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Background: In the anesthesia management of percutaneous liver tumor ablation, the requirement of 
analgesia is very strict. Currently, intravenous anesthesia is commonly used, such as remifentanil combined 
with sedative drugs. However, the pain relief is not instantaneous after increasing the dosage of remifentanil. 
Esketamine, a medium- or long-term analgesic drug, does not inhibit respiration to maintain patient comfort 
during the ablation and reduces the consumption of remifentanil. Therefore, this experiment was designed 
to investigate the potential of combinational therapy and the most appropriate dose of esketamine.
Methods: A total of 120 patients were randomly divided into three groups by SPSS. The regular anesthesia 
model included dexmedetomidine 0.5 μg/kg, intravenous glucose tolerance test, remifentanil continuous 
infusion, flurbiprofen 50 mg, i.v., palonosetron 0.225 mg, i.v., and 1% lidocaine for local anesthesia. Group 
A was the regular control group, only using the regular model; Group B also received with 0.1 mg/kg 
esketamine, i.v.; and Group C also received 0.2 mg/kg esketamine, i.v.. The whole experiment was double-
blind. 
Results: From December 2020 to March 2021, 120 patients were randomized in total, and 108 were 
included in the analysis: 36, 37, 35 were allocated to Group A, Group B, and Group C, respectively. 
The total dosage of remifentanil in Group A, Group B, Group C was 179.38±123.37, 120.31±57.96 and 
115.91±62.42 μg, respectively. We found the total dosage of remifentanil in Group B and Group C were 
significantly decreased in comparison to that of Group A (P=0.004, P=0.003, respectively). The maximum 
dosage of remifentanil in Group A, Group B, and Group C was 1.76±0.62, 1.37±0.47, and 1.33±0.56 ng/mL, 
respectively. The maximum dosage of remifentanil in Group B and Group C were significantly decreased 
in comparison to that of Group A (P=0.003, P=0.001, respectively). The incidence of severe pain during the 
ablation in Group B was significantly lower than that in Group A (3 vs. 12, P<0.05). 
Conclusions: The use of esketamine can reduce the dosage of opioids for liver tumor ablation and reduce 
the occurrence of severe pain. We found that 0.1 mg/kg esketamine, i.v. is the most suitable dose for liver 
tumor ablation.
Trial Registration: Chinese Clinical Trial Registry ChiCTR2100049152.
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Introduction

With the continuous development of medical technology 
and instruments, minimally invasive techniques such as 
microwave and radiofrequency ablation (RFA) have become 
the main treatment methods for liver tumor patients who 
cannot or are not suitable for surgical treatment (1-3).  
In the anesthesia management of percutaneous liver 
tumor ablation, the analgesia requirement is very strict (4). 
Currently, at the Sun Yat-sen University Cancer Center, 
Guangzhou, intravenous anesthesia is commonly used, such 
as remifentanil combined with sedative drugs (5). Due to 
the rapid rise of the temperature during the ablation, the 
pain experienced by the patient increases suddenly, and the 
pain relief is not instantaneous after increasing the dosage 
of remifentanil. Besides, the extensive use of remifentanil 
in a short time may cause respiratory depression (6-8). 
Thus, there is a need to compound a medium- or long-term 
analgesic drug that does not inhibit respiration to maintain 
patient comfort during the ablation. 

Ketamine is a kind of non-barbiturate anesthetic (9) 
of which a small dose can produce sedative and analgesic 
effects and a large dose yields an anesthetic effect  
(10-13). Ketamine has been widely administered in pain 
management, neurology, and psychiatry, since the 1960s. 
The subanaesthetic dosage of ketamine (no more than  
0.35 mg/kg or 1 mg/kg/h) can improve postoperative pain 
and reduce the consumption of opioids by 20%. It is also 
widely used in painless gastroscopy as an analgesic (14).

Esketamine, with a higher efficiency, mainly acts on 
N-methyl-D-aspartate (NMDA) receptor and integrates 
sedation, analgesia, and the anesthesia effect (15-19). 
It can also reverse the respiratory depression caused by 
remifentanil, which improves the quality of perioperative 
analgesia. It has been adopted in some European countries 
for decades and has been used in Chinese hospitals in 
recent years. Its analgesic effect is twice that of ketamine; 
therefore, lower clinical doses of esketamine are demanded, 
and side effects (such as nightmare, delirium, and agitation) 
are decreased (14). In theory, esketamine is suitable for the 
analgesia and sedation needs of percutaneous liver tumor 
ablation (20-22).

The recommended dose of esketamine for induction 
of general anesthesia is 0.5 mg/kg. However, our pre-
experiments revealed that after 0.5 mg/kg esketamine, i.v., 
most of the patients experienced psychiatric symptoms, 
which affected the ablation operation; while 0.2 mg/kg  
esketamine, i.v. had a certain analgesic effect, less side 

effects, and could significantly reduce the dosage of 
remifentanil, but still some patients experienced psychiatric 
symptoms. Therefore, this experiment was designed to 
investigate the potential of combinational therapy and 
the most appropriate dose of esketamine. We present 
the following article in accordance with the CONSORT 
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-22-2756/rc).

Methods

Grouping and randomization

This study was a randomized, placebo-controlled, double-
blind clinical trial. Patients were divided into three groups. 
The regular anesthesia model included dexmedetomidine 
0.5 μg/kg, intravenous glucose tolerance test (IVGTT), 
remifentanil continuous infusion, flurbiprofen 50 mg, i.v., 
palonosetron 0.225 mg, i.v., and 1% lidocaine for local 
anesthesia. Group A was the regular control group, only 
using the regular model; Group B also received 0.1 mg/kg 
esketamine, i.v.; and Group C also received with 0.2 mg/kg  
esketamine, i.v.. Patients were randomly divided into three 
groups by SPSS version 25.0 (IBM Corp., Armonk, NY, 
USA), and the whole experiment was double-blind. The 
patients and the investigators didn’t know the specific 
grouping.

The concentration of esketamine in Group A, Group B, 
Group C was 0, 1, and 2 mg/mL, respectively, diluted by 
one person who did not participate in the experiment. The 
drugs were administered from the same 10 mL syringes and 
labeled from 001 to 120 in order. Then the researcher gave 
each patient 0.1 mL/kg according to the label.

Patient selection 

This was a randomized study performed between December 
2020 and March 2021 at Sun Yat-sen University Cancer 
Center. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
approved by the Research Ethics Committee in Sun Yat-sen 
University Cancer Center (No. B2020-381-01), and written 
informed consent was provided by all participants. 

The included patients were scheduled for computed 
tomography (CT)-guided percutaneous liver tumor 
ablation, American Society of Anesthesiology (ASA) class 
I or II, age 18 to 65 years old. The number of liver tumors 
was no more than 3, and the operation time should have 
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been less than 3 hours. Patient renal function was required 
to be normal and the Child-Pugh score of liver function 
needed to be Grade A. All had not participated in other 
clinical drug trials in the past month. 

The exclusion criteria were as follows: (I) patients with 
mental illness; (II) patients who had received more than 
3 times of ablation treatment before; (III) alcoholics; (IV) 
hypertensive patients with poor control or without regular 
treatment; (V) patients with contraindications of the study 
drug such as glaucoma, intracranial tumor, cerebrovascular 
disease, and so on; (VI) patients allergic to the study drug; 
(VII) patients with long-term use of sedatives or analgesics; 
and (VIII) patients who had experienced acute upper 
respiratory infection in the recent 2 weeks. 

Analgesic methods and surgical procedure 

All participants had fasted overnight before the ablation, 
and underwent the usual vital sign monitoring (including 
noninvasive blood pressure monitoring, electrocardiogram 
(ECG), pulse oximetry monitoring, respiratory rate 
monitoring). Participants in all three groups were given an 
intravenous infusion of dexmedetomidine 0.5 μg/kg (diluted 
in 100 mL of normal saline and slowly instilled within  
10 minutes). The concentration of esketamine in Group A, 
Group B, and Group C was 0, 1, and 2 mg/mL, respectively. 
Each patient received a slow intravenous injection of  
0.1 mL/kg of the test drug when the sterilization started. 
We started pumping remifentanil in target controlled 
infusion (TCI) mode in the initial target concentration 
of 1 ng/mL at the same time with 1% lidocaine for local 
infiltration anesthesia, and we could increase or decrease 
the concentration of remifentanil by 0.3 ng/mL per time, 
according to the patient’s response, maintaining the patient’s 
visual analogue score (VAS) at no more than 3. After the 
operation, when the patient’s VAS score was more than 4, 
100 mg of tramadol was administered intramuscularly and 
recorded. If other analgesic drugs were used, they were also 
recorded.

During the operation, the heart rate was required 
to be maintained at 40–100 bpm, and the fluctuation 
of noninvasive blood pressure needed to be less than 
20%. Vasoactive drugs, such as atropine, ephedrine, 
norepinephrine, nitroglycerin, and so on, could be used 
when necessary.

Nasal catheter oxygen inhalation was used during the 
ablation, with 3–4 L/min, fraction of inspired oxygen (FiO2) 
30%, to make the saturation of peripheral oxygen (SpO2) 

95–100%, and the respiratory rate 12–24 bpm. If respiratory 
depression occurred (defined as follows: in the absence 
of airway obstruction, the pulse oxygen saturation drops 
below 90% while using nasal catheter oxygen inhalation 
(3 L/min), and assisted breathing is required), we should 
conduct a mask ventilation or positive-pressure ventilation 
immediately, and decrease the concentration of remifentanil 
according to the patient’s pain score. If there was no 
improvement, remifentanil was discontinued and nalmefene 
was used if necessary (the initial dose was 0.25 μg/kg  
intravenously, and it could be increased by 0.25 μg/kg 2– 
5 minutes later).

If the patient experienced nausea and vomiting during 
the operation, their head was tilted to one side and an 
aspirator was prepared. Patients with severe vomiting 
could be given an additional dose of antiemetic, which was 
recorded.

Study outcomes

The primary outcome was the total dosage of remifentanil 
(μg). The secondary outcomes included the maximum 
dosage of remifentanil (ng/mL), the VAS, and the Ramsay 
score. Safety outcomes included the heart rate, noninvasive 
blood pressure, respiratory rate, and the SpO2. All of these 
readings were recorded before anesthesia (T0), at the 
beginning of the operation (T1), during the insertion (T2), 
at the beginning of the ablation (T3), 5 minutes after the 
ablation (T4), at the end of the ablation (T5), 1 hour after 
the operation (T6), 6 hours after the operation (T7), and  
24 hours after the operation (T8). 

Statistical analysis

The sample size was calculated on the basis of our pre-
experimental data: the total dosage of remifentanil in the 
regular control group was 109 μg, and that in the test group 
(0.2 mg/kg esketamine, i.v.) was 82.85 μg. Based on the 
homogeneity of variance, the standard deviation in the two 
groups was equal: 38.15 μg. Assuming a single-sided α risk 
of 5% and a power of 80%, we found that the sample size 
should be 40 per group to detect a decrease by 20% of the 
total dosage of remifentanil between the regular control 
group and the test group who also received 0.2 mg/kg 
esketamine, i.v..

We used a modified per-protocol approach to perform 
analyses in our study. The missing data was excluded from 
data analysis. Continuous variables were described as the 
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mean ± SD, compared by ANOVA (one-side) and multiple 
comparisons; the categorical variables were described as 
percentages, compared by Pearson chi-square test. All 
statistical analyses were conducted in SPSS version 25.0 
and GraphPad version 8.0 (GraphPad Software, San Diego, 
CA, USA). A P value no more than 0.05 was considered 
statistically significant.

Results

Study population

From December 2020 to March 2021, a total of 120 patients  
from Sun Yat-sen University Cancer Center were 
randomized to three groups, and 108 were included in the 
primary outcome analysis (Figure 1): 36 were allocated to 
Group A (the regular control group), 37 were allocated to 
Group B (0.1 mg/kg esketamine, i.v.), and 35 were allocated 
to Group C (0.2 mg/kg esketamine, i.v.). The baseline 
characteristics were similar in three groups (Tables 1,2). 

Primary outcome

The primary outcome was the total dosage of remifentanil 
(μg). During percutaneous liver tumor ablation, patients 

may experience sudden and severe pain as the temperature 
rises. We recorded and compared the total dosage of 
remifentanil of each patient in the three groups (Table 3 and 
Figure 2A).

The total dosage of remifentanil in Group A (the regular 
control group), Group B (0.1 mg/kg esketamine, i.v.), and 
Group C (0.2 mg/kg esketamine, i.v.) was 179.38±123.37, 
120.31±57.96, and 115.91±62.42 μg, respectively. We found 
that the total dosage of remifentanil in Group B and Group 
C was significantly decreased in comparison with that 
in Group A (P=0.004, P=0.003, respectively), however it 
was almost the same in Group B and Group C (P=0.830). 
Therefore, we concluded that esketamine combined 
with remifentanil in percutaneous liver tumor ablation 
could reduce the total dosage of remifentanil and reduce 
the consumption of opioids, which may be beneficial to 
patients.

Secondary outcomes

The secondary outcomes included the maximum dosage of 
remifentanil (ng/mL), the VAS and the Ramsay score.

The maximum dosage of remifentanil in Group A (the 
regular control group), Group B (0.1 mg/kg esketamine, i.v.), 

Figure 1 The admission flowchart of patients. In Group A, three patients were excluded by the change of the operation, one was excluded 
by the missing visit. In Group B, one patient had more than three liver tumors, and two patients had undergone ablations more than three 
times previously. In Group C, one patient was excluded by the change of the operation, one patient’s operation was canceled, two patients 
refused to participate in our trial, and one patient had more than three liver tumors. All these patients mentioned above were excluded.

a: Three patients were excluded by the change of the operation, one was excluded by the missing visit. 
b: One patient had more than three liver tumors, and two patients had undergone ablations more than 
three times previously. 
c: One patient was excluded by the change of the operation, one patient’s operation was canceled, 
two patients refused to participate in our trial, and one patient had more than three liver tumors.

From December 2020 to March 2021, a total of 120 patients were included.

120 patients were randomized into three groups.

40 in Group A 40 in Group B 40 in Group C

36 included in the 
analysis

4 excludeda

37 included in the 
analysis

3 excludedb

35 included in the 
analysis

5 excludedc
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and Group C (0.2 mg/kg esketamine, i.v.) was 1.76±0.62, 
1.37±0.47, and 1.33±0.56 ng/mL, respectively (Table 3 
and Figure 2B). We found that in Group B and Group 
C the dosage of remifentanil was significantly decreased 
comparing with Group A (P=0.003, P=0.001, respectively), 
however it was almost the same in Group B and Group C 
(P=0.717), which was consistent with the primary outcome.

The incidence of severe pain during the ablation in 
Group B was significantly lower than that in Group A (3 vs. 
12, P<0.05). Although in Group C, the incidence of severe 

pain was lower than that in Group A, it was not statistically 
significant (5 vs. 12, P=0.06). There was no difference 
between Group B and Group C (3 vs. 5, P>0.05). We 
interpreted that the use of esketamine in percutaneous liver 
tumor ablation could reduce the occurrence of severe pain; 
however the specific difference between group C and group 
A requires a larger sample size for analysis. In the incidence 
of severe pain after the operation, there was no significant 
difference among the three groups (Table 4).

A statistical analysis of 108 patients’ Ramsay score 
showed that only 4 patients were over sedated so that they 
were unable to cooperate and breathe according to the 
surgeon’s instructions, and all these 4 patients were in group 
C (esketamine 0.2 mg/kg, i.v.). A total of 9 patients in group 
C developed psychiatric symptoms, including a sense of 
separation of the body and spirit or nonsense. However, 
patients in Group A and Group B had no similar situation 
(Table 5). It could be concluded that for conscious patients 
with intravenous general anesthesia, esketamine 0.2 mg/kg,  
i.v., may still cause some psychiatric symptoms; while 
esketamine 0.1 mg/kg, i.v., combined with remifentanil, 
had an analgesic effect comparable to higher drug doses, 
but the incidence of psychiatric adverse reactions could be 
significantly decreased.

Safety outcomes

The safety outcomes included the vital signs and the adverse 
reactions. 

We recorded and compared the vital signs, including 
the systolic blood pressure (SBP), diastolic blood 
pressure (DBP), mean blood pressure (MBP), heart rate 
(HR), respiratory rate (RR), the SpO2 at T0 (before the 
anesthesia), T1 (at the beginning of the operation), T2 
(during the insertion), T3 (at the beginning of the ablation), 
T4 (5 minutes after the ablation), T5 (at the end of the 
ablation), T6 (1 hour after the operation), T7 (6 hours after 
the operation), and T8 (24 hours after the operation). There 
was no difference among three groups in terms of vital signs 
(Figure 3A-3F).

Common adverse reactions within 24 hours after 
liver ablation surgery are nausea and vomiting. A total of  
29 patients experienced nausea and vomiting, including 9 in 
Group A, 9 in Group B, and 11 in Group C (Table 6). There 
was no statistical difference among the three groups in 
terms of nausea and vomiting. It is known that percutaneous 
liver tumor ablation itself can cause some gastrointestinal 
reactions such as nausea and vomiting. We assumed that 

Table 1 The baseline characteristics in three groups

Characteristics
Group, n (%)

P value 
A B C

Gender 0.289

Male 26 (72.2) 32 (86.5) 29 (82.9)

Female 10 (27.8) 5 (13.5) 6 (17.1)

The origin of the tumor 0.527

Primary tumor 24 (66.7) 29 (78.4) 25 (71.4)

Metastatic tumor 12 (33.3) 8 (21.6) 10 (28.6)

History of ablation 0.373

No 24 (66.7) 20 (54.1) 18 (51.4)

Yes 12 (33.3) 17 (45.9) 17 (48.6)

Type of ablation 0.410

Microwave 33 (91.7) 30 (81.1) 30 (85.7)

Radiofrequency 3 (8.3) 7 (18.9) 5 (14.3)

Number of tumors 0.081

Only one 24 (66.7) 30 (81.1) 20 (57.1)

More than one 12 (33.3) 7 (18.9) 15 (42.9)

The minimum distance from the tumor to the capsule 0.168

d ≤1 cm 24 (68.6) 26 (70.0) 30 (85.7)

d >1 cm 11 (31.4) 11 (30.0) 5 (14.3)

ASA classification 0.862

I 3 (8.3) 2 (5.4) 2 (5.7)

II 33 (91.7) 35 (94.6) 33 (94.3)

The baseline characteristics in three groups, including the gender, 
origin of the tumor, a history of ablation, type of the ablation, 
number of the tumors, and the minimum distance from the 
tumor to the capsule, were compared with Pearson chi-square 
test. All the P values were more than 0.05, so these baseline 
characteristics in three groups were similar. ASA, American 
Society of Anesthesiologists.
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Table 2 The baseline characteristics in three groups

Characteristics
Group, mean ± SD

P value
A B C

Age (years) 51.0±8.5 49.5±8.4 50.8±10.2 0.735

Total time of the operation (minutes) 51.83±21.72 53.81±27.85 56.94±28.57 0.721

Duration of the ablation (minutes) 28.22±16.60 25.68±19.39 25.06±25.42 0.792

The baseline characteristics in three groups, including the age, total time of the operation, and duration of the ablation, were compared 
with t-test. All the P values were more than 0.05, so the baseline characteristics in three groups were similar.

Table 3 The consumption of opioids in three groups

Consumption of opioids
Group, mean ± SD

P value
A B C

Maximum dosage (ng/mL) 1.76±0.62 1.37±0.47 1.33±0.56 0.002**

Total dosage (μg) 179.38±123.37 120.31±57.96 115.91±62.42 0.003**

When the minimum distance of the tumor and the capsule (d) was ≤1 cm

Maximum dosage (ng/mL) 1.81±0.66 1.36±0.46 1.36±0.59 0.008**

Total dosage (μg) 173.50±115.01 125.82±60.93 120.88±65.40 0.048*

When the minimum distance of the tumor and the capsule (d) was >1 cm

Maximum dosage (ng/mL) 1.61±0.52 1.41±0.51 1.12±0.27 0.188

Total dosage (μg) 189.26±150.20 107.31±50.47 86.12±28.43 0.104

**, P<0.01; *, P<0.05.

Figure 2 The consumption of remifentanil in three groups. (A) The total dosage of remifentanil in three groups; (B) the maximum dosage 
remifentanil in three groups. **, P<0.01. Group A: the regular control group. Group B: 0.1 mg/kg esketamine, i.v.. Group C: 0.2 mg/kg 
esketamine, i.v..
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the sample size in our experiment was not large enough 
to determine the difference of the incidence of nausea and 
vomiting caused by remifentanil.

Hypothesis

It has been reported that in percutaneous liver tumor 
ablation, the degree of the pain is related to the distance 
from the tumor to the capsule. However, whether 
the proximity of the tumor to the capsule can cause a 
significantly severe pain is still inconclusive. Therefore, 
according to the distance from the tumor to the capsule, 
the opioid consumption among three groups was further 
compared and analyzed in our experiment.

Among the 108 patients included in our analysis, the 
minimum distance from the tumor to the capsule (d) of  
80 patients was no more than 1 cm, including 24 patients in 
Group A, 26 in Group B, and 30 in Group C; and the d of 
the other 27 patients was more than 1 cm (Table 1).

When the distance was no more than 1 cm, the total 
dosage of remifentanil in Group A (the regular control 
group), Group B (0.1 mg/kg esketamine, i.v.), and Group 
C (0.2 mg/kg esketamine, i.v.) was 173.50±115.01, 
125.82±60.93, and 120.88±65.40 μg, respectively. The 
maximum dosage of remifentanil in Group A, Group B, and 
Group C was 1.81±0.66, 1.36±0.46, and 1.36±0.59 ng/mL, 

respectively (Table 3, Figure 4A,4B). We found that in Group 
B and Group C, both the total and the maximum dosage of 
remifentanil were significantly decreased in comparison to 
Group A (P<0.05); however they were almost the same in 
Group B and Group C (P>0.05). 

However, if the distance from the tumor to capsule 
was more than 1 cm, we found that both the total and the 
maximum dosage of remifentanil were not statistically 
different in three groups (P>0.05) (Table 3, Figure 5A,5B).

Therefore, our hypothesis was that if the minimum 
distance from the tumor to the capsule was no more than  
1 cm, it may cause a significantly severe pain in percutaneous 
liver tumor ablation. A study involving a larger sample size 
is required to support this hypothesis.

Discussion

In recent years, with the continuous development of medical 
technology and equipment, minimally invasive techniques 
such as microwave ablation (MWA) and RFA have become 
the main treatment methods for liver tumor patients who 
cannot or are not suitable for surgical treatment (1-3). Due 
to the need for ultrasound or CT during the operation, such 
minimally invasive operations are usually performed in the 
interventional operating room, the anesthesia equipment of 
which is relatively simple. Therefore, more attention should 
be paid to the safety of patients during the operation. In 
the anesthesia management of percutaneous liver tumor 
ablation, the requirement of analgesia and sedation is very 
strict (4), and is aimed at relieving the interoperative pain, 
and concurrently assuage fear and anxiety of the patients, 
thus maintaining patient comfort.

Local anesthesia, epidural anesthesia, general anesthesia, 
intravenous sedation, and other anesthesia methods can 
be used in percutaneous liver tumor ablation (5,23-25). 
Each method has its own advantages and disadvantages. 
Nowadays, intravenous anesthesia is commonly used in 
our hospital, such as remifentanil combined with sedative 
drugs (5). Remifentanil has a strong analgesic effect, fast 
onset, and short half-life (26-28). However, the extensive 
use of remifentanil in a short time may cause respiratory 
depression (6-8) and may cause a post-surgical hyperalgesia 
(29,30). There is a need to discover a medium- or long-
term analgesic drug to combine with remifentanil.

We found that the use of esketamine in CT-guided 
percutaneous liver tumor ablation could reduce the 
consumption of opioids. However, the psychiatric 
symptoms caused by esketamine should not be ignored. 

Table 4 Severe pain during and after the operation

Characteristics 
Group, n (%) Total,  

n (%)A B C

Severe pain during 
the ablation

12 (33.3) 3 (8.1*) 5 (14.3) 20 (18.5)

Severe pain after 
the operation

10 (27.8) 10 (27.0) 8 (22.3) 28 (25.9) 

*, the incidence of severe pain during the ablation in Group B 
was significantly lower than that in Group A (P<0.05).

Table 5 The sedative effect in three groups

The sedative effect
Group, n

Total
A B C

Quiet 34 34 25 93

Light sleeping 2 3 6 11

Over sedative 0 0 4 4

Psychiatric symptoms 0 0 9 9
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In clinical practice, the indications and contraindications 
of esketamine should be strictly followed. We should 
pay close attention to the mental symptoms caused by 
esketamine and intervene in time to keep a safe medical 
environment.

Figure 3 The vital signs in the three groups. (A) The SBP in three groups during T0–T8; (B) the DBP in three groups during T0–T8;  
(C) the MBP in three groups during T0–T8; (D) the HR in three groups during T0–T8; (E) the RR in three groups during T0–T8; (F) the 
SpO2 in three groups during T0–T8. SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; HR, heart 
rate; RR, respiratory rate; SpO2, saturation of peripheral oxygen. Group A: the regular control group. Group B: 0.1 mg/kg esketamine, i.v.. 
Group C: 0.2 mg/kg esketamine, i.v..

Table 6 The incidence of nausea and vomiting after the surgery

Group A B C

Nausea and vomiting 9 9 11

Percentage of nausea and vomiting (%) 25.0 24.3 31.4
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This trial had several limitations. First, it was a single-
center trial. The conclusions need to be further confirmed 
through a multi-center study with a larger sample. Second, 
the exclusion criteria of our experiment included patients 
who had undergone ablation procedures more than 3 
times in the past. This was because if the patient had used 

opioids frequently in the past, it may lead to an analgesic 
tolerance and affect the amounts of opioids required. Other 
minimally invasive surgeries or open surgeries can also lead 
to a tolerance to analgesics. We did not exclude patients 
with other minimally invasive surgeries or open surgeries, 
which may have led to selection bias.

Figure 4 The consumption of remifentanil in three groups when the minimum distance from the tumor to the capsule (d) was no more than 
1 cm. (A) The total dosage of remifentanil in three groups when the minimum distance from the tumor to the capsule (d) was no more than  
1 cm; (B) the maximum dosage of remifentanil in three groups when the minimum distance from the tumor to the capsule (d) was no more 
than 1 cm. **, P<0.01; *, P<0.05. Group A: the regular control group. Group B: 0.1 mg/kg esketamine, i.v.. Group C: 0.2 mg/kg esketamine, i.v..

Figure 5 The consumption of remifentanil in three groups when the minimum distance from the tumor to the capsule (d) was more than 1 cm.  
(A) The total dosage of remifentanil in three groups when the minimum distance from the tumor to the capsule (d) was more than 1 cm;  
(B) the maximum dosage of remifentanil in three groups when the minimum distance from the tumor to the capsule (d) was more than 1 cm. 
Group A: the regular control group. Group B: 0.1 mg/kg esketamine, i.v.. Group C: 0.2 mg/kg esketamine, i.v..
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Conclusions

The use of esketamine can reduce the dosage of opioids in 
the liver tumor ablation and reduce the occurrence of severe 
pain. We found that 0.1 mg/kg esketamine, i.v., is more 
suitable for the ablation.
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