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ABSTRACT

Introduction: Several factors may lead to
increased postoperative pain sensitivity, of which
remifentanil-induced hyperalgesia (RIH) is one of
the main factors. High-dose remifentanil exposure
during anesthesia may induce RIH. Esketamine
may prevent RIH by antagonizing N-methyl-D-as-
partate (NMDA) receptors, thereby reducing the
postoperative pain sensitivity. This study exam-
ined the effects of different esketamine doses on
pain sensitivity in patients undergoing thyroidec-
tomy and determined the optimal dose.
Methods: This study included 117 patients who
received elective thyroidectomy. They were
randomized into four groups: saline group
(group C), esketamine 0.2 mg�kg-1 group (group
RK1), esketamine 0.4 mg�kg-1 group (group
RK2), and esketamine 0.6 mg�kg-1 group (group
RK3). Five minutes before anesthesia induction,
the same volume of study drugs were injected
respectively in groups C, RK1, RK2, and RK3.
Remifentanil was pumped at the same rate of
0.3 lg�kg-1�min-1 during surgery to ensure
uniformity. This study’s primary outcomes were
the mechanical pain thresholds measured
before surgery, as well as at 30 min, 6 h, 24 h,

and 48 h after surgery. Hyperalgesia, rescue
analgesia, numerical rating scale (NRS) score,
and adverse reactions were recorded.
Results: Compared with baseline, the mechanical
pain threshold was significantly decreased in
group C [(94.67 ± 22.85) versus (112.00 ± 36.62)
versus (161.33 ± 53.28) g, P\0.001 at 30 min,
P\0.001 at 6 h] and group RK1 [(102.86 ± 24.17)
versus (114.29 ± 41.05) versus (160.00 ± 54.98) g,
P\0.001 at 30 min, P\0.001 at 6 h] around the
surgical incision, and in group C [(112.00 ± 31.78)
versus (170.67 ± 56.26) g, P\0.001 at 30 min,
(118.67 ± 34.42) versus (170.67 ± 56.26) g,
P = 0.001 at 6 h] and group RK1 [(114.29 ± 45.17)
versus (175.71 ± 54.80) g, P = 0.001 at 30 min,
(121.43 ± 38.46) versus (175.71 ± 54.80) g,
P = 0.002 at 6 h] on the forearm at 30 min and 6 h
after surgery; compared with group C, the
mechanical pain threshold was higher in group
RK2 [(142.76 ± 50.06) versus (94.67 ± 22.85) g,
P\0.001 at 30 min, (145.52 ± 49.83) versus
(112.00 ± 36.62) g, P\0.001 at 6 h] and group
RK3 [(140.00 ± 40.68) versus (94.67 ± 22.85) g,
P\0.001 at 30 min, (150.67 ± 56.50) versus
(112.00 ± 36.62) g, P = 0.010 at 6 h] around the
surgical incision, and in group RK2
[(149.66 ± 39.50) versus (112.00 ± 31.78) g,
P = 0.006 at 30 min, (156.55 ± 47.23) versus
(118.67 ± 34.42) g, P = 0.005 at 6 h] and group
RK3 [(145.33 ± 51.18) versus (112.00 ± 31.78) g,
P = 0.018 at 30 min, (154.67 ± 47.54) versus
(118.67 ± 34.42) g, P = 0.008 at 6 h] on the fore-
arm at 30 min and 6 h after surgery. Group RK3
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had more glandular secretions than the other three
groups (P = 0.042).
Conclusions: Intravenous injection of eske-
tamine 0.4 mg�kg-1 before anesthesia induction is
a suitable dose to reducepain sensitivity in patients
undergoing thyroidectomy without increasing
adverse reactions. However, future research needs
to be extended to other populations.
Trial Registration: Registered at the Chinese
Clinical Trials Registry http://www.chictr.org.
cn/ (09/06/2022, ChiCTR-2200060741).

Keywords: Anesthesia; Esketamine; Remifen-
tanil-induced hyperalgesia; Thyroidectomy

Key Summary Points

Why carry out this study?

The pain after thyroidectomy is mild-to-
moderate and can last about 48 hours.
Remifentanil-induced hyperalgesia (RIH)
is one of the main factors that increased
postoperative pain sensitivity. Poor pain
control in the early postoperative period
may delay recovery and develop chronic
pain. Acute pain in humans can also be
measured by Von Frey filaments.

RIH has been found to be associated with
N-methyl-D-aspartate (NMDA) receptors
activated by remifentanil. Esketamine is
an anesthetic adjuvant, which has
analgesic effect and antagonistic NMDA
receptor effect. However, there are few
studies on whether esketamine reduces
postoperative pain sensitivity by
preventing RIH.

What was learned from the study?

In this study, esketamine was found to
reduce pain sensitivity after
thyroidectomy with little effect on the
hemodynamics of patients.

Therefore, intravenous injection of
esketamine 0.4 mg�kg-1 before anesthesia
induction is a suitable dose to reduce pain
sensitivity in patients undergoing
thyroidectomy.

INTRODUCTION

Remifentanil is a l-opioid receptor agonist
commonly used in general anesthesia due to its
rapid onset and short half-life [1]. However,
clinical studies have found that remifentanil-
induced hyperalgesia (RIH) is associated with an
increase in pain sensitivity after remifentanil
administration during surgery [2, 3]. RIH has
been found to be associated with N-methyl-D-
aspartate (NMDA) receptors activated by
remifentanil [4, 5], as well as central sensitiza-
tion [6]. Continuous infusion of 0.3 l�kg-1-

min-1 remifentanil for intraoperative analgesia
could decrease the mechanical pain threshold
and induce RIH [7, 8]. RIH leads to poor early
postoperative analgesia treatment and is a risk
factor for chronic pain [9]. Therefore, reducing
RIH has positive clinical significance in reduc-
ing the occurrence of postoperative chronic
pain. Quantitative sensory test (QST) was used
to identify altered pain sensitivity and quantify
hyperalgesia in surgical patients [10]. Pain sen-
sitivity, which was measured using the QST, can
predict the development of acute postoperative
pain [11].

Subanesthetic ketamine can be used as an
adjunct during general anesthesia to reduce
postoperative pain and opioid consumption
[12]. Ketamine attenuates RIH by modulating
NMDA receptor activity [13]. Esketamine, an
optically active isomer of ketamine [14], has
approximately twice the affinity of ketamine for
NMDA receptor [15, 16]. Therefore, subclinical
doses of esketamine may reduce side effects,
such as nightmares, delirium, and agitation
[17]. Previous studies have found that remifen-
tanil infusion during thyroid surgery is associ-
ated with higher postoperative pain and
postoperative analgesic drug demand [18, 19].
The effect of a subanesthetic dose of esketamine
on RIH in patients undergoing thyroidectomy
has not been explored, and the optimal dose of
esketamine to alleviate RIH remains unclear.

This study was conducted to confirm whe-
ther intravenous different doses of esketamine,
before induction of anesthesia, would reduce
hyperalgesia after remifentanil infusion in
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patients undergoing thyroidectomy, and to
confirm the optimal dose.

METHODS

Study Design and Settings

This study was a double-blind randomized
controlled clinical trial. It was performed at the
First Affiliated Hospital of Zhengzhou Univer-
sity from 9 June 2022 to 31 August 2022. The
study was approved by the ethics committee of
the First Affiliated Hospital of Zhengzhou
University (2021-KY-0858–002), which was
registered at www.chictr.org.cn (no. ChiCTR-
2200060741, registration data June 09, 2022).
This study protocol was performed according to
CONSORT guidelines. Before surgery, all par-
ticipants signed an informed consent form.

Participants

This study enrolled 117 patients. Inclusion cri-
teria: patients scheduled for elective thyroidec-
tomy under general anesthesia, aged
18–60 years, any sex, American Society of
Anesthesiologists (ASA) physical status I or II,
and body mass index (BMI) of 18–30 kg�m-2.
Exclusion criteria: history of thyroid surgery or
hyperthyroidism, hypertension or coronary
heart disease, chronic pain, opioid drug abuse,
allergy to esketamine, renal or liver dysfunc-
tion, psychiatric disorders, neurological disease,
or refusal to participate in the study.

Based on the random number, all partici-
pants were randomly divided at a ratio of
1:1:1:1 into four groups: C, RK1, RK2, RK3. We
used the SPSS 26.0 software package (IBM SPSS,
Chicago, Illinois, USA) to generate random
numbers. An independent nurse divided the
patients according to the recruitment sequence
and the random number, prepared the study
drug, and provided it to the anesthesiologist.
The anesthesiologists and investigators respon-
sible for postoperative follow-up were blinded
to the group assignments.

Von Frey filament (Stoelting, Wood Dale, IL,
USA) is a classic noninvasive tool and widely

used in laboratory and clinical studies [20]. Von
Frey was used to measure the pain threshold to
determine the occurrence of hyperalgesia in this
study. All Von Frey filament tests were per-
formed by the same investigator. The measure-
ment environment was quiet and the patient
lay flat and relaxed. The tip of the Von Frey
filament was placed in contact with the skin
surface at right angles, and pressure was applied
to bend the filament for 2 s. Pressure was
applied from the 60 g filament, when the
patient’s sensation changed from light touch to
tingling, it was the mechanical pain threshold
of the patient. The measurements were repeated
at the same position at intervals of 10 s.
Mechanical pain threshold around thyroid
incision: the mean value was measured 2 cm
below the incision midpoint and at both ends of
the incision, and non-dominant forearm: the
mean value was measured on the skin at 3, 6,
and 9 cm from the anterior elbow crease on the
medial forearm [21, 22]. A lower mechanical
pain threshold indicates greater sensitivity to
pain and a lower postoperative pain threshold
indicates hyperalgesia.

Protocol

All patients fasted routinely before surgery.
Electrocardiography (ECG), noninvasive blood
pressure (NBP), oxygen saturation (SpO2), and
BIS pectrum index (BIS) were routinely moni-
tored and recorded every 3 min. All patients
were injected with 10 ml study drug 5 min
before anesthesia induction.

Anesthesia induction: All patients received
intravenous propofol (21,121,531, Yangzijiang
Pharmaceutical Group Co., Ltd.) 2 mg�kg-1 and
remifentanil (20A02171, Yichang Renfu Phar-
maceutical Co., Ltd.) 1.5 lg�kg-1. Rocuronium
(EA2194, Zhejiang Xianju Pharmaceutical Co.,
Ltd.) 0.6 mg�kg-1 was injected after the patient
lost consciousness. Mechanical ventilation was
provided following endotracheal intubation.
Anesthesia maintenance: 0.3 lg�kg-1�min-1

remifentanil was continuously pumped intra-
venously, and 1.5% sevoflurane (22,060,531,
Jiangsu Hengrui Medicine Co., Ltd.) was
inhaled. During the surgery, the
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anesthesiologist adjusted the inhalation con-
centration of sevoflurane on the basis of vital
signs and BIS target value of 40–60. Heart rate
and mean arterial pressure of the patients were
maintained within 20% of baseline. Vasoactive
drugs were administered when necessary. Palo-
nosetron (210830CA, Jiangsu Hengrui Medicine
Co., Ltd) 0.25 mg was intravenously injected
30 min after the surgery began. Remifentanil
and sevoflurane were stopped immediately after
surgery. All patients were resuscitated in the
postanesthesia care unit (PACU). The nurse
assessed the patient’s state of consciousness by
calling or patting the shoulder every 3 mins.
When the patient was fully awake, swallowing
and cough reflexes recovered completely, and
breathing air SpO2 was greater than 90%, the
endotracheal tube was extubated. Extubation
time was recorded. If the NRS score was greater
than 4 or the patient required rescue analgesia,
flurbiprofen axetil 50 mg was administered.

Outcome Measures

The mechanical pain thresholds measured
before surgery as well as at 30 min, 6 h, 24 h,
and 48 h after surgery were this study’s primary
outcomes. NRS scores, the incidence of post-
operative hyperalgesia, rescue analgesia, peri-
operative ephedrine and atropine use, and
adverse reactions, including delirium, halluci-
nations, nausea ,and vomiting were recorded.
Compared with the baseline, the postoperative
mechanical pain threshold was significantly
decreased, and we defined this as hyperalgesia.

Sample Size Calculation

The sample size was determined by the primary
outcome of our previous study. The mean ± s-
tandard deviation (SD) mechanical pain
threshold in groups C, RK1, RK2, and RK3 were
95.6 ± 22.4 g, 101.7 ± 24.5 g, 140.3 ± 50.1 g,
and 141.0 ± 41.4 g around the surgical incision
30 min after surgery. We calculated a sample
size of 21 participants per group. The signifi-
cance level was 0.05 (a = 0.05), and the power
was 90%. Assuming a 30% attrition rate, we
calculated that 30 participants would be

required for each group. This study used the
PASS 15.0 software (Stata Corp. LP, College
Station, Texas, USA) to calculate the sample
size.

Statistical Analysis

Kolmogorov–Smirnov test and histograms were
used to verify the normal distribution of the
data. Quantitative variables were presented as
mean ± SD and analyzed using Student’s t-test,
or median [interquartile range (IQR)] and ana-
lyzed using the Mann–Whitney U test. Cate-
gorical variables, specified as frequency (f) and
number (%), were compared using Pearson’s
chi-squared test or Fisher’s exact test. Mechan-
ical pain thresholds were analyzed using two-
way repeated measures ANOVA with Bonferroni
post hoc comparison. NRS scores were analyzed
using the Kruskal–Wallis test. We also used post
hoc pairwise comparisons of NRS scores of the
four groups at each time point after surgery, and
the significance criterion was P\ 0.0083 after
Bonferroni correction. Hyperalgesia incidence,
rescue analgesic requirement, and adverse
reactions was compared among the four groups
using the Pearson’s chi-squared test or Fisher’s
exact test. A P-value\0.05 was considered sta-
tistically significant.

RESULTS

This study assessed 120 patients from June to
August 2022. Two patients who were transferred
to other departments 24 h after surgery were
excluded, and one patient refused to cooperate
and withdrew from the trial. Therefore, 117
patients (group C = 30, group RK1 = 28, group
RK2 = 29, and group RK3 = 30) were analyzed
(Fig. 1).

Patient Features

As shown in Table 1, patient age (P = 0.624), sex
(P = 0.816), BMI (P = 0.330), operation time
(P = 0.509), anesthesia time (P = 0.437), and
remifentanil total dose (P = 0.829) were not
significant differences among the four groups.
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The time from the end of surgery to endotra-
cheal tube removal was defined as extubation
time. The extubation time in group RK3 [14.7,
95% confidence interval (CI) 11.5–17.9] was
significantly longer than that in groups C (8.4,
95% CI 6.4–10.4), RK1 (8.9, 95% CI 6.3–11.7),
and RK2 (11.1, 95% CI 8.5–13.7) (Table 1;
P = 0.001, 0.002, and 0.044, respectively). The
PACU stay time in group RK3 (32.9, 95% CI
30.4–35.5) was significantly longer than that in
groups C (28.7, 95% CI 26.2–31.3), RK1 (28.3,
95% CI 25.3–31.3), and RK2 (29.1, 95% CI
26.9–31.3) (Table 1; P = 0.018, 0.011, and 0.032,
respectively).

Mechanical Pain Threshold

Around the surgical incision: the four groups
did not differ significantly before surgery; group
RK1 was not significantly different from group
C after surgery (Fig. 2A), group RK2 [Fig. 2A;
(142.8 ± 50.1) versus (94.7 ± 22.9) g, P\0.001
at 30 min, (145.5 ± 49.8) versus (112.0 ± 36.6)
g, P\0.001 at 6 h] and group RK3 [Fig. 2A;
(140.0 ± 40.7) versus (94.7 ± 22.9) g, P\0.001
at 30 min; (150.7 ± 56.5) versus (112.0 ± 36.6)
g, P = 0.010 at 6 h] were higher than group C at

30 min and 6 h after surgery. Group C [Fig. 2A;
(94.7 ± 22.9) versus (112.0 ± 36.6) versus
(161.3 ± 53.3) g, P\0.001 at 30 min, P\0.001
at 6 h] and group RK1 [Fig. 2A; (102.9 ± 24.2)
versus (114.3 ± 41.1) versus (160.0 ± 54.9) g,
P\ 0.001 at 30 min, P\0.001 at 6 h] were
lower than the baseline at 30 min and 6 h after
surgery. Groups RK2 and RK3 have no signifi-
cant difference between pre- and postoperative;
no significant differences were found among
the four groups or compared with the baseline
24 and 48 h after surgery (Fig. 2A).

On the forearm: the four groups did not
differ significantly before surgery; groups RK1
and C showed no significant difference after
surgery (Fig. 2B). Group RK2 [Fig. 2B;
(149.7 ± 39.5) versus (112.0 ± 31.8) g,
P = 0.006 at 30 min; (156.6 ± 47.2) versus
(118.7 ± 34.4) g, P = 0.005 at 6 h] and group
RK3 [Fig. 2B; (145.3 ± 51.2) versus
(112.0 ± 31.8) g, P = 0.018 at 30 min;
(154.7 ± 47.5) versus (118.7 ± 34.4) g,
P = 0.008 at 6 h] were higher than group C at
30 min and 6 h after surgery. Group C [Fig. 2B;
(112.0 ± 31.8) versus (170.7 ± 56.3) g,
P\ 0.001 at 30 min; (118.7 ± 34.4) versus
(170.7 ± 56.3) g, P = 0.001 at 6 h] and group

Fig. 1 Flow diagram of the study. CONSORT flow
diagram for the study. All patients were injected with
10 ml study drugs 5 min before anesthetic induction. The

study drugs comprised 0.9% saline and esketamine
0.2 mg�kg-1, 0.4 mg�kg-1, 0.6 mg�kg-1
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RK1 [Fig. 2B; (114.3 ± 45.2) versus
(175.7 ± 54.8) g, P = 0.001 at 30 min;
(121.4 ± 38.5) versus (175.7 ± 54.8) g,
P = 0.002 at 6 h] were significantly decreased
compared with the baseline at 30 min and 6 h
after surgery. Groups RK2 and RK3 showed no
significant difference between pre- and postop-
erative. No differences were found among the
four groups or compared with the baseline 24
and 48 h after surgery (Fig. 2B).

Hyperalgesia Incidence

At 30 min and 6 h after surgery, hyperalgesia in
group C was higher than that in group RK3
around the surgical incision [Table 2; 19
(63.3%) versus 2 (6.7%), P = 0.001 at 30 min; 17
(60.7%) versus 1 (3.6%), P = 0.001 at 6 h] and
on the forearm [Table 2; 15 (50.0%) versus 2
(6.7%), P = 0.006 at 30 min; 15 (53.6%) versus 3
(10.7%), P = 0.002 at 6 h], and was higher than
that in group RK2 around the surgical incision
[Table 2; 19 (63.3%) versus 5 (16.7%), P = 0.001
at 30 min; 17 (60.7%) versus 3 (10.7%),
P = 0.002 at 6 h] and on the forearm [Table 2; 15
(50.0%) versus 3 (10.0%), P = 0.008 at 30 min;
15 (53.6%) versus 4 (14.3%), P = 0.006 at 6 h].
No significant difference was found among the

four groups 24 h and 48 h after surgery
(Table 2). Significant differences in hyperalgesia
between groups C and RK1, and between groups
RK2 and RK3 were found (Table 2).

NRS score, Incidence of Rescue Analgesia,
Adverse Reactions

The NRS score in group RK3 was lower than that
in groups C (P = 0.002), RK1 (P\0.001), and
RK2 (P = 0.003) at 30 min after surgery, and was
lower than that in groups C (P = 0.002) and RK1
(P = 0.004) at 6 h after surgery. Groups C, RK1,
and RK2 did not differ significantly at 30 min
and 6 h after surgery. The four groups showed
no significant differences in NRS scores at 24
and 48 h after surgery (Table 3; P = 0.081 at 24 h
and P = 0.407 at 48 h).

The four groups did not differ significantly in
rescue analgesia (Table 4; P = 0.455).

Group RK3 had more glandular secretions
(P = 0.042). Neither perioperative ephedrine
and atropine use nor postoperative adverse
reactions, including delirium, hallucinations,
nausea, and vomiting, showed significant dif-
ferences among the four groups (Table 4).

Table 1 Baseline and intraoperative date

C (n = 30) RK1 (n = 28) RK2 (n = 29) RK3 (n = 30) P

Age (years) 43 ± 10 44 ± 11 45 ± 9 47 ± 10 0.624

BMI (kg�m-2) 24.2 ± 2.9 23.6 ± 2.8 24.8 ± 3.2 24.9 ± 2.9 0.330

Male 6 (20.0%) 5 (17.8%) 8 (27.6%) 6 (20.0%) 0.816

ASA (I/II) 20/10 19/9 20/9 21/9 0.967

Duration of surgery (min) 72.0 ± 17.9 81.2 ± 25.2 73.4 ± 26.8 75.6 ± 26.9 0.509

Duration of anesthesia (min) 86.6 ± 17.9 95.1 ± 25.4 84.9 ± 27.9 88.8 ± 27.8 0.437

Extubation time (min) 8.4 ± 5.4 8.9 ± 7.0 11.1 ± 6.9 14.8 ± 8.5* 0.002

PACU stay time (min) 28.7 ± 6.8 28.3 ± 7.8 29.1 ± 5.8 32.9 ± 6.9* 0.037

Dose of remifentanil (mg) 1.7 ± 0.4 1.8 ± 0.6 1.8 ± 0.6 1.8 ± 0.6 0.829

Dose of propofol (mg) 130.5 ± 19.2 123.9 ± 16.2 133.6 ± 23.2 133.3 ± 22.9 0.260

Data are presented as mean ± standard deviation or number (%). ASA American Society of Anaesthesiologists, BMI body
mass index. *P\ 0.05 versus group C
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DISCUSSION

Our results showed that remifentanil infused at
a continuous rate of 0.3 lg�kg-1�min-1 during
thyroid surgery could increase postoperative
hyperalgesia. This trial aimed to determine the
effects of esketamine on pain sensitivity after
remifentanil infusion in thyroidectomy
patients. According to our data, intravenous

administration of esketamine 5 min before
anesthesia induction could increase the post-
operative mechanical pain threshold and
decrease the hyperalgesia incidence, with an
optimal dose of 0.4 mg�kg-1.

Surgical procedures lead to postoperative
pain and increased opioid use. Postoperative
pain is a complex process that is mainly affected
by central sensitization, surgical injury, and
release of inflammatory factors [23]. In addition
to surgery, another external factor affecting
postoperative pain is opioid-induced hyperal-
gesia. Opioid-naive healthy human volunteers
develop RIH after remifentanil infusion [24].
The mechanism of RIH may be related to the
upregulation and activation of NMDA receptors
in the spinal cord, leading to central sensitiza-
tion [5, 25]. In previous studies, Von Frey fila-
ments can also be used to measure acute pain in
humans [26]. The mechanical pain threshold at
30 min and 6 h after surgery in group C was
significantly lower than the baseline, indicating
hyperalgesia occurred, and this result is in line
with previous studies [27, 28]. Intraoperative
opioids and surgical injuries may jointly lead to
postoperative hyperalgesia. The reasons for
lower mechanical pain thresholds around sur-
gical incisions include RIH and tissue trauma
stimulation, while those on the forearm may be
less associated with tissue trauma, suggesting
that esketamine may reduce the mechanical
pain threshold in normal tissue sites by
inhibiting RIH effects.

Central NMDA receptors play an important
role in central sensitization and hyperalgesia
[29] and contribute to RIH [30]. Animal studies
have found that blocking NMDA receptors can
prevent the development of opioid-related pain
sensitivity [31]. NMDA receptor antagonists can
be used clinically to regulate opioid-induced
hyperalgesia [20]. As ketamine can reduce
NMDA receptor-mediated secondary hyperal-
gesia, low-dose intravenous ketamine can be
used as an adjuvant drug for acute and chronic
postoperative pain management [32]. Eske-
tamine has a higher clearance rate in vivo and
theoretically a lower incidence of side effects
[33]. Therefore, esketamine has great research
prospects and significance for the prevention
and treatment of RIH. This study showed that

Fig. 2 Mechanical pain thresholds around the surgical
incision (A) and on the forearm (B). NRS numerical
rating scale. *P\ 0.05 versus baseline. 4P\ 0.05 versus
group C
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intravenous administration of esketamine
0.4 mg�kg-1 and 0.6 mg�kg-1 before anesthesia
induction increased mechanical pain thresholds
and decreased the incidence of hyperalgesia at
30 min and 6 h postoperatively. This may be
related to the long-term antagonistic effect of
esketamine on the NMDA receptors. In addi-
tion, norketamine is the active metabolite of
esketamine conversion in vivo, and its anes-
thetic effect is 1:5 to 1:3 that of esketamine,
with a longer elimination half-life, which may
also be related to the longer analgesic time of
esketamine [34, 35].

Quantitative Sensory Testing (QST) is an
objective and accurate measurement method

that can identify changes in pain sensitivity in
patients [36]. Studies have shown that pain
sensitivity measured by QST can improve its
predictive value for postoperative pain devel-
opment [37]. The Von Frey filament is a well-
repeatable QST detection method, which is
more sensitive and objective for sensory testing
of pain and is commonly used to measure
mechanical pain thresholds in clinical studies
[20]. The pain indicators in this study included
mechanical pain threshold, NRS score, and
incidence of rescue analgesia. In the present
study, esketamine produced a dose-dependent
anti-hyperalgesia effect. Except that NRS score
in group RK3 was lower than group RK2 at

Table 2 Comparison of hyperalgesia incidence

After surgery C (n = 30) RK1 (n = 28) RK2 (n = 29) RK3 (n = 30) P

On the forearm

30 min 15 (50.0) 14 (46.7) 3 (10.0)* 2 (6.7)* 0.001

6 h 15 (53.6) 12 (42.9) 4 (14.3)* 3 (10.7)* 0.001

24 h 5 (17.2) 4 (13.8) 3 (10.3) 2 (6.9) 0.743

48 h 5 (16.7) 3 (10.0) 2 (6.7) 1 (3.3) 0.822

Around the skin incision

30 min 19 (63.3) 17 (56.7) 5 (16.7)* 2 (6.7)* 0.000

6 h 17 (60.7) 16 (57.1) 3 (10.7)* 1 (3.6)* 0.000

24 h 6 (20.7) 5 (17.2) 3 (10.3) 2 (6.9) 0.837

48 h 6 (20.0) 5 (16.7) 3 (10.0) 1 (3.3) 0.880

Data are presented as number (%). *P\ 0.05 versus group C

Table 3 Comparison of NRS scores

After surgery C (n = 30) RK1 (n = 28) RK2 (n = 29) RK3 (n = 30) P

30 min 2 [0 to 2] 2 [2 to 2] 2 [0 to 2] 0 [0 to 2]abc 0.002

6 h 0 [0 to 1] 0 [0 to 2] 0 [0 to 1] 0 [0 to 0]ab 0.006

24 h 0 [0 to 0] 0 [0 to 0] 0 [0 to 0] 0 [0 to 0] 0.081

48 h 0 [0 to 0] 0 [0 to 0] 0 [0 to 0] 0 [0 to 0] 0.407

Data presented as median [IQR]. NRS numerical rating scale. aP\ 0.05 versus group C; bP\ 0.05 versus group RK1;
CP\ 0.05 versus group RK2
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30 min after surgery, groups RK3 and RK2 did
not differ significantly at other time points after
surgery. Groups RK3 and RK2 did not differ
significantly in rescue analgesia and hyperalge-
sia after surgery. The results indicated that
0.6 mg�kg-1 and 0.4 mg�kg-1 esketamine had
similar analgesic effects in the early period of
postoperation. Patients who received
0.6 mg�kg-1 esketamine intravenously had
longer extubation time and PACU stay time,
and more adverse reactions such as increased
gland secretion. Therefore, it is speculated that
intravenous injection of 0.4 mg�kg-1 eske-
tamine before anesthesia induction may be a
suitable dose to prevent RIH.

This study mainly evaluated the mechanical
pain threshold in patients with thyroid cancer
after surgery, which is a type of spontaneous
pain. Pain after thyroid surgery is confined to
the anterior neck, and the intensity of pain is
moderate to mild. It is not aggravated by exer-
cise and can be quickly relieved by low-dose
analgesics [38]. Esketamine was effective within
30 s after intravenous injection, the duration of
action was 30–45 min, and the clearance half-
life was 155 ± 42 min. In this study, esketamine
was administered as a single intravenous injec-
tion 5 min before anesthesia induction.
Although the half-life of esketamine is short,
this study showed that the postoperative anal-
gesic effect of esketamine is greater than 6 h.
This phenomenon may be explained by the
preemptive analgesic effect of prophylactic
analgesics before the onset of traumatic con-
duction and central nervous system

hypersensitivity [39]. The degree of analgesic
effect of a single administration of esketamine is
influenced by the type of surgery, and contin-
uous intravenous administration may be
required to provide superior postoperative
analgesia in more painful surgeries. We
observed no serious adverse effects that required
withdrawal from the trial throughout the study.
Patients using vasoactive drugs showed no sig-
nificant differences among the four groups,
indicating that low-dose esketamine had little
effect on the perioperative hemodynamics.

Our study had some limitations. First, we
only measured the mechanical pain threshold,
and the temperature and electrical pressure pain
thresholds could be measured in the future.
Second, no chronic postoperative pain was
observed. Third, there are variables in the
human patient population, including gender,
red hair, and many other factors. Therefore, the
findings of the study are limited to generaliza-
tion. Further research is required to address
these questions.

CONCLUSIONS

Intravenous injection of esketamine
0.4 mg�kg-1 before anesthesia induction is a
suitable dose to reduce pain sensitivity in
patients undergoing thyroidectomy without
increasing adverse reactions. However, future
research needs to be extended to other
populations.

Table 4 Comparison of adverse reactions

C (n = 30) RK1 (n = 28) RK2 (n = 29) RK3 (n = 30) P

Delirium, hallucinations 0 (0.0) 1 (3.6) 3 (10.3) 4 (13.3) 0.157

Nausea, vomiting 3 (10.0) 2 (7.1) 2 (6.9) 4 (13.3) 0.816

Hypersecretion of glands 2 (6.7) 2 (7.1) 5 (17.2) 9 (30.0)* 0.042

Rescue analgesia 6 (20.0) 4 (14.3) 3 (10.3) 2 (6.7) 0.455

Patients receiving atropine 1 (3.3) 0 (0.0) 1 (3.4) 0 (0.0) 0.572

Patients receiving ephedrine 5 (16.7) 6 (21.4) 5 (17.2) 8 (26.7) 0.759

Data are presented as number (%), *P\ 0.05 versus group C
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