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Inpatient Respiratory Arrest Associated With Sedative and
Analgesic Medications: Impact of Continuous Monitoring on
Patient Mortality and Severe Morbidity
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Objectives: The primary study objective was to investigate the impact of
surveillance monitoring (i.e., continuous monitoring optimized for deterio-
ration detection) on mortality and severe morbidity associated with admin-
istration of sedative/analgesic medications in the general care setting. A
second objective was consideration of the results in the context of previous
investigations to establish practice recommendations for this approach to
patient safety.

Methods: Retrospective review of available rescue event and patient
safety data from a tertiary care hospital in a rural setting was performed
for a 10-year period. Systematic analysis of all adult general care inpatient
data followed by chart review for individual patients was used to identify
patient death or permanent harm (i.e., ventilator dependency, hypoxic en-
cephalopathy) related to administration of sedative/analgesics.

Results: Of 111,488 patients in units with surveillance monitoring available,
none died or were harmed by opioid-induced respiratory depression when
surveillance monitoring was in use. One patient died from opioid-induced
respiratory depression in a unit where surveillance monitoring was avail-
able; however, the patient was not monitored at the time of the adverse
event. In unmonitored units (15,209 patients during 29 months of incre-
mental implementation), three patients died from opioid overdose (19.73
deaths per 100,000 at risk patients). The reduced death rate when surveil-
lance monitoring was available (0.0009%) versus not available (0.02%)
was significant (P = 0.03).

Conclusions: For a 10-year period, the rescue system with continuous
surveillance monitoring had a profound effect on death from sedative/
analgesic administration in the general care setting. This approach to
patient safety can help address the risk of sedative/analgesic-related respi-
ratory arrests in hospitals.
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D espite the trend toward multimodal pain management, opioid
analgesics remain the most used pain medication in the inpa-
tient general care setting and are frequently used in combination
with sedatives such as antiemetics and benzodiazepines. Though
effective, sedative/analgesic medications have unintended adverse
effects ranging from negligible to complete obtundation with respi-
ratory compromise and/or arrest." Inpatients are at particularly high
risk for opioid-related adverse events given the many painful scenar-
ios they experience (i.e., postsurgical, postprocedural, etc.) requiring
treatment with opioids.

To understand the patient safety impact of sedatives/analgesics
in the inpatient setting, consider that there are more than
36 million annual acute care hospitalizations in the United
States,” with re?orted inpatient exposure to opioids between
50% and 88%,>* and opioid-related serious adverse events
of nearly 1% in exposed populations.* These rates translate
into a conservative estimate of 180,000 patients experiencing
opioid-related serious adverse events annually. Such statistics
indicate that sedative/analgesic-related adverse events pose a
significant clinical and financial burden and should be a prime
target for improving safety in hospitals.®

There is increasing evidence that detectable physiologic in-
stability precedes adverse events,®’ with improper monitoring
implicated as one of the major causes of morbidity, second only
to wrong dose medication errors.® To address the risk of
medication-induced respiratory depression/arrest, continuous
physiologic monitoring has been advocated® but is not in wide-
spread use. In contrast, continuous patient monitoring for other
conditions has been widely adopted and shown to be effective
in addressing adverse outcomes. For instance, Brady et al'’
reported that patients with cardiopulmonary arrest that was
witnessed or monitored (e.g., using cardiotelemetry) had two-
fold better odds of surviving to discharge compared with pa-
tients with unwitnessed or unmonitored cardiopulmonary
arrest. Notably, the causes of cardiac arrest are less treatable
and reversible than causes of respiratory arrest. Thus, one would
expect the impact of early recognition prompted with continuous
monitoring to have an even greater survival impact in patients at
risk of respiratory arrest, including instances associated with
analgesic/sedative administration.

Since 2007, the study institution has used pulse oximetry—
based continuous monitoring in general care inpatient units
(known as surveillance monitoring) in an effort to prevent “failure
to rescue” events.'! Significant reductions in rescue events and
care escalations were demonstrated with the system in place,
and the application of human factors design techniques to alarm
design was found to be effective.'” Subsequent studies have con-
firmed the positive effect of surveillance monitoring'*'* and also
addressed implementation and adoption issues including popula-
tion selection and cost-effectiveness.!!"1>1® A positive effect on
opioid-related harm and death 5 years after implementation was
also described."®
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The primary objective of this study is to investigate the long-
term impact of surveillance monitoring on deaths and/or serious
permanent harm (e.g., ventilator dependency, hypoxic encepha-
lopathy), looking specifically at sedative/analgesic (i.e., opioids,
benzodiazepines) medication-related respiratory arrest. The study
focuses on general care inpatient units at a tertiary medical center
where surveillance monitoring has been sustained for over a de-
cade since it was first introduced. In a healthcare environment
where opioid use is prevalent, the measured impact of the surveil-
lance system over a long-term period has wide-ranging implica-
tions for quality improvement and safety.

METHODS

Setting

This retrospective study included adult patients admitted to
the study institution over a 10-year period (December 2007—
November 2017) and was approved by the institutional com-
mittee for the protection of human subjects. The study hospital
is a 425-bed tertiary/quaternary care medical center located in a
rural setting.

Patient Surveillance and Rescue Response Systems

Continuous monitoring with pulse oximetry is standard for all
patients residing in general care medical and surgical units, except
when ambulating, in the presence of a caregiver, contraindicated
(e.g., confused patients at risk for cable entanglement), or refused
by the patient. The monitoring system (Masimo Root and Radical
87 with Patient Safety Net; Masimo Corp, Irvine, CA) consists of
bedside monitors, centralized data viewing stations, and nurse
pager notification for alarm escalation as shown in Figure 1. Pulse
oximetry—derived data include peripheral oxygen saturation
(Sp0,, percent saturation) and pulse rate (PR, beats per minute),
calculated every second. Default threshold-based alarms for adults
are SpO, < 80% and 50 > PR >140 beats per minute.'" To mini-
mize impact of nuisance alarms and alarm fatigue, parameter
averaging is applied with alarm delay of 15 seconds for audible
Sp0, alarms (PR alarms cannot be delayed), pager notifications
at 30 seconds, and pager repeat/escalation at 1 minute. Alarms
bring nursing resources to the bedside and appropriate rescue
teams are then activated, if necessary. Details of system configura-
tion, operation, and appropriate application are documented in
policies and procedures approved through an institutional-level
governance structure. Primary surveillance system application
and operation characteristics, including default alarm thresholds,

Centralized unitdevel

data viewing station Bedside patient monitors

W Pulse oximetry sensors

. o (various form factors)
ianle—p Pagers for directed ’
el alarm notification -

FIGURE 1. Inpatient surveillance monitoring system. The system
consists of continuous pulse oximetry—based bedside monitors,
centralized data viewing stations, and nurse pager notification for
alarm escalation.
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clinician notification methods, and escalation procedures remained
unchanged during the study period. Surveillance monitoring was
implemented first in a 36-bed surgical unit and then deployed to
a total of 231 beds over a 29-month period as shown in Table 1.

The rescue event response structure is a core component of the
Life Safety program at the study institution, supported by policies
and procedures defining rescue hierarchy, activation guidelines,
and interventions. The structure, which was in place and stable
during the study period, is based on tiered response for managing
events and includes consultation, rapid response, stat airway, and
code blue activations.

Analysis Approach

Figure 2 depicts the general systematic approach taken to iden-
tify patients who may have experienced sedative/analgesic-related
harm or death. The organization adheres to all state and federal pa-
tient safety reporting requirements, using evidence-based prac-
tices and procedures to track harm and adverse events.!” Event
reporting occurs through a variety of avenues and data are re-
viewed and annotated by clinicians trained to recognize, describe,
and categorize events using accepted causal analysis methods.'®
These practices provide a high level of confidence that the study
population included all patients who could have experienced seri-
ous harm or death related to sedative/analgesic administration. Sev-
eral primary institutional sources were used in this review including
a serious adverse event database, rescue activity database, mortal-
ity review reports, and medication reversal administration lists.
Table 2 describes the data sources and specific analytic processes.

Multiple patient care trajectories were considered. All patients
who had rescue events in general care units and were ultimately
discharged deceased, discharged to a skilled nursing facility,
discharged to hospice, or had a discharge diagnosis of a tracheos-
tomy or anoxic brain injury were selected for case review. Individ-
ual case review was performed by a critical care research nurse
(RN) and by the organizational chief quality officer, also a practic-
ing anesthesiologist (MD), to determine if the death or harm was
related to administration of sedatives/analgesics. The review pro-
cess included deliberate search for comments describing opioid
administration, presence of respiratory depression, and evidence
of respiratory depression being related to the administration of
the opioid, e.g., “... patient was receiving hydromorphone and
oxycodone for post-op pain and on reassessment found somnolent
and hypoventilating. ... The most likely causes for deterioration in-
clude opioid effect....”

The RN and MD reviewers used a 6-point scale to grade confi-
dence that an adverse event was due to sedative analgesic medica-
tions, and not a disease process. The scale applied was described
by Thomas et al,'® modified from assessing for adverse events
due to medical management to specifically assess for adverse
events due to sedative/analgesic management. The confidence
scale was applied as follows: 1 = little or no evidence that
sedative/analgesic management caused the event (e.g., patients
who did not receive sedative/analgesics); 2 = slight evidence
(e.g., patients who received sedative/analgesics but not in proxim-
ity to an event); 3 = not quite likely i.e., less than 50:50, but a close
call (e.g., patients who received a sedative/analgesic and showed
proximal signs of decline, but whose decline could not be un-
equivocally correlated with sedative/analgesic administration);
4 = more likely than not i.e., more than 50:50 but a close call
(e.g., patients who received a sedative/analgesic with permanent
harm or death, where deterioration was more likely than not re-
lated to sedative/analgesic), 5 = strong evidence (e.g., same as pa-
tients in category 4 but with strong evidence for relation to
sedative/analgesic), and 6 = virtually certain evidence (e.g, same

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.


www.journalpatientsafety.com

| Patient Saf e Volume 17, Number 8, December 2021

Inpatient Respiratory Arrest

TABLE 1. Surveillance System Deployment Timeline

Date Unit Type Beds, n
December 2007 Pilot surgical unit (primarily orthopedics) 36
February 2009  Remainder of surgical units 101
April 2010 All medicine units 94
Total adult inpatient surveillance monitoring beds 231

Implementation was initiated in a 36-bed surgical unit and progressed to
all surgical and medicine units over a 29-month period.

as patients in category 4 but where evidence was nearly certain for
relation to sedative/analgesic). The two reviewers were trained in
the use of the scale using cases from the seminal adverse event
study of hospitalized patients described by Brennan et al.>°
Patients determined to have experienced sedative/analgesic caused
respiratory depression and/or arrest had a confidence scale equal
to or greater than 4.

Measures

Counts of patient death and harm were calculated for three dif-
ferent circumstances: when surveillance was available and in use
during the period preceding the event leading to death or harm;
when surveillance was available but not in use; and when surveil-
lance was not available in the unit where the patient was admitted.
Counts were normalized using discharge data obtained via institu-
tional records. Fisher’s exact test was used to compare the rates of
death between the intent-to-treat scenario (i.e., deaths in units
where surveillance was available, whether or not it was in use)
and the no-treatment rate when monitoring was unavailable.

RESULTS

As shown in Table 3, there were 126,697 general care unit dis-
charges, with 111,488 discharges in units with surveillance mon-
itoring in place and 15,209 discharges in unmonitored units
during the 10-year period of review. Overall, there were more dis-
charges from surgical units than medicine units. There were more
unmonitored medical unit discharges than surgical unit discharges
driven largely by the progression of system implementation from
surgical to medical units. There was one death due to sedative/
analgesic medication administration, when surveillance monitor-
ing was available (0.9/100,000 discharges). There were three
deaths related to sedative/analgesic medication administration in
units without surveillance monitoring available (19.7/100,000

discharges). These deaths all occurred during the 29-month period
during which surveillance monitoring was being implemented
throughout the institution. No patients experienced permanent
harm due to sedative/analgesic medication administration during
the review period. The reduced death rate when surveillance mon-
itoring was available (0.0009%) versus not available (0.02%) is
significant (P = 0.03).

All four of the cases of death scored higher than 4 on the con-
fidence scale rating, indicating that there was strong or virtually
certain evidence that sedative/analgesic management caused the
event. Of the four patients who experienced death deemed due
to sedative/analgesic management, there were two septuagenar-
ians and one nonagenarian. These three patients had multiple co-
morbidities including hypertension, cardiomyopathy, obesity, and
hypothyroidism. The fourth patient was in their 40s with several
comorbidities including diabetes mellitus type 1, atherosclerotic
cardiovascular disease, pulmonary hypertension, hypertension,
and severe peripheral vascular disease. Two patients had surgical
(orthopedic and abdominal) procedures during their admissions
and two were admitted for medical management of nonsurgical
orthopedic injuries (hip and spine) experienced before admission.
All four patients were receiving opioids. Three of the four patients
were receiving multiple opioids and/or other sedative analgesics
(one patient receiving a second opioid, one receiving a benzodiaz-
epine, and one receiving an antiemetic). The patient in their 40s
was receiving opioids, despite a history of sensitivity to opioid ad-
verse effects, and was not being monitored on the surveillance
system during the time of the event.

DISCUSSION

This 10-year retrospective study demonstrated that continuous
surveillance monitoring system in the general care setting had a
profound effect on death from sedative/analgesic management.
This result could be expected given the treatable nature of drug-
induced respiratory depression. The surveillance and response
system described was designed by applying the fundamental
knowledge that (@) sedative/analgesic medications can cause un-
expected severe respiratory depression and apnea/arrest'>2!; (b)
unrecognized and untreated respiratory arrest can progress to se-
vere hypoxemia, cardiac arrest, hypoxic encephalopathy, and
death in as little as 5 minutes; and (c) most importantly, respiratory
arrest due to sedative/analgesics is readily treatable with airway
support, oxygen, positive-pressure ventilation, and reversal agents
(e.g., Narcan, Flumazenil). Therefore, a system designed to detect
severe hypoxemia and reliably mobilize treatment in 3 minutes or
less is highly likely to avert anoxic brain injury and/or death from
this known complication of sedative/analgesic medications.

Summary data for
patients who suffered

Review for Determine if event was
patient related to administration
harm or of sedation/analgesia in

death general care

=P Monitoring was available =)

harm or death related
to administration of
sedation/analgesia in
general care

Establish if surveillance

and in use at event time

Event Electronic
data medical
sources record

Monitoring Clinical
data engineering
archive records

FIGURE 2. Analysis approach. A structured approach was to identify patients who died or were harmed by postoperative administration of
sedative/analgesic medications in general care units. Various data sources, including the electronic medical record, event databases (e.g.,
rescues, reversals), clinical engineering equipment records, and archived physiologic data were accessed as shown during the review process.
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TABLE 2. Data Sources and Review Processes

Source Description

Review Process

Serious safety events Cases meeting SSE definitions from:
adverse events reported through
institutional event reporting system,
direct reports to quality assurance
or risk management, and 100%
mortality review.

List with documentation on all
medication reversals with naloxone or
flumazenil. Detailed and standardized
harm classifications determined via
quality assurance case review.

Reversal administrations

Institutional database with detailed
documentation of rescue activations
including consultations, rapid response
team activations, code blue,
and stat airways.

Rescue events

All cases involving adults (n = 575) were reviewed for signs
of deterioration in hospital (n = 103) of respiratory
nature, and or where opioids or other sedating medications
were involved. Association of the event to the
administration of sedative/analgesic medication (n = 4)
was assessed by detailed chart review.

All general care patients administered a reversal agent with
indicator of possible harm or death were selected for review
(n =920). Severe harm was identified by a diagnosis of
anoxic brain injury or tracheostomy. Association of death
or serious harm and the administration of sedative/analgesic
medication (n = 33) was assessed by detailed chart review.

Patients discharged deceased after rescue in the general care
setting were reviewed as part of the serious safety event
process (n = 657). Patients transferred after rescue to
skilled nursing facility or hospice (n = 170) had further
review for serious harm identified by diagnosis of anoxic
brain injury or tracheostomy (n = 8). Association of
the rescue to the administration of sedative/analgesic
medication was assessed by detailed chart review.

Primary sources used to identify patients who died or were harmed by administration of sedative/analgesic medication are described. Data for each source

are collected and maintained per standardized institutional processes.

Multiple previous studies have demonstrated that surveillance
monitoring can reliably meet these requirements.”'%** Now, this
retrospective review confirms that no monitored patient died
because of sedative/analgesic-related respiratory depression dur-
ing a 10-year period when pulse oximetry—based surveillance
monitoring was in use. The fact that one patient with known risk
for opioid sensitivity died while in a unit where monitoring was
available but not in use highlights the importance of system adop-
tion and adherence to standards of care.

Medical record review played a key role in study analysis, espe-
cially with regard to the trajectory of decompensation and impact
of patient health issues, such as comorbidities. Otherwise healthy
individuals are still vulnerable to unexpected sedative/analgesic-
induced respiratory depression leading to death. For patients with
comorbidities, which are common in a tertiary hospital patient
population, this vulnerability is greatly increased and can lead to
a cascade of other complications resulting in death.?* For example,
a patient with pre-existing lung disease will experience hypoxia
sooner when faced with opioid-induced respiratory depression.
When combined with a history of coronary artery disease, the
threshold for myocardial injury secondary to ischemia is lowered,
increasing the risk of hemodynamic compromise, and so on. Al-
though each of the deaths reported involved acutely ill patients
who had reason to be hospitalized, the administration of an
analgesic/sedative with associated respiratory depression was
deemed through medical record review to be a pivotal upstream
event triggering a cascade leading to death. As noted by Wong
et al.?* regarding failure to rescue in the surgical oncology inpatient
population, “Hospitals with low failure to rescue rates may be more
effective in the early stages of diagnosis and management of
seminal complications, that is, the first “dominos” in the series
of adverse outcomes that frequently occur in patients dying
after surgery.”

One study limitation is that comparison using study hospital
baseline rates of death and harm before surveillance system imple-
mentation commenced in 2007 is not possible, as most relevant
data sources were developed in conjunction with the surveillance
monitoring system to better understand patient deterioration and
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rescue in the general care setting. Such a comparison may have
provided a more comprehensive view of the before and after im-
pact of the intervention. However, given the relatively brief time
required for implementation across the various inpatient units,
the monitored and unmonitored patients existed simultaneously
and can be compared with respect to pre- and post-intervention.
During this period, there were no significant differences in pa-
tient population or case mix index between the monitored and
unmonitored patients.

Another limitation is that the methods may not yield the same
results in other hospitals given possible differences in patient pop-
ulations and sedative/analgesic utilization policies. For the last
10 years, the study institution has moved toward increased multi-
modal pain control methods and opiate reduction techniques in
the postoperative population, similar to the rest of the nation. In
addition, it should not be assumed that monitoring alone will yield
similar results elsewhere. Implementation of surveillance or
condition monitoring systems must use a robust systems
engineering approach to ensure that alarms are well managed
and components of the rescue system (rapid response team, etc.)
are highly reliable.''* Finally, although cost is often raised as a
barrier to implementation, a previously performed financial anal-
ysis demonstrated cost-effectiveness of surveillance monitoring

TABLE 3. Medical and Surgical Unit Discharge Data

Discharges  Discharges  Discharges
From From From
Surveillance Status ~ General Care Medical Units Surgical Units
Surveillance available 111,488 40% 60%
Surveillance unavailable 15,209 78% 22%
Total 126,697 45% 55%

Total discharges and percentage of total discharges in medical and sur-
gical units for the 10-year study period are shown. Data are segmented by
availability of surveillance monitoring.

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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due primarily to intensive care unit patient dzzys avoided when
early detection of patient deterioration occurs. '

CONCLUSIONS

This study confirms that surveillance monitoring for pharma-
cologically induced respiratory arrest in hospitalized patients can
virtually eliminate deaths due to this serious but treatable compli-
cation. In other high-risk, safety-focused industries, the level of
evidence?® that currently exists for continuous surveillance moni-
toring to mitigate the risk of accidental sedative/analgesic over-
dose would likely prompt immediate calls for widespread
implementation of safety interventions. Consider, for example,
that the automobile industry did not await results from multiyear,
multisite randomized control trials before saving lives by design-
ing and implementing seatbelt restraint systems as a car accident
safety measure. Such is also the case in the nuclear power and avi-
ation industries, where widespread safety interventions have also
been implemented based on effective application of engineering
practices and principles rather than experimental constructs cre-
ated primarily for purposes other than systems design.”’* Thus,
although further study across inpatient populations and more hos-
pitals could potentially provide a more accurate estimate of the
broader impact of surveillance monitoring, considerable risk to
an estimated 180,000 patients per annum remains. By applying
engineering design principles and using systems and tools already
available to us, it is time to eliminate deaths due to sedative/
analgesic medications in hospitalized patients.
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