
Critical Care Explorations www.ccejournal.org     1

DOI: 10.1097/CCE.0000000000001105

Copyright © 2024 The Authors. 
Published by Wolters Kluwer Health, 
Inc. on behalf of the Society of 
Critical Care Medicine. This is an 
open-access article distributed under 
the terms of the Creative Commons 
Attribution-Non Commercial-No 
Derivatives License 4.0 (CCBY-
NC-ND), where it is permissible to 
download and share the work pro-
vided it is properly cited. The work 
cannot be changed in any way or 
used commercially without permis-
sion from the journal.

Galen Royce-Nagel, MD1,2

Mary Jarzebowski, MD3

Pattrapun Wongsripuemtet , MD1,4

Vijay Krishnamoorthy, MD, MPH, 
PhD1,2

Matthew Fuller, MS1,2

Tetsu Ohnuma , MD, MPH, 
PhD1,2

Miriam Treggiari, MD, MPH, PhD1,2

Miguel Yaport, MD1,2

Julien Cobert, MD5

Ethan Garrigan, MD, MPA1,2

Raquel Bartz, MD, MMCi, MHA6

Karthik Raghunathan, MD, MPH1,2

OBSERVATIONAL STUDY

Use of Early Ketamine Sedation and 
Association With Clinical and Cost Outcomes 
Among Mechanically Ventilated Patients With 
COVID-19: A Retrospective Cohort Study
OBJECTIVES: To describe the utilization of early ketamine use among patients 
mechanically ventilated for COVID-19, and examine associations with in-hospital 
mortality and other clinical outcomes.

DESIGN: Retrospective cohort study.

SETTING: Six hundred ten hospitals contributing data to the Premier Healthcare 
Database between April 2020 and June 2021.

PATIENTS: Adults with COVID-19 and greater than or equal to 2 consecutive 
days of mechanical ventilation within 5 days of hospitalization.

INTERVENTION: The exposures were early ketamine use initiated within 2 days 
of intubation and continued for greater than 1 day.

MEASUREMENTS: Primary was hospital mortality. Secondary outcomes in-
cluded length of stay (LOS) in the hospital and ICUs, ventilator days, vasopressor 
days, renal replacement therapy (RRT), and total hospital cost. The propensity 
score matching analysis was used to adjust for confounders.

MAIN RESULTS: Among 42,954 patients, 1,423 (3.3%) were exposed to early 
ketamine use. After propensity score matching including 1,390 patients in each 
group, recipients of ketamine infusions were associated with higher hospital mor-
tality (52.5% vs. 45.9%, risk ratio: 1.14, [1.06–1.23]), longer median ICU stay 
(13 vs. 12 d, mean ratio [MR]: 1.15 [1.08–1.23]), and longer ventilator days (12 
vs. 11 d, MR: 1.19 [1.12–1.27]). There were no associations for hospital LOS 
(17 [10–27] vs. 17 [9–28], MR: 1.05 [0.99–1.12]), vasopressor days (4 vs. 4, 
MR: 1.04 [0.95–1.14]), and RRT (22.9% vs. 21.7%, RR: 1.05 [0.92–1.21]). Total 
hospital cost was higher (median $72,481 vs. $65,584, MR: 1.11 [1.05–1.19]).

CONCLUSIONS: In a diverse sample of U.S. hospitals, about one in 30 patients 
mechanically ventilated with COVID-19 received ketamine infusions. Early keta-
mine may have an association with higher hospital mortality, increased total cost, 
ICU stay, and ventilator days, but no associations for hospital LOS, vasopressor 
days, and RRT. However, confounding by the severity of illness might occur due to 
higher extracorporeal membrane oxygenation and RRT use in the ketamine group. 
Further randomized trials are needed to better understand the role of ketamine 
infusions in the management of critically ill patients.

KEYWORDS: COVID-19; critical care; critical care outcomes; ketamine; 
mechanical; ventilators

Despite the rapidly evolving evidence base for the treatment of mechan-
ically ventilated patients with COVID-19, the in-hospital mortality 
associated with this high-acuity disease remains at approximately 

40% (1). As our understanding of COVID-19 acute respiratory distress 
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syndrome improved, several commonly used critical 
care therapies have been shown to improve survival, 
including dexamethasone (2), prone positioning (3), 
and low tidal volume ventilation (4). Other therapies 
that have been shown to impact symptoms in the early 
stages of COVID-19 (such as antiviral therapy) have 
shown conflicting or limited evidence for efficacy (5). 
As the pandemic continues to significantly impact 
healthcare, it is important to review therapies and 
assess possible impact on outcomes.

Ketamine is an N -methyl- D -aspartate receptor an-
tagonist and is commonly used as an adjunct for pain 
management or anesthetic agents. It is less frequently 
used as an adjunct for sedation in critically ill patients 
requiring mechanical ventilation, and therefore its 
impact on outcomes in critically ill patients remains 
unknown. Despite a lack of data from prospective, 
randomized controlled trials of ketamine sedation in 
this population, the use of ketamine for analgoseda-
tion during mechanical ventilation continues to in-
crease (6). The trend may be a reflection of recent 
expert opinion and guidelines broadly supporting the 
use of ketamine as one of the nonopioid analgesics in 
the ICU setting (7, 8).

There are several plausible mechanisms by which 
ketamine may influence outcomes during mechanical 

ventilation. First, it is a known bronchodilator through 
presumed anticholinergic-mediated relaxation of bron-
chial smooth muscles. Ketamine sedation has been 
shown to improve dynamic compliance and Pao2/Fio2 
ratio while reducing peak inspiratory pressures during 
mechanical ventilation (9). In vitro, ketamine has been 
found to have immunoinhibitory effects and reduced 
proinflammatory production (10), a sigma-1 receptor 
agonist that could plausibly reduce COVID-19 viral 
replication (11), and potent anti-inflammatory effects. 
In vivo, ketamine has been shown to produce a dose-
dependent survival benefit in animal models of sepsis, 
with corresponding reductions in tumor necrosis factor-
alpha and interleukin-6 levels (12, 13). Similar reductions 
in inflammatory mediators following ketamine adminis-
tration have been shown in select surgical populations 
(14–16), but data on such anti-inflammatory effects of 
ketamine in critically ill patients remain lacking. The 
use of ketamine infusions during mechanical ventilation 
has been associated with reduced opioid exposure (17), 
which may have meaningful implications for patient re-
covery following critical illness with COVID-19.

To better define the impact of ketamine administered 
during mechanical ventilation for COVID-19, our objec-
tives were to: 1) describe ketamine infusion utilization 
patterns and 2) explore the association of early ketamine 
infusion exposure with hospital mortality among me-
chanically ventilated patients with COVID-19.

MATERIALS AND METHODS

Study Design and Data Source

We conducted a retrospective cohort study utilizing data 
from 610 hospitals included in the Premier Healthcare 
Database for patients admitted between April 2020 and 
June 2021. This inpatient database contains patient dem-
ographics, admission type (elective, emergent, or un-
known), hospital characteristics, patient-specific billing 
information, as well as diagnosis and procedure codes 
(including mechanical ventilation), and date-stamped 
inpatient drug administration. This study was approved 
by the Duke University Healthcare System Institutional 
Review Board (no. Pro00107287, approval date: June 23, 
2021, study title: Outcomes of critically ill COVID-19 
patients) and was determined to be exempt from in-
formed patient consent in accordance with the Health 
Insurance Portability and Accountability Act, as patient 
data were fully de-identified before analysis.

 
KEY POINTS

Question: What was the utilization pattern of early 
ketamine for sedation among mechanically venti-
lated patients with COVID-19, and what was the 
association of early ketamine exposure with in-
hospital mortality?

Findings: In this retrospective cohort study of 
42,954 patients, 1,423 (3.3%) received early ke-
tamine. After propensity score matching, early ke-
tamine use was associated with higher in-hospital 
mortality, compared to those who did not receive 
early ketamine.

Meaning: Early ketamine use among mechani-
cally ventilated patients with COVID-19 was used 
in a small proportion of patients. Early ketamine 
exposure was associated with higher in-hospital 
mortality, but due to the concern for residual con-
founding, future randomized controlled trials are 
likely needed.
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Study Population

All adult (> 18 yr) patients who were admitted between 
April 2020 and June 2021 with either a primary, secondary, 
or contributing diagnosis of COVID-19 (identified using 
International Classification of Diseases 10th Edition [ICD-
10] code U07.1) were evaluated, who also received early 
mechanical ventilation (within 5 d of admission). The 
need for early mechanical ventilation was used as inclu-
sion criteria to restrict the cohort to patients with high di-
sease severity at hospital presentation. Exclusion criteria 
included primary admissions for pregnancy.

Exposure, Outcomes, and Covariates

The exposure of interest was the receipt of ketamine 
for early sedation following mechanical ventilation. 
This was defined as the presence of a hospital charge 
code for greater than 2 consecutive days and within 2 
days of intubation. This definition was selected to dis-
tinguish those who received ketamine as a single dose 
in the setting of intubation (presence of a charge code 
on a single day) from those who received ketamine 
for sedation purposes during mechanical ventilation 
(presence of a charge code on multiple consecutive 
days). Additionally, early ketamine sedation (within 
2 d of intubation) was selected to distinguish patients 
receiving ketamine as part of the primary sedation reg-
imen, as opposed to patients receiving ketamine as a 
“rescue” agent (i.e., severe pain/agitation despite the 
primary sedation regimen). The primary outcome was 
hospital mortality (defined as death during hospital-
ization or discharge to hospice care). Secondary out-
comes included: hospital length of stay (LOS) based on 
calendar day, ICU LOS, ventilator days, vasopressors 
days, dialysis utilization, extracorporeal membrane 
oxygenation (ECMO) utilization, and total cost. The 
total cost included both fixed and variable costs. Fixed 
costs, such as depreciation, management, and main-
tenance, are expenses that do not vary with depart-
mental activity. Conversely, variable costs, including 
supplies and direct patient care, fluctuate with the ac-
tivity of the department. For our comparative effec-
tiveness aim, only hospitals that used ketamine were 
included in the study population. Covariates included: 
patient demographic and clinical characteristics, hos-
pital characteristics, comorbidities, and co-treatments 
as described in Supplemental Table 1 (http://links.
lww.com/CCX/B359).

Statistical Analysis

A power calculation based on Fisher exact test with a 
baseline mortality rate of 50% finds that a sample size 
of 1390 per group (2780 total) provides at least 80% 
power to detect an absolute difference in mortality of 
5.4%. With the assumed baseline mortality rate, this 
corresponds to a minimum detectable risk ratio (RR) 
of 1.11.

Demographic and clinical characteristics of the co-
hort are reported, stratified by early ketamine expo-
sure. Descriptive statistics were used to examine the 
study population with categorical variables reported as 
counts and frequencies, and continuous data reported 
as median with interquartile range (IQR). Because of 
the skewness of hospital costs, we reported a median 
with an IQR, and compared between groups using a 
Wilcoxon rank-sum test. Propensity score matching 
(using a logistic regression model to define propen-
sity scores for early ketamine exposure and 1:1 match-
ing) was used to compare outcomes among patients 
exposed to early ketamine vs. unexposed patients. 
Covariates for the logistic regression models were 
selected a priori based on known maternal morbidity 
risk factors, prior literature, and subject-matter exper-
tise of the authors and included in Supplemental Table 
1 (http://links.lww.com/CCX/B359). Treatments that 
occurred during the hospitalization (after the expo-
sure period) were reported descriptively but were not 
included as covariates in the statistical models, as these 
variables were considered mediators (occurring on the 
causal pathway from exposure to outcome) rather than 
confounders. To examine the robustness of our results, 
we conducted a sensitivity analysis among patients re-
ceiving early neuromuscular blockade (within 2 d of 
starting invasive mechanical ventilation), to further 
restrict the cohort to patients with severe respira-
tory failure. Statistical analyses were performed in the 
SAS System, Version 9.4 (SAS Institute, Cary, NC). A 
two-sided alpha level of 0.05 was prespecified as statis-
tically significant.

RESULTS

Demographic and Clinical Characteristics

Within the Premier Healthcare Database, 42,954 patients 
were identified as meeting general study criteria as shown 
in Figure 1. Of these patients, 1,423 (3.3%) were exposed 

http://links.lww.com/CCX/B359
http://links.lww.com/CCX/B359
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to early ketamine infusion as a part of the primary seda-
tion regimen. Demographic and clinical characteristics 
of the study population are displayed in Supplemental 
Table 1 (http://links.lww.com/CCX/B359). Before pro-
pensity score matching, the ketamine-exposed patients 
were slightly younger than unexposed patients (59 yr vs. 
65 yr, respectively), and more likely to be male (64.5% vs. 
60%, respectively). Patients receiving ketamine were less 
likely to be Black and White race categories, but more 
likely to be “other” and “unknown” race categories, com-
pared with those who did not receive ketamine. Patient 
pre-admission comorbidities were largely balanced be-
tween groups. The group receiving ketamine contained 
more patients identified as obese and slightly lower van 
Walraven Score. Patients unexposed to ketamine had 
a slightly greater proportion of congestive heart failure 
(24.0% vs. 16.8%), other neurologic disorders (12.8% vs. 
8.2%), renal failure (19.8% vs. 13.0%) and hypertension 
(73.5% vs. 66.5%). There was similar usage of dexametha-
sone, monoclonal antibodies, and concomitant vasopres-
sors between the two groups.

Ketamine Utilization

Higher utilization of ketamine was noted in large 
urban (93.4%) and academic medical centers (65.6%). 

Ketamine use was also more predominant in the 
southern region (55.4%). The proportion of patients 
by month across all hospitals receiving ketamine is 
shown in Figure 2. There was an early peak of keta-
mine usage in May 2020 and subsequent peaks of ke-
tamine utilization were observed in October 2020 and 
June 2021.

Association of Early Ketamine Exposure with 
Clinical Outcomes

Covariate balance before and after propensity score 
matching is presented in Table 1, and a covariate plot 
is displayed in Figure 3. Following propensity score 
matching, in-hospital mortality was significantly 
higher in patients who received ketamine than those 
who did not receive ketamine (50.4% vs. 43.9%, RR 
1.15 [1.06–1.24], p = 0.001), and it was also higher 
for total mortality (death during hospitalization 
or discharge to hospice care) (52.5% vs. 45.9%, RR 
1.14 [1.06–1.23], p = 0.001). The survival curves of 
the two groups are shown in Supplemental Figure 
1 (http://links.lww.com/CCX/B359). Notably, de-
spite similar use of dexamethasone, monoclonal 
antibodies, and concomitant vasopressors between 
the two groups, a mortality difference persisted. 

Total costs incurred by the 
group receiving ketamine 
were significantly higher 
than those who did not 
receive ketamine ($72,481 
vs. $65,584, mean ratio 
[MR] 1.11 [1.05–1.19], 
p = 0.001). ICU LOS was 
longer for patients re-
ceiving ketamine than 
those who did not receive 
ketamine (13 vs. 12 d, 
MR 1.15 [1.08–1.23], p < 
0.001). Patients receiving 
ketamine also had more 
ventilator days (12 vs. 11 
d, MR 1.19 [1.12–1.27], p 
< 0.001) and were more 
likely to receive ECMO 
(6.5% vs. 4.1%, RR 1.6 
[1.16–2.20], p = 0.004). 
However, total LOS was 
the same in both groups Figure 1. Flow diagram of the study.

http://links.lww.com/CCX/B359
http://links.lww.com/CCX/B359
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(17 d, MR 1.05 [0.99–1.12], p = 0.123). The distri-
bution of LOS among the survivors and nonsurvi-
vors is shown in Supplemental Figure 2 (http://
links.lww.com/CCX/B359).

Sensitivity Analysis

A subsequent sensitivity analysis of patients who 
received paralytics revealed a higher in-hospital 
mortality among those who received ketamine 
compared with those who did not receive ketamine 

during mechanical ventilation (49.5% vs. 45.1%, 
RR 1.10 [1.00–1.20], p = 0.042). Additionally, the 
ketamine-exposed group showed significantly 
longer ICU LOS (14 vs. 12 d, MR 1.09 [1.01–1.17], 
p = 0.029) and more ventilator days (13 vs. 11 d, 
MR 1.13 [1.06–1.21], p = 0.001). Despite propen-
sity score matching, more patients who received 
ketamine and concomitant paralysis also received 
ECMO than in the group who received paralysis but 
no ketamine (7.8% vs. 4.7%, RR 1.66 [1.18–2.33],  
p = 0.003) subgroup analysis is shown in Table 2.

Figure 2. Proportion of patients by month across all hospitals receiving ketamine.

http://links.lww.com/CCX/B359
http://links.lww.com/CCX/B359
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DISCUSSION

This study aimed to study ketamine utilization and 
the impact of ketamine exposure on mortality among 
patients with COVID-19 who received mechan-
ical ventilation. We showed that ketamine utilization 
varied nationally. The pattern of ketamine utiliza-
tion also changed over time due to the increased de-
mand for sedative drugs during the pandemic (18, 19). 

Despite similar baseline demographics and comor-
bidities, patients who were exposed to ketamine had 
a higher hospital mortality than those who were unex-
posed to ketamine during mechanical ventilation. Our 
findings are novel, as this is the first large cohort study 
of outcomes associated with ketamine use during the 
COVID-19 pandemic.

The biological effects of ketamine make it a potentially 
useful adjunct for the sedation of critically ill patients. 

Figure 3. Standardized mean differences for covariates plot. vW score = van Walraven score.
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Ketamine is known for providing excellent analgesia 
without respiratory depression, which may be of signifi-
cant benefit to patients receiving mechanical ventilation 
during critical illness. Ketamine also has a more favor-
able hemodynamic profile when compared with other 
more commonly used sedative medications (notably 
propofol and dexmedetomidine), which may be benefi-
cial in shock states. It has been shown to reduce opioid 
consumption in mechanically ventilated patients (17), 
which may help in reducing iatrogenic opioid depend-
ence. Similarly, it is a known, powerful antidepressant, 
which may have a role to play in mitigating the negative 
mental health effects of postintensive care syndrome.

Despite these potential benefits, relatively few ICU 
patients are given ketamine infusions during mechanical 
ventilation. The potential detrimental effects of ketamine 
warrant discussion. Ketamine has a sympathomimetic 
effect, which may cause a significant increase in cardiac 
output (20, 21), in patients with adequate catecholamine 
reserves. However, when tested in critically ill patients, 
ketamine elicited a myocardial depressant effect in some 
patients, perhaps in those whose catecholamine reserves 
had already been depleted (22) Also, the increased sym-
pathetic tone from ketamine may precipitate or worsen 

tachyarrhythmias during critical illness (23, 24). Ketamine 
is also associated with hallucinations, which may poten-
tiate ICU delirium. Additionally, prolonged high-dose ke-
tamine use (1.4 mg/kg/hr for 9 d) in critically ill patients 
with COVID-19 showed an association with cholestatic 
liver injury (25). Also, one of the frequently observed side 
effects of ketamine is the heightened production of bron-
chial and oral secretions (26, 27). For COVID-19 patients, 
this occurrence may contribute to an elevated demand for 
recurrent oral and bronchial suctioning (28). Additionally, 
the accumulation of secretions in the airway could initiate 
a cycle leading to ventilation-perfusion mismatch and im-
paired gas exchange (29). Furthermore, retained secre-
tions may serve as a medium for bacterial growth, thereby 
amplifying the risk of developing pneumonia and perpet-
uating this detrimental cycle (30, 31). However, due to the 
limited evidence, drawing a definitive conclusion may be 
challenging.

Our study has several limitations. First, the Premier 
database is structured for administrative and billing 
purposes, it lacks additional clinical information. For 
example, the Premier database limits the details of the 
indications for ketamine, the dosage, and the duration 
of ketamine use, socioeconomic status, and the causes 

TABLE 2.
The Outcomes of the Group Who Had Paralytics Within 2 Days of Starting Mechanical 
Ventilation After Propensity Score Matched Analysis

Outcomes

Ketamine Group 
(n = 1,067)

Matched Group 
(n = 1,067)

Risk Ratio/
Mean Ratio 95% CI pPatients, N%

In-hospital mortality 528 (49.5%) 481 (45.1%) 1.1 1.00–1.20 0.042

Discharge to hospice 19 (1.8%) 23 (2.2%) 0.83 0.45–1.51 0.533

Mortality or discharge to hospice 547 (52.1%) 504 (48.0%) 1.09 1.00–1.18 0.063

Hospital length of stay (median, 
IQR)

17 (10, 27) 18 (11, 28) 1 0.94–1.07 0.961

ICU length of stay (median, IQR) 14 (8, 22) 12 (7, 21) 1.09 1.01–1.17 0.029

Ventilator days (median, IQR) 13 (7, 21) 11 (6, 20) 1.13 1.06–1.21 0.001

Vasopressor days (among those 
with vasopressors) (median, IQR)

4 (2, 9) 5 (2, 9) 1.01 0.91–1.12 0.816

Renal replacement therapy 252 (23.6%) 253 (23.7%) 1 0.86–1.16 0.959

Extracorporeal membrane 
oxygenation

83 (7.8%) 50 (4.7%) 1.66 1.18–2.33 0.003

Patient cost (median, IQR) ($) 77,712 (47,753, 
127,343)

71,618 (46,069, 
125,495)

1.05 0.98–1.12 0.178

IQR = interquartile range.
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of mortality. It is also important to note that many fac-
tors associated with ICU care are unable to be captured, 
including patient vital signs, laboratory data, adherence 
to recommended ventilation strategies, location of ICU 
care (i.e., in a temporary ICU location), doses of medica-
tions, ventilator-free days, and the severity scores such as 
Simplified Acute Physiology Score or Acute Physiology 
and Chronic Health Evaluation scores. Coding errors in 
the ICD-10 codes used may have resulted in misrepre-
sentations of preexisting comorbidities. Another major 
limitation is the potential underreporting of COVID-19 
cases inherent to ICD-10 coding, such as missed diag-
noses or coding errors. Unfortunately, the Premier data 
we have access to lacks laboratory or culture data. The 
lack of laboratory confirmation hinders our ability to 
further evaluate the results and identify potential missed 
COVID-19 cases. Second, despite the inclusion of many 
confounders in our regression models, we were not able 
to control for unknown confounders. Despite the sim-
ilar hospital LOS, the significantly higher total costs 
incurred by the group receiving ketamine may indicate 
a higher acuity of care and more complex illness than 
can be captured by the other measured outcomes, such 
as increased resource utilization like ECMO and renal 
replacement therapy, in the ketamine group. It is impor-
tant to note that the hospital costs were reported in this 
database, which is skewed, hence our choice to report 
a median with an IQR. Furthermore, the geographic 
variation in ketamine use, with a higher rate observed 
in urban and southern regions, introduces a potential 
bias. Therefore, a cautious interpretation of these find-
ings is necessary. The nature of this study design, as a 
retrospective analysis, makes causation challenging to 
confirm. Although we attempted to control for inci-
dental COVID-19 infection by requiring mechanical 
ventilation within 48 hours of COVID-19 diagnosis, we 
may not have eliminated all the patients in that category. 
Despite these limitations, our methodology comprised 
restriction, as well as propensity matching on demo-
graphics, comorbidities, severity of illness, and month 
of admission (to help reduce confounding associated 
with surge status), to mitigate the influences of unmeas-
ured confounding.

CONCLUSIONS

This observational study found variation in the utiliza-
tion of ketamine due to demographic, clinical, facility, 

and time characteristics. Early ketamine sedation dur-
ing mechanical ventilation for COVID-19 may be as-
sociated with higher hospital mortality, total costs, 
ICU LOS, ventilator days, and ECMO utilization, al-
though the acuity difference between the groups could 
not fully be accounted for in the analysis. Further ran-
domized trials are needed to better understand the role 
of ketamine sedation in the management of critically 
ill patients.
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