
World Journal of
Gastrointestinal Surgery

ISSN 1948-9366 (online)

World J Gastrointest Surg  2023 July 27; 15(7): 1262-1558

Published by Baishideng Publishing Group Inc



WJGS https://www.wjgnet.com I July 27, 2023 Volume 15 Issue 7

World Journal of 

Gastrointestinal SurgeryW J G S
Contents Monthly Volume 15 Number 7 July 27, 2023

REVIEW

Pathophysiological consequences and treatment strategy of obstructive jaundice1262

Liu JJ, Sun YM, Xu Y, Mei HW, Guo W, Li ZL

MINIREVIEWS

Carbon footprints in minimally invasive surgery: Good patient outcomes, but costly for the environment1277

Chan KS, Lo HY, Shelat VG

ORIGINAL ARTICLE

Basic Study

Primary animal experiment to test the feasibility of a novel Y-Z magnetic hepatic portal blocking band1286

Zhang MM, Li CG, Xu SQ, Mao JQ, Ren YX, Zhang YH, Ma J, Shi AH, Lyu Y, Yan XP

Magnetic compression anastomosis for reconstruction of digestive tract after total gastrectomy in beagle 
model

1294

Zhang MM, Li CG, Xu SQ, Mao JQ, Zhang YH, Shi AH, Li Y, Lyu Y, Yan XP

Differences in metabolic improvement after metabolic surgery are linked to the gut microbiota in non-
obese diabetic rats

1304

Luo X, Tan C, Tao F, Xu CY, Zheng ZH, Pang Q, He XA, Cao JQ, Duan JY

Intervention effects and related mechanisms of glycyrrhizic acid on zebrafish with Hirschsprung-
associated enterocolitis

1317

Liu MK, Chen YJ, Chen F, Lin ZX, Zhu ZC, Lin Y, Fang YF, Wu DM

Histological study of the structural layers around the esophagus in the lower mediastinum1331

Saito T, Muro S, Fujiwara H, Umebayashi Y, Sato Y, Tokunaga M, Akita K, Kinugasa Y

Case Control Study

Liver transplantation for combined hepatocellular carcinoma and cholangiocarcinoma: A multicenter 
study

1340

Kim J, Joo DJ, Hwang S, Lee JM, Ryu JH, Nah YW, Kim DS, Kim DJ, You YK, Yu HC

Optimal choice of stapler and digestive tract reconstruction method after distal gastrectomy for gastric 
cancer: A prospective case–control study

1354

Wu Z, Zhou ZG, Li LY, Gao WJ, Yu T

Retrospective Cohort Study

Impact of perioperative blood transfusion on oncological outcomes in ampullary carcinoma patients 
underwent pancreaticoduodenectomy

1363

Fei H, Zhang XJ, Sun CY, Li Z, Li ZF, Guo CG, Zhao DB



WJGS https://www.wjgnet.com II July 27, 2023 Volume 15 Issue 7

World Journal of Gastrointestinal Surgery
Contents

Monthly Volume 15 Number 7 July 27, 2023

Retrospective Study

Nomogram based on clinical characteristics for predicting overall survival in gastric cancer patients with 
preoperative anemia

1375

Long Y, Zhou XL, Zhang CL, Wang YN, Pan WS

Major complications after ultrasound-guided liver biopsy: An annual audit of a Chinese tertiary-care 
teaching hospital

1388

Chai WL, Lu DL, Sun ZX, Cheng C, Deng Z, Jin XY, Zhang TL, Gao Q, Pan YW, Zhao QY, Jiang TA

Different percutaneous transhepatic biliary stent placements and catheter drainage in the treatment of 
middle and low malignant biliary obstruction

1397

Yang YB, Yan ZY, Jiao Y, Yang WH, Cui Q, Chen SP

Utilization of deep neuromuscular blockade combined with reduced abdominal pressure in laparoscopic 
radical gastrectomy for gastric cancer: An academic perspective

1405

Zhang YW, Li Y, Huang WB, Wang J, Qian XE, Yang Y, Huang CS

Efficacy of peritoneal drainage in very-low-birth-weight neonates with Bell’s stage II necrotizing 
enterocolitis: A single-center retrospective study

1416

Shen Y, Lin Y, Fang YF, Wu DM, He YB

Emergency exploratory laparotomy and radical gastrectomy in patients with gastric cancer combined with 
acute upper gastrointestinal bleeding

1423

Kuang F, Wang J, Wang BQ

Correlation of serum albumin level on postoperative day 2 with hospital length of stay in patients 
undergoing emergency surgery for perforated peptic ulcer

1434

Xie D, Lu PL, Xu W, You JY, Bi XG, Xian Y

Clinical Trials Study

Laboratory scoring system to predict hepatic indocyanine green clearance ability during fluorescence 
imaging-guided laparoscopic hepatectomy

1442

Chen ZR, Zeng QT, Shi N, Han HW, Chen ZH, Zou YP, Zhang YP, Wu F, Xu LQ, Jin HS

Observational Study

Incidence, characteristics and risk factors for alveolar recruitment maneuver-related hypotension in 
patients undergoing laparoscopic colorectal cancer resection

1454

Zhang NR, Zheng ZN, Wang K, Li H

New classification system for radical rectal cancer surgery based on membrane anatomy1465

Jiang HH, Ni ZZ, Chang Y, Li AJ, Wang WC, Lv L, Peng J, Pan ZH, Liu HL, Lin MB

Randomized Controlled Trial

Transcutaneous electrical acupoint stimulation in adult patients receiving gastrectomy/colorectal 
resection: A randomized controlled trial

1474

Hou YT, Pan YY, Wan L, Zhao WS, Luo Y, Yan Q, Zhang Y, Zhang WX, Mo YC, Huang LP, Dai QX, Jia DY, Yang AM, An 
HY, Wu AS, Tian M, Fang JQ, Wang JL, Feng Y



WJGS https://www.wjgnet.com III July 27, 2023 Volume 15 Issue 7

World Journal of Gastrointestinal Surgery
Contents

Monthly Volume 15 Number 7 July 27, 2023

SYSTEMATIC REVIEWS

Combined and intraoperative risk modelling for oesophagectomy: A systematic review1485

Grantham JP, Hii A, Shenfine J

Spleen-preserving distal pancreatectomy from multi-port to reduced-port surgery approach1501

Hsieh CL, Tsai TS, Peng CM, Cheng TC, Liu YJ

Resection of isolated liver oligometastatic disease in pancreatic ductal adenocarcinoma: Is there a survival 
benefit? A systematic review

1512

Halle-Smith JM, Powell-Brett S, Roberts K, Chatzizacharias NA

META-ANALYSIS

Outcome of split liver transplantation vs living donor liver transplantation: A systematic review and meta-
analysis

1522

Garzali IU, Akbulut S, Aloun A, Naffa M, Aksoy F

CASE REPORT

Idiopathic hypereosinophilic syndrome with hepatic sinusoidal obstruction syndrome: A case report and 
literature review

1532

Xu XT, Wang BH, Wang Q, Guo YJ, Zhang YN, Chen XL, Fang YF, Wang K, Guo WH, Wen ZZ

Reoperation for heterochronic intraductal papillary mucinous neoplasm of the pancreas after bile duct 
neoplasm resection: A case report

1542

Xiao G, Xia T, Mou YP, Zhou YC

Successful resection of colonic metastasis of lung cancer after colonic stent placement: A case report and 
review of the literature

1549

Nakayama Y, Yamaguchi M, Inoue K, Hamaguchi S, Tajima Y



WJGS https://www.wjgnet.com IX July 27, 2023 Volume 15 Issue 7

World Journal of Gastrointestinal Surgery
Contents

Monthly Volume 15 Number 7 July 27, 2023

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Surgery, Georgios Tsoulfas, AGAF, FACS, FICS, MD, 
PhD, Professor, Transplant Surgery, Aristotle University of Thessaloniki School of Medicine, Thessaloniki 54124, 
Greece. tsoulfasg@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Surgery (WJGS, World J Gastrointest Surg) is to provide scholars 
and readers from various fields of gastrointestinal surgery with a platform to publish high-quality basic and 
clinical research articles and communicate their research findings online. 
    WJGS mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
surgery and covering a wide range of topics including biliary tract surgical procedures, biliopancreatic diversion, 
colectomy, esophagectomy, esophagostomy, pancreas transplantation, and pancreatectomy, etc.

INDEXING/ABSTRACTING

The WJGS is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central, 
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal 
Database, and Superstar Journals Database. The 2023 Edition of Journal Citation Reports® cites the 2022 impact 
factor (IF) for WJGS as 2.0; IF without journal self cites: 1.9; 5-year IF: 2.2; Journal Citation Indicator: 0.52; Ranking: 
113 among 212 journals in surgery; Quartile category: Q3; Ranking: 81 among 93 journals in gastroenterology and 
hepatology; and Quartile category: Q4.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Rui-Rui Wu; Production Department Director: Xiang Li; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Surgery https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-9366 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 30, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Peter Schemmer https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-9366/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

July 27, 2023 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9366/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJGS https://www.wjgnet.com 1405 July 27, 2023 Volume 15 Issue 7

World Journal of 

Gastrointestinal SurgeryW J G S
Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Surg 2023 July 27; 15(7): 1405-1415

DOI: 10.4240/wjgs.v15.i7.1405 ISSN 1948-9366 (online)

ORIGINAL ARTICLE

Retrospective Study

Utilization of deep neuromuscular blockade combined with reduced 
abdominal pressure in laparoscopic radical gastrectomy for gastric 
cancer: An academic perspective

Yi-Wei Zhang, Yong Li, Wan-Bo Huang, Jue Wang, Xing-Er Qian, Yu Yang, Chang-Shun Huang

Specialty type: Surgery

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Chapman D, New 
Zealand; Hart TL, Canada

Received: March 14, 2023 
Peer-review started: March 14, 2023 
First decision: April 7, 2023 
Revised: April 20, 2023 
Accepted: June 2, 2023 
Article in press: June 2, 2023 
Published online: July 27, 2023

Yi-Wei Zhang, Yong Li, Wan-Bo Huang, Jue Wang, Xing-Er Qian, Yu Yang, Chang-Shun Huang, 
Department of Anesthesiology, Ningbo First Hospital, Ningbo 315016, Zhejiang Province, 
China

Corresponding author: Chang-Shun Huang, MBChB, Chief Doctor, Department of 
Anesthesiology, Ningbo First Hospital, No. 59 Liuting Street, Haishu District, Ningbo 315016, 
Zhejiang Province, China. nbhcs1967@163.com

Abstract
BACKGROUND 
Few studies have examined the specific efficacy of deep neuromuscular blockade 
(NMB) combined with pneumoperitoneal pressure reduction in laparoscopic 
radical gastrectomy (LRG) in the elderly.

AIM 
To investigate the application effect of deep neuromuscular blockade (NMB) 
combined with reduced pneumoperitoneum pressure in LRG for gastric cancer 
(GC) in elderly patients and its influence on inflammation.

METHODS 
Totally 103 elderly patients with GC treated in our hospital between January 2020 
and January 2022 were retrospectively analyzed. Among them, 45 patients treated 
with surgery based on deep NMB and conventional pneumoperitoneum pressure 
were assigned to the control group, while the rest of the 58 patients who 
underwent surgery based on deep NMB and reduced pneumoperitoneum 
pressure were assigned to the observation group. The two groups were compared 
in the changes of the Leiden-surgical rating scale score, serum tumor necrosis fact-
α (TNF-α) and interleukin 6 (IL-6) before and after therapy. The visual analogue 
scale (VAS) was adopted for evaluating the shoulder pain of patients at 8 h, 24 h 
and 48 h after the operation. The driving pressure of the two groups at different 
time points was also compared. Additionally, the operation time, pneumoperi-
toneum time, infusion volume, blood loss, extubation time after surgery, resi-
dence time in the resuscitation room, TOF% = 90% time and post-anesthetic 
recovery room (PACU) stay time were all recorded, and adverse PACU-associated 
respiratory events were also recorded. The postoperative hospitalization time and 

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v15.i7.1405
mailto:nbhcs1967@163.com
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postoperative expenses of the two groups were counted and compared.

RESULTS 
No significant difference was found between the two groups at the time of skin incision, 60 minutes since the 
operation and abdominal closure after surgery (P > 0.05). The observation group exhibited significantly lower VAS 
scores than the control group at 24 and 48h after surgery (P < 0.05). Additionally, the observation group had 
significantly lower driving pressure than the control group at 5 min and 60 min after the establishment of 
pneumoperitoneum (P < 0.05). Additionally, the two groups were similar in terms of the operation time, 
pneumoperitoneum time, infusion volume, blood loss, extubation time after surgery, residence time in the 
resuscitation room and TOF% = 90% time (P > 0.05), and the observation group showed significantly lower TNF-α 
and IL-6 Levels than the control group at 24 h after therapy (P < 0.05). Moreover, the incidence of adverse events 
was not significantly different between the two groups (P > 0.05), and the observation group experienced 
significantly less hospitalization time and postoperative expenses than the control group (P < 0.05).

CONCLUSION 
Deep NMB combined with reduced pneumoperitoneum pressure can decrease the VAS score of shoulder pain and 
inflammatory reaction, without hindering the surgical vision and increasing adverse PACU-associated respiratory 
events, and can thus shorten the hospitalization time and treatment cost for patient.

Key Words: Deep neuromuscular blockade; Low pneumoperitoneum pressure; Elderly; Laparoscopy; Gastric cancer; Radical 
gastrectomy; Inflammation

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Laparoscopic radical gastrectomy is a common operation for the treatment of gastric cancer (GC) with minimally 
invasive and rapid recovery. However, high pneumoperitoneum pressure during laparoscopic surgery has an adverse effect 
on the perioperative outcome of patients, especially in elderly patients. Deep muscle relaxation has been proved to improve 
the conditions of abdominal surgery and reduce postoperative pain, but it is still unclear whether deep muscle relaxation 
combined with low pneumoperitoneum pressure is effective in laparoscopic radical resection of GC in the elderly. In this 
study, we analyzed the role of deep muscle relaxation combined with low pneumoperitoneum pressure in elderly patients 
undergoing laparoscopic radical gastrectomy for GC and its effect on inflammation, in order to provide a reference for 
clinicians to choose treatment options.

Citation: Zhang YW, Li Y, Huang WB, Wang J, Qian XE, Yang Y, Huang CS. Utilization of deep neuromuscular blockade combined 
with reduced abdominal pressure in laparoscopic radical gastrectomy for gastric cancer: An academic perspective. World J 
Gastrointest Surg 2023; 15(7): 1405-1415
URL: https://www.wjgnet.com/1948-9366/full/v15/i7/1405.htm
DOI: https://dx.doi.org/10.4240/wjgs.v15.i7.1405

INTRODUCTION
With the annual increase in the elderly population worldwide, ageing has become a crucial challenge for many countries, 
and these countries are making active efforts to prolong their citizens’ lives[1]. With the improvement of living standards 
and the changes in dietary habits, the incidence of digestive system diseases is increasing gradually[2]. Gastric cancer 
(GC) is one of the malignant tumors with the highest incidence in China, which poses a serious threat to the life safety of 
patients and is more common among middle-aged and elderly people[3]. According to global oncology statistics in 2018, 
over 700000 people died of GC each year worldwide, and the disease is increasingly common among the young 
population[4].

Laparoscopic radical gastrectomy (LRG) is a primary method for GC, with the vantages of minimal invasion, clear 
surgical vision and rapid postoperative recovery[5]. The establishment of pneumoperitoneum is a key step in laparo-
scopic surgery, and the commonly used medium is carbon dioxide (CO2). Intra-abdominal pressure (IAP) is primarily 
triggered by the hydrostatic pressure of abdominal organs. IAP in a normal physiological state is between 0-5 mmHg, 
while IAP in laparoscopic surgery is mostly 12-15 mmHg[6]. Clinically, excessive pneumoperitoneum pressure during 
laparoscopic surgery has been found to affect many organs of the body[7]. Moreover, the increase of IAP results in 
compression of the inferior vena cava and aorta, a decrease of visceral blood flow and renal blood flow and diaphragm 
displacement, and also greatly increases the risk of lower limb deep venous thrombosis, arrhythmia and cardiac events[8,
9]. These risks directly impact the perioperative outcome and long-term prognosis of patients, especially elderly patients 
with declining organ function and/or dysfunction[10].

https://www.wjgnet.com/1948-9366/full/v15/i7/1405.htm
https://dx.doi.org/10.4240/wjgs.v15.i7.1405
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In recent years, the technique of deep neuromuscular blockade (NMB) under muscle relaxation monitoring has been 
extensively adopted in clinical anesthesia, especially in laparoscopic surgery which requires more muscle relaxation, and 
it is highly popular among surgeons[11]. The improvement of surgical conditions during deep NMB is of great clinical 
significance for surgeons and deep NMB has become a crucial technique in some clinical laparoscopic operations[12]. 
Deep NMB has been shown to improve the surgical conditions of laparoscopic cholecystectomy, urology and gynaeco-
logical surgery. Compared with moderate NMB, deep NMB mainly provides the benefits of increasing the amount of CO2 
perfusion in the abdominal cavity and the distance between skin and sacrum and headland during pneumoperitoneum to 
greatly increase the abdominal space during pneumoperitoneum establishment, which is convenient for the operator to 
perform the procedure, relieve postoperative pain and promote intestinal function recovery[13]. Similarly, a study has 
revealed significant advantages of deep NMB over moderate NMB for patients undergoing elective laparoscopic 
colorectal surgery after recording the incidence of IAP alarm, surgical satisfaction, and the need for additional muscle 
relaxants to measure surgical conditions[14].

However, whether deep NMB combined with reduced pneumoperitoneum pressure is effective in LRG for GC in the 
elderly is rarely studied. Accordingly, this study analyzed the effect of deep NMB combined with reduced pneumoperi-
toneum pressure in elderly patients undergoing LRG for GC and its influence on inflammation, with the purpose of 
providing a reference for clinicians for the selection of therapeutic regimens.

MATERIALS AND METHODS
Clinical data
Totally 103 elderly patients with GC treated in our hospital between January 2020 and January 2022 were retrospectively 
analyzed. Among them, 45 patients treated with surgery based on deep NMB and conventional pneumoperitoneum 
pressure were assigned to the control group, while the rest 58 given surgery based on deep NMB and reduced 
pneumoperitoneum pressure were assigned to the observation group.

Inclusion and exclusion criteria
Inclusion criteria: (1) Patients ≥ 65 years old but ≤ 85 years old; (2) patients whose permanent residence had an altitude 
lower than 2500 m; (3) patients who received elective LRG for GC; (4) patients at grade I-III in American Society of 
Anesthesiologists (ASA) classification; and (5) patients with detailed clinical data.

Exclusion criteria: (1) Patients who received emergency surgery; (2) patients at grade IV or V in ASA classification; (3) 
patients who had received preoperative radiotherapy or chemotherapy or had distant metastasis of tumor; (4) patients 
with renal insufficiency (glomerular filtration rate < 30 mL/min) or liver dysfunction (aspartate aminotransferase and 
alanine transaminase > 1.5 times the normal value); (5) patients who were unable to cooperate with the research for 
reasons such as language understanding, mental illness, etc.; (6) patients who had taken other experimental drugs or 
participated in other clinical trials within 3 mo before enrolment into the study; and (7) patients who were not suitable for 
enrolment into this study.

Therapeutic regimen for the patients
Each patient received routine examination, and also received pulmonary function test and blood gas analysis. In addition, 
anesthetic visit was carried out by the anesthesiologist to each patient on the day before operation. All patients were 
operated on the same anesthesia equipment (anesthesia machine: Drager A500; monitor: Drager Infinity C500). After the 
patient entered the room, the electrocardiogram, blood pressure, pulse oxygen saturation, cerebral oxygen saturation, BIS 
(COVIDEN) and muscle relaxation (GE NMT module) were routinely monitored. Central venous catheterization and 
arterial puncture catheterization were performed to the patient under conscious local anesthesia to monitor arterial blood 
pressure, and 5 mL blood was sampled and kept in ice water mixture. Anesthesia induction was performed with 0.02-0.05 
mg/kg midazolam, 0.2-0.5 μg/kg sufentanil, 0.2-0.4 mg/kg etomidate, and 0.6 mg/kg rocuronium in sequence, and 
intubation was performed when TOF ratio was 0. Parameters of mechanical ventilation during operation: FiO2 = 60%; 
oxygen flow: 2 L/min; ventilation mode: AUTO flow mode; VT = 6-8 mL/kg; I:E = 1:2; PEEP = 3 mmHg. Intravenous 
anesthesia was maintained during the operation with 4-8 mg/kg/h propofol and 0.1-0.3 μg/kg/min remifentanil, and 
BIS was maintained at 40-60. End-tidal carbon dioxide was maintained at approximate 35 mmHg. The usage of muscle 
relaxants was as follows: The control group was pumped with rocuronium immediately after intubation, with initial rate 
of 20 μg/kg/min. PTC was measured every 2 min. When the PTC count was 1-2, the infusion rate of rocuronium (0-10 
μg/kg/min) was adjusted, and the PTC count was maintained at 1-2. The laparoscopic pneumoperitoneum pressure was 
set at 14 mmHg during operation. When muscle relaxation returned to T2 after surgery according to monitoring results, 2 
mg/kg britine was used for antagonism, or when muscle relaxation showed that PTC count was 1-2 according to 
monitoring results, 4 mg/kg britine was used for antagonism. Patients in the observation group were pumped with 
rocuronium immediately after intubation, with the initial rate of 20 μg/kg/min, and PTC was measured every 2 min. 
When the PTC count was 1-2, the infusion rate of rocuronium (0-10 μg/kg/min) was adjusted and the PTC count was 
maintained at 1-2. The laparoscopic pneumoperitoneum pressure was set at 8 mmHg during operation. When muscle 
relaxation returned to T2 after surgery according to monitoring results, 2 mg/kg britine was used for antagonism, or 
when muscle relaxation showed that PTC count was 1-2 according to monitoring, 4 mg/kg britine was used for 
antagonism. The infusion of muscle relaxant and propofol was stopped 15 min abdominal closure after surgery, followed 
by application of the analgesic pump, and the patient was given 5 μg sufentanil intravenously. The infusion of 
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remifentanil was stopped during suturing the skin. The formula of postoperative analgesia pump: 1.5-2 μg/kg sufentanil 
+ 5 mg tropisetron that were diluted to 100 mL normal saline, with flow rate of 2 mL/h, 1.5 mL single pressing, locking 
time of 15min. All cases were transported to the post-anesthetic recovery room (PACU) for resuscitation after abdominal 
closure at the end of the operation, and the extubation pointer was used for extubation according to the extubation 
pointer. All cases were treated by the chief surgeon and one assistant doctor in the same medical group from the 
department of gastrointestinal surgery, and were also given the same laparoscopic equipment and display device.

Biological index test
Before and after the therapy, 5 mL peripheral venous blood was collected from each patient, followed by 5-min centrifu-
gation (2000 r/min) to separate serum, and the serum was kept at low temperature. Then serum tumor necrosis fact-α 
(TNF-α) and interleukin 6 (IL-6) were quantified via enzyme-linked immuno-sorbent assay with kits form Shanghai 
MLBIO Co., Ltd.

Outcome measures
Primary outcome measures: The changes of Leiden-surgical rating scale (L-SRS) scores before operation, 10 min after the 
establishment of pneumoperitoneum, 60 min after the establishment of pneumoperitoneum, and at the end of 
pneumoperitoneum in the two groups were recorded and compared[15]. L-SRS score ranges from 1 to 5, with 1 for 
extremely poor conditions, 2 for poor conditions, 3 for acceptable conditions, 4 for good conditions, and 5 for the best 
conditions. The changes of serum TNF-α and IL-6 were compared between the two groups before and after surgery.

Secondary outcome measures: The visual analogue scale (VAS) was adopted for evaluation of shoulder pain at 8, 24 
and 48 h after operation[16]. The driving pressure of the two groups was compared at 5 min after intubation, 5 min and 
60 min after establishment of pneumoperitoneum, and after recovery of pneumoperitoneum deflation returns to the 
horizontal level. Additionally, the operation time, pneumoperitoneum time, infusion volume, blood loss, extubation time 
after surgery, residence time in resuscitation room, TOF% = 90% time and PACU stay time were recorded. The adverse 
PACU-associated respiratory events were also recorded. The postoperative hospitalization time and postoperative 
expenses were counted and compared. Moreover, the clinical data were also compared between the two groups.

Statistical analyses
This study adopted SPSS 20.0 (SPSS Inc., Chicago, IL, the States) for analysis of collected data, and GraphPad Prism 8 for 
visualization of data. The Kolmogorov-Smirnov test was adopted for evaluation of the normal distribution. Data in 
normal distribution were described through mean ± SD, and analyzed using the t test. Inter-group comparison and intro-
group comparison were conducted through the independent sample t test and paired t test, respectively. The classified 
variables were compared through chi-square test. P < 0.05 indicates a significantly significance.

RESULTS
Comparison of clinical data
According to comparison of clinical data between the observation and control groups, the two group were not 
significantly different in age, sex, body mass index, ASA classification, past medical history, clinical stage and tumor 
diameter (P > 0.05, Table 1).

L-SRS score changes
No significantly difference was found between the two groups in the changes of L-SRS score at the time of skin incision, 
60 min since operation and abdominal closure after surgery (P > 0.05, Table 2).

VAS score changes
According to evaluation of VAS scores at 8, 24 and 48 h after operation in the two groups, the VAS score at 8 h after 
operation was not significantly different between the two groups (P > 0.05), but the VAS score of the observation group at 
24 and 48 h after operation was diaphragm nerve. This problem has been effectively solved by reducing pneumoperi-
toneum pressure of patients. Moreover, after absorption of CO2, microbubbles are form lower than that of the control 
group (P < 0.05, Table 3).

Comparison of driving pressure during operation
According to comparison of driving pressure during operation between the observation and control groups, the two 
groups were not significantly different in driving pressure at 5 min after intubation and after recovery of the pneumoperi-
toneum deflation to horizontal level (P > 0.05), but the driving pressure of the observation group was significantly lower 
than that of the control group at 5 min and 60 min after establishment of pneumoperitoneum (P < 0.05, Table 4).

Comparison of operation indexes
The operation time, pneumoperitoneum time, infusion volume, blood loss, extubation time after surgery, residence time 
in resuscitation room, TOF% = 90% time and PACU stay time in the two groups were recorded. According to the results, 
the two groups were similar in terms of operation time, pneumoperitoneum time, transfusion volume, blood loss, 
extubation time after surgery, residence time in resuscitation room and TOF% = 90% time (P > 0.05, Figure 1).
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Table 1 Comparison of clinical data

Factors Control group (n = 45) Observation group (n = 58) χ2 value P value

Age (yr) 0.287 0.591

≥ 65 21 24

< 65 24 34

Gender 1.059 0.303

Male 25 38

Female 20 20

BMI (kg/m2) 0.069 0.791

≥ 23 19 26

< 23 26 32

ASA classification 0.142 0.931

Grade I 15 19

Grade II 22 27

Grade III 8 12

Past medical history

Hypertension 25 22 3.173 0.074

Diabetes mellitus 15 17 0.191 0.661

Clinical stages 0.341 0.558

Phase I 22 25

Phase II 23 33

Tumor diameter 0.234 0.628

≥ 5 cm 12 18

< 5 cm 33 40

ASA: American Society of Anesthesiologists.

Table 2 Comparison of Leiden-surgical rating scale scores between patients during and after skin incision

Group Before operation 60 min At abdominal closure after operation

Control group (n = 45) 4.55 ± 0.93 4.46 ± 0.85 4.60 ± 0.53

Observation group (n = 58) 4.34 ± 0.47 4.32 ± 0.80 4.48 ± 0.78

t value 1.878 1.244 1.422

P value 0.063 0.216 0.158

Table 3 Comparison of visual analogue scale scores between patients before and after operation

Group 8 h 24 h 48 h

Control group (n = 45) 2.88 ± 1.01 1.48 ± 0.96 1.02 ± 0.63

Observation group (n = 58) 2.91 ± 0.94 1.08 ± 0.82 0.75 ± 0.43

t value 0.133 2.280 2.538

P value 0.894 0.024 0.012
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Table 4 Comparison of driving pressure between patients during operation (p/cmH2O)

Group 5 min after 
intubation

5 min after establishment of 
pneumoperitoneum

60 min after establishment of 
pneumoperitoneum

After recovery of the 
pneumoperitoneum deflation to 
horizontal level

Control group (n 
= 45)

10.08 ± 2.33 18.21 ± 3.80 19.58 ± 4.51 12.11 ± 3.71

Observation 
group (n = 58)

10.50 ± 1.65 15.12 ± 3.20 16.04 ± 3.09 11.59 ± 2.81

t value 1.210 5.183 5.415 0.856

P value 0.229 < 0.001 < 0.001 0.393

Figure 1 Comparison of surgical indexes. A: Comparison of operation time between the two groups; B: Comparison of pneumoperitoneum time between the 
two groups; C: Comparison of transfusion volume between the two groups; D: Comparison of blood loss between the two groups; E: Comparison of extubation time 
after operation between the two groups; F: Comparison of residence time in resuscitation room between the two groups; G: Comparison of TOF% = 90% time 
between the two groups. NS: Not significant.

Changes of inflammatory indexes in patients
According to comparison of the changes in TNF-α and IL-6 before and after the operation between the two groups, no 
significantly difference was found between them in the levels of TNF-α and IL-6 before surgery (P > 0.05), while the levels 
of them in both groups increased significantly at 24 h after surgery (P < 0.05), and the observation group showed 
significantly lower levels of them than the control group at 24 h after surgery (P < 0.05, Figure 2).

Statistics of adverse PACU-associated respiratory events in patients
According to statistics of adverse PACU- associated respiratory events between the two groups, the two groups were not 
significantly different in the total incidence of adverse events (P > 0.05, Table 5).
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Table 5 Statistics of adverse post-anesthetic recovery room-associated respiratory events

Group Upper respiratory tract 
obstruction

Mild to moderate 
hypoxia

Severe 
hypoxia

Respiratory 
distress

Total incidence 
rate

Control group (n = 45) 3 3 3 2 11

Observation group (n = 
58)

2 1 2 1 6

χ2 value 3.655

P value 0.055

Figure 2 Changes of inflammatory indexes in patients before and after operation. A: Comparison of TNF-α changes between the two groups before 
and after operation; B: Comparison of IL-6 changes between the two groups before and after operation. TNF-α: Tumor necrosis fact-α; IL-6: Interleukin 6.

Statistics of hospitalization time and hospitalization expenses after operation
Comparison of hospitalization time and hospitalization expenses after operation between the observation and control 
groups revealed no significantly difference between the two groups in hospitalization time and hospitalization expenses 
after operation (P < 0.05, Figure 3).

DISCUSSION
Due to the poor tolerance and various underlying diseases of elderly patients with GC, traditional laparotomy has some 
limitations for them[17]. As the medical level advances continuously, laparoscopic technology has been extensively 
adopted in clinical practice[18], with advantages of less trauma, small incision and less intraoperative bleeding. Laparo-
scopic guidance during the operation can improve the clarity of the operative field, effectively reduce the damage to the 
surrounding soft tissue and gastrointestinal tract on the basis of ensuring the accurate resection of the focus tissue, 
improve the therapeutic effect, and lower inflammatory reaction and immunosuppression[19]. Clinically, the upper 
pneumoperitoneum pressure is generally set at 12-15 mmHg, but some people have studied the feasibility of operation 
under reduced pneumoperitoneum pressure[20]. According to prior research[21], deep NMB combined with reduced 
pneumoperitoneum pressure has achieved good results in gynecological laparoscopic surgery, but there is a lack of 
relevant research on whether it has the same clinical value in GC patients undergoing laparoscopic surgery.

As a commonly used scale in clinical laparoscopic surgery, the L-SRS score is primarily adopted to evaluate the 
exposure of the surgical field. This study first compared the changes of L-SRS scores in patients undergoing laparoscopic 
surgery for GC based on conventional pneumoperitoneum combined with deep NMB and those undergoing laparoscopic 
surgery for GC based on reduced pneumoperitoneum pressure combined with deep NMB. Similar to the research of 
Moro et al[22], the results in this study showed no significantly difference between the two groups at the time of skin 
incision, 60 min after operation and abdominal closure after operation (P > 0.05), indicating that deep NMB combined 
with reduced pneumoperitoneum pressure would not affect the surgical vision. The main reason is that deep NMB can 
make up for the lack of visual field caused by reduced pneumoperitoneum pressure by reducing abdominal muscle 
tension and increasing abdominal compliance.
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Figure 3 Statistics of hospitalization time and hospitalization expenses after operation of patients. A: Statistics of hospitalization time after 
operation in the two groups; B: Statistics of hospitalization expenses after operation in the two groups.

Minimally invasive laparoscopic technique has greatly reduced the incision pain, but the establishment of artificial 
pneumoperitoneum during the operation will aggravate the visceral pain and the incidence of shoulder pain after 
operation[23]. According to prior research[24], the increase in the incidence of shoulder pain after laparoscopic surgery is 
mainly due to the expansion and pull of the diaphragm caused by carbon dioxide pneumoperitoneum, which stimulates 
the phrenic nerve distributed in the diaphragm and causes shoulder pain after operation. This study compared the 
indices of the two groups during the operation. According to the results, the two groups were similar in terms of 
operation time, pneumoperitoneum time, transfusion volume, blood loss, extubation time after surgery, residence time in 
resuscitation room and TOF% = 90% time. Moro et al[22] have found no difference between patients given low 
pneumoperitoneum  pressure and those given standard pressure in terms of the operation time of laparoscopic 
cholecystectomy, which was in agreement with our results. It indicates that reduced pneumoperitoneum pressure will 
not affect the operation progress. Moreover, in this study, the pain situation of patients before and after surgery and the 
occurrence of inflammatory reaction in vivo were compared between the two groups. The results revealed significantly 
lower VAS scores in the observation group than those in the control group at 24 and 48 h after surgery, and significantly 
lower levels of TNF-α and IL-6 in the observation group than those in the control group at 24 h after surgery. The results 
show that deep NMB combined with reduced pneumoperitoneum pressure can alleviate the inflammatory response and 
shoulder pain of patients. Similar to the present study, prior research by Madsen et al[25] has found that compared with 
moderate neuromuscular blocking agent and standard pressure pneumoperitoneum (12 mmHg), deep neuromuscular 
blocking blockade and low pressure pneumoperitoneum (8 mmHg) can reduce the incidence of shoulder pain after 
laparoscopic hysterectomy. We believe that this is mainly due to the fact that the excessive tension of the diaphragm 
caused by normal pneumoperitoneum pressure, coupled with surgical traction, leads to the lifting of the diaphragm and 
traction injury of the diaphragm nerve. This problem has been effectively solved by reducing pneumoperitoneum 
pressure of patients. Moreover, after absorption of CO2, microbubbles are formed in the blood vessels, which interfere 
with the normal blood flow and become turbulent, releasing platelet activation inhibitors and a large number of 
cytokines, and promoting platelet aggregation, finally triggering the systemic inflammatory reaction of the body and 
causing the excitement of sympathetic nervous system to increase and causing pain.

The increase of pneumoperitoneum pressure can give rise to an increase in abdominal cavity volume, elevation of the 
diaphragm, and limitation of thoracic expansion, resulting in a decrease in lung volume and an increase in airway 
resistance and triggering an rice in mild adverse PACU-associated respiratory events[26]. Driving pressure, as the ratio of 
tidal volume to lung compliance, reflects the pressure on lung tissue of ventilated patients[27]. In this study, by 
comparing the driving pressure of patients at different time points, the driving pressure in the observation group was 
found to be significantly lower than that in the control group at 5 min and 60 min after establishment of pneumoperi-
toneum, and the total incidence of postoperative adverse PACU-associated respiratory events in the observation group 
was found to be lower than that in the control group. The results indicate that reduced pneumoperitoneum pressure can 
lower the driving pressure of patients during operation, without increasing the incidence of adverse PACU-associated 
respiratory events, so as to reduce the hospitalization time and hospitalization expenses of patients.

This study has determined the application effect of deep NMB combined with reduced pneumoperitoneum pressure in 
elderly patients undergoing LRG. However, it still has some limitations. First of all, in such a retrospective study, we are 
unable to randomly divide patients into groups like randomized controlled trials, and the results analysis may be biased. 
Secondly, we have not followed up the patients in this study, so whether two different pneumoperitoneum pressures 
have an impact on the prognosis of patients remains unclear. Finally, the indexes tested in this study are little, and 
whether reduced pneumoperitoneum pressure impacts patients’ stress function and immune function requires further 
investigation. Therefore, we hope to carry out more experiments in the follow-up research to improve the research 
conclusions.
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CONCLUSION
To sum up, deep NMB combined with reduced pneumoperitoneum pressure can reduce VAS score of shoulder pain and 
inflammatory reaction, without hindering the surgical vision and increasing adverse PACU-associated respiratory events, 
and can thus reduce the hospitalization time and treatment cost for patients.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is a major health concern with increasing incidence, particularly among middle-aged and elderly 
individuals. Laparoscopic radical gastrectomy (LRG) is a primary treatment method for GC, but concerns exist regarding 
the impact of excessive pneumoperitoneum pressure on patients, especially the elderly.

Research motivation
Although deep neuromuscular blockade (NMB) has been shown to improve surgical conditions in various laparoscopic 
procedures, there is limited research on the effectiveness of deep NMB combined with reduced pneumoperitoneum 
pressure in LRG for elderly GC patients.

Research objectives
This study aimed to investigate the application effect of deep NMB combined with reduced pneumoperitoneum pressure 
in LRG for elderly GC patients and its influence on inflammation.

Research methods
A retrospective analysis of 103 elderly GC patients was conducted, comparing those treated with deep NMB and conven-
tional pneumoperitoneum pressure (control group, n = 45) vs those treated with deep NMB and reduced pneumoperi-
toneum pressure (observation group, n = 58) in various outcome measures.

Research results
The observation group experienced lower postoperative pain, reduced inflammatory markers, and lower driving 
pressure at specific time points compared to the control group. No significant difference was observed in adverse event 
incidence, but the observation group had shorter hospitalization times and lower postoperative expenses.

Research conclusions
Deep NMB combined with reduced pneumoperitoneum pressure can decrease postoperative pain and inflammation 
without compromising surgical vision or increasing adverse respiratory events, ultimately leading to shorter hospital-
ization times and reduced treatment costs.

Research perspectives
This study provides valuable insights for clinicians when selecting therapeutic regimens for elderly GC patients 
undergoing LRG, highlighting the potential benefits of deep NMB combined with reduced pneumoperitoneum pressure.
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