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Abstract

Study objectives: The objective of this study was to determine whether postoperative morphine
requirement in obese patients undergoing laparoscopic bariatric surgery was reduced by opioid-
free anesthesia (OFA), as compared to an anesthetic strategy using opioids (opioid balanced
anesthesia (OBA)) and to investigate the differences that may exist between the use of clonidine

and dexmedetomidine in the context of OFA.

Design: Retrospective cohort study.

Setting: Academic medical center in Lyon, France.

Patients: 257 patients who underwent laparoscopic bariatric surgery between March 2017 and
March 2019. 77 patients were included in the OBA group and 180 in the OFA group. The OFA
group was subdivided in two: 90 patients received OFA with clonidine (OFAC) and 90
received OFA with dexmedetomidine (OFAD).

Measurements: Proportion of patients who did not receive morphine during the first 24

postoperative hours.

Main results: During the first 24 postoperative hours, the proportion of patients who did not
require morphine was significantly higher in the OFA (87%) than in the OBA (52%) group
(OR: 6.31; 95% CI [3.38; 11.80], P < 0.001). This difference remained significant after
adjustment for age, body mass index, sex, type and duration of surgery (OR: 7.99; 95% CI
[4.05;16.48], P <0.001). A greater proportion of patients in the OFAD (93%) than in the OFAC
group (81%, P = 0.026) did not receive morphine during the same period.

Conclusions: OFA is associated with a lower morphine requirement than with OBA during the
first 24 hours after bariatric surgery. In addition, OFAD seems to be more effective than OFAC

in order to reduce morphine consumption.



Introduction

Opioids are widely used for perioperative analgesia. However, their perioperative use is
associated with postoperative hyperalgesia with increased analgesic requirements,
postoperative nausea and vomiting (PONV), ileus, urinary retention, and respiratory adverse
events [1-5]. Multimodal analgesia, which is recommended by the Enhanced Recovery After
Surgery (ERAS) guidelines, is an example of an opioid-sparing technique which aim is to
decrease postoperative pain with a reduced use of intra- and postoperative opioids and their
adverse effects [6-8].

This idea has recently been pushed further with the use of opioid-free anesthesia (OFA),
a multimodal analgesia strategy based on the use of other drugs [9,10]. For instance, alpha-2
agonists (clonidine and dexmedetomidine) have been proposed to ensure intraoperative
hemodynamic stability as they are direct sympathetic blockers [11,12]. These drugs exhibit
interesting pharmacological characteristics (i.e. sedation, hypnosis, anxiolysis, sympatholysis,
and analgesia) in the context of multimodal analgesia [11,12]. Their intraoperative use has been
associated with a decrease in morphine consumption and respiratory events [13].

This property seems particularly interesting in severe obese subjects, a patient
population experiencing frequent episodes of oxygen desaturation after laparoscopic bariatric
surgery [14]. Moreover, these patients are at high risk of PONV and avoiding morphine
consumption in the postoperative period can reduce the PONV occurrence [15]. However, the
evidence of the reduction of opioid-related complications with the use of OFA remains low and
the incidence of bradycardia reported with dexmedetomidine seems significant [16].
Concerning clonidine, only one study assessed its effectiveness in OFA [17]. Furthermore, no
study has ever compared clonidine-based OFA, dexmedetomidine-based OFA, and opioid
balanced anesthesia.

We therefore conducted a cohort study which primary aim was to test the hypothesis



that postoperative morphine requirement in obese patients undergoing laparoscopic bariatric
surgery could be decreased when using OFA as compared to an anesthetic strategy using
opioids. One of the secondary objectives was to compare OFA with dexmedetomidine (OFAD)

and OFA with clonidine (OFAC) in order to determine the optimal molecule to use.



Materials and Methods

Study Design and Setting

This historical cohort study was approved by the institutional review board of the
Hospices Civils de Lyon; 5 Quai des Celestins; 69002 Lyon France (Chairperson, Pr Guérin)
on May 13, 2020 (Ethical Committee N°IRB 20-60) and by the National Commission for
Information Technology (Commission Nationale de I’Informatique et des Libertés, CNIL),
according to French law [18]. An information letter was sent to each eligible patient after their
surgery, providing also the possibility to refuse to be included in the study.

Patients who underwent elective laparoscopic bariatric surgery (bypass or sleeve
gastrectomy) between March 6, 2017 and March 25, 2019 were identified in the anesthesia
database and in electronic patient records (Edouard Herriot hospital, Hospices Civils de Lyon,
Lyon, France). This study period allowed for the inclusion of patients who received an
anesthetic strategy using opioids and others who received OFA. Practice evolved in December
2017, when we stopped using intraoperative opioids, first using clonidine from December 5,
2017 to September 21, 2018, and then using dexmedetomidine from September 24, 2018 to
March 25, 2019, allowing for the distinction of 3 periods of time. No other changes in the
anesthesia management of patients were implemented. Our observational study follows the
Strengthening the Reporting of Observational studies in Epidemiology guidelines and was
conducted in accordance with the Declaration of Helsinki.

Patients

All patients aged 18 years or above who had undergone bariatric surgery during this
period were eligible. Non-inclusion criteria were atrioventricular conduction disorders,
coronary heart disease with stenting during the past year, allergy to neuromuscular blocking

agents, cirrhosis, laparotomy conversion, opioid treatment before surgery.



Anesthesia management

For all patients, general anesthesia was induced with 3 mg/kg propofol (current body
weight, CBW), then maintained with volatile anesthetics (sevoflurane or desflurane) or
continuous infusion of propofol depending on the choice of the anesthetist. In all cases,
anesthesia depth was monitored with the bispectral index of the encephalogram with values
maintained between 40 and 60 by adapting the dosage of hypnotics (sevoflurane, desflurane or
propofol) administration. After induction of anesthesia, an intravenous 1.5 mg/kg lidocaine
bolus was administered over 10 min (with a maximal dose of 100 mg) followed by a continuous
infusion of lidocaine 2 mg/kg/h. After skin closure, lidocaine infusion rate was reduced to 1
mg/kg/h until discharge from the post-anesthesia care unit (PACU). Lidocaine dosage was
based on the adjusted body weight (ABW) defined by the following formula: ABW = ideal
body weight (IBW) + 0.4 x (CBW - IBW) [19]. Muscle relaxation was achieved with 0.2 mg/kg
cisatracurium (ABW) and monitored using post-tetanic count and train of four, succinylcholine
was used if rapid sequence induction was required (1 mg/kg CBW). All patients received 50
mg/kg magnesium (ABW) and 0.15 mg/kg dexamethasone (ABW) during anesthesia induction
and 1.25 mg droperidol at the end of surgery.

In order to avoid deep and/or prolonged hypotension and, in accordance with the
principle of personalized care for each patient, the anesthesiologist in charge used ephedrine,
phenylephrine and/or norepinephrine to maintain the blood pressure close to the patient’s usual
values (within 80 to 120% of baseline value). Volume-controlled mechanical ventilation was
initiated using a tidal volume between 6 and 8 ml/kg based on IBW and a positive expiratory
end pressure between 8 and 10 cm of water. Ventilator frequency was adjusted to obtain an
end-tidal carbon dioxide close to 40 mmHg and inspired oxygen fraction in air was titrated to
have a pulse oxygen saturation above 96%. Recruitment maneuvers were performed after

orotracheal intubation and then every 30 minutes until the end of the procedure.



Postoperative analgesia was provided by the combination of acetaminophen (1 or 2 g
intravenously 30 min before the end of surgery then every 6 h if needed), ketoprofen (100 mg
intravenously during induction and then 50 mg every 6 h if needed), nefopam (20 mg
intravenously 30 min before the end of surgery and then every 4 h if needed), and/or tramadol
(100 mg intravenously 30 min before the end of surgery and then every 8 h if needed).

The Opioid Balanced Anesthesia (OBA) group included patients operated between
March 2017 and December 2017. The OBA group received remifentanil (Target Controlled
Infusion, TCI, Minto model) during the whole anesthesia and 0.2 mg/kg ketamine (IBW) during
induction. Morphine was delivered intravenously 30 min before the end of surgery for
postoperative analgesia (0.05 mg/kg ABW).

The OFA group with clonidine adjuvant (OFAC) included patients operated between
December 2017 and September 2018. The OFAC group received a clonidine bolus of 2 or 3
ug/kg (ABW) over 10 minutes before induction. During the intraoperative period, a second
administration of clonidine 0.5 pg/kg (ABW) was performed in case of tachycardia or
hypertensive episode.

The OFA group with dexmedetomidine adjuvant (OFAD) included patients operated
between September 2018 and March 2019. Dexmedetomidine dosage was based on CBW.
Before induction patients received a loading dose of dexmedetomidine 1.4 pg/kg/h during 10
min, followed by a continuous infusion stopped after exsufflation. Intraoperative infusion of
dexmedetomidine was let at the discretion of the anesthetist in charge but should always be
comprised between 0.5 to 1 ug/kg/h.

The OFA group included all patients from the OFAC and OFAD groups. All these
patients received 0.5 mg/kg ketamine (IBW) before induction. For all of them, the anesthetist
in charge was free to start administration of remifentanil during the intraoperative period if he

deemed it necessary.



In the PACU, postoperative pain was managed for the three groups with an intravenous
morphine titration to keep visual analogue scale (VAS) below 4, after approval of the
anesthesiologist in charge. Patients complaining of PONV in the PACU received ondansetron.

Lastly, the team in charge consisted of anesthesiologists familiar with the use of OFA
as well as surgeons with extensive experience in the practice of bariatric surgery. The members
of this team were the same during the whole study period.

Outcomes

The time when observation started was set at the patient arrival in the operating room.
The following patient characteristics were recorded: age, sex, body mass index (BMI), presence
of obstructive sleep apnea syndrome, type (sleeve gastrectomy or bypass), administered
intraoperative dose of remifentanil or alpha-2 agonists (clonidine or dexmedetomidine),
morphine consumption during the first 24 postoperative hours, readmission during the 30
postoperative days for PONV. During surgery, non-invasive blood pressure, heart rate,
vasopressor use, type of hypnotic used for the maintenance of anesthesia (sevoflurane,
desflurane or continuous infusion of propofol) and duration of surgery were recorded. During
the PACU stay, antiemetic and morphine consumption, non-invasive blood pressure, heart rate,
length of stay and VAS were recorded. In the ward, VAS, antiemetic consumption and length
of stay were recorded.

The primary effectiveness endpoint was, for each group, the proportion (%) of patients
who did not receive morphine during the first 24 postoperative hours. Secondary endpoints
were antiemetic consumption, VAS, morphine consumption, maximum and minimum systolic
blood pressure, and heart rate during the PACU stay; intraoperative occurrence of
cardiovascular events (defined as change in heart rate or arterial pressure of more than 20%

from pre-induction value) and need for vasopressor use; lengths of PACU and hospital stay;



antiemetic consumption and VAS in the ward; and proportion of readmission during the first
24 postoperative hours.

Statistical Analyses

At the time of the study design, the number of patients of the OFAC group was known
and could not be changed (n = 90). It was agreed to return to patient records to obtain
approximately the same number of patients in the OBA group, and to wait for recruitment of
the same number of patients in the OFAD group. Assuming a mean percentage of patients
without morphine during the first 24 postoperative hours of 20% across all groups, a percentage
of 10% in the OBA group, of 20% in the OFAC group, and of 40% in the OFAD one
(corresponding to a variance of 0.016 between groups of this percentage), the inclusion of 90
patients per group resulted in a power greater than 90% [20]. Continuous variables are
expressed as mean # standard deviation (SD) or as median [1* and 3™ quartile] and categorical
variables as frequency and percentages. Comparisons of outcomes between groups were
performed using Wilcoxon and Kruskall-Wallis tests, or by the Fisher’s exact and Chi-squared
tests. Treatment effect (OBA/OFA) was quantified by odds ratios with 95% confidence
intervals (CI). Multivariate analyses were adjusted on age, sex, BMI, as well as type and
duration of surgery for morphine use, and on sex and intraoperative use of continuous propofol
infusion for antiemetic rescue medication. A p-value less than 0.05 was considered as
statistically significant. Analyses were performed using R software (R Development Core Team
(2019) R: A language and environment for statistical computing R Foundation for Statistical

Computing, Vienna, Austria).



Results

Patients

A total of 274 consecutive patients were screened for eligibility and 257 were included
in the study with 77 patients in the OBA group, 90 in the OFAC group, and 90 in the OFAD
group (Figure 1). No significant difference was observed between the 3 groups in terms of
patient and surgery baseline characteristics such as age, BMI, sex, occurrence of preoperative
obstructive sleep apnea syndrome as well as type and mean duration of surgery (Table 1).
Morphine consumption during the first 24 postoperative hours

During the first 24 postoperative hours, the proportion of patients who did not require
morphine was significantly higher in the OFA (87%) than in the OBA (52%) group (OR: 6.31;
95% CI[3.38; 11.80], P <0.001). This difference remained significant after adjustment for age,
BMLI, sex, as well as type and duration of surgery (OR: 7.99; 95% CI [4.05; 16.48], P < 0.001).
A greater proportion of patients in the OFAD (93%) than in the OFAC (81%; P = 0.026) group
did not receive morphine during the same period. The mean + SD morphine [1* and
3" quartiles] consumption during the first 24 postoperative hours was 2 + 3 [0, 4] mg in the
OBA group, 1 + 3 [0, 0] mg in the OFAC group, and 1 =4 [0, 0] mg in the OFAD group (P <
0.001). In the OFAC group, the proportion of patients who did not require any morphine during
the first 24 postoperative hours was significantly higher in patients who did not receive
remifentanil (85%) compared to those who did (44%; P = 0.011). Moreover, in the OFAC
group, the mean * SD morphine [1**and 3™ quartiles] consumption during the first 24
postoperative hours was 1 + 3 [0, 0] mg in patients who did not receive any remifentanil and 3
+ 4 [0, 5] mg in patients who received remifentanil (P = 0.003).
Postoperative nausea and vomiting

In PACU, a statistically lower proportion of patients in OFA group (4%) required

antiemetic rescue medication than in the OBA (17%) group (OR: 0.20; 95% CI [0.08-0.52], P
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=0.001). This reduction remained significant after adjustment for sex and intraoperative use of
continuous infusion of propofol (OR: 0.1; 95% CI [0.02; 0.41], P < 0.001). No significant
difference in the frequency of antiemetic rescue medication use in PACU was observed between
the OFAC (3%) and OFAD groups (4%; P = 1). During the first 24 postoperative hours, the
proportion of patients who required antiemetic rescue medication was not significantly different
between the OBA (36%) and the OFA (41%) groups (P = 0.566). No significant difference was
found between the OBA and OFA groups concerning the proportion of patients readmitted
during the 30 postoperative days due to PONV: 1% in the OBA group vs. 2% in the OFA group
(P=1).
Perioperative hemodynamic parameters, VAS score and hospital length of stay

During surgery, patients in the OFA group received less vasopressors but experienced
more episodes of hypertension than those from the OBA group (Table 2). In PACU, patients
from the OFA group exhibited lower VAS score and longer length of stay than those from the
OBA group (Table 2). During surgery, patients in the OFAC group presented more tachycardia
episodes and required more frequently intraoperative remifentanil rescue therapy due to
hemodynamic instability than those from the OFAD group (Table 3). No significant difference
was found between the OBA and OFA groups concerning the mean + SD hospital length of

stay (3 £ 3 days vs. 3 + 2 days; P = 0.583).
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Discussion

The present study found that the use of OFA during bariatric surgery was associated
with a lower morphine requirement during the first 24 postoperative hours compared to an
anesthetic strategy using opioids and that OFAD reduced postoperative morphine requirements
compared to OFAC. Moreover, the use of OFA appeared safe and was associated with a
reduction of antiemetic rescue medication in the PACU compared to an anesthetic strategy
using opioids.

Patients from the OBA group exhibited higher postoperative pain scores in the PACU
compared to those from the OFA group. This may be partly related to the stimulation of alpha-
2 receptors in the brain and spinal cord by alpha-2 agonists (clonidine, dexmedetomidine) which
inhibit neuronal firing leading to analgesia: pain transmission is suppressed by
hyperpolarization of interneurons and reduction of the release of pronociceptive transmitters
such as substance P and glutamate [12]. A second explanation could be related to the reduction
of opioid-induced hyperalgesia, which is characterized by a state of nociceptive sensitization
caused by exposure to opioids [1,21]. Furthermore, intraoperative administration of opioids,
especially remifentanil, is known to be associated with a significant pain increase after surgery
[22]. This was confirmed herein as avoiding the intraoperative use of remifentanil led to a
positive impact on postoperative pain and morphine consumption. In addition, decreasing
opioid consumption could have other benefits, particularly in the setting of bariatric surgery as
suggested by the ERAS guidelines [6]. For instance, the high incidence of obstructive sleep
apnea syndrome in obese patients exposes them to the risk of perioperative respiratory events
[14,23]. As perioperative opioid consumption is known to be associated with an increased
occurrence of apnea [24,25], OFA could also be associated with fewer postoperative respiratory
complications as reported by Mulier ef al. who found that OFA led to fewer patients with

postoperative oxygen desaturation in the PACU [13]. Morphine consumption is also known to
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increase the occurrence of PONV, which is also one of the most common postoperative
complications after bariatric surgery [15,26]. Herein, OFA was associated with a reduction in
the proportion of patients using antiemetic rescue medication in the PACU. This result remained
significant even after adjustment for sex and intraoperative use of continuous infusion of
propofol, a medication known to reduce PONV as compared to inhaled anesthetics [2,27]. This
reduction in PONYV linked to the OFA use is supported by a randomized controlled study that
demonstrated, during bariatric surgery, a significant decrease in their occurrence in the OFA
group [28]. This potential reduction of PONV is of particular interest because patients
undergoing bariatric surgery, as stated in the ERAS guidelines, often present many risk factors
of PONV [6].

OFA requires the use of a drug ensuring hemodynamic stability. Like most of the
published studies on OFA [29-31], we chose to use alpha-2 agonists to meet this need.
However, as they are direct sympathetic blockers, concerns remain regarding the occurrence of
perioperative hypotension associated with their use, as described by Feld er al. [29]. In the
present study, we found that the use of OFA was associated with a lower intraoperative use of
ephedrine and vasopressors than with OBA. Although the occurrence of intraoperative
hypotension was similar in the two groups, the reduction in the use of vasopressors associated
with OFA suggests that hypotensive episodes in this group were less profound and/or shorter.
This is of particular interest as intraoperative hypotension is associated with postoperative
complications such as PONV, acute kidney injury and myocardial injury [32,33]. Conversely,
OFA was associated with higher frequency of intraoperative hypertension. These results are
consistent with those reported by Bello et al. who used OFA in the setting of thoracic surgery
[17]. None of the patients herein, however, required the use of other antihypertensive drugs,
suggesting that hypertensive episodes were short and/or moderate. Interestingly, during the

PACU stay, we observed more frequent episodes of hypertension in the OBA group than in the
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OFA group, as previously described by Mulier et al. [13]. This result could be linked to the
lower pain observed in the OFA group.

The use of OFA remains controversial, particularly because of its potential bradycardic
effects. The Postoperative and Opioid-free Anesthesia (POFA) trial was stopped prematurely
because of five cases of severe bradycardia in the dexmedetomidine group [16]. We did not
observe any severe bradycardia event in our cohort. This difference may be explained by the
higher dosage of dexmedetomidine used in the POFA trial (the mean dosage of the continuous
infusion was 1.2 + 2 pg/kg/h in the POFA trial whereas patients from our study received a
loading dose of dexmedetomidine 1.4 pg/kg/h during 10 min followed by a continuous infusion
of 0.5 to 1 ug/kg/h). Moreover, in the POFA trial, the use of dexmedetomidine was more
prolonged (dexmedetomidine stopped at the end of surgery in the POFA trial vs. stopped at
exsufflation in our study). These results raise the key question of the optimal dosage of
dexmedetomidine, which remains at this time unclear. In our study, dexmedetomidine infusion
rate was left at the discretion of the anesthetist but had to remain below 1 pg/kg/h. With this
administration protocol, we do not report any increased risk of bradycardia, suggesting that
OFA may safely be used with a lower dosage in the context of laparoscopic bariatric surgery.

A higher proportion of patients in the OFAD group did not receive morphine during the
first 24 hours after surgery as compared to patients in the OFAC group. This finding is
consistent with the data from Blaudszun et al. who report that morphine sparing after surgery
performed during general anesthesia using dexmedetomidine was more pronounced than with
the use of clonidine [34]. This result is reinforced by the fact that patients in the OFAC group
herein experienced more frequently tachycardia and required more frequently intraoperative
remifentanil rescue therapy due to hemodynamic instability than those in the OFAD group. This
could be explained by the pharmacological characteristics of dexmedetomidine. Even if

dexmedetomidine has a shorter half-life than clonidine (2 hours vs. 15 hours), its affinity for
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alpha-2 receptors is eight times that of clonidine [35]. This could also explain the prolonged
PACU length of stay in the OFAD group (which had no impact on hospital length of stay)
which has also been reported by Choi ef al. in the dexmedetomidine group after thyroid surgery
[36].

The study, however, has certain limitations. First, it is retrospective, which could explain
why some data are missing. Nevertheless, this concerned only the total dose of
dexmedetomidine administered in few patients, and therefore does not affect the conclusions of
the study. Second, we could not evaluate postoperative respiratory events because patients were
not continuously monitored in the ward. Third, given the retrospective and observational design
of this study, we cannot establish any causal relationship. Fourth, since the present study is not
a randomized controlled trial, other confounding factors may also have interfered with our
results such as the use of continuous infusion of propofol vs. the use of volatile anesthetics.
Nevertheless, the major prognostic factors were taken into account in the multivariate analysis.
Likewise, 2 years separate the first and the last patients included. During this time,
anesthesiologists’ practices slightly evolved, with an increase in ketamine dosage for induction
(from 0.2 mg/kg in the OBA group to 0.5 mg/kg in the OFA group). However, as a single dose
bolus only was administered, it is unlikely to be responsible for differences that persist 24 hours
[37,38]. Fifth, only 77 patients were included in the OBA group but this did not prevent from
showing some significant differences between groups. This could be explained by the increase
over time of the number of patients undergoing laparoscopic bariatric surgery in our hospital:
the OBA period lasted approximately 9 months with 77 patients included whereas the OFAD
period lasted approximately 6 months with 90 patients included. Finally, the anesthesiologist
from the PACU, responsible for morphine and antiemetic prescriptions within the PACU, was

not aware of this retrospective study but was aware of each patient’s protocol (OBA, OFAC, or
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OFAD). Thus, subjectivity may also have slightly influenced morphine and antiemetic

administration in the PACU.
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Conclusion

In obese patients undergoing bariatric surgery, OFA was safely associated with a
reduction in morphine consumption during the first 24 postoperative hours as compared to

OBA. Interestingly, OFAD was associated with a lower morphine requirement than OFAC.
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Tables

Table 1: Patient and surgery baseline characteristics

OBA OFAC OFAD
P value
(m=177) (n=90) (n=90)
Age, years 47 [37-53] 44 [31-53] 47 [37-55] 0.092F
Body Mass Index, kg/m? 43 [38-47] 42 [39-47] 43 [39-47] 0.785%
Women, n (%) 49 (64) 64 (71) 64 (71) 0.495%
OSAS, n (%) 40 (52) 38 (42) 47 (52) 0.319%
Type of surgery, n (%)
Bypass 45 (58) 42 (47) 46 (51) 0.312%
Sleeve 32 (42) 48 (53) 44 (49)
Length of surgery, min 125 [97-157] 114 [92-139] 106 [83-145] 0.082+
Total dose clonidine, pg 0 [0-0] 270 [240-300] 0 [0-0]
Total dose dexmedetomidine, pug* 0 [0-0] 0 [0-0] 237 [185-290]
Total dose remifentanil, pug 1210 [1030-1420] 535 [398-756] ** 0 [0-0]
Hypnotics, n (%)
Sevoflurane 5(7) 4 (4) 3 (4) 0.707 %%
Desflurane 70 (90) 47 (52) 21 (23) 0.001%
Propofol 2(3) 39 (43) 66 (73) <0.001%

Data are expressed as median [interquartile range] or number (percentage).

*Total dose of dexmedetomidine was missing for 6 patients in the OFAD group.
**Total dose of remifentanil only among patients who received remifentanil in the OFAC group

n=9).

**+*Fisher’s exact Test
TKruskall-Wallis test
tChi-squared test
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OSAS: obstructive sleep apnea syndrome; OBA: opioid balanced anesthesia; OFAC: opioid-free
anesthesia with clonidine adjuvant; OFAD: opioid-free anesthesia with dexmedetomidine adjuvant.
OSAS: obstructive sleep apnea syndrome.
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Table 2: Intra- and postoperative parameters in the OBA and OFA groups

OBA OFA
P value
(n=77) (n=180)
Bradycardia, n (%) 58 (75) 115 (64) 0.100*
Tachycardia, n (%) 53 (69) 114 (63) 0.482%*
Hypotension, n (%) 76 (99) 177 (98) 1%
Intraoperative . "
parameters Hypertension, n (%) 29 (38) 100 (56) 0.013
Ephedrine use, mg 30 [18-30] 20 [12-30] 0.007+
Vasopressor use, n (%) 49 (64) 72 (40) 0.001*
Continuous infusion of propofol, n (%) 23 105 (58) <0.001*
Highest SAP, mmHg 146 [133-163] 121 [110-132] <0.0017
Lowest SAP, mmHg 122 [113-139] 98 [89-108] <0.001%F
Highest heart rate, beats/min 99 [90-108] 87 [79-97] <0.001%F
Lowest heart rate, beats/min 82 [70-90] 69 [61-76] <0.001%F
PACU
PACU length of stay, min 73 [60-90] 88 [71-121] <0.001%F
Morphine administered, mg*** 2+3,0[0-4] 0+2,0[0-0] <0.001%
Patients not requiring morphine, n (%) 43 (56) 166 (92) <0.001*
Highest VAS score 3[1-6] 1[0-4] <0.001%F
Ward Highest VAS score in the first 24 3[1-6] 3[2-5] 0.583+

postoperative hours

Data are expressed as median [interquartile range] or number (percentage).

* Chi-squared test

**Fisher test

***Due to the high number of 0 concerning morphine administered in PACU, the median is equals to
0 in the two groups. Because of a non-Gaussian distribution concerning morphine administered in
PACU and to be more informative, data are expressed as mean + standard deviation and as median

[interquartile range].

TWilcoxon test
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OBA: opioid balanced anesthesia; OFAC: opioid-free anesthesia with clonidine adjuvant; OFAD:
opioid-free anesthesia with dexmedetomidine adjuvant. PACU: post-anesthesia care unit. SAP:
systolic arterial pressure.
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Table 3: Intra- and postoperative parameters according to the type of alpha-2 adjuvant

used for opioid-free anesthesia.

OFAC OFAD
P value
(n=90) (n=90)
Bradycardia, n (%) 57 (63) 58 (64) 1*
Tachycardia, n (%) 64 (71) 50 (56) 0.044*
Intraoperative : .
parameters Hypotension, n (%) 87 (97) 90 (100) 0.246
Hypertension, n (%) 48 (53) 52 (58) 0.653*
Remifentanil administration (rescue), n 9 (10) 0.(0) 0.003%*
(%)
Highest SAP, mmHg 127 [117-136] 117 [106-128] <0.001%
Lowest SAP, mmHg 103 [93-113] 95 [87-102] <0.001%
Highest heart rate, beats/min 94 [85-104] 83 [76-90] <0.001F
PACU
Lowest heart rate, beats/min 73 [67-84] 64 [59-71] <0.001F
Patients not requiring morphine, n (%) 73 (81) 84 (93) 0.026*
PACU length of stay, min 84 [65-102] 100 [76-130] 0.0037
Morphine administered, mg*** 1+2, 0 [0-0] 0%1, 0 [0-0] 0.001%
Highest VAS score 3[1-5] 0[0-1] <0.001F
Ward Highest VAS score in the first 24 3 [1-4] 3 [2-6] 0.054+

postoperative hours

Data are expressed as median [interquartile range] or number (percentage).

*Chi-squared test

**Fisher test

*#*%* Due to the high number of 0 concerning morphine administered in PACU, the median is equals to
0 in the two groups. Because of a non-Gaussian distribution concerning morphine administered in
PACU and to be more informative, data are expressed as mean + standard deviation and as median
[interquartile range].

TWilcoxon test

OFAC: opioid-free anesthesia with clonidine adjuvant; OFAD: opioid-free anesthesia with
dexmedetomidine adjuvant. PACU: post-anesthesia care unit. SAP: systolic arterial pressure.
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Fig. 1. Study flow chart
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