central ap-
neas, hypoxia, delayed arousal responses, and day-time 
sleepiness (29,35). Therapy consisted of supplemental 
oxygen and a continuous positive airway pressure mask 
during sleep. The cause of opioid-induced SDB is prob-
ably related to a reduced REM period and marked in-
crease in the number of central and combined central/
peripheral rather than obstructive apneas (51,52). Pos-
sibly patients that develop sleep-disordered SDB during 
opioid therapy have a predisposition for this syndrome 
that becomes apparent during opioid therapy (51).

Most cases that we retrieved from the litera-
ture describe patients on relatively high dose opioid 
therapy. Dose plays an important role in the develop-
ment of OIRD. In a cohort study, Dunn et al (5) found a 
prevalence of OIRD of 0.5% of patients on opioids for 
chronic non-cancer pain that was dose-dependent. Pa-
tients receiving 50 – 99 mg/day of morphine equivalents 
carried a 3.7-fold increase in overdose risk compared to 
patients receiving 1 – 20 mg/day of morphine equiva-
lents, while 100 mg or more per day carried a 8.9-fold 
increased risk. In our data set, we note 2 cases in which 
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severe OIRD developed after a pause in treatment with 
intrathecal opioids (19,39). These data suggest that tol-
erance to the respiratory depressant effects of opioids 
can dissipate quickly, and re-initiation after a pause in 
opioid treatment must be done with caution.

Finally, we observed no gender predominance in 
OIRD cases. This is in disagreement with observations 
of gender differences in morphine analgesia and respi-
ratory depression in acute and experimental settings 
(53,54). 

We acknowledge the bias in our approach in that 
a) only severe (ie. fatal or near-fatal) cases are pub-
lished or cases in which specific precipitating factors 
were involved, b) publication strategy (from editors 
and authors) determines which cases are published, 
and c) due to slow changes in clinical practice, the pat-
terns involved in OIRD will vary over time. But we argue 
that the patterns we detected over the 32 year period 
of our analysis are valid and do not lose importance 
in our understanding of OIRD and its prevention. For 
example, contributing factors in OIRD described in the 
1980s retain their validity in present-day patients even 
though no new cases containing similar contributing 
factors were published in the 2010s. 

conclusion

In conclusion, we performed a systematic analy-
sis of case reports on OIRD in chronic pain patients, 
similar to a closed claims analysis (an analysis of closed 
malpractice claims) (46,47), and observed marked 
differences in cases published pre-2000 (OIRD due to 
morphine in chronic cancer pain patients) and since 
2000 (OIRD due to alternative opioid use, such as 
methadone and transdermal fentanyl in a predomi-
nant chronic non-cancer pain population). Specific 
factors that contributed to OIRD were renal impair-
ment as a cause of morphine-induced respiratory 
depression and sensory deafferentiation as a cause of 
OIRD in the data set from pre-2000 and pharmacoki-
netic drug interactions causing the increase in opioid 
blood concentration to toxic levels in the data set pub-
lished post-2000. In all cases OIRD was not predictable 
despite the presence of “risk” factors. It is therefore 
essential to carefully titrate, observe, and monitor all 
patients on chronic opioids to prevent development of 
life-threatening OIRD. 

Appendix 1. The PubMed search strategy

(("Analgesics, Opioid"[Pharmacological Action] OR "Narcotics" [Pharmacological Action] 
OR opiate[tiab] OR opiates[tiab] OR opioid[tiab] OR narcotic[tiab] OR narcotics[tiab]) AND 
("poisoning"[Subheading] OR "toxicity"[Subheading] OR intoxication[tiab] OR toxicity[tiab] 
OR poisoning[tiab] OR "adverse effects"[Subheading] OR adverse[tiab])) OR "Analgesics, 
Opioid/poisoning"[Mesh] OR  "Analgesics, Opioid/toxicity"[Mesh] OR "Analgesics, Opioid/
adverse effects"[Mesh] OR (("Analgesics, Opioid"[Pharmacological Action] OR "Narcotics" 
[Pharmacological Action] OR opiate[tiab] OR opiates[tiab] OR opioid[tiab] OR narcotic[tiab] OR 
narcotics[tiab]) AND ("respiratory arrest" OR "respiratory arrests" OR "respiratory depression" 
OR "Respiration Disorders/chemically induced"[mesh])) AND (case report OR case reports OR 
case series OR case[ti] OR cases[ti] OR ((case OR cases) AND (report OR reports OR series)))
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