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Purpose. Preliminary reports suggest that critically ill patients with cor-
onavirus disease 2019 (COVID-19) infection requiring mechanical ventila-
tion may have markedly increased sedation needs compared with critically
ill, mechanically ventilated patients without COVID-19. We conducted a
study to examine sedative use for this patient population within multiple
intensive care units (ICUs) of a large academic medical center.

Methods. A retrospective, single-center cohort study of sedation prac-
tices for critically ill patients with COVID-19 during the first 10 days of
mechanical ventilation was conducted in 8 ICUs at Massachusetts General
Hospital, Boston, MA. The study population was a sequential cohort of 86
critically ill, mechanically ventilated patients with COVID-19. Data charac-
terizing the sedative medications, doses, drug combinations, and duration
of administration were collected daily and compared to published recom-
mendations for sedation of critically ill patients without COVID-19. The as-
sociations between drug doses, number of drugs administered, baseline
patient characteristics, and inflammatory markers were investigated.

Results. Among the study cohort, propofol and hydromorphone were
the most common initial drug combination, with these medications being
used on a given day in up to 100% and 88% of patients, respectively. The
doses of sedative and analgesic infusions increased for patients over the
first 10 days, reaching or exceeding the upper limits of published dos-
age guidelines for propofol (48% of patients), dexmedetomidine (29%),
midazolam (7.7%), ketamine (32%), and hydromorphone (38%). The
number of sedative and analgesic agents simultaneously administered
increased over time for each patient, with more than 50% of patients re-
quiring 3 or more agents by day 2. Compared with patients requiring 3 or
fewer agents, patients requiring more than 3 agents were of younger age,
had an increased body mass index, had increased serum ferritin and lac-
tate dehydrogenase concentrations, had a lower Pao,:Fio, (ratio of arterial
partial pressure of oxygen to fraction of inspired oxygen), and were more
likely to receive neuromuscular blockade.

Conclusion. Our study confirmed the clinical impression of elevated
sedative use in critically ill, mechanically ventilated patients with COVID-19
relative to guideline-recommended sedation practices in other critically ill
populations.
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Patients with severe coronavirus dis-
ease 2019 (COVID-19) frequently
develop respiratory failure requiring
mechanical ventilation for support.
Many of these patients meet criteria
for acute respiratory distress syndrome

(ARDS), and ensuring a strategy of lung-
protective ventilation is important to
prevent ventilator-induced lung injury.
Sedative agents are commonly admin-
istered to promote patient comfort and

facilitate lung-protective ventilation,
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which often includes limiting tidal vol-
umes and plateau pressures, increasing
positive end-expiratory pressure, redu-
cing respiratory rates, and avoiding ven-
tilator dysynchrony."” Appropriate use
of sedative agents to achieve these goals
can reduce the need for use of neuro-
muscular blocking agents (NMBASs),
which can interfere with clinical examin-
ation and have been linked to a number
of adverse effects, including aware-
ness during neuromuscular blockade
and intensive care unit (ICU)-acquired
weakness.?

Clinical experience and early re-
ports have suggested that sedation re-
quirements are increased in critically
ill, mechanically ventilated patients
with COVID-19 compared to other crit-
ically ill, mechanically ventilated popu-
lations.** Postulated mechanisms for
this include increased respiratory drive,
exaggerated inflammatory response,
hypermetabolic state, and prolonged
duration of critical illness associated
with COVID-19. Efforts to minimize
provider exposure, limited supplies of
personal protective equipment, and
concern for maintaining patient safety
(eg, preventing self-extubation) may
also impact sedation practices. Here,
we describe a retrospective, observa-
tional cohort study of patients with
COVID-19 admitted to multiple ICUs
in our academic medical center to sys-
tematically examine and quantify seda-
tive use in critically ill, mechanically
ventilated patients with COVID-19.

Methods

The study was approved by the
Massachusetts General Hospital (MGH)
institutional review board (MGH-IRB-
2020P001267), with waiver of patient
consent. The retrospective, observa-
tional cohort study examined 86 con-
secutive adult patients (>18 years of
age) with COVID-19-associated re-
spiratory failure requiring mechanical
ventilation admitted to one of 8 ICUs
at MGH from March 14 through April
4, 2020. COVID-19 status was based
upon a positive severe acute respira-
tory syndrome coronavirus 2 (SARS-
CoV-2) polymerase chain reaction assay
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KEY POINTS

e In a study of mechanic-
ally ventilated patients with
COVID-19-associated acute
respiratory distress syndrome
in multiple intensive care units
of a single medical center, the
doses of sedatives and anal-
gesics increased over time,
reaching or exceeding the
upper dose limits specified in
published guidelines.

e The number of sedative and
analgesic agents simultan-
eously administered to the
study cohort also increased
over time.

e Compared with patients re-
quiring 3 or fewer sedative
or analgesic agents, patients
requiring more than 3 agents
were, on average, younger, had
increased body mass index,
had increased serum ferritin and
lactate dehydrogenase levels,
had worse respiratory function,
and were more likely to receive
neuromuscular blockade.

performed by the hospital-based clin-
ical laboratory. All patients admitted to
a dedicated COVID-19 ICU were cared
for by a traditional ICU care team, led
by a critical care attending physician,
with standard (prepandemic) ICU
staffing ratios. There were no critical
shortages of ventilators or other critical
care equipment, but the institution ex-
perienced shortages of cisatracurium
and hydromorphone during the study
period. ICU physicians made all sed-
ation drug decisions, and sedation was
titrated using the Richmond Agitation
and Sedation Scale (RASS) by trained
ICU practitioners, with specific goals set
by those practitioners. At the time of this
analysis, there was no sedation guide-
line across the institution. Decisions
regarding use of (NMBAs) were not
standardized across ICUs. Depth of
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paralysis monitoring was performed
using train-of-four assessment and ti-
tration to ventilator synchrony.

Baseline demographic characteris-
tics as well as baseline inflammation-
laboratory
collected for each patient. Daily doses
of analgesic, sedative, and paralytic
medications were collected from the
medical record and summed into daily
totals; daily averages were calculated
for up to 10 days of mechanical venti-
lation. For the purposes of the study,
we excluded bolus as well as oral ad-
junct
As propofol was the primary sedative
agent for many patients, daily trigly-
cerides levels were also collected for
safety monitoring.

To allow for comparison of dosing
data with results of prior sedation
studies in the literature, both actual
and weight-adjusted doses were cal-
culated when appropriate. Midazolam,
hydromorphone, dexmedetomidine,
and rocuronium doses were calcu-
lated using ideal body weight (IBW).
Propofol, ketamine, and fentanyl doses
were calculated using adjusted body
weight if the patient was obese and
actual body weight if the patient was not
obese. Cisatracurium doses were cal-
culated using actual body weight. IBW
was calculated as follows: 50 kg (male)
or 45 kg (female) + 2.3 kg for each inch
over 5 feet. Adjusted body weight was
calculated as IBW + 0.4(actual body
weight - IBW).

Data were collected from the

related values were

medication administrations.

institution’s electronic medical record
(Epic Systems Corporation, Verona,
WI), and results are expressed as me-
dian with interquartile range (IQR)
unless otherwise specified. Baseline
characteristics were compared be-
tween the 2 groups using 2-sample
parametric or nonparametric tests, as
appropriate. A 2-sided P value of <0.05
was considered statistically signifi-
cant. All statistical analysis and graphs
were performed using Microsoft Excel
(Microsoft Corporation, Redmond,
WA) and GraphPad Prism 8 data ana-
lysis and statistical software (GraphPad
Software, San Diego, CA).
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Results

Patient characteristics. From
March 14 through April 4, 2020, 86 adult
critically ill patients with COVID-19
were admitted to an ICU with respira-
tory failure and received continuous
sedative infusions to facilitate inva-
sive mechanical ventilation. The base-
line demographics are summarized in
Table 1. The cohort was predominantly
male (65.1%), with a median age of 61
(IQR, 48.5-74.5) years. Of note, a minority
of patients had a history of chronic pain
(9.3%) and/or substance use disorder
(5.8%). The median baseline laboratory

results demonstrated elevated inflam-
matory markers consistent with severe
COVID-19. The median ratio of arterial
partial pressure of oxygen to fraction of
inspired oxygen (Pao,:Fio0,) was 193.7
(IQR, 149.0-267.3), corresponding to
moderate ARDS by the Berlin defin-
ition.” Fifty-four percent of patients (47
of 86) underwent prone positioning 1 or
more times during the study period. No
patient in the cohort received extracor-
poreal membrane oxygenation. Among
the 86 patients, 11 were extubated and
9 were deceased prior to the 10th day of
mechanical ventilation; we excluded the

Table 1. Baseline Characteristics and Laboratory Values in Patient Cohort

(n =86)

Median (IQR)?
Age, y 61 (48.5-74.5)
Male, No. (%) 56 (65)
Weight, kg 82 (74.0-102.6)
Height, cm 167.6 (160.0-175.0)
Diabetes, No. (%) 34 (39)
Hyperlipidemia, No. (%) 40 (46)
Immunosuppressed, No. (%) 9 (10)
Chronic pain, No. (%) 8(9)
Substance use disorder, No. (%) 5 (6)

Laboratory values

Creatinine, mg/dL

168 (114.5-260.0)

AST, U/L 59.50 (44.5-77.25)
ALT, U/L 38.50 (30.25-41.75)
ALP, U/L 69.50 (51.25-81.50)
Total bilirubin, mg/dL 0.50 (0.20-0.50)
TG, mg/dL 168 (114.5-260.0)
ESR, mm/h

CRP, mg/L 147.9 (75.5-226.2)

Ferritin, pg/L

739 (405.0-1,358.0)

D-dimer, nL/mL 1,043.5 (794.0-1,776.0)

LDH, U/L 395 (319.5-539.0)

CK, UL 152 (86.0-417.0)
Pao,:Fio, 193.7 (149.0-267.3)

(
(
(
(
(
(
48 (28.0-68.0)
(
(
(
(
(
(

inspired oxygen; TG, triglycerides.
aUnless otherwise indicated.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate
transaminase; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IQR, interquartile
range; LDH, lactate dehydrogenase; Pao,, arterial partial pressure of oxygen; Fio,, fraction of
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data from all days after extubation or fol-
lowing death for these patients.

Sedative characteristics. The
distribution of sedative and anal-
gesic doses administered as well as
the percentage of patients receiving
each drug on a given day over the first
10 days of mechanical ventilation are
displayed in Figures 1 and 2. Propofol
and hydromorphone were most com-
monly administered in our patient co-
hort, with up to 100% of the patients
receiving propofol and up to 88% re-
ceiving hydromorphone on a given
day. Ketamine, dexmedetomidine, and
midazolam were also frequently ad-
ministered as adjuncts—in up to 38.4%,
38.4%, and 45.5% of patients, respect-
ively, on any given day. Table 2 displays
the median doses of the sedative and
analgesic agents administered as well
as the upper dose limits recommended
by the Society of Critical Care Medicine
(SCCM) clinical practice guidelines for
management of pain, agitation, and
delirium.® While doses were variable,
the percentages of patients for whom
doses of propofol, dexmedetomidine,
midazolam, ketamine, and/or
hydromorphone exceeded the upper
limits on any given were 48%, 29%, 8%,
32%, and 38%, respectively (Table 3).

The numbers of sedative agents and
analgesic agents simultaneously ad-
ministered increased rapidly after ini-
tiation of mechanical ventilation, with
over 50% of patients requiring 3 or more
agents by day 2 and up to 5 agents ad-
ministered to a given patient by the end
of the study interval (Figure 3). The me-
dian infusion durations were greatest
for propofol (9 [IQR, 6-10] days) and
hydromorphone (9 [IQR, 8-10] days),
followed by ketamine, at 6 (IQR, 3.3-
8.0) days (Table 4). The percentage of
patients receiving NMBAs was variable
over time but was less than 20% on any
given day (Figure 4). In total, 37.2% of
intubated patients with COVID-19 (32
of 86) received NMBAs over the course
of the study.

Sedative requirements and pa-
tient characteristics. We evaluated
the relationship between sedation re-
quirements and patient characteristics

NUMBER XX | XXXX XX, 2021 3
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Figure 1. Weight-adjusted total daily doses of sedative and analgesic agents administered to intubated patients with

COVID-19 by day of intubation.
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by comparing the subgroup of patients
who required more than 3 sedative
agents (n = 16) with those who required
3 or fewer agents (n = 70) on day 2. This
comparison was selected because insti-
tutional data indicated that more than
95% of mechanically ventilated critic-
ally ill patients had been managed with
3 or fewer sedative agents prior to the
COVID-19 pandemic. Compared with
patients requiring 3 or fewer agents, as
a group patients requiring more than 3
agents were significantly younger (me-
dian [IQR] age, 45 [41-53] years vs 62.5
[53.3-76.8] years; P = 0.002); had higher
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median (IQR) values for BMI (31 [28.2-
36.5] vs 29 [26.2-35.4], P = 0.03), serum
ferritin (1,041 [439-1,564] pg/L vs 712
[408-1,304] pg/L, P = 0.02), and serum
lactate dehydrogenase (LDH) (473
[274.3-667] U/L vs 382 [330.5-501.5]
U/L, P = 0.01); had lower values for
Pao,:F1o, (155 [115-190] vs 201.34 [160-
271.8], P=0.03); and were more likely to
receive NMBAs during the study period
(68.8% vs 30%, P = 0.02) (Table 5).

Discussion

Clinical experience and early re-
ports from our institution and others

NUMBER XX | XXXX XX, 2021

have suggested that sedation require-
ments are increased in critically ill,
mechanically ventilated patients with
COVID-19 compared to other critic-
ally ill, mechanically ventilated popu-
lations, but published data to support
this contention is limited.*>® A study
in New York hospitals found sharp in-
creases in aggregate utilization of seda-
tive and analgesic medications during
the early weeks of the COVID-19 pan-
demic, consistent with the surge in pa-
tient numbers, but the study did not
examine individual patient dosing.'®
Our study was the largest study to



SEDATION PRACTICES IN COVID-19 CRITICAL CARE CLINICAL REPORT

Figure 2. Percentage of intubated patients with COVID-19 receiving a given sedative, analgesic, or paralytic agent by day

of intubation.

90

80

70

60

50

% receiving

40

30

20

N

SIS

IS LLLLL LSS

A
?
;
g
g

1 2 3 L 5 6 7 8 9 10
Day

Propofol BDex ©EMidazolam [DKetamine MFentanyl EHydromorphone @ Paralytic
Table 2.
Table 2. Sedative and paralytic agents administered to intubated COVID18 patients over time.”

Propafol Dexmedetomidine | Midazolam Ketamine Fentanyl Hydromorphone |  Cisatracurium Rocuronium
(mcg/kg/min) (mcglkg/hr) (mg/kg/hr) (mg/kg/hr) (meg/kg/hr) (mglhr) (meg/kg/min) (mcg/kg/min)

Recommended Range™* 5-50 0.2-0.7 0.02-0.1 0.05-0.4 0.7-10 0.5-3.0 0-10 0-10
Day 1 26.74 (16.36-44.18) |0.24 (0.07-0.39) |0.02 (0.01-0.03)|0.07 (0.02-0.18)|0.74 (0.31-1.10)|0.67 (0.25-1.17) (0.38 (0.08-1.00) |4.49 (3.65-5.32)
Day 2 48.94 (36.31-60.72) |0.31 (0.11-0.89)  [0.01 (0.00-0.05)0.24 (0.16-0.59)|0.47 (0.25-1.03) [1.83 (1.00-2.49) |1.06 (0.50-2.05) |4.25 (4.23-4.27)
Day 3 42.70 (27.70-52.52) |0.50 {0.19-1.44) |0.03 (0.01-0.05){0.60 (0.29-0.88)|0.63 (0.38-1.05)|1.96 (1.07-3.00) |0.53 (0.17-1.88) |16.84 (16.84-16.84)
Day 4 38.38 (25.48-50.44) |1.06 (0.68-1.92) |(0.04 (0.02-0.10)[0.62 (0.25-1.17)|1.42 (1.11-1.91) | 1.68 (1.01-3.28) |1.68 (0.25-2.72) |10.88 (5.77-16.00)
Day & 42.97 (31.68-53.84) [1.11 (0.52-1.91) |0.04 (0.02-0.08)|1.04 (0.48-1.29)|1.21 (1.13-1.57)| 2.04 (1.06-3.52) |1.84 (1.06-3.02) |7.75 (3.30-16.22)
Day 6 39.19 (25.43-52.07) [1.29 (0.42-1.97) (0.04 (0.02-0.07)|0.87 (0.58-1.20)|1.14 (0.74-1.15) | 2.04 (1.42-3.39) |2.50 (0.87-3.82) |14.79 (5.02-18.15)
Day 7 41.93 (24.46-52.13) |1.31 (0.35-2.15) |0.05 (0.03-0.08)|0.88 (0.55-1.24)|1.02 (0.81-1.23) | 2.30 (1.36-4.00) |1.39 (0.54-2.21) |8.71 (3.86-10.72)
Day 8 40.36 (25.43-52.05) |1.01 (0.656-2.17) [0.05 (0.03-0.08)|0.92 (0.45-1.25)|0.79 (0.50-1.08) | 2.11 (1.12-4.00) |2.08 (1.67-2.50) |9.21 (6.11-9.55)
Day 9 38.64 (22.12-51.64) [1.10 (0.82-2.15) |0.05 {0.03-0.08)|0.90 (0.67-1.47)|0.71 (0.71-0.71) | 2.15 (1.11-3.84) |1.55 (0.59-2,50) |6.03 (2.71-15.23)
Day 10 42.25 (28.24-57.03) |1.48 (0.64-2.29) |0.05 (0.03-0.07)|0.90 (0.58-1.48) |NA 2.45 (1.19-3.88) |1.26 (0.01-2.50) |4.78 (4.01-6.65)

*Data presented as median (IQR).

**As per the 2013 Society of Critical Care Medicine (SCCM) clinical practice guidelines, excepting paralytics which were per our institutional guidelines.

2Red shading indicates values that are above published recommended dose ranges.

systematically quantify individual sed-
ation and analgesic dosing require-
ments for mechanically ventilated,
critically ill patients with COVID-19
that has been conducted to date (as
of the time of writing). High analgesic
and sedative medication requirements
were observed in a multi-ICU cohort
of mechanically ventilated, critically
ill patients with COVID-19. Notably,
doses of sedatives and opioids fre-
quently exceeded the upper limits spe-
cified in published SCCM guidelines.
Furthermore, multiple agents were

frequently administered to achieve
sedation goals. Patient characteristics
such as younger age, higher BMI, and
elevations in specific inflammatory
markers (serum LDH and ferritin) were
associated with increased sedation
requirements.

A challenge in conducting an ana-
lysis of sedation requirements in our
study cohort of mechanically ven-
tilated patients with COVID-19 was
identifying an appropriate popula-
tion for comparison. It is important
to note that the question of whether

AM J HEALTH-SYST PHARM |

VOLUME XX |

“COVID-19 ARDS” can be directly
compared to non-COVID-19 ARDS re-
gardless of the severity of hypoxemia
remains a topic of controversy.'"'?
In comparison to non-COVID-19
ARDS, severe SARS-CoV-2 infection
disproportionately causes endothe-
lial damage that disrupts pulmonary
vasoregulation, promotes ventilation-
perfusion mismatch, and fosters
thrombogenesis.”® In addition, there is
often a markedly increased respiratory
drive in patients with COVID-19 that
may, if unchecked, intensify the strain

NUMBER XX | XXXX XX, 2021 5
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and energy demands placed on highly
vulnerable tissue. The desire to depress
this respiratory drive so as to minimize
further lung injury may be a primary
determinant in the administration
of sedative and analgesic agents.'*

Finally, as compared to non-COVID-
19 ARDS, for which (per the Berlin cri-
teria”) there is an onset limit of 1 week
post infection, COVID-19 ARDS may
have a delayed onset (often 1 week or
more after infection).

Table 3. Percentage of Intubated Patients With COVID-19 Who Received
Drug Doses Exceeding Recommended Range?®

Propofol DEX Midazolam Ketamine Fentanyl HYDRO
Day 1 16 (18.60) 2(2.33) 1(1.16) 1(1.16) 0 (0) 0 (0)
Day 2 41 (47.67) 6 (6.98) 1(1.16) 7 (8.14) 0 (0) 9 (10.47)
Day 3 7 (31.40) 11 (12.79) 1(1.16) 3(15.12) 0 (0) 17 (19.77)
Day 4 9(22.35) 21 (24.71) 5(5.88) 6 (18.82) 0(0) 17 (20.00)
Day 5 3(27.38) 20(23.81) 4 (4.76) 3 (27.38) 0(0) 18 (21.43)
Day 6 9(23.17) 17 (20.73) 5 (6.10) 24 (29.27) 0(0) 21 (25.61)
Day 7 8(23.08) 18 (23.08) 6 (7.69) 2 (28.21) 0 (0) 26 (33.33)
Day 8 8 (24.66) 9 (26.03) 4 (5.48) 21 (28.77) 0 (0) 25 (34.25)
Day 9 7 (25.00) 0 (29.41) 4 (5.88) 22 (32.35) 0 (0) 26 (38.24)
Day 10 0 (30.30) 8 (27.27) 3 (4.55) 17 (25.76) 0(0) 25 (37.88)
Abbreviations: DEX, dexmedetomidine; HYDRO, hydromorphone.
aAll data are number (percentage) of patients; the denominator (n) for percentage calculations
varied from?? to 86. To allow for more precise comparisons, percentages were not rounded.
°As per 2013 Society of Critical Care (SCCM) clinical practice guidelines,® recommended
dose ranges are as follows: propofol, 5-50 pg/kg/min; dexmedetomidine, 0.2-0.7 ng/kg/h;
midazolam, 0.02-0.10 mg/kg/h; ketamine, 0.05-0.4 mg/kg/h; fentanyl, 0.7-10 pg/kg/h; and
hydromorphone, 0.5-3.0 mg/h.

Even if the population of patients
with non-COVID ARDS is an appro-
priate population for comparison with
the COVID-19 ARDS population, add-
itional challenges arise. Despite nu-
merous ARDS studies in the literature,
few have provided detailed information
on the types and quantities of sedatives
administered to the patients enrolled.”
In a recent letter, Kapp et al® reported
the sedation requirements among a
small cohort of 19 ventilated and 5
nonventilated patients with COVID-19.
Those investigators reported a 3-fold in-
crease in opioid administration in their
intubated patients who underwent
neuromuscular blockade compared
to patients with ARDS enrolled in the
OSCILLATE trial** (median daily dose
in oral morphine equivalents, 937 mg
vs 289 mg) despite similar durations of
intubation and similar Pao,:F10, ratios
at the time of intubation. The differ-
ences in benzodiazepine administra-
tion between their patients and the
patients in the OSCILLATE trial were
less pronounced (median daily dose
in oral midazolam equivalents, 225 mg
vs 199 mg). In contrast, the opioid ad-
ministration in our study was approxi-
mately 2-fold greater (a median of

Figure 3. Percentage of intubated patients with COVID-19 requiring a given number of sedative and analgesic agents by

day of intubation.
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600 mg in oral morphine equivalents
daily) than in the OSCILLATE trial. The
differences in daily opioid administra-
tion between the study by Kapp et al®
and ours may be attributed to the “an-
algesia first” sedation strategy used by
Kapp and colleagues and to our lower
threshold for use of additional seda-
tive agents, which was implemented for
reasons enumerated below.

The selection and dosing of sedative
and analgesic agents administered in
our study cohort deserve consideration.
While propofol and hydromorphone
were the most commonly administered
sedative and analgesics, there was con-
siderable variability in the threshold for
use of an additional agent(s). Perhaps

the most predictable determinant for
adding agent(s) was the development
of elevated triglyceride levels with use
of propofol (Figure 4), for which keta-
mine or midazolam were commonly
added. Among the sedatives and an-
algesics administered, ketamine and
dexmedetomidine were the agents for
which dosing most consistently ex-
ceeded the SCCM pain, agitation, and
delirium guidelines. The potent seda-
tive and analgesic properties of keta-
mine may explain its frequent use.
While a recent review reported in-
creased ketamine dosing ranges in the
ICU setting (up to 0.9 pg/kg/min),"
even this upper limit was commonly
exceeded in our cohort. The early and

Table 4. Median Duration of Sedative and Analgesic Infusions (in Days)
Administered to Intubated Patients with COVID-192

Infused Drug

Duration of Infusion

Propofol 9.00 (6.00-10.00)
Dexmedetomidine 4.00 (2.00-7.00)
Midazolam 5.00 (3.00-7.00)
Ketamine 6.00 (3.25-8.00)
Fentanyl 2.00 (1.00-2.00)
Hydromorphone 9.00 (8.00-10.00)

aData presented as median (interquartile range).

Figure 4. Median daily propofol dose (blue) versus median serum triglyceride
concentration (orange) over first 10 days of intubation.
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frequent use of dexmedetomidine was
unexpected for a cohort of patients
who required deep sedation. Possible
explanations for the dexmedetomidine
use prior to escalation of other medi-
cation doses include a goal of pro-
viding multimodal sedation as well
as a desire to limit the adverse effects
resulting from further escalation of
doses of existing medications (eg, ileus
with opioid use or delirium with use of
benzodiazepines).

There were a number of factors
that likely contributed to higher doses
of analgesic and sedative medications
and higher numbers of drugs admin-
istered in our patient cohort. First,
a relatively small proportion of pa-
tients received NMBAs, and therefore
higher drug doses and higher use of
drug combinations may have been tar-
geted to achieve ventilator synchrony
in an effort to avoid neuromuscular
blockade. These doses often appeared
to be in excess of doses required to
provide patient comfort alone, as re-
flected in the low RASS and Critical-
Care Pain Observation Tool scores
(Table 6). The pyrexia and tachypnea
characteristic of COVID-19 infection
may lead to more patient-ventilator
dyssynchrony, necessitating additional
sedation. In addition, patients who re-
ceived NMBAs may have been given
higher doses and numbers of drugs to
ensure comfort and lack of awareness.
electroencephalography
(EEG) monitors (bispectral index moni-
tors and/or SedLine monitors [Masimo
Corporation, Irvine, CA]) were only
used to monitor depth of sedation
during paralysis in a small number of
cases, but device shortages and lack
of familiarity with these monitors may
have led providers to prefer to err on
the side of providing more sedation.

Challenges to entering patient
rooms frequently in the setting of per-
sonal protective equipment require-
ments, as well as concerns over patient
harm (eg, self-extubation), may have
resulted in higher medication doses
and reduced downward titrations

Processed

of continuous infusions. Alterations

in drug metabolism resulting from
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Table 5. Characteristics of Intubated Patients With COVID-19 Requiring <3 vs >3 Sedative Agents for Ventilator
Synchrony on Day 2 of Intubation®
<3 Sedative Agents >3 Sedative Agents
on Day 2 (n = 70) on Day 2 (n = 16) P Value

Age, y 62.50 (53.25-76.75) 5.00 (41.00-53.00) 0.002°
BMI (kg/m?) 9 (26.24-35.36) 31 (28.22-36.47) 0.03°
Male, No. (%) 48 (68.57) 9 (56.25) 0.57
Chronic pain, No. (%) 5(7.14) 2 (12.50) 0.64
Substance use disorder, No. (%) 5(7.14) 0 (0.00) 0.59
Baseline laboratory values

Creatinine, mg/dL 0.98 (0.88-1.08) 0.96 (0.78-1.09) 0.75

AST, U/L 38.5 (32.5-47.5) 29.5 (28-36) 0.60

ALT, U/L 66 (54.75-74.5) 56 (49-80) 0.40

ALP, U/L 60.5 (563.75-70.25) 59 (41-139) 0.91

Total bilirubin, mg/dL 0.55 (0.22-0.68) 5(0.2-0.7) 0.21

Ferritin, pg/L 712.00 (408.00-1,304.00) 1,041.00 (439.00-1,564.00) 0.02°

D-dimer, ng/mL 1,072.50 (794.00-1,705.00) 942.00 (751.00-1,343.00) 0.75

LDH, U/L 382.00 (330.50-501.50) 473.50 (274.25-667.00) 0.01°

CK, U/L 159.00 (91.00-406.00) 133.00 (81.00-396.00) 0.78
Baseline Pao,:Fio, 201.34 (160.00-271.75) 155.00 (115.00-190.00) 0.03°
NMBA use during study, No. (%) 21 (30.00) 11 (68.75) 0.02°
RASS score -3.5 (-4.25 to -2.25) -4 (-5 to -3) 0.83
CPOT score 0 (0.0-0.5) 0 (0-0) 0.32
Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; CPOT, Critical-Care Pain Observation Tool; CRP,
C-reactive protein; Fo,, fraction of inspired oxygen; IQR, interquartile range; LDH, lactate dehydrogenase; Pao,, arterial partial pressure of oxygen;
RASS, Richmond Agitation Sedation Scale; TG, triglycerides.
aAll data presented as median (IQR) unless otherwise specified.
bStatistically significant difference per a priori definition (P < 0.05).

COVID-19-related inflammation might
also have contributed to increased sed-
ation needs and rapid development of
tolerance over time.'® This possibility
would be supported by the positive cor-
relation between the number of drugs
administered and elevated markers of
inflammation. Increased requirements
despite the high prevalence of hep-
atic and renal impairment in patients
with COVID-19 would further support
this hypothesis (Table 7).1%*° Finally,
the prevalence of obesity and younger
age of patients in the study were also
likely factors contributing to increased
sedation needs.

Our findings raise a number of clin-
ically important questions regarding
the impact of increased sedation ad-
ministration on patient outcomes.

Oversedation has been associated with
a number of adverse outcomes in crit-
ically ill patients without COVID-19,
including increases in length of stay,
days of mechanical ventilation, rates
of delirium, and neurocognitive im-
pairment.* These outcomes have also
been reported in critically ill patients
with COVID-19. While viral infection
and consequent immune cascade and
inflammation may play a role, it is likely
that oversedation also contributes to
this effect. While we did not measure
these outcomes in our patient popu-
lation directly, reported length of stay
and mortality among mechanically
ventilated patients at our institution are
comparable to or even lower than those
reported at other centers,? suggesting
that our strategy of sedation may not
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have been profoundly detrimental.
Favoring sedation—even with multiple
agents at high doses—over neuromus-
cular blockade appeared to be the prac-
tice of many practitioners caring for
patients within the study cohort, which
is consistent with evidence that early
neuromuscular blockade for patients
with ARDS is not widely adopted.?

It remains unknown whether early
neuromuscular blockade—thereby re-
ducing sedation requirements—would
result in improved outcomes. This ap-
proach achieves ventilator synchrony
but impairs clinical examination,
risks undersedation, and predisposes
to ICU-acquired weakness. In par-
ticular, increased risks of catastrophic
neurologic and gastrointestinal com-
plications in critically ill patients with
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COVID-19 make clinical examination
especially important, which may favor
a strategy of high sedative administra-
tion over paralysis.'*** If a patient is re-
ceiving NMBAs, using processed EEG
to guide sedation may help to minimize
sedation and thereby reduce the risk of
delirium. The tradeoff between muscle
weakness with use of NMBAs versus
delirium and post-ICU syndrome with
prolonged use of high-dose sedation
remains unclear. Finally, the optimal
drug regimens, combinations, and
thresholds for adding additional agents

remain unclear. Given the prolonged
duration of mechanical ventilation and
sedation for this patient population, it
seems plausible that sedation rotation
strategies may reduce total dose ex-
posure, thus minimizing development
of tolerance and reducing adverse
effects.

To address these unanswered ques-
tions, further investigation is needed.
As afirst step, sedation practices should
routinely be reported in studies of crit-
ically ill patients with COVID-19 so
as to allow evaluation of the effects of

Table 6. Sedation and Pain Scores Over First 10 Days of Intubation?

Day RASS CPOT
1 -4.00 (-4.75 to -3.25) 0 (0-0)
2 —-4.00 (-5.00 to -3.00) 0 (0-0)
3 —-4.00 (-5.00 to -2.25) 0 (0-0)
4 —-4.00 (-5.00 to -3.00) 0 (0-0)
5 -4.00 (-5.00 to -3.75) 0 (0-0)
6 -4.00 (-5.00 to -4.00) 0 (0-0)
7 -4.00 (-4.75 to -3.00) 0 (0-1.5)
8 —-4.00 (-4.75 to -1.25) 0 (0-1.5)
9 —4.00 (-4.00 to —4.00) 0 (0-0)

10 —-4.00 (-4.75 to -4.00) 0 (0-0.75)

Abbreviations: CPOT, Critical-Care Pain Observation Tool; RASS, Richmond Agitation and

Sedation Scale.

aAll data presented as median (interquartile range).

sedation on outcomes. These differ-
ences in practices should be compared
in conjunction with meaningful out-
come measures to evaluate benefits
and harms. Guidelines that provide
best practices for providers should be
developed. Looking forward, under-
standing and measuring the cognitive
impact of prolonged use of multiple
high-dose sedatives in this patient
population will be necessary. Future
studies should identify and quantify
chronic pain, delirium, post-ICU syn-
drome, and posttraumatic stress dis-
order in this population. The medical
burden of COVID-19 may persist for
these patients long after they leave
the ICU. In the interim, given the wide
heterogeneity in critically ill patients
with COVID-19,% it is important to not
forget that “one size does not fit all”?"
Individualized management of sed-
ation and analgesia with the guidance
of validated scales remains essential.
Limitations. The study had a
number of limitations. It was conducted
in asingle center and involved arelatively
small number of patients. However, gen-
eralizability is improved by the fact the
patients were cared for in multiple ICUs
by critical care practitioners with widely
different sedation practices, with no in-
stitutional protocolized sedation strategy
in place at the time of analysis. Our
study was limited by a lack of historical

Table 7. Markers of Renal and Hepatic Function Over First 10 Days of Intubation?

Day Creatinine, mg/dL

ALT, U/L

AST, U/L

ALP, U/L

Total Bilirubin, mg/dL

—_

0.93 (0.88-1.05)

38.50 (30.25-41.75

59.50 (44.50-77.25

69.50 (51.25-81.50)

0.50 (0.20-0.50)

0.98 (0.78-1.16)

35.00 (28.75-38.75

52.00 (45.00-61.00

67.00 (50.25-80.75)

0.55 (0.38-0.73)

1.08 (0.96-1.37)

32.00 (22.75-33.75

48.50 (30.75-68.25

70.00 (51.50-76.25)

1.07 (0.88-1.50)

29.50 (24.75-41.50

57.50 (50.25-71.75

76.50 (60.5-89.25)

0.55 (0.33-1.58)

1.02 (0.93-2.14)

40.50 (24.75-58.75

73.50 (565.00-85.00

80.00 (59.00-110.00

0.40 (0.33-0.88)

0.97 (0.89-2.71)

45.00 (26.00-55.50

68.00 (43.50-94.00

81.50 (62.25-104.25

(
(
0.50 (0.43-1.60)
(
(
(

0.55 (0.30-0.88)

1.08 (0.95-2.37)

53.00 (22.50-74.50

70.50 (41.25-98.25

0.50 (0.35-0.70

0 N (O (O |~ W N

(
(
(
(
(
(
(
(

1.05 (1.00-1.68)

46.00 (22.00-72.00

)
)
)
)
)
)
)
)

50.50 (41.00-90.25

122.00 (76.50-145.00

9

1.02 (0.90-1.77)

49.00 (26.50-71.75

44.00 (37.00-122.50)

114.00 (77.75-179.50

0.55 (0.40-0.65

10

1.02 (0.90-1.44)

( )
( )
( )
( )
( )
( )
( )
( )
( )
( )

43.50 (27.50-64.75

(
(
(
(
(
(
(
(
(
(

50.50 (36.25-85.75)

)
)
100.50 (75.75-137.00)
)
)
)

116.00 (73.25-135.75

)
0.50 (0.33-0.83)
)
)

0.50 (0.30-0.80

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; ALP, alkaline phosphatase.
aAll data presented as median (interquartile range).
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controls, which prevented comparisons
of drug doses within institutional prac-
tice. However, the OSCILLATE study'®
and the experience of Kapp et al° pro-
vided points of comparison. Mortality
and ICU length of stay were not ana-
lyzed in our study. However, those out-
comes were reported for a subset of our
patient sample and were comparable or
reduced relative to mortality and ICU
length of stay reported by Kapp et al,®
suggesting that our sedation strategy did
not have a comparatively detrimental ef-
fect on these outcomes. Other outcome
measures—such as rate of delirium,
hospital length of stay, ICU-acquired
weakness, and gastrointestinal dys-
function—were not measured, which
prevents further analysis of the impact
of drugs, doses, and combinations on
these important measures. Finally, data
for only the first 10 days of intubation
were included in our study. We selected
a 10-day timeframe to provide a “snap-
shot” of sedation and analgesic require-
ments and their escalation during the
initial period of mechanical ventilation,
recognizing that the duration of intub-
ation was substantially longer for some
patients. While the totality of sedation
and analgesic administration is an im-
portant question, it was not the focus of
the study.

Conclusion

Our study confirmed the clinical
impression of increased sedative use
in critically ill patients with COVID-
19 requiring mechanical ventilation.
Reporting of sedation practices from
other institutions would be valuable for
practice comparisons. Future studies to
examine the correlation of different sed-
ation strategies and patient outcomes
are needed. Through such studies, best
practice guidelines can be developed
and outcomes improved for this challen-
ging population of critically ill patients.
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