
Hemodynamic characteristics of midazolam, propofol, and
dexmedetomidine in healthy volunteers

Michael A. Frölich, MD, MSa [Associate Professor], Ali Arabshahib [Research Associate],
Charles Katholi, PhDc [Professor Emeritus], Jeevan Prasain, PhDb [Assistant Professor],
and Stephen Barnes, PhDb [Professor of Pharmacology]
aDepartment of Anesthesiology, University of Alabama at Birmingham, 619 South 19th St.,
Birmingham, AL 35249-6810, USA
bDepartment of Pharmacology and Toxicology, University of Alabama at Birmingham, McCallum
Basic Health Sciences Education and Research Bldg., Room 452, 1918 University Blvd,
Birmingham AL 35294-0005, USA
cDepartment of Biostatistics, University of Alabama at Birmingham, Ryals Public Health Building,
Room 327, 1665 University Blvd., Birmingham, AL 35294-0022, USA

Abstract
Study Objective—To study the effect of intravenous (IV) sedation on blood pressure (BP),
heart rate (HR), and respiratory rates (RR) to determine if IV sedatives differ with respect to their
effect on BP, HR, and RR.

Design—Prospective, randomized, single-blinded, placebo-controlled study.

Setting—Monitored patient care room at a clinical research center.

Subjects—60 healthy ASA physical status 1 volunteers.

Interventions—Subjects were randomized to receive, in increasing doses, one of three IV
sedatives: propofol, midazolam, or dexmedetomidine; or saline control.

Measurements—Blood pressure (systolic, diastolic), HR, and RR were recorded.

Main Results—A significant dose-dependent BP reduction occurred with dexmedetomidine and,
to a lesser degree, with propofol; and there was good agreement of predicted versus measured
drug concentrations for all sedatives. Blood pressure and HR of participants who received
midazolam did not change.

Conclusions—When administered in sedative doses, dexmedetomidine and, to a lesser extent,
midazolam, reduces BP in a dose-dependent fashion. Dexmedetomidine also reduces HR.
Midazolam does not affect BP or HR.
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1. Introduction
Despite their common use, no prospective studies have examined the cardiovascular effects
of midazolam, propofol and dexmedetomidine while controlling for measured drug plasma
concentrations. Drug plasma quantification is of critical importance because the effect of
intravenous (IV) anesthetics is subject to marked pharmacokinetic and pharmacodynamic
variability across individuals [1]. These factors may explain disagreements among recent
comparative studies in the clinical setting, which were based on administered rather than
measured doses [2–5].

To better characterize the hemodynamic side effects of commonly used IV sedatives in a
more controlled setting, we prospectively studied healthy volunteers who were randomly
assigned to receive increasing doses of midazolam, propofol, dexmedetomidine, or saline
control. Our primary study goal was to test whether IV sedatives differed with respect to
their effect on blood pressure (BP), heart rate (HR), and respiratory rate (RR). Our
secondary objective was to quantify the strength of agreement of plasma drug concentrations
predicted by target-controlled infusion (TCI) and lipid chromatography mass spectroscopy
(LC/MS) measurements. This information has significant impact on the clinical care of
patients receiving IV anesthesia.

2. Materials and methods
2.1 Study design

After University of Alabama Hospital Institutional Review Board approval, 60 healthy, ASA
physical status 1 human volunteers were randomized to receive one of three IV sedatives:
propofol, midazolam, or dexmedetomidine; or saline control. Subjects’ age ranged from 21
to 55 years, height from 152 to 197 cm, weight from 46 to 117 kg, with a gender distribution
of 25 men and 35 women. Informed consent for the study, a targeted physical examination,
and a medical history to determine study eligibility were obtained during a screening visit.
Only healthy volunteers (ASA physical status 1) were enrolled. Subjects with any
preexisting medical condition were excluded. Other exclusion criteria were obesity (body
mass index > 30 kg/m2); pregnancy; age less than 18 years; positive smoking, alcohol, or
recreational drug history; and the use of any medications on a regular basis. Volunteers
participated on a single occasion and were paid for their involvement.

On the day of the study, we placed an 18-gauge IV catheter for infusion of the IV sedative in
one arm and another 18-gauge IV catheter in the antecubital vein of the contralateral arm.
All subjects were monitored using electrocardiography, pulse oximetry, and non-invasive
blood pressure.

2.2 Intravenous sedation
Subjects were randomized to one of the treatment groups on the day prior to the study.
Randomization was achieved with a schedule created with SAS, version 9.2 software (SAS
Institute, Cary, NC, USA). Subjects received 4 dose levels ranging from very mild
(anxiolytic) to mild sedation. Drug doses were based on previous published data [7–9] and
pharmacokinetic simulation using Stanpump software [6]. Predicted dexmedetomidine
plasma concentrations were 0.1, 0.2, 0.4, and 0.8 ng/mL; predicted midazolam
concentrations were 10, 20, 40, and 80 ng/mL; and predicted propofol concentrations were
0.1, 0.2, 0.4, and 0.8 µg/mL. Intravenous sedatives were infused with a Graseby 3400
infusion pump (Smiths Medical MD, Inc., St. Paul, MN, USA) controlled by Stanpump
software, which is freely available at opentci.org [6]. The effect-site concentrations were
based on a three-compartment pharmacokinetic model adjusted by height, weight, age, and
gender, and correspond approximately to fixed doses of 12.5 to 50 µg/kg/min propofol, 0.1
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to 0.5 µg/kg/hr dexmedetomidine, and 3.0 to 5.0 mg/hr midazolam. This computer-assisted
infusion was approved by the United States Food and Drug Administration (IDE #
G060183). Pharmacokinetics for propofol were published by Marsh et al. [7], and
pharmacokinetic parameters for the administration of dexmedetomidine and midazolam
were published by Dyck et al. [8] and Greenblatt et al. [9], respectively. Each level was
maintained for 20 minutes, followed immediately by the next dose level. Dose increases
were not administered if subjects could not readily manipulate the mechanical slider to rate
their sedation or if they could not be quickly aroused with tactile stimulation.

2.3 Sedation rating
To assure a graded progression of sedation, we also used two sedation scales. At the end of
the 20-minute sedation level, subjects rated their alertness/sedation using a mechanical slide
algometer with the end points labeled “very alert” and “very sedated”. The Observer
Assessment of Alertness and Sedation (OAAS) scale [10] was obtained and recorded by a
study nurse who was blinded to subjects’ group assignment.

2.4 Plasma drug analysis
Blood samples were obtained in two 5-mL aliquots at the end of each sedation level.
Immediately after the blood draw, samples were spun at 1,800 ×g for 10 minutes using a
refrigerated centrifuge, then separated and stored as plasma at −75 °C until analyzed.

2.5 Propofol
The protein precipitation method was used to extract propofol from the human serum
samples. Fifty µL of plasma was mixed with 200 µL of 1% (v/v) acetic acid in methanol and
50 µL of thymol (3000 nM) as per internal standard, then vortexed and centrifuged at 1,800
×g for 10 min. The supernatant was taken for LC-MS/MS analysis. A highly sensitive and
specific atmospheric pressure chemical ionization (APCI) in negative ion mode liquid
chromatography-tandem mass spectrometry method was used to detect serum concentrations
of propofol. Chromatography was carried out on a 100 × 2.1 mm internal diameter (ID)
Xtera C18 column (Waters Corp., Milford, MA, USA) using an isocratic mobile phase that
consisted of methanol and 0.05% aqueous ammonium hydroxide solution (98:2) at a flow
rate of 1.0 mL/min. LC/MS/MS analyses was performed using a system consisting of a
model SIL-HT refrigerated Shimadzu autosampler (Shimadzu Scientific Instruments, Inc.,
Columbia, MD, USA) and an API 4000 (Applied Biosystems/MDS Sciex, Concord,
Ontario, Canada) mass spectrometer. Multiple reaction ion mass spectrometry (MRM)
analysis was conducted by monitoring the precursor ion to product ion transitions from m/z
177/161 (Propofol) and m/z 149/133 (thymol). The LC-MS system was controlled by
BioAnalyst 1.4.2 software (AB Sciex, Framingham, MA, USA). Standard calibration curves
were prepared over a linear range of 50–10,000 nM at 8 concentrations: 50, 100, 250, 500,
1,000, 5,000, and 10,000 nM. The standards were prepared in serum containing no propofol.
Given the sensitivity and quality control measures, we could quantify propofol levels on 41
plasma samples.

2.6 Midazolam
Solvent precipitation was used to extract midazolam from human serum sample. Two
hundred µL of plasma was mixed with 800 µL of 1% (v/v) acetic acid in MeOH and 200 µL
of triazolam (600 nM) as internal standard, then vortexed and centrifuged at 1,800 ×g for 10
minutes. The supernatant was taken for LC-MS/MS analysis. APCI-positive ion mode for
LC/MS/MS was used to detect serum concentrations of dexmedetomidine. Chromatography
was carried out on a 100 × 2.0 mm ID Phenomenex Phenyl-Hexyl column using a mobile
phase that consisted of a gradient of 10% to 100% acetonitrile in 0.1% formic acid over 5
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minutes, with a flow rate of 0.3 mL/min. The LC/MS analyses were performed as described
for propofol. The MRM analysis was conducted by monitoring the precursor ion to product
ion transitions from m/z 326/291 (midazolam) and m/z 343/239 (triazolam) and controlled
the LC-MS/MS system using the BioAnalyst 1.4.2 software. Standard calibration curve was
prepared over a linear range of 10 to 5,000 nM at 8 different concentrations: 10, 50, 100,
250, 500, 1,000, 2,500, and 5000 nM. Given the sensitivity and quality control measures, we
could quantify midazolam levels on 48 plasma samples.

2.8 Dexmedetomidine
We used the liquid-liquid extraction method for dexmedetomidine from human plasma
samples. We mixed 200 (one of each plasma sample with 2.0 mL of ethyl acetate after
adding 100 µL of triazolam (100 nM) as an internal standard, then vortexed and, under a
stream of nitrogen to dryness, reconstituted the sample in 80% aqueous methanol equal to
the original volume of plasma and transferred it to the autosampler for LC/MS analysis. A
highly sensitive and specific atmospheric pressure chemical ionization (APCI) in the
positive ion mode liquid chromatography-tandem mass spectrometry method was used to
quantify plasma concentrations. Chromatography was carried out on a 100 × 2.0 mm ID
Phenomenex Phenyl-Hexyl column using mobile phase consisted of a gradient of 10% to
100% acetonitrile in 0.1% HCOOH over 5 minutes with a flow rate of 0.3 mL/min. The LC/
MS/MS analyses were performed as described for propofol. We conducted the MRM
analysis by monitoring the precursor ion to product ion transitions from m/z 201/95
(dexmedetomidine) and m/z 343/239 (triazolam), controlled by BioAnalyst 1.4.2 software.
The standard calibration curves were prepared over a linear range of 10 to 5,000 nM at 8
concentrations: 10, 50, 100, 250, 500, 1000, 2500, and 5000 nM. Given the sensitivity and
quality control measures, we could quantify dexmedetomidine levels on 44 plasma samples.

2.9 Statistical analysis
To address the primary study goal -- to test whether IV sedatives differed with respect to
their effect on vital signs -- we performed separate two-factor repeated-measures analyses of
variance (rm ANOVA) for each of the vital sign measures [systolic blood pressure (SBP),
diastolic blood pressure (DBP), HR, and RR].

To determine the agreement of predicted versus measured drug concentrations, we used
linear regression analysis. The strengths of agreement were expressed as adjusted R2. All
analyses were performed with SAS version 9.2 software. A significance level of α = 0.05
was considered significant.

3. Results
The drug-by-time interaction was significant for SBP and DBP (P < 0.0001) but not on RR
or HR. Statistical details are shown in Table 1. We observed a significant dose-dependent
BP reduction with dexmedetomidine and, to a lesser degree, with propofol. Mean BP values
over time are shown in Fig. 2. Oxygenation as measured by pulse oximetry remained > 95%
for all study participants.

We noted a BP reduction in the dexmedetomidine group starting at very mild levels of
sedation at which most subjects appear somnolent but remain awake (level 2). The reduction
in BP was most significant at level 4. At that level, participants were somnolent but
arousable using verbal stimulation. Consistent with its pharmacological profile, the BP
reduction continued into recovery 20 minutes after the infusion was discontinued. We also
noted a mild reduction in BP in the propofol group. The BP reduction was significant at
levels 2 and 3 (SPB) and at levels 2 and 4 (DBP). By contrast, subjects in the midazolam
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group and, as expected, in the saline control group, maintained their BP throughout the
study.

The results of our correlation analysis, predicted (by the Stanpump infusion program
Stanpump) versus measured drug concentration, showed an overall good agreement (Fig. 2).
Linear regression analysis resulted in adjusted R-squared values (R2

adj) ranging from 0.66
(dexmedetomidine) to 0.73 (midazolam). When adjusted by individual intercepts, the
agreement of predicted versus measured drug ratio was very good for all drugs; R2

adj
(dexmedetomidine) = 0.83, R2

adj (midazolam) = 0.90, R2
adj (propofol) = 0.81. In simple

terms, the latter model tells us how well the infusion software predicts a dose increase when
accounting for individual patient characteristics.

4. Discussion
Intravenous sedatives are commonly used in a variety of clinical or outpatient settings [12–
16]. The most common clinical applications for IV sedation are to facilitate medical
procedures such as endoscopies, to treat mechanically ventilated patients in intensive care
units (ICUs), and to facilitate procedural interventions in children. At higher doses, propofol
and, in special cases, dexmedetomidine, are also used to induce and maintain general
anesthesia. Many effects of IV anesthetics have been described in the literature. However,
almost all of these reports are based on a fixed (standard infusion) or predicted (computer-
assisted infusion) dose and relatively few studies simultaneously evaluate sedative
anesthetics in a side-by-side comparison. Thus, it is no surprise that information in the
existing literature on drug side effects is conflicting; for example, phase III trials on
dexmedetomidine in the ICU patients show that 54% of patients receiving dexmedetomidine
as a continuous infusion developed hypotension compared with 30% of controls, while 13%
developed hypertension versus 24% of controls*. The apparent dichotomy of effects, the
observation of both hypotension and hypertension, and the high incidence of BP
abnormalities in the control group of mechanically ventilated ICU patients makes it
somewhat difficult to apply this information to other patient groups, or to make comparisons
with the effects of other sedatives when given at comparable doses.

The difficulty in evaluating drugs in the context of a clinical procedure also may be shown
using the more recent example of procedural sedation in children undergoing MRI
procedures.

In a direct comparison of propofol to dexmedetomidine, Heard et al. [3] found higher SBP
with dexmedetomidine. In a similar study, Koroglu et al. [5] detected no BP change, while
Mason et al. [17] observed hypotension associated with the administration of IV
dexmedetomidine during pediatric MRI procedures. While the exact hemodynamic profile
of the commonly used IV sedatives propofol, midazolam, and dexmedetomidine remains
controversial, its characterization continues to be highly important for clinical practice.

We designed this study to account for several potential confounders; our selection of healthy
human volunteers eliminated potential coexisting diseases and the effect of a clinical
procedure on vital signs. Our design, a prospective, randomized, placebo-controlled
analysis. Thus, we could differentiate even subtle differences in the cardiopulmonary effects
of IV sedative drugs.

Our key finding, when comparing the three sedative drugs, was a sustained dosedependent
reduction of SBP and DBP with dexmedetomidine and, to a lesser degree, propofol, as

*Precedex®: Complete prescribing information (revised 10/2008). Hospira, Inc., Lake Forest, IL 60045 USA.
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shown in Fig. 1. Meanwhile, midazolam did not affect BP. All three agents were effective at
producing a desired level of sedation, as indicated independently by sedation self-rating and
observer assessment of sedation.

Finally, we determined the precision to which drug plasma concentrations may be predicted
with a computer-assisted infusion based on limited population pharmacokinetics. This
infusion algorithm (TCI) has the potential to facilitate administration of IV drugs and, in the
case of propofol, has been used in clinical practice for several years in European markets. In
the U.S., however, TCI is limited to research applications in part because there is not enough
information validating TCI. This finding is not surprising since state-of-the-art drug assays,
as we established for all three IV sedatives tested, are methodologically challenging, time-
consuming, and expensive. The latter is particularly true for propofol. Several studies
evaluated both biological effects and pharmacological models to quantify the effects of
propofol [18–20], but only one group of investigators actually described the propofol
laboratory analysis [21].

The correlation of predicted versus measured plasma concentrations are shown in Fig. 2. We
determine that there is good correlation of all drugs, as indicated by the adjusted R-squared.
If we adjust for individual baseline variations, the dose-dependent linear agreement
improves to > 0.80 for all three drugs. The improvement, moving from the simple regression
of the slope-adjusted model, is greatest for dexmedetomidine, indicating that one may
expect the largest individual pharmacokinetic variation with dexmedetomidine versus both
midazolam and propofol.

In summary, our randomized, placebo-controlled study in healthy volunteers provides
concise information about the cardiopulmonary characteristics of the three most commonly
used IV sedatives in a direct comparison. This information is useful in guiding clinical
practice and further research on the cognitive effects of IV anesthetic drugs. The knowledge
gained also helps us to better understand the hemodynamic characteristics of intravenous
sedatives.
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Fig. 1.
Systolic and diastolic blood pressures (BPs) at baseline, during sedation and recovery. The
x-axis = dose of the sedative drug, ranging from very mild (level 1) to moderate sedation
(level 4).
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Fig. 2.
Agreement of predicted versus measured drug concentrations using a simple regression
model (left panel) and the model adjusted by individual intercepts. Adjusted R2 =adjusted
coefficient of determination, ID=internal diameter.
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Table 1

Type 3 tests of fixed effects

Fixed effects
Numerator

DF Denominator DF F value Pr > F

Drug 3 5 3.84 0.0144

Time 5 280 7.04 < 0.0001

Drug × Time 15 280 3.31 < 0.0001

Statistical Information about explanatory variables. P < 0.05 is considered significant.

DF=degrees of freedom, F=Fisher statistic (from Fisher-Snedecor distribution), Pr=probability, Pr > F=the right-tail probability assigned to the
observed F statistic.
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