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“No Patient Shall Be Harmed By 
Opioid-Induced Respiratory Depression” 
[Proceedings of “Essential Monitoring Strategies to Detect Clinically Signifcant 
Drug-Induced Respiratory Depression in the Postoperative Period” Conference] 

Matthew B. Weinger, MD, and Lorri A. Lee, MD, for the Anesthesia Patient Safety Foundation 

The APSF believes that clinically significant, 
drug-induced respiratory depression in the postop-
erative period remains a serious patient safety risk 
that continues to be associated with signifcant mor-
bidity and mortality since it was frst addressed by 
the APSF in 2006.1 The APSF envisions that “no patient 
shall be harmed by opioid-induced respiratory depression 
in the postoperative period,” and convened the second 
multidisciplinary conference on this serious patient 
safety issue in June of this year in Phoenix, AZ, with 
136 stakeholders in attendance. The conference 
addressed “Essential Monitoring Strategies to Detect 
Clinically Significant Drug-Induced Respiratory 
Depression in the Postoperative Period.” 

Attendees included clinicians and researchers from 
nursing, anesthesia, and surgery (more than half of 
conference attendees), with representation from the 
Veterans Health Administration, the American Society 
of Anesthesiologists, the American Association of 
Nurse Anesthet is ts , American Academy of 
Anesthesiologists Assistants, American Hospital 
Association, American College of Surgeons, American 
Society of PeriAnesthesia Nurses, the Joint 
Commission, Association for the Advancement of 
Medical Instrumentation, American Society of 
Healthcare Risk Management, Institute for Safe 
Medication Practices, and other societies and non-proft 
agencies. Additionally, malpractice insurers and family 
members of patients who have died from this complica-
tion provided input on the scope and impact of the 
problem, and representatives from the monitoring tech-
nology industry (about one-fourth of attendees) dis-
cussed the potential for improved monitoring of 
patients’ respiratory status in the postoperative period. 

Drs. Robert K. Stoelting, APSF president, and 
F r a n k J . O v e r d y k , a d j u n c t p r o f e s s o r o f 
Anesthesiology at the Medical University of South 
Carolina, co-moderated the conference consisting of 
24 brief presentations, 6 small breakout groups, and a 
discussion session. Two questions were posted to all 
speakers and audience members: 

1)	 Should electronic monitoring be utilized to facilitate 
detection of drug-induced postoperative respiratory 
depression? 

2)	 If “Yes” to electronic monitoring, who should be mon-
itored (inclusively or selectively) and what monitors/ 
technology should be utilized? 

Dr. Stoelting opened the conference by asserting 
that continuous electronic monitoring of oxygenation 
and/or ventilation may allow for more rapid diagno-
sis and prevention of drug-induced, postoperative 
respiratory depression. He commented that we 
cannot wait for the perfect technology before we 
intervene, and that “maintaining the status quo in 
hopes that a different result will occur is unrealistic.” 
He noted that the goal of the conference was to utilize 
the available evidence to discern the best monitoring 
strategies for providing effective early warning of 
postoperative respiratory depression. 

Dr. Overdyk followed and noted that this compli-
cation occurs more frequently and is much easier to 
detect than awareness under general anesthesia 
where significant resources have been invested in 
research and monitoring. He believes that this initia-
tive should become a “national patient safety prior-
i ty.” Dr. Overdyk d iscussed research that 
demonstrated that approximately one-third of code 
blue arrests in hospitals are from respiratory depres-
sion,2 and that naloxone is administered in about 0.2-
0.7% of patients receiving postoperative opioids.3,4 

Following these introductory remarks, family 
members of patients who died from drug-induced 
respiratory depression recounted their loved ones’ 
medical tragedies. They all noted the lack of monitor-
ing for their loved ones during their last days in the 
hospital after undergoing elective routine surgery. 

They implored the group to enact changes immedi-
ately that would prevent such future tragedies. 

D r. M a t t h e w B . We i n g e r, p ro f e s s o r o f 
Anesthesiology at Vanderbilt University, showed 
multiple studies that provide evidence for frequent 
use of naloxone for postoperative opioid-induced 
respiratory depression. He stated that the literature 
suggests that in the U.S. about 0.3% of postoperative 
patients receive naloxone rescue accounting for up to 
20,000 patients annually. He further estimated that 
one-tenth of these patients suffer signifcant sequelae. 
Dr. Weinger also provided evidence demonstrating 
that all types of parenteral opioids and routes are 
involved in these events. He then discussed the reli-
ability, sensitivity, specifcity, and response time for 
the various types of monitors for oxygenation and 
ventilation to detect respiratory depression. For 
patients who are not intubated, pulse oximetry was 
the best monitor when supplemental oxygen was not 
being utilized. In the presence of supplemental 
oxygen, capnography fared best (see Table 1).1 

After this presentation, Dr. Nikolaus Gravenstein, 
a professor at the University of Florida, highlighted 
the remarkable observation that patients having vital 
signs checked every 4 hours are left unmonitored 96% 
of the time. He noted, as did many speakers, that 
supplemental oxygen may mask hypoventilation, 
and that under these circumstances pulse oximetry is 
a very late detector of respiratory depression. Lethal 
hypercarbia is possible despite normal oxygen 

See “Monitoring,” Page 26 
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saturation. He also predicted that the increased 
emphasis on postoperative pain management by cen-
ters that govern reimbursement will undoubtedly 
result in a higher incidence of opioid-induced respira-
tory depression. 

There was not uniform agreement initially 
regarding selective versus universal monitoring, or 
risk stratifcation, for patients receiving postoperative 
opioids. Several speakers discussed coexisting condi-
tions and diseases associated with postoperative 
drug-induced respiratory depression including obe-
sity, sleep apnea syndromes, advanced age, organ 
system dysfunction, concurrent CNS depressant use, 
and preoperative chronic opioid tolerance. Many of 
these risk factors (especially obesity) have been 
increasing in the general population. Yet, some of 
these conditions that predispose to opioid-induced 
respiratory depression may be undiagnosed in the 
surgical patient. In particular, Dr. Frances E. Chung, 
professor of Anesthesiology at the University of 
Toronto presented data showing that over three-quar-
ters of men and women with moderate to severe sleep 
apnea are undiagnosed, with a 7-22% prevalence.5 

Therefore, risk stratifcation for increased postopera-
tive electronic monitoring would potentially miss a 

large population of patients that is at increased risk 
for opioid-induced respiratory depression. 

Ray R. Maddox, PharmD, from St. Joseph’s/ 
Candler Health System in Savannah, GA, shared his 
experience during the general audience discussion ses-
sion. His hospital instituted capnography with or 
without pulse oximetry monitoring over 5 years ago 
for all patients receiving parenteral or neuraxial opi-
oids postoperatively after some high-severity adverse 
events involving opioids. They found early in their 
beta testing that it was not possible to reliably predict 
opioid responsiveness based on risk stratifcation and 
elected to monitor all patients receiving postoperative 
opioids. To date, they have not had any respiratory 
arrests related to the administration of postoperative 
opioids s ince they insti tuted the increased 
monitoring.6 

Further data from Dr. Chung demonstrated that 
monitoring patients postoperatively for respiratory 
depression may entail more than one or two nights 
after surgery. Her data showed that the apnea-hypop-
nea index (AHI) in sleep apnea patients is highest on 
the third night after surgery and remains above the 
preoperative baseline out to the seventh postopera-
tive night.7 Further research is needed to determine if 
the type and duration of surgery and anesthesia 
impact these fndings. It remains unclear how to best 

Table 1. Comparison of Available Monitoring Modalities for Detection of Opioid Induced 
Respiratory Depression in the Postoperative Period 

Monitoring Modality Sensitivity * Specifcity Reliability Response Time 

PetCO2 (intubated) High High High Fast 

SpO2 (no O2 supplement) High Moderate-High High Fast 

PetCO2 (unintubated) High Moderate-High§ Moderate Fast 

PaCO2 High High High Slow 

PvCO2 High Moderate High Slow 

PtcCO2 Moderate High Low-Moderate‡ Medium 

SpO2 (with O2 supplement) Moderate Moderate High Slow 

Clinical assessment (skilled clini-
cian) 

Moderate Moderate-High Moderate Slow 

Respiratory rate (newer technol-
ogy) 

Moderate Moderate† Moderate  Medium 

Tidal volume (unintubated) Moderate Moderate Low Medium 

C h e s t w a l l i m p e d a n c e 
(for respir. rate) 

Low-Moderate Low† Low Medium 

Clinical assessment (less skilled 
clinician) 

Low-Moderate Low-Moderate Low-Moderate Slow 

* Defnitions: Sensitivity = positive in the presence of respiratory depression (low false negative rate); Specifcity = negative in the 
absence of respiratory depression (low false positive rate); Reliability = accuracy and availability (likelihood of an available and 
accurate reading at the time of respiratory depression); Response time = average time from the onset of respiratory depression 
until the variable reads abnormally if it is going to do so. 

§ If PetCO2 is high, this is highly specifc for respiratory depression. However, if is low, because of unknown dead space, it can only be 
used as a measure of respiratory rate. 

‡ New PtcCO2 technologies may be more reliable. 
† In some patients, respiratory rate alone may not be a good measure of opioid-induced respiratory depression. 

monitor severe sleep apnea patients after procedures 
that would be considered outpatient surgery. 

Dr. Scott F. Gallagher, associate professor of 
Surgery from the University of Florida in Tampa, FL 
provided data showing that bariatric sleep apnea 
patients will have severe prolonged hypoxemia even 
with their continuous positive airway pressure 
(CPAP) in place.8 Consequently, monitoring of oxy-
genation and ventilation is still needed in these 
patients postoperatively, even when they are using 
CPAP. 

Dr. J . Paul Curry, c l in ica l professor o f 
Anesthesiology at the University of California in Los 
Angeles David Geffen School of Medicine, and staff 
anesthesiologist at Hoag Memorial Hospital 
Presbyterian in Newport Beach, CA, and Dr. Larry A. 
Lynn, a pulmonary intensivist and the executive 
director of the Sleep and Breathing Research Institute 
in Columbus, OH, presented unique data describing 
3 different patterns of unexpected hospital deaths. 
These patterns included progressive metabolic acido-
sis (e.g., sepsis), opioid-induced carbon dioxide nar-
cosis, and drug-induced arousal failure with sleep 
apnea (see article on page 32). They showed different 
trends in pulse oximetry values, minute ventilation, 
respiratory rate, and arterial carbon dioxide levels 
associated with each of these 3 patterns of death.9 

They noted that health care providers are not well 
educated about these patterns and may miss early 
warning signs. Further, they believe that monitors 
with threshold alarms (i.e., alarm upon reaching a 
specifc value) are not useful because of their inability 
to distinguish meaningful from nuisance alarms, 
depending on the death mechanism. They also dis-
cussed that early detection of deteriorating patient 
conditions will be poor when threshold alarms such 
as pulse oximetry are set to lower values to reduce the 
incidence of “false” alarms. Drs. Curry and Lynn 
encouraged industry to develop smart technologies 
that could detect the specifc patterns of vital signs 
preceding these types of death and alert care 
providers. 

In agreement with the use of smart technologies 
for pattern recognition, Dr. Richard E. Moon, 
Professor of Anesthesiology and Medicine at Duke 
University, suggested that multimodal monitoring 
was necessary to detect postoperative, drug-induced 
respiratory depression. He believed we could incor-
porate the technology used with automated implant-
able cardioverter-defibrillators (AICD) that utilize 
complex time-dependent pattern recognition algo-
rithms based on reference waveforms. Dr. Mark R. 
Montoney, MD, MBA, Executive VP and CMO, 
Vanguard Health Systems, Nashville, TN, concurred 
that smart technologies must be developed that can 
reliably detect early progression of clinical instability 
and trigger prompt caregiver responses. Dr. Elizabeth 
A. Hunt, a pediatric intensivist from John Hopkins 
University School of Medicine also observed that pro-
gressive types of multimodal monitoring for vital 
signs that could be incorporated to identify patterns 
and percent deviation from baseline vital signs would 

See “Monitoring,” Next Page 
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be useful to provide early detection of deterioration in 
the pediatric setting. 

David A. Scott, MB, BS, PhD, Associate Professor 
of Anaesthesia at St. Vincent’s Hospital in Melbourne, 
Australia, presented data showing the importance of 
the assessment of sedation level in preventing ventila-
tory impairment from opioids. He noted that opioids 
affect consciousness (sedation), airway tone, and cen-
tral respiratory drive and that monitoring strategies 
should address all of these parameters. He again 
espoused the importance of assessing trends. 
Consistent with Dr. Scott’s presentation, Chris Pasero, 
RN-BC, a pain specialist from El Dorado Hills, CA, 
also commented on the importance of nurses being 
able to assess and document sedation levels as part of 
a multimodal monitoring strategy to detect drug-
induced respiratory depression. Some audience mem-
bers suggested that sedation should be the sixth vital 
sign. Ms. Pasero also advocated for individualized 
pain treatment strategies with an emphasis on multi-
modal analgesia. 

Other speakers provided evidence that all 
patients could beneft from increased postoperative 
monitoring, and that the increased costs of monitor-
ing would be offset financially by improved out-
comes. With continuous monitoring, patients had 
fewer transfers to the intensive care unit and better 
survival if in-hospital arrests occurred, compared to 
patients with traditional monitoring every 2-4 hours. 
Supportive of this supposition, experts in the imple-
mentation of rapid response teams including Dr. 
Michael A. DeVita, an intensivist from St. Vincent’s 
Hospital in Bridgeport, CT, provided evidence that 
while increased monitoring improved survival for in-
hospital arrests, the patients’ associated medical con-
ditions only predicted about 50% of arrest or 
near-arrest events.10 In other words, risk stratifcation 
of patients using a specific set of predictors could 
miss up to half of those who will have serious inpa-
tient events. Dr. George T. Blike, a professor of 
Anesthesia at Dartmouth University, observed that 
one of the essential differences separating the best 
and worst quality hospitals was not their number of 
complications, but their management of complica-
tions once they occur. He summarized his research in 
which patients who were under continuous postop-
erative pulse oximetry surveillance with alarms that 
alerted nurses of abnormal vital signs had signifi-
cantly fewer rescues and unanticipated transfers to 
the intensive care unit.11 

Steven R. Sanford, JD, president and COO of 
Preferred Physicians Medical, discussed that one-
third of their 96 malpractice insurance claims involv-
ing postoperative respiratory arrests focused on 
allegations of drug-induced respiratory arrest result-
ing in death or brain damage. Another third of this 
subset of claims involved patients with obstructive 
sleep apnea with inadequate monitoring alleged by 
expert witnesses or reviewers. 

Dr. Robert A. Wise from the Joint Commission 
(JC) discussed the rigorous process for translating a 
patient safety issue into a National Patient Safety 

Goal or Standard. The JC focuses on one to two safety 
issues each year so that the importance of each issue 
is highlighted. He noted that educational publications 
by accrediting or standards-making bodies can be 
accomplished more quickly. 

Timothy W. Vanderveen, PharmD, MS, from 
CareFusion, Roger S. Mecca MD, from Covidien, 
Catherine W. Parham, MD, MBA, f rom GE 
Healthcare, Michael O’Reilly, MD, MS, from Masimo 
(and a professor of Anesthesiology and Perioperative 
Care, University of California, Irvine), David Lain, 
PhD, JD, FCCP, RRT from Oridion Capnography, and 
Andreas Bindszus from Philips Healthcare all pro-
vided their thoughts on continuous electronic moni-
toring to prevent drug-induced respiratory 
depression in the postoperative period. These indus-
try leaders updated the audience on the currently 
available monitors of oxygenation and ventilation. 
Pulse oximetry monitors wired to a central location 
with alarms, nasal capnography monitors that alert 
providers, pulse oximetry and/or capnography mon-
itors integrated into PCA pumps that can alarm and 
halt the delivery of further opioid, and acoustic moni-
tors of respiratory rate coupled with pulse oximetry 
that alert providers of abnormal situations were all 
discussed. 

One of the recurring concerns noted by multiple 
speakers was the issue of “alarm fatigue” in nurses 
due to frequent false positive alarms, often caused by 
displaced monitoring sensors or artifact, but also 
from threshold alarms set at levels to minimize false 
negative outcomes (i.e., no or late alarm in a deterio-
rating patient). Frequently unreliable monitors can 
result in delayed or no response from rescuers (e.g., 
nurses) when real events occur. Many speakers and 
audience members implored industry to develop 
multimodal monitors that would be able to detect 
patterns from multiple vital signs, and theoretically, 
prove more reliable. 

Following the formal lectures, audience members 
were assigned to breakout groups to reach consensus 
on the two questions posed at the opening of the con-
ference. Summaries of their group sessions were pro-
vided by the group leaders to the reassembled 
participants. There was excellent agreement across all 
groups that electronic monitoring should be utilized 
to facilitate detection of drug-induced postoperative 
respiratory depression. Similarly, most groups 
believed all patients receiving postoperative opioids 
should be monitored continuously, but that this pro-
cess may need to be implemented in a graded fashion 
because of resource limitations. The duration of mon-
itoring recommended, particularly in light of Dr. 
Chung’s presentation, was not clear. Additionally, 
management of outpatients postoperatively was not 
adequately addressed at this meeting. 

There was very good agreement between groups 
that pulse oximetry should be utilized for monitoring 
as many patients as possible because of its existing 
wide availability, ease of use, and provider familiar-
ity. However, if supplemental oxygen was being used 
for patients, then most groups believed capnography 
should also be applied to patients to detect hypoven-
tilation. Some groups believed that an electronic 

central observation area for the monitors and alarms 
would be useful. Improved education and assess-
ment of sedation level by nursing was also noted by 
many groups as desirable. 

A few audience members believed that taking 
action on this patient safety issue was premature 
because there was sparse evidence-based medicine 
demonstrating that increased monitoring improved 
outcomes. They believed that more research was 
needed to devise more reliable monitors with out-
comes studies before recommending these costly 
interventions. Most conference participants acknowl-
edged the legitimacy of this concern, but believed the 
continued loss of lives from this preventable compli-
cation warranted immediate intervention with the 
best available monitors until superior monitors were 
developed. 

See “Monitoring,” Next Page 
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Consensus Supports Continual Monitoring 
From “Monitoring,” Preceding Page 

During the question and answer session, Dr. 
Steven F. Shafer, editor-in-chief of Anesthesia & 
Analgesia, urged everyone to study the outcomes of 
any new monitoring initiatives. Dr. Mark A. Warner, 
ASA President, offered to facilitate implementation of 
these recommendations by having ASA work with 
key nursing and surgical groups. 

In summary, the consensus of conference attend-
ees was that continual electronic monitoring should 
be utilized for inpatients receiving postoperative opi-
oids. When supplemental oxygen is not being used, 
pulse oximetry was thought to be the most reliable 
and practical monitor currently available. If supple-
mental oxygen is added, then monitors of ventilation 
(e.g., capnography) were thought to be necessary to 
detect hypoventilation. Improved education of all 
care providers on the dangers of postoperative opi-
oids, and better assessment of sedation level were 
thought to be critical steps in the prevention of post-
operative drug-induced respiratory depression. It 
was acknowledged that limited resources may result 
in a staged implementation of continual monitoring 
strategies with the highest risk groups being moni-
tored frst, but with the goal of monitoring all inpa-
tients receiving postoperative opioids. Risk 
stratifcation was shown to be insuffcient to eradicate 
pos topera t ive op io id - induced resp i ra tory 
depression. 

Preventable deaths and anoxic brain injury from 
unrecognized opioid related sedation and respiratory 
depression remain a serious and growing patient 
safety concern. The issues identifed and the actions 

recommended by this group should mitigate these 
risks with the goal to eventually eradicate this cause 
of preventable patient harm. 

A summary of the conclusions and recommen-
dations from this conference can be found at the 
APSF website at http://apsf.org/announcements. 
php?id=7 or by clicking on the link under 
Announcements at www.apsf.org, and a brief 
Meeting Report of the proceedings of the confer-
ence will be published in Anesthesia and Analgesia 
(in press). 

Dr. Weinger is the Norman Ty Smith Chair in Patient 
Safety and Medical Simulation, and Professor of Anesthe-
siology, Biomedical Informatics, and Medical Education at 
Vanderbilt University School of Medicine and a Senior 
Staff Physician Scientist in the Geriatric Research Educa-
tion and Clinical Center (GRECC) in the VA Tennessee 
Valley Healthcare System. Dr. Lee is an Associate Professor 
in the Department of Anesthesiology and Pain Medicine at 
the University of Washington and Co-editor of the APSF 
Newsletter. 
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