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ABSTRACT

Introduction: This study aims to evaluate the
efficacy of esketamine on postoperative recov-
ery quality after laparoscopic bariatric surgery.
Methods: Patients (n = 74) scheduled for laparo-
scopic bariatric surgery were randomly divided
into two groups: the esketamine group (group E:
0.5 mg/kg/h infusion, i.e., 0.2 mL/kg/h) or the
control group (group C: 0.2 mL/kg/h normal
saline infusion). The infusions were stopped

20 min before the end of the procedure. The
primary outcome was the Quality of Recovery-
40 (QoR-40) score on postoperative day 1 (POD
1). The secondary outcomes included QoR-40
scores on PODs 2 and 7, Numeric Rating Scale
(NRS) on PODs 1, 2, and 7, time to extubation,
additional postoperative analgesic use, length
of hospital stay, and time to first exhaust.
Additonally, the safety indices were also recor-
ded, including hemodynamic profile, perioper-
ative anesthesia index (Ai), utilization of
vasoactive drugs or urapidil, and side effects.
Results: All in all, 70 of the 74 patients com-
pleted the study, 35 in each group. Thedifference
of QoR-40 scores on POD 1 was both statistically
and clinically significant [difference 7.21, 95%
confidence interval (CI) 5.17, 9.25, p\0.001].
The difference of QoR-40 on POD 2 was statisti-
cally significant but clinically insignificant (dif-
ference 4.81, 95% CI 2.69, 6.92, p\0.001). The
difference of NRS scores on POD 1 was statisti-
cally significant (difference-1.23, 95%CI-2.36,
-0.10, p =0.033).ComparedwithgroupC, group
E had a lower utilization rate of phenylephrine
and higher Ai values (p\0.05). There was no
statistical difference between the two groups on
other measures.
Conclusion: Continuous ketamine infusion
seems to be safe and well tolerated in laparo-
scopic bariatric surgery. It improved the quality
of postoperative recovery and reduced pain on
POD 1. In spite of the increased Ai value during
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the surgery, it also provided better hemody-
namics with less usage of phenylephrine.

Keywords: Bariatric surgery; Esketamine;
Postoperative pain; Postoperative recovery;
Quality of Recovery-40; Quality measures

Key Summary Points

Why carry out this study?

While laparoscopic bariatric surgery is an
effective treatment for obesity,
postoperative pain is still a common
occurrence, despite advances in
minimally invasive techniques. Opioid-
related adverse reactions limit its early
postoperative use.

Esketamine, as an isomer of ketamine, has
good sedation and analgesia, while
preserving respiration and airway reflex. It
is reported to have higher potency and a
lower risk of adverse reactions than
racemic ketamine.

We hypothesized that esketamine could
reduce the postoperative pain and
improve postoperative recovery quality.

What was learned from the study?

Esketamine infusion administered at a
dose of 0.5 mg/kg/h was safe and effective
at improving the quality of postoperative
recovery and reducing pain on
postoperative day 1. It also provided
better hemodynamics with less usage of
phenylephrine.

INTRODUCTION

Bariatric surgery is one of the most effective and
cost-effective treatment options for obese peo-
ple [1]. Although laparoscopic surgery is less
painful than open surgery, opioids are still
indispensable for perioperative analgesia [2].
However, opioids also induce many side effects,
such as itching, urinary retention, nausea and

vomiting, respiratory depression, and even
death [3]. A previous study reported that 70% of
patients with obesity suffer from obstructive
sleep apnea (OSA) [4]. The characteristic signif-
icantly reduces their ability to tolerate hypoxia,
thus limiting the use of opioids. Therefore there
is growing support for the use of multimodal
analgesia in this population to optimize peri-
operative analgesia.

Ketamine, a receptor antagonist of N-methyl-
D-aspartic acid (NMDA), has good sedation and
analgesia while preserving respiration and air-
way reflex [5–7]. Recent literature has proved
that ketamine can decrease postoperative pain
scores and opioid consumption following bar-
iatric surgery, making it an alternative option for
the opioid reduction strategy [8]. Notably, the
drug has often been questioned regarding its
psychiatric adverse reactions [9].

As an isomer of ketamine, esketamine is
reported tohave higher potency and lower risk of
adverse reactions than racemic ketamine [10].
The safety andeffectiveness of esketamineensure
its broad prospects for clinical practice. Previous
findings reported that esketamine improved
postoperative recovery quality in modified radi-
cal mastectomy and video-assisted thoracic sur-
gery [11–13]. To our knowledge, no research has
been performed on the efficacy of esketamine on
recovery after laparoscopic bariatric surgery
(LBS). Here, we conducted a randomized con-
trolled trial and used the Quality of Recovery-40
(QoR-40) questionnaire to evaluate whether
esketamine infusion could enhance postopera-
tive recovery in patients undergoing LBS.

METHODS

Study

The Ethics Committee of The Affiliated Hospital
of Xuzhou Medical University has authorized
the prospective, randomized controlled trial
(XYFY2022-KL037-02). The trial was registered
on the Chinese Clinical Trial Registry prior to
initiation (ChiCTR2200066138). The study was
in accordance with the Declaration of Helsinki
and its later amendments. All patients provided
their written informed consent. The trial report
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complies with the Consolidated Standards of
Reporting Trials (CONSORT) checklist (Supple-
mentary Material, Table S1).

Participants

Patients were between 18 and 65 years old, with
Body Mass Index (BMI) over 30 kg/m2, Ameri-
can Society of Anesthesiologists (ASA) classifi-
cation II–III, and were scheduled for LBS. The
study’s exclusion criteria included: (a) allergy to
any medication used in the study, (b) known
hyperthyroidism or pheochromocytoma, grade
III hypertension (very high risk), severe
arrhythmias, severe cardio-cerebrovascular dis-
ease, or hemodynamic instability, (c) severe
hepatorenal insufficiency, (d) recent use of any
tricyclic antidepressants, sedatives, opioids,
monoamine oxidase inhibitors, or sleep-induc-
ing medications within the past month,
(e) anemia with hemoglobin levels less than
9.0 mg/dL, and (f) refusal to provide informed
consent or inability to cooperate with the
researcher.

Randomization, Blinding,
and Concealment

Each individual was randomly assigned on the
basis of a random table from http://www.
randomization.com in a 1:1 ratio to either the
esketamine group (group E) or the control
group (group C). The patient’s allocation was
placed in an opaque and sealed envelope. Upon
admission to the surgical center, the envelope
was opened by a separate anesthetist who had
no involvement in patient care or data collec-
tion. This anesthetist was responsible for
preparing 20 mL syringes of 0.9% normal saline
with or without 50 mg esketamine, which run
at a rate of 0.2 mL/kg/h during surgery. Besides,
emergency envelopes containing the case med-
ication number and drug name were prepared
to enable the unblinding and resuscitation if
necessary. Other staff members could not
identify the group of preparation in light of its
appearance. Surgical team members, anes-
thetists, data collectors, and statisticians were
blinded to the group allocation. The trial’s

surgical procedures were conducted exclusively
by a single surgical team.

Intraoperative and Postoperative
Management

All patients were required to fast for 8 h before
surgery. After they were admitted to the oper-
ating room, electrocardiography, heart rate,
invasive blood pressure, blood oxygen satura-
tion (SpO2), anesthesia index (Ai), and train-of-
four stimulation (TOF) were routinely moni-
tored. Ai with a range from 0 to 100, was
monitored by Pearlcare Anesthesia Depth
Monitor (Conview YY-105). A low value indi-
cated deeper anesthesia. After preoxygenation
for 5 min, anesthesia was induced with
0.05 mg/kg midazolam, 0.5 lg/kg sufentanil,
0.3 mg/kg etomidate, rocuronium 0.8 mg/kg,
and dezocine 5 mg. All drug dosage calculations
were based on lean body weight (LBW). The
patient was intubated using an endotracheal
tube upon a TOF of 0 and an Ai of 60. After
intubation, the ventilation mode was changed
to pressure-control-volume-guaranteed (PCV-
VG) mode: oxygen concentration 60%, oxygen
flow 2 L/min, positive end-expiratory pressure
5 cmH2O, partial pressure of end-tidal carbon
dioxide (PetCO2) 35–40 mmHg. All patients
received transverse abdominal plane (TAP)
blocks with 20 mL of 0.25% ropivacaine on
each side under ultrasound guidance.

General anesthesia was maintained with 1%
sevoflurane, propofol at 4–6 mg/kg/h, and
remifentanil at 0.1–0.3 lg/kg/min. Infusions of
the study medications were followed by endo-
tracheal intubation. Group E received 0.5 mg/
kg/h esketamine (i.e., 0.2 mL/kg/h) infusion.
Group C received 0.2 mL/kg/h normal saline.
The infusions were stopped 20 min before the
end of the procedure. During surgery, the infu-
sion rate of propofol or remifentanil was
adjusted by an experienced anesthesiologist to
maintain mean arterial pressure (MAP) within
± 20% of baseline values and an Ai value within
40–60. In case of mean blood pressure (MBP)
below 30% of baseline values, injections of 3 mg
ephedrine [heart rate (HR) \ 50 beats/min] or
40 lg phenylephrine (HR C 50 beats/min) were
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given; when MBP was above 30% of baseline
values, 5 mg urapidil was injected. In case of
bradycardia (HR \ 50 beats/min), 0.5 mg atro-
pine was administered. These measures would
be repeated as necessary. Rocuronium or cisa-
tracurium was titrated on the basis of TOF,
surgeon demand, or post-tetanic count over 15.
Pneumoperitoneum inflation pressure ranged
from 12 to 15 mmHg.

For both groups, all patients received an
intravenous infusion of crystalloid and colloid
solution in a 2:1 ratio. All subjects received
systematic prophylaxis for nausea and vomit-
ing, including dexamethasone 5 mg and phen-
cyclidine hydrochloride 10 mg before the
operation and palonosetron 0.25 mg at the end
of the operation. Ketorolac 60 mg was given
intravenously 20 min before the end of surgery.
Upon skin closure, inhaled drugs ceased, and
oxygen flow was increased to 8 L/min to hasten
sevoflurane washout. Once closure has been
completed, propofol and remifentanil were
discontinued, and 0.5 mg flumazenil was injec-
ted intravenously. The residual neuromuscular
block was antagonized by 0.04 mg/kg neostig-
mine and 0.02 mg/kg atropine. All patients were
extubated in the operating room when T4/T1
was[ 90% and tidal volume was[ 5 mL/kg and
then transported to the postanesthesia care unit
(PACU).

In PACU, patients received standard postop-
erative monitoring and 2–3 L/min oxygen by
nasal cannula. If the NRS score exceeded 4
points, 5 mg of dezocine would be injected
intravenously. If SpO2 B 90%, patients were
alerted by waking them up and asking them to
breathe deeply. Supplemental oxygen of the
mask was initiated at 2 L/min if the respiratory
rate was less than 8. The patients were trans-
ferred to the ward upon Modified Aldrete Score
(MAS) above 9 points. On the surgical ward,
ketorolac 30 mg was routinely administered
intravenously every 8 h and use of dezocine
depended on the patient’s needs. Patients were
encouraged to early ambulation and to take a
deep breath on the POD 1.

Outcome measures

The primary outcome was the QoR-40 score
assessed on postoperative day 1 (POD 1). The
questionnaire evaluates five components of
patient recovery: physical comfort (12 ques-
tions), physical independence (5 questions),
emotional state (9 questions), psychological
support (7 questions), and pain (10 questions).
The QoR-40 questionnaire is scored on a scale of
40–200. Each patient was provided with a
detailed explanation of all questions in the
QoR-40 questionnaire on the day prior to
surgery.

The secondary outcomes included time to
extubation, additional postoperative analgesic
use, QoR-40 on PODs 2 and 7, Numeric Rating
Scale (NRS) on PODs 1, 2 and 7, length of hos-
pital stay, and time to first exhaust (the interval
between the end of surgery and the first flatu-
lence). Patients who were discharged prior to
POD 7 were contacted by mail or telephone by a
team member to complete the QoR-40 and NRS
questionnaires.

The safety indices were the utilization of
vasoactive drugs or urapidil and the incidence
of side effects (PONV, urinary retention, itch-
ing, or adverse central nervous system events).
In addition, MAP, HR, and Ai were recorded at
baseline (T0), 5 min (T1), 10 min (T2), 15 min
(T3) and 30 min (T4) after intubation, at extu-
bation (T5), and 5 min after extubation (T6).

Sample size

The sample size was calculated based on the
results of the pilot study (unpublished data,
n = 20) using PASS version 15.0. The mean
QoR-40 scores in the ketamine and control
groups were 175.0 and 168.7, the standard
deviations (SDs) were 7.46 and 6.99, respec-
tively. Assuming an a of 0.05, b of 0.1, and a
dropout rate of 20%, with a two-tailed analysis,
each group required 37 patients in this trial.
Eventually, 74 cases were needed to be recrui-
ted for this study.
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Statistical Analysis

We performed the data analysis with Statistical
Package for Social Sciences (SPSS) software ver-
sion 26.0 and GraphPad Prism version 8.0. A
two-sided p\0.05 was considered statistically
significant. The statistical analysis was per-
formed per protocol. For continuous data, the
Shapiro–Wilk test, combined with histograms,
was used to determine the normality of data.
Normally distributed data were reported as
mean ± SD and evaluated using a two-sided t-
test for equal variances. Non-normally dis-
tributed interval and ordinal data were pre-
sented as median (interquartile range) and
evaluated using the Mann–Whiney U test. Cat-
egorical variables were summarized as absolute
numbers (%) and assessed using a chi-squared
test (v2) and Fisher’s exact test.

Repeated normally distributed variables with
a confounding variable (HR, MAP, Ai) were
assessed by analysis of covariance (ANCOVA).
The covariates were the baseline measurement.
The sphericity was assessed with Mauchly’s test,
and if the assumption of sphericity was vio-
lated, the Greenhouse–Geisser correction would
be used for correcting the degrees of freedom.
For repeated abnormally distributed variables
(NRS, QoR-40), a generalized estimating equa-
tion (GEE) was used for comparison.

We conducted multiple linear regression
analyses to assess the association between QoR-
40 scores on POD 1 and various factors. We
checked for multicollinearity among the inde-
pendent variables using variance inflation fac-
tor (VIF), and considered a VIF[ 10 to indicate
statistically significant multicollinearity. Our
independent variables included age, BMI,
patient sex, ASA status, surgery type, surgery
time, intraoperative sevoflurane and remifen-
tanil doses, preoperative QoR-40 score, and
group allocation. We performed univariate lin-
ear regression to identify variables with p\ 0.1,
which were then included in subsequent mul-
tivariate linear regression analyses.

Post hoc exploratory subgroup analyses of
the primary endpoint were also performed
according to age, sex, BMI, surgical type, and
ASA grade. The subgroup results were presented

in the form of mean ± SD and interaction
p values.

RESULTS

Initially, a total of 92 patients who underwent
LBS at our hospital between 15 July 2022 and 30
November 2022 were screened. Of them, 10
patients failed the inclusion criteria, 8 patients
declined to participate, and 74 patients were
enrolled. Each group had two patients lost to
follow-up. The missing data accounted for
5.4%. We carried out per-protocol analysis and
applied the complete case analysis method for
handling missing data. In total, 70 (94.6%)
patients were statistically analyzed, with 35
patients per group (Fig. 1). There were no sig-
nificant differences in baseline characteristics or
intraoperative data between two groups
(p[ 0.05), except for a lower incidence of the
utilization of phenylephrine in the esketamine
group (20% for the group E versus 46% for
group C, p\ 0.05) (Table 1).

Recovery quality (QoR-40) score changes

The changes in the QoR-40 score over time are
shown in Fig. 2a. We carried out a generalized
estimated equation (GEE) to compare the two
groups in overall QoR-40 on PODs 1, 2, and 7
after correcting the effect of baseline QoR-40
(Table 2). There was an interaction between
time and group (p\ 0.001). The QoR-40 on
PODs 1 and 2 were significantly higher in group
E than in group C (p\0.001), and there was no
difference in QoR-40 on POD 7 (p = 0.745). The
estimated differences of QoR-40 on PODs 1, 2,
and 7 between group E and C were 7.21 (95% CI
5.17, 9.25), 4.81 (95% CI 2.69, 6.92), and -0.28
(95% CI -1.95, 1.39), respectively. More details
are shown in Table 2.

In terms of individual domains, Group E
showed a significantly higher improvement
with regard to emotional and pain dimensions
on POD 1 than Group C (p\0.05). There was
no significant difference in all other dimen-
sional QoR-40 scores (p[ 0.05) (Supplementary
Material, Table S2).
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Postoperative NRS Score Changes

The changes in NRS scores over time are shown
in Fig. 2b. We carried out a generalized esti-
mated equation (GEE) to compare the two
groups in NRS score on PODs 1, 2, and 7 (Sup-
plementary Material, Table S3). The estimated
difference of NRS on POD 1 was -1.23 (95% CI
-2.36, -0.10, p = 0.033 ) between groups E and
C. There was no significant difference in NRS
scores on PODs 2 and 7 (p = 0.067 and
p = 0.873, respectively).

Perioperative Hemodynamic and Ai
Changes

The change in MAP over time is shown in
Fig. 3a. According to Mauchly’s test, the
sphericity assumption was violated (W = 0.072,
p\0.001). That means the degrees of freedom
would be corrected using Greenhouse–Geisser
estimates of sphericity (e). The main effects of
the group and the interaction effect between
time and group were not significant (F = 1.510,
p = 0.223, and F = 1.360, p = 0.257, respec-
tively). Overall, there was no statistical differ-
ence in MAP between the two groups.

Patients screened (n=92) 

Excluded (n=18) 
♦ Not meeting inclusion criteria (n=10) 
♦ Declined to participate (n=8) 
♦ Other reasons (n=0) 

Analysed (n=35) 
♦ Excluded from analysis (n=0)

Lost to follow-up (n=2) 

Discontinued intervention (n=0) 

Allocated to Group E (n=37) 
♦ Received allocated intervention (n=37)
♦ Did not receive allocated intervention (n=0)

Lost to follow-up (n=2) 

Discontinued intervention (n=0) 

Allocated to Group C (n=37) 
♦ Received allocated intervention (n=37)
♦ Did not receive allocated intervention (n=0)

Analysed (n=35) 
♦ Excluded from analysis (n=0)

Allocation

Analysis

Follow-Up

Randomized (n=74) 

Enrollment 

Fig. 1 CONSORT diagram. Group E esketamine group, group C control group
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The change in HR over time is shown in
Fig. 3b. According to Mauchly’s test, the
sphericity assumption was violated (W = 0.143,
p\0.001). That means the degrees of freedom
would be corrected using Greenhouse–Geisser
estimates of sphericity (e). The main effects of
the group and the interaction effect between
time and group were not significant (F = 1.619,

p = 0.208, and F = 0.176, p = 0.892, respectively
). Overall, there was no statistical difference in
HR between the two groups.

The change in Ai over time is shown in
Fig. 3c. According to Mauchly’s test, the
sphericity assumption was violated (W = 0.398,
p\0.001). That means the degrees of freedom
would be corrected using Greenhouse–Geisser

Table 1 Baseline characteristics and details of the surgery

Group E (N = 35) Group C (N = 35) p-value

Age (years) 30.17 ± 7.31 32.89 ± 8.16 0.147

Patient sex (M/F) 9/26 11/24 0.243

ASA classification (II/III) 19/16 17/18 0.632

BMI (kg/m2) 41.43 ± 7.49 40.53 ± 5.44 0.566

LBW (kg) 59.35 ± 12.03 59.63 ± 13.33 0.927

Hypertension (%) 7 (20) 7 (20) 1

Diabetes mellitus (%) 14 (40) 12 (34) 0.621

OSA diagnostic (%) 16 (46) 13 (37) 0.629

History of chronic pain (%) 2 (6) 5 (14) 0.426

History of previous surgery (%) 21 (60) 16 (46) 0.231

Surgery type (%)

Sleeve gastrectomy 19 (54) 20 (57) 0.810

Transit bipartition 16 (46) 15 (43)

Surgery time (min) 130 (110–175) 140 (110–160) 0.846

Intraoperative propofol used (mg) 334.86 ± 79.02 356.00 ± 95.68 0.317

Intraoperative remifentanil used (mg) 1.71 ± 0.88 2.07 ± 0.86 0.087

Intraoperative sevoflurane used (mL) 16.8 (14.4–22.2) 18.0 (14.4–20.4) 0.967

Use of vasoactive drugs (%)

Phenylephrine 7 (20) 16 (46) 0.022*

Ephedrine 2 (6) 6 (17) 0.260

Urapidil 11 (31) 7 (20) 0.637

Atropine 2 (6) 4 (12) 0.669

Esketamine dose (mg) 40 (37–50) 0 0

Data are presented as number (proportion), mean ± standard deviation or median (interquartile range)
Group E esketamine group, Group C control group, ASA American Society of Anesthesiologists, BMI Body Mass Index,
LBW lean body weight, OSA obstructive sleep apnoea
*p\ 0.05
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Fig. 2 a Postoperative QoR-40 at each time point.
b Postoperative NRS at each time point. The box plots
show medians and interquartile ranges, and individual

points are mild outliers. Group E esketamine group, Group
C control group, POD postoperative day. *p\ 0.05

Table 2 Comparison of QoR-40 scores between the two groups at different time points

Preoperation POD 1 POD 2 POD 7

Group E 188 (178–196) 178 (168–186) 184 (177–189) 190 (186–195)

Group C 186 (177–193) 168 (160–178) 180 (168–184) 189 (184–194)

Difference (95% CI) 0.54 (-2.41, 3.50) 7.21# (5.17, 9.25)# 4.81# (2.69, 6.92)# -0.28# (-1.95, 1.39)#

Wald v2 value 0.36 47.97# 19.92# 0.11#

p 0.717 \ 0.001* \ 0.001* 0.745

Data are presented as median (interquartile range) due to non-normal distribution
Group E esketamine group, Group C control group, POD postoperative day, CI confidence interval
#Analyzed using a generalized estimate equation after adjusting for baseline QoR-40
*p\ 0.05
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Fig. 3 a Perioperative mean arterial pressure changes.
b Perioperative heart rate changes. c Perioperative Ai
changes. Values are presented as mean ± standard devia-
tion and data were analyzed using ANCOVA. Group
E esketamine group, Group C control group, POD

postoperative day, T0 at baseline before anesthetic induc-
tion, T1 5 min after the induction, T2 10 min after the
induction, T3 15 min after the induction, T4 30 min after
the induction, T5 at tracheal extubation, T6 5 min after
tracheal extubation. *p\ 0.05
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estimates of sphericity (e). The main effect of
the group was significant (F = 22.153,
p\0.001). There was no interaction between
time and group (F = 2.089, p = 0.074). Com-
pared with values in group C, Ai was higher at
T2, T3, T4, and T5 in group E (p\0.05).

Recovery Characteristics
and Postoperative Complications

Table 3 summarizes the patient’s condition after
the operation. While time to extubation was
less in group E than in group C, the difference
was insignificant (p = 0.420). In PACU, there
were four patients with CNS adverse events in
group E, and five in group C (11% versus 14%,
p[0.05).In group E, three patients experienced
vivid dreams and one experienced agitation. In
group C, one patient experienced vivid dreams,
one felt confused and disoriented, and three
experienced agitation. No significant differ-
ences were identified with regard to supple-
mental oxygen in PACU, dezocine dose, PONV,
length of hospital stay, and urinary retention
between the two groups (p[0.05). There were
no major adverse respiratory events and opioid-
related itching in the two groups after surgery.

Multiple Linear Regression Analysis
for QoR-40 Score on POD 1

The univariate linear regression analysis
demonstrated preoperative QoR-40, grouping
(p\ 0.1). Subsequently, the multivariate linear
regression analysis revealed no multicollinearity
between preoperative QoR-40 and grouping
(VIF = 1.001), and both were positively associ-
ated with the quality of recovery on POD 1
(p\ 0.001). More details are shown in Supple-
mentary Material, Table S4.

Subgroups Analysis of QoR-40 on POD 1

Post hoc exploratory subgroup analyses were
performed to detect any subgroups in which
effect could be observed, but we did not find
any interaction between grouping factors and
subgroup classifications (Supplementary Mate-
rial, Table S5).

DISCUSSION

The clinical advantages and safety of eske-
tamine have been reported in many studies
[11, 14–21], but none of these assessed postop-
erative recoveries after bariatric surgery. Our
trial took the QoR-40 questionnaire as a mea-
surement of postoperative recovery. A recent
study reported that the minimum clinically
important difference (MCID) of QoR-40 was 6.3
[22]. In other words, the change resulting from
perioperative interventions can be interpreted
as a meaningful variation in health status. Our
study demonstrated a statistically and clinically
important difference of QoR-40 on POD 1 in
favor of esketamine (difference, 7.21). Further-
more, in five dimensions of QoR-40, esketamine
group had significantly better scores in emo-
tional state and pain on POD 1. The difference
of QoR-40 on POD 2 was statistically significant,
but clinically insignificant (difference, 4.81).
This also explains why there was no difference
in the five-dimensional scores on POD 2.

Min Zhu et al.’s [11] trial found that 4 lg/kg/
h esketamine administration significantly
reduced postoperative pain on POD 1 in
patients undergoing modified radical mastec-
tomy. Miziara et al. [21] reported that eske-
tamine infusion alleviated postoperative pain
undergoing laparoscopic cholecystectomy. Our
results are consistent with these results. We
observed that esketamine reduced the pain
score on the first day after surgery, in line with
the pain dimension score of QoR-40. Never-
theless, the findings also indicated that the
significant reduction in pain scores did not
persist after POD 1, suggesting that the anal-
gesic effect of esketamine was limited to the
early postoperative period. The postoperative
analgesic effect may be related to its antagonism
to NMDA receptors and the prevention of acute
opioid tolerance and hyperalgesia [23–25].
Moreover, a recent meta analysis conducted by
Xuemei Wang et al. [25] provided a moderate-
to-low level of certainty that esketamine was
associated with a significant reduction in pain
intensity at 4, 12, and 24 h of rest after surgery
and a decline in opioid demand at 4 and 12 h
after surgery. However, our trial did not observe
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statistical significance in the amount of anal-
gesia used on POD 1, as expected. According to
our data collector’s remark, some patients in
group C hesitated to use the analgesic for fear of
side effects. This might underlie the two groups’
nonsignificant difference in 24-h dezocine
consumption.

In addition, esketamine also has antidepres-
sant effects [26, 27]. Alternative hypotheses
include selectivity for the NMDA receptor sub-
type containing the NMDA receptor subunit 2B
(NR2B), inhibition of the phosphorylation of
the eukaryotic elongation factor 2 (eEF2) kinase,
increased expression of brain-derived neu-
rotrophic factor (BDNF) and tropomyosin
receptor kinase B (TrKB), and activation of the
mammalian target of rapamycin (mTOR) sig-
naling pathway, alongside other independent
actions attributed to the esketamine [26]. The
favorable results seen in the emotional state
domain on POD 1 may be attributable to these
mechanisms above. The effect of esketamine on
emotion and pain might account for the
enhanced postoperative quality of early recov-
ery. However, we recognize that our study was

underpowered to determine the difference in
individual dimensions of QoR-40 question-
naire. Further studies are needed to confirm.

Volatile or intravenous anesthetics often
reduce systemic vascular resistance and
myocardial contractility, leading to decreased
arterial pressure or cardiac output [15, 28–31].
On the contrary, esketamine excites the car-
diovascular system through its sympath-
omimetic effects in a concentration-dependent
manner [32, 33]. During anesthesia, the com-
bined application of esketamine can compen-
sate for the circulatory inhibition produced by
other drugs [28, 34]. Ning Zhou et al. [28] found
that esketamine produced higher MAP values
than placebo before and after the skin incision.
In our trial, while there was no statistical dif-
ference in heart rate and mean arterial pressure
between the two groups, lower use of phenyle-
phrine drugs in esketamine group was observed
compared with in the control group. It means
esketamine may enhance the patients’ hemo-
dynamic profile. Our study excluded patients
with grade III hypertension, severe arrhythmias,

Table 3 Postoperative data

Group E
(N = 35)

Group C
(N = 35)

p

Time to extubation (min)� 6.43 ± 2.97 7.14 ± 4.28 0.420

Supplemental oxygen in PACU (%) 9 (26) 16 (46) 0.081

CNS adverse events (hallucinations/vivid dreams/confusion and disorientation/

visual disturbances/agitation)

4 (0/3/0/0/1) 5 (0/1/1/0/3) 1.000

Dezocine dose during POD 1 (mg) 13.71 ± 4.90 14.86 ± 6.24 0.397

PONV at POD 1 (%) 7 (20) 11 (31) 0.274

Time to first out-of-bed (h) 10 (8–13) 9 (8–12) 0.675

Postoperative urinary retention (%) 1 (3) 2 (6) 1.000

Length of hospital stay (days) 2 (2–3) 2 (2–3) 0.815

Data are presented as number (proportion), mean ± standard deviation or median (interquartile range)
Length of hospital stay was determined as the time between completion of surgery and discharge. Postoperative urinary
retention was defined as the inability to urinate after surgery, necessitating the placement of a urethral catheter
PACU postanesthesia care unit, NRS an 11-point numeric rating scale (0 = no pain, 10 = worst imaginable pain), PONV
postoperative nausea and vomiting, CNS central nervous system
�Emergence is defined as the period from the discontinuation of remifentanil
*p\ 0.05

988 Pain Ther (2023) 12:979–992



and unstable hemodynamic instability. Thus
this conclusion does not apply to these patients.

Based on the results of our study, the Ai was
significantly higher in the ketamine groups
than in the control group. Similar results were
found in other studies with bispectral index
(BIS) monitoring. Hamp et al. noted that the BIS
in the intravenous esketamine groups was
roughly twice as high as in the placebo [35]. The
mechanism is still unknown, but is presumed to
result from the cerebral excitatory activity
caused by esketamine [36]. Moreover, we found
neither intraoperative awareness nor body
movements in the two groups. These findings
suggest that higher Ai or BIS scores are not equal
to clinically inadequate sedation, while keta-
mine indeed had a relevant effect on depth of
anesthesia judgment like Ai or BIS. Our sample
size was insufficient to draw a definite conclu-
sion on the relationship between the Ai value
and level of sedation. More studies are needed.
Anesthesiologists need to be cautious about
interpreting BIS or Ai and take actual clinical
symptoms into account when using
esketamine.

Similar to previous trials, intraoperative
esketamine was tolerated well in our study.
There were no significant differences regarding
the time of emergence, first out-of-bed, post-
operative urinary retention, or length of hospi-
tal stay found between the groups. Neither
PONV nor CNS adverse event rates were affected
by esketamine. The insignificant result of PONV
might be due to the systematic prophylaxis and
multimodal analgesia in the perioperative per-
iod. Ketamine is limited in clinical use for its
CNS adverse reactions [37]. In our study, minor
CNS adverse event rates were found. On one
hand, except for greater analgesic and anes-
thetic activity, esketamine has fewer psy-
chotomimetic effects than the racemic mixture
and R-isomer [38]. On the other, all patients
were given midazolam at induction to prevent
the neurotoxic effects of ketamine [39].

Our trial had several strengths, including
allocation concealment, double-blinding, and a
prospective design. Meanwhile, we also pre-
pared emergency envelopes for unblinding and
resuscitation if needed. Furthermore, all surg-
eries in the trial were performed by the same

team to minimize confounding factors. In
addition, we were the first to evaluate the effect
of esketamine on postoperative recovery after
bariatric surgery. Patients usually prioritize their
subjective perception, feelings, and mood over
objective examination data like laboratory val-
ues and imaging. The QoR-40 questionnaire
provides a patient-centered measure of recovery
quality, which holds more clinical significance
for patients. Therefore, we used the QoR-40
questionnaire on POD 1 as our primary out-
come. Our study suggests that esketamine could
be a viable option for enhancing patients’
postoperative experience and recovery. Fur-
thermore, this conclusion could provide new
insights for anesthesia in obese patients under-
going other types of surgeries.

The study undeniably has its limitations.
First, the plasma concentration of esketamine
was not detected in the study. Second, the most
effective administration and amount of eske-
tamine remain controversial. Although our
dosing regimen proved effective, it is likely to be
sub-optimal. Third, although our study was
strictly blind-controlled, hemodynamic and Ai
changes may have introduced some potential
bias. Fourth, the QoR-40 questionnaire is based
on subjective experience. We ignored the latent
learning effect caused by repeated uses of the
QoR-40 questionnaire. And the sample size
calculated for the total QoR-40 score was
insufficient for determining differences between
groups on individual dimensions. Finally, as a
single-center study, the use of intravenous-in-
halation combined anesthesia was a common
practice at our hospital. Although this reflects
the actual clinical situation, it may limit the
generalizability to some extent. Future multi-
center studies involving different anesthetic
protocols are needed to further validate our
results.

CONCLUSIONS

Continuous ketamine infusion seems to be safe
and well tolerated in laparoscopic bariatric sur-
gery. It improved the quality of postoperative
recovery and reduced pain on POD 1. In spite of
the increased Ai value during the surgery, it also
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provided better hemodynamics with decreased
usage of phenylephrine. In the future, more
comparative studies with varying doses of
esketamine are needed to determine which
methods can provide optimal postoperative
recovery effects.
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