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Inhibitory effect of low-dose esketamine

on cough induced by sufentanil during the
induction of anesthesia and postoperative
impact on mental health status: a prospective,
single-center, randomized controlled trial
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Abstract

Background Intravenous administration of sufentanil during anesthesia induction induces cough (SIC), sometimes
triggers a severe reaction. We wanted to investigate the inhibitory effect of low-dose esketamine on cough induced
by sufentanil during the induction of general anesthesia, as well as its postoperative impact on mental status (MMSE
score, RSS, and VAS-A).

Methods A total of 256 adult patients were randomly allocated to receive either esketamine (Group EK) or normal
saline (Group C). One minute before the administration of sufentanil, Group EK and Group C were injected with
esketamine (0.05 mg/kg, diluted with normal saline to 3 ml) and normal saline (3 ml), respectively. The primary
outcomes were the incidence (the basis of the presence or absence of cough) and severity (the frequency of cough
episodes) of cough within 2 min after sufentanil injection.The secondary outcomes included hemodynamic variables
(MAP HR, and SPi), mental status (MMSE score, RSS, and VAS-A) and postoperative events (time to awareness, duration
of orientation recovery and degree of satisfaction with anesthesia).

Results A total of 236 adult patients were randomized into two groups (n=236): Group EK (n=118) and Group C
(n=118).The incidence of cough in Group EK (21.2%) was significantly lower than that in Group C (40.7%) (P<0.05).
The incidence rates for each grade were as follows: 9.3% and 16.9% for Grade 2, and 0% and 4.2% for Grade 3,
respectively.The differences had statistical senses.The MAP and HR at T4 (during tracheal intubation) and T5 (1 min
post-intubation) were significantly lower in Group EK (P < 0.05). There were no significant differences in MMSE score,
RSS, and VAS-A, time to awareness, duration of orientation recovery or satisfaction with anesthesia.

Conclusion Pretreatment with low-dose esketamine can reduce the incidence and severity of cough induced by
sufentanil and maintain hemodynamic stability during anesthesia induction without increasing mental status (MMSE
score, RSS, and VAS-A).
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Trial registration Chinese Clinical Trial Registry (ChiCTR2400084940, date of registration: 05/28/2024).
Keywords Eketamine, Sufentanil, Pretreatment, General anesthesia, Induction, Cough, Mental system

Introduction

Opioid receptor agonists such as fentanyl, sufentanil, and
remifentanil are commonly used for anesthesia induc-
tion and maintenance because of their beneficial prop-
erties, including potent pain relief, long duration, and
stable hemodynamics [1]. The intravenous infusion of
sufentanil during anesthesia induction is associated with
a high incidence of choking or bucking reactions, which
are clinically referred to as sufentanil-induced cough
(SIC) [2]. Cough is generally benign, but it can occasion-
ally lead to undesirable side effects, such as increased
intra-abdominal, intracranial, or intraocular pressure
[3]. Patients with traumatic brain injury, aneurysm, glau-
coma, and complex respiratory diseases are at great risk
[4]. Pharmacological interventions, such as lidocaine,
dezocine, dexmedetomidine, ketamine, and butorphanol,
have been extensively utilized to prevent the occurrence
of cough. Ketamine is known to inhibit SIC through its
antagonistic effect on NMDA (N-methyl-D-aspartate)
receptors [5]. The right-handed version of ketamine,
known as esketamine, shows a greater affinity for NMDA
receptors and has a reduced impact on cognitive function
and memory in the early stages following administration
[2, 6]. Esketamine exhibits a more potent receptor affin-
ity and fewer adverse effects than ketamine and exhibits
shorter recovery times after brief periods of anaesthe-
sia. As the PVT (paraventricular thalamus) plays a piv-
otal role in regulating wakefulness [7]. The aim of this
study was to investigate the effective suppressive effect
of intravenous administration of low-dose esketamine
on cough triggered by sufentanil during the general anes-
thesia induction process, as well as its subsequent effects
on postoperative mental status idcluding MMSE (Mini-
Mental State Examination) score, RSS (Ramsay Sedation
Scale), and VAS-A (Visual Analogue Scale for Anxiety).

Methods

Study design

This was a prospective, single-center, randomized con-
trolled trial. The present study was approved by the Eth-
ics Committee of the First Affiliated Hospital of Soochow
University (LunShen (2022)076 and (2022)076—1) and
was registered in the Chinese Clinical Trial Registry
(ChiCTR2400084940, date of registration: 05/28/2024).
The study design adhered to the 2010 CONSORT state-
ment. Two hundred fifty-six patients who underwent
elective general anesthesia were recruited from May
2024 to July 2024, 236 of whom successfully passed the
screening process. The participants (aged 18-70) were
randomly divided into two groups by using a computer to

generate a random number list at a 1:1 ratio to the esket-
amine group (Group EK) (n=118) or the normal saline
group (Group C) ( n=118). The random group sequence
number was placed in sealed envelopes by a nurse who
was not involved in the anesthesia. Another anesthesiolo-
gist opened the envelope and was aware of the treatment
allocation of each patient. He was responsible for drug
preparation and injection. A blinded anesthesiologist
recorded the indicators include the incidence (the basis
of the presence or absence of cough) and severity (the
frequency of cough episodes) of cough within 2 minutes
after sufentanil injection, hemodynamic variables (MAP,
HR, and SPi), mental status (MMSE score, RSS, and
VAS-A) and postoperative events (time to awareness,
duration of orientation recovery and degree of satisfac-
tion with anesthesia). Group allocation was revealed only
after data collection and analysis. Group EK received an
intravenous infusion of 0.05 mg/kg (the desired amount
was drawn and diluted with normal saline to 3 ml) esket-
amine, which was administered one minute prior to the
sufentanil injection. In the Group C, a 3 ml intravenous
infusion of normal saline was administered one minute
prior to the injection of sufentanil. The inclusion criterias
were as follows: voluntary provision of signed informed
consent; between the ages of 18 and 70 (including both
ends); American Society of Anesthesiologists (ASA) class
I or II; and a preparation for elective tracheal intubation
under general anesthesia. The exclusion criteria were
as follows: patients who declined to participate; with
a BMI<18 or >30 kg/m? severe hepatic and renal dys-
function; a history of chronic cough, bronchial asthma
or chronic obstructive pulmonary disease; acute upper
respiratory tract infection or recent use of bronchodila-
tors and steroid angiotensin converting enzyme inhibi-
tors; psychiatric disorders or allergies to study drugs;
andserious clinical conditions that may impact the study.
The criterias for termination were as follows: incomplete
clinical data and follow-up information of the subjects;
noncompliance with testing and other observation diag-
noses as per the study protocol; voluntary withdrawal
from the study. All instances of participant withdrawal
were documented for future reference, and the attrition
rate was calculated after the experiment.

Study protocol

The heart rate (HR), mean artery pressure (MAP), and
surgical pleth index (Spi) values were assessed for all
patients upon their admission to the operating room. The
upper extremity vein was punctured via an 18G cath-
eter, and 500 ml of sodium lactate Ringer’s solution was
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administered. Each patient was provided with a mask
delivering oxygen and air at a flow rate of 2 L/min. An
intravenous infusion of 0.05 mg/kg esketamine (the
desired amount was drawn and diluted with normal
saline to 3 ml) was administered to patients in Group EK
one minute prior to the injection of sufentanil. Patients
in Group C received an intravenous infusion of normal
saline (3 ml) one minute prior to the administration of
sufentanil. Patients in both groups received an intra-
venous injection of 0.4 ug/kg sufentanil (Humanwell
Healthcare Co. Ltd. batch number AB40101711) over
a duration of 10 s. Two minutes later, patients in both
groups received an intravenous injection of 0.02 mg/
kg midazolam (Jiangsu NHWA Pharmaceutical Co. Ltd.
batch number TMD23E18), 2 mg/kg propofol (AstraZen-
eca UK Limited, batch number X23013B), and 0.15 mg/
kg cisatracurium (Jiangsu Hengrui Pharmaceuticals Co.
Ltd. batch number 240408BL) during the induction of
anesthesia. The decision to perform endotracheal intu-
bation was made when the bispectral index (BIS) (Covi-
dien IIc,15 Hampshire) value dropped below 60 after
adequate muscle relaxation. Anesthesia was maintained
through the inhalation of 2% sevoflurane (Maruishi Phar-
maceutical Co. Ltd. batch number 3Y062), intermittent
administration of sufentanil, and cisatracurium. All of
the patients were ventilated with an Aspire view anes-
thetic machine (71034 Boeblingen, Germany). The tidal
volume was maintained within the range of 8—12 ml/kg,
whereas the end-respiratory carbon dioxide (PetCO,)
levels were maintained between 35 and 45 mmHg. The
respiratory rate (RR) was fixed at 12 breaths/min, the
inspiratory-to-expiratory time ratio (I: E) was 1:2, and
the inspired oxygen fraction (FiO,) was 0.5 (balanced
with air) throughout the anesthesia period. During the
operation, the hemodynamic parameters were main-
tained within 20% of the baseline values. Cisatracurium
and sufentanil were intermittently injected as needed.
The administration of additional cisatracurium was dis-
continued 30 min prior to the conclusion of the surgical
procedure, whereas inhalation anesthesia was terminated
10 min before completion. The patient was transferred to
the post-anaesthesia care unit (PACU) with an endotra-
cheal tube after the surgical procedure.

Data collection

The demographic data were collected prior to the opera-
tion. The study drug was prepared, and the infusion was
administered by an unblinded anesthesiologist. Another
blinded anesthesiologist performed the assessment and
recorded the occurrence of cough within two minutes
after the administration of sufentanil. The incidence
of cough was recorded on the basis of the presence or
absence of cough, and the cough severity was graded
according to the frequency of cough episodes as follows:
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no cough (0 times), mild (1 to 2 times), moderate (3 to 5
times), and severe (>5 times) [8]. MAP, HR, and SPi were
recorded at the following time points: before anesthesia
induction (T0), 1 min after esketamine injection (T1),
1 min after sufentanil injection (T2), prior to tracheal
intubation (T3), during tracheal intubation (T4), 1 min
post-intubation (T5), and 5 min post-intubation (T6).
The duration of surgery, intraoperative blood loss, and
duration of PACU were recorded for both groups. The
cognitive function of both groups was evaluated via the
MMSE score [9](the orientation score section), RSS [10,
11], VAS-A [12], at 152 min, 30£2 min, and 60+2 min
after extubation. In this study, the severity of cognitive
function impairment increased as the score decreased or
increased. The time to awareness, duration of orientation
recovery and degree of satisfaction with anesthesia were
also documented in this study.

Outcomes

The primary outcomes were the incidence (the basis of
the presence or absence of cough) and severity (the fre-
quency of cough episodes) of cough within 2 min after
sufentanil injection.The secondary outcomes included
hemodynamic variables (MAP, HR, and SPi), mental sta-
tus (MMSE score, RSS, and VAS-A) and postoperative
events (time to awareness, duration of orientation recov-
ery and degree of satisfaction with anesthesia).

Sample size calculation

Power analysis was performed using stats package in
R (version 4.4.0). According to our pilot study, the inci-
dence of cough in Group EK was 21.2%, and 40.7% in
Group C. A sample size of 108 patients in each group was
calculated with a type I error of 0.05 and power of 85%,
with an effect size of 0.7, and considering a dropout rate
of approximately 10%, we finally included 236 patients for
analysis in this study.

Statistical analysis

The study included a total of 236 participants. Free Sta-
tistics software IBM SPSS Statistics 22.0 was used for
statistical analysis. The numerical data were presented
as numeric values or mean values with standard devia-
tions. Comparisons between groups of continuous vari-
ables following a normal distribution were conducted via
t tests or ANOVAS-A. The data for categorical variables
were presented as case numbers and percentages, and
were analyzed via the chi-square test. The Wilcoxon rank
sum test was used for nonparametric intergroup compar-
isons. Statistical significance was established at P values
less than 0.05.
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Eligible(n=256)

Excluded(n=20)
* Refused participants(n=5)

*Recent use of prohibited drugs(n=6)
*Serious clinical conditions(n=9)

Randomized(n=236)

Enroliment
Allcoation
Allcoated to the Group EK
(n=118)
Received an allcoated
intervation (n=118)
Follow-up
Follow-up complete
(n=118)
Analysis
Analysed
(n=118)

Fig. 1 CONSORT flow diagram for patients

Table 1 Demographic and clinical characteristics

Group EK Group C Pvalue
(n=118) (n=118)

Sex, n(%)

Male 65(55.08) 56(47.46) 0.526

Female 53(44.91) 62(52.54) 0.752
Age (yr) 35.97+856 38.85+9.02 0.600
B!\/H(kg/mz) 22.15+£2.68 23.65+3.02 0493
ASA class, n(%)

Grade | 54(45.76) 55(46.61) 0.776

Gradelll 64(54.24) 63(53.39) 0.365
History, n

Smoking 10 12 0.520

Drinking 6 6 1.000

Allergy 2 1 1.000

CHD 3 2 1.000

Hypertension 5 4 0.956

Diabetes 2 1 1.000
Duration of surgery (min) 105.25+25.18 110+30.12 0.524
Duration of PACU(min) 35254225 36.17+£3.25 0.569
Intraoperative blood loss(ml)  100.35+13.12 108.12+19.15 0.259

Note: Categorical variables are expressed as the means+tstandard deviations
(SDs) or numbers (percentages). Group EK, iv. esketamine; Group C, iv. normal
saline;Abbreviations BMI, body mass index; CHD, coronary heart disease; ASA,
American Society of Anesthesiologis

Allcoated to the Group C
(n=118)
Received an allcoated
intervation (n=118)

Follow-up complete
(n=118)

Analysed
(n=118)

Results

A total of 256 patients were assessed for eligibility for the
study, and 236 subjects were enrolled, with 118 patients
allocated to each group. Twenty subjects dropped out
because of changes before anesthesia (Fig. 1). Age, BMI,
sex, ASA grade, duration of surgery, volume of blood
loss, and duration in the PACU were not significantly dif-
ferent between the two groups (P>0.05) (Table 1). The
MAP and HR at T4 (during tracheal intubation) and T5
(one minute post-intubation) were significantly lower in
Group EK than in Group C (P<0.05). The Spi values at
T4 and T5 were lower than those in Group C, but the dif-
ference was not significant. There were no differences in
the MAP, HR or Spi at the other time points (Table 2).
The incidence of cough was significantly lower in Group
EK than in Group C (21.2% vs. 40.7%, P<0.05). The inci-
dence of both moderate and severe cough was signifi-
cantly lower in Group EK (9.3% and 0%, respectively)
than in Group C (16.9% and 4.2%, respectively) (2<0.05)
(Table 3). The MMSE score, RSS, and VAS-A did not sig-
nificantly differ between the two groups at the relevant
time points (Table 4). The time to awareness, duration of
orientation recovery, and patient satisfaction with anes-
thesia were assessed following surgery (Table 5). The
observed data did not reveal any statistically significant
disparities.
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Table 2 Comparison of vital signs

Groups (n=118) Variables TO T1 T2 T3 T4 T5 T6

Group EK MAP 9725725  9748+738  9858+10.12 8823+7.25 7520+ 541% 7234+ 423% 85611525

Group C (mmHg) 96.48+ 6.49 96.55+ 7.02 101.28+10.34 85.12+ 7.89 79.18+ 5.25% 78.78+ 4.38% 82.25+4.39
tvalue 0324 0.578 0.119 0.575 4.028 5.889 0317
Pvalue 0.752 0.568 0.906 0.586 0.045% 0.025% 0.577

Group EK HR 84.24+ 824 86.54+ 8.78 7923+ 3.25 7823+ 3.24 72.15+ 8.98* 67.34+ 5.55% 68.23+7.23

Group C (bpm) 82.18+7.68 83.25+ 8.01 84.54+ 8.13 79.25+5.26 81.24+ 10.15* 70.25+ 5.23% 67.25+7.24
tvalue 0.170 0.961 0.577 0.758 2.683 4.235 0.105
Pvalue 0.866 0.341 0.566 0463 0.017* 0.023* 0917

Group EK Spi 4121+£480  42.02+551 40.04+ 5.84 3921£4.72 4810+ 581 40.22+ 381 3862+ 3.13

Group C 40.02+ 5.60 40.11£6.12 41,02+ 5.52 39.01+4.61 52.02+6.50 43.52+3.61 3832+ 3.62
tvalue 0.217 0.202 0.756 0.796 0.388 0.758 0529
P value 0.997 0356 0.504 0.500 0.145 0.592 0482

Note: Categorical variables were expressed as the mean £ standard deviation (SDs). Group EK, iv. esketamine; Group C, iv. normal saline; before anesthesia induction
(T0), 1 min after esketamine injection (T1), 1 min after sufentanil injection (T2), prior to tracheal intubation (T3), during tracheal intubation (T4), 1 min post-intubation
(T5), and 5 min post-intubation (T6);Abbreviations MAP, mean arterial pressure; HR, heart rate; Spi, surgical pleth index.*P<0.05 vs. the Group C

Table 3 Incidence and grade of cough

Groups Grade 0 Grade 1 Grade 2 Grade 3 Incidence of cough, n(%)
(n=118)

Group EK 93(78.8) 14(11.9) 1109.3) 0(0) 25(21.2)°

Group C 70(59.3) 23(19.5) 20(16.9)" 5(4.2)" 48(40.7)

x* value 2257 5325 5210 4569 4257

P value 0.055 0.075 0.009" 0.027" 0.047"

Note: Categorical variables are expressed as numbers (proportions). Group EK, iv.esketamine; Group C, iv.normal saline; The severity of cough was evaluated within
two minutes of starting sufentanil : 0=no cough, 1=mild (1-2 times) cough, 2=moderate (3-5 times) cough and 3=severe (>5 times) cough (bucking). "P<0.05 vs.
the Group C

Table 4 Scores between the two groups

Variables Groups 15 min =2 min after 30 min+2 min after 60 min+2 min after
(n=118) extubation extubation extubation
MMSE score Group EK 8.01+0.61 9.30+0.31 9434042
Group C 832+0.70 9.40+0.23 9.01+045
Z value 091 0.98 1.21
P value 0.108 0.708 0213
RSS Group EK 1.72+0.62 1.81+£0.99 1.81+047
Group C 1.93+0.67 1.924+0.62 1.83+0.76
z value 1.28 153 0.86
P value 0332 0.152 0.398
VAS-A Group EK 3.23+0.67 295+0.59 272+0.77
Group C 3.94+0.67 3.24+0.61 231+0.67
z value 0.17 0.13 0.54
P value 0.816 0.893 0.563

Note: Categorical variables are expressed as the mean +standard deviation (SDs). Group EK, iv.esketamine; Group C, iv. normal saline; Abbreviations MMSE score, Mini-
Mental State Examination (the orientation score section, adds up to 10 points); RSS, Ramsay Sedation Scale (anxiety and restlessness (1 point), orientation and quiet
cooperation (2 points), response to commands (3 points), lethargy and rapid response to tapping eyebrow or loud auditory stimulation (4 points), lethargy and slow
response to tapping eyebrow or loud auditory stimulation (5 points), lethargy and no response (6 points)); VAS-A, Visual Analog Scale-Anxiety (Straight lines were
graded on a 10-point scale ranging from 0 (no anxiety) to 10 (extreme anxiety), a higher score indicates a higher level of current anxiety)

Discussion

In this study, the administration of esketamine at a dos-
age of 0.05 mg/kg resulted in a significant reduction
in cough incidence and a significant lower number of
patients experiencing Grade 2-3 severity than did the
control group (Group C). Esketamine has about twice
or triple the affinity as NMDA [13], the dextro-isomer of

ketamine, these findings align with the results reported
in a study about ketamine suppressed the cough reflex
induced by fentanyl by Yeh CC et al. [14]. Compared
with placebo therapy, the intravenous administration
of 0.15 mg/kg ketamine significantly reduced fentanyl-
induced coughing, demonstrating a superior effect [14].
The administration of a low dose of esketamine 0.05 mg/
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Table 5 Time to awareness, duration of orientation recovery and
satisfaction with Anesthesia

Variables Group EK Group C Pvalue
(n=118) (n=118)

Time to awareness(min) 19.83+9.95 17.81+8.85 0.440

Orientation recovery(min) 18.84+8.95 18.31+9.95 0.635

Satisfaction with anesthesia 8.86+0.96 9.01+0.95 0.253

Note: Categorical variables are expressed as the meanzstandard deviation
(SDs). Group EK, iv.esketamine; Group C, iv. normal saline

kg can also effectively reduce the incidence of cough dur-
ing the recovery period following general anesthesia,
thereby serving as a preventive measure to indirectly mit-
igate hemodynamic instability during this phase [15, 16].

Numerous studies have documented various strategies
for managing SIC, including decelerating the injection
rate, diluting the drug concentrations, reducing the dos-
age levels, opting for peripheral injection sites, ensuring
an appropriate order of drug administration, and provid-
ing patients with instructions on the huffing maneuver
[17-22]. In the present study, the duration of intravenous
sufentanil injection in both groups was standardized
to 10 s, and the amount of sufentanil administered was
identical, aiming to minimize any discrepancies between
the two groups. The incidence of cough can be reduced
to varying degrees by pretreatment with ketamine, pro-
pofol, and lidocaine [23, 24]. The incidence of cough in
Group EK was 21.2%, which was significantly lower than
that in Group C (40.7%), and the incidence of Grade 2-3
severity decreased significantly. The incidences of both
moderate and severe cough were significantly lower in
Group EK (9.3% and 0%, respectively) than in Group C
(16.9% and 4.2%, respectively) (P<0.05). The primary
mechanism of action of esketamine involves the blockade
of NMDA receptors while also exerting effects on opioid,
monoaminergic, adenosine, and other receptor systems.
In addition to increase the prevalence of NMDA recep-
tors in the respiratory system, NMDA receptor is also
associated with relaxation of airway smooth muscles
via voltage-dependent L-type calcium channels, lead-
ing to bronchial dilation [15]. The cough reflex is elicited
by activation of NMDA receptor. The administration of
a low dose of ketamine was also found to be effective in
reducing the incidence of remifentanil-induced cough
but did not affect its severity or onset time [25]. Research
has shown that pretreatment with intravenous adminis-
tration of a low dose of esketamine effectively suppresses
the occurrence of SIC during the induction phase of gen-
eral anesthesia, thereby reducing both the frequency and
severity of coughing [25, 26]. The aforementioned state-
ment aligns with the research conducted by Li Shuy-
ing et al. [27]. In our study, pretreatment with low-dose
esketamine reduced the incidence and severity of cough
induced by sufentanil during the induction of general
anesthesia.
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In this study, the MAP and HR in Group EK were
slightly higher than those in Group C at T1, but the dif-
ferences were not significant. The observed outcome was
attributed to stimulation of the sympathetic nerves by
esketamine, resulted in increases in both blood pressure
and HR [28]. The dosage administered in this study did
not induce any hemodynamic instability. The MAP and
HR in Group EK at the T4 and T5 time points were sig-
nificantly lower than those in Group C, indicated that
pretreatment with esketamine effectively attenuated the
stress response induced by tracheal intubation and main-
tained hemodynamic stability during anesthesia induc-
tion [28-30]. Compared with HR or BP, the Spi, which
was developed for quantifying intraoperative stress lev-
els, esketamine demonstrated a superior ability to reflect
noxious stimuli [31]. The Spi at T4 and T5 were lower
than those in Group C in our study; however, no statis-
tically significant difference was observed. The admin-
istration of analgesics at subtherapeutic doses or the
utilization of low dosages of esketamine cannot be ruled
out [32]. This study verified that pretreatment with low-
dose esketamine can maintain hemodynamic stability
during anesthesia induction.

The MMSE score, RSS, and VAS-A of Group EK did
not significantly differ from those of Group C at any time
point following extubation. Research shows it is more
appropriate to use the orientation score for early postop-
erative cognitive dysfunction [13] which can reflect the
quality of anesthesia recovery; The time to awareness,
duration of orientation recovery, and patient satisfaction
with anesthesia were not significantly different. These
results imply that the administered dose of esketamine
does not increase the occurrence of atypical psychiatric
symptoms in patients [33]. Moreover, these findings are
in line with the results obtained by Eberl and Susanne in a
study focused on endoscopy [34]. A potential explanation
is that the combination of propofol inhibits the expres-
sion of c-fos in the posterior cingulate cortex induced
by ketamine [35, 36]. Alternatively, we used a small dose
of esketamine, which did not delay recovery or induce
postoperative mental problems. This phenomenon may
also be associated with the activation of synaptic signal-
ing pathways, the reconfiguration of synaptic connec-
tions in neural circuits, and the regeneration of damaged
nerve cells [37]. Therefore, our findings indicated that
pretreatment with low-dose esketamine did not increase
the MMSE score, RSS, or VAS-A or prolong the time to
awareness or duration of orientation recovery or reduce
patient satisfaction with anesthesia.

In summary, pretreatment via intravenous administra-
tion of low-dose esketamine can effectively suppress the
choking reflex induced by sufentanil during the induction
phase of general anesthesia and promote hemodynamic
stability. This treatment does not result in an increased
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occurrence of abnormal psychonervous system symp-
toms in patients or prolong the duration of extubation
after surgery.

The study sample size, however, was limited and did
not fully preclude the possibility of esketamine inducing
psychiatric symptoms. Moreover, the inhibitory effect on
cough was limited, possibly due to the administration of
a suboptimal dose. Multiple limitations are worth con-
sidering, including potential bias from any other source,
potential error, statistical uncertainty, and a lack of gen-
eralizability of the results of the present study. Further
research is needed to determine the appropriate dosage
for esketamine pretreatment.
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