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Abstract

Background: No previous study investigated the dexmedetomidine-based opioid-free anesthesia (OFA) protocol in
cardiac surgery. The main objective of this study was to evaluate the feasibility and the postoperative opioid-
sparing effect of dexmedetomidine-based OFA in adult cardiac surgery patients.

Methods: We conducted a single-centre and retrospective study including 80 patients above 18 years old who
underwent on-pump cardiac surgery between November 2018 and February 2020. Patients were divided into two
groups: OFA (lidocaine, ketamine, dexmedetomidine, MgSO4) or opioid-based anaesthesia (remifentanil and anti-
hyperalgesic medications such as ketamine and/or MgSO4 and/or lidocaine at the discretion of the
anesthesiologist). The primary endpoint was the total amount of opioid consumed in its equivalent of intravenous
morphine during the first 48 postoperative hours. Secondary outcomes included perioperative hemodynamics,
post-operative maximal pain at rest and during coughing and adverse outcomes. Data are expressed as median
[interquartile range].

Results: Patients in the OFA-group had a higher EuroSCORE II, with more diabetes, more dyslipidemia and more
non-elective surgery but fewer smoking history. In the OFA group, the median loading dose of dexmedetomidine
was 0.6 [0.4–0.6] μg.kg− 1 while the median maintenance dose was 0.11 μg.kg− 1.h− 1 [0.05–0.20]. In 10 (25%)
patients, dexmedetomidine was discontinued for a drop of mean arterial pressure below 55 mmHg. The median
total amount of opioid consumed in its equivalent of intravenous morphine during the first 48 postoperative hours
was lower in the OFA group (15.0 mg [8.5–23.5] versus 30.0 mg [17.3–44.3], p < 0.001). While no differences were
seen with rest pain (2.0 [0.0–3.0] versus 0.5 [0.0–5.0], p = 0.60), the maximal pain score during coughing was lower
in OFA group (3.5 [2.0–5.0] versus 5.5 [3.0–7.0], p = 0.04). In OFA group the incidence of atrial fibrillation (18% versus
40%, p = 0.03) and non-invasive ventilation use (25% versus 48%, p = 0.04) were lower. The incidence of bradycardia
and the intraoperative use of norepinephrine were similar between both groups.
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Conclusion: Dexmedetomidine-based OFA in cardiac surgery patients is feasible and could be associated with a
lower postoperative morphine consumption and better postoperative outcomes. Further randomized studies are
required to confirm these promising results and determine the optimal associations, dosages, and infusion
protocols during cardiac surgery.
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Introduction
As early as the 1990’s fast-track protocols have been
implemented successfully lowering opioid doses and
allowing rapid extubation after cardiac surgery using a
balanced opioid anesthetic [1–3]. However, balanced
opioid anesthesia may be responsible for hyperalgesia
and acute tolerance which could lead to both an in-
crease in opioid prescription [4] and postoperative
chronic pain (nearly 20% 1 y after sternotomy) [5]. Re-
cently nonopioid interventions including the intraoper-
ative use of dexmedetomidine have been proposed to
reduce opioid consumption during the perioperative
period of cardiac surgery patients [6, 7]. Better pain
control and lower opioid consumption seems to be cru-
cial to enable the implementation of postoperative en-
hanced recovery elements such as early mobilization
and early nutrition [6].
A milestone that could help reducing even further

perioperative opioid consumption for cardiac surgery
patients might be the integration of opioid-free
anesthesia (OFA) protocol. In OFA for non-cardiac sur-
gery, sympathetic nervous system control is obtained
administrating a combination of several drugs studied
the last 30 years such as intravenous lidocaine [8], keta-
mine [9], dexmedetomidine which is a highly selective
alpha-2 agonist [10] and magnesium sulfate [11]. This
multimodal analgesic approach has an important opioid
sparing effect that has been shown to limit opioid-
related side effects such as respiratory depression and,
thus prolonged duration of mechanical ventilation, de-
lirium, urinary retention, nausea, ileus and vomiting
[12]. Few data on OFA in cardiac surgery demonstrat-
ing its feasibility are available [13, 14]. One retrospect-
ive study compared an OFA (protocol combining
propofol-lidocaine-ketamine-dexamethasone) to an
opioid-based anaesthesia (OBA) with sufentanil and re-
gional anaesthesia [15]. Recent data suggest that
dexmedetomidine added to a balanced anaesthesia
protocol in cardiac surgical patients could reduce opi-
oid consumption, postoperative pain and duration of
mechanical ventilation [16, 17]. Interestingly, dexmede-
tomidine administration through this approach may
also reduce postoperative myocardial injury, incidence
of new onset of arrythmias and even postoperative
mortality up to 1 year after cardiac surgery [18].

The main objective of the present retrospective study
was to evaluate the feasibility and the postoperative
opioid-sparing effect of dexmedetomidine-based OFA in
adult cardiac surgery patients. We tested the hypothesis
that dexmedetomidine-based OFA could significantly re-
duce morphine consumption during the first 48 h fol-
lowing on-pump cardiac surgery.

Methods
Patients
We performed a retrospective and single-centre study in
a tertiary university hospital (Bordeaux, France) from
November 2018 to February 2020.
The OFA protocol has been implemented in our insti-

tution from February 2018. After an initial period of sev-
eral months, to guarantee good communication between
every care provider and the compliance to the OFA
protocol, we have started to recruit patients from No-
vember 2018. Thus, from November 2018 to February
2020 we have included retrospectively from our database
40 consecutive patients undergoing on-pump cardiac
surgery and receiving an OFA [19, 20]. Data of these 40
OFA patients were compared to 40 other patients oper-
ated during the same period but receiving an OBA. Dur-
ing the study period (from November 2018 to February
2020), a total of 2108 consecutive patients underwent
on-pump cardiac surgery. To prevent temporal bias, we
took into account the temporal effect and obtained
homogenous groups in time, sampling cases evenly in
time across the recruitment period. Hence, 40 OBA pa-
tients were recruited and included in the analysis at the
same pace. These 40 OBA patients were selected weekly
(week recruitment period block), with a ratio of 1:1,
from our database. OBA patients were selected identify-
ing patients undergoing similar cardiac surgical proced-
ure with equivalent cardiopulmonary bypass duration as
patients in the OFA group. If for one week several pa-
tients responded to these criteria, we decided arbitrarily
to include the first patient meeting such criteria in order
to follow a chronological rational. Patients undergoing
off-pump cardiac surgery and/or with pre-operative
hemodynamic instability and/or with atrio-ventricular
block grade 2 or 3 and/or hypersensitivity to opioids
were excluded.
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Intraoperative management
Upon arrival in the operating room, routine monitoring
(five lead-ECG, pulse oximeter, non-invasive arterial
pressure) was instituted. A peripheral venous catheter
and an arterial catheter were inserted under local
anesthesia. After induction of anesthesia, hemodynamic
monitoring was completed by inserting a triple lumen
central venous catheter in the right internal jugular vein
to infuse drugs and to monitor the central venous pres-
sure. Anesthesia management is summarized in the sup-
plementary material (additional files Table 1).
As previously published by our team [3], anesthesia in

the OBA group was based on propofol and remifentanil
both simultaneously administered via target-controlled
infusion (TCI) using the Schnider’s [21] and the Minto’s
[22] models, respectively. The induction of anesthesia
was ensured with a target effect-site concentration of
propofol between 2.0 and 4.0 μg.ml− 1 and remifentanil
between 3.0 and 10.0 ngml− 1. For the maintenance of
anesthesia target effect-site concentrations of propofol
and remifentanil were adapted to maintain bispectral
index (Covidien, Boulder, CO, USA) value between 40
and 60 and to maintain a Mean Arterial Pressure (MAP)
between 60 and 85 throughout all the surgical proced-
ure, respectively. A 0.10–0.15 mg.kg− 1 bolus dose of
morphine was given intravenously 30 min before the an-
ticipated end of surgery for postoperative analgesia. In
these patients, the intraoperative use of ketamine (IV
bolus 0.3 mg.kg− 1 at the induction followed by continu-
ous infusion 0.25 mg.kg− 1.h− 1) and /or lidocaine (1.5
mg.kg− 1 bolus followed by continuous infusion 1.5
mg.kg− 1.h− 1) and /or magnesium sulfate (3 g over 15
min at the induction) was left at the discretion of the at-
tending anaesthetist.
In the OFA group, a pre-induction mixture of intra-

venous boluses of dexmedetomidine (0.3–0.6 μg.kg− 1

over 15 min), magnesium sulfate (3 g over 15 min), dexa-
methasone (0.1 mg.kg− 1) and lidocaine (1.5 mg.kg− 1)
was given over 15 min. A bolus of ketamine (0.3
mg.kg− 1) was followed by continuous infusion (0.25
mg.kg− 1.h− 1), which was stopped at wound closure.
Then, the anesthesia was induced by intravenous anaes-
thesia with TCI of propofol (2 to 4 μg. mL− 1). The main-
tenance of anesthesia was ensured by propofol
administered via TCI using the Schnider’s target effect-
site concentrations adapted to bispectral index values
between 40 and 60. After the induction, a continuous in-
fusion of dexmedetomidine (0.1 to 0.5 μg.kg− 1.h− 1) and
lidocaine (1.5 mg.kg− 1.h− 1) were started. The continuous
infusion of dexmedetomidine was adapted to MAP
values. If MAP was below 55 mmHg during surgery,
dexmedetomidine was completely discontinued. Con-
versely, if MAP was higher than 90 mmHg and BIS be-
tween the target values, dexmedetomidine was increased

up to 0.5 μg.kg− 1.h− 1. When hypertension persisted des-
pite these maximal doses, urapidil or nicardipine were
given.
In both groups, no regional anesthesia was performed

and the tracheal intubation was facilitated with neuro-
muscular blockade using cisatracurium bolus 0.15
mg.kg− 1 followed by a continuous infusion of 0.1
mg.kg− 1.h− 1 until aortic unclamping. Cardiopulmonary
bypass (CPB) was conducted with a heart-lung machine
(Stockert Sorin S5 Heart Lung, Milan, Italy) with a target
blood flow of 2.4 L.min− 1.m− 2 or more if SvO2 was less
than 70%. During CPB, the MAP was maintained above
55mmHg increasing the pump flow rate, reducing pro-
pofol target if BIS was below 40, discontinuing dexmede-
tomidine infusion in the OFA group or decreasing
remifentanil up to 2 ng. mL− 1 in the OBA group if BIS
was above 40 or administrating vasoactive drugs (ephe-
drine, norepinephrine) if hypotension persisted. The
CPB circuit was primed with 900 à 1200ml of crystal-
loids (Plasma-Lyte®; Baxter, Lessines, Belgium) and 5000
UI of heparin. After systemic heparinization (300
UI.kg− 1) to reach an activated cephalin time above 420 s,
median sternotomy was performed then aortic and right
auricular cannulations were started. Perioperative hyper-
glycemia above 10mmol. L− 1 was treated by intravenous
insulin as elsewhere detailed [23]. Homologous red
blood cell transfusions were guided by physiological pa-
rameters such as SvO2 and haemoglobin level when less
than 7.5 g.dL− 1. Heparin was reversed with protamine at
a 1:1 ratio.
In absence of counter-indication, all patients in each

group received 30min before the end of surgery, nefo-
pam (IV bolus 20 mg followed by an infusion of 100 mg
over 24 h) and paracetamol (1 g followed by 1 g every 6
h). Remifentanil, ketamine, lidocaine and dexmedetomi-
dine were stopped at the end of the surgical dressing.
Only propofol was continued in all patients during the
intensive care unit (ICU) transfer.

ICU management
Upon arrival in ICU, postoperative sedation was ensured
with a continuous propofol infusion. Propofol infusion
was stopped and patients extubated once blood loss was
considered acceptable (less than 1 ml. kg− 1.h− 1), chest x-
ray ruled out complications, a hemodynamic stability, a
normothermia and no residual neuromuscular blockade
(train-of-four ratio measured at the adductor pollicis
muscle > 90%) were obtained. The scheduled blood tests
on admission to the ICU included arterial blood gas
measurements and hypersensitivity cardiac troponin I
(hs-cTnI) between 12 and 24 h after surgery. Pain was
assessed as early as possible after the ICU arrival using a
numerical pain rating scale (NPRS). Initial analgesia con-
sisted of morphine titration with a bolus of 3 mg if NPRS
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was greater than 3. Then, morphine patient-controlled
analgesia was started as follow: 1 mg bolus, refractory
period of 7 min, maximum dose of 20 mg every 4 h with-
out continuous infusion. Then, pain was assessed at least
every 2 h by nurses during the ICU stay using the NPRS.
Intravenous rescue analgesia was given if NPRS score
was > 3 and was left to the discretion of the attending
physician and included ketoprofen (50–100 mg every 8
h) and /or tramadol (50–100 mg every 6 h) and/or keta-
mine boluses (10–20 mg) and/or oral oxycodone (5–10
mg maximum 6 per day). Non-invasive ventilation indi-
cations were high-risk patients (obesity, chronic ob-
structive pulmonary disease), atelectasis, hypoxemia,
hypercapnia, obstructive sleep apnea without personal
equipment and acute respiratory failure. Patients were
discharged from ICU at the discretion of their attending
physician. The following variables were continuously re-
corded in the institutional database [19, 20]: age, gender,
body weight, height, personal medical history and medi-
cines, Euro-SCORE II, type of cardiac surgery, the pre-
operative left ventricular ejection fraction, the duration
of CPB, intraoperative blood transfusion, norepineph-
rine, dobutamine or milrinone, antihypertensive agent
(nicardipine, urapidil), atropine, creatinine value, time to
extubation (hours), arrythmias or conduction blockade
and any other occurrence of complications during the
ICU or in-hospital stay, and the length of stay (LOS) in
the ICU and hospital.

Outcomes
The primary endpoint was the total amount of opioid
consumed in its equivalent of intravenous morphine
during the first 48 postoperative hours and included
intravenous morphine given at the end of surgery, the ti-
tration dose, the morphine administered via a patient-
controlled analgesia, the dose of oral oxycodone pre-
scribed postoperatively on the surgical ward with the fol-
lowing conversion ratios: oral morphine/oxycodone 2:1
and oral morphine/IV morphine 1:3 and the tramadol
dose with the following conversion ratio: tramadol/IV
morphine 1:15 [24]. The secondary endpoints were the
intraoperative fluid expansion, intraoperative vasoactive
agent administration, median maximal values of NPRS
at rest and during coughing within the first post-
operative 48-h, analgesia rescue requirement and the
rate of non-invasive ventilation support, new onset of
atrial fibrillation, and postoperative delirium defined as
episode of confusion in nursing or medical observation.
Secondary outcomes included also postoperative stroke
and/or seizure, the incidence acute kidney injury defined
as a Kidney Disease: Improving Global Outcomes stage
2 or 3, the postoperative level of hs-cTnI, ICU and hos-
pital length of stay, and the hospital mortality rate. All
data were collected from our institutional informatic

database by a physician who was not involved in the care
of the study patients.

Statistical analysis
The Shapiro-Wilks normality test was used to assess the
normality of quantitative outcomes. In case of normality,
quantitative variables were expressed as mean (SD) and
a Student test was used to compare the OBA group with
the OFA groups. If non normality was assumed, these
variables were presented as interquartile range (IQR)
and were compared using a Mann-Whitney-Wilcoxon
test. Categorical outcomes were expressed as number
(percentage) and were compared using a Chi-Square test
or Fischer’s Exact tests (when the expected values in one
of the cells of the contingency table was less than 5).
Statistical analyses were conducted using GraphPad
Prism version 8.4.3 (GraphPad Software, San Diego,
California, USA). For all the statistical tests, a 0.05 sig-
nificance level was used to claim a statistically significant
effect and all reported p values are from 2-sided tests.
The sample size was determined from a preliminary
retrospective analysis including 18 patients treated using
an OBA protocol but no included in the final analysis.
In these patients, the mean dose of morphine sulfate
equivalents consumed during the first 48 postoperative
hours was 21 ± 8mg. Considering a 30% decrease in pa-
tients treated with an OFA protocol as clinically rele-
vant, a sample size of 35 patients per group provided
90% power with a two-sided type I error of 0.05 to show
this difference. Taking into account an anticipated loss-
to-follow-up rate of 10%, a total of 40 patients per group
was planned.

Ethics
This retrospective observational study was conducted in
accordance with the ethical standards of the declaration
of Helsinki and relevant guidelines and regulations. In
accordance with French law [25], this study was ap-
proved by our ethics committee (Comité d’Ethique du
Centre Hospitalier Universitaire de Bordeaux-Groupe
Publication) on August 13, 2020 (reference number GP
– CE2020–33 by Chair Dr. Thibaud Haaser). The design
of the study complies with the general data protection
regulation n ° 2016/679 / EU of April 27, 2016 and falls
within the framework of article 65–2 of the Data Protec-
tion Act n ° 78–17 of January 6, 1978 modified 2018.
Consequently, it does not require a declaration to the
national supervisory authority. Because the current study
was a retrospective observational trial with patients
treated according to our hospital standard of care, our
ethics committee (Comité d’Ethique du Centre Hospita-
lier Universiataire de Bordeaux-Groupe Publication)
granted an authorisation to waive written informed con-
sent from patients. In addition, the other conditions
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relating to the right to privacy and the protection of per-
sonal health data were approved by the data protection
officer and the study was recorded in the processing
register under the reference CHUBX2020RE0260. All
data were collected and analyzed confidentially assigning
an identification number to each patient.

Results
Characteristics of the population
During the study period, 80 patients were included, and
were divided in two groups: the OFA group (n = 40) and
the OBA group (n = 40). In our study, patients in the
OFA-group were sicker and underwent more often non-
elective surgery (Table 1). During the recruitment period
matching between the groups was not possible. How-
ever, patients’ inclusion in the study occurred during the
same time frame and pace. The surgical procedure and
length of surgery were similar (Table 2). The incidence
of preoperative chronic pain (7% vs 4%, p = 0.33) or

opioid consumption (3% vs 1%, p = 0.30) were similar
between the OFA-group and the OBA-group.

Intraoperative period
In the OFA group, the median loading dose of dexmede-
tomidine received before induction of anesthesia was 0.6
[0.4–0.6] μg.kg− 1 while the median maintenance dose
was 0.11 μg.kg− 1.h− 1 [0.05–0.20]. In 10 (25%) patients,
dexmedetomidine was discontinued for a drop of mean
arterial pressure below 55mmHg. The median maximal
target effect-site concentration of remifentanil for the in-
duction of anesthesia was 4.0 [3.0–4.0] ng.ml− 1. A larger
number of patients in the OBA-group required intra-
operatively ephedrine (Table 2).

Perioperative analgesia and outcomes
A large proportion of patients received paracetamol and
nefopam with no difference between groups. A compar-
able proportion of patients received a morphine titration

Table 1 Baseline characteristics of patients receiving opioid-free anaesthesia (OFA) or opioid-based anaesthesia (OBA)

All patients (n = 80) OFA (n = 40) OBA (n = 40) P-value

Age, years 71 [64–75] 71 [63–74] 71 [67–75] 0.81

Male gender 56 (70) 25 (63) 31 (78) 0.14

Body mass index, kg.m−2 25.9 [24.2–30.0] 26.0 [24.3–30.5] 25.8 [24.2–28.6] 0.92

EuroSCORE II, % 3.0 [1.8–6.9] 4.7 [2.1–9.1] 2.0 [1.4–3.9] < 0.001

Medical history

Redo surgery 9 (11) 4 (10) 5 (13) > 0.99

Active endocarditis 16 (20) 9 (23) 7 (18) 0.58

COPD 10 (13) 6 (15) 4 (10) 0.50

Obstructive sleep apnea 11 (14) 5 (13) 6 (15) 0.75

Smoking history 14 (18) 3 (8) 11 (28) 0.04

Hypertension 63 (79) 32 (80) 31 (78) 0.78

Dyslipidemia 41 (51) 25 (63) 16 (40) 0.04

Diabetes 18 (23) 13 (33) 5 (13) 0.03

Atrial fibrillation 12 (15) 5 (13) 7 (18) 0.53

History of stroke 8 (10) 3 (8) 5 (13) 0.71

Apfel score 2 [2–2] 2 [2–3] 2 [2–2] < 0.01

LVEF, % 60 [50–60] 50 [50–60] 60 [55–65] < 0.001

Creatinine clearance, mL.min−1 78 [62–96] 78 [63–94] 77 [62–101] 0.79

Non elective surgery 25 (31) 20 (50) 5 (13) < 0.01

Preoperative medication

Beta-blockers 36 (45) 15 (38) 21 (51) 0.18

Calcium channel blocker 23 (29) 13 (33) 10 (25) 0.46

Antiplatelet therapy* 35 (44) 19 (48) 16 (40) 0.18

ACEI 43 (54) 22 (55) 21 (53) 0.82

Statins 28 (35) 17 (43) 11 (28) 0.16

Data are presented as median [Interquartile range] or number (%) of patients. EuroSCORE II European System for Cardiac Operative Risk Evaluation II, COPD
Chronic Obstructive Pulmonary Disease, LVEF Left Ventricular Ejection Fraction, * aspirin and/or clopidogrel, ACEI Angiotensin-conversing-enzyme inhibitors.
P value refers to comparison between OFA and OBA groups
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(58% versus 70%, p = 0.24) and received rescue analgesia
during the first 48 postoperative hours in both groups
(Table 3). The primary outcome defined as the total
amount of opioid consumed in its equivalent of intra-
venous morphine during the first 48 postoperative hours
was significantly lower in the OFA-group compared to
the OBA group (15.0 mg [IQR 8.5–23.5] versus 30.0 mg
[IQR 17.3–44.3], p < 0.001) (Fig. 1). Maximal pain scores
at rest were similar between the two groups (2.0 [0.0–
3.0] in the OFA group versus 0.5 [0.0–5.0] in the OBA
group, p = 0.60) but was lower in the OFA-group during
coughing (3.5 [2.0–5.0] vs 5.5 [3.0–7.0], p = 0.04). No pa-
tient developed neither stroke nor seizure postopera-
tively. Patients in the OFA group presented a lower
incidence of atrial fibrillation and required less fre-
quently non-invasive ventilation (Table 4). We could ob-
serve a trend toward a reduction of new onset of
postoperative delirium in patients receiving OFA but it
did not reach a statistical significance. One patient in
the OFA-group died (after a month due to a cessation of
care because of a metastatic cancer discovered postoper-
atively during its ICU stay).

Discussion
The major findings of our study are that
dexmedetomidine-based OFA: 1) appears to be feasible,
2) has a statistically significant opioid sparing effect
without obviously altering pain relief and 3) could be

associated with better postoperative outcomes including
less new onset of atrial fibrillation, a lower rate of post-
operative need for non-invasive ventilation and perhaps
less incidence of postoperative delirium.

Feasibility
Only one previous study evaluated the feasibility of OFA
based on lidocaine and ketamine in cardiac surgery [15].
Despite a higher intra operative use of esmolol and ura-
pidil, these authors reported that OFA reduces signifi-
cantly postoperative morphine consumption [15]. A
large opioid sparing effect was also observed in patients
receiving an OFA protocol [15]. However, the OFA
protocol used in our patients was substantially different
and was based on a pre-induction mixture of intraven-
ous infusion of dexmedetomidine, magnesium sulfate
and lidocaine. Dexmedetomidine has been well studied
as an adjunct in balanced anaesthesia for cardiac surgery
but no previous study has ever evaluated the benefit of
dexmedetomidine-based OFA strategy [16, 17]. A safety
and an efficient analgesic effect of dexmedetomidine in
cardiothoracic surgery has been previously reported [16].
The hemodynamic effects of lidocaine have been previ-
ously investigated in cardiac surgical patients [26]. A 1.5
mg.kg− 1 intravenous bolus of lidocaine effectively limits
increase in arterial pressure during aortic canulation
[26]. Concerning the use of ketamine, its sympatho-
mimetic effect could potentially lead to an increase in

Table 2 Intraoperative characteristics of patients receiving opioid-free anaesthesia (OFA) or opioid-based anaesthesia (OBA)

All patients (n = 80) OFA (n = 40) OBA (n = 40) P-value

Anaesthesia time, min 270 [210–316] 293 [222–321] 258 [210–306] 0.38

Maximal target effect-site concentration of propofol for induction, μg.mL−1 2.5 [2.0-3.0] 2.0 [1.0–2.0] 3.0 [3.0–4.0] < 0.01

Lowest heart rate before CPB 55 [47-60] 55 [48–60] 55 [45–64] 0.74

CPB time, min 80 [66–103] 82 [68–103] 79 [63–105] 0.81

Type of surgery

Valvular surgery 31 (39) 14 (35) 17 (43) 0.49

CABG 22 (28) 14 (35) 8 (20) 0.13

Combined 25 (31) 11 (28) 14 (35) 0.47

Ascending aorta 2 (3) 1(3) 1 (3) > 0.99

Intraoperative fluid, ml.kg−1 15 [9–23] 14 [8–23] 17 [10–22] 0.43

RBC transfusion 25 (31) 11 (28) 14 (35) 0.47

Urapidil use 3 (4) 3 (8) 0 (0) 0.08

Atropine use 2 (3) 0 (0) 2 (5) 0.15

Vasopressors requirements

Norepinephrine (IV infusion) 40 (50) 17 (43) 23 (58) 0.18

Norepinephrine (boluses) 29 (36) 17 (43) 12 (30) 0.24

Ephedrine 9 (11) 1 (3) 8 (20) 0.03

Inotropes use* 9 (11) 4 (10) 5 (13) 1.00

Data are presented as median [interquartile range] or number (%) of subjects. CPB: cardiopulmonary bypass; CABG coronary artery bypass graft, RBC red blood
cell; *: dobutamine and/or milrinone. P value refers to comparison between OFA and OBA groups
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myocardial oxygen consumption [27]. Even if our OFA
patients received a larger intraoperative amount of keta-
mine, no significant difference in postoperative hs-cTnI
level was observed. Magnesium sulfate has a vasodilator
effect and could potentiate the hypotensive effects of
propofol [28]. For this reason, we have administered
magnesium intravenously slowly over a period of 15 min.
Because magnesium sulfate reduces intraoperative
hemodynamic variability, some authors proposed its in-
traoperative use to control sympathetic response to sur-
gery during OFA [29]. Moreover, magnesium sulfate
significantly reduces requirement for anesthetic drugs
and may potentiate neuromuscular blockade in cardiac
surgery patients [30, 31]. Additionally, a high incidence
of postoperative residual curarisation in patients under-
going long duration non-cardiac surgery intervention
and for whom the block is not antagonized [32]. In ac-
cordance with our daily clinical practice, absence of
postoperative residual curarization was systematically
eliminated before to stop propofol infusion and perform
tracheal extubation. Our findings suggest that
dexmedetomidine-based OFA is feasible. Although, dex-
medetomidine has been discontinued in 10 (25%) pa-
tients, the intraoperative use of vasopressors was
comparable between groups. This finding confirms re-
sults obtained from a meta-analysis conducted in non-
cardiac surgery [33]. In addition, we did not observe a
higher incidence of postoperative vasoplegia in the OFA-
group. Previous studies conducted in cardiac surgical

patients reported an increased risk of bradycardia with
dexmedetomidine. However, it should be pointed out
that in these studies dexmedetomidine was used as an
adjunct to an opioid based-anaesthesia strategy.

Opioid sparing effect and analgesia
Dexmedetomidine analgesic and opioid-sparing effects
are dose-dependent and trigger at spinal cord sites as
well as through non-spinal mechanisms [34]. It has been
suggested that alpha-2 agonist receptors activation, in-
hibition of the C and A delta fibres signals conduction,
and the local release of encephalin are the underlying
non-spinal mechanisms of dexmedetomidine to provide
anti-nociception effects [35]. Grant et al. [7] showed that
with an enhanced recovery program for cardiac surgery,
the intraoperative opioid sparing effect was greater when
preoperative acetaminophen, gabapentin, intraoperative
ketamine and dexmedetomidine infusions, and regional
analgesia (via a serratus anterior plane block) were com-
bined. In the analysis of each individual intervention ef-
fect, dexmedetomidine was the molecule associated with
the best intra operative opioid sparing effect [7]. For
non-cardiac surgery, lidocaine combined with dexmede-
tomidine infusion significantly improve postoperative
pain and lower opioid-related side effects such as bowel
function or nausea [36, 37]. Ketamine via its anti N-
methyl-D-aspartate (NMDA) effect reduces postopera-
tive hyperalgesia, provides analgesia, hypnosis and am-
nesia [38]. Ketamine as an analgesic adjunct reduces

Table 3 Peri-operative analgesia in patients receiving opioid-free anaesthesia (OFA) and opioid-based anaesthesia (OBA)

All patients (n = 80) OFA (n = 40) OBA (n = 40) P-value

Intraoperative analgesia

Paracetamol 79 (99) 39 (98) 40 (100) > 0.99

Nefopam 72 (90) 38 (95) 34 (85) 0.26

Ketoprofen 44 (55) 32 (80) 12 (30) < 0.01

Tramadol 2 (3) 2 (5) 0 (0) 0.49

Morphine 33 (41) 1 (3) 32 (80) < 0.01

Ketamine, n (%) 76 (95) 40 (100) 36 (90) 0.12

Ketamine dose, mg 75 [50–100] 90 [75–100] 50 [30–70] < 0.001

Lidocaine, n (%) 50 (63) 40 (100) 10 (25) < 0.01

MgSO4
2− 48 (60) 40 (100) 8 (20) < 0.01

Morphine titration 51 (64) 23 (58) 28 (70) 0.24

Rescue analgesia during first 48 h

Ketoprofen use 30 (38) 18 (45) 12 (30) 0.17

Ketoprofen dose, mg 100 [50–150] 100 [75–200] 100 [50–100] 0.18

Tramadol use 7 (9) 5 (13) 2 (5) 0.43

Tramadol dose, mg 200 [125–425] 200 [100–400] 325 [125–425] 0.57

Oxycodone oral 23 (29) 9 (23) 14 (35) 0.22

Ketamine use 8 (10) 2 (5) 6 (15) 0.26

Data are presented as median [Interquartile range] or number (%) of patients. P value refers to comparison between OFA and OBA groups
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opioid consumption after cardiac surgery and reduces
variability of blood pressure [29, 39]. Some studies sug-
gest an anti-inflammatory effect attenuating the inflam-
matory response to cardiopulmonary bypass and a
delirium preventing effect [40]. By its antagonistic effect
of NMDA receptor, magnesium sulfate minimizes post-
operative pain, reduces requirement for analgesics and
thus may have opioid sparing effect [41, 42]. Maximal
NPRS scores at rest were similar between the two
groups but NPRS scores were lower during coughing in
the OFA-group in accordance with a study conducted in
thoracic surgery [43]. Our present data seem to indicate
that an OFA protocol designed for cardiac surgery could
further decrease perioperative opioid consumption com-
pared to the OBA group that received a multimodal an-
algesia using opioid intraoperatively. The present study
shows that OFA could lower by half the postoperative
opioid consumption. A such reduction should be consid-
ered as clinically relevant regarding to most of the
patients undergoing cardiac surgery are elderly and to
when a cardiac ERAS program is sought to be imple-
mented [6].

Secondary outcomes
The shorter extubation time in patients receiving OFA
may appear to be surprising. No previous study reported
similar result when dexmedetomidine was compared to
remifentanil. However, the fact that surgical re-
exploration for excessive bleeding was 5 times more
frequent in the opioid anesthesia group must have

Table 4 Postoperative outcomes patients receiving opioid-free anaesthesia (OFA) and opioid-based anaesthesia (OBA)
All patients (n = 80) OFA (n = 40) OBA (n = 40) P-value

PaO2/FiO2 ratio at ICU arrival 309 ± 99 327 ± 112 291 ± 81 0.10

Lowest PaO2/FiO2 ratio during first 48 h 238 [188–278] 244 [189–288] 226 [186–273] 0.49

Noninvasive ventilation use 29 (36) 10 (25) 19 (48) 0.04

Time to extubation, hours 3 [2–5] 2 [2–3] 4 [2–7] < 0.01

Reintubation 4 (5) 2 (5) 2 (5) 1.00

Vomiting and/or nausea 8 (10) 3 (8) 5 (13) 0.71

Surgical re-exploration 7 (9) 1 (3) 6 (15) 0.11

Need for vasopressors ≥6 h 23 (29) 13 (33) 10 (25) 0.46

Need for inotropes ≥6 h 9 (11) 4 (10) 5 (13) > 0.99

New onset of atrial fibrillation 23 (29) 7 (18) 16 (40) 0.03

Ventricular arrhythmias* 5(6) 2 (5) 3 (8) > 0.99

Atrioventricular block£ 1 (1) 0 1 (3) > 0.99

Delirium 8 (10) 1 (3) 7 (18) 0.06

ARF (KDIGO stage 2 or 3) 5 (6) 1 (3) 4 (10) 0.36

Hs-cTnI at 12 h, ng. L−1 1700 [918–4925] 1700 [900–3500] 1700 [1000–8200] 0.44

ICU length of stay, hours 48 [41–73] 47 [35–84] 49 [42–73] 0.55

Hospital length of stay, days 12 [9–15] 11 [10–15] 13 [9–15] 0.48

Data are presented as median [Interquartile range] or mean ± standard deviation or number (%) of patients. ICU intensive care unit, * ventricular or fibrillation, £ high-grade
atrioventricular block requiring pacemaker implantation, ARF acute renal failure, KDIGO Kidney Disease Improving Global Outcomes, Hs-cTnI high-sensitivity cardiac troponin I. P
value refers to comparison between OFA and OBA groups

Fig. 1 Box-plot showing the total postoperative morphine
consumption during the first 48 hours in the OFA and OBA groups.
The line inside the box represents the median, box edges represent
25th and 75th percentile and the whiskers represent the minimum
and maximum values
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confounded significantly the length of mechanical
ventilation.
The OFA protocol was associated with better relevant

outcomes in the post-operative course such as new onset
of atrial fibrillation, a common event after cardiac sur-
gery source of great morbidity and mortality [44]. Mag-
nesium sulfate can have a preventive anti-arrhythmic
effect on AF [45]. Dexmedetomidine can also have a
protective effect in on-pump CABG [18] by decreasing
myocardial ischemia-reperfusion and improving myocar-
dium perfusion, anti-inflammatory [46, 47], sympatho-
lytic and parasympathomimetic effect [48]. Lidocaine
has anti-inflammatory effect, increases the cardioprotec-
tive effect of cardioplegia and decreases the risk of
arrythmias but only of ventricular fibrillation [49].
Nevertheless, the incidence of ventricular arrythmias
was too low in our study to show any benefit.
Interestingly, patients receiving OFA trend to present

less postoperative delirium. Even if this difference was
not significant, this beneficial effect may be explained by
the opioid sparing effect observed and/or intrinsic effect
of dexmedetomidine [50]. Moreover, intraoperative use
of lidocaine could be protective against postoperative
cognitive dysfunction modulating the cerebral inflamma-
tion secondary to cardiopulmonary bypass [51].
Our findings suggest the synergistic effect and multiple

action site of the drugs used in the OFA-group could
improve post-operative pain lowering the incidence of
the side effects of each drug. Moreover, the additive
anti-inflammatory effects of each drug may lower the
most frequent postoperative complications.

Limitations
The present study had several limitations, and the fol-
lowing points must be considered in the assessment of
the clinical relevance of our study. First, our work is a
single-centre retrospective observational study which did
not control for any variables between the groups. Conse-
quently, several differences between the two groups
could be observed in baseline patients’ characteristics,
mostly EuroSCORE II, non-elective surgery, LVEF, dia-
betes, dyslipidaemia and Apfel score; but all disadvanta-
ging the OFA-group. Thus, in light of these drawbacks it
could be claimed that a dexmedetomidine-based OFA
for cardiac surgery could offer a good hemodynamic sta-
bility even in more fragile cardiac surgery patients. Sec-
ond, at the moment of the study, OFA was an anesthetic
protocol starting to be implemented within our depart-
ment of anesthesia. Consequently, the thought process
behind one patient being in the OFA group versus the
OBA group was mainly conditioned by the attending
anesthesiologist. This aspect could highlight the benefit
of a clinically well conducted OFA-protocol. This also
explains the long period of time necessary to obtain this

relatively low number of patients and limits its external
validity. Third, in the OBA group the intraoperative use
of anti-hyperalgesic medications such as ketamine and/
or magnesium sulfate and/or lidocaine was left at the
discretion of the attending anesthesiologist. It would
have been easier to compare the OFA and the OBA
group if all patients in the OBA group have received
these anti-hyperalgesic medications. Fourth, remifentanil
use for the opioid-based approach may make this medi-
cation a poor choice when designing a trial that com-
pares an opioid-free to an opioid based approach
because of the potential for this medication could lead
to postoperative hyperalgesia [52]. Fifth, ketamine bo-
luses used for postoperative analgesic management could
not be converted to a morphine equivalent dose, thus
this analgesic administration was not taken into account
for the total morphine consumption. Finally, because all
of the multimodal agents being simultaneously adminis-
tered it appears difficult to clearly determine the specific
role of dexmedetomidine acting as an opioid-sparing
agent. However, the present study offers central clinical
hints on the potential of a dexmedetomidine-based OFA
protocol designed for cardiac surgery patients. Neverthe-
less, only controlled prospective randomized studies will
confirm the present results. Further studies are needed
to determine the optimal associations, dosages, and infu-
sion protocols for cardiac surgery patients.

Conclusion
Our study strongly suggests that dexmedetomidine-
based OFA in adult cardiac surgery is feasible and pro-
vides intraoperative hemodynamic stability. A such an-
aesthetic approach is responsible for postoperative
opioid sparing effect and might have some clinically rele-
vant benefits to improve outcomes.
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