Original Research Article

Journal of Pharmacy Practice

o o . o o 2022, Vol. 0(0) 1-8
Risk Factors Associated With Opioid/ © The Author(9) 2022

Article reuse guidelines:

Benzodiazepine latrogenic Withdrawal sagepub comournals permisions

DOI: 10.1177/08971900221116178
journals.sagepub.com/home/jpp

Syndrome in COVID-19 Acute Respiratory ©SAGE
Distress Syndrome

Melissa Vu Maffei, BS"'2©, Spencer Laehn, PharmD, BCCCP',
Monica Bianchini, PharmD, MPH', and Andy Kim, PharmD, BCCCP'

Abstract

Background: Mechanically ventilated COVID-19 acute respiratory distress syndrome (ARDS) patients often receive deeper
sedation and analgesia to maintain respiratory compliance and minimize staff exposure, which incurs greater risk of iatrogenic
withdrawal syndrome (IWS) and has been associated with worse patient outcomes. Objective: To identify potential risk
factors and differences in patient outcomes associated with the development of IWS in COVID-19 ARDS patients. Methods:
Retrospective analysis of ventilated COVID-19 ARDS intensive care unit (ICU) patients who received continuous intravenous
(IV) analgesia and sedation for >5 days from March 2020-May 2021. Patients were classified as IWS and non-IWS based on
receipt of scheduled oral sedative/analgesic regimens after cessation of IV therapy. Risk factors were assessed in univariate
analyses and multivariable modeling. Results: A total of | |5 patients were included. The final multivariable model showed: (1)
each additional day of IV opioid therapy was associated with an 8% increase in odds of IWS (95% ClI, 1.02-1.14), (2) among
sedatives, receipt of lorazepam was associated with 3 times higher odds of IWS (95% CI 1.12-8.15), and (3) each |-pointincrease
in Simplified Acute Physiology Score (SAPS) Il was associated with a 4% reduction in odds of IWS (95% Cl 0.93-0.999).
Conclusion: Prolonged and high dose exposures to IV opioids and benzodiazepines should be limited when possible. Ad-
ditional prospective studies are needed to identify modifiable risk factors to prevent IWS.
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Introduction these principles may be particularly difficult given the chal-
lenges of caring for COVID-19 ARDS patients, such as the
need to minimize staff exposure, reduce patient discomfort,
and maintain respiratory compliance during prolonged MV
with or without prone positioning.

The current body of literature on IWS in the critically ill
adult population is sparse in comparison to pediatric patients.
The Withdrawal Assessment Tool-1 and Sophia Observation
withdrawal Symptoms scoring tools are used to assess IWS in
pediatric populations, but validated IWS assessment tools are

Among mechanically ventilated patients, those with COVID-
19 acute respiratory distress syndrome (ARDS) often receive
deeper and prolonged courses of sedation and analgesia than
their non-COVID counterparts, which has been associated
with higher risk of coma and mortality.'” These increased
exposures may also place patients at greater risk for devel-
opment of iatrogenic withdrawal syndrome (IWS), as repeated
and sustained administration of opioids and/or benzodiaze-
pines (BZDs) can result in reduced sensitivity and increased
tolerance.®™® Development of IWS in the critically ill has been
associated with worse patient outcomes, such as longer in-  1pover Health Medical Center, Denver, CO, USA
tensive care unit (ICU) and hospital length of stay (LOS), 2University of Colorado Skaggs School of Pharmacy and Pharmaceutical
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not available for the adult population.'*'* The creation of such
a tool in the adult ICU population is challenging given the
complexity of the patients and difficulties distinguishing
symptoms of IWS from other common ICU-related
complications.

Studies have found the incidence of IWS in the ICU ranges
from 17-100%, but the true incidence is unknown. The wide
range in current literature may be in part reflective of the
variation in study design, as each used different criteria for
identifying IWS and varied in sample sizes, ICU setting,
minimum intravenous (IV) analgesic and/or sedative inclusion
exposures, and follow-up periods.”'*!>'® In example, au-
thors reporting a 17% occurrence of IWS noted their shorter
IV analgesia exposure and shorter follow-up period may have
limited their ability to capture IWS.'> Conversely, authors
reporting a 100% IWS occurrence had a small cohort size of
11 patients within a burn ICU, a population known to have
much higher analgesia requirements than other ICU patient
populations.'® Despite some variability, studies have identi-
fied increasing cumulative doses and durations of opioids and
BZDs, increasing durations of MV, receipt of neuromuscular
blocking agents (NMBA), prior substance abuse, rates of
opioid and BZD weaning, and younger age as potential risk
factors for IWS in critically ill adults.”'®'>""® While these
studies were conducted in critically ill patients with a majority
receiving MV during admission, to our knowledge, studies
detailing risk factors for IWS within COVID-19 ARDS pa-
tients have yet to be conducted. Given the increased risk for
IWS in these patients and negative outcomes associated with
its development, identification of risk factors for IWS in
COVID-19 patients may be useful to clinicians as the first step
in prevention.

The objectives of this study are to (1) identify potential risk
factors associated with the development of IWS in mechanically
ventilated COVID-19 ARDS adult patients, and (2) assess the
impact of IWS on patient outcomes, specifically hospital and
ICU LOS, and duration of oral therapy in the IWS group.

Methods
Study Design

This is a retrospective cohort of adult patients hospitalized
within Denver Health’s Medical ICU from March 2020-May
2021. Denver Health Medical Center is a 525-bed safety net
academic medical center and Level I trauma center. This study
was reviewed and approved by the institution’s Quality Im-
provement Review Committee.

Participants

Patients 18 years of age and older were included in this study if
they were admitted to the ICU, diagnosed with COVID-19
ARDS, received MV, and received continuous IV analgesia
and sedation for >5 days. IWS was defined as the receipt of

scheduled oral opioid, benzodiazepine, and/or clonidine
regimens after cessation of IV analgesics and sedatives while
in the ICU. The initiation and choice of oral agent(s) was
determined at the discretion of the treating team. Patients were
excluded if they had received opioids, benzodiazepines, or
clonidine preceding admission, based on their validated ad-
mission medication history. Patients who were initially ad-
mitted to the ICU for reasons unrelated to COVID-19 ARDS,
such as trauma, were also excluded (Figure 1).

Data Collection

Demographic and clinical data were extracted from the
electronic health record (Epic, Verona, WI) and analyzed as
potential risk factors, including: age, sex, body mass index
(BMI), duration of MV, ICU and hospital LOS, Simplified
Acute Physiology Score (SAPS) II, mean Richmond Agitation
Sedation Scale (RASS) score on day 5 of ICU admission,
admission survival, history of alcohol and/or substance abuse,
renal dysfunction, receipt of neuromuscular blockade (NMB),
mean PaO,/FiO, (P/F) ratios, and cumulative doses and du-
rations of IV opioids, IV benzodiazepines, IV ketamine,
dexmedetomidine, and propofol received in the ICU. The
SAPS 1I score is a validated predictor of ICU mortality, with
higher scores indicating increased mortality risk. The RASS
score is a validated tool used to assess levels of sedation or
agitation in adult ICU patients, with more negative scores
indicating deeper levels of sedation and higher positive scores
indicating increasing agitation. Cumulative doses and dura-
tions of scheduled oral opioids, benzodiazepines, and cloni-
dine given in the ICU were also collected in the IWS group.
Mean P/F ratios were collected on day 7 and day 14 of MV;
respective values were not collected for patients who were
mechanically ventilated <14 days.

All TV opioid and IV benzodiazepine doses were converted
into IV morphine and IV lorazepam equivalents,
respectively.'”? SAPS II scores were calculated manually for
each patient using the poorest values within the first 24 hours
of ICU admission.”’ Renal dysfunction was defined as the
diagnosis of acute kidney injury at any point during admis-
sion, measured as an increase in serum creatinine by >0.3 mg/
dL within 48 hours, an increase in serum creatinine to >1.5
times the baseline value within the past 7 days, or a urine
output of <0.5 mL/kg/h over 6 hours. NMB was defined as
receipt of continuous infusion of a NMBA at any point during
ICU admission. Atracurium is the preferred NMBA at this
institution in ICU patients requiring NMB.

Statistical Analyses

Categorical variables were described using frequencies and
compared using the y* or Fisher’s exact test, where appropriate.
Continuous variables were described using means and compared
using the Student’s t-test or Wilcoxon-Mann-Whitney test,
where appropriate. Risk factors were evaluated in univariate
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Figure 1. Patient selection flow chart.

analyses, and those with a P-value of <.25 were considered for
multivariable analysis. Candidate models were constructed
using forward stepwise selection and evaluated by fit in terms of
lowest Akaike information criterion and Bayesian information
criterion values. The results of univariate and multivariable
analyses were reported as odds ratios (OR) and adjusted odds
ratios, respectively, with corresponding 95% confidence inter-
vals and P-values; a two-sided P-value of <.05 was considered
statistically significant. All statistical analyses were performed
using JMP Pro 15.2.0 (SAS Institute Inc., Cary, NC).

Results

Patient Characteristics

Baseline characteristics of the 115 patients included in the an-
alyses are shown in Table 1; 57 patients were categorized as
“IWS” and 58 patients as “non-IWS.” The majority of patients
were male (70%) with a mean age of 60 (+14) years, mean BMI
of 32.6 (+8.8) kg/m?, and mean SAPS Il score of 31.6 (x12.1). In
total, 64.3% of patients survived admission, with numerically but
not statistically lower survival in the non-IWS group. In patients
on MV >14 days, the IWS group (n= 39) had significantly higher
P/F ratios on Day 14 compared to Day 7 (122 vs 136, P =.043),
whereas the non-IWS group (n = 22) had significantly lower
ratios on Day 14 (135 vs 117, P = .044). All other baseline
characteristics were similar between groups (Table 1).

Among IV analgesics, patients received fentanyl (98.3%),
hydromorphone (35.7%), and/or morphine (13%). Among IV
BZDs, patients received midazolam (88.7%) and/or lorazepam
(31.3%). Among other IV sedatives, patients received pro-
pofol (95.7%), dexmedetomidine (76.5%), and/or ketamine
(18.3%). More patients in the IWS group versus non-IWS
group received a total of three or more IV sedatives (86% vs
60%) and a total of two or more IV analgesics (54% vs 33%)

(Supplemental Figures 1(a)-1(b)). There were no significant
differences in average daily doses of morphine equivalents
and individual IV sedatives (counting only patients who re-
ceived the respective sedative). However, the IWS group
received significantly longer durations of morphine equiva-
lents and IV sedatives, apart from ketamine (Supplemental
Figures 2(a)-2(e) and 3(a)-3(e)).

Differences in Patient Outcomes in latrogenic
Withdrawal Syndrome

Patients in the IWS group had significantly longer durations of
both ICU and hospital LOS. After cessation of IV therapy, 98.2%
of patients in the IWS group received oral opioids for an average
of 15 days, 31.6% received oral BZDs for an average of 8.8 days,
and 19.3% received oral clonidine for an average of 10.4 days,
for a combined average of 11.4 days of oral therapy (Table 2).

Potential Risk Factors in the Development of latrogenic
Withdrawal Syndrome

Among variables analyzed, univariate analysis showed sta-
tistically significant associations between IWS and durations
of IVopioid, BZD, dexmedetomidine, and propofol, as well as
cumulative IV BZD, dexmedetomidine, and propofol dose.
Each additional day of IV opioid, dexmedetomidine, and
propofol was associated with an 11% increase in odds of IWS
(95% CI, 1.06-1.17, 1.04-1.19, and 1.04-1.18, respectively),
while each additional day of IV BZD was associated with a
10% increase in odds of IWS (95% CI, 1.04-1.16). Each
100 mg increase in cumulative IV BZD dose was associated
with a 6% increase in odds of IWS (95% CI, 1.01-1.12).
Additional significant associations in univariate analyses were
receipt of lorazepam or hydromorphone, ICU LOS, and
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Table I. Baseline Characteristics and Clinical Variables.

Baseline Characteristics and Clinical Variables Total IWS (n = 57) Non-IWS (n = 58) P-value
Age, mean (SD) 60 (14) 61 (14.5) 59 (13.0) .35
Male, n (%) 81 (70.4) 40 (70.2) 41 (70.7) .95
BMI, mean (SD) 32.6 (8.8) 32.6 (8.6) 32.6 (9.1) .99
SAPS I, mean (SD) 31.6 (12.1) 30 (11.9) 33 (12.2) .18
History of EtOH abuse, n (%) 10 (8.7) 5(8.8) 5 (8.6) .98
History of substance abuse, n (%) 17 (14.8) 10 (17.5) 7 (12.1) A4l
NMB use, n (%) 103 (89.6) 52 (91.2) 51 (87.9) .56
Renal dysfunction, n (%) 72 (62.6) 37 (64.9) 35 (60.3) .61
Survived admission, n (%) 74 (64.3) 41 (71.9) 33 (56.9) .09
Hospital length of stay, d, mean (SD) 339 (27.1) 45.9 (33.1) 22 (10.2) <.0001
ICU length of stay, d, mean (SD) 18.2 (13.0) 23.4 (15.7) 13.1 (6.5) <.0001
Duration of MV, d, mean (SD) 20.3 (16.9) 27.6 (20.0) 13.2 (8.6) <.0001
RASS mean on day 5, mean (SD) —2.47 (1.69) —2.56 (1.67) —2.38 (1.71) .59
Mean P/F ratios in those MV 214 days
Day 7, mean (SD) 127 (37) 122 (33) 135 (43) .19
Day 14, mean (SD) 129 (43) 136 (40) 117 (47) .09
Paired t-test p-value (day 7 vs day 14) 0.043 0.044
Opioid type received
Fentanyl, n (%) 113 (98.3) 56 (98.2) 57 (98.3) 1.00
Hydromorphone, n (%) 41 (35.7) 27 (47.4) 14 (24.1) .009
Morphine, n (%) 15 (13.0) 8 (14.0) 7 (12.1) 75
Sedative type received
Midazolam, n (%) 102 (88.7) 50 (87.7) 52 (89.7) 74
Lorazepam, n (%) 36 (31.3) 24 (42.1) 12 (20.7) 013
Propofol, n (%) 110 (95.7) 57 (100) 53 (91.4) .057
Dexmedetomidine, n (%) 88 (76.5) 46 (80.7) 42 (72.4) .29
Ketamine, n (%) 21 (18.3) 14 (24.6) 7 (12.1) .083
Cumulative IV opioid dose®, mg, mean (SD) 3811 (5542) 4817 (6502) 2822 (4229) .0l6
Cumulative IV benzodiazepine dose®, mg, mean (SD) 630 (911) 827 (1139) 437 (555) .023
Cumulative dexmedetomidine dose, mcg, mean (SD) 7550 (11 294) 11063 (13 972) 4097 (6231) .003
Cumulative propofol dose, mg, mean (SD) 31 762 (29 387) 40 074 (32 419) 23 593 (23 615) .001
Cumulative ketamine dose, mg, mean (SD) 3620 (14 433) 4202 (10 859) 3048 (17 324) .67
Cumulative duration IV opioid, d, mean (SD) 17.1 (12.3) 22.5 (13.5) 11.7 (8.2) <.0001
Cumulative duration IV benzodiazepine, d, mean (SD) 9.8 (94) 12.7 (11.2) 6.9 (5.9) .001
Cumulative duration dexmedetomidine, d, mean (SD) 6.6 (8.8) 9.4 (10.7) 3.8 (5.0 .002
Cumulative duration propofol, d, mean (SD) 9.0 (7.3) 11.4 (8.1) 6.7 (5.7) .0009
Cumulative duration ketamine, d, mean (SD) 1.0 (3.0 1.4 (3.4) 0.6 (2.4) A3

Abbreviations: BMI, body mass index; EtOH, alcohol; IWS, iatrogenic withdrawal syndrome; MV, mechanical ventilation; NMB, neuromuscular blockade; P/F,
PaO,/FiO,; RASS, Richmond Agitation Sedation Scale; SAPS I, Simplified Acute Physiology Score I

IV morphine equivalents.
PIV lorazepam equivalents.

Table 2. Percentages and Mean Durations of Oral Medications Received in the IWS (n = 57) Group After Cessation of IV Therapy.

Oral Medication

% (n) of Subjects Receiving Mean Duration (days)

Opioid 98.2 (56) 15
Benzodiazepine 31.6 (18) 8.8
Clonidine 193 (1) 10.4
Total - 11.4
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duration of MV; each additional day of ICU LOS and MV was
associated with a 9% increase in odds of IWS (95% CI, 1.04-
1.14 and 1.04-1.13, respectively) (Table 3).

Variables considered for entry into the multivariable model
were cumulative durations of IV opioid, benzodiazepine, dexme-
detomidine, propofol, and ketamine, duration MV, ICU LOS, SAPS
II score, and receipt of hydromorphone, lorazepam, and ketamine.
Cumulative doses of all medications were not considered in the final
multivariable model as they were deemed to be a redundant measure
of cumulative durations. The final model included cumulative
duration of TV opioid, ICU LOS, receipt of lorazepam, and SAPS II
score. The final model resulted in the following: (1) each additional
day of IV opioid therapy was associated with an 8% increase in odds
of IWS (95% CI, 1.02-1.14), (2) receipt of lorazepam was associated
with 3 times higher odds of IWS (95% CI 1.12-8.15), and (3) each
1-point increase in SAPS 1I score was associated with a 4% re-
duction in odds of IWS (95% CI 0.93-0.999).

Discussion

Our study found longer durations of IV opioid and receipt of
lorazepam were associated with increased odds of IWS, while
increasing SAPS II score was protective against IWS. Despite
current recommendations, deviations in sedation practices in

COVID-19 patients across many ICUs have been reported.'
While sedative/analgesic overuse in COVID-19 ARDS pa-
tients and its potential for development of IWS have been
well-described by previous authors,”*® this is the first study to
assess potential risk factors associated with iatrogenic opioid/
benzodiazepine withdrawal in COVID-19 patients to our
knowledge.

Duration of IV Sedative, Analgesic, and
Mechanical Ventilation

Associations between durations of analgesia/sedation and IWS
across existing literature are mixed. Similar to our findings, prior
retrospective studies in critically ill, mechanically ventilated
patients have found associations with both increased doses and
durations of both IV opioid and sedative agents in IWS groups.
These studies were conducted in surgical and/or trauma ICUs,
and consisted of comparatively smaller cohorts (n = 28, n = 54,
respectively).'”!> However, Arroyo-Novoa et al and Hyun et al
found duration of IV opioid to be protective against IWS, despite
significantly higher cumulative doses.”'® Proposed explanations
were longer durations resulting in lower daily opioid doses, or
cumulative doses having greater impact than durations on the

Table 3. Univariate and Multivariable Analyses of Candidate Risk Factors for Development of IWS.

Univariate Analysis

Multivariable Analysis

Variable OR 95% Cl P-value Adjusted OR 95% ClI P-value
Age 0.99 0.96-1.01 .35
SAPS Il 0.98 0.95-1.01 .18 0.96 0.93-0.999 .046
RASS, day 5 average 0.94 0.76-1.16 .54
History alcohol abuse 1.02 0.28-3.73 .98
History substance abuse 1.55 0.55-4.40 41
Duration of MV, days 1.09 1.04-1.13 <.0001
ICU length of stay, days 1.09 1.04-1.14 .0002 1.05 0.99-1.11 .093
Cumulative IV opioid dose™* 1.008 0.99-1.02 .069
Cumulative IV benzodiazepine dose® 1.06 1.01-1.12 .032
Cumulative dexmedetomidine dose® 1.008 1.003-1.014 .003
Cumulative propofol dose® 1.002 1.001-1.004 .004
Cumulative ketamine dose® 1.001 0.998-1.002 .67
Cumulative duration IV opioid, days I.11 1.06-1.17 <.0001 1.08 1.02-1.14 .005
Cumulative duration IV benzodiazepine, days 1.10 1.04-1.16 .001
Cumulative duration dexmedetomidine, days 111 1.04-1.19 .002
Cumulative duration propofol, days .11 1.04-1.18 .001
Cumulative duration ketamine, days 1.12 0.96-1.30 A5
Sedative type received

Lorazepam 2.79 1.22-6.36 .0l 3.02 1.12-8.15 .029
Opioid type received

Hydromorphone 2.83 1.28-6.26 .0l

Abbreviations: BMI, body mass index; MV, mechanical ventilation; RASS, Richmond Agitation Sedation Scale; SAPS I, Simplified Acute Physiology Score II.

*For each 100 mg increase.
PFor each 100 mcg increase.
IV morphine equivalents.
4V lorazepam equivalents.
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development of tolerance. These speculations are in conflict
with our findings. While patients in our IWS group received
both significantly higher cumulative durations and cumulative
doses of opioids and sedatives, as shown in Supplemental
Figures 2(a)-2(e) and 3(a)-3(e), differences in average daily
doses of each medication between groups were non-significant,
whereas cumulative durations of all IV medications apart from
ketamine remained significantly different, suggesting that du-
ration of exposure may play a more prominent role than cu-
mulative doses in development of IWS. The risk of prolonged
exposures is also in accordance with findings in the pediatric
population and current conceptual understandings of the de-
velopment of opioid tolerance.”

Our results showed longer durations of MV increased the
odds of IWS. Two studies conducted in surgical/trauma ICU
patients showed similar results, with Arroyo-Novoa et al
finding an 8% increased odds of IWS per additional day (95%
CI, 1.02-1.15).'° Cammarano et al found a significant as-
sociation between ARDS and IWS.'® Given all patients in our
study had ARDS, a possible explanation for IWS development
was more severe ARDS progression in the IWS group,
however, P/F ratios indicated that ARDS severity actually
improved over time in the IWS group (Table 1). Alternatively,
survival in the non-IWS group was numerically but not sta-
tistically lower (57% vs 72%, P = .09); it is possible that
survival bias contributed to differences in IWS incidence,
especially as symptom presentation can be delayed. This may
partially explain the inverse association between SAPS II
score and IWS in our final model.

Analgesic and Sedative Type, Prior Substance
Abuse, Age

Among IV sedatives, receipt of lorazepam was associated with
increased odds of IWS in this study. Among BZDs, mid-
azolam is generally preferred in ICU sedation due to its shorter
half-life. The use of lorazepam has been associated with
several negative outcomes, primarily delayed time to ex-
tubation and prolonged sedation.””** When compared to
subjects that received only midazolam, our lorazepam re-
cipients trended towards longer durations of MV; longer
durations of MV have been associated with IWS in both our
and prior studies.”'

In univariate analysis, receipt of hydromorphone was as-
sociated with increased odds of IWS. Due to the retrospective
design of our study, we do not know the reason(s) for initiation
of hydromorphone, however, current literature suggests
transitioning to hydromorphone may have benefits in main-
taining respiratory compliance and reducing sedative
requirements. >

Previous studies of IWS excluded patients with a history of
substance and/or alcohol abuse. Counter to Arroyo-Novoa
et al, we did not find any statistically significant differences in
odds of IWS in those with either prior substance or alcohol

abuse, however, our cohort contained a comparatively smaller
proportion of patients with history of drug use (15% vs 35%),
which may have limited our ability to detect these differences.
Similarly, we did not find any associations between age and
IWS, however, given that older age is a risk factor for severe
COVID-19, we had a lower proportion of younger patients in
our study.

Current approaches in IWS management include the ad-
dition of and/or transition to oral analgesic and sedative
agents, and/or the gradual tapering of IV agents. However,
given the findings of our study, exploration of alternative
sedation strategies to reduce initial opioid exposures within
the ICU population may be useful for future directions. For
example, prior studies on opioid/sedative rotation and mul-
timodal analgesia have showed significantly lower opioid and
sedative requirements in ICU populations.”**® Additional
studies of sequential sedation in ICU patients have found
significantly lower risk of delirium, and reductions in duration
MYV and agitation.”'** However, further research is needed to
better understand the utility of these alternative strategies with
respect to IWS specifically.

Given the homogeneity of our patients, findings of this
study may be useful to other ICU populations with similar
levels of acuity. Additionally, Denver Health’s sedation
practices in COVID-19 ARDS patients appear similar to other
institutions’ in terms of cumulative dose requirements and
agents used.’

Notable limitations of our study include a small sample
size, as well as lack of a standardized institutional sedation,
weaning, and/or withdrawal management protocol, allowing
for variation in sedation practices and oral regimen initiation
between patients. Unlike other studies that used predefined
criteria to determine presence of IWS, we defined IWS based
on receipt of a scheduled oral regimen after cessation of IV
therapy, allowing for inter-physician variability in the rec-
ognition of IWS. However, as mentioned previously, there is
currently no validated or standardized scoring tool to evaluate
IWS in adults. It should be noted that standards of care for
COVID-19 ICU patients evolved during the period from
which our data were collected. While additional therapies
likely became part of many patients’ care part way through our
data collection period, there were no meaningful differences in
clinical markers such as duration of MV or hospital LOS when
stratifying patient groups by their dates of implementation
within our institution.

Conclusion

COVID-19 ARDS patients with IWS experienced longer
durations of MV, ICU LOS, and hospital LOS. Patients who
received IV benzodiazepines, specifically lorazepam, and
increased cumulative duration of IV opioids were positively
associated with IWS. Prolonged and high dose exposures to
these medications should be limited when possible. Al-
ternative sedation strategies such as sequential sedation,
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opioid rotation, and multimodal analgesia may have po-
tential benefit in IWS prevention, however, current clinical
data in this population are lacking. Additional prospective
studies are needed to identify modifiable risk factors to
prevent IWS.
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