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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, 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.
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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.

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 complications 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.

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 complications 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 = 0.007), 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. 

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 (χ2 = 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 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 complications 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).
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 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 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.

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 a novel 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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Figure Legends
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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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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.

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
	0.43

	Atelectasis 
	22
	1.35

	Pneumonia 
	30
	1.84

	Pleural effussion
	184
	11.27




Table 2 Univariate analysis of preoperative clinical risk factors related to pulmonary complications of hepatectomy
	Variable
	n
	Pearson coefficient
	P value1

	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

	≥ 800
	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
	
	


1Pearson’s correlation analysis.

Table 3 Multivariate analysis to screen and assign independent influencing factors of post-hepatectomy pulmonary complications
	Variable
	Odds ratio
	P value1

	χ1: Age (≥ 65 years old/< 65 years old)
	1.926
	0.011

	χ2: Medical diseases requiring drug treatment (Yes/No)
	3.523
	< 0.001

	χ3: Number of segments resected (≥ 3/≤ 2)
	1.683
	0.002

	χ4: Operation duration (≥ 180 min/< 180 min)
	1.896
	0.004

	χ5: Blood transfusion (Yes/No)
	1.836
	0.003


1Logistic regression.

Table 4 New scoring system
	Variable
	Conditions
	Scores

	χ1: Age
	< 65 years old
	0

	
	≥ 65 years old
	2

	χ2: Medical diseases requiring drug treatment 
	No
	0

	
	Yes
	4

	χ3: Number of segments resected 
	≤ 2
	0

	
	≥ 3
	2

	χ4: Operation duration
	< 180 min
	0

	
	≥ 180 min
	2

	χ5: Blood transfusion
	No
	0

	
	Yes
	2


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