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Abstract: Objective To analyze the effect of a subanesthetic dose of esketamine on perioperative hemodynamics in patients
undergoing lumbar spine surgery under general anesthesia. Methods The case data were retrospectively analyzed, and 70
patients who underwent general anesthesia lumbar spine surgery and treatment from June 2021 to June 2023 at Nanjing
University School of Medicine were selected for the study. According to the way of anesthesia induction, they were divided into
the conventional group (conventional intravenous anesthesia induction, n=35) and the esketamine group (subanesthetic dose
of esketamine+conventional intravenous anesthesia induction, 7=35). Hemodynamic indices [heart rate (HR), mean arterial
pressure (MAP), and blood norepinephrine (NE) levels at each time point before induction of anesthesia (T0), in the immediate
preoperative period (T1), at the end of the operation (T2), and at the time of postoperative awakening (T3), and the occurrence
of the dosage of vasoactive medications (atropine and phenylephrine), and the incidence of adverse events (nausea and
vomiting, postoperative agitation, respiratory depression, and bradycardia) were compared between the two groups of
patients. Results The HR levels of patients in the conventional group were significantly lower at T1 and T2 than at TO, and
significantly higher at point T3 than at T1 and T2. At T2, the HR levels of patients in the esketamine group were significantly
higher than those of the conventional group (P<0.05), and the difference in HR levels of patients in the esketamine group at
each time point was not statistically significant (£>0.05). The MAP levels of patients in the esketamine group at T1, T2 and T3
were significantly lower than those at TO, and the MAP levels of patients in the esketamine group were significantly higher than
those in the conventional group at T1 and T2, and the MAP levels of patients in the conventional group first decreased and
then increased over time, and the difference between the two groups was statistically significant (P<0.05). The NE levels of
patients in both groups showed a decreasing trend at all time points, in which the NE levels of patients in the esketamine group
were significantly higher than those in the conventional group at T1, T2 and T3 (/<0.05). The dosage of atropine and
phenylephrine remedial drugs in patients in the esketamine group was significantly lower than that in the conventional group
(P<0.05). The difference in the incidence of nausea and vomiting, postoperative agitation, and respiratory depression adverse
events between the two groups were not statistically significant (£>0.05). The incidence of bradycardia in patients in the
esketamine group was significantly lower than that in the conventional group[ 2(5.71%) vs 8(22.86%), x’=4.200, P=0.040].
Conclusion The subanesthetic dose of esketamine can stabilize the hemodynamic changes during surgery in patients
undergoing lumbar spine surgery under general anesthesia, with a good anesthetic effect, reduce the dosage of anesthetic
remedial drugs, reduce the incidence of bradycardia, and with a high degree of safety.
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Lumbar spine disease is a common clinical
orthopedic disease, including lumbar disc herniation,

hypotension, which not only affects the patient's
therapeutic effect but also induces a variety of

lumbar spine fracture, etc., mainly in middle-aged and
elderly people. The onset of the disease not only leads to
pain, affecting the quality of life of the patient, but also
endanger the patient's life[1-2]. Surgical treatment can be
chosen when the lumbar spine disease palliative treatment
effect is not good. General anesthesia is usually chosen as
lumbar spine surgery is a large-scale surgery with severe
trauma and pain. However, the patients with lumbar spine
disease are mostly middle-aged and elderly people with
poorer physiological reserve function. They have a low
degree of tolerance to anesthesia drugs. Therefore, the
process of the surgery may be unstable, especially in
hemodynamics, and prone to anesthesia-induced

anesthesia-related complications, affecting the prognosis
of the patient[3]. Esketamine is an N-methyl-D-aspartate
receptor (NMDAR) antagonist, which is mainly used in
the treatment of major depressive disorder (MDD)[4] and
sleep disorders[5]. Zhang et al[6] found that a low
anesthetic dose of esketamine in total knee arthroplasty
could enhance anesthetic analgesia and maintain
hemodynamic stability during surgery. However, there are
fewer studies on the effect of subanesthetic doses of
esketamine applied in total anesthesia lumbar spine
surgery. In this study, 70 patients who underwent general
anesthesia lumbar spine surgery at the Medicine School
of Nanjing University from June 2021 to June 2023 were
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selected as the study subjects, aiming to analyze the effect
of subanesthetic dosage of esketamine on the
hemodynamics of lumbar spine surgery patients
undergoing general anesthesia during the anesthesia
induction period.

1 Information and methods

1.1 General information

Retrospectively analyze the case data, and select 70
patients who underwent general anesthesia lumbar spine
surgery treatment in the Medical School of Nanjing
University from June 2021 to June 2023 as the study
subjects.

Inclusion criteria: (1) patients who need general
anesthesia for lumbar spine surgery due to lumbar disc
herniation, lumbar spine fracture, etc.; (2) no adverse
reaction to the anesthesia drugs in this experiment.

Exclusion criteria: (1) combined with neurological
or psychiatric diseases; (2) combined with autoimmune
diseases such as rheumatoid arthritis; (3) combined with
malignant tumors; (4) non-general anesthesia surgery.
According to the way of anesthesia induction, they were
divided into the conventional group (n=35) and the
esketamine group (n=35). There was no statistically
significant difference in age, gender, and comorbidities
between the groups (P>0.05). The experimental
operations were approved and consented by the ethics
committee of the hospital (Ethics Approval Number:
HA82YY202401). [Table 1]

Tab. 1 Analysis of general information of the two groups

[case (%)]
Age Gender
Groups Case — — HypertensionDiabetes
(vears, x£s) Male Female
Conventional 19 16
group 35 58.4048.45 (54.29) (45.71) 6(17.14) 4 (11.43)
Esketamine 17 18
3748.1 22, .57
group 35 58.3748.18 (48.57) (51.43) 8(22.86) 3(8.57)
¥* 1 tvalue 0.014 0.229 0.357 0.159
P value 0.989 0.632 0.550 0.690

1.2 Methods

The two groups of patients were fasted for 6 hours
and forbidden to drink for 2 hours preoperatively.
Intravenous access was opened when they were admitted
to the room, and cardiac and electrical monitoring was
given to monitor the vital signs of the patients. In the
conventional group, conventional intravenous anesthesia
was induced by sequential intravenous injection of 0.04
mL/kg of 0.9% sodium chloride solution (Chengdu

Qingshan Likang Pharmaceutical Co., Ltd., Approval No.:

State Drug Permit H20050019) 0.3 mg/kg of sufentanil
(Jiangsu Enhua Pharmaceutical Co. Ltd, Approval No.:
H32022999) and 0.15 mg/kg of cis-atracurium (Jiangsu
Hengrui Pharmaceutical Co., Ltd, Approval No.:
H20183024). In the esketamine group, subanesthetic dose

of esketamine + conventional intravenous anesthesia
induction was given: 0.2 mg/kg intravenous esketamine,
0.5 pg/kg sufentanil, 0.3 mg/kg etomidate, and 0.15
mg/kg cisatracurium were injected in sequence, and
anesthesia was maintained with an intravenous infusion
of 2 mgkg of 1% propofol (Zhejiang Jiuxu
Pharmaceutical Co., Ltd., Approval No.: H20084531) and
1  pg/(kg'min) of remifentanil (Jiangsu Nhwa
Pharmaceutical Co., Ltd., Approval No.: H20143314). If
systolic blood pressure <100 mmHg or less than 30%
below the basal value was present, phenylephrine
(Shenzhen Woland Pharmaceutical Co., Ltd, Approval
No.: State Drug Permit H20033866) was given 10-30
pg/dose; if heart rate (HR) <50 bpm, atropine (Chengdu
Beite Pharmaceutical Co., Ltd, Approval No.:H32021536)
was given 0.25-0.5 mg/dose.

1.3 Observation indexes

Changes in hemodynamic indexes: (1) Patients were
given preoperative cardiac monitoring, and changes in
HR and mean arterial pressure (MAP) levels were
recorded and compared between the two groups of
patients before the induction of anesthesia (TO) at the
immediate preoperative period (T1), at the end of the
operation (T2), and at the time of postoperative
awakening (T3), respectively; (2) Venous blood was
collected from the patients of the two groups at TO, T1,
T2, and T3, respectively. (2) Collect venous blood from
two groups of patients at TO, T1, T2 and T3, respectively,
centrifuge it at 3,000 r/min for 10 min, collect the serum
carefully, store it at -40°C in a low-temperature
environment to avoid repeated freezing and thawing, and
detect the changes in the level of norepinephrine (NE) of
the patients in the two groups by using fluorescence
analysis.

Recording of wvasoactive agents: atropine and
phenylephrine remedial drug dosages were recorded and
compared between the two groups.

Occurrence of adverse reactions: monitor the
condition changes and surgical process of patients in the
two groups closely, and record and compare the
occurrence of nausea and vomiting, postoperative
agitation, respiratory depression, and bradycardia in the
two groups.

1.4 Statistical methods

All data were analysed using SPSS 26.0 software.
Measurement data in normal distribution were expressed
as x+s, and comparisons between groups were made
using independent samples ¢ test, and comparisons within
groups were made using analysis of variance for repeated
measurements or paired samples ¢ test; measurement data
not conforming to normal distribution were expressed as
the M (P25, Prs), and comparisons between groups were
made using the Wilcoxon rank-sum test. Count data were
expressed as frequency and percentage (%), and
comparisons between groups were made using the 7 test



o \8] 12 R 4R

Chin J Clin Res, August 2024, Vol.37, No.8

or Fisher's exact test. P<0.05 was considered a
statistically significant difference.

2.1 HR levels at each time point

HR levels of patients in the conventional group at
time points T1 and T2 were significantly lower than those
at time point TO, HR levels at time point T3 were
significantly higher than those at time points T1 and T2,
and at time point T2, HR levels of patients in the
esketamine group were significantly higher than those in
the conventional group, and the difference was
statistically significant (P<0.05), and the difference in HR
levels of patients at each time point in the esketamine
group was not statistically significant (P>0.05). [Table 2]

2.2 MAP levels at each time point

The MAP levels of patients in the esketamine group
at T1, T2 and T3 were significantly lower than those at
TO, and the MAP levels of patients in the esketamine
group were significantly higher than those of the
conventional group at T1 and T2, and the MAP levels of
the patients in the conventional group firstly declined and
then increased over time, and the difference between the
two groups was statistically significant (P < 0.05). [Table
2]

2.3 Hormone indexes at each time point

The NE levels of patients in the two groups showed
a decreasing trend at each time point, in which the NE
levels of patients in the esketamine group were
significantly higher than those of the conventional group
at points T1, T2 and T3, and the difference was
statistically significant (P<0.05). [Table 3]

2.4 The dosage of vasoactive drugs

The dosage of atropine and phenylephrine remedial
drugs for patients in the esketamine group was
significantly lower than that of the conventional group,
and the difference was statistically significant (P < 0.05).
[Table 4]

2.5 Adverse reactions

The difference in the incidence of adverse reactions
of nausea and vomiting, postoperative agitation and
respiratory depression between the two groups was not
statistically significant (P > 0.05). The incidence of
bradycardia in patients in the esketamine group was
significantly lower than that in the conventional group,
and the difference was statistically significant (P < 0.05).
[Table 5]

Tab. 2 Comparison of HR and MAP at each time point between the two groups (n=35, X+s)

HR (bpm) MAP (mmHg)
Groups To T1 ™ T3 To T1 T2 T3
Gonventional group  73.23#8.42 63.1744.76° 64.1427.10° 73.0349.47% 87.1647.42 71.0546.59° 754148.02% 82.44210.07%

Esketamine group

73.3448.12 67.85+13.02 70.2245.41¢ 72.08410.12 88.0644.15 80.42+10.27%¢ 82.1546.71%

84.0028.342

F/P (group) Value 8.480/0.006
F/P(time) Value 12.286/<0.001
F/P(interaction) Value 2.866/0.040

24.060/<0.001
28.730/<0.001
4.516/0.005

Note: *P < 0.05 compared with the same group at TO; °P < 0.05 compared with the same T1; °P < 0.05 compared with the same T2; and 9P < 0.01 compared with

the conventional group.

Tab. 3 Comparison of NE levels at various time points between the two groups of patients (n=35, pmol/L, X+s)

Groups TO T2 T3
Conventional group 365.12476.49 245.61443.12% 195.85440.48% 174.56445.19%
Esketamine group 357.00475.27 312.05+46.18% 268.74450.1920 198.74+434.223bcd
F/P (group) Value 31.870/<0.001
F/P(time) Value 143.252/<0.001
F/Pinteraction) Value 9.351/<0.001

Note: *P < 0.05 compared with the same group at TO; ®P < 0.05 compared with the same T1; °P < 0.05 compared with the same T2; and 9P < 0.01 compared with

the conventional group.

Tab. 4 Comparison of vasoactive drug dosage at each time point
between the two groups of patients (X=£s)

Groups Case Atropine (mg) Phenylephrine (ng)
Conventional 35 0.1340.03 52.18215.23
group

Esketamine 35 0.0320.01 12.3443.02
group

tvalue 18.708 15.179

P value <0.001 <0.001

Tab. 5 Comparison of the occurrence of adverse reactions
between the two groups of patients [#=35, case (%)]

Nausea Postoperative Respirator

Groups and : p P ) y bradycardia
... agitation depression

vomiting
Conventional

2 (.71 1(2. 1(2. 22.
group (5.71) (2.86) (2.86) 8 (22.86)
Esketamine
Qraup 1(2.86) 0 1(2.86) 2(5.71)
12 value 0.000 0.515 4.200
P value 1.000 1.000% 0.473 0.040

Note:* indicates Fisher's exact test.
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3 Discussion

Lumbar spine diseases are primarily seen in
middle-aged and elderly people, who have a low
tolerance for adverse stimuli such as surgery and
anesthesia. Moreover, lumbar spine surgery, as a major
orthopedic surgery, has a large incision, severe pain, and
requires general anesthesia, which may lead to large
hemodynamic fluctuations during the perioperative period,
which may affect the smooth progress of the surgery and
also increase anesthesia-related complications, which will
harm the postoperative rapid recovery and prognosis[7-8].
Therefore, investigating a novel way to stabilize the
perioperative hemodynamics of general lumbar spine
surgery anesthesia is essential to ensure the smooth
progress of the surgery and improve the therapeutic effect
and the prognosis.

Esketamine is an NMDAR antagonist with
anesthetic, anti-inflammatory, and antidepressant effects.
Moreover, esketamine has a unique dextrose structure,
intense effect, high clearance, and relatively little effect
on the respiratory and circulatory systems of the human
body, and is currently used in the treatment of anesthesia,
analgesia, sedation, chronic pain syndromes, and
antidepressant[9-10]. Han et al.[11] concluded that
esketamine can reduce postoperative pain, improve the
quality of the anesthesia awakening period, alleviate
depression in the early postoperative period without
increasing postoperative adverse effects, and contribute to
rapid postoperative recovery in patients undergoing
radical thyroid cancer surgery. Recent studies have found
that esketamine has sympathomimetic activity, which can
help reduce the inhibitory effect of anesthesia drugs on
the circulation so as to control the range of hemodynamic
fluctuations in the perioperative period[12-13]. In
addition, esketamine also has a respiratory excitatory
effect, which can help dilate the bronchial tubes of the
organism, and reduce the effect of anesthesia drugs on the
respiratory circulation[14-15]. In this experiment, the HR
and MAP levels of patients in both groups decreased.
Then, there was an increase at each time point, and the
fluctuation ranges of HR and MAP levels of patients in
the esketamine group were lower than those of the
conventional group. The NE levels of patients in both
groups showed a decreasing trend at all time points, in
which the NE levels of patients in the esketamine group
were significantly higher than those in the conventional
group at T1, T2, and T3. The subanesthetic dose of
esketamine can stabilize the perioperative hemodynamic
changes of general anesthesia lumbar spine surgery
patients, which can help to ensure the smooth progress of
the surgery and reduce the complications caused by
perioperative hemodynamic fluctuations. The reason is
that esketamine has a slight sympathetic excitatory effect,
and the low-dose esketamine can alleviate the respiratory
and circulatory inhibition in the perioperative period and
the effects of anesthesia on hemodynamics. Dynamics of
anesthesia drugs. Similar to the results of the study by Li
et al[16], this study concluded that a small dose of

esketamine used for the induction of anesthesia in
geriatric knee arthroplasty could maintain hemodynamic
stability and has no adverse effect on the quality of early
postoperative recovery.

Lumbar spine surgery, as a large orthopedic surgery,
has high requirements for anesthesia effect, and general
anesthesia is primarily chosen in clinics[17-18].
Bradycardia is a common complication in the
perioperative period, which needs to be treated causally,
stop the application of suspected medications, and give
medication if necessary, which is severe and not only
needs to stop the surgery, but also may endanger the
patients' lives[19-20], so reducing the incidence of
bradycardia can help the surgery to be carried out
smoothly, and help to improve the prognosis of the
patients. Therefore, reducing the incidence of bradycardia
is helpful for the smooth progress of surgery and
improves the prognosis of patients. In this experiment, the
incidence of bradycardia in the esketamine group was
significantly lower than in the conventional group. The
dosage of atropine and phenylephrine vasoactive drugs in
the esketamine group was significantly lower than in the
conventional group. It further indicates that esketamine
can regulate the hemodynamic changes during the
induction of anesthesia, reduce the risk of perioperative
bradycardia, and reduce the dosage of vasoactive drugs
such as atropine and phenylephrine due to hypotension or
excessive respiration, which can reduce the adverse
effects of excessive drug intake on the body while
guaranteeing the smooth progress of the surgery.

In conclusion, the subanesthetic dose of esketamine
can stabilize the hemodynamic changes during the
induction of anesthesia in patients undergoing lumbar
spine surgery under general anesthesia, with a good
anesthetic effect, reduce the dosage of vasoactive drugs
during anesthesia, reduce the occurrence of bradycardia,
and have high safety. However, due to the short research
time of this experiment, the effect of a subanesthetic dose
of esketamine on the pain and stress response after the
awakening of general anesthesia lumbar spine surgery
patients has not yet been analyzed. In the future, we will
expand the experimental subjects and increase the
research time to conduct in-depth investigations again.
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Effect of subanesthetic dose of esketamine on perioperative hemodynamics in

patients undergoing lumbar surgery under general anesthesia
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Abstract: Objective To analyze the effect of subanesthetic dose of esketamine on perioperative hemodynamics and
adverse events in patients undergoing lumbar spine surgery under general anesthesia. Methods The clinical data of 70
patients who underwent general anesthesia lumbar spine surgery and treatment from June 2021 to June 2023 at Nanjing
Jinling Hospital, Affiliated Hospital of Nanjing University Medical School, were retrospectively analyzed. According to
the way of anesthesia induction, they were divided into the conventional group ( conventional intravenous anesthesia
induction, n=35) and the esketamine group ( subanesthetic dose of esketamine+conventional intravenous anesthesia
induction, n = 35). Hemodynamic indices [ heart rate ( HR), mean arterial pressure ( MAP )], and blood
norepinephrine (NE) levels at each time point before induction of anesthesia (T0), in the immediate preoperative

period (T1), at the end of the operation (T2) , and at the time of postoperative awakening (T3) , as well as the dosage
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of vasoactive medications (atropine and phenylephrine ), and the incidence of adverse events ( nausea and vomiting,
postoperative agitation, respiratory depression, and bradycardia) were compared between the two groups. Results The
HR levels of patients in the conventional group were significantly lower at T1 and T2 than that at TO, and significantly
higher at point T3 than that at T1 and T2; at T2, the HR in the esketamine group was significantly higher than that in
the conventional group (P<0.05), and the difference in HR levels of patients in the esketamine group at each time point
was not statistically significant (P>0.05). The MAP levels of patients in the esketamine group at T1, T2 and T3 were
significantly lower than those at TO, and the MAP levels of patients in the esketamine group were significantly higher
than those in the conventional group at T1 and T2, and the MAP levels of patients in the conventional group first
decreased and then increased over time, and the difference between the two groups was statistically significant ( P<
0.05). The NE levels of patients in both groups showed a decreasing trend at all time points, in which the NE levels of
patients in the esketamine group were significantly higher than those in the conventional group at T1, T2 and T3 ( P<
0.05). The dosage of atropine and phenylephrine remedial drugs in patients in the esketamine group was significantly
lower than that in the conventional group (P <0.05). The incidence of bradycardia in the esketamine group was
significantly lower than that in the conventional group (5.71% vs 22.86% , X* =4.200, P=0.040). Conclusion The
subanesthetic dose of esketamine can stabilize the hemodynamic changes during surgery in patients undergoing lumbar
spine surgery under general anesthesia, with a good anesthetic effect, reduce the dosage of anesthetic remedial drugs,
reduce the incidence of bradycardia, and with a high degree of safety.

Keywords: Esketamine,subanesthetic dose; General anesthesia; Lumbar spine surgery; Perioperation; Hemodynamics
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Tab. 1 Comparison of general information between

[n=35, case(%) ]

the two groups

a3 ( ;ﬁfﬂ) — el o BWE
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Tab. 2 Comparison of HR and MAP at each time point between the two groups (n=35, x+s)

HR(K/41) MAP (mmHg)
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Tab. 3 Comparison of NE levels at various time points between
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Tab. 4 Comparison of vasoactive drug dosage
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715 TO T1 T T3 25 531 %L FFES (mg)  REE LIRE (pe)
WML 365.12+76.49  245.6143.12° 195.85+40.48% 174.56+45.19% WA 35 0.13+0.03 52.18+15.23
YR GEEEIA 357.00£75.27 312.05+46.18%! 268.74250.19*1198.74234.220¢ ) SRR 2 35 0.03+0.01 12.34+3.02
F/P 31.870/<0.001 oy 18.708 15.179
F/Pyy (L 143.252/<0.001 Pl <0.001 <0.001
F/Pyr 8 9.351/<0.001

VE: 5 R4 TO WA G, " P<0.05; 5 [RIZH T1 W A e, " P<0.05;
S[al4E T2 it S A, ©P<0.05; 5% B4 1L, ¢ P<0.05



- 1186 -

FEIERAFGE 2024 4E 8 H %5 37 55 8 1] Chin J Clin Res, August 2024, Vol.37, No.8

x5 MHABEANRRAEANGRILE [2=35, #(%) ]
Tab. 5 Comparison of the occurrence of adverse reactions
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