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Abstract

Background: Because of the indiscriminate use of opioids during the perioperative period, opioid-free anesthesia
(OFA) has been increasingly required. Nevertheless, the studies on the detailed techniques and effects of OFA are
not sufficient. The Quality of Recovery-40 (QoR-40) questionnaire is a validated assessment tool for measuring
recovery from general anesthesia. However, no study has used the QoR-40 to determine if OFA leads to better
recovery than standard general anesthesia. Therefore, we aim to perform this study to determine the effects of OFA
using dexmedetomidine and lidocaine on the quality of recovery as well as the various postoperative outcomes.

Methods: The participants (n = 78) will be allocated to one of the two groups; the study group will receive bolus
and infusion of dexmedetomidine and lidocaine, and the control group will receive remifentanil infusion during
general anesthesia for gynecological laparoscopy. The other processes including anesthetic and postoperative care
will be performed similarly in the two groups. Intraoperative hemodynamic, anesthetic, and nociceptive variables
will be recorded. Postoperative outcomes such as QoR-40, pain severity, and opioid-related side effects will be
assessed. Additionally, an ancillary cytokine study (inflammatory cytokine, stress hormone, and reactive oxygen
species) will be performed during the study period.

Discussion: This will be the first study to determine the effect of OFA, using the combination of dexmedetomidine
and lidocaine, on the quality of recovery after gynecological laparoscopy compared with standard general
anesthesia using remifentanil. The findings from this study will provide scientific and clinical evidence on the
efficacy of OFA.
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Background

Laparoscopy is a common surgical treatment for various
gynecologic diseases. CO, pneumoperitoneum is neces-
sary for this surgery, which requires general anesthesia.
Because of the pneumoperitoneum and surgical stimu-
lus, the routine use of intravenous (IV) opioids during
general anesthesia tends not to be questioned.

Increasingly indiscriminate use of opioids during the
perioperative period ultimately led to an “opioid crisis,”
particularly in the USA [1, 2]. Among patients receiving
chronic opioid therapy, treatment is started after surgery
in 27% of cases on the prescription by surgeons or anes-
thesiologists [3]. Therefore, they have been confronted
with their responsibilities for considerate use as peri-
operative opioid prescribers [2].

For the recent 10 years, opioid-free postoperative anal-
gesia is needed; many studies have reported on this topic
over the past 10 years [4]. Multimodal analgesia using N-
methyl-D-aspartate (NMDA) antagonists, local anes-
thetics, anti-inflammatory drugs, and alpha-2 agonists
can be effective. However, studies on opioid-free
anesthesia (OFA) are still in the early stages [5].

While OFA using dexmedetomidine has been reported
to be effective during several types of surgery, such as bar-
iatric surgery and laparoscopic cholecystectomy [6, 7],
there has been no report on gynecological laparoscopy.
Patients undergoing this surgery are generally sensitive to
pain and are at high risk of postoperative nausea and
vomiting (PONV). Moreover, tolerance to pain develops
within 90 min with remifentanil, a commonly used opioid
for general anesthesia [8], leading to the requirement for
more opioids during the acute postoperative period. Thus,
patients scheduled for gynecological laparoscopy are at
risk of ever-increasing opioid requirements and opioid-
related side effects, such as PONV, sedation, or ileus, lead-
ing to delayed recovery from surgery.

The Quality of Recovery-40 (QoR-40) questionnaire is
used to assess recovery from general anesthesia
according to five dimensions of health, including phys-
ical comfort, physical independence, emotional state,
psychological support, and pain. Generally, a 10-point
difference equates to a 15% improvement in the quality
of recovery [9]. The validity and reliability of the QoR-
40 have been confirmed in previous studies, and it has
been used to investigate recovery after various anesthetic
and surgical techniques [10, 11]. However, no study has
used the QoR-40 to determine if OFA leads to better re-
covery than standard general anesthesia. Therefore, we
aim to perform this study to determine the effects of
OFA using dexmedetomidine and lidocaine on the qual-
ity of recovery from gynecological laparoscopy, accord-
ing to various postoperative outcomes. Additionally, we
will assess the feasibility of OFA for gynecological
laparoscopy.

Page 2 of 8

Methods

This randomized, single-blind clinical trial of patients
scheduled to undergo elective gynecological laparoscopy
will use concealed allocation. The patients will be allo-
cated to receive either OFA (dexmedetomidine and lido-
caine) or a standard anesthesia protocol (remifentanil).
This study will be conducted at Seoul St. Mary’s Hos-
pital, Catholic University Medical College, South Korea.
Figures 1 and 2 provide an overview of the study sched-
ule, which was designed in accordance with the Standard
Protocol Items: Recommendations for Interventional
Trials (SPIRIT) guidelines.

Participants

The inclusion criteria for this study are as follows: adults
(aged 20-65 years) scheduled for elective gynecological
laparoscopy including hysterectomy, uterus myomec-
tomy, oophorectomy, salpingectomy, cyst enucleation,
and cystectomy. Postoperative IV patient-controlled an-
algesia (PCA) will be applied in all the patients. The ex-
clusion criteria are refusal to participate in the study,
emergent surgery, cancer surgery, chronic pain requiring
a pain killer, psychiatric disease, preoperative bradycar-
dia (heart rate [HR]<50bpm), hypotension, atrioven-
tricular block, intraventricular or sinoatrial block, body
mass index >35kg/m? allergy or history of adverse
events to study drug, pregnancy, or lactation.

Randomization and blinding

The enrolled participants will be randomized to one of
two groups (study or control group). The block
randomization scheme will be generated using a web-
based random number generator (at www.random.org)
by a research nurse. Participants will be randomized to
receive OFA or standard general anesthesia at a 1:1 allo-
cation ratio using stratified block randomization with a
fixed block size. Once a patient has been enrolled, the
medical staff will open an opaque, sequentially num-
bered envelope containing the group allocation.

The participants and surgeons will be kept blinded to
the group allocation throughout the study period. The
medical staff providing postoperative care and evaluating
outcomes in the post-anesthesia care unit (PACU) and
the ward will also be unaware of the group allocation.
The anesthesiologists performing general anesthesia will
be the only unblinded staff. However, they will not par-
ticipate in the postoperative care or assessment of post-
operative outcomes.

Intervention

This study has two arms (Fig. 1). Both arms include gen-
eral anesthesia for gynecological laparoscopy and post-
operative care, according to the clinical practice
guidelines. Before starting the study, the participants will
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Fig. 1 Flow diagram
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be instructed on how to assess their pain intensity using
a visual analog scale (VAS; 0 cm = no pain, 10 cm = worst
pain imaginable) and how to use IV PCA. To improve
adherence to the protocol, participants will be asked to
request analgesia without hesitation if the VAS pain
score is > 4.

None of the patients will receive premedication. Elec-
trocardiography, non-invasive blood pressure measure-
ments, pulse oximetry, neuromuscular monitoring using
train-of-four (TOF) stimulation, bispectral index (BIS
VISTA Monitoring System; Aspect Medical Systems,
Inc., Norwood, MA, USA) monitoring of anesthesia
depth, and Surgical Pleth Index (SPI; General Electric
Healthcare, Helsinki, Finland) measurements of nocicep-
tion will be applied in the operating room. General
anesthesia will be induced with 1.5-2 mg/kg IV propofol.

After unconsciousness is confirmed (BIS value < 60), ab-
sence of an eyelash reflex, and no response to verbal
stimulation, 0.8 mg/kg rocuronium will be injected and
orotracheal intubation will be performed using a direct
laryngoscope when there are zero TOF twitches. Venti-
lation will be controlled mechanically and then adjusted
to maintain the end-tidal CO, value at 25-40 mmHg
throughout the surgery. Additional rocuronium will be
administered as required. Anesthesia will be maintained
with 4-6% desflurane (expired concentration) in 40%
air/oxygen (total flow, 4 L/min) to maintain the BIS at
30-60. Ephedrine (4mg IV) will be injected in the
cases with systolic blood pressure (SBP)< 80 mmHg
or mean arterial pressure (MAP)< 60 mmHg. If the
HR decreases to <45bpm, atropine (0.25mg IV) will
be administered.



Song et al. Trials (2021) 22:207

Page 4 of 8

STUDY PERIOD

ENROLLMENT
ALLOCATION

POST ALLOCATION

Timepoints Before surgery | Baseline

Immediately
after
intubation

0.5h after
surgery

24 h after
surgery

incision |Immediately
after

extubation

ENROLLMENT

Informed consent

Eligibility screen

Allocation X

INTERVENTIONS

Study group

(Dexmedetomidine, ¢
lidocaine)

Control group

*

(Remifentanil)

ASSESSMENTS

Demographic
characeristics

Hemodynamic
variable

Anesthetic depth

Nociception level

Pain level (VAS)

Sedation level

PONV incidence

Shivering incidence

Time to 1st flatus or
defecation

TNF-a, IL-1B, IL6,
IL-10, MnSOD,MMP-
9, noorepinephrine,
epinephrine

Adverse effects X

X X X X

Fig. 2 Standard Protocol Items: Recommendations for Interventional Trials (adapted from SPIRIT figure). VAS, visual analog scale; TNF, tumor
necrosis factor; IL interleukin; MnSOD, manganese superoxide dismutase; MMP, matrix metalloproteinase

All the enrolled patients will be allocated to one of the
following two groups: study group (OFA using dexmede-
tomidine and lidocaine) and control group (standard
general anesthesia using remifentanil).

The study group will receive dexmedetomidine 0.7 pg/
kg IV for 10 min before the propofol injection. Immedi-
ately after inducing anesthesia, a 1.5-mg/kg IV lidocaine
bolus will be injected followed by a 1.5-mg/kg/h infu-
sion. The dexmedetomidine infusion will be started at

0.5 pg/kg/h and adjusted in steps of 0.1 ug/kg/h to main-
tain the SBP baseline within +20%. The dexmedetomi-
dine and lidocaine infusion will be stopped when skin
suturing begins.

The control group will receive 3.5 ng/ml remifentanil
using a target-controlled infusion (Orchestra Base Pri-
mea, Fresenius Vial, Brezins, France) before the propofol
injection. After inducing anesthesia, the remifentanil in-
fusion will be adjusted in increments of 0.5ng/ml to
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maintain the SBP baseline within +20%. The remifenta-
nil infusion will be stopped at the end of skin suturing.

The laparoscopy will be performed under video guid-
ance with three punctures in the abdomen. Intraperito-
neal pressure will be maintained at about 12 mmHg. All
patients will receive 5mg dexamethasone at the start,
and palonosetron 75 pg at the end, of surgery to prevent
PONV. Acetaminophen (1 g via an IV drip) and ketoro-
lac (30 mg IV) will be administered 30 min before the
end of surgery for postoperative pain control. These
non-opioid analgesics will be also used in the general
ward. After confirming self-respiration, patients will be
extubated and transferred to the PACU. If the patient
complains of pain (VAS score > 4) in the PACU, fentanyl
0.5-1 pg/kg will be administered immediately. Once the
acute pain is under control, IV PCA (fentanyl 15 pg/kg
in 100 mL normal saline, basal rate 0 mL/h, bolus 1 mL,
lock-out time 10 min) will be applied in all patients, and
no loading dose will be administered. Metoclopramide
10 mg IV will be injected in cases of PONV. The patients
will be discharged to the general ward when their
Aldrete score is =9 [12].

Outcomes

Primary outcome

The primary outcome is the quality of postoperative re-
covery according to the QoR-40 questionnaire scores on
postoperative day (POD) 1. The QoR-40 questionnaire
includes five dimensions of recovery: physical comfort
(12 items), emotional state (9 items), physical independ-
ence (5 items), psychological support (7 items), and pain
(7 items). Each item is scored on a 5-point Likert scale
(none of the time, some of the time, usually, most of the
time, and all of the time). The total score on the QoR-40
ranges from 40 (poorest possible recovery) to 200 (best
possible recovery). The QoR-40 will be completed the
day before the surgery and on POD 1.

Other outcomes

To determine whether OFA provides the same effects as
remifentanil-used  general  anesthesia, such as
hemodynamic stability and sedation, we will obtain in-
traoperative hemodynamic data (SBP, MAP, and HR),
anesthetic depth (BIS), and nociception severity (SPI)
data, at baseline, before intubation (at the time of un-
consciousness), immediately after intubation, at the time
of the incision, and immediately after tracheal extuba-
tion. Additionally, to assess intraoperative complications,
episodes of bradycardia (<45bpm) in association with
the administration of atropine, hypotension (SBP <80
mmHg or MAP < 60 mmHg), hypertension (MAP > 90
mmHg), and shock (anaphylactic, septic, cardiac, or
hemorrhagic) will be recorded.
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Pain severity will be assessed using a VAS upon arrival
in the PACU and every 15 min thereafter. Additionally,
the sedation severity (none/sedated and responsive to
verbal stimuli/sedated and unresponsive to verbal stim-
uli), the incidence of PONV and shivering, the require-
ment for analgesics and antiemetics, and the PACU stay
will be assessed. These outcomes will be evaluated again
24 h after the surgery. Additionally, the time to the first
flatus or defecation will be recorded.

Ancillary cytokine study

To determine the potential involvement of OFA in neu-
roinflammation, an ancillary study will be performed on
the 50 enrolled patients (n=25 in each group). Blood
samples will be measured for cytokines at baseline, im-
mediately after tracheal intubation, at the time of the in-
cision, immediately after tracheal extubation, and 24 h
after surgery. The cytokines to be measured include pro-
inflammatory cytokines (tumor necrosis factor-«, inter-
leukin [IL]-1f, and IL-6), an anti-inflammatory cytokine
(IL-10), reactive oxygen species (ROS; manganese super-
oxide dismutase, matrix metalloproteinase [MMP]-9),
and stress hormones (norepinephrine and epinephrine).
All blood samples will be placed in tubes and centri-
fuged within 1h, and the plasma will be separated and
stored at —70°C until analysis. All plasma specimens
will be discarded after the completion of the study.

Sample size

The primary outcome is the QoR-40 score on POD 1.
Based on a previous study that reported a 13-point dif-
ference in QoR-40 scores between different anesthetic
techniques [13], a sample size of 34 was calculated to be
as necessary to achieve a power of 80% with a type 1
error of 0.05. An additional 15% of participants are
added to account for possible loss to follow-up. Thus,
the final sample size will be 78 participants (39 in each

group).

Statistical analysis

A researcher blinded to the group allocation will per-
form the statistical analysis of all randomized patients
(intention-to-treat analysis) using the SPSS for Windows
software (ver. 18.0; SPSS Inc., Chicago, IL, USA). Data
will be expressed as frequencies or percentages for cat-
egorical variables and means with standard deviations
for quantitative variables. The Kolmogorov-Smirnov test
will be used to check the normality of the distribution of
the quantitative variables. Student’s ¢ test or the Mann-
Whitney U test will be used to analyze the quantitative
variables, including the primary outcome (QoR-40) and
postoperative fentanyl requirement. The chi-square or
Fisher’s exact test will be used to analyze the qualitative
variables. Continuous endpoints repeatedly measured
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during the study period will be analyzed using repeated
measures two-way analysis of variance. A P value < 0.05
will be considered significant.

Analyses will be performed between the groups as ran-
domized. Participants who withdraw from the trial will
be followed up, according to the routine clinical prac-
tices. To reduce missing data in the intention-to-treat
analysis, the investigator may ask the participants which
specific aspects of the trial they want to withdraw from.

Missing data will be tested if they are missing at ran-
dom; otherwise, the last observation carried forward
method will be applied [14]. A sensitivity analysis will
also be performed to check for inconsistencies. A sub-
group analysis will be performed to check for differences
in the outcomes according to the surgeon. No interim
analyses are planned, and no serious adverse effects are
expected to arise during the study, because the protocols
have been used previously without any such effects [6, 7, 15].

Data collection and monitoring

Clinical data will be entered into paper-based case report
forms. After each assessment, the identifiers (e.g., name
and birth date) will be anonymized, coded, and stored
on a secure server. The files will be backed up on a
password-protected computer. Data will be handled
according to Korean law.

The project team designed and prepared the trial and
will disseminate the results. The team will meet every
month to discuss the progress of the study. A data mon-
itoring committee, comprising two independent profes-
sors (anesthesiologists) and a physician pharmacologist,
will meet three times a year throughout the study. This
committee is responsible for safeguarding the interests
of the trial participants, assessing the safety of the inter-
ventions, and monitoring the overall conduct of the trial.
Any deviation from the protocol will be documented in
a report. All significant protocol modifications will be
communicated to the relevant parties and updated in
the trial register.

Dissemination plan

The results obtained from this study will be dissemi-
nated at anesthesia conferences (local and international
meetings). The key findings will be reported in the trial
registry. A full study report will be submitted for publi-
cation in an anesthesia journal, preferably an open-
access journal.

Discussion

This will be the first study to determine the effect of
OFA, using the combination of dexmedetomidine and
lidocaine, on the quality of recovery after gynecological
laparoscopy compared with standard general anesthesia
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using remifentanil. The findings from this study will pro-
vide scientific and clinical evidence on the efficacy of
OFA.

Remifentanil is used for general anesthesia due to its
rapid metabolism and washout. However, this unique
pharmacologic characteristic is linked with the develop-
ment of opioid-induced hyperalgesia (OIH). A meta-
analysis including 27 studies reported significant in-
creases in acute pain after general anesthesia with remi-
fentanil, leading to higher morphine requirements [16].
The roles of ROS and inflammation in OIH have
attracted much attention [17]. It has been reported that
remifentanil stimulates the overproduction of pro-
inflammatory cytokines and ROS, leading to the activa-
tion of neuronal NMDA receptors, which play an im-
portant role in OIH [18, 19]. Also, excessive MMP-9
activity induced by remifentanil mediates extracellular
matrix abnormalities, which can lead to a variety of
neuropathological conditions including neuroinflamma-
tion and hyperalgesia [17, 20-22]. However, these effects
have only been reported in animal studies.

Dexmedetomidine, a potent a2 agonist, is a unique
drug with sedative, analgesic, anti-shivering, and
anesthetic-sparing effects. In addition, this drug has been
reported to reduce inflammation and stress [23]. Al-
though the underlying mechanism is not well under-
stood, several possible mechanisms have been suggested,
including attenuation of cytokine production and inhib-
ition of apoptosis and central sympatholytic effects [24,
25]. It is highly plausible that this drug not only reduces
surgical stress in a similar manner to remifentanil, but
also alleviates neuroinflammation (unlike remifentanil).
Therefore, this drug could serve as a cornerstone of
OFA.

Lidocaine has been widely used in clinical practice due
to its sympatholytic and analgesic effects. Moreover, it is
reported to decrease inflammatory cytokine levels [26].
Therefore, lidocaine also has positive effects on OFA.
Generally, low-dose infusion (1-2 mg/kg/h for <6h) of
lidocaine does not cause adverse effects [15].

Intraoperatively, general anesthesia should provide
hemodynamic stability and deep sedation, which are
generally ensured via conventional monitoring. However,
intraoperative monitoring, i.e.,, nociceptive monitoring,
has not been used routinely. We will measure the SPI
for nociceptive monitoring, which has not been
attempted in any other OFA study. The SPI ranges be-
tween O (low sympathetic tone) and 100 (high sympa-
thetic tone). The SPI in the range of 20-50 is regarded
to reflect an appropriate level of nociception [27]. This
index has been widely used for several years and is re-
portedly more valid than other nociceptive measures,
such as the pupillary pain index and nociception level
(NoL) [28].
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In addition, this study aims to determine whether
OFA during the postoperative period has positive effects
on clinical outcomes such as acute postoperative pain,
shivering, and PONV, where such effects might lead to
better recovery after surgery. These clinical outcomes
will be supported by the measurement of pro-
inflammatory cytokines and ROS levels.

In summary, this study will assess the feasibility and
effects of OFA, using dexmedetomidine and lidocaine,
during gynecological laparoscopy. Given the increasing
requirement for OFA, along with a deficiency in scien-
tific and clinical evidence of its efficacy, this study will
provide useful information on this analgesic modality.

Trial status

This study was approved by the Institutional Review
Board of Seoul St. Mary’s Hospital Ethics Committee
(KC20MNSI0130) on 7 April 2020 and registered at
ClinicalTrials.gov (NCT04409964) on 28 May 2020. The
recruitment of participants started in June 2020. The an-
ticipated recruitment period is 12 months. This protocol
is version 2.0 in June 2020.

Abbreviations

BIS: Bispectral index; HR: Heart rate; IL: Interleukin; IV: Intravenous; MAP: Mean
arterial pressure; MMP: Matrix metalloproteinase; NMDA: N-methyl-p-
aspartate; OFA: Opioid-free anesthesia; PACU: Post-anesthesia care unit;

PCA: Patient-controlled analgesia; PONV: Postoperative nausea and vomiting;
QoR-40: Quality of Recovery-40; ROS: Reactive oxygen species; SBP: Systolic
blood pressure; SPI: Surgical Pleth Index; TOF: Train-of-four; VAS: Visual
analog scale

Acknowledgements
Not applicable.

Authors’ contributions

YEM conceived the study and led the proposal and protocol development.
JYS and HC contributed to the study design and to the development of the
proposal. MC was the lead trial methodologist. JK supported by reading the
manuscript critically and providing relevant comments. All authors reviewed,
read, and approved the final manuscript. All named authors adhere to the
authorship guidelines of Trials; the authors have agreed to the publication
and have contributed to the writing of the manuscript. No professional
writer has been involved.

Funding

This research was supported by the National Research Foundation of Korea
(NRF) grant funded by the Korean government (Ministry of Science and ICT)
(No. 2020R1G1A1008405). The funder played no part in the study design; the
collection, management, analysis, or interpretation of the data; the writing of
the report; or the decision to submit the report for publication.

Availability of data and materials
The data generated in this study can be shared after a reasonable request to
the corresponding author.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of Seoul St.
Mary’s Hospital Ethics Committee (KC20MNSIO130) on 7 April 2020. The trial's
protocol was registered at ClinicalTrials.gov (NCT04409964) on 28 May 2020.
Investigators will identify eligible participants according to the inclusion
criteria. Eligible participants will receive written and oral information and will

Page 7 of 8

be included after investigators have obtained informed written consent. A
similar process will be done for the ancillary study. These materials are
available from the corresponding author on request. Any changes to the
protocol or severe adverse events will be reported to the data monitoring
committee. Confidentiality of the data and the results of monitoring will be
protected.

Consent for publication
Not applicable.

Competing interests
All the authors declare that they have no competing interests.

Author details

'Department of Obstetrics and Gynecology, Seoul St. Mary's Hospital, College
of Medicine, The Catholic University of Korea, 222 Banpo-daero, Seocho-gu,
Seoul 137-701, Republic of Korea. “Department of Anesthesiology and Pain
Medicine, Seoul St. Mary’s Hospital, College of Medicine, The Catholic
University of Korea, 222 Banpo-daero, Seocho-gu, Seoul 137-701, Republic of
Korea.

Received: 30 June 2020 Accepted: 2 March 2021
Published online: 12 March 2021

References

1. Lavand’homme P, Estebe JP. Opioid-free anesthesia: a different regard to
anesthesia practice. Curr Opin Anaesthesiol. 2018;31(5):556-61.

2. Kharasch ED, Brunt LM. Perioperative opioids and public health.
Anesthesiology. 2016;124(4):.960-5.

3. Callinan CE, Neuman MD, Lacy KE, Gabison C, Ashburn MA. The initiation of
chronic opioids: a survey of chronic pain patients. J Pain. 2017;18(4):360-5.

4. Kumar K, Kirksey MA, Duong S, Wu CL. A review of opioid-sparing
modalities in perioperative pain management: methods to decrease opioid
use postoperatively. Anesth Analg. 2017;125(5):1749-60.

5. Mulier JP. Is opioid-free general anesthesia for breast and gynecological
surgery a viable option? Curr Opin Anaesthesiol. 2019;32(3):257-62.

6. Bakan M, Umutoglu T, Topuz U, Uysal H, Bayram M, Kadioglu H, et al.
Opioid-free total intravenous anesthesia with propofol, dexmedetomidine
and lidocaine infusions for laparoscopic cholecystectomy: a prospective,
randomized, double-blinded study. Rev Bras Anestesiol. 2015;65(3):191-9.

7. Feld JM, Hoffman WE, Stechert MM, Hoffman IW, Ananda RC. Fentany! or
dexmedetomidine combined with desflurane for bariatric surgery. J Clin
Anesth. 2006;18(1):24-8.

8. Vinik HR, Kissin |. Rapid development of tolerance to analgesia during
remifentanil infusion in humans. Anesth Analg. 1998;86(6):1307-11.

9. Myles PS, Hunt JO, Nightingale CE, Fletcher H, Beh T, Tanil D, et al.
Development and psychometric testing of a quality of recovery score after
general anesthesia and surgery in adults. Anesth Analg. 1999;88(1):83-90.

10. Lee JH, Kim D, Seo D, Son JS, Kim DC. Validity and reliability of the Korean
version of the Quality of Recovery-40 questionnaire. Korean J Anesthesiol.
2018;71(6):467-75.

11. Myles PS. Measuring quality of recovery in perioperative clinical trials. Curr
Opin Anaesthesiol. 2018;31(4):396-401.

12. Kim SY, Kim JM, Lee JH, Song BM, Koo BN. Efficacy of intraoperative
dexmedetomidine infusion on emergence agitation and quality of recovery
after nasal surgery. Br J Anaesth. 2013;111(2):222-8.

13. Lee WK, Kim MS, Kang SW, Kim S, Lee JR. Type of anaesthesia and patient
quality of recovery: a randomized trial comparing propofol-remifentanil
total i.v. anaesthesia with desflurane anaesthesia. Br J Anaesth. 2015;114(4):
663-8.

14.  Bell ML, Fiero M, Horton NJ, Hsu CH. Handling missing data in RCTs; a
review of the top medical journals. BMC Med Res Methodol. 2014;14:118.

15.  Estebe JP. Intravenous lidocaine. Best Pract Res Clin Anaesthesiol. 2017;31(4):
513-21.

16. Fletcher D, Martinez V. Opioid-induced hyperalgesia in patients after
surgery: a systematic review and a meta-analysis. Br J Anaesth. 2014;112(6):
991-1004.

17. Lv CC Xia ML, Shu SJ, Chen F, Jiang LS. Attenuation of remifentanil-induced
hyperalgesia by betulinic acid associates with inhibiting oxidative stress and
inflammation in spinal dorsal horn. Pharmacology. 2018;102(5-6):300-6.


https://clinicaltrials.gov/ct2/show/NCT04409964

Song et al. Trials

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2021) 22:207

Ye L, Xiao L, Yang SY, Duan JJ, Chen Y, Cui Y, et al. Cathepsin S in the spinal
microglia contributes to remifentanil-induced hyperalgesia in rats.
Neuroscience. 2017;344:265-75.

Shu RC, Zhang LL, Wang CY, Li N, Wang HY, Xie KL, et al. Spinal
peroxynitrite contributes to remifentanil-induced postoperative hyperalgesia
via enhancement of divalent metal transporter 1 without iron-responsive
element-mediated iron accumulation in rats. Anesthesiology. 2015;122(4):
908-20.

Zhang H, Adwanikar H, Werb Z, Noble-Haeusslein LJ. Matrix
metalloproteinases and neurotrauma: evolving roles in injury and reparative
processes. Neuroscientist. 2010;16(2):156-70.

Parks WC, Wilson CL, Lépez-Boado YS. Matrix metalloproteinases as
modulators of inflammation and innate immunity. Nat Rev Immunol. 2004;
4(8):617-29.

Kawasaki Y, Xu ZZ, Wang X, Park JY, Zhuang ZY, Tan PH, et al. Distinct roles
of matrix metalloproteases in the early- and late-phase development of
neuropathic pain. Nat Med. 2008;14(3):331-6.

Li'Y, Wang B, Zhang LL, He SF, Hu XW, Wong GT, et al. Dexmedetomidine
combined with general anesthesia provides similar intraoperative stress
response reduction when compared with a combined general and epidural
anesthetic technique. Anesth Analg. 2016;122(4):1202-10.

Taniguchi T, Kidani Y, Kanakura H, Takemoto Y, Yamamoto K. Effects of
dexmedetomidine on mortality rate and inflammatory responses to
endotoxin-induced shock in rats. Crit Care Med. 2004;32(6):1322-6.

Kang SH, Kim YS, Hong TH, Chae MS, Cho ML, Her YM, et al. Effects of
dexmedetomidine on inflammatory responses in patients undergoing
laparoscopic cholecystectomy. Acta Anaesthesiol Scand. 2013;57(4):480-7.
Weibel S, Jokinen J, Pace NL, Schnabel A, Hollmann MW, Hahnenkamp K,

et al. Efficacy and safety of intravenous lidocaine for postoperative analgesia
and recovery after surgery: a systematic review with trial sequential analysis.
Br J Anaesth. 2016;116(6):770-83.

Ledowski T. Objective monitoring of nociception: a review of current
commercial solutions. Br J Anaesth. 2019;123(2):.e312-€21.

Funcke S, Pinnschmidt HO, Wesseler S, Brinkmann C, Beyer B, Jazbutyte V,
et al. Guiding opioid administration by 3 different analgesia nociception
monitoring indices during general anesthesia alters intraoperative sufentanil
consumption and stress hormone release: a randomized controlled pilot
study. Anesth Analg. 2020;130(5):1264-73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods
	Participants
	Randomization and blinding
	Intervention
	Outcomes
	Primary outcome
	Other outcomes

	Ancillary cytokine study
	Sample size
	Statistical analysis
	Data collection and monitoring
	Dissemination plan

	Discussion
	Trial status
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

