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Purpose: To evaluate the effect of esketamine combined with ultrasound-guided pectoral nerve block type II (Pecs II block) on the 
quality of early postoperative recovery in patients undergoing a modified radical mastectomy (MRM) for breast cancer.
Patients and Methods: A total of 136 female patients undergoing an elective MRM for unilateral breast cancer (UBC) for the first 
time were randomly divided into the control group (group C, n=68) and the experimental group (PE group, n=68). In group C, 
sufentanil was used for anesthesia induction and patient-controlled intravenous analgesia (PCIA). Esketamine was used for anesthesia 
induction and PCIA in the PE group. Ultrasound-guided Pecs II block was performed after anesthesia induction in the two groups. All 
other anesthetics were administered in the same way. The primary outcome was the 40-item Quality of Recovery (QoR-40) score at 
discharge. The secondary outcomes were postoperative Observer’s Assessment of Alertness/Sedation Scale (OAA/S) scores, time of 
anesthesia recovery, Numeric Rating Scale (NRS) scores, serum inflammatory cytokines interleukin-10 (IL-10), interleukin-6 (IL-6), 
and interleukin-1ß (IL-1ß), Hospital Anxiety and Depression Scale (HADS) scores, length of postoperative Postanesthesia Care Unit 
(PACU) stay, length of postoperative hospital stay and patient satisfaction score.
Results: Compared with group C, the PE group had higher QoR-40 scores at discharge (P<0.05), decreased IL-6 levels at 24 h after 
surgery (P<0.05), lower anxiety and depression scores (P<0.05) and higher patient satisfaction scores at discharge (P<0.05). No 
significant difference was found in the NRS score postoperatively between the two groups (P>0.05). There was no significant 
difference in the postoperative OAA/S score, time of anesthesia recovery, length of postoperative PACU and hospital stays between 
the two groups (P>0.05).
Conclusion: Esketamine combined with Pecs II block can be used for anesthesia in MRM for breast cancer, thus, improving patient 
quality of early postoperative recovery.
Keywords: esketamine, ultrasound-guided nerve block, thoracic nerves, mastectomy, modified radical, anesthesia, recovery

Introduction
Breast cancer is one of the most common malignancies in women,1 which is often accompanied by negative emotions such as 
anxiety and depression.2 Surgery is the primary treatment modality for breast cancer.3 However, pain after a radical mastectomy 
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for breast cancer4 that is accompanied by breast loss can aggravate the negative emotions of patients, which is detrimental to 
physical and mental health, and affects the early postoperative recovery of patients.5–8

The popularization of the concept of multimodal analgesia and the continuous updating of anesthesia methods and 
drugs as well as low- or zero-dose opioids during general anesthesia have been used in clinical practice.9,10 

Esketamine, the dextro-isomer of ketamine, produces sedative and analgesic effects by non-competitively inhibiting 
N-methyl-D-aspartate (NMDA) receptors, also having a certain affinity for u receptors.11 In addition, esketamine can 
relieve depressive symptoms, reduce anxiety symptoms, and improve the psychological distress of patients.12,13

Ultrasound-guided Pecs II block has been widely used in women during breast cancer surgery. Combined with 
general anesthesia, it can reduce the dosage of opioids, relieve perioperative pain,14 and enhance the body’s immune 
function,15 which is conducive to the recovery of the patients.

We conducted this study to evaluate the effect of esketamine combined with Pecs II block on the early recovery of 
patients after MRM for breast cancer, thereby providing a reference for clinical anesthesia.

Methods
Ethics and Participant Enrollment
This research was ethically approved by the Medical Science Research Ethics Committees of Cangzhou Central Hospital 
(ethical register number: 2020–236-01) and is in compliance with the Helsinki Declaration. All participants received written 
informed consent prior to inclusion in this study. The trial was registered at the Chinese Clinical Trial Registry (register 
number: ChiCTR2200056391, date of registration: February 4th, 2022). Between February 7th and June 19, 2022, 146 
patients with breast cancer preparing to receive MRM at Cangzhou Central Hospital were recruited into the study. 

Inclusion Criteria
(1) Female patients undergoing elective MRM for unilateral breast cancer for the first time; (2) patients aged 18–64 
years; (3) ASA grade I–II; (4) BMI 18–25 kg/m2.

Exclusion Criteria
(1) Hypertension grade III; (2) acute coronary syndrome; (3) pulmonary hypertension; (4) hyperthyroidism; (5) intracranial 
hypertension; (6) glaucoma; (7) monoamine oxidase inhibitor use; (8) infection at the puncture site; (9) history of chronic 
pain; (10) pain medication taken 24 h prior to surgery; (11) history of mental or psychological diseases; (12) history of 
adverse reactions to esketamine treatment; (13) history of allergy to local anesthetic drugs; (14) history of lung disease; (15) 
obvious abnormality in preoperative chest CT; (16) language and communication disorders and barriers.

Randomization and Blinding
Participants were randomly divided into groups C and PE with a 1:1 ratio using the random number table method. The 
patients code number and anesthesia regimens of the two groups were placed in separate sealed envelopes by one 
research investigator who was not part of the investigation and delivered it to the anesthesiologist. The patient data 
collectors and statisticians were all blinded to the group assignments.

Anesthesia Management
Routine preparation before surgery. After entering the operating room, blood pressure (BP), electrocardiogram (ECG), oxygen 
saturation (SpO2), and bispectral index (BIS) were monitored. Oxygen was inhaled through a mask, with a flow rate of 2 L/min. 
Peripheral venous access was established, and a Ringer’s sodium acetate was infused intravenously. Radial artery puncture and 
catheterization were performed under local anesthesia and invasive arterial pressure measurements were performed.

Anesthesia Induction
Induction of anesthesia in group C involved intravenous injection of 0.03 mg/kg midazolam, 0.3~0.4 μg/kg sufentanil, 
2~2.5 mg/kg propofol, and 0.1~0.2 mg/kg cisatracurium. Induction of anesthesia in group PE involved intravenous 
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injection of 0.03 mg/kg midazolam, 2~2.5 mg/kg propofol, 0.5 mg/kg esketamine (Lot: 210207BL, Jiangsu Hengrui 
Medicine Co., Ltd., Lianyungang, China), and 0.1~0.2 mg/kg cisatracurium.

A laryngeal mask was placed in the two groups and then connected to an anesthesia machine for mechanical 
ventilation. The ventilation frequency was 12–14 times/min, the tidal volume was 6–8 mL/kg, and the PETCO2 was 
maintained at 35–45 mmHg (1 mmHg=0.033 kPa).

Pecs II Block
Pecs II block was performed according to a previous study.16 The skin at the puncture site was sterilized with iodophor, 
with the operator wearing sterile gloves and a sterile towel spread. The ultrasound probe was wrapped with a sterile 
endoscopic cover. A 5~13 MHz high-frequency ultrasound probe (MyLab Alpha, Esaote, Italy) was moved counter-
clockwise to the level of the third rib to locate the pectoralis major, pectoralis minor, and serratus anterior muscles. A 22 
G puncture needle was slowly advanced along the plane using the in-plane puncture technique, paying close attention to 
the position of the needle tip (Figure 1). Once the needle tip reached the interfascial plane between the pectoralis minor 
and the anterior serratus muscles, no blood was withdrawn. Subsequently, 20 mL of 0.375% ropivacaine (LBVK, 
AstraZeneca AB, Sweden) was injected, followed by an injection of 10 mL of 0.375% ropivacaine into the interfascial 
plane between the pectoralis major and the pectoralis minor muscles.

Anesthesia Maintenance
Anesthesia maintenance propofol (5–7 mg· kg−1 h−1), remifentanil (5~10μg · kg−1·h−1) were infused intravenously in 
both groups, and an intermittent intravenous injection of cisatracurium 0.05~0.1 mg/kg was performed. During the 
surgery, the doses of propofol and remifentanil were adjusted to maintain a BIS value of 40–60. Sufentanil 0.25 μg/kg 
(group C) or esketamine 0.25 mg/kg (group PE) was supplemented as appropriate to maintain the changes in MAP 
without exceeding 20% of the base value, and in HR without exceeding 30% of the base value. Vasoactive drugs were 
given in case of poor response. When the skin was sutured, both groups received an intravenous infusion of 30 mg 
ketorolac tromethamine and 10 mg antiemetic azasetron. All drugs were withdrawn 10 min before the end of surgery.

Figure 1 Type II pectoral nerve block guided by ultrasound. 
Notes: Black arrow indicates the interfascial plane between the PmM and SAM; white arrow indicates the interfascial plane between the PMM and the PmM. 
Abbreviations: PMM, pectoralis major muscle; PmM, pectoralis minor muscle; SAM, serratus anterior muscle; 3rd Rib, the third rib.
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Postoperative Analgesia Management
Both groups were given PCIA after surgery. Group C was given 2 ug/kg sufentanil + 1.5 mg/kg ketorolac tromethamine injection 
+ 1 mg/kg dexmedetomidine + 10 mg azasetron + normal saline to 100 mL, and the PE group was given 1 mg/kg esketamine + 
1.5 mg/kg ketorolac tromethamine injection + 1 mg/kg dexmedetomidine + 10 mg azasetron + normal saline to 100 mL. A PCIA 
pump (ZZB-150, Jiangsu Apon Medical Technology Co., Ltd., Nantong, China) was set with a loading volume of 2 mL, 
a background infusion rate of 2 mL/h, a PCIA dose of 2 mL, and a locking time of 15 min. When the postoperative NRS score 
was higher than 4 points, they were given an intramuscular injection of 50 mg tramadol for rescue analgesia.

Follow-Up
The Quality of Postoperative Recovery Evaluation
40-item Quality of Recovery (QoR-40)17 scores were recorded at discharge. The QoR-40 questionnaire is composed of two 
parts, and each part is evaluated on four aspects (including comfort, emotional, social, pain or independent behavior), with 
1–5 points for each question and a total score of 200 points. The higher the score, the better the quality of recovery.

Quality of Anesthesia Recovery Assessment
Observer’s Assessment of Alertness/Sedation Scale (OAA/S) score18 was recorded at the end of surgery (T4), and at 30 
min (T5) after surgery: (0–5 points, 0 point: no response to noxious stimuli; 1 point: response to noxious stimuli; 2 
points: response to shaking shoulders or head; 3 points: response to loud or repeated calls and opening eyes; 4 points: 
slow response to normal voice; 5 points: rapid response to normal voice).

Pain Assessment
The Numeric Rating Scale (NRS)19 pain score was recorded at 30 min (T5), 6 h (T6), 12 h (T7), and 24 h (T8) after 
surgery: (0–10 points, 0 point: no pain, 10 points: unbearable severe pain). Times of postoperative PCIA pressing and 
postoperative rescue analgesia was recorded within 24 h after surgery.

Cytokine Measurement
Venous blood samples were collected at 0 min before anesthesia induction (T0) and 24 h (T8) after surgery. Serum 
inflammatory cytokines were detected according to the instructions of the 12-item cytokine ELISA detection kit (Lot: 
210408, Shandong Luqing Medical Technology Co., Ltd., China); IL-10, IL-6, and IL-1ß levels were recorded.

Anxiety and Depression Assessment
The Hospital Anxiety and Depression Scale (HADS)20 was used to evaluate the patient’s anxiety and depression scores 1 
d before surgery and at discharge. HADS comprises two sub-scales: hospital anxiety and depression scale-anxiety 
subscale (HADS-A). The hospital anxiety and the depression scale-depression subscale (HADS-d), have a total of 21 
points for each sub-scale. The higher the score, the more severe the patients anxiety or depression symptoms are.

Patient Satisfaction
The patient satisfaction score was recorded (0–10 points, 0 point: not satisfied at all; 10 points: highly satisfactory) at discharge.

Other Measured Parameters
Mean arterial pressure (MAP) and heart rate (HR) were recorded 0 min before anesthesia (T0), 10 min after induction of 
anesthesia (T1), during skin incision (T2), 30 min after surgery (T3), at the end of surgery (T4), 30 min after surgery 
(T5), and 6 h (T6), 12 h (T7), and 24 h (T8) after surgery.

Nerve block complications (local anesthetic poisoning, pneumothorax, hematoma, nerve injury, puncture site infec-
tion), incidence of adverse drug reactions, and related complications (hypertension/hypotension, tachycardia/bradycardia, 
nausea, vomiting, dizziness, headache, blurred vision, and restlessness during recovery: Richmond agitation-sedation 
scale21 ≥ 5 points) were recorded.
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Statistical Analysis
The sample size was calculated based on the pre-experiment, which included 20 patients with ten patients in each group. The 
primary outcome was a postoperative QoR-40 score at discharge. The average postoperative QoR-40 score (point) was (160.2 ± 
14.5 in the control group versus 168.4± 14.5 in the experimental group). The power is set to 0.90, α to 0.05, with an equal 1:1 
distribution. Finally, the calculation result suggested a minimum of 66 cases in each group. Regarding patient drop-out, we 
increased the number of patients by 10%-20%; therefore, 145–158 patients were required to ensure that a total of 122 patients 
completed the trial.

All data were analyzed using SPSS (version 22.0 for Windows, SPSS Inc., Chicago, IL, USA). Descriptive analyses were 
based on numbers and percentages for categorical variables and mean ± standard deviation for continuous variables. Continuous 
variables were tested using a Student’s t-test for normal distribution or a Mann–Whitney U-test for skewed distribution while 
categorical variables were analyzed through a Chi-squared test or a Fisher’s exact test. Repeated measurements were compared 
using repeated measure’ ANOVA. P value of less than 0.05 was considered statistically significant for all tests.

Results
A total of 146 participants were assessed for eligibility based on the inclusion and exclusion criteria. Ten participants were 
excluded, including 2 patients who declined to participate, 4 with grade III hypertension, 2 with a history of mental and 
psychological disease, and 2 due to a change in the surgical approach. Eventually, the remaining 136 patients were included and 
randomly divided into two groups: the control group (group C, n=68) and the experimental group (PE group, n=68) (Figure 2).

Figure 2 Participant flow diagram. 
Abbreviations: n, number; C, control; PE, pectoral nerve block type II combined with esketamine.
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Clinical Baseline Characteristics and Perioperative Data
No statistically significant differences were observed in patient baseline characteristics (age, ASA grade, BMI, comor-
bidities, and education) and perioperative data (duration of operation, drain output, transfusion, length of PACU stay, and 
length of postoperative hospital stay) (All P > 0.05, Table 1).

The total QoR-40 score (P < 0.05, Table 1, Figure 3) and the satisfaction score of patients were increased at discharge 
in group PE compared to group C (P < 0.05, Table 1).

Table 1 Clinical Baseline Characteristics and Perioperative Data in Two Groups (n=68)

Variable Group C Group PE P value

Age [years, mean, (SD)] 48±9 46±10 0.280
BMI [kg/m2, mean, (SD)] 22.1±2.0 22.4±1.6 0.414

ASA (physical status I / II) [n] 52/17 56/13 0.409

Education ≥ 6 years [n, (%)] 62 (89.9%) 59 (85.5%) 0.437
Complications

Coronary artery disease [n, (%)] 3 (4.3%) 1 (1.4%) 0.310

Hypertension [n, (%)] 10 (14.5%) 9 (13.0%) 0.805
Diabetes [n, (%)] 6 (6.6%) 4 (14.8%) 0.511

Drain output [mL, mean, (SD)] 63 ± 10 60 ± 11 0.134
Transfusion [mL, mean, (SD)] 1580 ± 234 1619 ± 240 0.343

Operation time [min, mean, (SD)] 125± 22 120± 15 0.105

PACU stay time [min, mean, (SD)] 66± 15 64± 13 0.326
Postoperative hospital time [days, mean, (SD)] 7.7± 1.4 7.2± 1.4 0.065

QoR-40 score [point, mean, (SD)] 147± 18 162± 19 < 0.001*

Patient satisfaction [point, mean, (SD)] 6.8± 1.4 8.5± 1.3 < 0.001 *

Abbreviations: n, number; SD, standard deviation; C, control; PE, pectoral nerve block type II combined with esketamine; BMI, body mass 
index; ASA, American Society of Anesthesiologists; PACU, post-anesthesia care unit; QoR-40, quality of recovery-40; *, statistically significant.

Figure 3 QoR-40 score in two groups. 
Notes: PE, pectoral nerve block type II combined with esketamine. The average difference of total QoR-40 score at discharge between PE group and C group was 15.2464. 
Abbreviations: QoR-40, quality of recovery-40; C, control.
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Anesthesia Management and Consumption of Anesthetic Drugs
There were no statistically significant differences between the two groups regarding perioperative anesthesia manage-
ment (anesthesia duration, the OAA/S score at each time point, time of anesthesia recovery, nerve block duration, and the 
times of PCIA pressing) (All P > 0.05, Table 2).

The total consumption of propofol, midazolam, cisatracurium, and remifentanil as well as the times of additional 
analgesics (sufentanil in group C and esketamine in group PE) during operation showed no statistically significant 
differences between the two groups (All P > 0.05, Table 2).

No rescue analgesia after surgery was administered in either group.

The NRS Score at Rest and During Cough
No significant differences in the NRS score at rest and during cough at all four time points during the post-operative 
period were observed between the two groups (Both P > 0.05, Figures 4 and 5).

IL-6, IL-10 and IL-1ß Levels
Compared to the baseline value at T0, only IL-6 serum concentration was increased at T8 in both groups (Both P > 0.05, 
Table 3), and IL-1ß and IL-10 levels of both groups showed no significant differences at T8 (All P > 0.05, Table 3).

Table 2 Anesthesia Management and Consumption of Anesthetic Drugs (n=68)

Variable Group C Group PE P value

Propofol (total) [mg, mean, (SD)] 329± 36 318 ± 39 0.108
Midazolam [mg, mean, (SD)] 2.46± 0.23 2.41± 0.24 0.194

Remifentanil [ug, mean, (SD)] 458 ± 97 446± 93 0.462

Cisatracurium [mg, mean, (SD)] 12.2 ± 1.6 12.6± 1.6 0.121
Nerve block duration [min, mean, (SD)] 9.8 ± 1.5 9.9± 1.3 0.617

Intraoperative additional analgesics [times, mean, (SD)] 0.3± 0.4 0.3± 0.5 0.355

Anesthesia time [min, mean, (SD)] 137± 23 131± 16 0.083
Anesthesia recovery time [min, mean, (SD)] 12.3± 2.8 11.5± 2.7 0.095

OAA/S score at T4 [point, mean, (SD)] 3.7± 0.6 3.9± 0.7 0.231
OAA/S score at T5 [point, mean, (SD)] 4.3± 0.6 4.4± 0.6 0.765

PCIA press [times, mean, (SD)] 0.1± 0.4 0.2± 0.5 0.352

Abbreviations: n, number; SD, standard deviation; C, control; PE, pectoral nerve block type II combined with esketamine OAA/S, 
observer’s assessment of awareness/sedation; T4, at the end of surgery; T5, 30 min after surgery; PCIA, patient-controlled intravenous 
analgesia.

Figure 4 NRS score at rest in two groups. 
Abbreviations: NRS, numeric rating scale; C, control; PE, pectoral nerve block type II combined with esketamine; T5, 30 min after surgery; T6, 6 h after surgery; T7, 12 h after 
surgery; T8, 24 h after surgery.
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In addition, the two groups showed no significant differences in serum concentrations of IL-6, IL-1ß, and IL-10 at T0 (All 
P > 0.05, Table 3). IL-6 serum levels were lower in the PE group compared to group C at T8 (P < 0.05, Table 3), while there was 
no significant difference between the two groups regarding the serum levels of IL-1ß and IL-10 at T8 (All P > 0.05, Table 3).

HADS Scores at Each Time Point
No significant differences were found in the HADS-A and HADS-d scores between the two groups 1 d before surgery (P > 0.05, 
Table 4), while the HADS-A and HADS-d scores were decreased in the PE group compared to group C at hospital discharge 
(P < 0.05, Table 4).

Furthermore, the total HADS-d scores were increased at hospital discharge compared to 1 d before surgery in group 
C (P < 0.05, Table 4), there was no significant difference in the HADS-A and HADS-d scores 1 d before surgery and 
during hospital discharge in the PE group (P > 0.05, Table 4).

The MAP and HR at Different Time Points
The MAP and HR levels were higher 10 min after induction of anesthesia (T1) in the PE group compared to group C (P < 
0.05, Figures 6 and 7), while no significant difference was found between the two groups at any other time point (P > 
0.05, Figures 6 and 7). Compared to T0, the MAP and HR levels were lower at T1 in group C (P < 0.05, Figures 6 and 7). 
Furthermore, no statistically significance differences were found at T2-8 in group C and at T1-8 in the PE group 
(P > 0.05, Figures 6 and 7).

Figure 5 NRS score during cough in two groups. 
Abbreviations: NRS, numeric rating scale; C, control; PE, pectoral nerve block type II combined with esketamine; T5, 30 min after surgery; T6, 6 h after surgery; T7, 12 
h after surgery; T8, 24 h after surgery.

Table 3 Serum IL-6, IL-10 and IL-1ß Levels in Two Groups (n=68)

Variable Group C PE P value

IL-6 [pg/mL, mean, (SD)] T0 11± 5 10± 5 0.102

T8 39± 23 30± 24 0.034*

IL-10 [pg/mL, mean, (SD)] T0 1.6± 1.1 1.7± 1.1 0.306
T8 1.8± 1.1 1.9± 1.1 0.295

IL-1ß [pg/mL, mean, (SD)] T0 9.1± 3.5 8.5± 3.6 0.374

T8 10.5± 2.3 11.1± 2.7 0.168

Abbreviations: n, number; SD, standard deviation; C, control; PE, pectoral nerve block type II combined with esketamine; IL-6, 
interleukin-6; IL-10, interleukin-10; IL-1ß, interleukin-1ß; T0, 0 min before induction of anesthesia; T8, 24 h after surgery; *, 
statistically significant.
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Adverse Events and Block-Related Complications
The incidence of postoperative nausea and vomiting was decreased in the PE group compared to group C (P < 0.05, 
Table 5). No significant differences were found in the incidence of hypertension/hypotension, tachycardia/bradycardia, 
and dizziness between the two groups after surgery (All P > 0.05, Table 5). Moreover, no patients in either group 
developed headache, blurred vision, restlessness during recovery, or block-related complications.

Discussion
In this study, we found that shortly after surgery the total QoR-40 score was higher in the PE group compared to group 
C. This may indicate that esketamine combined with Pecs II block improves the quality of early postoperative recovery 
after MRM.

The application of Pecs II block effectively reduces pain during and after surgery for breast cancer.22 Intravenous infusion 
of low-dose esketamine is an adjuvant therapy to perioperative management of acute and chronic pain.23 The results of our 
study showed no significant difference in the postoperative NRS score between the two groups, and neither group was given 
rescue analgesics after surgery. This suggests that the effect of perioperative analgesia was similar in the two groups, and 
both analgesic agents were effective for postoperative pain in patients undergoing MRM for breast cancer.

This study used low-dose esketamine combined with nonsteroidal analgesics ketorolac tromethamine and dexmede-
tomidine for postoperative PCIA. Dexmedetomidine has anti-anxiety, sedative, analgesic, and salivary-suppressive 
effects, and when used in combination with ketamine, can inhibit the increase in ketamine-induced tachycardia, BP 
and other side effects.24 Preclinical experiments indicated that intravenous infusion of dexmedetomidine combined with 
esketamine reduces the excessive excitation of brain neurons, and the mental side effects caused by esketamine.25 This 

Table 4 HADS Scores in Two Groups (n=68)

Variable Time Points Group C Group PE P value

HADS-A [point, mean, (SD)] 1 d before surgery 7.3±2.3 7.8±2.6 0.215
Hospital discharge 6.3±1.8 5.3±1.6 0.001*

HADS-d [point, mean, (SD)] 1 d before surgery 6.2±1.5 6.4±1.2 0.252

Hospital discharge 8.1±1.6 6.8±1.3 <0.001*

Abbreviations: n, number; SD, standard deviation; C, control; PE, pectoral nerve block type II combined with esketamine; 
HADS, hospital anxiety and depression scale; HADS-A, hospital anxiety and depression scale-anxiety subscale; HADS-d, hospital 
anxiety and depression scale-depression subscale; *, statistically significant.

Figure 6 Perioperative HR in two groups. 
Abbreviations: HR, heart rate; C, control; PE, pectoral nerve block type II combined with esketamine; T0, 0 min before anesthesia; T1, 10 min after induction of 
anesthesia; T2, during skin incision; T3, 30 min after surgery; T4, at the end of surgery; T5, 30 min after surgery; T6, 6 h after surgery; T7, 12 h after surgery; T8, 24 h after 
surgery; *, statistically significant.
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explains why the PE group had stable BP and HR, low incidence of nausea and vomiting, and no obvious adverse 
reactions after surgery, including mental symptoms and head discomfort.

Studies have demonstrated that 20–45% of breast cancer patients experience anxiety and depression symptoms after 
surgery.26 Esketamine not only has sedative and analgesic effects, but also anti-anxiety and antidepressive effects. 
Intravenous injection rapidly ameliorates anxiety and depression symptoms in patients.27,28 This effect began a few hours 
after administration, peaked at 24 h, and lasted approximately one week.29 The positive psychological effects of esketa-
mine may be attributed to an induction of neuroplasticity, which reverses the negative effect of stress and depression on 
neuronal cells and synapses.30 Esketamine may be the primary reason for the postoperative reductions in anxiety and 
depression scores observed in the PE group.

Studies have confirmed that postoperative serum inflammatory cytokines IL-10, IL-6, and IL-1ß levels are closely 
related to the prognosis of breast cancer.31–33 Compared with group C, the serum IL-6 levels in the PE group decreased at 
24 h after surgery, and might be related to a decrease in the use of opioid analgesics during the perioperative period in the 
PE group. Furthermore, opioid analgesics could increase the levels of the proinflammatory factor IL-6.34,35 Studies by 
Welters, IDet al have shown that, compared with sufentanil, the administration of esketamine during surgery under 
general anesthesia increases the levels of the anti-inflammatory factor IL-10.36 In contrast, no continuous pump infusion 
of esketamine was given for the maintenance of anesthesia in this study, and the dose was low, which might be the reason 
why no significant difference was found in IL-10 levels between the two groups in this study. Several studies confirmed 
that compared with intravenous pump infusion of propofol, inhaled sevoflurane used for maintenance anesthesia during 

Figure 7 Perioperative MAP in two groups. 
Abbreviations: MAP, mean arterial pressure; C, control; PE, pectoral nerve block type II combined with esketamine; T0, 0 min before anesthesia; T1, 10 min after induction 
of anesthesia; T2, during skin incision; T3, 30 min after surgery; T4, at the end of surgery; T5, 30 min after surgery; T6, 6 h after surgery; T7, 12 h after surgery; T8, 24 
h after surgery; *, statistically significant.

Table 5 Adverse Events and Block-Related Complications in Two Groups (n=68)

Variable Group C Group PE P value

Nausea [n, (%)] 19 (27.5%) 8 (11.6%) 0.018*
Vomiting [n, (%)] 11 (15.9%) 4 (5.8%) 0.033*

Hypertension [n, (%)] 6 (8.7%) 10 (14.5%) 0.288

Hypotension [n, (%)] 11 (15.9%) 5 (7.2%) 0.111
Tachycardia [n, (%)] 1 (1.4%) 2 (2.9%) 0.559

Bradycardia [n, (%)] 9 (13.0%) 4 (5.8%) 0.145

Dizziness [n, (%)] 2 (2.9%) 3 (4.3%) 0.649

Abbreviations: n, number; C, control; PE, pectoral nerve block type II combined with esketamine; *, 
statistically significant.
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surgery increased the levels of pro-inflammatory factor IL-1ß.37 In this study, both groups were given intravenous pump 
infusion of propofol for anesthesia maintenance, which also explained why there was no significant change in IL-1ß 
levels between the two groups after surgery.

Our study had several limitations. First, this study only evaluated the pain score and changes in hospitalized patients; 
however, failed to follow up on the long-term chronic pain and quality of life after surgery, which needs further 
evaluation. In addition, this study has not elucidated the specific anti-inflammatory mechanism of esketamine; therefore, 
further research is required. A comparison between sufentanil combined with Pecs II block and esketamine combined 
with Pecs II block revealed significant strengths. Esketamine can prevent reductions in BP and HR during the later stages 
of anesthesia induction, lower the incidence of postoperative nausea and vomiting, reduce postoperative inflammatory 
responses, and relieve the patient’s anxiety and depression after surgery.

Conclusion
Perioperative substitution of Esketamine for sufentanil in modified radical mastectomy was associated with improved 
quality of postoperative recovery.

Abbreviations
Pecs II block, pectoral nerve block type II; MRM, modified radical mastectomy; UBC, unilateral breast cancer; ASA, 
American Society of Anesthesiologists; PCIA, patient controlled intravenous analgesia; MAP, Mean arterial pressure; HR, 
heart rate; OAA/S, Observer’s Assessment of Alertness/Sedation Scale; NRS, numeric rating scale; IL-10, serum inflam-
matory cytokines interleukin-10; IL-6, serum inflammatory cytokines interleukin-6; IL-1ß, serum inflammatory cytokines 
interleukin-1ß; HADS, the Hospital Anxiety and Depression Scale; PACU, Postanesthesia Care Unit; QoR-40, 40-item 
quality of recovery; BP, blood pressure; ECG, electrocardiogram; SpO2, oxygen saturation; BIS, bispectral index.
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