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OBJECTIVES:

latrogenic withdrawal syndrome (IWS) associated with opioid and sedative use for medical
purposes has a reported high prevalence and associated morbidity. This study aimed to
determine the prevalence, utilization, and characteristics of opioid and sedative weaning and
IWS policies/protocols in the adult ICU population.

DESIGN:

International, multicenter, observational, point prevalence study.
SETTING:

Adult ICUs.

PATIENTS:

All patients aged 18 years and older in the ICU on the date of data collection who received
parenteral opioids or sedatives in the previous 24 hours.

INTERVENTIONS:
None.
MEASUREMENTS AND MAIN RESULTS:

ICUs selected 1 day for data collection between June 1 and September 30, 2021. Patient
demographic data, opioid and sedative medication use, and weaning and IWS assessment data
were collected for the previous 24 hours. The primary outcome was the proportion of patients
weaned from opioids and sedatives using an institutional policy/protocol on the data
collection day. There were 2,402 patients in 229 ICUs from 11 countries screened for opioid
and sedative use; 1,506 (63%) patients received parenteral opioids, and/or sedatives in the
previous 24 hours. There were 90 (39%) ICUs with a weaning policy/protocol which was
used in 176 (12%) patients, and 23 (10%) ICUs with an IWS policy/protocol which was used
in 9 (0.6%) patients. The weaning policy/protocol for 47 (52%) 1CUs did not define when to
initiate weaning, and the policy/protocol for 24 (27%) ICUs did not specify the degree of
weaning. A weaning policy/protocol was used in 34% (176/521) and IWS policy/ protocol in
9% (9/97) of patients admitted to an ICU with such a policy/protocol. Among 485 patients
eligible for weaning policy/protocol utilization based on duration of opioid/sedative use
initiation criterion within individual ICU policies/protocols 176 (36%) had it used, and among
54 patients on opioids and/or sedatives > 72 hours, 9 (17%) had an IWS policy/protocol used
by the data collection day.

CONCLUSIONS:
This international observational study found that a small proportion of ICUs use

policies/protocols for opioid and sedative weaning or IWS, and even when these
policies/protocols are in place, they are implemented in a small percentage of patients.



Withdrawal from opioids and sedatives administered under medical supervision is known as
iatrogenic withdrawal syndrome (IWS) (1, 2). In the adult critically ill population, which
routinely receives opioids and sedatives for supportive care, IWS prevalence has been
reported to be between 17% and 100% depending on the study design and population
examined (3-8). Risk factors associated with IWS include cumulative dose and duration of
administration of 72 hours or more (3, 6, 7). Negative clinical outcomes have been associated
with IWS, including prolonged mechanical ventilation and ICU length of stay (7).

Weaning opioids and sedatives through gradual dose reductions may be a strategy to
minimize the risk of IWS in the ICU (9-12). Protocolized weaning of opioids and sedatives in
pediatric and neonatal ICUs has been shown to decrease overall drug exposure and reduce
IWS and ICU length of stay (9-11).

Despite what is known about the prevalence, risk factors, and effects of IWS in the pediatric
and neonatal ICU populations, little has been published regarding opioid and sedative
weaning and IWS practices currently employed in adult ICUs. In addition, methods used in
the adult ICU population to monitor and assess IWS have not been adequately studied (6, 13).
The aim of this study was to determine the prevalence, utilization, and characteristics of
opioid and sedative weaning and IWS policies/protocols in the adult ICU population. We
hypothesized that opioid and sedative weaning and IWS practices are not standardized and are
infrequently employed in adult ICUs.

MATERIALS AND METHODS

Study Design

We conducted an international, multicenter, observational, 1-day point prevalence study. The
study is registered with ClinicalTrials.gov (NCT04422808). Sites were recruited through an
iterative process via professional networks, Listservs, a study website, and social media. The
study was determined to be exempt by the Wilkes University Institutional Review Board (no.
116); each individual site was required to obtain local research ethics approval before study
initiation. Study procedures were in accordance with the ethical standards of the responsible
committee on human experimentation (institutional or regional) and with the Helsinki
Declaration of 1975, as most recently amended. We report study findings in accordance with
the STrengthening the Reporting of Observational studies in Epidemiology checklist (14).

Study Population

Each participating ICU selected 1 day for data collection between June 1 and September 30,
2021. Criteria for enrollment included all patients aged 18 years or older in the ICU on the
data collection date who received any parenteral opioids or sedatives in the previous

24 hours. Parenteral opioid or sedative use was defined as drug administration by either the
IV, subcutaneous, intramuscular, or epidural routes. Enrolled patients were assessed for
regularly dosed opioids or sedatives, which we defined as either continuous IV infusion,
scheduled intermittent injection, or as needed doses with at least half of the possible doses
from the previous 24 hours being administered.



Study Data and Clinical Information

All data were collected from the patient medical record and managed using Research
Electronic Data Capture (REDCap) electronic data capture tools hosted at Wilkes University
(15, 16). REDCap is a secure, web-based software platform designed to support data capture
for research studies, providing 1) an intuitive interface for validated data capture; 2) audit
trails for tracking data manipulation and export procedures; 3) automated export procedures
for seamless data downloads to common statistical packages; and 4) procedures for data
integration and interoperability with external sources.

Demographic data, opioid and sedative medication, and weaning and IWS assessment data
were collected from the medical records of enrolled patients. Order sets, policies, and
protocols were considered equivalent regarding their use to guide opioid and sedative
utilization, weaning, and assessment and treatment of IWS. Weaning and IWS were not
defined since each study site may have used their own definition. Thus, utilization of opioid-
sedative weaning and IWS policies/protocols were self-reported by study sites.

Although the policies/protocols themselves were not evaluated by study investigators, the
following data on these policies/protocols were reported by individual sites: provider(s)
allowed to perform assessment, timing when weaning policy/protocol initiated, degree of
opioid-sedative dose reduction, and IWS assessment tool(s) used. If an ICU reported having a
weaning policy/protocol in place, patients admitted to that ICU were considered to be eligible
for utilization of the policy/protocol if they met the timing for initiation criteria reported for
the policy/protocol. Patients were coded as receiving mechanical ventilation if it was used on
the date of data collection. Duration of mechanical ventilation and duration of ICU admission
was the time up to the date of data collection.

Outcomes

The primary outcome was the proportion of patients who had parenteral opioids and/or
sedatives weaned by an institutional policy/protocol on the data collection day. Secondary
outcomes included the proportion of patients who were assessed for IWS with an institutional
policy/protocol on the data collection day, proportion of patients in the ICU on the data
collection day receiving any parenteral opioids and sedatives, and specific weaning practices.

Statistical Analysis

Data were summarized using frequencies and percentages for categorical variables and means
with sd or medians with interquartile ranges (IQRs) for continuous variables depending on
data distribution. Characteristics for ICUs and patients were grouped based on utilization of a
policy/protocol for weaning or IWS and summarized since this was directly related to the
primary outcome. Comparisons were made for ICU and patient demographic data based on
the use of either a weaning or IWS policy/protocol. For comparisons between two parametric
categorical variables either the chi-square of Fisher exact test was used, and for nonparametric
continuous variables the Mann- Whitney U test was applied. Denominators are reported for
categorical variable fields with missing data, and the number (n) is noted for continuous
variable fields with missing data. Data entry for some fields was limited due to linked
responses from other fields.



All descriptive and statistical analyses were performed using IBM SPSS Statistics version
28.0.0 (IBM, Armonk, NYY). For comparisons between groups, the a priori alpha level was set
at 5%.

RESULTS

A summary of hospital and patient enrollment is provided in Figure 1. Among 104 hospitals,
88 screened 2,437 patients admitted to 236 1CUs for use of any parenteral opioid and/or
sedative in the previous 24 hours. Data for one hospital were not included in the final analysis
due to a protocol violation where only one or two patients were enrolled from each ICU; thus,
it appeared not all patients in this hospital’s ICUs on the day of data collection were screened
for opioid and sedative use. In addition, 22 patients were excluded due to missing data, and 4
due to age less than 18 years. This left 2,402 patients from 229 ICUs at 87 hospitals that were
screened for enrollment, of which 1,506 received any parenteral opioid or sedative in the
previous 24 hours and were enrolled.
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Figura 1. Flow diagram of hospital and patient enrcliment REDCap — Resaarch Electronic Data Capture.



Study Sites Characteristics

Most hospitals (56.3%) were from the United States and the United Kingdom (Fig. 2), 60.9%
were academic medical centers, 21.7% were community not-for-profit hospitals, 4.6% were
community for-profit, and 13.8% were government or other nonpublic institutions. The
median number of adult ICUs among all hospitals was 3 (IQR, 1-5), and the median number
of total adult ICU beds per hospital was 46 (IQR, 23-75). The predominant ICU patient
population was mixed medico- surgical (40.2%) with interprofessional bedside rounds
occurring daily in the majority (53.3%) of ICUs (Supplement Table 1,
http://links.lww.com/CCM/ H358). Most participating ICUs (67.7%) employed a closed
practice model (17, 18) and had a mean of 19 (sd £ 9) beds.

There were no significant differences in demographic data between 1CUs that reported having
an opioid-sedative weaning or IWS policy/protocol and those that did not, except a
significantly higher percentage of ICUs that use a policy/protocol also used an order set to
guide opioid-sedative therapy and daily interruption (Supplement Table 1,
http://links.lww.com/CCM/H358).
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Figure 2. Numker of study sites by country.

Patient Characteristics and Opioid-Sedative Use

The majority of patients (70.6%) screened for enrollment were from North America (Fig. 3).
Demographic results for the 1,506 (62.7%) patients enrolled who received any parenteral
opioid or sedative in the previous 24 hours are provided in Supplement Table 2
(http://links.lww.com/CCM/H358). The mean age of patients was 56.4 (sd + 16.0) years,
38.0% were female, 40.8% were admitted primarily for respiratory disease, 12.9% were using
opioids before admission, and 29.8% had a positive PCR test for COVID-19. On the day of
data collection, the median duration of ICU stay was 6 (IQR; 2-14) days, 30.6% had active


http://links.lww.com/CCM/

acute respiratory distress syndrome, and 74.4% were mechanically ventilated. There was a
significant imbalance in various ethnic groups among patients admitted to 1CUs that reported
having or not having an opioid-sedative weaning or IWS policy/protocol. Also, patients in
ICUs that use a policy/protocol were admitted for trauma more frequently and spent more
time on mechanical ventilation, while patients in those that do not use a policy/protocol were
more often admitted for circulatory system diseases.
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Figure 3. Patients screened for enroliment by country.

TABLE 1.

Oplold/Sedative Practices Among Patients Based on ICU Policy/Protocol Presence

ICU With Oploid-Sedative Weaning or

latrogenic Withdrawal Syndrome
Policy/Protocol
No (n = 953) Yes (n = 553)

Recaiving regularly dosed opioids, 1 (%) 817 (85.7) 488 (88.2) 0.166
Recaiving regularty dosed sadatives, n (30) 731 (78.8) 400 (72.3) 0.004
Recaiving ragulary dosed opioids and sadatives 613/001 (B45%)  336/593(60.6%) 0425
Opioid-sedativa daily interruption order set being used 199/465 (42.8%) 175/377 (46.4%) 0.293
Opioid-sedative dosa reducad in previous 24 hr 336/700 (48.0%) 186/401 (46.4%) 0605
Opioid-sedative percent dose reduction in previous 24 hr

Less than 100 207336 (6.0%) 6/186 (3.290) 0470

1036-20% 61/336 (18.2%) 43/186 (23.1%) 0.174

21%-30% 46/336 (13.7%) 36/186 (10.4%) 0.089

31%-50%% 107/336 (31.8%) 52/186 (28.0%) 0.355

Greater than 50% 153/336 (45.5%) 80/186 (43.0%) 0.578
Enteral opioids/sedatives began in pravious 24 hr 114/700 (16.3%) 80/402 (19.9%) 0429




Among enrolled patients 1,305 (86.7%) received regularly dosed opioids, 1,151 (76.4%)
received regularly dosed sedatives, and 950 (62.1%) received regularly dosed opioids and
sedatives (Table 1). Thus, among the 1,506 patients enrolled 201 did not receive regularly
dosed opioids, and 355 did not receive regularly dosed sedatives.

Opioid and Sedative Weaning Policies/Protocols

On the day of data collection, among all participating ICUs, a weaning policy/protocol was
used in 176 of the 1,506 (11.7%) patients enrolled. Among enrolled patients, 521 (34.6%)
were admitted to 90 (39.3%) ICUs with an opioid-sedative weaning policy/protocol. In ICUs
with a weaning policy/protocol in place, it was used in 33.8% (176/521) of patients on the day
of data collection (Table 2). Although clinical criteria to describe appropriateness for
initiation of a weaning policy/protocol were not assessed, 485 (93.1%) patients admitted to
ICUs with a weaning policy/protocol were eligible for policy/protocol initiation based on their
duration of opioid/sedative use. Therefore, the policy/protocol was being used in 36.3%
(176/485) of patients who met the criterion related to duration of opioid/sedative use on the
day of data collection.

IWS Policies/Protocols

Among all participating ICUs, a policy/protocol for IWS was being used in 9 of the 1,506
(0.6%) patients enrolled. A total of 97 (6.4%) enrolled patients were admitted to 23 (10.0%)
ICUs with an IWS policy/protocol. In ICUs with an IWS policy/protocol in place, it was used
in 9.3% (9/97) of patients on the day of data collection. There were 55.7% (54/97) of patients
in these ICUs who had been receiving parenteral opioids or sedatives for 72 hours of more by
the day of data collection, which has been associated with IWS risk (3, 6). Although clinical
criteria to describe appropriateness for initiation of an IWS policy/protocol were not assessed,
16.7% (9/54) of patients who received opioids or sedatives for 72 hours or more were
utilizing the policy/protocol on the day of data collection.

Weaning and IWS Practices

ICUs with weaning policies/protocols in place generally delegate the responsibility of patient
assessment to nurses and physicians, followed by pharmacists and other providers (Table 3).
Also, the policies/protocols in the majority of ICUs do not define when to initiate weaning,
and most that do define a time indicate less than 72 hours after beginning opioids or sedatives.

The policies/protocols in the majority of ICUs use an assessment scale or tool to determine
the degree of weaning, while about one-quarter use a percent or absolute dose reduction, or do
not specify.

Among ICUs using an IWS policy/protocol, 13 (56.5%) incorporated an IWS assessment tool:
six used the Opioid and Benzodiazepine Withdrawal Score, one the Sophia Observation
Symptoms Scale, one the Sophia Benzodiazepine and Opioid Withdrawal Checklist, and five
an institutional tool.



TABLE 2.
ICU Weaning Policy/Protocol Initlation Criterla and Patient Eligibility and Use

Duration of Patient Duration of Opicids or Sedatives® Patients Eligible’  Palients In
Oplold/Sedative ———— Based on Which Policy/
Use Initiation <24hr 24io<72hr 72io<96hr >96hr Total Initiation Criterion Protocol Used
Criterion® (n=133) (n = 05) (n=B0) (n=243) (n=B521) {n = 485)° (= 176)*
<24 hr 36 18 14 80 148 148 (100%) 57 (38.5%)
24to<72 hr 24 19 6 38 B85 61 (71.8%) 44 (72.1%)
172 ta <98 hr 1 ) 0 2 8 2 (25%) 0 (0%)
=96 hr 1 2 3 9 15 9 (60%) 2 (22.2%)
Not defined 71 51 27 116 265 265 (100%0) 73 (27.5%)

*Site investigators were asked how long after beginning regularly doses opicids or sedatives their ICU’s palicy/protocol for weaning
analgesics/sedatives was indicated to be initiated.

For each patient enrolled site irvestigators were asked how long the patient had been receiving regularly dosed opicids and/or
sedatives.

*Patients in the ICU on the data collection day who met the respective citerion in the Duraticn of Opioid/Sedative Use Initiation Criterion
column

“Patients among those eligible in each Duration of Opicid/Sedative Use Initiaticn Criterion who had the policy/protocol implemented by
the data collection day.

Comparison of Opioid and Sedative Utilization Among ICUs

Significantly more patients in ICUs without an opioid-sedative weaning or IWS
policy/protocol received regularly dosed sedatives (Table 1). There was no significant
difference in use of an opioid-sedative daily interruption order set, opioid-sedative dose
reduction in the 24 hours before data collection, percent dose reduction, or initiation of enteral
opioids or sedatives between patients in an ICU with an opioid-sedative weaning or IWS
policy/ protocol and those in an ICU without a policy/protocol.

DISCUSSION

This international point prevalence study describes current opioid-sedative weaning and IWS
management practices in adult ICUs. The results show that opioid-sedative weaning and IWS
policies/protocols are not prevalent and are infrequently employed in adult ICUs. This is
despite the fact that more than three-quarters of the patients who received parenteral opioids
or sedatives had them provided on a regularly dosed basis, with more than two-thirds
receiving them as continuous IV infusions. Also, the results demonstrate that in ICUs with a
policy/protocol in place about one in three patients who met the ICU’s duration of
opioid/sedative use criterion for weaning policy/protocol initiation, and one in six who were
at risk of IWS due to receiving opioids or sedatives for 72 hours or more (3, 6), had the
policy/protocol used at the time of data collection. Finally, one-quarter of 1CUs utilizing a
weaning policy/protocol do not specify the degree of opioid-sedative weaning, and the
majority of ICUs with a weaning policy/protocol do not specify when to initiate the
policy/protocol.

This study also found that almost two-thirds of patients admitted to adult 1CUs received
parenteral opioids or sedatives in the 24 hours before data collection. This provides an
estimate of the current prevalence of parenteral opioid and sedative use in critically ill adults.
Utilization of parenteral opioids and sedatives in the current study was similar to that
previously reported (19, 20).



TABLE 3.
ICU Protocolized Weaning Practices

1CU With
Opiocid-Sedative

Weaning Policy/
Prolocol (7 = 90)

Provider allowed to perforrm weaaning
assassment, 1 (%0)

Nurse 77 (85.6)
Physician 690 (76.7)
Phamacist 14 {(15.6)
Cther 11 {(12.2)

When waaning protocol indicates it should be used after
opiocid-sadative bagun, 1 (9%5)

<24 hr 20 (22.2)

24 o <<72 hr 12 {13.3)

72 to <96 hr B (8.9)

96 hr or more 2 {3.3)

Not defined 47 (52.2)

Dagree of weaning

Based on assassment scalef/tool, 48 {(53.3)
n (35)

Parcent dose reduction, n {%0) 23 (25.6)
Madian percent reduction 50 {(25-50)

{interquartile range)

Absolute dose reduction, rr (%) 22 (24.4)

Doas not specify, n (%) 24 (26.7)

Other, n (3%c) 15 (16.7)

Standardization of analgesia and sedation practices in the adult ICU utilizing protocols,
including daily sedation interruption, is recommended by clinical practice guidelines and has
demonstrated improved patient outcomes (21). Current guidelines do not offer insight about
best practices for weaning opioids and sedatives or for assessing IWS in adult ICU patients.
Current data about weaning protocols and IWS management are largely derived from the
pediatric population. Utilization of such protocols in the pediatric population has been shown
to decrease exposure to opioids and benzodiazepines, facilitate more calm and awake days,
reduce the occurrence of IWS, and shorten hospital stays (22—24). The results of the current
study show that ICUs utilizing an opioid-sedative order set, including daily interruption, often
incorporate a policy/protocol for opioid-sedative weaning or IWS assessment; however,
consistent with other reports, the availability of such policies/protocols does not guarantee
their use in individual patients (25, 26). Policies/protocols for opioid-sedative weaning and
IWS should be used along with clinical assessment of individual patients during
interprofessional rounds, and not implemented strictly based on generalized predetermined
parameters. Additional research in critically ill adults is needed that focuses on enhancing
adherence to available policies/protocols and measuring their clinical benefits when
incorporated at the bedside.

Interestingly, our results show that more than half of the ICUs that use an IWS
policy/protocol incorporate an IWS assessment tool. Although several tools for assessment of
IWS have been validated in critically ill children, none have been validated in the adult ICU
population. The Withdrawal Assessment Tool-1 was tested in critically ill adults and
demonstrated low sensitivity and specificity, leading the authors to conclude that it is not



useful to assess IWS in the adult ICU (27). Until a valid tool is available, it is difficult to
provide a rigorous standardized approach to IWS assessment, and this may have contributed
to the results reported from the current study. This represents another important gap that
warrants further investigation.

Although this study included data from a large number of hospitals in multiple countries,
there are several limitations. Data from many countries were provided by a small number of
institutions, which limits generalizability of the data for those countries. In addition, data
provided by institutions may not necessarily be representative of the practice within a
particular country or geographic region. There also may have been bias in study site
participation based on the recruitment methods used, with limited participation of sites whose
investigators may not utilize Listservs, internet resources, or social media to identify
opportunities for participation in multicenter research. Another important study design
limitation is that reasons for the abrupt discontinuation of opioids and sedatives, and patient
clinical criteria for readiness to wean, were not collected. Lack of data on why opioids and
sedatives were abruptly discontinued, and on the clinical readiness of individual patients for
weaning, regardless of policy/protocol triggers, could have biased the results when there may
have been clinically justifiable reasons for acutely discontinuing these agents and not
Initiating weaning per policy/protocol triggers. While the terms “weaning” and “IWS” were
clearly contextually tied to the use of analgesics and sedatives in the study protocol and case
report form, the terms were not specifically defined for site investigators. This limitation may
have led to bias in sites indicating if they used a weaning or IWS policy/protocol. An
additional limitation is that only 24 hours of opioid and sedative data were collected at one
point in time. Although this approach in study design made its completion more feasible,
longitudinal data collection would have captured data that better represented the entire ICU
stay of patients. Another limitation is that nearly 30% of included patients had a positive PCR
test for COVID-19, and published reports suggest that these patients require higher
cumulative doses of opioids and sedatives for longer durations, often with the need for more
than one agent, compared to non-COVID-19 admissions (28-32). Inclusion of these patients
may have biased the results, especially duration of opioid and sedative use, receipt of
regularly dosed agents, dose reduction, and initiation of enteral agents. Finally, data were only
captured for patients who received parenteral opioids or sedatives. Although we do report on
those patients who began enteral opioids and/or sedatives in the 24 hours before data
collection, those who were administered only nonparenteral agents, or who received both
parenteral and nonparenteral agents, may have been utilizing weaning or IWS
policies/protocols, but were not represented in the results of this study.

CONCLUSIONS

Very few ICUs utilize an opioid-sedative weaning or IWS policy/protocol, and for those that
do these policies/ protocols are implemented in a small proportion of patients. This is despite
that more than three-quarters of adult ICU patients received regularly dosed opioids or
sedatives in the 24 hours before data collection. These results demonstrate that there is
underutilization of opioid-sedative weaning and IWS assessment practices in a significant
proportion of critically ill adults. This is likely related to the absence of standardized methods
for opioid-sedative weaning and a validated IWS assessment tool for critically ill adults. Such
methods and a tool are required components for any effort trying to establish the clinical value
of opioid-sedative weaning and IWS strategies. Current guidelines should advocate for



research regarding valid methods and tools to guide opioid and sedative weaning and IWS
practices, including the prevalence, assessment, prevention, and treatment of IWS, and
clinicians should be aware of the potential risk of IWS with regularly dosed opioids and
sedatives.

ACKNOWLEDGMENTS
List of ALERT-ICU collaborators: site principal investigators—

Sara Alcéntara, Hospital Universitario Puerta de Hierro Majadahonda, Madrid, Spain.
Namareq Aldardeer, King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi
Arabia. Abdullah Alhammad, King Saud University Medical City—King Khalid University
Hospital, Riyadh, Saudi Arabia. Sulaiman Almohaish, Virginia Commonwealth University,
Richmond, VA. Mahmoud Ammar, Yale New Haven Hospital, New Haven, CT. Carmen
Mabel Arroyo-Novoa, Puerto Rico Trauma Hosptial, San Juan, Puerto Rico. Don-Kelena
Awassi, Hopital Maisonneuve-Rosemont, Montreal, Canada. Mariana Badano, Hospital
Italiano La Plata, La Plata, Argentina. Belinda Badman, Princess Alexandra Hospital, Harlow,
United Kingdom. Sanchia Barnes, Manchester University NHS Foundation Trust,
Manchester, United Kingdom. Matias Bertozzi, Sanatorio Anchorena San Martin, Buenos
Aires, Argentina. Shady Botros, Ninewells Hospital, NHS Tayside, Dundee, Scotland.
Gretchen Brophy, Virginia Commonwealth University, Richmond, VA. Caitlin Brown, Mayo
Clinic, Rochester, MN. Glen Brown, St. Paul’s Hospital, Vancouver, Canada. Mitchell
Buckley, Banner University Medical Center Phoenix, Phoenix, AZ. Sarah Burgess, Queen
Elizabeth Il Health Sciences Centre, Halifax, Canada. Joshua Campbell, Guthrie Robert
Packer Hospital, Sayre, PA. Chancey Carothers, Orlando Regional Center, Orlando, FL.
Patricio Celario, Sanatorio 9 de Julio, Buenos Aires, Argentina. Lauren Chambers, Vidant
Medical Center, Greenville, SC. Gérald Chanques, CHU of Montpellier, Montpellier, France.
Sofia Contreras, Vall d’Hebron University Hospital, Barcelona, Spain. Jennifer Cortes,
Memorial Hermann- Texas Medical Center, Houston, TX. Gabrielle Cozzi, Beth Israel
Deaconess Medical Center, Boston, MA. Michaelia Cucci, Cleveland Clinic Akron General,
Akron, OH. Eleonora Cunto, Hospital de Infecciosas F J Mufiz, Buenos Aires, Argentina.
Denis Dao, Jewish General Hospital, Montreal, Canada. Aubrey Defayette, Roswell Park
Comprehensive Cancer Center, Buffalo, NY. Alexandra Dey, Prince of Wales Hospital,
Randwick, New South Wales. Anatilde Diaz, Hospital Misericordia Nuevo Siglo, Buenos
Aires, Argentina. Deepali Dixit, Rutgers University Hospital, Newark, NJ. Jean-Noel Dube,
Centre hospitalier affilié universitaire régional de Trois-Rivieres, Trois-Rivieres, Canada.

Marc-Alexandre Duceppe, Royal Victoria Hospital- McGill University Health Centre,
Montreal, Canada. Amy Dzierba, New York-Presbyterian Hospital, New York, NY. Odran
Farrell, University Hospital Plymouth NHSFT, Plymouth, United Kingdom. Pietro Ferranti,
Lister Hospital, Stevenage, East and North Herts NHS Trust, Stevenage, United Kingdom.
Alexander Flannery, University of Kentucky HealthCare, Lexington, KY. Gabriel Fontaine,
Intermountain Medical Center, Murray, KY. Christy Forehand, Augusta University Medical
Center, Augusta, GA. Nydia Funes Nelson, Sanatorio del Oeste, Buenos Aires, Argentina.
Manon Gillet (CHU Liege, Be), Centre Hospitalier Universitaire de Liege, Liege, Belgium.
Gustavo Nicolas Gonzalez, Hospital Italiano De Buenos Aires, Buenos Aires, Argentina.
Emma Graham-Clarke, Sandwell and West Birmingham NHS Trust, West Bromwich, United
Kingdom. Sarah Green, Royal North Shore Hospital, St. Leonards, New South Wales.
Christine Groth, University of Rochester Medical Center, Rochester, NY. Hytham Hamid,
AlMoalem Medical City, Jartum, Sudan. Leslie Hamilton, University of TN Medical Center,
Knoxville, TN. Joanne Hanley, Antrim Area Hospital, Antrim, Northern Ireland. Jessica



Jackson, Concord Repatriation General Hospital, Concord, New South Wales. Jackie
Johnston, St. Joseph’s University Medical Center, Patterson, NJ. Salmaan Kanji, Ottawa
Hospital, Ottawa, Canada. Sam Katzman, MercyOne Medical Center Des Moines, Des
Moines, IA. Michael Kenes, University of Michigan, Ann Arbor, MI. Justin Kinney, Loma
Linda University Health, Loma Linda, CA. Claire Kohler, Royal Berkshire, Reading, United
Kingdom. Nicole Kovacic, WVU Medicine, Morgantown, WV. Julia Kuroski, Cleveland
Clincial Marymount Hospital, Garfield Heights, OH. Kaitlin Landolf, University of Maryland
Medical Center, Baltimore, MD. Rosalynn Laotheerachao, Keck Hospital of USC, Los
Angeles, CA. Samuel Largana (CHR Citadelle; Be), Centre Hospitalier Regional de la
Citadelle, Liege, Belgium. Genevieve Lebrun, Centre hospitalier affilié universitaire régional
de Trois-Rivieres, Trois-Riviéres, Canada. Kate Leonardo, Wye Valley NHS Trust, Hereford,
United Kingdom. Elizabeth Levins, Oregon Health and Science University, Portland, OR.
Temeka Lewis-Wolfson, Valley Health Winchester Medical Center, Winchester, VA.
Jonathan Mailman, Saskatchewan Health Authority—Regina, Canada. Anna Man, Mid and
South Essex NHS Foundation Trust, Chelmsford, United Kingdom. Veronica Mandich,
Hospital Santojanni, Buenos Aires, Argentina. lain McCullagh, The Newcastle Hospital NHS,
Newcastle, United Kingdom. Jill McDonald, Milton Keynes University Hospital NHS
Foundation Trust, Milton Keynes, United Kingdom. Antonella Milano Gil, Hospital
Aeronautico Central, Buenos Aires, Argentina. Wing Sum (Winny) Ng, St Vincent’s Hospital
Sydney, Darlinghurst, New South Wales. Hang Nguyen, Gosford Hospital, Gosford,
Australia. Madeline O’Hare, The Royal Wolverhampton NHS Trust, Wolverhampton, United
Kingdom. Jesus Eduardo Ochoa saleh, Hospital Abel Ayerza, Marcos Juarez, Argentina.
Christopher Oswald, Saint Alphonsus Regional Medical Center, Boise, ID. Asad Patanwala,
Royal Prince Alfred Hospital, Camperdown, New South Wales. Jean-Francois Payen,
Grenoble Alpes University Hospital, La Tronche, France. Brian Phan, Riverside University
Health System, Riverside, CA. John Radosevich, Dignity Health, AZ. Tamara Reiter,
Methodist Dallas Medical Center, Dallas, TX. Christopher Remmington, Guy’s and St
Thomas’ Hospital, London, United Kingdom. Viviana Reyes, Hospital San Cayetano, Buenos
Aires, Argentina. Russel Roberts, Massachusetts General Hospital, Boston, MA. Judith
Sagardia, Hospital Posadas, Buenos Aires, Argentina. Jas Sall, Sheffield Teaching Hospitals
NHS Foundation Trust, Sheffield, United Kingdom. Diego Sanchez, Hospital ElI Cruce
SAMIC, Buenos Aires, Argentina. Bethany Shoulders, University of Florida, Gainesville, FL.
Barbara Sneyers, CHU Mont- Godinne, Yvoir, Belgium. Zoe Thiboutot, Centre hospitalier de
I’Universite de Montreal, Montreal, Canada. Melissa Thompson, University of Kentucky,
Lexington, KY. Alan Timmins, Victoria Hospital, Canada. Carina Fernanda Tolosa, Hospital
San Juan Bautista, Argentina. Carina Tolosa, Sanatorio Junin, Buenos Aires, Argentina.
Valentin Gabriel Torres, Hospital Provincial del Centenario, Rosario Santa Fe, Argentina.
Sandy Tran, Westmead Hospital, Westmead, New South Wales. Thu Ha Trinh, St George’s
University Hospitals NHS Foundation Trust, London, United Kingdom. Sinead Tynan,
Barking, Havering and Redbridge University Hospitals Trust, Havering, United Kingdom.
Lan Vu, UC Irvine Health, Irvine, CA. Franki Wilson, Leeds Teaching Hospitals NHS Trust,
Leeds, United Kingdom. Site investigators— Aaron Cook, University of Kentucky
HealthCare, Lexington, KY. Alana Ciolek, NewY ork-Presbyterian Hospital, New York, NY.
Aleina Haines, Saskatchewan Health Authority, Canada. Alejandra Rodriguez, Hospital de
Infecciosas F J Muiiz, Buenos Aires, Argentina. Alexandra Cheung, Mount Sinai Hospital,
New York, NY. Amanda Leong, Saskatchewan Health Authority, Canada. Ana Laura Nisnik,
Hospital Misericordia Nuevo Siglo, Buenos Aires, Argentina. Ana Maria Mancilla, Vall
d’Hebron University Hospital, Barcelona, Spain. Brandon Rinehimer, Wilkes-Barre General
Hospital, Wilkes-Barre, PA. Brett Sloan, Keck Hospital of USC, Los Angeles, CA. Brittany
Bissell, University of Kentucky HealthCare, Lexington, KY. Caitlin Kulilg, St. Joseph’s



University Medical Center, Patterson, NJ. Cassandra Coombe, Wilkes-Barre General
Hospital, Wilkes-Barre, PA. Cecilia Dominguez, Hospital de Infecciosas F J Mufiiz, Buenos
Aires, Argentina. Chelsea Wampole, Maine Medical Center, Portland, OR. Cristhian
Rodriguez de la Quintana, Hospital EI Cruce SAMIC, Buenos Aires, Argentina. Darina
Mulodjanov, Jewish General Hospital, Montreal, Canada. Darina Tsoller, Jewish General
Hospital, Montreal, Canada. David Bowen, Westmead Hospital, Westmead, New South
Wales. David Gagnon, Maine Medical Center, Portland, OR. Debanjali Purkayastha, Ottawa
Hospital, Ottawa, Canada. Dina Ali, University of Kentucky HealthCare, Lexington, KY.
Elfayadh Saidahmed, AlMoalem Medical City, Jartum, Sudan. Emily Lewandowski, URMC
Strong Memorial, Rochester, NY. Emily Schranz, URMC Highland Hospital, Rochester, NY.
Erin MacNeil, Queen Elizabeth Il Health Sciences Centre, Halifax, Canada. Fraser Hanks,
Guy’s and St Thomas’ Hospital, London, United Kingdom. Hager Kassab, St. Joseph’s
University Medical Center, Patterson, NJ. Hannah Brokmeier, Mayo Clinic, Rochester, MN.
Jaspreet Kaur, The Royal Wolverhampton NHS Trust, Wolverhampton, United Kingdom. Jeff
Huntress, URMC Highland Hospital, Rochester, NY. Jenna Clark, URMC Strong Memorial,
Rochester, NY. Jennifer Falvey, URMC Strong Memorial, Rochester, NY. Jessica De
Giacomo, Keck Hospital of USC, Los Angeles, CA. Jonathan Smith, Royal Berkshire,
Reading, United Kingdom. Juan Ibarzabal, Hospital Provincial del Centenario, Rosario Santa
Fe, Argentina. Judith Niland, Leeds Teaching Hospitals NHS Trust, Leeds, United Kingdom.
Justin Muir, NewYork-Presbyterian Hospital, New York, NY. Kasia Gosek, NewYork-
Presbyterian Hospital, New York, NY. Kaylee Maynard, URMC Strong Memorial, Rochester,
NY. Kirstin Kooda, Mayo Clinic, Rochester, MN. Komal Pandya, University of Kentucky
HealthCare, Lexington, KY. Kristin Kaupp, Queen Elizabeth Il Health Sciences Centre,
Halifax, Canada. Laura Ebitt, University of Kentucky HealthCare, Lexington, KY. Lucas
Bordon, Hospital San Juan Bautista, Argentina. Lusi Chiscano, Vall d’Hebron University
Hospital, Barcelona, Spain. Manuel Sosa, Vall d’Hebron University Hospital, Barcelona,
Spain. Marc Cosep, Keck Hospital of USC, Los Angeles, CA. Marcelo Lobo, Hospital San
Juan Bautista, Argentina. Marco Flores Monte, Hospital de Infecciosas F J Mufiiz, Buenos
Aires, Argentina. Melissa Sandler, Virginia Commonwealth University, Richmond, VA.
Melissa Thompson Bastin, University of Kentucky HealthCare, Lexington, KY. Michael
Armabhizer, University of Maryland Medical Center, Baltimore, MD. Michelle Wang, Maine
Medical Center, Portland, OR. Miriam Eshaghian, Keck Hospital of USC, Los Angeles, CA.
Mohammad Rizwan, Mayo Clinic, Rochester, MN. Mona Patel, NewYork-Presbyterian
Hospital, New York, NY. Nestor Pistillo, Hospital EI Cruce SAMIC, Buenos Aires,
Argentina. Nicole Harris, Royal North Shore Hospital, St. Leonards, New South Wales. Pau
Torella, Vall d’Hebron University Hospital, Barcelona, Spain. Paula Phongsamran, Keck
Hospital of USC, Los Angeles, CA. Priscilla Woo, Keck Hospital of USC, Los Angeles, CA.
Rhiannon Garcia, Intermountain Medical Center, Murray, UT. Rosana Gregori Sabelli,
Hospital de Infecciosas F J Mufiiz, Buenos Aires, Argentina. Ryan Grant, Methodist Dallas
Medical Center, Dallas, TX. Samantha Delibert, URMC Strong Memorial, Rochester, NY.
Sara Parli, University of Kentucky HealthCare, Lexington, KY. Sharon Wilson, University of
Maryland Medical Center, Baltimore, MD. Siu Yan Amy Yeung, University of Maryland
Medical Center, Baltimore, MD. Sofia Putruele, Hospital Posadas, Buenos Aires, Argentina.
Stephen Rappaport, URMC Strong Memorial, Rochester, NY. Susan Welch, St Vincent’s
Hospital Sydney, Darlinghurst, New South Wales. Vivek Moitra, NewY ork-Presbyterian
Hospital, New York, NY. Viviana Chediack, Hospital de Infecciosas F J Mufiiz, Buenos
Aires, Argentina. Ghada Alajmi, Department of Clinical Pharmacy, King Saud University,
King Khalid University Hospital, Riyadh, Saudi Arabia. Collin Owczarzak, University of
Rochester Medical Center, Rochester, NY. Arwa Abu Sardaneh, Royal Prince Alfred
Hospital, Camperdown, Australia.



Drs. Bolesta, Burry, Perreault, Gélinas, Riker, Fraser, and Erstad contributed to the study
conception and design. Communication and coordination of study sites were performed by
Drs. Bolesta, Eadie, Carini, Saltarelli, Mitchell, and Ms. Harpel and Mr. Stewart.

Data collection was performed by Drs. Bolesta, Burry, Perreault, Gélinas, Smith, Eadie,
Carini, and Saltarelli at their individual institutions, and by the ALERT-ICU collaborators.
Data curation was performed by Dr. Bolesta, Ms. Harpel, and Mr. Stewart.

*

Statistical analyses were performed by Dr. Bolesta. The first draft of the article was written
by Dr. Bolesta and all authors commented and edited subsequent versions of the article. All
authors read and approved the final article.

Supported by funding from a Wilkes University Provost Research and Scholarship Grant.

Dr. Burry’s institution receives funding under the awar Canadian Institutes of Health
Research (CIHR) project grant (no. 159696). Dr. Gélinas’ institution receives funding under
the award CIHR project grant (no. 169043), and CIHR project grant (no. 168983), the Fonds
de recherche en santé du Québec, and the Nursing Collaborative—Jewish General Hospital;
she received funding from the Office of the Federal Publish Defender.

Dr. Eadie’s institution receives funding from HSC Public Health Agency Research and
Development Division NI. Dr. Saltarelli received funding from Wilkes University Provost
Research and Scholarship Grant. Dr. Riker’s institution receives funding under the award
number National Institute of General Medical Sciences 1P20GM139745; he and Dr. Fraser
serve on the data and safety monitoring board for a sedation study but receive no payment.

The remaining authors have disclosed that they do not have any potential conflicts of interest.

For information regarding this article, E-mail: scott.bolesta@ wilkes.edu

REFERENCES

1. Tobias JD: Tolerance, withdrawal, and physical dependency after long-term sedation and
analgesia of children in the pediatric intensive care unit. Crit Care Med 2000; 28:2122-2132

2. Anand KJS, Willson DF, Berger J, et al; Eunice Kennedy Shriver National Institute of
Child Health and Human Development Collaborative Pediatric Critical Care Research
Network: Tolerance and withdrawal from prolonged opioid use in critically 111 children.
Pediatrics 2010; 125:e1208-e1225

3. Wang PP, Huang E, Feng X, et al: Opioid-associated iatrogenic withdrawal in critically ill
adult patients: A multicenter prospective observational study. Ann Intensive Care 2017; 7:88

4. Brown C, Albrecht R, Pettit H, et al: Opioid and benzodiazepine withdrawal syndrome in
adult burn patients. Am Surg 2000; 66:367—-370; discussion 370-1



5. Arroyo-Novoa CM, Figueroa-Ramos M, Puntillo K: 1614: Identifying opioid and
benzodiazepine withdrawal in trauma intensive care unit (TICU) patients. Crit Care Med
1614;2018:791-791

6. Duceppe M-A, Perreault MM, Frenette AJ, et al: Frequency, risk factors and
symptomatology of iatrogenic withdrawal from opioids and benzodiazepines in critically ill
neonates, children and adults: A systematic review of clinical studies. J Clin Pharm Ther
2019; 44:148-156

7. Cammarano WB, Pittet JF, Weitz S, et al: Acute withdrawal syndrome related to the
administration of analgesic and sedative medications in adult intensive care unit patients. Crit
Care Med 1998; 26:676-684

8. Hyun D, Huh JW, Hong SB, et al: latrogenic opioid withdrawal syndrome in critically ill
patients: A retrospective cohort study. J Korean Med Sci 2020; 35:1-12

9. Sanchez-Pinto LN, Nelson LP, Lieu P, et al: Implementation of a risk-stratified opioid
weaning protocol in a pediatric intensive care unit. J Crit Care 2018; 43:214-219

10. Tiacharoen D, Lertbunrian R, Veawpanich J, et al: Protocolized sedative weaning vs usual
care in pediatric critically ill patients: A pilot randomized controlled trial. Indian J Crit Care
Med 2020; 24:451-458

11. Vyas D, Quinones Cardona V, Carroll A, et al: Standardized scoring tool and weaning
guideline to reduce opioids in critically ill neonates. Pediatr Qual Saf 2022; 7:e562

12. Solodiuk JC, Greco CD, O’Donnell KA, et al: Effect of a sedation weaning protocol on
safety and medication use among hospitalized children post critical illness. J Pediatr Nurs
2019; 49:18-23

13. Chiu AW, Contreras S, Mehta S, et al: latrogenic opioid withdrawal in critically ill
patients: A review of assessment tools and management. Ann Pharmacother 2017; 51:1099-
1111

14. von EIm E, Altman DG, Egger M, et al; STROBE Initiative: The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for
reporting observational studies. Lancet 2007; 370:1453-1457

15. Harris PA, Taylor R, Thielke R, et al: Research electronic data capture (REDCap)—a
metadata-driven methodology and workflow process for providing translational research
informatics support. J Biomed Inform 2009; 42:377-381

16. Harris PA, Taylor R, Minor BL, et al; REDCap Consortium: The REDCap consortium:
Building an international community of software platform partners. J Biomed Inform 2019;
95:103208

17. Valentin A, Ferdinande P; ESICM Working Group on Quality Improvement:
Recommendations on basic requirements for intensive care units: Structural and
organizational aspects. Intensive Care Med 2011; 37:1575-1587



18. Brilli RJ, Spevetz A, Branson RD, et al; American College of Critical Care Medicine Task
Force on Models of Critical Care Delivery. The American College of Critical Care Medicine
Guidelines for the Definition of an Intensivist and the Practice of Critical Care Medicine:
Critical care delivery in the intensive care unit: Defining clinical roles and the best practice
model. Crit Care Med 2001; 29:2007-2019

19. lapichino G, Bertolini G, Pezzi A, et al: Use of sedative and analgesic drugs in the first
week of ICU stay in high-level-ofcare. Minerva Anestesiol 2003; 69:765771-770774

20. Gill KV, Voils SA, Chenault GA, et al: Perceived versus actual sedation practices in adult
intensive care unit patients receiving mechanical ventilation. Ann Pharmacother 2012;
46:1331-1339

21. Devlin JW, Skrobik Y, Gélinas C, 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:E825-E873

22. Curley MAQ, Wypij D, Watson RS, et al: Protocolized sedation vs usual care in pediatric
patients mechanically ventilated for acute respiratory failure: A randomized clinical trial.
JAMA—J Am Med Assoc 2015; 313:379-389

23. Amirnovin R, Sanchez-Pinto LN, Okuhara C, et al: Implementation of a risk-stratified
opioid and benzodiazepine weaning protocol in a pediatric cardiac ICU. Pediatr Crit Care
Med 2018; 19:1024-1032

24. Sneyers B, Duceppe MA, Frenette AJ, et al: Strategies for the prevention and treatment of
iatrogenic withdrawal from opioids and benzodiazepines in critically ill neonates, children
and adults: A systematic review of clinical studies. Drugs 2020; 80:1211-1233

25. Burry LD, Williamson DR, Perreault MM, et al: Analgesic, sedative, antipsychotic, and
neuromuscular blocker use in Canadian intensive care units: A prospective, multicentre,
observational study. Can J Anesth 2014; 61:619-630

26. Borkowska M, Labeau S, Schepens T, et al: Nurses” Sedation practices during weaning of
adults from mechanical ventilation in an intensive care unit. Am J Crit Care 2018; 27:32-42

27. Capilnean A, Martone A, Rosu VA, et al: Validation of the withdrawal assessment tool-1
in adult intensive care patients. Am J Crit Care 2019; 28:361-369

28. Tapaskar N, Colon Hidalgo D, Koo G, et al: Sedation usage in COVID-19 acute
respiratory distress syndrome: A multicenter study. Ann Pharmacother 2022; 56:117-123

29. Dreucean D, Harris JE, Voore P, et al: Approach to sedation and analgesia in COVID-19
patients on venovenous extracorporeal membrane oxygenation. Ann Pharmacother 2022;
56:73-82

30. Balakrishna A, Walsh EC, Hamidi A, et al: An examination of sedation requirements and
practices for mechanically ventilated critically ill patients with COVID-19. Am J Heal Pharm
2021; 78:1952-1961



31. Wongtangman K, Santer P, Wachtendorf LJ, et al; SICU Optimal Mobilization Team
(SOMT) Group: Association of sedation, coma, and in-hospital mortality in mechanically
ventilated patients with coronavirus disease 2019-related acute respiratory distress syndrome:
A retrospective cohort study*. Crit Care Med 2021, 49:1524-1534

32. Flinspach AN, Booke H, Zacharowski K, et al: High sedation needs of critically ill
COVID-19 ARDS patients—a monocentric observational study. PLoS One 2021;
16:0253778



