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Background: Sedation and analgesia in the intensive care unit (ICU) aremajor clinical challenges, and several continuous infusion
medications have been used for these purposes. The use of these sedative medications has been associated with hemodynamic
effects that complicate the patient’s critical illness. Continuous ketamine infusion is an emerging sedative option that has been
usedmore frequently in the ICU since 2017. The purpose of this study was to characterize the hemodynamic differences between
3 continuous sedative infusions: ketamine, propofol, and midazolam.
Methods: For this single-center retrospective cohort study, we collected data for patients hospitalized between January 2015 and
April 2020 at Saint Luke’s Health System in Kansas City, Missouri. Adult patients in the ICU requiring a norepinephrine infusion and
sedationwere included. The change in norepinephrine requirement frombaseline at 1 hourwas the primary outcome. The change
in vasopressor requirement at 3 and 30 hours after initiation of the infusion was also tabulated.
Results: Sixty-eight critically ill patients with several types of shock requiring vasopressor support with norepinephrine were
enrolled in our study. Patients who received ketamine had an increase in norepinephrine requirement compared to midazolam
and propofol, although this difference was not statistically significant.
Conclusion: In our study, continuous ketamine infusion did not reveal a statistically significant favorable hemodynamic effect
compared with propofol and midazolam because of the small sample size. A trend toward an unfavorable hemodynamic effect
is not expected, but large randomized trials are needed to further evaluate the hemodynamic effects of continuous ketamine
infusion in the ICU.

Keywords: Hemodynamics, infusions–intravenous, intensive care units, ketamine,midazolam, propofol

Address correspondence to Taylor Brinton, DO, Department of Critical Care Medicine, Banner Thunderbird Medical Center, 5555 W. Thun-
derbird Ave., Glendale, AZ 85306. Tel: (602) 865-3260. Email: taybrinton@gmail.com

INTRODUCTION
Sedation is a staple of the intensive care unit (ICU) and has

been for decades, with the intention of promoting the com-
fort and safety of critically ill patients. Today, several options
for sedation are available, including benzodiazepines, opi-
oid analgesics, dexmedetomidine, ketamine, and antipsy-
chotics. The use of each is related both to the relative indi-
cation (ie, pain, delirium, agitation) and to the side effect pro-
file of each agent that may limit its use in particular clinical
scenarios.
Because of the relatively rapid onset and elimination

of propofol, this drug is often the sedative of choice
in the ICU setting. A large, randomized trial comparing
lorazepam vs propofol with daily interruptions found that

propofol decreased mean ventilator days,1 and a multicen-
ter database analysis of more than 3,000 patients found
that propofol infusions when compared with midazolam or
lorazepam were associated with lower mortality, earlier dis-
charge, and discontinuation from mechanical ventilation.2

With this mounting evidence of superiority, propofol is often
the choice for sedation.
The use of propofol has limiting aspects, however.

Propofol-related syndrome, a rare complication of propofol
infusion, is associated with bradycardia, cardiovascular
collapse, rhabdomyolysis, and renal failure.3 Hypotension,
a side effect associated with propofol use, occurs in about
25% of cases4 and results in an increased requirement for
vasopressors and prolonged duration of vasopressor use,
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thereby increasing the risk of morbidity associated with
propofol use.
Ketamine, an emerging sedative with some analgesic

properties, is not associated with hypotension as propofol
is.5 Theoretically then, ketamine may be a better choice for
patients with hemodynamic compromise. However, there is
a paucity of information in the literature identifying when
ketamine might be a better choice in clinical scenarios of
hypotension for avoiding prolonged or high doses of vaso-
pressors. We sought to define the role of ketamine in rela-
tion to relative vasopressor requirements after the initiation
of sedation and to compare propofol, ketamine, andmidazo-
lam in their tendency to require higher doses of vasopressors
for longer periods of time.

METHODS
Study Design and Setting
We performed this single-center retrospective cohort

study of patients hospitalized from January 1, 2015, to April
29, 2020, at Saint Luke’s Health System, which includes 3
hospitals in Kansas City, Missouri. We gathered information
regarding the use of sedative medications in the ICU from
the Saint Luke’s Health System database.

Study Population and Sample Size
In the period 2015 to 2020, ketamine infusion was used for

only 22 patients whowere in shock and required vasopressor
support with norepinephrine. We included all these patients
in the ketamine group. For comparison, we included 24
patients who required continuous sedation with propofol and
22 patients who received midazolam for sedation. We chose
the patients in the propofol and midazolam groups using
the random number method. Every patient was assigned
a number, and using the random number function in Excel
(Microsoft Corporation), we randomly picked the included
patients from the pool of patients who met the inclusion
criteria. We defined 3 inclusion criteria: patients had to (1)
be critically ill with a confirmed diagnosis of shock requir-
ing vasopressor support with only norepinephrine; (2) require
continuous sedation with either ketamine, propofol, or
midazolam; and (3) be �18 years of age. We excluded
patients who required more than 1 vasopressor and those
on more than 1 continuous sedative medication.

Data Sources and Data Collection Procedure
After obtaining approval of our protocol from the Insti-

tutional Review Board of Saint Luke’s Health System and
permission from the education department of Saint Luke’s
Health System, we obtained access to patient medical
records. We collected the following clinical features for
the included patients: age, sex, shock type, and outcome
(deceased vs discharged). For each patient included in the
study, we collected the doses of epinephrine at 4 time
points: baseline (time 0 before starting the continuous seda-
tive infusion) and at 1, 3, and 30 hours after starting the
continuous sedative medication. We used the changes in
vasopressor doses as a measure of hemodynamic effect
rather than conventional continuous blood pressure mon-
itoring. Blood pressure does not always equate to blood
flow, while vasopressor doses reflect the effective tissue
perfusion and are therefore a more reliable reflection of
hemodynamics.6

Statistical Analysis
We present baseline patient characteristics of the

ketamine, propofol, and midazolam groups. The median
(interquartile range) doses of vasopressor at baseline and at
1, 3, and 30 hours after the initiation of the intervention are
presented by treatment group. The differences in the least
square means between the intervention groups and the cor-
responding 95%CI at each time point adjusted for the base-
line doses of vasopressor, age, sex, and shock types were
calculated to compare the hemodynamic effects between
the groups. Analyses were performed with SAS software,
version 9.4 (SAS Institute, Inc.). A P value <0.05 was con-
sidered statistically significant.

A sample size of 22 for each group was projected to
achieve 80% power with α=0.05 to detect a difference in
the mean dose of vasopressor between the 2 groups of at
least 0.080, 0.088, and 0.15 units from baseline to 1, 3,
and 30 hours, respectively. The assumptions for this cal-
culation were derived from the estimated standard devia-
tion for vasopressor doses among the 68 patients in the
analyses.

RESULTS
A total of 68 patients admitted to the Saint Luke’s Health

System between 2015 and 2020 with various types of shock
requiring vasopressor support and sedation were included
in this retrospective study: 22 patients in the ketamine
group, 24 in the propofol group, and 22 in the midazo-
lam group (Table 1). The mean age of patients in our study
was 53.3 years. The ketamine group (63.6%) and propofol
group (79.2%) had more male patients than females, but the
midazolam group had an equal number of males and
females. In the propofol group, the major shock type was
septic shock (50%), whereas cardiogenic shock was the
major type of shock in the midazolam group (40.9%). Over-
all, 27 patients (39.7%) did not survive the ICU admission.
Patients in the ketamine group had the highest survival rate
(77.3%), followed by 59.1% in the midazolam group and
45.8% in the propofol group.

Association of Sedative Medications With
Vasopressor Requirements

The median norepinephrine requirement at baseline was
lower in the ketamine group compared with the propo-
fol and midazolam groups. Median norepinephrine doses
continued to be lower in the ketamine group vs the
propofol and midazolam groups at 1, 3, and 30 hours
after starting the sedative medication, although the nor-
epinephrine requirement increased from baseline in the
ketamine group compared to the propofol and midazolam
groups. Table 2 and the Figure show the doses of vaso-
pressor over time after the initiation of different sedative
medications.

Changes in Vasopressor Requirements Between
Sedative Medications From Baseline

Table 3 shows the changes in norepinephrine doses from
baseline at 3 time points in the ketamine vs propofol groups
and the ketamine vsmidazolam groups.We found no statisti-
cally significant differences in norepinephrine dose changes
between groups.
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Table 1. Patient Characteristics by Intervention Group

Variable Ketamine Group, n=22 Propofol Group, n=24 Midazolam Group, n=22

Age, years, mean ± SD 47.9 ± 16.4 59.3 ± 9.0 52.8 ± 16.0

Sex

Female 8 (36.4) 5 (20.8) 11 (50.0)

Male 14 (63.6) 19 (79.2) 11 (50.0)

Shock type

Septic 10 (45.5) 12 (50.0) 7 (31.8)

Cardiogenic 1 (4.5) 6 (25.0) 9 (40.9)

Other (eg, obstructive, distributive) 11 (50.0) 6 (25.0) 6 (27.3)

Initial dose, mean ± SD 0.3 ± 0.3, mg/kg/h 27.3 ± 18.3, μg/kg/min 4.3 ± 4.2, mg/h

Outcome

Deceased 5 (22.7) 13 (54.2) 9 (40.9)

Discharged 17 (77.3) 11 (45.8) 13 (59.1)

Note: Data are presented as n (%) unless otherwise indicated.

Table 2. Norepinephrine Doses by Intervention Group

Norepinephrine Dose,μg/kg/min

Timepoint Ketamine Group, n=22 Propofol Group, n=24 Midazolam Group, n=22

Baseline, 0 minutes 0.050 (0.010, 0.080) 0.100 (0.060, 0.325) 0.090 (0.040, 0.220)

1 hour 0.050 (0.040, 0.090) 0.100 (0.060, 0.210) 0.075 (0.050, 0.200)

3 hours 0.060 (0.020, 0.090) 0.080 (0.045, 0.200) 0.085 (0.040, 0.220)

30 hours 0.020 (0.000, 0.050) 0.075 (0.040, 0.100) 0.055 (0.010, 0.100)

Note: Data are reported as median (interquartile range).

DISCUSSION
The hemodynamic effects of continuous ketamine

infusion,7-10 continuous propofol infusion,11-13 and continu-
ous midazolam infusion14 in critically ill patients have been
evaluated in prior studies. To our knowledge, ours is the
first study to compare the effects of these 3 continuous
infusions on hemodynamics by examining the changes in
vasopressor doses.

In our study, we included patients with different types
of shock: septic, cardiogenic, and other (such as obstruc-
tive and distributive shock). We used the norepinephrine
requirement as a reliable measure to reflect the hemody-
namics of critically ill patients in shock.15 In our health
system during the 5-year study period, ketamine infusion
was used in 22 critically ill patients requiring vasopressor
support with norepinephrine. The median requirement of

Table 3. Changes From Initiation of Vasopressor Doses

Infusion Comparison/
Time Points Least Square Mean (SE)

Least Square
Mean Difference

95% CI for
Difference P Value

Propofol vs ketamine Propofol Ketamine

Baseline 0.164 (0.041) 0.050 (0.044) 0.114 (–0.005, 0.233) 0.061

Baseline to 1 h –0.017 (0.023) –0.023 (0.025) 0.006 (–0.061, 0.073) 0.863

Baseline to 3 h –0.009 (0.023) –0.009 (0.025) –0.0003 (–0.067, 0.067) 0.992

Baseline to 30 h –0.092 (0.023) –0.073 (0.025) –0.019 (–0.086, 0.048) 0.582

Midazolam vs ketamine Midazolam Ketamine

Baseline 0.186 (0.039) 0.050 (0.044) 0.142 (0.015, 0.257) 0.028

Baseline to 1 h –0.011 (0.023) –0.023 (0.025) 0.012 (–0.057, 0.081) 0.732

Baseline to 3 h –0.009 (0.023) –0.009 (0.025) 0.00008 (–0.069, 0.069) 0.998

Baseline to 30 h –0.070 (0.023) –0.073 (0.025) 0.003 (–0.065. 0.072) 0.925

Note: Model adjusted for baseline dose of vasopressor, age, sex, and shock type.
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Figure. Line plot of the median doses of vasopressor over
time after initiation by intervention group.

norepinephrine in the ketamine group was lower at base-
line and at 1, 3, and 30 hours vs the propofol and midazo-
lam groups. These findings are concerning for selection bias
among the ketamine group, as these patients seem to have
had a lower severity of illness16 given their lower vasopressor
doses. One explanation could be that intensivists tend to use
other sedative medications such as propofol, midazolam, or
dexmedetomidine infusions early when patients are acutely
and critically ill and are usually on higher doses of vaso-
pressors, while ketamine infusion is usually used later dur-
ing the ICU stay when the acute critical issue has improved.
This tendency could explain the lower doses of vasopres-
sors and higher survival rate among the patients in the
ketamine group. Interestingly, the norepinephrine require-
ment increased in the ketamine group and decreased in the
propofol and midazolam groups. This finding is contradic-
tory to what we expected, although the difference was not
statistically significant.
Studies have found that continuous ketamine infusion has

favorable hemodynamic effects, as it reduces vasopressor
requirements17 and results in less clinically relevant hypoten-
sion compared to propofol.18 On the other hand, continu-
ous propofol infusion can result in a negative hemodynamic
event.11

Our work has several limitations. While our results did not
reveal a statistically significant difference in the changes in
norepinephrine doses from baseline among the 3 sedative
medications, our findings are limited by the small sample
size. Also, our results are concerning in terms of selection
bias, especially in the ketamine group. The absence of con-
trol groups (eg, critically ill patients without shock or shock
patients requiring vasopressor support with other medica-
tions) limits the interpretation of the hemodynamic effects of
continuous sedative medications. Finally, some clinical fac-
tors might affect the hemodynamic effects of sedative med-
ications that we did not examine in our study, such as the
length of ICU stay, the use of other medications, and the role
of other medical comorbidities.

CONCLUSION
Continuous ketamine infusion has been used more fre-

quently in the ICU since 2017 for sedation and has been

described as having a favorable hemodynamic effect. We
did not find a statistically significant difference in hemody-
namic effects in our comparison of ketamine, propofol, and
midazolam. In fact, we noted a trend toward increased vaso-
pressor requirements in the ketamine group compared to the
propofol and midazolam groups. Randomized clinical trials
with large samples and more controlled settings are needed
to evaluate the hemodynamic effects of continuous sedative
medications in the ICU.
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