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Abstract. - OBJECTIVE: The aim of our
study was to compare the clinical effects of se-
dation with dexmedetomidine vs. propofol in pa-
tients undergoing cardiac surgery and analyze
their effects on the duration of mechanical ven-
tilation (MV), length of stay in the intensive care
unit (ICU), and total hospital stay.

PATIENTS AND METHODS: The study includ-
ed 120 patients who were randomized in a 1:1 ra-
tio into two groups of 60 patients. The first group
was sedated with continuous dexmedetomidine
in doses 0.2-0.7 mcg/kg/h. The second group
was sedated with propofol in doses 1-2 mg/kg/h.

RESULTS: Patients sedated with dexmedetomi-
dine required 2.2 hours less time on MV (p<0.001).
There was a positive correlation between the du-
ration of MV and the ICU length of stay (r=0.368;
p<0.001), as well as between the duration of MV and
the total hospital stay (r=0.204; p=0.025). Delirium
occurred in the postoperative period in 25% of pa-
tients sedated with propofol, while in the dexmede-
tomidine group it was only 11.7% (p=0.059). Patients
who developed delirium had a significantly longer
duration of MV (12.6+5.4 vs. 9.3+2.5 hours, p=0.010).

CONCLUSIONS: Postoperative sedation with
dexmedetomidine, compared to propofol, re-
duces the duration of MV, but does not influence
the length of stay in the ICU and length of hospi-
talization after open heart surgery.
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Introduction

According to the lately developed Early Reco-
very After Surgery (ERAS) concept!, one of the
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main goals of the postoperative strategy is earlier
extubation and a shorter duration of mechanical
ventilation (MV) with adequate sedation. Patients
undergoing open heart surgery should be on MV
and sedated from one to six hours after surgery'2.
Prolonged MV is associated with numerous com-
plications, eventually leading to longer stay in
the intensive care unit (ICU), longer hospital stay,
and higher morbidity and mortality. This can
cause permanent harm, disadvantages, and loss
of independence. Apart from the impeded health
and disrupted quality of life of both patients and
their families, this leads to higher treatment costs
and increases the economic burden'.

Sedation during MV enables the patient’s syn-
chronization with the ventilator, prevents agita-
tion, reduces hemodynamic instability, and redu-
ces subjective discomfort6. Specific measures are
recommended to reduce the duration of sedation
and MV, improve outcomes and reduce com-
plications in ICU patients®’”. These include the
selection of an adequate sedative, daily sedation
interruption, and spontaneous breathing trials.
Dexmedetomidine and propofol are the most wi-
dely used sedatives with distinct pharmacological
features that make them suitable for sedation
after cardiac surgery*®'.

Dexmedetomidine is a potent a2 agonist with
anxiolytic, sedative, analgesic, and sympatholytic
effects. Continuous dexmedetomidine infusion
causes hypnosis and sedation without respiratory
depression, so it can provide earlier postoperative
extubation and prevent blood oxygen level varia-
tions'**!2. Due to the analgesic effect, dexme-
detomidine use reduces the need for opioids''.
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The most common side effects®*!* of dexmede-
tomidine include bradycardia and hypotension,
which are attributed to the sympatholytic effect.

Propofol has represented the gold standard for
sedation after cardiac surgery for decades, due
to the rapid onset of action, fast recovery after
discontinuation, and relatively low cost. Nonethe-
less, its use has been restricted due to common he-
modynamic instability and respiratory depression,
observed even with regular doses of propofol®3:13-16,

The aim of the present study was to compare
the clinical effects of sedation with dexmede-
tomidine vs. propofol in patients undergoing
cardiac surgery, and analyze their effects on
the duration of MV, length of stay in the ICU,
and total hospital stay.

Patients and Methods

This was a prospective, randomized, sin-
gle-blinded, controlled clinical trial. The study
was conducted at the Clinic for Cardiovascular
Surgery of the Institute of Cardiovascular Dise-
ases Vojvodina between 01 March 2022 and 30
September 2022. The study protocol complied
with the Declaration of Helsinki and was ap-
proved by the Ethics Committee of the Institute
of Cardiovascular Diseases Vojvodina. Informed
consent was obtained from all individual par-
ticipants included in the study. The study was
registered at ClinicalTrials.gov (NCT05849597).

Study Population

The study included patients of both sexes sche-
duled for elective cardiac surgery with the use of
cardiopulmonary bypass (CPB) (including coro-
nary artery bypass grafting, valve repair/repla-
cement, and combined). The study included adult
patients, older than 18 years, with a left ventricu-
lar ejection fraction (LVEF) >40%. Patients with
preoperative atrial fibrillation, previous history of
interventionally treated arrhythmias, second- and
third-degree atrioventricular block, bradycardia
with heart rate <50/min, pacemaker, renal or
hepatic insufficiency, or undergoing emergency
procedures were excluded from the study. Patien-
ts with a history of serious mental illness, deli-
rium, and severe dementia were excluded as well.

A total of 620 patients were screened, of whom
465 were excluded due to exclusion criteria, and
30 declined to participate in the study. From 125
patients that were selected, 5 patients subsequently
requested to be excluded from the study (Figure 1).

After inclusion, all the patients filled in an epide-
miological questionnaire which included general
and demographic data, and information about
alcohol and cigarette consumption. Blood labora-
tory analyses and hemodynamic parameters were
recorded for all the patients as well.

Anesthesia and CPB Management
Anesthesia was induced with combination of
sufentanil, midazolam, propofol, and rocuronium
bromide. After intubation, the lungs were mecha-
nically ventilated with an oxygen/air mixture of
50:50. Anesthesia was maintained with sevoflu-
rane, analgesia with a continuous infusion of su-
fentanil, and muscle relaxation with intermittent
administration of rocuronium bromide. Perio-
perative and postoperative monitoring included
continuous arterial and central venous pressure
measurement, electrocardiography (ECG), oxy-
gen saturation (pulse oximetry), body tempera-
ture measured in the nasopharynx, and diuresis.
Arterial blood gas analyses were performed inter-
mittently. The heart rate and blood pressure were
maintained within 25% of the baseline values.
Anticoagulation was achieved with heparin to
maintain an activated clotting time above 480 s.
Management of CPB included mild hypother-
mia (32-34°C) and targeted mean perfusion pres-
sure between 60 and 80 mmHg. Myocardial pro-
tection was achieved with antegrade intermittent
cold (extracellular crystalloid or blood) cardiople-
gia. Before separation from CPB, patients were
rewarmed to 36° to 37°C. After separation from
CPB, heparin was neutralized with protamine
sulfate, 1 mg/100 U heparin, to achieve an acti-
vated clotting time under 130 s. All patients were
transferred to the ICU after completing surgery.

Study Design

All 120 patients included in the study were
randomized in 1:1 ratio, using computer-gene-
rated numbers, into two groups of 60 patients.
Upon arrival at the ICU, vital parameters were
measured. The first group of patients was seda-
ted with continuous dexmedetomidine infusion
in doses 0.2-0.7 mcg/kg/h. Dexmedetomidine
infusion was discontinued before weaning from
MYV and extubation. For patients requiring MV
longer than 24 hours, dexmedetomidine infu-
sion was substituted with propofol. The second
group of patients was sedated with continuous
propofol infusion in doses 1-2 mg/kg/h. Propo-
fol infusion was also discontinued before wea-
ning from MV and extubation.
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Figure 1. Flow diagram of the study.

The sedation level was assessed using the
Richmond Agitation and Sedation Scale (RASS)
every two hours. Postoperative analgesia was ma-
naged according to the protocol (opioid analgesi-
cs, non-steroid anti-inflammatory drugs, parace-
tamol), with pain level assessment using a visual
analog scale (0 - no pain; 10 - unbearable pain).

The following data were observed: age, sex,
body mass index (BMI), hemoglobin, heart rate,
and LVEF. Among the postoperative parameters,
the following were analyzed: duration of MV (in
hours), extubation time, ICU and hospital length
of stay (in days), postoperative hemoglobin, blo-
od product transfusion rates, occurrence of atrial
fibrillation, and assessment of delirium. Asses-
sment of delirium was performed using the con-
fusion assessment method for ICU (CAM-ICU)
every 12 hours during five postoperative days.
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Statistical Analysis

At the moment of trial design, on the basis of
previously published literature, we assumed an
average duration (12.8 hours) of MV in patients
after open heart surgery with standard seda-
tion. The recruitment of 109 patients with 1:1
randomization was required for a significant
reduction in the duration of MV to provide a
power of 80% with a=0.05.

Continuous variables were expressed as ari-
thmetic mean + standard deviation, while ca-
tegorical variables were expressed as absolute
numbers and percentages. Two groups were
compared using the independent samples #-test
or Mann-Whitney U test for continuous va-
riables, and the Chi-square test for categori-
cal variables. Statistical significance for all of
the tests was set at the p-value <0.05. All the
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analyses were performed using SPSS, version
20.0 (IBM Corp., Armonk, NY, USA).

Results

There were no significant differences between
dexmedetomidine and propofol group in age and
gender distribution and other baseline characteri-
stics (Table I). Both dexmedetomidine and propo-
fol groups had similar preoperative hemoglobin
levels (135.8€15.7 vs. 131.1%16.1 g/l, p=0.112),
heart rate (68.1x10.6 vs. 70.6£12.7 bpm, p=0.236),
and left ventricular ejection fraction (57.3+6.6 vs.
577+46.6 %, p=0.780). CPB time (69.2+26.9 vs.
76.6£27.5 min; p=0.143) and aortic cross-clamp
time (59.94£23.7 vs. 66.3+24.4 min; p=0.144) were
similar in dexmedetomidine and propofol group.

Patients sedated with dexmedetomidine re-
quired 2.2 hours shorter time on MV compared
to patients sedated with propofol, which repre-
sents a 20% reduction (p<0.001) (Figure 2).
There were two patients in the propofol group
who required mechanical ventilation beyond 24
hours, while there were no such patients in the
dexmedetomidine group.

There was a significant positive correlation
between the duration of MV and the ICU length
of stay (=0.368; p<0.001), as well as between the
duration of MV and the total hospital length of

Table I. Baseline characteristics of the study population.

stay (#=0.204; p=0.025). There was no significant
correlation between CPB time (#=0.053; p=0.566)
and aortic cross-clamp time (r=0.063; p=0.494)
with the duration of MV.

The length of stay in the ICU was 1 day for the
majority of patients in both groups, and the total
hospital stay was slightly over 7 days for both
groups (Table II). There were no patients with
fatal outcomes in either group.

Delirium in the postoperative period asses-
sed with the CAM-ICU score was observed in
one-quarter of patients sedated with propofol,
while patients sedated with dexmedetomidine
experienced delirium only half as much. Althou-
gh the level of significance was slightly beyond
the threshold (p=0.059), the difference is indi-
cative. Patients who developed delirium had a
significantly longer duration of MV (12.6+5.4 vs.
9.3£2.5 hours, p=0.010) (Figure 3).

The two groups had a similar number of pa-
tients with new-onset atrial fibrillation, as well as
patients requiring red blood cell transfusions in
the postoperative period (Table II).

Discussion
The current study is a prospective randomi-

zed clinical trial confirming that dexmedetomi-
dine-based postoperative sedation reduces the

Dexmedetomidine Propofol p-value
Age, years 63.5+9.8 66.3£11.1 0.153
Males, n (%) 39 (65.0%) 38 (63.3%) 0.849
Body mass index, kg/m? 27.5£3.9 27.5+4.0 0.927
Smokers, n (%) 20 (33.3%) 18 (30.0%) 0.695
Alcohol consumption, n (%)
Every day 6 (10.0%) 4 (6.7%) 0.145
Few times per week 8 (13.3%) 4 (6.7%)
Few times per year 8 (13.3%) 3 (5.0%)
No alcohol consumption 38 (63.3%) 49 (81.7%)

Table Il. Summary of the study results.

Dexmedetomidine Propofol p-value
Duration of MV, hours 8.8+2.0 11.0+4.2 <0.001*
ICU length of stay, days 1.1+0.5 1.2+0.6 0.425
Hospital length of stay, days 7.4+2.0 7.4+2.0 1.000
Postoperative delirium, n (%) 7 (11.7%) 15 (25.0%) 0.059
Postoperative atrial fibrillation, n (%) 16 (26.7%) 20 (33.3%) 0.426
Postoperative transfusion, n (%) 32 (53.3%) 39 (65.0%) 0.194

*The difference is statistically significant.



M. Preveden, R. Zdravkovi¢, S. Vickovi€, V. Vujié, et al

duration of MV after open heart surgery in
compared to sedation with propofol. Our results
demonstrated that longer MV is associated with
longer stays in the ICU, more postoperative ho-
spital days, and increased incidence of postope-
rative delirium in patients after cardiac surgery.

MV of the lungs represents an integral part of the
postoperative recovery after cardiac surgery. Leaving
behind the concept of opioid anesthesia has enabled
faster postoperative recovery and earlier weaning
from MV and extubation. Today, the majority of
patients after cardiac surgery are extubated within
6 hours after surgery. However, 6-20% of patients
require prolonged MV which is associated with
higher morbidity and mortality, increased length of
stay in the ICU, longer total hospital stay, worse qua-
lity of life and higher economic burden'*.

Factors influencing the length of postoperative
MYV include the patient’s preoperative condition,
comorbidities, type of cardiac surgery, and type
of anesthesia. Nevertheless, recovery after sur-
gery is also influenced by the selection of medi-
cations used for postoperative sedation. Sedation
based on benzodiazepines was used as a standard
globally up until 2018. Due to the extended se-
dative effects, benzodiazepines were associated
with prolonged MV and longer stays in the ICU.
Their use was also associated with a higher inci-
dence of postoperative delirium?'.

The 2018 Clinical Practice Guidelines for the
Prevention and Management of Pain, Agitation/
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Figure 2. Duration of mechanical ventilation was significantly
shorter in patients receiving dexmedetomidine vs. propofol
(p<0.001). Median values with interquartile ranges are
displayed. Dex, dexmedetomidine.

7648

25
v
3
£ 20 °
C
o °
=
8 15
=
c
(0]
>
8 10
C
© L
o s
=

0

No delirium Delirium

Figure 3. Patients who developed delirium had a significantly
longer duration of mechanical ventilation (p=0.010). Median
values with interquartile ranges are displayed.

Sedation, Delirium, Immobility and Sleep Disrup-
tion in Adult Patients in the Intensive care unit
(ICU)* recommended the use of dexmedetomidi-
ne and propofol, instead of benzodiazepines, for
sedation in mechanically ventilated patients. Both
dexmedetomidine and propofol are two short-
acting agents that are widely used. Although both
of them are first-line agents, there are only few stu-
dies in literature directly comparing their effects
and outcomes in patients after cardiac surgery.

A recently published large retrospective study
by Hu et al*® included 1,388 patients after coro-
nary artery bypass graft surgery. The authors
demonstrated that patients sedated with dexme-
detomidine had fewer postoperative respiratory
complications and a shorter duration of MV
compared to propofol, which is similar to what
we observed in our study. Hu et al20 also showed
shorter stay in the ICU and shorter hospital stay
in the group of patients sedated with dexmede-
tomidine. In contrast, our results did not show a
difference in the time spent in the ICU and total
hospital stay. This can be explained by the local
practice of our hospital to discharge the patients
without serious complications of open-heart sur-
gery from the ICU on the first postoperative day.
This is important because transferring patients to
regular departments enables them better day-ni-
ght rhythm, noise reduction, earlier mobilization,
and the ability to feed themselves and take care
of personal hygiene. Most importantly, this provi-
des early contact with family and their inclusion
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in the patients’ recovery. Furthermore, our local
practice is to discharge patients home routinely
on the sixth postoperative day after open heart
surgery if they are recovering well and their
postoperative course is uneventful. This enables
them to return to their families, familiar surroun-
dings and daily activities as soon as possible.
Evidence clearly demonstrates that all of these
methods represent crucial measures for the pre-
vention of postoperative delirium and can reduce
postoperative morbidity and mortality®-5.

Another retrospective study published by Wa-
nat et al* also demonstrated a shorter duration
of MV in patients sedated with dexmedetomi-
dine after cardiac surgery. The explanation for
such results most probably lies in the fact that
dexmedetomidine does not cause respiratory de-
pression. Also, due to the analgesic effect of dex-
medetomidine, the patients require fewer opio-
ids, which further reduces respiratory depres-
sion. Additionally, dexmedetomidine expresses
a favorable hemodynamic profile”. In contrast,
propofol significantly lowers arterial blood pres-
sure through the reduction in cardiac output and
vasodilation'®. Furthermore, dexmedetomidine
suppresses pulmonary oxidative stress and in-
flammatory response, thus reducing the severity
of acute lung injury induced by the remote organ
ischemia-reperfusion®®®!, Similar to our results,
the aforementioned study by Wanat et al* did not
demonstrate a difference between dexmedetomi-
dine and propofol sedation in the ICU length stay
and total hospital stay.

On the contrary, a randomized controlled trial
by Eremenko and Chemova®?, who also compa-
red the effects of dexmedetomidine and propofol
for postoperative sedation after cardiac surgery,
failed to show the difference in the duration of
postoperative MV. Nevertheless, they did demon-
strate a significantly shorter length of stay in the
ICU in the dexmedetomidine group. Although the
dexmedetomidine dose range used for sedation
was the same as in our study (0.2-0.7 mcg/kg/h),
we generally used minimal doses of dexmedeto-
midine, which were sufficient for light but adequa-
te sedation without hemodynamic compromise.
The wide dose range for dexmedetomidine might
have allowed the application of relatively higher
doses in the trial by Eremenko and Chemova?®,
which might explain the longer MV duration due
to potential deeper postoperative sedation.

The results of our study indicate that postope-
rative delirium develops twice as much with pro-
pofol sedation vs. dexmedetomidine. The group

sedated with propofol had 25% postoperative de-
lirium, compared to only 12% in the dexmedeto-
midine group, with a statistical difference slightly
above the threshold (p=0.059). This is consistent
with the literature, as most of the studies have
demonstrated a lower incidence of postoperative
delirium in patients postoperatively sedated with
dexmedetomidine compared to patients sedated
with propofol and midazolam™*-**.

A large meta-analysis by Wu et al*®, including
1,387 cardiac surgery patients from 10 different
trials, showed that the risk of delirium was lowe-
red by 54% in patients receiving dexmedetomidi-
ne, which is consistent with our results. However,
there are also large trials**® whose results did not
show a reduction in the incidence of postope-
rative delirium with dexmedetomidine sedation
compared to other sedatives. We hypothesize
that this could be attributed to hypotension and
bradycardia, the most common side effects asso-
ciated with dexmedetomidine.

Limitations

The primary limitation of our study is that ad-
ditional medications that were prescribed during
sedation were not analyzed, such as antipsycho-
tics or opioids, which may have altered the pa-
tients’ level of sedation and affected their time on
MYV and other outcomes.

The secondary limitation is the fact that all
patients with a history of serious mental illness,
delirium, and severe dementia were excluded
from the study, as were patients with hepatic or
renal dysfunction and heart failure with LVEF
<40%. These patients represent the most vul-
nerable groups with increased risk for the de-
velopment of postoperative delirium, hence the
exclusion of such individuals might diminish the
significance of dexmedetomidine for the preven-
tion of postoperative delirium.

Future scopes should be focused on identi-
fying patients with increased risk of prolonged
MYV and associated complications and imple-
menting prevention measures in these indivi-
duals. Moreover, although the protocols for the
prevention of postoperative delirium have been
established, clinical trials investigating their use
and results in routine clinical practice are still
missing. Further investigations are required to
validate the efficacy and safety of pharmacologi-
cal prevention, as well as non-pharmacological
measures, such as the open-door policy in the
ICU, digital contact with family and friends, and
other alternative methods.
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Conclusions

Postoperative sedation with dexmedetomidine,
compared to propofol, reduces the duration of
MYV but does not influence the length of stay in
the ICU and length of hospitalization after open
heart surgery. Postoperative delirium is less com-
mon in patients sedated with dexmedetomidine.
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