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Abstract

Background: Unintended overdoses of opiate medications are poten-
tially lethal events. Monitoring patients for oversedation is fundamen-
tal to ensuring safe use of opiates, and the timing of this evaluation 
is guided by the onset of action, time to max effect and duration of 
action of the opiate. The study’s aim was to describe the timing of 
oversedation in relation to the predicted duration of action of the ad-
ministered opiate.

Methods: This study was conducted as a retrospective review of all 
opiate-related oversedation events during a 2-year period involving 
patients admitted to an urban teaching hospital.

Results: Of the 53 opiate-related oversedation events evaluated, 47% 
occurred after the predicted maximal duration of action of the admin-
istered opiate.

Conclusion: Opiate-induced oversedation routinely occurs after pre-
dicted based upon duration of action. The study findings have pro-
found implications upon nursing practice regarding duration of time 
required to monitor for opiate-induced oversedation.
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Introduction

Effective pain management for patients suffering while in the 
hospital is a priority for regulatory agencies, healthcare pro-

viders and patients [1]. Opioid analgesia remains a primary 
pharmacologic intervention for managing pain in hospital-
ized patients [2]. Sedation, or decreased level of conscious-
ness beyond baseline, is a common secondary effect of opiates 
affecting over 60% of patients. As sedation progresses, life-
threatening respiratory depression and failure occur, affecting 
0.04-2% of patients overall [3, 4]. Although relatively uncom-
mon, opioid-induced respiratory depression is a leading cause 
of preventable patient death in the United States primarily due 
to the vast number of patients who receive opiate pain medica-
tions [5-8]. A core tenet to the safe use of opiates is monitoring 
patients for the development of sedation and respiratory fail-
ure [2]. This evaluation is often accomplished through the use 
of standardized sedation assessment scores and hemodynamic 
monitoring to evaluate respiratory effort, blood oxygen con-
tent, and/or end tidal CO2. Monitoring practices are inconsist-
ently applied and the equipment needed for continuous moni-
toring is not available on all floors of hospitals.

The American Society for Pain Management guidelines 
for monitoring of opioid-induced sedation and respiratory de-
pression advise that patient be evaluated for sedation after the 
administration of opiates [9]. In clinical practice, the timing of 
this evaluation is guided by the onset of action, time to max 
effect and the predicted duration of action of these medica-
tions. Individual patient conditions such as impaired hepatic 
and renal clearance, body habitus and dose stacking may im-
pact the duration of action of the medications. This can make 
it difficult, if near impossible, for clinicians to identify patients 
at risk for oversedation and respiratory depression [10]. In the 
setting of lack of continuous monitoring, sedation and respira-
tory assessments must be guided by the timing of opiate ad-
ministration, time to peak effect and duration of action.

The aim of this work was to describe the timing of overse-
dation event in relationship to the administration of opiate 
medications, the onset of activity and duration of action.

Materials and Methods

Study population and setting

This was a retrospective study reviewing a pre-existing regis-
try of oversedation events which occurred at Baylor University 
Medical Center, a large urban teaching hospital, between the 
dates of July 1, 2016 and June 30, 2018.
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Patients’ eligibility and the study outcome

An oversedation event was defined as an occurrence of seda-
tion or respiratory depression severe enough that the primary 
care team felt emergent reversal with naloxone was indicated. 
Cases in which naloxone was administered were individually 
reviewed by study staff to ensure naloxone administration suc-
cessfully reversed the sedation event or that opiate medication 
was felt to be the causative etiology of sedation. An overseda-
tion case was confirmed by one of the following: 1) successful 
reversal of sedation or 2) there is evidence the patient suffered 
a hypoxic encephalopathy due to the oversedation event or 3) 
the patient was pronounced dead due to presumed sedation 
were included in the registry.

Patients were excluded from the registry if reversal with 
naloxone was 1) not successful or 2) the patient did not have 
evidence of hypoxic encephalopathy due to a suspected overse-
dation event or 3) received naloxone during the course of pro-
cedural sedation. Patients who received an opiate through pa-
tient-controlled analgesia (PCA) were excluded from the study 
as they received small doses of opiates and the calculation of 
onset of activity and duration of action was not available. Ad-
ditionally, patients were excluded if they were under 18 years 
of age, prisoners, pregnant, with hospice disposition, with do-
not-resuscitate orders.

Data collection

Information on patients’ characteristics (age and body mass in-
dex (BMI)) and medical history (e.g., obstructive sleep apnea, 
pre-existing pulmonary disease, organ failure, smoking history 
and surgery duration) was collected. The timing of the overse-
dation event was determined by calculating the difference be-
tween the opiate administration time and the administration 
time of naloxone. The timing of the oversedation event was 
then compared to the predicted duration of action of the opiate. 
The predicted onset of activity and maximal duration of action 
was dependent upon both route of administration and type of 
drug. This reference information was pulled from the Depart-
ment of Health and Human Services resource page as a general 
standard reference available to healthcare providers [11].

Data analysis

The study patients were categorized into two groups (yes/no) 
based upon if the oversedation event occurred within the ex-
pected duration of activity. Patients’ demographic characteris-
tics and medical history were presented as means and standard 
deviation (SD) and compared between the two groups using 
t-tests for continuous variables and percentages and compared 
using Chi-squared or Fisher exact tests for categorical variables.

The timing of opiate-induced oversedation was described 
using histogram. To estimate the timing of opiate-induced 
oversedation for each patient group, unadjusted and multivari-
able variable linear regression models adjusted for patient’s 
age, sex, BMI and comorbidities were performed. All the anal-

yses were performed using STATA 14.0 (StataCorp., College 
Station, TX).

This study was approved by the IRB and received a waiver 
of informed consent using a formal protocol and appropriate 
information security precautions in accordance with institu-
tional review board regulations

Results

Study patients’ characteristics

Overall, 269 inpatients received naloxone during the study pe-
riod. Upon further review, 182 of these patients had no response 
to naloxone, opiates were not felt to be the cause of oversedation, 
or they were suspected of taking an outside opiate while in the 
hospital (nine) leaving 78 patients who received naloxone due 
to confirmed opiate-induced oversedation. Once the 15 patients 
who received their opiate via a PCA pump were excluded, 53 
patients were available for the final analysis. Of the 53 patients 
who met the study eligibility criteria, 46% (25) were found to be 
oversedated and received naloxone after the opiate was predict-
ed to have worn off. Patients’ demographics and medical history 
for the two groups are presented in Table 1.

The proportion of patients with renal insufficiency (32%) 
or liver disease (16%) in the cohort who remained oversedated 
after the opiate should have worn off, which would impact 
clearance of the opiate and could explain the prolonged dura-
tion of action, was higher than the general population but was 
no different than the group who were oversedated within the 
predicted duration of action of their respective opiate. Opiate 
naive patients, those who had not taken an opiate chronically 
prior to admission, were more likely to develop oversedation 
after the maximal duration of action rather than within the pre-
dicted duration of action (48% vs. 21%, P < 0.04, Table 1). 
There was not a significant difference between the type of opi-
ate administered and the likelihood to develop oversedation 
after the maximum duration of action of the agent (P = 0.42).

Study outcome

The timing of the oversedation event was then compared to 
the predicted duration of action. The difference between the 
predicted duration of action and timing of oversedation for the 
study population is described in Figure 1. The timing was sig-
nificant longer in the “yes” group vs. the “no” group (Table 2). 
On average, the difference between the timing of oversedation 
and the predicted maximal duration of activity was 24 min, 
though this ranged to as long as 10 h in three patients (Table 2).

Discussion

Prompt recognition of opiate-induced oversedation allows 
healthcare providers to rescue patients prior to the develop-
ment of potentially fatal opiate-induced respiratory failure. 
Although technologic adjuncts such as continuous pulse oxi-
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metry and end tidal carbon dioxide assist the healthcare team 
in identifying opiate-induced respiratory depression, there are 
several drawbacks to relying upon this technology alone. The 
principal of these drawbacks is that these technologies are not 
available for every patient within a hospital. Patient care ar-
eas with continuous monitoring may still run into difficulties 
successfully using the technology. Alarm fatigue (where the 
healthcare team ignores alarms which fire frequently), poor 
patient compliance, outdated or limited equipment, and poor 
patient readings are ubiquitous and suggest other modalities 
are required to keep our patients safe.

Traditionally safe and effective monitoring has been ad-
dressed through standardized nursing assessments following 

the administration of a potentially sedating medication. Ideally 
this should occur after sufficient time has elapsed to allow the 
medication to reach maximal effect. In our study population, 
this post-opiate administration assessment was accomplished 
in 85% of patients who ultimately became oversedated. Moni-
toring may then occur on a regular basis until the medication 
has worn off and the sedative effects are not likely to be pre-
sent. The exact time of onset of activity and maximal duration 
of action for each opiate and route of administration vary by 
source, but are widely published. When evaluating overseda-
tion events within our hospital, we noted many (46%) occurred 
well beyond the suspected timeframe in which the opiate 
should still be active.

Table 1.  Patient Characteristics by Oversedation Event

Oversedation event after the predicted maximal duration of action
P value*

No (n = 28) Yes (n = 25) Total (n = 53)
Age (mean (SD)), years 59.14 (15.08) 59.4 (14.12) 59.26 (14.49) 0.949
BMI (mean (SD)) 29.17 (8.28) 30.4 (11.46) 29.7 (9.83) 0.652
Gender, N (%)
  Female 20 (71.4) 24 (96) 44 (83)
  Male 8 (28.6) 1 (4) 8 (17)
Renal insufficiency
  No 20 (71.4) 17 (68) 37 (69.8) 0.786
  Yes 8 (28.6) 8 (32) 16 (30.2)
Liver disease
  No 20 (71.4) 21 (84) 41 (77.4) 0.275
  Yes 8 (28.6) 4 (16) 12 (22.6)
Opioid naive
  No 22 (78.6) 13 (52) 35 (66) 0.041
  Yes 6 (21.4) 12 (48) 18 (34)
Surgery within 24 h
  No 24 (88.9) 19 (76) 43 (82.7) 0.284
  Yes 3 (11.1) 6 (24) 9 (17.3)
Sleep apnea
  No 23 (82.1) 23 (92) 46 (86.8) 0.426
  Yes 5 (17.9) 2 (8) 7 (13.2)
Chronic obstructive lung disease
  No 22 (78.6) 20 (80) 42 (79.2) 0.898
  Yes 6 (21.4) 5 (20) 11 (20.8)
Smoker
  No 19 (67.9) 17 (68) 36 (67.9) 0.58
  Yes 7 (25) 4 (16) 11 (20.8)
  Ex-smokers 2 (7.1) 4 (16) 6 (11.3)
Lung transplant
  No 28 (100) 22 (95.7) 50 (98) 0.451
  Yes 0 1 (4.3) 1 (2)

*P values from t-tests for continuous variables and from Chi-squared or Fisher exact tests for categorical variables. BMI: body mass index.
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In this study, we evaluated range in which patients had con-
firmed opiate-induced oversedation after the administration of 
an opiate. Surprisingly, we found several cases in which the 
patient was oversedated up to 10 h after the administration of an 
opiate. Overall, 46% of patients were found to be oversedated 
after the predicted duration of activity of the opiate had passed. 
This suggests that our primary modality for evaluating patients 
for oversedation may, in fact, miss almost half of the patients 
who will ultimately suffer from opiate-induced oversedation.

Patient conditions which may impact the clearance of opi-
ates or other potentially sedating medications, such as renal in-
sufficiency, cirrhosis, or obesity, did not appear more frequent-
ly in the group of patients who were found to be oversedated 
after the maximal duration of activity. Another etiology of pro-
longed effect included dose stacking and self-administration 
of opiates while in the hospital. In review of those cases with 
extremely prolonged duration of activity (greater than 6 h after 
the maximal duration should have passed), it does not appear 
the treating team felt self-administration of opiates was a likely 
etiology. We also evaluated the possibility that these patients 
became oversedated at night and were not identified until after 
morning rounds. Both incidence of oversedation and the dif-

ference between oversedation timing and predicted maximal 
onset of duration of the opiate were evenly spread between 
morning, afternoon, and night. A more likely etiology to the 
prolonged effect of opiates includes dose stacking, which may 
occur in an occult manner on patients admitted to the hospital. 
Regardless of the etiology, it appears a significant portion of 
patients develop oversedation long after the expected duration 
of activity of the opiate they were administered.

The primary strength of this study is the number of overse-
dation events included in the database. Naloxone is adminis-
tered liberally to inpatients with newly developed altered men-
tal status, sedation, or respiratory depression. When reviewing 
these cases in detail, it appears the majority of naloxone ad-
ministration does not reverse the sedation and is thus not the 
likely etiology of the oversedation. Though it is possible the 
dose of naloxone was not sufficient to fully reverse the opiate, 
this is felt unlikely.

There are several potential limitations inherent in this ret-
rospective study design. It is possible the patients were admin-
istered opiates that were not charted in the healthcare record. 
The likelihood of this is low as our facility has tight diversion 
control standards and opiates are closely monitored. Second, it 

Table 2.  Estimates of OS After Maximal Duration of Action*

Mean OS after maximal dura-
tion of action (95% CI) Mean difference 

(95% CI); P-value
No Yes

Unadjusted time after maximal duration of action, h -2.60 (-3.44; -1.75) 3.75 (2.85; 4.65) 6.35 (5.11; 7.59); P < 0.001
Adjusted time after maximal duration of action, h -4.03 (-8.41; 0.36) 2.25 (-2.16; 6.66) 6.28 (4.73; 7.83); P < 0.001

*Linear regression model adjusted for patient’s age, sex, BMI and comorbidities listed in Table 1. OS: overall survival; CI: confidence interval.

Figure 1. Difference between predicted duration of action and timing of oversedation.
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is possible patients became oversedated but were not adminis-
tered naloxone by the treating team. If this were to occur, the 
patient would not have fallen into study for evaluation. Third, 
we abstracted the oversedation time based upon the adminis-
tration time of naloxone. During times of critical illness, staff 
often focuses on caring for the patient and then charts later. 
Though it is easy to correct the time of administration of na-
loxone in the healthcare record, it is possible that the nurse did 
not back time correctly. In order to evaluate this possibility, we 
evaluated the medical records of cases in which the overseda-
tion occurred beyond the predicted maximal duration of action 
of the opiate. In each case, we found additional documentation 
(physician, registered nurse and rapid response team notes) 
which correlates with time the naloxone was administered.

Conclusion

Opiate-induced oversedation events frequently occur after the 
predicted maximal duration of activity of that opiate. The clini-
cal team should be aware of the potential for sedation hours 
after opiate administration and should continue to monitor for 
oversedation.
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