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Background

Postoperative outcomes for patients suffering from resectable esophageal squamous cell carcinoma (ESCC) are related to sarcopenia. In patients with resectable ESCC, this study investigated the link between sarcopenia and postoperative pneumonia.





Methods

The McKewon procedure was the only one used to treat resectable ESCC patients from January 2018 to December 2021 in this retrospective analysis. Sarcopenia was assessed using skeletal muscles at L3 and planning CT scans. It was defined when PMI was below 6.36 cm2/m2 and 3.92 cm2/m2 for men and women, separately. Analyses of multivariate and univariate logistic regression were applied for identifying the risk factors for postoperative pneumonia.





Results

The study included 773 patients with resectable ESCC in total. Sarcopenia was an independent risk factor for postoperative pneumonia in individuals with resectable ESCC based on univariate and multivariate analysis (P < 0.05). The stratified analysis indicated that neither of the clinical outcomes in the logistic regression model were affected by gender, age, BMI, smoking, or pre-albumin (P for interaction > 0.006).





Conclusion

Following the McKewon procedure, patients with resectable ESCC who were sarcopenic had a higher postoperative pneumonia rate. To prevent the development of postoperative pneumonia during the perioperative period, it may be important to control the incidence of sarcopenia.
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1 Introduction

Due to its complicated nature, poor prognosis, and high mortality, esophageal cancer places a significant social burden on society (1, 2). Incidence of esophageal cancer in China ranks sixth among malignant tumors, with the fourth highest mortality rate, accounting for more than half of all cases (3, 4). Esophageal squamous cell carcinoma (ESCC) is the major subtype of esophageal cancer, representing 95% of the diagnosed esophageal cancer (5). Treatment options for ESCC mainly include radiotherapy or chemotherapy or esophagectomy, with the goal of curative resection (6, 7). Surgery is still the primary treatment, especially for patients suffering from early-stage esophageal cancer (8, 9). The traditional esophagectomy is among the most invasive surgical procedure, and the current mainstream treatment types of minimally invasive esophagectomy (MIE) include McKeown procedure (cervical anastomosis) as well as Ivor Lewis procedure (intrathoracic anastomosis) with the advent of thoracoscopic/laparoscopic esophagectomy (TLE) (10, 11).

Although reported rates are close to 60% (12, 13), the rate of postoperative complications linked to MIE continues to be significant. Postoperative pneumonia is among the most frequent complications after MIE, which accounts for 25-30% of all cases (14, 15). Postoperative pneumonia is frequently associated with prolonged hospitalization and a poor long-term prognosis (16, 17). According to current research, malnutrition, diabetes mellitus, advanced age, increased intraoperative blood loss, thoracotomy, obesity, together with recurrent laryngeal nerve palsy (RLNP), these are all the risk factors for postoperative pneumonia in esophageal cancer patients (18–21). Improved predictors of post-operative pneumonia in individuals receiving MIE are required as these indicators have not been widely accepted as essential predictors of the condition.

Recently, it has been identified that loss of skeletal muscle mass, also known as “sarcopenia”, is a poor prognostic factor for various conditions and diseases (22–24). In cancer patients, sarcopenia is linked to more severe treatment toxicity and poorer survival (25, 26). Additionally, sarcopenia is a prominent predictor of complications following surgery for bladder, pancreatic, and colorectal cancers and liver transplantation (27–30). Sugimura et al. have reported that sarcopenia assessed through the use of the L3 skeletal muscle mass index (SMI) may be a predictor of pulmonary complications following esophagectomy (31). Besides, the psoas major muscle index (PMI) is now among the diagnostic standards for the diagnosis of sarcopenia recommended from the Asian Working Group on Sarcopenia (AWGS) together with European Working Group on Sarcopenia in the Older People (EWGSOP) (32, 33). Nevertheless, many researches have adopted SMI as a diagnostic standard for sarcopenia to assay the correlation between postoperative complications and sarcopenia, while PMI has been rarely utilized. In contrast to SMI, PMI features the advantages of clear boundaries, small measurement area, and single muscle measurement (34). As a result, the measurement is simpler and more precise. Simultaneously, there has been little research into the ability of sarcopenia based on PMI diagnosis to predict postoperative pneumonia in patients with ESCC treated with McKewon procedure alone.

As a result, the purpose of this work is to clarify, using the McKeown approach, the predictive value of sarcopenia based on PMI diagnosis for postoperative pneumonia following MIE.




2 Materials and methods



2.1 Study design and participants

A retrospective cohort study was implemented within the Department of Thoracic Surgery, Huai’an No. 1 People’s Hospital, Nanjing Medical University, Nanjing, China, from January 2018 to December 2021. In the current work, patients had resectable esophageal squamous cell carcinoma and underwent only a thoraco-laparoscopic esophagectomy, which is a minimally invasive procedure. Patients with either of the following conditions will be excluded/included from the trial. The exclusion criteria are listed below: (A) comorbidity with other malignancies; (B) preoperative CT imaging data not available; (C) patients receiving neoadjuvant therapy; (D) perioperative clinicopathological data not available.

Inclusion criteria are as below: (A) Patients receiving digestive tract endoscopy prior to surgery and were pathologically confirmed to have squamous cell carcinoma;

Patients confirmed as squamous cell carcinoma by digestive endoscopy before surgery; (B) CT imaging data of chest and abdomen scan within one week before operation in our hospital. All patients were clinically staged in accordance with the eighth edition of the TNM classification. The study followed the Declaration of Helsinki guidelines and was authorized through the Ethics Committee of Nanjing Medical University.




2.2 Information on clinical parameters

Retrospectively obtained clinical parameters from medical records included demographics, co-morbidities, medication information, and laboratory data. The calculation of BMI is weight (kg) divided by height squared (m2). Normal weight is measured by a 18.5 kg/m2 BMI, it is then measured by a BMI between 18.5 and 24 kg/m2, and overweight (with a BMI of 24 kg/m2) (35). The cut-off point for stratifying prealbumin was the identification of low prealbumin by prealbumin <160 mg/L (36). Diagnostic criteria for the diagnosis of postoperative pneumonia within thirty days of surgery should conform to the following three criteria in the meantime: (A) at least two chest radiographs and at least one diagnosis of pneumonia; (B) at least meet the following one, age ≥70 years, peripheral blood WBC count <4 x 109/L or >12 x 109/L, and fever (the temperature of body >38°C) with altered consciousness; (C) at least two of the following, such as the emergence of purulent sputum or sputum properties change, or increased respiratory secretions, or need to increase the number of sputum, or dyspnea.




2.3 Determination of sarcopenia according to PMI index

Prior to surgery, abdominal computed tomography (CT) scans from ESCC patients were applied for calculating the skeletal muscle mass. The software Philips Vue PACS (Philips Electronics UK LTD, Farnborough, UK) was used to retrospectively analyze CT images in our institution. The muscles were measured in the HU range between -29 and +150 HU, and any necessary manual corrections to the tissue boundaries were made. PMI was estimated after summing the right and left psoas muscle areas in the L3 segment and normalizing it to the height of the patient. (Bilateral psoas area/height2). In accordance with the new diagnostic standard recommended for low skeletal muscle mass on CT imaging in Asian adults, we applied the gender-specific PMI thresholds for sarcopenia of 3.92 cm2/m2 and 6.36 cm2/m2 for women and men, separately (37).




2.4 Statistical analysis

Baseline pathological and clinical variables were expressed as range and median for consecutive variables and as proportion and frequency for categorical variables. Pathological and clinical variables were examined via employing chi-square tests. The relation between postoperative pneumonia and sarcopenia was examined after the use of models of univariate and multivariate logistic regression analysis. Three models were employed: model 1, adjusted for age and sex; model 2, adjusted for hypertension, sex, age, smoking together with diabetes; and model 3, adjusted for hypertension, sex, age, smoking, diabetes grade, tumor location, N-stage, as well as T-stage. For identifying interactions and modifications, likelihood ratio tests and stratified logistic regression models were applied in subgroups of hypertension, age, gender, smoking, BMI, diabetes, grade, tumor location, prealbumin, N stage and T stage. All of the statistical analyses were implemented via applying the Free Statistics software version 1.7.1 along with the software package R (http://www.R-project.org, The R Foundation). When P < 0.05, the statistical differences were deemed significant.





3 Results



3.1 Baseline characteristics

Table 1 presents the pathological and clinical characteristics of 773 participants enrolled in the work. Population-specific characteristics by postoperative pneumonia are presented in Table 2. 521 males and 212 females made up this cohort; 138 of the males had postoperative pneumonia. Of the females, 45 also had postoperative pneumonia. 505 participants were over the age of 65, while 228 participants were under that age. The overall cohort contained 523 patients with sarcopenia in accordance with the suggested sarcopenia diagnostic criteria, 145 of whom had pneumonia postoperatively. Postoperative pneumonia was used as a grouping variable, and BMI, smoking and sarcopenia were significantly different between groups. In comparison to the postoperative and non-postoperative pneumonia groups, the sarcopenia had more positive results (79.2% vs. 68.7%) in the postoperative pneumonia group.


Table 1 | Clinic and pathological features of patients.




Table 2 | Baseline characteristics of the study population by postoperative pneumonia.






3.2 Univariate and multivariate analyses of postoperative pneumonia

Among all clinicopathological factors analyzed, smoking, both sarcopenia and BMI were remarkably related to postoperative pneumonia (Table 3). After adjustment for various confounding factors, sarcopenia has a positive correlation with the postoperative pneumonia in three models. In three models, odds ratios (ORs) for sarcopenia were persistently significant. Of note, the adjusted OR for postoperative pneumonia was 1.53 (95% CI: 1.01-2.33) (Table 4), when sarcopenia was assessed as the categorical variable in the all-variable adjusted model (model 3).


Table 3 | Results of univariate logistic analysis and predictors of postoperative pneumonia.




Table 4 | Multivariable-adjust ORs and 95%CI of the sarcopenia associated with postoperative pneumonia.






3.3 Subgroup analyses by adjusted potential effect confounders

For assessing the impact of sarcopenia on pneumonia in various subgroups, subgroup analyses were carried out. The correlation between postoperative pneumonia and sarcopenia was coordinated in subgroups as below: age (≤65 years versus >65 years; P = 0.852 for interaction), gender (male versus female; P = 0.485 for interaction), prealbumin (≥160 mg/L versus <160 mg/L; P=0.921 for the interaction) and BMI (underweight versus normal weight/overweight; P = 0.785 for interaction), as shown in Figure 1.




Figure 1 | Subgroup analyses of the sarcopenia and postoperative pneumonia, stratified by gender, age, BMI, smoking and pre-albumin.







4 Discussion

Regarding postoperative pneumonia, this work assessed the value of the prognosis of sarcopenia in ESCC patients undergoing minimally invasive McKeown esophagectomy. In the current work, we found that postoperative pneumonia in ESCC patients had an independent risk factor for sarcopenia. Additionally, sarcopenia had a consistent predictive value for postoperative pneumonia across gender, age, BMI, smoking, and pre-albumin subgroups.

To our knowledge, this is the first research to examine the correlation between the prevalence of postoperative pneumonia and sarcopenia in ESCC patients only undergoing MIE-McKeown surgery. As we all know, surgery for ESCC in complex and entails many challenges. As science and technology advance, minimally invasive surgery has gradually become the standard surgical approach globally (38). However, patients with ESCC still experience up to 38% of postoperative pulmonary complications from surgery (39). The primary causes of postoperative pneumonia in patients suffering from ESCC after esophagectomy are thought to be malnutrition and surgical stress (40, 41).

Recently, studies have started to evaluate the correlation between sarcopenia and postoperative complications in various tumors. For example, Tolga Olmez et al. suggested that sarcopenia may lead to longer Length of intensive care unit stay in colon cancer (42). Sarcopenia may cause worse overall survival in renal cell carcinoma (43). Additionally, for some malignant tumors with a long-term prognosis, sarcopenia may be a predictor of OS or DFS (44–46). The number of patients suffering from sarcopenia is growing because of the disease-specificity of patients with upper gastrointestinal cancers, which are difficult to administer orally (47). In correspondence, over 70% of the patients in our work satisfied the criteria for sarcopenia. Several prior researches depicted sarcopenia diagnosed according to L3-SMI can lead to specific adverse events in ESCC patients after surgery (48). Therefore, the increased incidence of postoperative pneumonia and expectoration disorder among patients were probably due to deterioration of strength in the respiratory and swallowing muscles (49, 50). In addition to the SMI standard, the sarcopenia diagnosed by PMI based on CT scanning has gradually gained attention in recent years. SMI was calculated from the entire skeletal muscle area in cross-section of the third lumbar vertebral body, while PMI was measured from the sum of the right and left lumbar muscle areas next to the third lumbar vertebral body, with better accuracy and lower systematic error (37). Nevertheless, few researches have examined the association between PMI-based sarcopenia as the diagnostic criteria and postoperative pneumonia in ESCC patients. In our study, sarcopenia has been identified as a risk factor for post-operative pneumonia, simultaneously remained stable in the subgroup analysis results.

After surgery for gastrointestinal cancer, weight loss and skeletal muscle wasting are inevitable, especially in the first 10 days (51). If the patient has been diagnosed with preoperative sarcopenia before surgery and have to accept surgical treatment during this period, it will often lead to many postoperative complications (52). From the point of view of postoperative pneumonia, it is essential to ameliorate sarcopenia prior to esophagectomy. Moreover, over time, interventions of exercise therapy and nutritional support prior to surgery have become possible (53). Sarcopenia-related postoperative pneumonia is thought to have a secondary systemic inflammatory response in the muscles brought on by hypoactivity, malnutrition, and surgical stress (54). The underlying mechanisms of sarcopenia-induced postoperative pneumonia is still unclear. However, the current pathogenesis of sarcopenia involves the following aspects: Decline in exercise capacity associated with age is a primary factor in the loss of muscle strength along with mass in older adults (55). Another important reason is the deterioration of neuro-muscular function. Normal function of the motor neurons is critical to the viability of muscle fibers (56). Moreover, the alpha motor neuron loss is a critical factor in sarcopenia pathogenesis. It was discovered that the motor neurons were markedly reduced in older adults after the age of 70, while the loss of alpha motor neurons amounted to 50% (57). Furthermore, some related studies have suggested that insulin, estrogen, androgen, growth hormone and glucocorticoid changes were also involved in the pathogenesis of sarcopenia (58, 59). For example, fat in the body and muscle cells increases, which is associated with insulin resistance in sarcopenia (60). Currently, experiments have confirmed that protein anabolism is significantly reduced after aging muscle cells receive insulin (61). It was reported that pro-inflammatory cytokines were also implicated in the pathogenesis of elderly sarcopenia. The CRP, TNF-α and IL-6 levels were found to be linked to muscle strength and mass (62). In the last several years, it has been suggested that immunohistochemical markers CD34 and CD10 may be able to act as markers in basal cells, though this remains to be confirmed by further histopathology development (63–65). Muscle biopsy shows that muscle cell apoptosis in the elderly is significantly higher than in young people, which indicated that myocyte apoptosis may be related to mitochondrial dysfunction and muscle mass loss (66). Studies have confirmed that type II muscle fibers mainly involved in sarcopenia are more likely to die through apoptotic pathways (67). And, it was also reported that aging, oxidative stress, low growth factors, and complete immobilization can induce caspase-dependent or -independent apoptotic signaling pathways (68).

This study presents several limitations. First, it was a retrospective cohort study that was implemented at a single institution, which might have introduced a potential selection bias. Second, all cases in this research were all squamous cell carcinomas. Therefore, the enrolled population studied has potential selection bias. The strength of this work is that we have the maximum sample size for the analysis of the association of postoperative pneumonia in ESCC patients currently studied, with only McKinsey surgery treatment.

In summary, our findings indicate that sarcopenia is markedly related to postoperative pneumonia in resectable ESCC patients. More interest should be given to the perioperative nutritional status in patients with a preoperative diagnosis of “sarcopenia”. Further researches are required to verify these results.
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