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Abstract

Background: The aim of the study was to evaluate the feasibility of 
the opioid-free anesthesia (OFA) technique with dexmedetomidine, 
esketamine, and lidocaine among patients diagnosed with benign 
breast mass and scheduled for lumpectomy.

Methods: We enrolled 80 female patients who were aged from 18 
to 60 years, graded with American Society of Anesthesiologists 
physical status I or II, diagnosed with benign breast mass, and 
scheduled for lumpectomy. These patients were randomly treated 
with OFA or opioid-based anesthesia (OBA). Dexmedetomidine-
esketamine-lidocaine and sufentanil-remifentanil were adminis-
tered in OFA and OBA group, respectively. We mainly compared 
the analgesic efficacy of OFA and OBA technique, as well as intra-
operative hemodynamics, the quality of recovery, and satisfaction 
score of patients.

Results: There was no significant difference between the two groups 
with regard to visual analogue scale (VAS) score at 2, 12, and 24 h 
after extubation. However, the time to first rescue analgesic was pro-
longed in OFA group than that in OFB group (6.18 ± 1.00 min vs. 7.40 
± 0.92 min, P = 0.000). Further, mean arterial pressure and heart rate 
at T0 (entering operating room), T1 (before anesthesia induction), T2 
(immediately after intubation), T3, T4, and T5 (1, 5, and 10 min af-
ter surgical incision, respectively) were significantly higher in OFA 
group than that in OBA group. Incidence of hypotension and brady-
cardia was lower in OFA group. Consistently, fewer patients in OFA 
group consumed atropine (8% vs. 32%, P = 0.019) and ephedrine (5% 
vs. 38%, P = 0.001) compared to OBA group. Furthermore, patients 

in OFA group had a longer awakening time (7.14 ± 2.63 min vs. 4.54 
± 1.14 min, P = 0.000) and recovery time of orientation (11.76 ± 3.15 
min vs. 6.92 ± 1.19 min, P = 0.000). Fewer patients in the OFA group 
experienced postoperative nausea and vomiting (PONV) (11% vs. 
51%, P = 0.000) and consumed ondansetron (5% vs. 35%, P = 0.003) 
compared to OBA group. And patients in OFA group had a higher 
satisfaction score than those in OBA group (9 (8 - 9) vs. 7 (7 - 8), P 
= 0.000).

Conclusion: For patients undergoing lumpectomy, OFA technique 
with dexmedetomidine-esketamine-lidocaine showed a better postop-
erative analgesic efficacy, a more stable hemodynamics, and a lower 
incidence of PONV. However, such advantage of OFA technique 
should be weighed against a longer awakening time and recovery 
time of orientation in clinical practice.
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Introduction

Opioids are usually associated with various adverse events 
such as respiratory depression, muscle rigidity, pruritus, chills, 
urinary retention, nausea, vomiting, drug tolerance, addiction, 
and hyperalgesia [1, 2]. Opioid tolerance and hyperalgesia can 
lead to increased postoperative opioid use and related side ef-
fects [3]. The traditional opioid-based anesthesia (OBA) tech-
nique is increasingly being challenged due to opioid-related 
adverse events [4] and the global opioid crisis. Accordingly, 
diverse opioid-sparing or opioid-free anesthesia techniques 
have been explored.

Some studies suggested a multimodal administration of 
nonopioid agents including α2-receptor agonists such as clo-
nidine and dexmedetomidine, N-methyl-D-aspartate (NMDA) 
antagonists such as ketamine and esketamine, non-steroidal 
anti-inflammatory drugs, as well as local anesthetics such as 
lidocaine can provide stable intraoperative hemodynamics 
without compromising perioperative analgesia. For example, 
Hublet et al [5] reported that a combination of continuous in-
travenous (IV) infusion of dexmedetomidine, esketamine, and 
lidocaine reduced postoperative pain and opioid requirement 
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in patients undergoing pancreatic surgery. Similarly, Toleska 
et al reported in patients undergoing laparoscopic cholecystec-
tomy, opioid-free anesthesia (OFA) with lidocaine, ketamine, 
and magnesium sulphate showed a lower pain score at rest and 
coughing, as well as a reduced postoperative opioid consump-
tion [6]. However, in Beloeil et al’ s study [7], compared with 
remifentanil, OFA with dexmedetomidine resulted in a higher 
incidence of serious adverse events, especially hypoxemia and 
bradycardia during major or intermediate noncardiac surgery. 
Collectively, current literature is inconsistent with regard to 
the definition of OFA and its advantage compared to tradition-
al OBA technique.

Lumpectomy is largely day surgery for breast disease and 
a key limiting factor for success is the development of postop-
erative pain, nausea, or vomiting. As OFA is reported to have 
an opioid sparing effect, the feasibility of OFA technique in 
patients scheduled for lumpectomy remains largly unknown. 
Thus, this study was designed to compare the analgesic effect, 
hemodynamic fluctuations, quality of recovery, and postopera-
tive adverse events in patients who scheduled for lumpectomy 
under OFA versus OBA.

Materials and Methods

Trial design and participants

This parallel trial was approved by the Institutional Ethics 
Committee of Nanjing Maternity and Child Health Care Hos-
pital (2020KY071) and was registered at the Chinese Clinical 
Trial Registry (ChiCTR2100044230). The study was conduct-
ed in compliance with the ethical standards of the responsible 
institution on human subjects as well as with the Helsinki Dec-
laration.

Non-smoking patients aged 18 to 60 years, graded with 
American Society of Anesthesiologists (ASA) physical status 
classes I or II, diagnosed with benign breast mass, and planned 
to undergo lumpectomy were invited to participate in the study 
the day before surgery. Patients having a history of chronic pain, 
motion sickness, postoperative nausea or vomiting (PONV), or 
patients with allergies to any study medication were excluded. 
If preoperative heart rate (HR) was lower than 50 beats/min, 
or oxygen saturation detected by pulse oximetry (SpO2) was 
less than 95%, the patient was excluded as well. Once enrolled, 
a written informed consent was obtained. And this study was 
conducted between March 2021 and March 2022.

Randomization and blinding

Eligible participants were assigned to receive either OFA or 
OBA technique through a computer-generated randomization 
allocation protocol. Numbers with regard to the study group as-
signment were sealed. Once the patient entering the operating 
theater, the group assignment number was allocated to deter-
mine which anesthesia regimen would be given. Except for the 
anesthesiologist in charge of the patient, the other study mem-
bers and the patients were blinded to the group assignment.

Characteristics of patients

The following general information were collected in this study: 
age, height, and weight of the patient, anesthesia time, surgery 
time, and blood loss.

Intraoperative anesthetic management

Routine monitoring was applied for patients in the operating 
theater including HR, electrocardiogram (ECG), noninvasive 
blood pressure (NIBP), respiratory rate (RR), SpO2, partial 
pressure of end-tidal carbon dioxide (PetCO2). Before anes-
thesia induction, patients were preoxygenated for 3 - 5 min, IV 
injected with dexamethasone 5 mg and penehyclidine hydro-
chloride 0.01 mg/kg.

For patients receiving OFA technique, a loading dose of 
dexmedetomidine (0.5 µg/kg IV over 10 min), together with 
esketamine (0.1 mg/kg) and lidocaine (1.5 mg/kg) was slowly 
IV injected. Then, anesthesia induction was performed with 
midazolam (0.03 - 0.04 mg/kg), propofol (1.5 - 2.0 mg/kg), 
and cisatracurium (0.2 - 0.3 mg/kg). After establishment of la-
ryngeal mask airway, anesthesia was maintained with propofol 
(4 - 6 mg/kg/h), dexmedetomidine (0.1 - 0.2 µg/kg/h), esketa-
mine (0.1 - 0.2 mg/kg/h) and lidocaine (1 - 1.5 mg/kg/h).

For patients in the OBA group, anesthesia induction was 
conducted with sufentanil (0.2 - 0.4 µg/kg), together with mi-
dazolam (0.03 - 0.04 mg/kg), propofol (1.5 - 2.0 mg/kg), and 
cisatracurium (0.2 - 0.3 mg/kg). During the operation, anesthe-
sia was maintained with propofol (4 - 6 mg/kg/h) and remifen-
tanil (0.1 - 0.3 µg/kg/min).

During the surgery, additional muscle relaxant was supplied 
if needed. Mechanical ventilation was performed with a tidal 
volume set at 6 - 8 mL/kg to maintain PetCO2 between 35 and 45 
mm Hg. SpO2 was kept at higher than 95%. Ten minutes before 
the end of the surgery, IV dezocine 5 mg and ondansetron 4 mg 
were administered. At the end of the surgery, we terminated all 
of the medication. Atropine (10 µg/kg) and neostigmine (50 µg/
kg) were applied to reverse the residue muscle relaxant. Patients 
were extubated if conscious recovered and spontaneous aspira-
tion returned, and thereafter transferred to the post-anesthesia 
care unit (PACU). Only patients with a Steward score higher 
than 4 were allowed to discharge [8].

Intraoperative and postoperative management

During anesthesia, bradycardia was defined as HR < 45 bpm 
and treated with bolus atropine 0.5 mg. Besides, intraoperative 
hypotension and hypertension was defined as mean arterial 
pressure (MAP) < 60 mm Hg and > 120 mm Hg, and treated 
with bolus ephedrine 6 mg and urapidil 5 - 10 mg, respectively.

Postoperatively, no regular analgesic was used in our 
study. The visual analogue scale (VAS) was used for the evalu-
ation of pain. VAS was scored on 0-to-10 with the left end 
marked “no pain” and the right end “severe intolerable pain”. 
As a replacement, dezocine 5 mg was used if VAS ≥ 4 for post-
operative analgesia. Further, patients were also asked whether 
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they experienced PONV. If PONV reported, IV ondansetron 
4 mg was administered. Furthermore, postoperative delirium 
(POD) was evaluated with the Confusion Assessment Method. 
If POD identified, supportive treatment and close observation 
was provided until the symptoms of POD relieved.

Primary outcome

The primary outcome was the time to first rescue analgesic 
within 24 h postoperatively. The percentage of patients requir-
ing rescue analgesic was recorded as well. To evaluate the an-
algesia efficacy, VAS score at 2, 12, and 24 h after surgery was 
examined.

Secondary outcomes

Intraoperative hemodynamics parameters included MAP and 
HR at the following time points: entering operating room (T0), 
immediately after anesthesia induction (T1), immediately af-
ter intubation (T2), 1 min (T3), 5 min (T4), and 10 min (T5) 
after surgical incision. Incidence of intraoperative hypoten-
sion, hypertension, bradycardia, as well as the percentage of 
patients receiving vasopressors including atropine, ephedrine, 
and urapidil were recorded simultaneously. The total amount 
of propofol consumption, opioids used in OBA group, and 
dexmedetomidine, esketamine, lidocaine consumption in OFA 
group were calculated.

Variables indicating recovery quality included awakening 
time and recovery time of orientation. Postoperative adverse 
events were collected including PONV, increased oral secre-
tion, POD, and dizziness within the first 24 h after operation. 
All medications used to treat these side effects were recorded 
as well. Of note, patient satisfaction on a 0 - 10 scale was ob-
tained at 24 h after operation.

Sample size calculation

In the preliminary trial of 16 patients, the VAS pain scores 2 h 
after extubation were 0.91 ± 0.55 and 1.26 ± 0.98 in the OBA 
and OFA group, respectively. Accordingly, we calculated 36 
patients would be required in each group for a 90% power to 
detect a difference of 0.35 in the postoperative pain VAS at 2 
h after extubation between the two groups, with a standard de-
viation (SD) of 0.43 and a significance level of 0.05. Consider-
ing a approximately 10% dropout during the study, 40 patients 
were enrolled in each group.

Statistical analysis

Statistical analysis was performed with GraphPad Prism 8.0 
software (GraphPad Software, California, USA). Continuous 
data were tested for normality using the Kolmogorov-Smirnov 
test. Normally distributed data were presented as mean ± SD, 
and compared using Student’s t-test. Nonnormally distrib-

uted data were shown as median (interquartile range (IQR)) 
and compared using the Mann-Whitney U test. Categorical 
data were presented as number (%) and compared using χ2 or 
Fisher’s exact test. A two-tailed P < 0.05 was considered to be 
statistically significant.

Results

A total of 80 patients underwent lumpectomy in the study pe-
riod. Six patients were excluded due to surgery cancellation 
(n = 3), refuse to participate (n = 2), or surgery conversion 
to a mastectomy (n = 1). Figure 1 shows a detailed flowchart 
of participants enrollment, allocation, follow-up, and analysis. 
Finally, there were 37 patients analyzed in each group, respec-
tively. Demographic characteristics were comparable in the 
two groups (Table 1). As presented, there was no difference 
with regard to age, height, weight, anesthesia time, surgery 
time, and blood loss.

As the primary outcome, rescue analgesic dezocine was 
used in all patients in this study. However, the averaged time to 
first rescue analgesic was significantly prolonged in OFA com-
pared to OBA group (6.18 ± 1.00 min vs. 7.40 ± 0.92 min, P = 
0.000). The efficacy of postoperative analgesia was evaluated 
with VAS score at 2, 12, and 24 h after operation. As shown 
in Table 2, there was no inter-group difference with regard to 
postoperative VAS score. Further, the median VAS score was 
lower than 3 at the three observational time points, suggesting 
the analgesia regimen was sufficient for all patients.

Intraoperative hemodynamics is shown in Figure 2. As 
shown, preoperative MAP and HR were comparable in both 
groups. However, at the following observational time points 
(T1 to T5), both MAP and HR were significant higher in OFA 
group than those in OBA group. Consistently, the incidence of 
hypotension and bradycardia was lower in OFA than that in 
OBA group (Table 3). In addition, more patients in the OFA 
group used atropine (8% vs. 32%, P = 0.019) and ephedrine 
(5% vs. 38%, P = 0.001).

The total amount of propofol consumption was comparable 
(257.2 ± 52.5 mg vs. 278.1 ± 57.6 mg, P = 0.107) in both groups. 
Besides, sufentanyl and remifentanil consumption in OBA group, 
as well as dexmedetomidine, esketamine, lidocaine consumption 
in OFA group were calculated and shown in Table 3.

Of note, there was a significant difference between groups 
with regard to recovery quality and postoperative adverse 
events. Patients in OFA group experienced a longer awak-
ening time (7.14 ± 2.63 min vs. 4.54 ± 1.14 min, P = 0.000) 
and recovery time of orientation (11.76 ± 3.15 min vs. 6.92 ± 
1.19 min, P = 0.000) compared to those in OBA group (Table 
4). However, patients in OFA group reported fewer cases of 
PONV (11% vs. 51%, P = 0.000) (Table 4). Consistently, ap-
plication of rescue ondansetron was statistically fewer in OFA 
group than those in OBA group (5% vs. 35%, P = 0.003) (Table 
4). In addition, no case was reported to have POD, and there 
was no statistical difference in the incidence of oral secretions 
and dizziness between the OFA and OBA groups (14% vs. 8%, 
P = 0.711; 27% vs. 16%, P = 0.398). It is worth mentioning 
that patients in OFA group had a higher satisfaction score than 
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those in OBA group (9 (8 - 9) vs. 7 (7 - 8), P = 0.000).

Discussion

In order to control the opioid crisis and avoid adverse opioid re-

actions, OFA has gradually emerged. Anesthesologists around 
the world have developed this technology [9], which has been 
used in orthopedic surgery, gastrointestinal surgery and other 
operations [1, 10, 11]. In this randomized controlled trial, the 
OFA group achieved more stable intraoperative hemodynamic, 
lower incidence of PONV, and prolonged time to first rescue 
analgesia with the same analgesic effect. In these patients who 
underwent lumpectomy, the OFA group had higher postop-
erative satisfaction scores than the OBA group using opioids. 
These findings are particularly important in day surgery be-
cause patients want rapid discharge, lower costs and rapid re-
turn to daily activities. Meanwhile, these results fill the gap in 
the clinical reports of OFA application in this type of surgery.

Firstly, in terms of analgesic effect, previous studies had 
led to conflicting results regarding the effect of OFA on post-
operative analgesia [6, 12]. These discrepancies could be due 
to the different methods of compound anesthesia and the dif-
ferences in postoperative multimodal analgesia [13, 14]. A me-
ta-analysis including 1,304 patients showed that OFA provided 
similar analgesia in the postoperative period [15]. Our study 
found that the OFA delayed request for the first analgesic, and, 

Figure 1. Flowchart of the study.

Table 1.  Characteristics of the Patients

OFA group 
(n = 37)

OBA group 
(n = 37) P

Age (years) 39.78 ± 10.48 39.51 ± 8.37 0.903
Height (cm) 161.95 ± 4.58 159.95 ± 5.10 0.073
Weight (kg) 58.32 ± 8.18 57.97 ± 6.83 0.842
Anesthesia time (min) 46.14 ± 6.96 43.54 ± 6.11 0.092
Surgery time (min) 33.14 ± 7.11 34.41 ± 8.59 0.491
Blood loss (mL) 8.27 ± 3.36 9.24 ± 3.36 0.218

Data are presented as mean ± SD. OFA: opioid-free anesthesia; OBA: 
opioid-based anesthesia; SD: standard deviation.
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there was no difference in pain scores between the OFA group 
and the OBA group at each time point after surgery, suggesting 
that both anesthesia methods can provide effective analgesia 
in lumpectomy. Esketamine is a right-handed isomer of keta-

mine, and its affinity for NMDA receptors is 2 - 4 times that of 
ketamine, allowing it to achieve the same analgesic effect with 
fewer side effects at lower doses [16, 17].

In this study, MAP and HR of the OBA group were lower 

Table 2.  Postoperative Analgesia-Related Variables

OFA group (n = 37) OBA group (n = 37) P
Rescue analgesic, n (%) 37 (100) 37 (100)
Time to first rescue analgesic (h) 7.40 ± 0.92 6.18 ± 1.00 0.000
Postoperative VAS, median (IQR)
  2 h 1 (1 - 2) 1 (0 - 1) 0.067
  12 h 2 (1 - 2) 1 (0 - 1) 0.094
  24 h 1 (0 - 1) 0 (0 - 1) 0.071

Data are presented as number (%), mean ± SD, or median (IQR). OFA: opioid-free anesthesia; OBA: opioid-based anesthesia; IQR: interquartile 
range; SD: standard deviation; VAS: visual analogue scale.

Table 3.  Intraoperative Hemodynamics and Drugs Consumption

OFA group (n = 37) OBA group (n = 37) P
Hemodynamics and related variables
  Hypotension, n (%) 2 (5) 14 (38) 0.001
  Hypertension, n (%) 0 (0) 0 (0)
  Bradycardia, n (%) 3 (8) 12 (32) 0.019
  Atropine, n (%) 3 (8) 12 (32) 0.019
  Ephedrine, n (%) 2 (5) 14 (38) 0.001
  Urapidil, n (%) 0 (0) 0 (0)
Drugs consumption
  Propofol (mg) 257.2 ± 52.5 278.1 ± 57.6 0.107
  Sufentanil (µg) - 44.2 ± 5.4 -
  Remifentanil (µg) - 10.2 ± 3.0 -
  Dexmedetomidine (µg) 40.5 ± 6.1 - -
  Esketamine (mg) 26.2 ± 4.1 - -
  Lidocaine (mg) 126.9 ± 18.2 - -
  Ondansetron, n (%) 2 (5) 13 (35) 0.003

Values are presented as number (%) or mean ± SD. OFA: opioid-free anesthesia; OBA: opioid-based anesthesia; SD: standard deviation.

Figure 2. Intraoperative hemodynamics.
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than those of the OFA group at all time points, confirming that 
opioids could effectively inhibit various stress responses, but 
the incidence of hypotension and bradycardia increased signif-
icantly. Although dexmedetomidine with an antisympathetic 
effect [18, 19] was applied in the OFA group, we observed 
that the fluctuation range of intraoperative MAP and HR in 
the OFA group was smaller than that in the OBA group, and 
only individual cases showed hypotension and bradycardia. In 
response to this finding, we believe that the dose of dexme-
detomidine (0.1 - 0.2 µg/kg/h) in our study could be consid-
ered low, and we could hypothesize that the low incidence of 
bradycardia in the OFA group was a result of this low dose. 
Additionally, the sympathetic excitatory effect of esketamine 
used in the OFA group partly counteracts the cardiovascular 
inhibitory effect of propofol [20].

PONV is the last thing patients want to experience [21], 
compared to pain and other complications. Of concern, in our 
study, the incidence of PONV in the OFA group was signifi-
cantly 43% lower compared to the OBA group, and more than 
50% of patients with OBA experienced PONV. The four fac-
tors recognized to have the greatest impact on PONV were: 
female gender, non-smoker, previous history of PONV or mo-
tion sickness, and use of opioids postoperatively. Among the 
gender factors, women are the strongest predictors of postop-
erative vomiting (odds ratio (OR): 4.89) [22]. Regarding anes-
thetic drugs, opioids are an independent risk factor for PONV 
[23, 24]. Ziemann-Gimmel et al found that total IV OFA was 
associated with a large reduction in relative risk of PONV in 
patients undergoing bariatric operations [25], which is compa-
rable to our finding.

As for the other postoperative adverse events, no difference 
was shown between the two groups, and it is worth mentioning 
that the POD did not occur in the OFA group, probably because 
midazolam was used to prevent esketamine-induced delirium.

However, in this study, the awakening time and recovery 
time of orientation were prolonged in the OFA group. This 
may be due to the use of dexmedetomidine, which can cause 
delayed recovery [26]. A previous research [7] reports that, 
patients in OFA group experienced high incidence of delayed 
awakening and hypoxemia, and, the high dosage (1.2 ± 2 µg/
kg/h) of dexmedetomidine might be the main reason. By con-

trast, the dosage of dexmedetomidine (0.1 - 0.2 µg/kg/h) used 
in our study was low, which explains the low incidences of 
adverse events. Furthermore, low doses of dexmedetomidine 
induced to sleep rather than anesthesia [27], so, it prolonged 
awakening but would not cause respiratory depression.

We also evaluated the satisfaction of patients and the 
scores were higher in the OFA group. Satisfaction score is an 
integral evaluation index, which is very meaningful for the 
evaluation of anesthesia technology and management.

This study is not without its limitations. Firstly, we did not 
document the management of PONV and we did not assess 
the quality of postoperative recovery. Another limitation is the 
lack of validated nociception monitor. Finally, our definition 
of OFA (multimodal anesthesia including dexmedetomidine, 
esketamine and lidocaine) is not definitive, and other ways to 
administer OFA have to be explored [28].

In conclusion, for patients undergoing lumpectomy, 
OFA technique with dexmedetomidine-esketamine-lidocaine 
showed a better postoperative analgesia, a more stable hemo-
dynamics, and a lower incidence of postoperative nausea and 
vomiting. However, such advantage of OFA technique should 
be weighed against a longer awakening time and recovery time 
of orientation in clinical practice. This technique might be suit-
able for certain patients including those with opioid tolerance, 
or with a high risk of PONV.
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Table 4.  Recovery Quality, Postoperative Adverse Events, and Satisfaction Score

Variables OFA group (n = 37) OBA group (n = 37) P
Recovery quality
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  POD, n (%) 0 (0) 0 (0)
  Dizziness, n (%) 10 (27) 6 (16) 0.398
Satisfaction score, median (IQR) 9 (8 - 9) 7 (7 - 8) 0.000

Values are presented as mean ± SD , number (%) or median (IQR). OFA: opioid-free anesthesia; OBA: opioid-based anesthesia; PONV: postopera-
tive nausea or vomiting; POD: postoperative delirium; IQR: interquartile range; SD: standard deviation.
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