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CLINICAL STUDY

Midazolam and dexmedetomidine sedation impair systolic 
heart function
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ABSTRACT
BACKGROUND: Sedation is an essential part of clinical practice. Despite this fact, we still lack data 
describing the exact impact of sedation on heart function. 
PURPOSE: To compare the changes in heart function, induced after sedation with either midazolam or 
dexmedetomidine, using cardiac magnetic resonance imaging (MRI). 
METHODS: A total number of 30 volunteers were randomized into two groups: 15 participants in the 
midazolam group (MID) and 15 participants in the dexmedetomidine group (DEX). Every participant 
underwent a one-session cardiac MRI before and after sedation onset. The following parameters were 
recorded: left and right ventricle stroke volume (Ao-vol and Pul-vol resp.) and maximum fl ow velocity through 
the mitral valve during early (E-diast) and late diastole (L-diast). A monitor recorded values of mean blood 
pressure (MAP), pulse (P) and blood oxygen saturation (SpO2) in 5-minute intervals.
RESULTS: Dexmedetomidine led to a statistically signifi cant decrease in Ao-vol (p = 0.006) and Pul-vol 
(p = 0.003), while midazolam decreased E-diast (p = 0.019) Ao-vol (p = 0.001) and Pul-vol (p = 0.01). The 
late diastolic fi lling was not infl uenced by the sedation technique.
CONCLUSION: Both sedation regimens worsened the systolic function of both ventricles. Midazolam 
moreover attenuated early diastolic fi lling of the left ventricle (Tab. 3, Fig. 4, Ref. 19). Text in PDF www.elis.sk
K EY WORDS: cardiac magnetic resonance imaging, cardiac function, midazolam, dexmedetomidine, 
sedation, critical care.
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Introduction

In the 21-century, sedation has become a cornerstone and an 
essential part of modern critical care practice. The main goals of 
sedation are to ensure the patient’s comfort and to prevent anxiety, 
thus ensuring an overall state of calmness and well-being during 
the intensive care unit stay. Using sedation, alone or in combina-
tion with analgesics, increases tolerance to mechanical ventila-
tion and the daily provided invasive procedures, by avoiding the 
stress and adverse hemodynamic response that accompanies these 
procedures (1, 2).

Numerous papers have already been published comparing dif-
ferent sedation techniques and their effect on hemodynamic para-
meters (3‒9). However, no study has yet examined the impact of se-
dation on cardiac function using cardiac MRIs in a clinical setting. 

The study tested the hypothesis that the use of dexmedetomi-
dine leads to a less negative impact on heart function compared 
to midazolam.

Materials and methods

The study protocol was approved by the Ethics Commit-
tee of University Hospital in Hradec Kralove, Czech Republic. 
Reference Number: 201612S15P. All the participants signed an 
informed consent.

Study characteristics
This is a randomized study, which included volunteer patients, 

who were admitted to our department due to chest pain, in whom 
an acute coronary syndrome was ruled out. Participants had nor-
mal systolic function of both ventricles, had sinus rhythm, had no 
heart valve disease, had no history of heart failure, had no liver, 
kidney no lung disease, had no contraindication to perform a car-
diac MRI or to receive sedation (Tab. 1).

A total number of 56 participants were evaluated for the ini-
tial screening phase, of whom 26 were excluded: 6 for atrial 
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fi brillation, 6 refused to participate, 11 had structural heart disease 
and 3 participants were excluded due to claustrophobia. Then, 30 
participants were randomized by the envelope method into two 
groups: 15 participants in the midazolam group (MID) and the 
same number in the dexmedetomidine group (DEX).

Each study participant underwent a baseline cardiac MRI. 
Then the participants received sedation ‒ either by midazolam 
or dexmedetomidine. Five minutes after the onset of sedation, a 
control cardiac MRI was performed during the same session (see 
MRI scans) to detect sedation-induced changes in heart function. 

Sedation technique
The participants were fasting for 6 hours before the study ini-

tiation. Initially, a baseline cardiac MRI was performed prior to 
sedation administration. Then sedation was administered accord-
ing to each participant’s group. The MID group received 2 mg 
of midazolam intravenously as a single dose, since it’s the most 
common way of its administration in outpatient procedures. As for 
the DEX group, dexmedetomidine was given as an infusion at the 
rate of 0.7 ug.kg‒1.hr‒1, which continued till the end of the study. 
Dexmedetomidine was administered without a loading dose and in 
a relatively low dose for several reasons: risk of hypertension and 
tachycardia during dexmedetomidine bolus administration (10); 
risk of severe hypotension and bradycardia at higher dexmedeto-
midine infusion rates (10); furthermore, infl uencing the afterload 
during dexmedetomidine bolus administration could infl uence 
the monitored parameters of cardiac function monitored by MRI.

An infusion pump (Compactplus, B. Braun, Melsungen AG, 
Germany) with a long infusion set was used to deliver dexmedeto-
midine during the investigation from out of the magnetic fi eld. 

Following 5 minutes of sedation administration, a control cardiac 
MRI was performed (Fig. 1). 

MRI scans 
Cardiac MRI was performed on a 3Tesla MR scanner (Philips 

Ingenia, Philips, Best, The Netherlands) using a 32-channel body 
surface coil. Retrospectively ECG-triggered, balanced turbo-fi eld 
echo sequences (BTFE) were obtained in 4-chamber, 3-chamber, 
2-chamber and short-axis planes during multiple breath holds.

Subsequently, we set appropriate planes perpendicularly to 
blood fl ow through the aortic, pulmonary and mitral valves in 
the BTFE sequences for fl ow velocity and maximum fl ow mea-
surements. 

Initially, a baseline cardiac MRI was acquired then, after the 
patients had been sedated with either midazolam or dexmedeto-
midine, a repeated cardiac MRI was obtained. 

Data were transferred to an offl ine workstation for postpro-
cessing and quantifi cation. 

The quantitative fl ow measurement was performed using a 
phase contrast quantifi cation fl ow mapping. 

The anatomical positions of the 2-dimensional fl ow MRI 
slices were automatically extracted from the BTFE sequences. 
On each sequence, the contour of the valves was segmented with 
a B-spline interpolation algorithm. The segmentation was then 
carefully adapted manually to each time point through the car-
diac cycle accounting for pulsation and heart motion. Extracted 
hemodynamic parameters were: E-diast, L-diast, Ao-vol and Pul-
vol before and after sedation.

Hemodynamic monitoring 
The participants were monitored to avoid complications associ-

ated with a sedation administration such as: hypotension defi ned by 
a decrease in the MAP below 65 mmHg, hypertension defi ned by a 
rise in MAP above 100 mmHg, bradycardia defi ned by a decrease 
in P below 50 min‒1, tachycardia defi ned an increase in P above 90 
min‒1 and hypo saturation defi ned by a decrease SpO2 below 93 %.

The hemodynamic parameters were monitored using an MRI-
compatible monitor (Philips Expression MR 200, Philips, Best, The 
Netherlands). The following parameters were recorded: MAP, P, 
SpO2. Five measures were taken before and after sedation admi-
nistration in 5-minute intervals. During MRI scans, the participants 
had to be cooperative and repeatedly were asked to hold their breath 

MID group (n=15) DEX group (n=15)  p
Sex (M/F) 8/7 10/5  N/A
Age 48.4±11.7 53.4±16.2  N/A
BMI 27.2±5.6 29.4±6  N/A
Hypertension 9 10  N/A
CAD 5 5  N/A
Diabetes mellitus 2 1  N/A
Nephropathy 0 0  N/A
BMI: body mass index, CAD: coronary artery disease, MID: midazolam, DEX: 
dexmedetomidine

Tab. 1. Study population characteristics.

Fig. 1. Study design.
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during MRI sequences acquiring, therefore the target sedation 
level, according to the RASS scale, did not exceed ‒1. After the 
end of the study, the participants were monitored for 4 more hours. 

Statistical analysis
The primary outcome measure was the systolic function of 

both left and right ventricle assessed by Ao-vol and Pul-vol, re-
spectively. The secondary outcome measure was the early diastolic 
fi lling of the left ventricle assessed by E-diast. According to data 

processed from the fi rst 8 participants, a 10 % difference of these 
parameters, following sedation administration, was accepted to 
be of clinical signifi cance. Our previous pilot study established 
standard deviation (SD) for the following parameters in the DEX 
group: Ao-vol = 9.0, Pul-vol = 8.9, E-diast = 20.5. In the MID 
group, the standard deviation was as follows: Ao-vol = 5.5, Pul-
vol = 5.7, E-diast = 12.2.

To achieve a statistically signifi cant data at p < 0.05 and power 
of 80 %, a total number of 5 participants in the MID group and 9 
participants in the DEX group was suffi cient to prove the primary 
outcome measure. As for the secondary outcome measure, a total 
number of 14 participants was required in the MID group while 
35 participants were needed to achieve a reliable power for the 
secondary outcome measure in the DEX group.

The statistical analyses were performed using STATISTICA 
software (data analysis software system, version 13 TIBCO Soft-
ware Inc).

All values are presented as the average ± standard deviation. 
After a normal distribution was confi rmed, the analysis of vari-
ance for repeated measures with post hoc Fisher’s Least Signifi -
cant Difference test was used for statistical testing of signifi cant 
differences in each group and between the groups before and after 
sedation. Sample size calculation was performed using the PASS 
2019 Power Analysis and Sample Size Software (NCSS, LLC. 
Kaysville, Utah, USA) using one-Sample T-Tests (paired t-test). 

Results

Cardiac MRI was performed in all the participants without 
adverse events. Sedation was well tolerated; no events asso-
ciated with its administration were recorded. During monitoring 
of hemodynamic parameters, neither heart rhythm disturbance, 

Fig. 2. A. The effect of sedation on early diastolic fi lling (E-diast) of 
the left ventricle. Midazolam impaired signifi cantly E-diast of the left 
ventricle (p = 0.019), while dexmedetomidine sedation did not (p = 0.2).

Fig. 3. The impact of sedation on left ventricular output (Ao-vol). 
Both sedation regimens impaired output of the left ventricle (MID: 
p = 0.001, DEX: p = 0.006).

Fig. 4. The impact of sedation on right ventricular output (Pul-vol). 
Both sedation regimens impaired output of the right ventricle (MID: 
p = 0.01, DEX: p = 0.003).
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hypotension, hypertension nor blood oxygen desaturation was 
registered. 

Midazolam had a negative impact on early diastolic fi lling 
(252.4 mL.s‒1 ± 100.3 vs 225 mL.s‒1 ± 87.2, p = 0.019) (Fig. 2). 

When following left and right ventricle output midazolam se-
dation decreased the left ventricle (Ao-vol: 81.2 mL ± 19.8 vs 75.2 
mL ± 17.1, p = 0.001) (Fig. 3) and right ventricle output (Pul-vol: 
80 mL ± 22.9 vs 75 mL ± 18.5, p = 0.01) (Fig. 4). Accordingly, 
these changes were noticed in the DEX group (Ao-vol: 83.7 mL 
± 20.2 vs 78.8 mL ± 21.5, p = 0.006, Pul-vol: 84.1 mL ± 15.5 vs 
78.2 mL ± 14.6, p = 0.003).

The values of hemodynamic parameters acquired by the moni-
tor are shown in Table 2. 

The parameters of the cardiac function obtained by cardiac 
MRI are presented in Table 3.

Discussion

To our best knowledge and after a thorough research in the 
Pubmed database, no study investigated the impact of sedation on 
heart function using a cardiac MRI in a clinical setting. Another 
reason for the uniqueness of our work is the fact that it is deal-
ing with spontaneously ventilating patients, which eliminates the 
infl uence and interference of artifi cial lung ventilation and other 
co-administrated sedatives with cardiac function.

While monitoring E-diast in the MID group, a statistically 
signifi cant decline (by 11 %) from baseline values was recorded 
following a sedation administration. Midazolam also worsened 
L-diast (by 7 %), however, this change did not gain a statistically 
important value. Our results are consistent with the conclusion 
of Gare et al. According to their report, midazolam in a dose of 
0.05 mg.kg‒1 in patients without pre-existing diastolic dysfunction
caused a notable reduction in early left ventricular fi lling (by 13 %) 
and a negligible reduction in late left ventricular fi lling (by 7 %), 
evaluated by the mean of transthoracic echocardiography (3).

 The potential explanation for this fi nding is 
either in a delayed release of Ca+2 from the 
contractile microfi lament of the left ventri-
cle during diastole or worsening of venous 
return due to sedation-induced venodila-
tion. These mechanisms could be respon-
sible for worsening of left ventricle relax-
ation and reducing fl ow velocity through 
the mitral valve during an early diastole (4, 
5). As for the late diastolic fi lling, a direct 
negative inotropic effect of midazolam on 
atrial mechanical properties could be en-
countered (5). 

Dexmedetomidine in our cohort led 
to an insignifi cant reduction in E-diast by 
7 %. A similar trend, although with a sta-
tistically signifi cant result, as observed by 
Lee et al., where according to their report 
administration of dexmedetomidine as an 
adjuvant to general intravenous anaesthesia

signifi cantly worsened (by 23 %) early diastolic fi lling of the left 
ventricle (6).

On contrary, according to literature, administration of dexme-
detomidine in healthy volunteers (7) or patients as an adjuvant to 
total intravenous anaesthesia (8) had no considerable effect on 
myocardial diastolic function (7, 8).

As for systolic biventricular performance of midazolam, seda-
tion decreased both left (by 8 %, p = 0.001) and right (by 7 %, p = 
0.01) ventricle output evaluated by a direct measuring of left and 
right ventricles stroke volume in the aortic and pulmonary valve, 
respectively. Our fi nding is in line with several studies supporting 
a decline in systolic cardiac function following midazolam ad-
ministration (11‒13). Other studies, however, concluded that the 
decrease in cardiac contractility is compensated by the reduction 
in afterload render cardiac output unchanged (14‒16).

Dexmedetomidine sedation had also a slight negative impact 
on both left (by 6 %, p = 0.006) and right (by 7 %, p = 0.01) sys-
tolic function. Our study is in concordance with other reports from 
literature, suggesting a decrease in cardiac inotropy due to beta-
blocker like effect of dexmedetomidine leading to a decrease in 
cardiac output (7, 8). Another potential explanation for this fi nding 
is worsening of venous return due to sympatholysis-induced veno-
dilation leading to decrease in preload and a decrease in cardiac 
stroke volume (9). An increase in pulmonary vascular resistance 
following dexmedetomidine administration could play a role in 
decreasing right ventricular output (17).

The current results should be interpreted considering several 
potential limitations: 1) Our study isn’t a placebo-controlled study. 
2) Innumerable measurements of cardiac function parameters us-
ing cardiac MRI; doing so could extend the examination time 
beyond the ability of participants to tolerate the investigation. 3) 
The absence of a comparison of cardiac function parameters ob-
tained by the mean of cardiac MRI with the gold standard, which 
is echocardiography. The absolute values of early and late left 
ventricular fi lling velocity obtained by phase-contrast differ from 

MID group DEX group
prior 

sedation
during 

sedation p prior 
sedation

during 
sedation p

P (min‒1) 66±10 72±9 0.0003 63±7 59±6 0.007
MAP (mmHg) 85.7±8.8 83.4±7.5 0.18 87.4±9.1 80.1±8.7 0.0001
SpO2 (%) 97.3±1.3 95.8±1.4 0.002 95.4±2.2 95.4±2 0.8
P: pulse, MAP mean blood pressure, SpO2: blood oxygen saturation, MID: midazolam, DEX: dexmedetomidine

Tab. 2. Acquired hemodynamic parameters.

MID group DEX group
prior 

sedation
during 

sedation
p prior 

sedation
during 

sedation
p

E-diast (mL.s‒1) 252.4±100.3 225±87.2 0.019 195±76.3  181.5±62.8 0.2
L-diast (mL.s‒1)  151.2±61.6  141.1±58.2 0.2 146.8±85.9  138.5±75.9 0.3
Ao-vol (mL)  81.2±19.8  75.2±17.1 0.001  83.7±20.2  78.8±21.5 0.006
Pul-vol (mL)  80±22.9  75±18.5 0.01 84.1±15.5  78.2±14.6 0.003
E-diast: maximal blood fl ow velocity through the mitral valve during early diastole, L-diast: maximal blood fl ow 
velocity through the mitral valve during late diastole, Ao-vol: left ventricular stroke volume, Pul-vol: right ven-
tricular stroke volume, MID: midazolam, DEX: dexmedetomidine

Tab. 3. Acquired parameters of cardiac function by MRI.
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the absolute values obtained by the mean of echocardiography. 
This difference is given by the method of measurement and the 
method of obtaining individual data, however, it should not lead 
to a misinterpretation of myocardial diastolic function (18, 19). 
4) A sample size of 35 participants was required to achieve a suf-
fi cient statistical power (≥ 80 %) for E-diast in the DEX group. 
Because dexmedetomidine in our cohort didn’t infl uence early 
diastolic fi lling of the left ventricle (p = 0.2), further enrolling of 
participants in this arm could only more likely empower this sta-
tistically unimportant fi nding.

The results herein presented showing that the study protocol 
is safe and feasible and may represent a core for further clinical 
studies assessing the effect of sedation/analgosedation on cardiac 
function using cardiac MRI with a larger number of patients.

Conclusion

Both sedation techniques impair cardiac output of both left 
and right ventricle. Midazolam moreover worsens diastolic heart 
function by altering an early diastolic fi lling of the left ventricle. 
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