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Propofol-Associated Hypertriglyceridemia
in Coronavirus Disease 2019 Versus
Noncoronavirus Disease 2019 Acute
Respiratory Distress Syndrome
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Objectives: To characterize the incidence and characteristics of
propofol-associated hypertriglyceridemia in coronavirus disease
2019 versus noncoronavirus disease 2019 acute respiratory distress
syndrome.

Design: Single-center prospective, observational cohort study.
Setting: Medical ICU and regional infectious containment unit.
Patients: Patients with acute respiratory distress syndrome admitted
from April 7, 2020, to May 15, 2020, requiring continuous propofol
administration.

Interventions: None.

Measurements and Main Results: Of 50 patients enrolled, 54%
had coronavirus disease 2019 acute respiratory distress syndrome.
Median Acute Physiology and Chronic Health Evaluation Il and
Sequential Organ Failure Assessment scores were 35.5 (interquartile
range, 30.2-41) and 8 (interquartile range, 6-9). Pao,/Fio, ratio was
130.5 (interquartile range, 94.5-193.8). Patients with coronavirus
disease 2019-associated acute respiratory distress syndrome experi-
enced a higher rate of hypertriglyceridemia (triglyceride > 500 mg/dL)
than noncoronavirus disease 2019-associated acute respiratory dis-
tress syndrome (9 [33.3%)] vs 1 [4.3%]; p=0.014). Those with coro-
navirus disease 2019, compared with those without, received more

propofol prior to becoming hypertriglyceridemic (median, 5,436.0 mg
[interquartile range, 3,405.5—-6,845.5 mg] vs 4,229.0mg [interquar-
tile range, 2,083.4-4,972.1 mgl; p = 0.027). After adjustment for
propofol dose with logistic regression (odds ratio, 5.97; 95% CI,
1.16-59.57; p = 0.031) and propensity score matching (odds ratio,
8.64; 95% ClI, 1.27-149.12; p = 0.025), there remained a signifi-
cant difference in the development of hypertriglyceridemia between
coronavirus disease 2019-associated acute respiratory distress syn-
drome and noncoronavirus disease 2019-associated acute respira-
tory distress syndrome. There was no difference between groups
in time to hypertriglyceridemia (p = 0.063). Serum lipase was not
different between those who did or did not develop hypertriglyceri-
demia (p = 0.545). No patients experienced signs or symptoms of
pancreatitis.

Conclusions: Patients with coronavirus disease 2019 acute respira-
tory distress syndrome experienced a higher rate of propofol-associ-
ated hypertriglyceridemia than noncoronavirus disease 2019 acute
respiratory distress syndrome patients, even after accounting for dif-
ferences in propofol administration.
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by the Society of Critical Care Medicine’s 2018 Clinical

Practice Guideline for the prevention and management of
pain, agitation/sedation, delirium, immobility, and sleep disrup-
tion as part of a benzodiazepine-sparing sedation regimen for
critically ill, mechanically ventilated patients (1). In the United
States, it is commonly formulated in a 10% lipid emulsion and has
been associated with hypertriglyceridemia when used at elevated
infusion rates and prolonged durations.

Serum triglyceride levels should be monitored during propo-
fol use to avoid hypertriglyceridemia and pancreatitis. The risk
of acute pancreatitis increases progressively with increasing lev-
els of serum triglycerides over 500 mg/dL, with a sharp increase

Propofol is an IV sedative-hypnotic agent recommended
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at levels over 1,000mg/dL (2, 3). In one study, 18% of patients
receiving propofol developed hypertriglyceridemia and 10% of
these patients developed pancreatitis (4). Mortality from acute
pancreatitis in the critically ill can reach as high as 20-30% (5).
Although not fully elucidated, propofol-associated pancreatitis in
the absence of hypertriglyceridemia has also been reported, rais-
ing suspicion for additional mechanisms of injury (6).

Patients with acute respiratory distress syndrome (ARDS)
often require high dosages of sedatives, including propofol to
improve ventilator synchrony and oxygenation (7-9). This expo-
sure potentially increases the risk of medication side effects. An
additional recommendation for treatment of severe ARDS is the
utilization of neuromuscular blocking agents (NMBA) to facili-
tate lung protective ventilation, in which deep sedation is required
prior to initiation and throughout the duration of neuromuscular
blockade (10, 11).

Given that elevated inflammatory markers mimicking a hemo-
phagocytic lymphohistiocytosis-like syndrome are frequently
present in coronavirus disease 2019 (COVID-19) infection, it is
unknown if patients with COVID-19-associated ARDS receiving
propofol are more likely to experience hypertriglyceridemia than
patients with non-COVID ARDS (12, 13). The development of
hypertriglyceridemia precludes further utilization of propofol and
often requires the use of less desirable sedative agents, such as ben-
zodiazepines, which are associated with worse clinical outcomes
(14, 15). We hypothesized that patients with COVID-19-associated
ARDS would develop a higher incidence of hypertriglyceridemia
than their non-COVID-19 counterparts. Accordingly, we com-
pared these two groups of patients in terms of severity of illness,
propofol utilization, and development of hypertriglyceridemia.

MATERIALS AND METHODS

This prospective observational study was approved by the
University of Michigan’s Institutional Review Board (IRB) with a
waiver of informed consent (HUMO00179997). From the date of
IRB approval on April 7, 2020, to May 15, 2020, all consecutive
patients requiring mechanical ventilation in the regional infec-
tious containment unit (RICU) and medical ICU (MICU) were
screened for study inclusion. The end date for study enrollment
corresponded with the transition of University of Michigan’s
RICU from an intensive care and intensivist-only unit to a mixed-
acuity unit.

Patients 18 years old or older, with either COVID-19- or non-
COVID-19-associated ARDS requiring at least 24 hours of propo-
fol infusion at 20 pg/kg/min, were eligible for inclusion. Patients
receiving mechanical ventilation at an outside facility for greater
than 48 hours prior to transfer were excluded. Additional exclu-
sion criteria included treatment with extracorporeal membrane
oxygenation, history of pancreatitis, baseline triglyceride level of
300mg/dL or greater, prisoners, and pregnancy. Baseline triglyc-
eride level was defined as the lowest documented triglyceride level
within the 6 months prior to, and up to 24 hours after, the start
of propofol infusion. Patients included in the study only received
propofol formulated in a standard 10% lipid emulsion.

Baseline information regarding age, sex, weight, height, Acute
Physiology and Chronic Health Evaluation (APACHE) II score,
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Sequential Organ Failure Assessment (SOFA) score, baseline
comorbidities, and laboratory data including daily serum triglyc-
eride levels, liver-associated enzymes, and available inflammatory
markers were recorded. Receipt of continuous NMBA and daily
propofol usage was also measured. Medications administered dur-
ing the study period with the actual or potential ability to influ-
ence serum triglyceride levels or for treatment of COVID-19 were
collected and included tocilizumab, corticosteroids (defined as
any amount above a patient’s baseline), remdesivir, statins, hepa-
rin infusion, and insulin infusion. Based on historical discontinu-
ation threshold for propofol at the study site, hypertriglyceridemia
was defined as a serum triglyceride concentration of 500 mg/dL
or greater. The National Cholesterol Educational Program Adult
Treatment Panel III defines this triglyceride concentration as
“severely elevated” (16). Due to an early perceived increase in the
frequency of hypertriglyceridemia and an attempt to preserve
the use of propofol, the recommended institutional discontinua-
tion threshold was increased to 750 mg/dL during the COVID-19
pandemic. Once this threshold was met, an alternative sedative
was initiated and propofol was weaned off as rapidly as tolerated.
Except for those requiring deep sedation (i.e., NMBA use or ven-
tilator desynchrony), maintaining a light level of sedation with
daily spontaneous awakening trials is considered standard of care
at the study institution. Additionally, the frequency of monitor-
ing serum triglyceride levels for all patients receiving propofol
increased compared with historical practice. Data were collected
for up to 7 days after propofol initiation at the study institution.
ARDS was defined according to the Berlin criteria (17). COVID-
19 status was defined based on hospital diagnosis, utilizing a
reverse-transcriptase polymerase chain reaction positive severe
acute respiratory syndrome coronavirus-2 test.

The primary outcome measure for this study was the incidence
of hypertriglyceridemia between patients with COVID-19- versus
non-COVID-19-associated ARDS. Secondary endpoints included
time to development of triglyceride levels of 500 mg/dL, 750 mg/
dL,and development of acute pancreatitis, which was defined based
on current American Gastroenterological Association acute pan-
creatitis guidelines of at least two of the following: characteristic
abdominal pain,amylase orlipase greater than three times the upper
limit of normal, and radiographic evidence of pancreatitis (18).
Propofol-related infusion syndrome (PRIS) was screened for by
review of daily progress notes.

We examined the data using descriptive measures, reporting
as median and interquartile range (IQR) or counts and percent-
ages. Statistical tests included Fisher exact test for categorical data
and the Mann-Whitney U test for continuous data. Kaplan-Meier
curves were constructed to compare the time to development
of hypertriglyceridemia between groups during the 7-day study
period and were analyzed with the log-rank test. Patient survival
times were censored if propofol was discontinued or if they had
not reached an event (i.e., development of hypertriglyceridemia)
prior to day 7. We performed a Firth logistic regression due to
the small sample size to examine the association of COVID-19
positive status and total propofol receipt on the development of
hypertriglyceridemia. Because of potential confounding due to
the differences in total propofol dose, we conducted a sensitivity
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analysis by balancing data between groups using propensity score
(PS) matching. We used nearest neighbor matching and logis-
tic regression to create the distance measure with the R pack-
age Matchlt (R Foundation for Statistical Computing, Vienna,
Austria) (19, 20). We then compared propofol dose using stan-
dardized differences with the stddift package. A standardized
difference of less than 0.1 designated a small difference between
the treatment groups for binary variables and a difference of less
than 0.2 was considered small for continuous variables, even if the
p value was significant (21, 22). Due to the sample size, only pro-
pofol administration until reaching a triglyceride level of 500 ug/dL
was matched on and included along with COVID-19 status in
each regression performed. Statistical analyses were completed
using R statistical software (Version 3.6.3, 2020).

RESULTS

A flow diagram is presented in Figure 1. Of 120 consecutively
screened, mechanically ventilated patients admitted to the RICU
or MICU during the screening period, 50 were eligible and
enrolled. The median age was 64.5 years (IQR, 59-69 yr), with
56% men. Median APACHE II and SOFA scores within the first
24 hours of mechanical ventilation were 35.5 (IQR, 30.2-41) and
8 (IQR, 6-9), respectively, with a Pao,/F1o, ratio of 130.5 (IQR,
94.5-193.8). Baseline demographics between the COVID-19 and
non-COVID-19 cohorts were well matched apart from a higher
weight, body mass index, and prevalence of coronary artery dis-
ease in the COVID-19 patients, and a higher prevalence of chronic
obstructive pulmonary disease in non-COVID-19 patients
(Table 1). Those in the COVID-19 cohort had a numerically
higher peak serum ferritin during the study period, but this did
not reach statistical significance (p = 0.292). However, C-reactive
protein (CRP; p = 0.002), aspartate transaminase (p = 0.005), pro-
calcitonin (p = 0.031), and baseline triglyceride level (p = 0.004)
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were statistically higher in those with COVID-19 ARDS (Table 1).
Other peak serum inflammatory markers were similar between
groups (Table 1).

A description of potentially interacting medication is listed
in Table 1. No patients included in the study received hydroxy-
chloroquine, lopinavir-ritonavir, antiretroviral, or fibrate ther-
apy. Patients were enrolled in this study prior to the widespread
adoption of corticosteroid therapy for treatment of COVID-19-
associated ARDS; the primary indication for corticosteroid use
in the study was as adjunct therapy for shock. Additionally, no
patients received IV lipid emulsion therapy or hyperalimentation.
Three patients in the COVID-19 cohort were randomized and
enrolled into a double-blinded study comparing sarilumab versus
placebo.

Propofol Utilization and Hypertriglyceridemia

Table 2 lists propofol utilization and clinical outcomes in the study
cohort. Propofol utilization was significantly higher in the COVID-
19 cohort versus non-COVID-19 cohort, both in terms of total pro-
pofol dose during the 7-day study period (median, 5,512.2 mg [IQR,
3,405.5-6,845.5 mg] vs 4,013.0mg [IQR, 2,075.2-4,893.2 mg];
p = 0.008) and propofol dose until reaching a triglyceride level
of 500 mg/dL (median, 5,436.0mg [IQR, 3,405.5-6,845.5 mg] mg
vs 4,229.0mg [IQR, 2,083.4-4,972.1 mg]; p = 0.027). However,
there was no difference in maximum propofol rate (median,
50.0 pg/kg/min [IQR, 32.5-67.5 pg/kg/min] vs 50.0 ug/kg/min
[IQR, 40.0-60.0 pg/kg/min], respectively; p = 0.913). Subjects
with COVID-19-associated ARDS experienced a higher rate of
hypertriglyceridemia (triglyceride 500 mg/dL) than non-COVID-
19-associated ARDS (9 [33.3%)] vs 1 [4.3%]; p = 0.014). Six patients
(22.2%) in the COVID-19 cohort experienced a triglyceride level
greater than 750 ug/dL, compared with none in the non-COVID-
19-associated ARDS group (p = 0.025). One COVID-19 ARDS
patient experienced a triglyceride level greater than 1,000 mg/dL.
Median time to development of
hypertriglyceridemia for all patients,

120 Mechanically Ventilated Patients
Screened for Eligibility

regardless of COVID-19 status, was
3.0 days (IQR, 1.7-5.2 d). Time to
development of a serum triglyceride
level of 750 mg/dL (n=6) wasamedian
of 3.6 days (IQR, 1.9-5.7 d). There

70 Excluded

1 Pregnant

34 Propofol receipt <24 hours at 20 mcg/kg/min
24 Mechanical ventilation >48 hours prior to admission
11 Baseline triglyceride level >300

was no difference between groups in
time to hypertriglyceridemia (Fig. 2)
(p = 0.063).

Regression Analysis

50 Enrolled

27 COVID-19 Positive %—{ 23 COVID-10 Negative

Due to the significant difference in
propofol utilization between the
two groups, a logistic regression was
performed to account for the differ-
ence in propofol dose until reach-
ing a triglyceride level of 500 ug/dL.
After this adjustment for propofol
administration, there was a signifi-
cant difference in the development

Figure 1. Patient flow diagram. COVID = coronavirus disease.
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of hypertriglyceridemia between the
COVID-19- and the non-COVID-
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TABLE 1. Baseline Characteristics of the Study Patients

Variable

Overall

COVID-19 Positive

COVID-19 Negative

Age (yr)

Sex (male)

Height (cm)

Weight (kg)

Body mass index (kg/m?)
Neuromuscular blocking agent use
Highest lipase (U/L, n=11)
Diabetes

Hypertension

Chronic kidney disease

Cirrhosis

Coronary artery disease

Heart failure

Chronic obstructive pulmonary disease
Sequential Organ Failure Assessment
Pao,/Fo, ratio

Acute Physiology and Chronic
Health Evaluation ||

Ferritin, max (ng/mL, n = 39)
C-reactive protein, max (mg/L, n= 37)
Aspartate transaminase, max (U/L)
Alanine aminotransferase, max (U/L)
Total bilirubin, max (mg/dL)
Procalcitonin, max (ng/mL, n = 44)
Baseline triglyceride level (mg/dL)
Tocilizumab

Remdesivir

Statin

Heparin infusion

Insulin infusion

Corticosteroids

(n=50)

64.5 (569.0-69.0)
28 (56%)

1676 (162.6—-1772)
84.1 (68.2-100.9)
289 (24.0-34.9)

13 (26%)

39.0 (270-58.0)

15 (30%)
38 (76%)
12 (24%)

3 (6%)
13 (26%)

7 (14%)

9 (18%)
8.0 (6.0-9.0)

130.5 (94.6—-193.8)
35.5 (30.2-41.0)

1,1882 (519.5-1924.9)
20.7 (11.2-28.8)
670 (43.0-125.0)
55.0 (25.0-95.0)

0.7 (0.4-1.1)
1.2 (0.3-35)
169.0 (86.0-201.8)
12 (24%)
3 (6%)
14 (28%)
27 (54%)
5 (10%)
10 (20%)

(n=27) (n=23)
66 (57-69) 63 (69-68.5) 0.508
14 (51.9%) 14 (60.9%) 0.577
1676 (162.6—-175.3) 1702 (163.8-181.4) 0.665
91.2 (73.0-1070) 79.4 (64.3-87.1) 0012
32.1 (26.7-40.8) 25.9 (22.6-30.0) 0016
7 (25.9%) 6 (26.1%) >0999
25.0 (21.0-39.0) 405 (32.0-69.5) 0.376
10 (37%) 5 (21.7%) 0.355
292 (81.5%) 16 (69.6%) 0.508
8 (29.6%) 4 (174%) 0.345
1 (3.7%) 2 (8.7%) 0.588
11 (40.7%) 2 (8.7%) 0.012
6 (22.2%) 1 (4.3%) 0.107
1 (3.7%) 8 (34.8%) 0.007
70 (6.0-9.0) 80 (70-9.5) 0.354
130.0 (94.0-185.1) 133.0 (97.8-1975) 0633
32.0(285-41.0) 40.0 (325-41.0) 0178
1,326.3 (662.5-2,2679) 1,085.8 (134.8-1,726.0) 0292
23.1 (15.4-30.8) 85 (35-14.5) 0.002
980 (625-141.0) 470 (26.0-68.5) 0.005
61.0 (45.0-104.5) 31.5 (17.0-62.0) 0.08
0.6 (0.4-0.8) 08 (04-1.7) 02
20(0.7-39) 0.7 (0.2-25) 0.031
189.0 (153.5-205.5) 85.0 (63.0-201.0) 0.004
12 (44.4%) 0 < 0.001
3(11.1%) 0 0240
6 (22.2%) 8 (34.8%) 0.361
16 (59.3%) 11 (478%) 0.570
1 (8.7%) 4 (174%) 0.167
2 (7.4%) 8 (34.8%) 0.030

COVID-19 = coronavirus disease 2019.

Data are reported as median (interquartile range) or n (%), as appropriate.

19-associated ARDS (odds ratio [OR], 5.97; 95% CI, 1.16-59.57;
p=0.031). APSmatchingwasalsoseparately performedasasensitiv-
ity analysis to adjust for the baseline differences in propofol admin-
istration. Prior to matching, the standardized difference of propofol
dose until reaching a triglyceride level of 500 mg/dL between the
COVID-19 and non-COVID-19 groups was 0.52. After match-
ing, the standardized difference was reduced to 0.33. The resulting
COVID-19 and non-COVID-19 cohorts’ propofol doses were bal-
anced according to the Mann-Whitney U test (median 5,159.0 mg
[IQR, 3,059.8-5,790.5 mg] vs 4,229.0mg [2,083.4-4,972.1 mg] ;
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p =0.095). This analysis produced 23 matched pairs in each cohort
(Table S1, http://links.lww.com/CCX/A461). A logistic regression
was performed with the PS-matched patients, which resulted in
a statistically significant increase in the development of hyper-
triglyceridemia in those with COVID-19-associated ARDS (OR,
8.64;95% CI, 1.27-149.12; p = 0.025).

Additional Outcomes
When examining all patients who became hypertriglyceridemic

(triglyceride 500 mg/dL; n = 10), regardless of COVID-19 status

2020 * Volume 2 * e0303



TABLE 2. Outcomes According to Coronavirus Disease 2019 Status

Variable

Original Clinical Report

COVID-19 Negative

Propofol dose until triglyceride 500 mg/dL
reached (mg)?

Cumulative 7-d propofol dose (mg)

Maximum propofol rate (ug/kg/min)

Propofol rate at time of triglyceride
500 mg/dL (ug/kg/min, n=10)

Serum peak triglyceride (mg/dL)

Delta triglyceride (peak minus
baseline; mg/dL)

Hypertriglyceridemia
(triglyceride > 500 mg/dL)

Hypertriglyceridemia (triglyceride > 750 mg/dL)

Overall COVID-19 Positive
(n=50) (n=27)
4,653.0 5,436.0
(2,818.0-5,864.2) (3,405.5-6,845.5)
4,520.0 5,643.0

(2,803.0-5,938.0)
50.0 (36.2-68.8)
475 (36.2-60.0)

(3,405.5-7732.0)
50.0 (32.5-67.5)
50.0 (40.0-60.0)

2340 (136.2-385.8)
780 (8.2-194.0)

3564.0 (222.0-693.5)

156.0 (63.56-492.0)
10 (20%) 9 (33.3%)

6 (12%) 6 (22.2%)

(n=23)
4,229.0 0.027
(2,083.4-4,972.1)
4,299.0 0.008
(2,083.4-4,972.1)
50.0 (40.0-60.0) 0913
20.0 (20.0-20.0) 0.161
126.0 (78.0-260.5) < 0.001
12.0 (0-95.0) < 0.001
1 (4.3%) 0.014
0 (0%) 0.025

COVID-19 = coronavirus disease 2019.

2Propofol dose until triglyceride 500 pg/dL reached or propofol stopped, whichever occurs sooner.
Data are reported as median (interquartile range) or n (%), as appropriate.

(Tables S2 and S3, http://links.lww.com/CCX/A461), those with
hypertriglyceridemia had a higher weight (median 104kg [IQR,
91.8-126.8 kg] vs 81.2kg [IQR, 66.9-91.7 kg]; p = 0.005), more

Proportion of people TG<500

<
—

0.8

0.6

0.4

0.2

0.0

23

27

Log—rank test p value 0.063

— COVID—neg
~~~~~~ COVID—pos
23 15 10 8 4 1 grp=COVID-neg
26 19 15 13 11 10 8  grp=COVID—pos
T T T T T T T 1
0 1 2 3 4 5 6 7
Days

Figure 2. Time to development of triglyceride greater than or equal to 500 mg/dL. COVID = coronavirus

disease, TG = triglyceride.
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continuous NMBA use (6 [60%] vs 7 [17.5%]; p = 0.012), lower
median Pao,/F10, ratio at baseline (94 [IQR, 82.8-101.1] vs 149.5
[IQR, 104.1-201.0]; p = 0.01), a higher baseline triglyceride level

(204.5 pg/dL [IQR, 153.8-252.0 pg/dL]
vs 153.5 ug/dL [IQR, 76.5-198.0 pg/dL];
p = 0.022), and more total propofol
exposure (median, 6,845.5mg [IQR,
5,247.3-8,408.8 mg] vs 4,052.5mg
[IQR, 2,616.4-5,377.5 mg]; p = 0.002).
In a safety analysis, peak serum lipase
was not different in those with triglyc-
eride levels greater than 500mg/dL
(p=0.545),norinthesixpatientswithtri-
glyceride levels greater than 750 mg/dL
(p = 0.545), when compared with
those who maintained normal triglyc-
eride levels. No cases of suspected or
confirmed pancreatitis or PRIS were
noted in any patient in the study.

DISCUSSION

Propofol is a commonly used seda-
tive agent for mechanically ventilated
patients with ARDS, and those with
COVID-19-associated ARDS in this
study were treated with a high cumu-
lative dose of this medication in the
first 7 days of intubation. Patients
with COVID-19-associated ARDS
experienced a higher rate of serum
triglyceride elevation than those
with non-COVID-19 ARDS, and this

www.ccejournal.org 5
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remained true after adjustment for propofol exposure. Patients
with COVID-19-associated ARDS receiving propofol should have
their serum triglyceride levels monitored frequently.

In an early study describing the frequency of hypertriglyceri-
demia associated with propofol, Devlin et al (4) examined 159
patients receiving at least 24 hours of propofol at any rate and
demonstrated an 18% incidence of hypertriglyceridemia, defined
as a triglyceride level greater than 400 mg/dL. Notably, they dem-
onstrated six of the 21 patients with hypertriglyceridemia devel-
oped a triglyceride level greater than 1,000 mg/dL. Three patients
in the study cohort developed acute pancreatitis. Patients in this
study received a wide range of cumulative propofol doses before
development of hypertriglyceridemia (median, 15,032 mg [range,
3,638-235,110] mg). In a Swiss study of 220 critically ill patients
(23), hypertriglyceridemia (defined as a triglyceride greater than
2 mmol/L or approximately 177 mg/dL) was common (45%), with
intake of propofol and lipids (7> = 0.28 and 0.26, respectively) hav-
ing the highest correlation with serum triglyceride levels, followed
by inflammation (CRP; 1> = 0.18). The authors stated the median
dose of propofol associated with hypertriglyceridemia was
2.04 mg/kg/hr after a median of 4 days with “higher-dose” pro-
pofol (roughly estimated to 16,470 mg given our study’s median
weight of 84.1 kg—no weight was provided in the Swiss study).
Notably, the frequency of severe hypertriglyceridemia in the Swiss
study (defined as triglyceride greater than 5 mmol/L or approxi-
mately 442 mg/dL) was only 4.5%, similar to the non-COVID-19
cohort in present study. Both the Devlin and Swiss studies demon-
strated larger doses of propofol administered prior to the develop-
ment of hypertriglyceridemia (at a lower triglyceride threshold)
than the present study’s approximate dose of 6,800 mg.

The implications of the findings of our study are two-fold. First,
we found that patients with COVID-19-associated ARDS received
high amounts of sedation during the first 7 days of mechanical
ventilation compared with non-COVID-19 ARDS, despite simi-
lar baseline characteristics such as APACHE II, SOFA, and Pao,/
Fro, ratios. This finding has been suggested, but not yet well
documented throughout the COVID-19 epidemic and hospitals
have faced critical drug shortages of sedative medications due
to not only the surge of patients, but the increased amounts of
sedatives used when receiving mechanical ventilation (24, 25).
Second, patients with COVID-19-associated ARDS who receive
propofol experience hypertriglyceridemia, a medication-lim-
iting side effect, to a larger degree than similar non-COVID-19
patients. Although there is continued uncertainty regarding the
role of a “cytokine storm” in COVID-19-associated ARDS ver-
sus non-COVID-19-associated ARDS (26), the development of
hypertriglyceridemia may signify extrapulmonary involvement of
the virus in the gastrointestinal system, similar to what has been
demonstrated in other organs (27-30). The direct or even perhaps
indirect role that COVID-19 plays in hindering the metabolism or
utilization of triglyceride molecules, which leads to accumulation,
is unknown.

Although this study used a triglyceride threshold of 500 mg/dL,
seven of the 27 COVID-19 patients included also experienced a
triglyceride level of 750 mg/dL, although no patients developed
pancreatitis. The development of hypertriglyceridemia, defined at
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an institutional level, precludes further use of propofol and often
requires utilization of alternative sedative agents. In select patients
who do not require deep sedation and develop propofol-associated
hypertriglyceridemia, dexmedetomidine may be a useful alterna-
tive agent. For patients requiring moderate-to-deep levels of seda-
tion, or for those requiring continuous NMBA, midazolam or
lorazepam are often used. These agents have been associated with
an increase in adverse effects including oversedation, increased
delirium, and prolonged mechanical ventilation (14). Avoidance
of propofol can also lead to utilization of “salvage” therapeutic
agents for sedation such as ketamine or phenobarbital, which lack
robust efficacy and safety data (31-33). Unfortunately, compliance
with current standards of ICU care including daily spontaneous
awakening trials and maintenance of light levels of sedation that
may mitigate these adverse effects are likely abandoned in the care
of COVID-19-associated ARDS patients as a result of stressed
healthcare providers and health-system census surges, as well as
the guise of avoidance of self-extubation and reducing healthcare
provider exposure (34).

Although this study is strengthened by its prospective design
with stringent inclusion and exclusion criteria, it is limited by its
small sample size. We attempted to adjust for this by utilizing a
Firth logistic regression analysis that is often preferred in the case
of smaller sample sizes or rare events. Baseline characteristics and
severity of illness scores were well matched between the groups,
indicating that patients were relatively similar. Differences in the
primary outcomes were statistically significant in all analyses per-
formed; however, likely due to our limited sample size, wide CIs
are seen. We chose to only examine the effect of propofol exposure
on the risk of hypertriglyceridemia development within the first 7
days of mechanical ventilation. There is the possibility that hyper-
triglyceridemia may have developed outside of this 7-day period;
however, it is unlikely a significant number of patients developed
this side effect past that time. We demonstrated that the major-
ity of patients’ time to development of triglyceride levels of 500
and 750mg/dL was less than 6 days. Additionally, the study by
Devlin et al (4) demonstrated that hypertriglyceridemia devel-
oped a median of 54 hours from the start of propofol (IQR not
provided). Time to peak triglyceride level in the Swiss study was a
median of 4 days (IQR, 2-6 d) (23). Despite multiple adjustments
for differences in baseline characteristics, there remains the pos-
sibility that patients with COVID-19-associated ARDS required
more sedation with propofol, which led to an increased incidence
of hypertriglyceridemia, irrespective of COVID-19 status. This,
however, is less likely when these results are compared with pre-
viously published literature. Further large studies are likely still
needed to clarify this difference. In addition to a robust descrip-
tion of baseline criteria for patients in this study, we collected and
attempted to account for actual or potential triglyceride-altering
medications; however, it is unknown the magnitude of effect other
therapies may have had on the outcome of this study. Delivery of
enteral nutrition was protocolized across the two patient units in
the study and theoretically should not differ between the patient
groups in this study. Larger studies are needed to examine the
impact of additional risk factors and mitigation strategies for
hypertriglyceridemia. Finally, after conclusion of the study, there
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was an anecdotal increase of hypertriglyceridemia monitoring for
COVID-19 patients receiving propofol therapy at the study site
based on these data (i.e., every 48 hr while on propofol therapy).
Further exploration in larger populations is needed to solidify
recommendations for monitoring and determine if monitoring
frequency and serum triglyceride thresholds for propofol discon-
tinuation affect clinical outcomes.

CONCLUSIONS

Patients with COVID-19-associated ARDS experienced a higher
rate of propofol-associated hypertriglyceridemia than non-
COVID-19-associated ARDS patients, even after accounting for
differences in propofol administration. Further studies are needed
to determine an exact mechanism and potential mitigation strate-
gies for this phenomenon.

This work was performed at the University of Michigan.

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions of
this article on the journal's website (http://journals.lww.com/ccxjournal).
Supported, in part, by the Department of Clinical Pharmacy, College of Phar-
macy, University of Michigan.

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

For information regarding this article, E-mail: mkenes@med.umich.edu

REFERENCES

1. 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:€825-¢873

2. Lindkvist B, Appelros S, Regnér S, et al: A prospective cohort study on
risk of acute pancreatitis related to serum triglycerides, cholesterol and
fasting glucose. Pancreatology 2012; 12:317-324

3. Murphy MJ, Sheng X, MacDonald TM, et al: Hypertriglyceridemia and
acute pancreatitis. JAMA Intern Med 2013; 173:162-164

4. Devlin JW, Lau AK, Tanios MA: Propofol-associated hypertriglyceride-
mia and pancreatitis in the intensive care unit: An analysis of frequency
and risk factors. Pharmacotherapy 2005; 25:1348-1352

5. Forsmark CE, Vege SS, Wilcox CM: Acute pancreatitis. N Engl ] Med
2016; 375:1972-1981

6. Asghar MU, Cheema HA, Tanveer K, et al: Propofol infusion and acute
pancreatitis: A review. Am J Ther 2020; 27:e371-e374

7. Chanques G, Kress JP, Pohlman A, et al: Impact of ventilator adjustment
and sedation-analgesia practices on severe asynchrony in patients venti-
lated in assist-control mode. Crit Care Med 2013; 41:2177-2187

8. Coggeshall JW, Marini JJ, Newman JH: Improved oxygenation after mus-
cle relaxation in adult respiratory distress syndrome. Arch Intern Med
1985; 145:1718-1720

9. Sottile PD, Albers D, Higgins C, et al: The association between ventilator
dyssynchrony, delivered tidal volume, and sedation using a novel auto-
mated ventilator dyssynchrony detection algorithm. Crit Care Med 2018;
46:el151-el57

10. Alhazzani W, Moller MH, Arabi YM, et al: Surviving sepsis campaign:
Guidelines on the management of critically ill adults with coronavirus
disease 2019 (COVID-19). Crit Care Med 2020; 48:e440-e469

11. Poston JT, Patel BK, Davis AM: Management of critically ill adults with
COVID-19. JAMA 2020; 323:1839-1841

Critical Care Explorations

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Original Clinical Report

Huang C, Wang Y, Li X, et al: Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet 2020; 395:497-506
Ruan Q, Yang K, Wang W, et al: Clinical predictors of mortality due to
COVID-19 based on an analysis of data of 150 patients from Wuhan,
China. Intensive Care Med 2020; 46:846-848

Pandharipande PP, Pun BT, Herr DL, et al: Effect of sedation with dex-
medetomidine vs lorazepam on acute brain dysfunction in mechanically
ventilated patients: The MENDS randomized controlled trial. JAMA
2007; 298:2644-2653

Zaal I], Devlin JW, Peelen LM, et al: A systematic review of risk factors for
delirium in the ICU. Crit Care Med 2015; 43:40-47

Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults: Executive Summary of The Third Report of The
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, And Treatment of High Blood Cholesterol In
Adults (Adult Treatment Panel III). JAMA 2001; 285:2486-2497

Fan E, Brodie D, Slutsky AS: Acute respiratory distress syndrome:
Advances in diagnosis and treatment. JAMA 2018; 319:698-710
Crockett SD, Wani S, Gardner TB, et al; American Gastroenterological
Association Institute Clinical Guidelines Committee: American
Gastroenterological Association Institute Guideline on initial manage-
ment of acute pancreatitis. Gastroenterology 2018; 154:1096-1101

Du Z, Hao Y: stddiff: Calculate the standardized difference for numeric,
binary and category variables. R package version 3.0. 2019. Available at:
https://CRAN.R-project.org/package=stddiff. Accessed September 9,
2020

Ho D, Imai K, King G, et al: MatchIt: Nonparametric preprocessing for
parametric causal inference. J Stat Softw 2011; 42:1-28

Austin P: Using the standardized difference to compare the prevalence of
a binary variable between two groups in observational research. Commun
Stat Simul Comput 2009; 38:1228-1234

Sawilowsky S: New effect size rules of thumb. | Mod Appl Stat Methods
2009; 8:597-599

Devaud JC, Berger MM, Pannatier A, et al: Hypertriglyceridemia: A
potential side effect of propofol sedation in critical illness. Intensive Care
Med 2012; 38:1990-1998

Choo EK, Rajkumar SV: Medication shortages during the COVID-19 cri-
sis: What we must do. Mayo Clin Proc 2020; 95:1112-1115

Piatek OI, Ning JC, Touchette DR: National drug shortages worsen dur-
ing COVID-19 crisis: Proposal for a comprehensive model to moni-
tor and address critical drug shortages. Am J Health Syst Pharm 2020;
77:1778-1785

Sinha P, Matthay MA, Calfee CS: Is a “cytokine storm” relevant to
COVID-19? JAMA Intern Med 2020; 180:1152-1154

Chu KH, Tsang WK, Tang CS, et al: Acute renal impairment in coro-
navirus-associated severe acute respiratory syndrome. Kidney Int 2005;
67:698-705

Jin M, Tong Q: Rhabdomyolysis as potential late complication associated
with COVID-19. Emerg Infect Dis 2020; 26:1618-1620

Mao R, Qiu Y, He JS, et al: Manifestations and prognosis of gastrointes-
tinal and liver involvement in patients with COVID-19: A systematic
review and meta-analysis. Lancet Gastroenterol Hepatol 2020; 5:667-678
Zheng YY, Ma YT, Zhang JY, et al: COVID-19 and the cardiovascular
system. Nat Rev Cardiol 2020; 17:259-260

Fraser GL, Riker RR: Phenobarbital provides effective sedation for a
select cohort of adult ICU patients intolerant of standard treatment: A
brief report. Hosp Pharm 2006; 41:17-23

Patanwala AE, Martin JR, Erstad BL: Ketamine for analgosedation in the
intensive care unit: A systematic review. ] Intensive Care Med 2017;32:387-395
Shurtleft V, Radosevich JJ, Patanwala AE: Comparison of ketamine- ver-

sus nonketamine-based sedation on delirium and coma in the intensive
care unit. J Intensive Care Med 2020; 35:536-541

Kotfis K, Williams Roberson S, Wilson JE, et al: COVID-19: ICU delir-
ium management during SARS-CoV-2 pandemic. Crit Care 2020; 24:176

www.ccejournal.org 7


mailto:mkenes@med.umich.edu
https://CRAN.R-project.org/package=stddiff

