‘ '.) Check for updates

ORIGINAL ARTIC

Opioid Use Increases the Risk of Delirium in Critically Ill Adults

Independently of Pain

Matthew S. Duprey', Sandra M. A. Dijkstra-Kersten®?, Irene J. Zaal®®, Becky A. Briesacher’, Jane S. Saczynski’,
John L. Griffith*, John W. Devlin'®, and Arjen J. C. Slooter®*®

"Department of Pharmacy and Health Systems Sciences and “Department of Health Sciences, Bouve College of Health Sciences,
Northeastern University, Boston, Massachusetts; “Department of Intensive Care Medicine, and *Brain Center, University Medical
Center Utrecht, Utrecht Unlver5|ty Utrecht, the Netherlands SDivision of Pulmonary and Critical Care Medicine, Brigham and
Women'’s Hospital, Boston, Massachusetts; and Department of Neurology, University Ziekenhuis Brussel and Vrije University,

Brussels, Belgium

Abstract

Rationale: It is unclear whether opioid use increases the risk of
ICU delirium. Prior studies have not accounted for confounding,
including daily severity of illness, pain, and competing events that
may preclude delirium detection.

Obijectives: To evaluate the association between ICU opioid
exposure, opioid dose, and delirium occurrence.

Methods: In consecutive adults admitted for more than 24 hours
to the ICU, daily mental status was classified as awake without
delirium, delirium, or unarousable. A first-order Markov model
with multinomial logistic regression analysis considered four
possible next-day outcomes (i.e., awake without delirium, delirium,
unarousable, and ICU discharge or death) and 11 delirium-related
covariables (baseline: admission type, age, sex, Acute Physiology
and Chronic Health Evaluation IV score, and Charlson
comorbidity score; daily: ICU day, modified Sequential Organ
Failure Assessment, ventilation use, benzodiazepine use, and severe
pain). This model was used to quantify the association between
opioid use, opioid dose, and delirium occurrence the next day.

Measurements and Main Results: The 4,075 adults had 26,250
ICU days; an opioid was administered on 57.0% (n = 14,975), severe
pain occurred on 7.0% (n = 1,829), and delirium occurred on 23.5%
(n=6,176). Severe pain was inversely associated with a transition to
delirium (odds ratio [OR] 0.72; 95% confidence interval [CI],
0.53-0.97). Any opioid administration in awake patients without
delirium was associated with an increased risk for delirium the next
day [OR, 1.45; 95% CI, 1.24-1.69]. Each daily 10-mg intravenous

morphine-equivalent dose was associated with a 2.4% increased risk
for delirium the next day.

Conclusions: The receipt of an opioid in the ICU increases the
odds of transitioning to delirium in a dose-dependent fashion.
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At a Glance Commentary

Scientific Knowledge on the Subject: Delirium is
prevalent in critically ill adults, and opioids are frequently
administered in the ICU. Recent ICU practice guidelines have
not been able to define opioids as a risk factor for delirium
based on studies reporting heterogeneous results and each
having important methodological limitations, including a
small size; a failure to account for daily transitions between
wakeful, coma, and delirium states; a failure to account for
daily factors known to affect transitions to delirium; and the
effect on pain on delirium occurrence.

What This Study Adds to the Field: Our analysis
demonstrates that opioid use in the ICU increases the daily
risk of delirium in a dose-dependent manner and that this
risk is not dependent on the degree of pain present. Among
ICU patients at risk for delirium, clinicians should optimize
analgesic strategies known to reduce opioid exposure.
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Delirium, a clinical expression of acute
encephalopathy (1), occurs in up to 50% of
critically ill adults, is associated with
substantial burden to patients and their
families, and may result in serious ICU and
post-ICU complications (2, 3). The risk of
delirium in the ICU depends on the
presence of a number of predisposing (e.g.,
age) and precipitating (e.g., illness severity)
factors (4, 5). Medications are important
modifiable risk factors for delirium in this
setting (5, 6).

Although multiple cohort studies have
evaluated the association between ICU opioid
use and delirium occurrence (7-17), the 2018
Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption guideline
panel, after reviewing these studies,
determined that current evidence is
insufficient to conclude that opioid exposure is
a risk factor for delirium in critically ill adults
(5). Although pain after surgery is associated
with increased delirium (18-21), the
association between ICU pain and delirium
remains unclear (22). With severity of illness,
opioid administration, level of pain, and
delirium occurrence often fluctuating over the
course of the ICU stay and both ICU discharge
or death serving as competing risks for
delirium in the ICU, time-dependent analyses
should be employed to investigate whether an
opioid-delirium association exists in critically
ill adults (6, 23, 24).

The relationship between pain, opioids,
and delirium in the ICU remains
understudied. We sought to evaluate whether
opioid use is an independent risk factor for the
daily transition from being awake without
delirium to a state of delirium, accounting for
patient levels of pain. Second, we explored the
effect of both daily opioid dose and pain on the
association between opioid use and delirium
occurrence.

Methods

Study Population and Design

From August 2011 through June 2013 and
June 2015 through March 2019, all consecutive
adults admitted for at least 24 hours to the
32-bed mixed
medical-surgical-cardiovascular-neurologic
ICU of the University Medical Center Utrecht

were considered for inclusion. All ICU days a
patient was managed with comfort measures
only were excluded from the analysis. Because
of personnel changes, data was unavailable for
patients admitted between June 2013 and May
2015. Throughout the study duration, a well-
established institutional protocol was in place
that advocated for applying the lowest amount
of sedation and assessing all patients for
delirium using the Confusion Assessment
Method for the ICU (CAM-ICU) (25) at least
twice daily. Patients were excluded if an acute
neurological disease or another disorder
precluding delirium assessment was present,
such as mental retardation or the inability to
speak Dutch or English. Patients transferred
from another ICU were also excluded to avoid
residual confounding from missing data.
Given the noninterventional nature of the
investigation, the local institutional review
board waived the need for informed consent
(#010/056/c, #12/421/c, and #18-10-23).

Mental Status Classification

and Outcome

The mental status of each patient was assessed
daily in the ICU by a trained researcher using a
previously published, validated protocol (26).
In short, patient wakefulness was evaluated
every 3 hours using the Richmond Agitation
and Sedation Scale (RASS), with a RASS <—4
denoting an unarousable state (27). The
presence of delirium during each 24-hour
period was determined when the patient was
maximally awake (e.g., after daily sedation
interruption) using a previously validated five-
step algorithm (interobserver agreement,
0.94-0.97; sensitivity, 0.85; specificity, 0.85)
(27). The algorithm incorporated a review by
the researcher of all CAM-ICU scores
documented by the bedside nurse, whether a
treatment for delirium had been initiated by
the ICU physician, a chart review, and an
additional CAM-ICU assessment by the
investigator for any patient not yet classified
using the prior steps (27). Given that a single
positive CAM-ICU assessment by the bedside
nurse is highly predictive of delirium (28),
patients were classified as delirious at any time
in the prior 24 hours when at least one CAM-
ICU assessment was positive. The additional
steps in the delirium recognition algorithm

used for the study were present to minimize
the risk of misclassification bias (27).

The mental status for each patient on each
ICU admission (Day f) was then classified as 1)
awake without delirium, 2) delirium, or 3)
unarousable. For the outcome day (Day ¢ + 1),
ICU discharge and death were added as a joint
category representing “exit from the ICU,”
resulting in four possible outcome categories.
Although the daily transition from awake
without delirium to delirium served as the
transition of interest in the analysis and
remaining awake without delirium served as
the reference, other potential daily mental
status transitions were concomitantly
modeled (see Figure E1 in the online
supplement).

Other Data Collection and Definitions
Medication data, including dose, route, and
time of administration, were retrieved from
the electronic patient data management
system. The dose for all intravenous and
transdermal opioids administered on a
scheduled or “as needed” basis was collected.
The application of all transdermal patches was
assumed to occur for 72 hoursand to resultina
bioavailability of 100% (29). All administered
opioids were converted into equivalent
intravenous morphine-equivalent (MEQ)
doses (Table E1) (30-33).

Pain was collected by the bedside nurse
during the course of standard ICU care.
Patients who were responsive were asked to
assess their pain on a visual analog scale
(VAS) from 0 cm to 10 cm (34). Patients
unable to communicate their pain were
assessed using the Critical Care Pain
Observation Tool (CPOT) (35). For
modeling purposes, daily pain was
categorized into the following three mutually
exclusive categories: no clinically significant
detected pain (VAS =0-4 or CPOT =0-2),
moderate detected pain (VAS =5-6 or
CPOT =3-4), and severe detected pain
(VAS=7 or CPOT =5) (5, 36, 37).

Demographics, presence of
comorbidities, ICU admission characteristics,
and daily physiological measurements and
vital signs were prospectively collected by
trained physicians. Daily severity of
multiorgan failure was assessed using the
modified Sequential Organ Failure
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Assessment (mSOFA) that excludes the
neurological component to avoid adjusting for
a component of the primary outcome (38). A
trend imputation for missing covariables was
performed because of the availability of
longitudinal data before and after each
observation day (39).

Statistical Analyses

Within the first-order Markov model,
discharged alive from the ICU and death were
combined into one category given that each
represented few of the total daily transitions
and neither was the outcome of interest (6, 40).
The primary exposure to opioids was modeled
using an interaction term of binary opioid use
(yes/no) on Day t and mental status on Day .
Although the transition from awake without
delirium to delirium was the transition of
interest, all 12 possible transitions were
included in the model, necessitating the
inclusion of an interaction between opioid use
and each baseline state (Table E2). Outcomes
for each status on Day t + 1 are then reported
relative to the interaction term on Day ¢. In a
secondary model, exposure to opioids was
modeled using an interaction term of opioids
per 10 mg MEQ on Day ¢ and the mental status
on Day t. Given the skewed nature of the data, a
logarithmic data transformation was
performed, solving for the logarithm of x + 1
(with x being the MEQ dose of opioid) to allow
for data transformation in patients receiving
no opioids (41). We also evaluated the impact
of pain as a risk factor for transitioning to
delirium while controlling for the presence of
opioids as a binary variable.

Multinomial logistic regression was used
within the Markov model to account for
covariables that might influence the presence
of delirium, the use of an opioid, or its resulting
pharmacodynamic response. These
covariables were identified through a
thorough search of the literature (4, 5,42) and
the creation of a directed acyclic graph to
ensure selection of appropriate confounders
and avoidance of collider bias (Figure E2). In
total, six variables measured at ICU admission
(admission type [medical vs. surgical], age, sex,
Acute Physiology and Chronic Health
Evaluation [APACHE] IV score [43], and
Charlson Comorbidity Index) and five time-
varying variables measured daily (ICU day,
mSOFA, use of mechanical ventilation, use of a
benzodiazepine, and presence of severe pain)
were included in the model (Table E2). Neither
depth of sedation (i.e., RASS = —3, —2,0r —1)
nor propofol were included as variables given
the current lack of data suggesting thag either
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are associated with increased delirium in the
ICU (5).

Five planned sensitivity analyses and one
planned exploratory analysis were performed
for the transition from awake without delirium
to delirium. First, given that ICU practices
focused on delirium recognition, prevention,
and treatment were suspected to have changed
over the 9-year study period (5, 44-46), the
cohort was divided into 3-year epochs to
evaluate the stability of an opioid-delirium
association over time. Second, to explore
whether the relationship between opioid
exposure and delirium is one that primarily
affects older adults, we conducted a second
sensitivity analysis, stratifying between
younger (<65 yr) and older (=65 yr) adults.
Third, to explore whether the two ways
patients could exit from the ICU (i.e., death vs.
discharge) influence the opioid—delirium
association differently, we conducted a third
sensitivity analysis in which ICU death and
discharge were considered as separate
outcome states. Fourth, although an
association between untreated pain and
delirium has been reported in postsurgical
patients (18-21), the nature of this association
in the ICU remains unknown. Therefore, we
conducted a two-part sensitivity analysis using
different pain breakpoints and descriptors, as
follow: 1) daily peak pain score and 2) days
with either moderate and/or severe pain on an
ICU day. Fifth, opioids in surgical patients are
more frequently administered for acute
nociceptive pain; medical patients receive
opioids for chronic pain, analgosedation, and
depression of respiratory drive during
mechanical ventilation (5). We therefore
stratified on admission service (medical versus
surgical populations) to determine whether
delirium risk differed between these two. Sixth,
as the risk of delirium may be different from
synthetic (e.g., fentanyl) versus nonsynthetic
(e.g., morphine) opioids (15), we explored
whether opioid—delirium risk was different on
ICU days when only a synthetic opioid was
administered (i.e., alfentanil, fentanyl,
remifentanil, and sufentantil) compared with
days when only morphine was administered.

Given the high degree of missing pain
scores in the studied cohort (5,916/26,250
[22.5%]), it was decided on a post hoc basis to
compare the use of opioids and mental state on
the days on which no pain score was
documented with those days on which one or
more pain scores were documented.
Categorical variables were compared using x>
tests whereas continuous, nonnormally
distributed variables were compared using a

Mann-Whitney U test. SPSS 24 (IBM) and R
4.0.2 (http://www.r-project.org) were used to
perform the statistical analyses. All statistical
tests were performed against two-sided
alternatives, and P values less than 0.05 were
defined as statistically significant.

Results

Patients and Observation Days
Among 6,289 consecutive patients admitted
during the study period to the ICU for at least
24 hours, 4,075 (65%) were included in the
analysis. The primary reasons 2,214 (35%) of
patients were excluded were a condition
hampering delirium assessment (n = 1,619),
transfer from another ICU (n = 325), and no
delirium assessments during the ICU
admission (n =270). The included patients
were mostly male (64%), had an average age of
60.9 years (SD 15.4) an ICU admission
APACHE 1V score of 58.5 (SD 28), and a
median maximum mSOFA of 7 (interquartile
range [IQR], 4-9) (Table 1).

Delirium occurred in 1,430 (35%) of
the 4,075 patients and was present on 6,176
(24%) of the 26,250 observation days (Table
2). Patients were exposed to an opioid on
14,975 (57%) of the observation days. On
these days, the median MEQ dose was 24.6
mg (IQR, 7.5-73.8 mg); morphine was
administered on 71.8%, remifentanil on
23.8%, and fentanyl on 18.2% of days on
which an opioid was administered (Table
E3). Covariable prevalence was similar
across the epochs (Table E4). Compared
with epoch 1, patients in epoch 3 were more
likely to receive a higher average opioid dose
and propofol and less likely to receive a
benzodiazepine (Table E5).

Risk of Transitioning to Delirium
Among the 14,966 days patients were awake
without delirium (57% of total ICU days),
1,296 (9%) transitions to delirium occurred
the next day. In our primary model, the odds
ratio (OR) of the transition from awake
without delirium toward delirium
associated with the use of opioids was 1.45
(95% confidence interval [CI], 1.24-1.69)
(Table 3). For each 172% (1 log) increase in
daily intravenous MEQ opioid dose, there
was a 27% increase in the odds of
transitioning to delirium the next day (OR,
1.27; 95% CI, 1.15-1.39). Using the logistic
regression coefficient (8 = 0.24), one can
similarly report that a 1% increase in the
daily intravenous MEQ opioid dose was
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Table 1. Characteristics of the Study Population

Total Cohort

Delirium Ever

Delirium Never

(n=4,075) (n=1,430) (n=2,645)

Age, median (IQR), yr 64 (53-72) 5 (55-74) 63 (51-71)
Sex, M, n (%) 2,591 (63.6) 9 (66.4) 1,642 (62. 1)
Charlson Comorbidity Index (n=2,942), median (IQR) 1(0-2) 1(0-2) 1(0-2
Body mass index (n=4,025), median (IQR) 25.7 (22.8-29.1) 5.7 (22.9-28.8) 25.7 (22.8-29.2)
Admission type (n=4,073), n (%)

Medical 1,536 (37.7) 664 (46.4) 872 (33.0)

Elective surgery 1,746 (42.8) 397 (27.8) 1,349 (51.0)

Acute surgery 791 (19.4) 369 (25.8) 422 (16.0)
APACHE |V score (n=3,698), median (IQR) 54 (39-73) 8 (52—-87) 47 (35-64)
Length of ICU stay, median (IQR), d 2 (1-6) 6 (3-13) 1(1-3)
Maximum mSOFA score (n=4,059), median (IQR) 7 (4-9) 9 (7-11) 6 (4-8)
Mechanically ventilated during ICU stay, n (%) 3,791 (93.0) 1,381 (96.6) 2,410 (91.1)
Delirium during ICU stay, n (%) 1,430 (35.1) 2,645 (100) 0 (0)
Opioid use during ICU stay, n (%) 3,468 (85.1) 1,291 (90.3) 2,177 (82.3)
Opioid use durlng ICU stay, median (IQR) d 2 (1-4) 5 (2-9) 2 (1-3)
Severe pain* during ICU stay (n=3,905), n (°o) 1,122 (27.6) 506 (37.0) 616 (24.3)
Severe pain during ICU stay, median (IQR), d 0 (0-1) 0 (0-1) 0 (0-1)

Definition of abbreviations: APACHE = Acute Physiology and Chronic Health Evaluation; IQR =

Organ Failure Assessment.

interquartile range; mMSOFA = modified Sequential

*Severe pain is defined as a visual analog scale score =7 or Critical Care Pain Observation Tool score =5.

associated with a 0.24% increase in the odds
of developing delirium the next day. Given
that this association involved small changes
in the daily intravenous MEQ dose, it is also
safe to conclude that each daily 10 mg
intravenous MEQ dose administered was
associated with a 2.4% increased risk for
delirium the next day.

Our exploratory analysis evaluating the
association between pain and delirium,
controlling for opioid exposure, found pain to
be inversely associated with a transition to
delirium regardless of the characterization of
pain employed I) presence of severe pain (OR,

Table 2. Characteristics of Individual ICU days (n=26,250) by Mental Status Category

0.72; 95% CI, 0.53-0.97), 2) presence of
moderate or severe pain (OR, 0.71; 95% CI,
0.60-0.85), and 3) peak pain score (OR, 0.95;
95% CI, 0.92-0.98) (Table 4).

Sensitivity Analyses

The association between opioid use and
delirium was stable over the entire study
period, with a significant association found
in all three study epochs (Table E6). The risk
for a transition to delirium was similar
between younger and older adults, although
this relationship was no longer dose
dependent in older adults (Table E7). The

risk for a transition to delirium was
unchanged when ICU discharge and death
were considered as separate outcome states
(Table E8). The association between opioid
exposure and delirium was unaffected by
the pain measure included in the model
(Table E9).

Opioid use was associated with increased
odds of a transition to delirium in both medical
(OR, 1.33;95% CI, 1.08-1.63) and surgical
patients (OR, 1.61; 95% CI, 1.27-2.05) (Table
E10). With respect to the type of opioid, we
found that both morphine (OR, 1.09, 95% CI,
1.04-1.13 per 10 mg of morphine) and

Mental Status Day t

All ICU Patient Days Awake without Delirium Unarousable
Characteristic on Day t (n=26,250) Delirium (n=14,966) (n=6,176) (n=5,108)
Characteristic of opioid use
Use of any opioid, n (%) 14,975 (57.0) 7,325 (49.1) 3,466 (56.1) 4,157 (81.4)
Dose (if any) in mg, medlan (IQR)* 24.0 (7.5-68.6) 15 (5-48) 26.5 (9.2-81.9) 47.6 (22.5-312.5)
Use of morphine, n (%)* 10,759 (71.8) 5,516 (75.3) 2,336 (67.4) 2,907 (69.9)
Use of a synthetic opioid, n (%)" 6,477 (43.3) 2,891 (39.5) 1,750 (50.5) 1,836 (44.2)
Characteristic of covariables
mSOFA (n=25,363), median (IQR) 6 (3-8) 4 (3-7) 6 (4-8) 9 (6-11)
Use of mechanical ventilation, n (%) 20,852 (79.4) 11,113 (74.4) 5,099 (82.6) 4,620 (90.4)
Use of a benzodiazepine, n (%) 8,417 (32.1) 3,914 (26.2) 1,832 (29.7) 2,671 (52.3)
Presence of severe pain, n (%) 1,829 (7.0) 1,124 (7.5) 381 (6.2) 52 (1.0)
Definition of abbreviations: QR = interquartile range; mMSOFA = modified Sequential Organ Failure Assessment.
*In morphine equivalents.
TUse of opioid on Day tis not mutually exclusive; percentages do not add up to 100%.
Duprey, Dijkstra-Kersten, Zaal, et al.: Opioid Use and Delirium Risk 569



Table 3. Multinomial Model on Transitions of Daily Mental Status Conditional on Opioid Exposure

Mental Status

Day t Day t + 1

Awake without delirium
Awake without delirium
Awake without delirium

Delirium
Delirium

Awake without delirium

Opioid Exposure

No
Yes
Log-transformed 10 mg MEQ*

Adjusted Odds Ratio*"
(95% Confidence

Interval) P Value
Reference —
1.45 (1.24-1.69) <0.001
1.27 (1.15-1.39) <0.001

Definition of abbreviation: MEQ = morphine-equivalent.
*Adjusted for time-fixed covariables, including admission category (medical, surgical, and trauma), age, sex, Acute Physiology and Chronic Health
Evaluation IV Score, body mass index, and Charlson Comorbidity Index.
TAdjusted for time-varying covariables on day t, including day of ICU admission, modified Sequential Organ Failure Assessment score (without
neurologic component), use of mechanical ventilation, use of a benzodiazepine, and presence of severe pain.

*Adjusted odds ratio represents the odds for a 1 log-fold increase in MEQ dose.

synthetic opioids (OR, 1.77; 95% CI, 1.33-2.35
for each 1 log-fold increase in MEQ of
synthetic opioids) were associated with an
increase in the odds of delirium transition
(Table E11). For synthetic opioids, this
represents an ~1.5% increase in the odds of
transitioning to delirium for each 10-mg
increase in the intravenous MEQ dose
administered the prior day.

Comparison of days with pain scores
present with days with missing pain scores
revealed that days when pain was missing were
more likely to be deemed unarousable.
Patients were significantly more likely to be
receiving an opioid on a day when pain was
missing and to be receiving a higher median
dose of morphine equivalents (Table E12).

Discussion

In a cohort of 4,075 critically ill adults, after
employing a rigorous first-order Markov

model with multinomial logistic regression
analysis approach, we found that exposure to
any opioid during the ICU stay increases the
risk of delirium occurrence by 45%,
independent of the administration of
benzodiazepines and other variables known to
influence delirium occurrence (6, 7). This
risk was dose dependent, remained stable
across study years and age groups, was
observed in both medical and surgical
patients, and was not dependent on the degree
of pain present on the day preceding a transition
to delirium.

Our study is not subject to the
important methodological limitations of
prior reports investigating the association
between opioid use and delirium
occurrence in the ICU (7-17). Our results
are not consistent with a smaller study of 97
trauma-surgery ICU patients in which a
Markov model regression analysis was also
employed (17). In this study, fentanyl
exposure was associated with an increased

Table 4. Pain as a Risk Factor for the Transition to Delirium

delirium risk in 45 surgical patients,
whereas morphine did not increase the risk
of delirium in 52 trauma patients (17). Our
investigation, which included nearly 40
times as many patients, suggests that both
natural opioids (i.e., morphine) and
synthetic opioids (i.e., fentanyl) are
associated with increased delirium risk. The
dose dependency for this risk may vary by
the individual opioid selected.

Our finding of an inverse relationship
between pain and delirium the next day that
was independent of opioid exposure was
unexpected. However, it should be noted pain
may change rapidly over the course of a single
ICU day, and it is difficult to quantify (5). We
therefore cannot exclude that our findings were
not subject to bias because of the fact that pain
may have been underestimated in patients
about to transition to a state of delirium. Better
understanding of the relationship between
pain and delirium in the ICU remains an
important area for further research.

Mental Status

Day t Day t + 1
Awake without delirium Awake without
delirium
Awake without delirium Delirium
Awake without delirium Delirium
Awake without delirium Delirium
Awake without delirium Delirium
Awake without delirium Delirium
Awake without delirium Delirium

Controlled for

Adjusted
Odds Ratio*" (95%

Pain Exposure Opioid Use Confidence Interval) P Value
No — Reference —

Severe pain Yes 0.72 (0.53-0.97) <0.01
Severe pain No 0.76 (0.56—1.02) 0.07
Moderate or severe pain Yes 0.71 (0.60-0.85) <0.01
Moderate or severe pain No 0.74 (0.63-0.88) <0.01
Peak pain score Yes 0.95 (0.92-0.98) <0.01
Peak pain score No 0.96 (0.93-0.99) <0.01

*Adjusted for time-fixed covariables, including admission category (medical, surgical, and trauma), age, sex, Acute Physiology and Chronic Health
Evaluation IV Score, body mass index, and Charlson Comorbidity Index.
TAdjusted for time-varying covariables on day t, including day of ICU admission, modified Sequential Organ Failure Assessment score (without
neurologic component), use of mechanical ventilation, use of a benzodiazepine, and use of an opioid.
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In addition to its large sample size, our
investigation has the following important
strengths: I) patients were evaluated at least
twice daily for delirium on the basis of a
validated assessment protocol; 2) the model
also accounted for transitions to an
unarousable state and to death/ICU discharge;
3) of 11 model covariables considered, five
were time varying, which allowed us to
consider daily changes in key confounding
factors (e.g., severity of illness, benzodiazepine
use, need for mechanical ventilation, and acute
pain) that could affect daily opioid-delirium
risk; and 4) opioid dose-effect relationships
were evaluated.

Our analysis also has several potential
limitations. First, regarding study design, as for
any first-order Markov analysis, within-
patient correlations were ignored, as
transitions are assumed to be independent of
the patient history beyond the prior day (6, 23,
24). We acknowledge that results from a
single-center analysis may not be generalizable
to other centers having patients with differing
underlying risk factors for delirium or where
the use of nonpharmacologic strategies known
to reduce delirium (e.g., ABCDEF bundle)
differ (5, 45). However, our cohort of patients
has a similar case mix and opioid utilization
pattern to those of reports conducted in other
settings and countries (5, 46, 47). Second, with
regard to study determinants, other than
evaluating the effect of synthetic versus
nonsynthetic opioids, we did not evaluate the
impact of individual opioids and therefore
cannot comment on the differential impact of
different medications or dosing strategies (e.g.,
administration ofani.v. bolus vs. an increasein
the continuous infusion dose) on delirium.
Although pain assessments were not
documented on 23% of days, an unarousable
state (a mental status often precluding pain
assessment by bedside clinicians) was
documented on more than half of these days. It
should be acknowledged that analysis
excluding these days could bias the results.
Future research surrounding how to consider

missing pain scores in an analysis such as ours
is needed.

Third, classifying the study outcome (a
patients’ mental state on a daily basis) as being
either awake without delirium, delirious, or
unarousable may be a simplification, as mental
status may vary on each ICU day and may not
be categorizable. Although mental status was
evaluated at multiple times over each 24-hour
period to minimize misclassification bias and
patients were routinely evaluated for delirium
while maximally awake, some of the delirium
detected in the cohort may have been rapidly
reversible and potentially clinically irrelevant
(48). Because delirium tends to fluctuate, some
patients with delirium may have been missed
during the CAM-ICU assessment. However,
this is unlikely, given the use of a validated
delirium recognition algorithm thatadvocated
frequent CAM-ICU assessment and
incorporated additional criteria to define
delirium (26).

Fourth, although the list of covariables
included in the multivariable analysis was
derived from a previous systematic review of
the literature together with expert consensus,
it is possible, as in any observational study,
that unmeasured confounding could have
influenced the reported results (4, 5, 42). For
example, we did not have information on
daily pain/sedation targets and could
therefore not adjust for these in our models.
Nonopioid analgesics were not included in
our analyses. Calculation of an E-value shows
that such an unmeasured confounder would
need to have an adjusted OR for 1.7 to nullify
the effect of the categorical opioid analysis
and an adjusted OR of 1.86 to nullify the effect
of opioid dose. We also were unable to control
for the propofol dose and any potential dose
interaction between sedative and opioid
exposure. Future studies with increased
granularity are needed to evaluate this
potential interaction more closely.

A number of important considerations
exist for ICU clinicians seeking to adopt the
results of our investigation in clinical practice.

Despite our observation of an increased
opioid-related risk of delirium, opioids
should generally remain part of the treatment
plan for critically ill adults with acute pain (5).
In accordance with guideline-based care, if
opioids are used, patients should be routinely
monitored for delirium given their increased
risk for developing it (5). The association
between opioid use and delirium was
stronger in surgical patients than in medical
patients. Although opioids are most likely to
be administered solely for pain in surgical
patients, in medical patients, they are often
used as sedatives and to help promote
ventilator synchrony. Multimodal,
nonopioid analgesic strategies, shown to
reduce opioid dose and duration, should be
considered, particularly in surgical
populations, in which evidence for this
approach is strongest and in which opioids
aremost frequently used for acute nociceptive
pain (5, 45, 47). Opioid use should be
regularly titrated to ensure patients are
wakeful and pain free (5). If opioids are being
used for analgosedation, a nonsedation
approach may be just as effective and safe in
some patients (49). For mechanically
ventilated adults who require continuous
sedation, dexmedetomidine, with its
analgesic properties and reduced delirogenic
potential, may be a better option than
continuous opioids (5, 47). Lastly, ICU
clinicians should continue to focus their
efforts on applying other evidence-based
strategies known to reduce delirium in their
patients (5, 45).

In conclusion, after controlling for
multiple baseline and time-varying variables
known to affect delirium and for competing
risks for delirium occurrence, our analysis of
4,075 patients over 26,250 ICU days
demonstrates that opioid use increases the risk
of delirium in a dose-dependent manner.

Author disclosures are available with the text
of this article at www.atsjournals.org.

References

1. Slooter AJC, Otte WM, Devlin JW, Arora RC, Bleck TP, Claassen J, et al.
Updated nomenclature of delirium and acute encephalopathy: statement
of ten Societies. Intensive Care Med 2020;46:1020-1022.

2. Zaal |J, Slooter AJ. Delirium in critically ill patients: epidemiology,
pathophysiology, diagnosis and management. Drugs 2012;72:1457-1471.

3. Wolters AE, Slooter AJ, van der Kooi AW, van Dijk D. Cognitive impairment
after intensive care unit admission: a systematic review. Intensive Care

Med 2013;39:376-386.

4. Zaal lJ, Devlin JW, Peelen LM, Slooter AJ. A systematic review of risk factors
for delirium in the ICU. Crit Care Med 2015;43:40—47.

e825-e873.

5. Devlin JW, Skrobik Y, Gélinas C, Needham DM, Slooter AJC,
Pandharipande PP, et al. Clinical practice guidelines for the prevention
and management of pain, agitation/sedation, delirium, immobility, and
sleep disruption in adult patients in the ICU. Crit Care Med 2018;46:

6. Zaal IJ, Devlin JW, Hazelbag M, Klein Klouwenberg PM, van der Kooi AW,
Ong DS, et al. Benzodiazepine-associated delirium in critically ill adults.

Intensive Care Med 2015;41:2130-2137.

Duprey, Dijkstra-Kersten, Zaal, et al.: Opioid Use and Delirium Risk

571


http://www.atsjournals.org/doi/suppl/10.1164/rccm.202010-3794OC/suppl_file/disclosures.pdf
http://www.atsjournals.org

7.

8.

9.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

283.

24.

25.

26.

27.

28.

572

Pandharipande P, Shintani A, Peterson J, Pun BT, Wilkinson GR, Dittus RS,
etal. Lorazepam is an independent risk factor for transitioning to delirium in
intensive care unit patients. Anesthesiology 2006;104:21-26.

Schreiber MP, Colantuoni E, Bienvenu OJ, Neufeld KJ, Chen KF, Shanholtz
C, et al. Corticosteroids and transition to delirium in patients with acute lung
injury. Crit Care Med 2014;42:1480—-1486.

Dubois MJ, Bergeron N, Dumont M, Dial S, Skrobik Y. Delirium in an
intensive care unit: a study of risk factors. Intensive Care Med 2001;27:
1297-1304.

. Pisani MA, Murphy TE, Araujo KL, Slattum P, Van Ness PH, Inouye SK.
Benzodiazepine and opioid use and the duration of intensive care unit
delirium in an older population. Crit Care Med 2009;37:177-183.

Svenningsen H, Egerod |, Videbech P, Christensen D, Frydenberg M,
Tonnesen EK. Fluctuations in sedation levels may contribute to delirium
in ICU patients. Acta Anaesthesiol Scand 2013;57:288-293.

Mehta S, Cook D, Devlin JW, Skrobik Y, Meade M, Fergusson D, et al.;
SLEAP Investigators; Canadian Critical Care Trials Group. Prevalence,
risk factors, and outcomes of delirium in mechanically ventilated adults.
Crit Care Med 2015;43:557-566.

Agarwal V, O'Neill PJ, Cotton BA, Pun BT, Haney S, Thompson J, et al.
Prevalence and risk factors for development of delirium in burn intensive
care unit patients. J Burn Care Res 2010;31:706-715.

Pandharipande PP, Morandi A, Adams JR, Girard TD, Thompson JL,
Shintani AK, et al. Plasma tryptophan and tyrosine levels are independent
risk factors for delirium in critically ill patients. Intensive Care Med 2009;
35:1886-1892.

Skrobik Y, Leger C, Cossette M, Michaud V, Turgeon J. Factors
predisposing to coma and delirium: fentanyl and midazolam exposure;
CYP3A5, ABCB1, and ABCG2 genetic polymorphisms; and inflammatory
factors. Crit Care Med 2013;41:999-1008.

Hsieh SJ, Soto GJ, Hope AA, Ponea A, Gong MN. The association between
acute respiratory distress syndrome, delirium, and in-hospital mortality in
intensive care unit patients. Am J Respir Crit Care Med 2015;191:71-78.

Pandharipande P, Cotton BA, Shintani A, Thompson J, Pun BT, Morris JA Jr,
et al. Prevalence and risk factors for development of delirium in surgical and
trauma intensive care unit patients. J Trauma 2008;65:34—41.

Vaurio LE, Sands LP, Wang Y, Mullen EA, Leung JM. Postoperative
delirium: the importance of pain and pain management. Anesth Analg
2006;102:1267—-1273.

Lynch EP, Lazor MA, Gellis JE, Orav J, Goldman L, Marcantonio ER. The
impact of postoperative pain on the development of postoperative
delirium. Anesth Analg 1998;86:781-785.

Robinson S, Vollmer C. Undermedication for pain and precipitation of
delirium. Medsurg Nurs 2010;19:79-83, quiz 84.

Morrison RS, Magaziner J, Gilbert M, Koval KJ, McLaughlin MA, Orosz G,
et al. Relationship between pain and opioid analgesics on the
development of delirium following hip fracture. J Gerontol A Biol Sci Med
Sci 2003;58:76-81.

Georgiou E, Hadjibalassi M, Lambrinou E, Andreou P, Papathanassoglou
ED. The impact of pain assessment on critically ill patients’ outcomes: a
systematic review. BioMed Res Int 2015;2015:503830.

Wolters AE, Zaal IJ, Veldhuijzen DS, Cremer OL, Devlin JW, van Dijk D, et al.
Anticholinergic medication use and transition to delirium in critically ill
patients: a prospective cohort study. Crit Care Med 2015;43:1846—1852.

Wolters AE, Veldhuijzen DS, Zaal IJ, Peelen LM, van Dijk D, Devlin JW,
et al. Systematic corticosteroids and transition to delirium in critically ill
patients. Crit Care Med 2015;43:€585-e588.

Ely EW, Inouye SK, Bernard GR, Gordon S, Francis J, May L, et al. Delirium
in mechanically ventilated patients: validity and reliability of the confusion
assessment method for the intensive care unit (CAM-ICU). JAMA 2001;
286:2703-2710.

Zaal IJ, Tekatli H, van der Kooi AW, Klijn FA, Koek HL, van Dijk D, et al.
Classification of daily mental status in critically ill patients for research
purposes. J Crit Care 2015;30:375-380.

Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O'Neal PV, Keane KA, etal. The
Richmond Agitation-Sedation Scale: validity and reliability in adult intensive
care unit patients. Am J Respir Crit Care Med 2002;166:1338—1344.

van Eijk MM, van den Boogaard M, van Marum RJ, Benner P, Eikelenboom
P, Honing ML, et al. Routine use of the confusion assessment method for

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

the intensive care unit: a multicenter study. Am J Respir Crit Care Med
2011;184:340-344.

Varvel JR, Shafer SL, Hwang SS, Coen PA, Stanski DR. Absorption
characteristics of transdermally administered fentanyl. Anesthesiology
1989;70:928-934.

Patanwala AE, Duby J, Waters D, Erstad BL. Opioid conversions in acute
care. Ann Pharmacother 2007;41:255-266.

Kay B. A clinical investigation of piritramide in the treatment of postoperative
pain. Br J Anaesth 1971;43:1167-1171.

Anderson R, Saiers JH, Abram S, Schlicht C. Accuracy in equianalgesic
dosing. conversion dilemmas. J Pain Symptom Manage 2001;21:397—-406.

Wilde M, Pichini S, Pacifici R, Tagliabracci A, Busardo FP, Auwarter V, et al.
Metabolic pathways and potencies of new fentanyl analogs. Front
Pharmacol 2019;10:238.

Puntillo K, Gélinas C, Chanques G. Next steps in ICU pain research.
Intensive Care Med 2017;43:1386—-1388.

Gélinas C, Fortier M, Viens C, Fillion L, Puntillo K. Pain assessment and
management in critically ill intubated patients: a retrospective study. Am J
Crit Care 2004;13:126—135.

Severgnini P, Pelosi P, Contino E, Serafinelli E, Novario R, Chiaranda M.
Accuracy of Critical Care Pain Observation Tool and Behavioral Pain
Scale to assess pain in critically ill conscious and unconscious patients:
prospective, observational study. J Intensive Care 2016;4:68.

Boonstra AM, Schiphorst Preuper HR, Balk GA, Stewart RE. Cut-off
points for mild, moderate, and severe pain on the visual analogue
scale for pain in patients with chronic musculoskeletal pain. Pain 2014;
155:2545-2550.

Vincent JL, de Mendonga A, Cantraine F, Moreno R, Takala J, Suter PM,
et al. Use of the SOFA score to assess the incidence of organ dysfunction/
failure in intensive care units: results of a multicenter, prospective
study. Working group on “sepsis-related problems” of the European
Society of Intensive Care Medicine. Crit Care Med 1998;26:
1793-1800.

Engels JM, Diehr P. Imputation of missing longitudinal data: a comparison
of methods. J Clin Epidemiol 2003;56:968—976.

Andersen PK, Geskus RB, de Witte T, Putter H. Competing risks in
epidemiology: possibilities and pitfalls. Int J Epidemiol 2012;41:861-870.

Feng C, Wang H, Lu N, Tu XM. Log transformation: application and
interpretation in biomedical research. Stat Med 2013;32:230-239.

van den Boogaard M, Pickkers P, Slooter AJ, Kuiper MA, Spronk PE, van der
Voort PH, et al. Development and validation of PRE-DELIRIC (PREdiction
of DELIRium in ICu patients) delirium prediction model for intensive care
patients: observational multicentre study. BMJ 2012;344:e420.

Zimmerman JE, Kramer AA, McNair DS, Malila FM. Acute Physiology
and Chronic Health Evaluation (APACHE) IV: hospital mortality
assessment for today’s critically ill patients. Crit Care Med 2006;34:
1297-1310.

Numan T, van den Boogaard M, Kamper AM, Rood PJT, Peelen LM,
Slooter AJC; Dutch Delirium Detection Study Group. Delirium detection
using relative delta power based on 1-minute single-channel EEG: a
multicentre study. Br J Anaesth 2019;122:60-68.

Pun BT, Balas MC, Barnes-Daly MA, Thompson JL, Aldrich JM, Barr J, et al.
Caring for critically ill patients with the ABCDEF Bundle: results of the
ICU Liberation Collaborative in over 15,000 adults. Crit Care Med 2019;
47:3-14.

van den Boogaard M, Schoonhoven L, van der Hoeven JG, van Achterberg
T, Pickkers P. Incidence and short-term consequences of delirium in
critically ill patients: a prospective observational cohort study. Int J Nurs
Stud 2012;49:775-783.

Shehabi Y, Howe BD, Bellomo R, Arabi YM, Bailey M, Bass FE, et al.;
ANZICS Clinical Trials Group and the SPICE Il Investigators. Early
sedation with dexmedetomidine in critically ill patients. N Engl J Med
2019;380:2506-2517.

Patel SB, Poston JT, Pohiman A, Hall JB, Kress JP. Rapidly reversible,
sedation-related delirium versus persistent delirium in the intensive care
unit. Am J Respir Crit Care Med 2014;189:658—665.

Olsen HT, Nedergaard HK, Stram T, Oxlund J, Wian KA, Ytrebg LM, et al.
Nonsedation or light sedation in critically ill, mechanically ventilated
patients. N Engl J Med 2020;382:1103—1111.

American Journal of Respiratory and Critical Care Medicine Volume 204 Number 5 | September 1 2021



