Gastrointestinal Surgery

Baishideng Publishing Group Inc



World Journal of
(]- ¢ Gastrointestinal Surgery

Contents Monthly Volume 14 Number 7 July 27, 2022
REVIEW
632 From advanced diagnosis to advanced resection in early neoplastic colorectal lesions: Never-ending and

trending topics in the 2020s

Auriemma F, Sferrazza S, Bianchetti M, Savarese MF, Lamonaca L, Paduano D, Piazza N, Giuffrida E, Mete LS, Tucci A,
Milluzzo SM, Iannelli C, Repici A, Mangiavillano B

ORIGINAL ARTICLE

Retrospective Study

656 Adult patients with allied disorders of Hirschsprung’s disease in emergency department: An 11-year
retrospective study

Jiang S, Song CY, Feng MX, Lu YO

670 Impact of comorbid renal dysfunction in patients with hepatocellular carcinoma on long-term outcomes
after curative resection

Sakamoto Y, Shimada S, Kamiyama T, Sugiyama K, Asahi Y, Nagatsu A, Orimo T, Kakisaka T, Kamachi H, Ito YM,
Taketomi A

685 Individualized risk estimation for postoperative pulmonary complications after hepatectomy based on
perioperative variables

Xu LN, Xu YY, Li GP, Yang B

SYSTEMATIC REVIEWS
696 Skeletal muscle metastasis from colorectal adenocarcinoma: A literature review

Kulkarni N, Khalil A, Bodapati S

CASE REPORT

706 Percutaneous aspiration and sclerotherapy of a giant simple hepatic cyst causing obstructive jaundice: A
case report and review of literature

He XX, Sun MX, Lv K, Cao J, Zhang SY, Li JN

714 Indocyanine green fluorescence imaging for spleen preservation in laparoscopic splenic artery aneurysm
resection: A case report

Cheng J, Sun LY, Liu J, Zhang CW

LETTER TO THE EDITOR

720 Total mesopancreas excision is the better staging tool of the mesopancreas in pancreatic head carcinoma
Peparini N

723 Three-dimensional visualization and virtual reality simulation role in hepatic surgery: Further research
warranted

Ahmed F, Jahagirdar V, Gudapati S, Mouchli M

WJGS | https://www.wjgnet.com I July 27,2022 | Volume14 | Issue7 |

Jaishideng®



World Journal of Gastrointestinal Surgery

Contents
Monthly Volume 14 Number 7 July 27, 2022

727 Signs and syndromes in acute appendicitis: A pathophysiologic approach

Yale SH, Tekiner H, Yale ES

Boishidengs WIGS | https://www.wjgnet.com I July 27,2022 | Volume14 | Issue7 |



World Journal of Gastrointestinal Surgery

Contents

Monthly Volume 14 Number 7 July 27, 2022

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Surgery, Francesco Saverio Mari, FACS, MD, PhD,
Doctor, Lecturer, Postdoctoral Fellow, Research Fellow, Surgeon, Surgical Oncologist, Department of Medical and
Surgical Sciences and Translational Medicine, School of Medicine and Psychology, University Sapienza of Rome,
Rome 00060, Italy. frasavmari@yahoo.it

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Surgery (W]JGS, World | 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, efc.

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 2022 Edition of Journal Citation Reports® cites the 2021 impact
factor (IF) for WJGS as 2.505; IF without journal self cites: 2.473; 5-year IF: 3.099; Journal Citation Indicator: 0.49;
Ranking: 104 among 211 journals in surgery; Quartile category: Q2; Ranking: 81 among 93 journals in
gastroenterology and hepatology; and Quartile category: Q4.

RESPONSIBLE EDITORS FOR THIS ISSUE

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

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-9366 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
November 30, 2009 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Peter Schemmer https:/ /www.wignet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-9366/ editotialboard.htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
July 27, 2022 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

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

JBaishideng®

WIJGS | https://www.wjgnet.com 11 July 27,2022 | Volume14 | Issue?


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

World Journal of
(]- ¢ Gastrointestinal Surgery

Submit a Manuscript: https:/ /www.f6publishing.com World | Gastrointest Surg 2022 July 27; 14(7): 685-695

DOI: 10.4240/wijgs.v14.i7.685

ISSN 1948-9366 (online)

Retrospective Study

ORIGINAL ARTICLE

Individualized risk estimation for postoperative pulmonary
complications after hepatectomy based on perioperative variables

Li-Ning Xu, Ying-Ying Xu, Gui-Ping Li, Bo Yang

Specialty type: Gastroenterology
and hepatology

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): D

Grade E (Poor): 0

P-Reviewer: Cassese G, Italy;
Karamarkovic AR, Serbia;
Uhlmann D, Germany

Received: March 25, 2022
Peer-review started: March 25, 2022
First decision: May 29, 2022
Revised: June 5, 2022

Accepted: July 5, 2022

Article in press: July 5, 2022
Published online: July 27, 2022

Jaishideng®

Li-Ning Xu, Department of General Surgery, The Second Medical Center and National Clinical
Research Center for Geriatric Diseases, Chinese PLA General Hospital, Beijing 100853, China

Ying-Ying Xu, Department of Internal Medicine, Henan Cancer Hospital, Zhengzhou 450003,
Henan Province, China

Gui-Ping Li, Department of Radiology, Hubei Province Integrated Hospital of Chinese and
Western Medicine, Wuhan 430015, Hubei Province, China

Bo Yang, Department of Radiology, Affiliated Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430022, Hubei Province, China

Corresponding author: Bo Yang, Doctor, Chief Doctor, Department of Radiology, Affiliated
Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, No.
1277 Jiefang Avenue, Wuhan 430022, Hubei Province, China. yangbo010027@163.com

Abstract

BACKGROUND
At present, there is no perfect system to evaluate pulmonary complications of
liver surgery using perioperative variables.

AIM

To design and verify a risk assessment system for predicting postoperative
pulmonary complications (PPCs) after hepatectomy based on perioperative
variables.

METHODS

A retrospective analysis was performed on 1633 patients who underwent liver
surgery. The variables were screened using univariate and multivariate analyses,
and graded scores were assigned to the selected variables. Logistic regression was
used to develop the liver operation pulmonary complication scoring system
(LOPCSS) for the prediction of PPCs. The LOPCSS was verified using the receiver
operating characteristic curve.

RESULTS

According to the multivariate correlation analysis, the independent factors which
influenced PPCs of liver surgery were age [> 65 years old/< 65 years old, odds
ratio (OR) = 1.926, P = 0.011], medical diseases requiring drug treatment (yes/no,
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OR = 3.523, P < 0.001), number of liver segments to be removed (= 3/<2, OR =1.683, P = 0.002),
operation duration (= 180 min/< 180 min, OR = 1.896, P = 0.004), and blood transfusion (yes/no,
OR =1.836, P = 0.003). The area under the curve (AUC) of the LOPCSS was 0.742. The cut-off value
of the expected score for complications was 5. The incidence of complications in the group with <4
points was significantly lower than that in the group with > 6 points (2.95% vs 33.40%, P < 0.001).
Furthermore, in the validation dataset, the corresponding AUC of LOPCSS was 0.767.

CONCLUSION
As a novel and simplified assessment system, the LOPCSS can effectively predict PPCs of liver
surgery through perioperative variables.

Key Words: Liver surgery; Complication; Pulmonary; Prediction

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, a binomial logistic regression model was established to obtain the liver operation
pulmonary complication scoring system (LOPCSS). The area under the curve of the LOPCSS was 0.742.
As a novel and simplified assessment system, the LOPCSS can effectively predict postoperative
pulmonary complications of liver surgery through perioperative factors; therefore, it can be used to
evaluate the risk of liver surgical pulmonary complications.

Citation: Xu LN, Xu YY, Li GP, Yang B. Individualized risk estimation for postoperative pulmonary
complications after hepatectomy based on perioperative variables. World J Gastrointest Surg 2022; 14(7): 685-695
URL: https://www.wjgnet.com/1948-9366/full/v14/i7/685.htm

DOI: https://dx.doi.org/10.4240/wjgs.v14.i7.685

INTRODUCTION

Compared to other surgical areas, liver surgery is still a relatively complex discipline that requires
continuous theoretical exploration and accumulated experience[1,2]. However, liver surgery technology
has developed rapidly as a result of the development of information science and encouragement of liver
allograft transplantation[3]. The key reason hepatectomy is not applied globally is the high incidence of
postoperative complications and high operative mortality[4]. Appropriate preoperative prevention
strategies should, therefore, be considered to reduce the risk of postoperative complications. Predicting,
evaluating, and intervening in surgical risk and preventing complications of liver surgery have become
major clinical problems[5-7]. Postoperative pulmonary complications (PPCs) are important adverse
events associated with surgery and anesthesia. The main PPCs include pulmonary insufflation,
pneumonia, respiratory failure, and deterioration of potential pulmonary diseases. The treatment cost
related to pulmonary complications is high and the average hospital stay is long. PPCs are a major cause
of delayed recovery and worse outcomes after hepatectomy|[8], their incidence is much higher than that
of other important organ complications, and the associated complications can be life-threatening.
Current clinical guidelines strongly recommend evaluation of the risk of PPCs. The prediction of PPCs
enables individual application of preventive measures and perhaps even early treatment if a PPC
eventually starts to develop[9]. Appropriate perioperative prevention strategies should be considered to
reduce the risk of PPCs where possible. Since the 1970s, many risk assessment systems have been
established and applied; however, these risk assessment systems still have many problems in guiding
clinical practice. Currently, there is no perfect prediction and evaluation system for pulmonary complic-
ations in liver surgery. Although many factors have been implicated as predictors, few models have
been developed using the rigorous methodology required for clinically useful tools[10]. Therefore,
establishing a set of risk prediction and evaluation systems for perioperative pulmonary complications
with strong clinical operability and improving the safety of liver surgery has become an urgent problem
in the clinic.

In this study, perioperative risk factors for PPCs of liver surgery were screened and assessed
according to the odds ratio (OR), and the total value of the perioperative risk factors for each patient
was calculated. The results of the regression analysis will be used to create a scoring system for PPCs
incidence and an associated cut-off value to make perioperative evaluation more intuitive.
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MATERIALS AND METHODS

Case selection

Personal medical information files were established for patients undergoing perioperative liver surgery.
The inclusion criteria were as follows: (1) Perioperative patients; (2) Complete medical records; and (3)
Nonrecent secondary surgery. A total of 1633 cases were collected between January 1990 and December
2020 at the PLA General Hospital. Data were obtained from the medical records department of PLA
General Hospital. Among these patients, 682 (41.76%) were diagnosed with benign hepatobiliary
disease, including hepatolithiasis, and 951 (58.24%) were diagnosed with malignant hepatobiliary
disease, mainly primary hepatocellular carcinoma and intrahepatic cholangiocarcinoma. The mean
patient age was 47.80 £ 12.09 years old (range 2-83), with 1017 (62.28%) men and 616 (37.72%) women.
After the evaluation formula was obtained, 100 consecutive patients were enrolled in the validation for
verification.

Selection of indicators to be screened

Based on other commonly used surgical risk scoring systems and the project team's previous clinical
research experience, the perioperative factors analyzed included the patient's basic information,
diagnosis, laboratory examination, type of surgery, associated medical diseases, medication history,
tumor position, and intraoperative variables (such as operative time, blood loss, blood transfusion).
Postoperative conditions included complications and death.

The clinical risk factors were screened according to the occurrence of PPCs in liver surgery

The grouping variables were PPCs and the test variables were perioperative variables. The variables
were set according to the grade for ordered classification variables, such as age and bilirubin level. The
main risk factors and their relative risk values were determined using Pearson’s correlation analysis. All
factors that were significantly correlated with postoperative adverse outcomes were included in the
multivariate logistic regression analysis. A scoring system was introduced based on the OR values for
these factors, which were rounded off to be clinically usable (the risk index was assigned according to
the nearest integer for clinical application). The sum of the risk scores of all risk factors for a single
patient was considered to be the patient’s total risk score for complications. The risk index for all
patients with complications was calculated to establish the evaluation system for the risk of pulmonary
complications: The liver operation pulmonary complication scoring system (LOPCSS). The cut-off value
was used to determine the critical point of complications.

Method for verifying LOPCSS

Receiver operating characteristic (ROC) curves were used to evaluate the resolution of the LOPCSS. The
area under the curve (AUC) and cut-off values were calculated.

Statistical analysis

Statistical software (SPSS 25.0) was used for the data analysis. The measurement data are expressed as
mean + SD. Pearson’s correlation analysis was used to analyze the relationship between the complic-
ations and preoperative factors. Regression analysis was used to conduct a multivariate analysis of the
factors affecting surgical complications, and P < 0.05 was considered statistically significant.

RESULTS

Incidence of pulmonary complications after liver surgery
A total of 250 pulmonary complications were observed in 205 patients, of whom 26 patients had
multiple complications, with an incidence of 12.55% (Table 1).

Screening the perioperative clinical risk factors for postoperative complications

According to the univariate correlation analysis, the preoperative clinical risk factors for different levels
of postoperative liver complications were age (P < 0.001), medical diseases requiring drug treatment (P
<0.001), Child-Pugh grade (P < 0.001), number of total liver segments to be removed (P < 0.001), blood
transfusion (P < 0.001), blood loss (P < 0.001), operation duration (P < 0.001), adjacent organ invasion (P
=(.007), and preoperative hospital stay (P < 0.001) (Table 2).

According to multivariate correlation analysis, the independent factors influencing postoperative
complications of liver surgery were age, medical diseases requiring drug treatment, number of liver
segments to be removed, operation duration, and blood transfusion, as shown in Table 3. A scoring
system was introduced based on the OR values for these factors, which were rounded to improve the
ease of applying the scale clinically, as shown in Table 4.
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Table 1 Post-surgical pulmonary complications

Complication-pulmonary n Ratio (n/total number of patients), %
Pleural cavity infection 1 0.06

Respiratory tract infection 3 0.18

Pneumothorax 3 0.18

Respiratory insufficiency 7 043

Atelectasis 22 1.35

Pneumonia 30 1.84

Pleural effussion 184 11.27

Jaishideng®

Predictive efficacy of the simplified scoring system
The ROC curves for each identified independent risk factors are plotted in Figure 1.

The ROC curves of the five combined variables are shown in Figure 2A. The AUC of the five
combined variables was 0.742, and the corresponding standard error was 0.019. The cut-off value of the
total score, calculated by adding the values of all risk factors, was 5. With this threshold, the incidence of
pulmonary complications was 2.95% (33/1118) for patients with a score < 4 and 33.40% (172/515) for
patients with a score > 6. The incidence of PPCs between patients with < 4 points and > 6 points was
significantly different (x> = 297.731, P < 0.001), as shown in Figure 2B.

Validation of the LOPCSS
One hundred consecutive patients were enrolled in the validation group to verify LOPCSS. We

analyzed the discrimination ability using ROC curves. The AUC of LOPCSS is 0.767, as shown in
Figure 3.

DISCUSSION

Hepatectomy has always been characterized by complexity and a high incidence of complications and
mortality. However, in recent years, the safety of hepatectomy has been significantly improved by
optimizing the selection of surgical patients, anesthesia, and perioperative management, and especially
with the establishment of hepatobiliary surgery as a specialty. For the past fifty years, the safety of
hepatectomy has always been at the forefront of liver surgery[11]. With the rapid development of liver
surgery, hepatectomy has changed from a risky procedure to a relatively safe one[12]. However, there is
still a high incidence of complications and mortality with liver surgery, and appropriate preoperative
prevention strategies must be considered to reduce the risk of postoperative complications[13].
However, a complete system for predicting complications of liver surgery based on perioperative
factors remains unavailable[14]. Therefore, establishing a set of clinically applicable preoperative risk
prediction and evaluation systems for surgical liver complications has become an urgent clinical
problem[15,16].

Among the complications of liver surgery, the incidence of pulmonary complications is high[17]. This
has a great impact on postoperative rehabilitation, so avoiding pulmonary complications should be
considered as a priority by doctors. PPCs not only affect the recovery course and quality of life of
patients, but also significantly increase the overall perioperative complication rate and mortality.
Previous studies have reported that the incidence of PPCs was 2%-70%[18,19]. PPCs mainly include
atelectasis, bronchitis, pneumonia, respiratory failure (postoperative mechanical ventilation time
exceeding 48 h or unplanned reintubation), hypoxemia, COPD, or asthma attack. Various risk factors
can increase the incidence of PPCs[20]. At present, the clear risk factors mainly include the operation
site (such as the upper abdomen), emergency surgery, age > 65 years, duration of operation > 3 h, and
poor overall health. Strengthening perioperative airway management, protecting pulmonary function,
and reducing pulmonary complications are important to ensure the success of the operation and
improve prognosis. In this study, a simplified prediction and evaluation system for PPCs of liver
surgery which integrated multiple risk factors was established and verified, and is expected to provide
new means for early intervention and treatment.

There are three major difficulties in performing surgery for elderly patients: (1) The decline in organ
function and poor tolerance to the operation; (2) Elderly patients often have a variety of accompanying
diseases; and (3) Elderly patients recover slowly after surgery. In this study, age was an independent
risk factor for PPCs after liver surgery (= 65 years/< 65 years, OR = 1.926, P = 0.011). Elderly individuals
are prone to pulmonary complications, such as pleural effusion and infection after surgery, and some
elderly individuals also experience problems such as respiratory failure. This leads to high requirements
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Table 2 Univariate analysis of preoperative clinical risk factors related to pulmonary complications of hepatectomy

Variable n Pearson coefficient P value'
Age (years old) 0.087 0.000
> 65 147

<65 1486

Medical diseases requiring drug treatment 0.200 <0.001
Yes 248

No 1385

Child-pugh grade 0.093 <0.001
A 1463

B,C 170

Number of segments resected 0.124 <0.001
< 2 segments resected 1046

> 3 segments resected 587

Blood transfusion 0.182 0.000
Yes 689

No 944

Blood loss (mL) 0.103 <0.001
2800 204

<800 1429

Operation duration (min) 0.169 0.000
>180 922

<180 711

Adjacent organ invasion 0.066 0.007
Yes 18

No 1615

Preoperative hospital stay (days) 0.098 0.000
<7 1142

>7 491

IPearson’s correlation analysis.

for intraoperative and perioperative management. Therefore, perioperative management strategies
should be improved.

Many patients who require surgery often have one or more other medical conditions or comorbidities
[21], and this is more common in elderly patients[22]. The physiological function of elderly people
decreases with age, and is evidenced by: Decreases in height and body surface area; muscle atrophy;
decreases in the total number of metabolically active cells; and decreased function of the heart, blood
vessels, respiration, kidney, and other organs. These changes in physiological function lowers the
reserve ability to maintain the stability of the internal environment under stress. The stress of surgery
increases the burden on the organ systems and oxygen consumption of the body, and myocardial
oxygen consumption[23]. With the continuous breakthrough of the traditional surgical exclusion zone, a
large number of high-risk surgery patients with liver, kidney, and lung insufficiency have been
operated upon, and the number of surgical patients with diabetes, hypertension, heart disease, and
other diseases has also increased rapidly. In these high-risk patients, perioperative comorbidities exist
alone or in combination with several diseases, and are closely associated with postoperative complic-
ations and mortality. In this study, concomitant medical conditions requiring medication were
independent risk factors for postoperative complications after liver surgery (yes/no, OR = 3.523, P <
0.001).
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Table 3 Multivariate analysis to screen and assign independent influencing factors of post-hepatectomy pulmonary complications

Variable Odds ratio P value'
X1: Age (2 65 years old/ < 65 years old) 1.926 0.011

Xo: Medical diseases requiring drug treatment (Yes/No) 3.523 <0.001
X3: Number of segments resected (= 3/<2) 1.683 0.002

X4 Operation duration (= 180 min/< 180 min) 1.896 0.004

Xs: Blood transfusion (Yes/No) 1.836 0.003

Logistic regression.

Table 4 New scoring system

Variable Conditions Scores
Xq: Age < 65 years old 0
> 65 years old 2
Xo: Medical diseases requiring drug treatment No 0
Yes 4
X3: Number of segments resected <2 0
>3 2
Xa: Operation duration <180 min 0
> 180 min 2
Xs: Blood transfusion No 0
Yes 2

Note: The total score was calculated as the sum of the five variables.

WIGS |

JBaishideng®

In recent years, due to the increasing maturity of liver surgery technology, the success rate of
resection of giant liver tumors has increased[24], and postoperative complications and mortality have
decreased greatly, such that large liver tumors that were considered inoperable in the past can now be
safely resected. The main reasons for this are as follows: (1) The development of stereo positioning
technology for liver tumors; (2) The development of liver bleeding, hemostasis, and blood transfusion
technology; (3) More accurate liver and vascular surgery techniques; (4) Excellent anesthesia
management; and (5) Advances in perioperative management. However, the amount of liver resected,
and therefore the residual functional liver volume, remains the main factor affecting the curative effect
of hepatectomy[25]. This study showed that the number of liver segments removed was an independent
risk factor for complications after liver surgery (= 3/< 2, OR =1.683, P = 0.002).

However, there are some limitations to measuring the scope of resection based on the number of liver
segments. The volume of the left lobe of the liver is smaller than that of the right lobe. Consequently,
resection of the two segments of the left lobe is not equivalent to resection of segments 6-7 or 7-8. There
are also differences in the surgical difficulty and scope of resection. In this study, considering the
complexity of liver anatomy and the possible infiltration of liver tumors into adjacent organs, three
indicators (lesion size, number of liver segments removed, and presence of adjacent organ infiltration)
were used to evaluate the scope of liver resection. Even with all of these considerations taken into
account, the results of this study showed that the removal of > 2 liver segments was an independent risk
factor for pulmonary complications.

The surgical duration has long attracted the attention of doctors as an important factor affecting
rehabilitation after general anesthesia. The surgical duration mainly reflects the complexity of the
operation. With the development of modern surgical medicine, operation durations are shorter than
ever before; however, under existing conditions, the operation duration is still one of the main factors
hindering rehabilitation after general anesthesia. The extension of the operation duration has a great
impact on postoperative respiration, digestion, physiological response, and the recovery of autonomic
function, and affects the quality of postoperative rehabilitation. Additionally, the operation duration can
affect the occurrence of PPCs[26]. A longer duration of surgery has a significant impact on postoperative
respiratory function. Owing to the residual effect of general anesthesia drugs, the respiratory center will
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Figure 1 Predictive efficacy of the five variables. Predictive efficacy of the five variables: The area under the curves for diagnoses of postoperative

complication were 0.538, 0.551, 0.626, 0608, and 0.590 for age, blood loss, operation duration, medical diseases requiring drug treatment, and number of segments
resected, respectively.
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Figure 2 The predictive efficacy of the combined variables in the liver operation pulmonary complication scoring system. A: The area under
the curve of the combined variables was 0.742; B: The incidence of complications in two groups divided based on liver operation pulmonary complication scoring

system.
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be inhibited to varying degrees, resulting in a weakening of ventilation function, a reduction in tidal
volume, and a change in respiratory rate. In addition, the residual effects of muscle relaxants can cause
incomplete respiratory tract obstruction and insufficient ventilation. Simultaneously, long-term airway
intubation can cause pulmonary infection, and the incidence of PPCs increases. Therefore, it is necessary
to actively improve respiratory function. We should make preoperative and emergency plans, optimize
the operation process, and shorten the operation time as much as possible. This study showed that the
operation duration was an independent risk factor for complications after liver surgery (= 180 min/<
180 min, OR = 1.896, P = 0.004).

Blood transfusion is directly related to massive blood loss during surgery, which reflects a wider
scope of resection. Because the estimation of intraoperative and postoperative acute bleeding is often
inaccurate, the amount of blood transfused is often used as an alternative index of blood loss. As an
effective treatment to correct intraoperative blood loss, blood transfusion is widely used in almost all
hospitals; however, some negative effects can arise during its use, such as the spread of infectious
diseases. In addition, blood transfusion also leads to some related complications[27], such as blood
transfusion-related acute lung injury, blood transfusion-related graft-versus-host disease, blood
transfusion-related circulatory overload, hemolytic reaction, and immunosuppression. Patients
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Figure 3 Validation of the liver operation pulmonary complication scoring system. The area under the curve of the liver operation pulmonary
complication scoring system was 0.767.
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receiving blood transfusions tend to be older, have more complications, worse basic conditions, and
more serious diseases. The adverse consequences of blood transfusion are related to factors such as
blood transfusion-related immunosuppression, acute lung injury, changes in the coagulation cascade.
Transfusion may cause infection and transfusion-related lung injury, which have an important impact
on patient prognosis. Perioperative blood transfusions should be highly valued. Blood transfusions
often lead to a significant increase in early mortality of the recipient and affects the prognosis. Attention
should be paid to the risk factors for blood transfusions. For patients with risk factors, we should
intervene as soon as possible, pay attention to the prevention and treatment of bleeding and blood
transfusion-related complications, and prepare for blood transfusion when necessary. In this study,
blood transfusion was an independent risk factor for PPCs after liver surgery (yes/no, OR =1.836, P =
0.003).

Perioperative scoring systems have been developed to assess the risk of PPCs. An important example
is the pulmonary complication risk score (PCRS) developed by the National Surgical Quality
Improvement Program[28]. However, the PCRS also has limitations. The PCRS is a real-time network
calculator based on big data that can only be used after registration with the model software on the
internet. Although the prediction model comes from a large multicenter study, it has not been fully
validated in countries outside the United States. Moreover, the surgical risk is different in China and the
United States, and should be adjusted according to the actual situation in China.

In this study, a binomial logistic regression model was established to obtain the LOPCSS. The AUC of
LOPCSS was 0.742 and the cut-off value of the expected score for complications was 5. Furthermore, in
the validation dataset, the corresponding AUC of LOPCSS was 0.767. The scoring system has only five
parameters, and the values are all integers (0-4); therefore, the calculation is simple to perform. If the
patient’s score is higher than the cut-off value, the lung function of the patient should be fully adjusted
before surgery to achieve the optimum conditions; if the lung function is poor and surgery is necessary,
the surgical method should be adjusted to shorten the operation time as much as possible and reduce
trauma to the patient.

This study has some limitations. Due to the limited number of cases with pulmonary complications,
only internal validation was used in this study. Before the beginning of this study, considering that open
liver surgery had more pulmonary complications than laparoscopic liver surgery, it was of great
practical significance to study open liver surgery. Therefore, only cases of open liver surgery were
included in the present study. At present, with the rapid growth in the number of cases of laparoscopic
liver surgeries performed, the significance of studying the risk factors for complications of laparoscopic
liver surgery is more prominent, and we plan to study this in future.

CONCLUSION

As a novel and simplified assessment system, the LOPCSS can effectively predict the PPCs of liver
surgery through perioperative factors and can be used to evaluate the risk of pulmonary complications
associated with liver surgery.
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ARTICLE HIGHLIGHTS

Research background
Predicting, evaluating, and intervening in surgical risk and preventing pulmonary complications of
liver surgery have become major clinical problems.

Research motivation

Postoperative pulmonary complications (PPCs) are important adverse events associated with surgery
and anesthesia. At present, there is no perfect system to evaluate the risk of pulmonary complications
following liver surgery using perioperative variables.

Research objectives
This study aimed to design and verify a risk assessment system for predicting PPCs after hepatectomy
based on perioperative variables.

Research methods

A retrospective analysis was performed on 1633 patients undergoing liver surgery. All factors that were
significantly correlated with postoperative adverse outcomes were included in the multivariate logistic
regression analysis. A scoring system [the liver operation pulmonary complication scoring system
(LOPCSS)] was introduced based on the odds ratio (OR) values for these factors. The sum of the risk
scores of all risk factors for a single patient was the total risk score of the patient’s complications. The
cut-off value was used to determine the critical point of complications.

Research results

The independent factors influencing PPCs of liver surgery were age (= 65 years old/< 65 years old, OR =
1.926, P = 0.011), medical diseases requiring drug treatment (yes/no, OR = 3.523, P < 0.001), number of
liver segments to be removed (= 3/<2, OR =1.683, P = 0.002), operation duration (= 180 min/< 180 min,
OR = 1.896, P = 0.004), and blood transfusion (yes/no, OR = 1.836, P = 0.003). The cut-off value of the
expected score for complications was 5.

Research conclusions
As anovel and simplified assessment system, the LOPCSS can effectively predict PPCs of liver surgery
using perioperative variables.

Research perspectives
We screened for perioperative risk factors associated with pulmonary complications in liver surgery and
established a scoring system to predict the occurrence of complications.
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