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Background

Few studies have compared the prognosis of different reconstruction methods after gastrectomy for gastric cancer (GC) patients with obesity. The aim of the present study was to compare postoperative complications and overall survival (OS) between the following reconstruction methods: Billroth I (B-I), Billroth II (B-II), and Roux-en-Y (R-Y) after gastrectomy for GC patients with visceral obesity (VO).



Methods

We performed a double-institutional dataset study of 578 patients who underwent radical gastrectomy with B-I, B-II, and R-Y reconstructions between 2014 and 2016. VO was defined as a visceral fat area at the level of the umbilicus greater than 100 cm2. Propensity score-matching analysis was performed to balance the significant variables. Postoperative complications and OS were compared between the techniques.



Results

VO was determined in 245 patients, of which 95, 36, and 114 underwent B-I, B-II, and R-Y reconstructions, respectively. B-II and R-Y were fused into the Non-B-I group due to the similar incidence of overall postoperative complications and OS. Therefore, 108 patients were enrolled after matching. The overall postoperative complications incidence and overall operative time in the B-I group were significantly lower than those in the non-B-I group. Further, multivariable analysis showed that B-I reconstruction was an independent protective factor for overall postoperative complications (odds ratio (OR) 0.366, P=0.017). However, no statistical difference in OS was found between the two groups (hazard ratio (HR) 0.644, P=0.216).



Conclusions

B-I reconstruction was associated with decreased overall postoperative complications, rather than OS, in GC patients with VO who underwent gastrectomy.
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Introduction

Gastric cancer (GC) is one of the most common cancer types and the leading cause of cancer-related mortality worldwide (1). Although various treatments such as chemotherapy, chemoradiotherapy, targeted therapy, and immunotherapy have been developed (2, 3), radical gastrectomy remains the most effective. Reconstruction methods such as Billroth I (B-I), Billroth II (B-II), and Roux-en-Y (R-Y) are commonly used after gastrectomy (4, 5). The choice of the reconstruction method is mostly based on the patient’s condition and the surgeon’s preference. Previous studies have compared B-I and R-Y reconstruction methods with inconsistent results; while some of the studies demonstrated that B-I reconstruction was preferable with decreasing overall postoperative complications (6) and morbidity (7), another one showed no significant differences between the two groups in the long-term patients’ quality of life and the incidence of the postoperative complications (8, 9). Moreover, an additional study reported that R-Y reconstruction does not have greater postoperative complications than B-II does (10). Thus, the selection of the most appropriate reconstruction method after gastrectomy remains controversial.

Obesity, whether determined by body mass index (BMI) or visceral fat area measurements, has been reported to be associated with a higher incidence of postoperative complications for GC (11, 12). Indeed, the narrow operation space and exposure difficulty attributed to the abdominal wall’s obesity-related hypertrophy and the greater omentum increase the difficulty of specimen isolation and digestive tract reconstruction. Our previous study (13) revealed that laparoscopic gastrectomy significantly decreased the rate of these postoperative complications of GC patients with visceral obesity (VO) owing to the advantages concerning the visual field and operating space. Similarly, different methods of digestive tract reconstruction have different requirements related to the degree of tissue dissociation, leading to differences in operation time and possible tissue injury resulting from the traction applied during the operation, which may also greatly affect the incidence of intraoperative and postoperative complications, especially in VO patients (14). Despite all this, few studies focused on the prognosis of GC after digestive tract reconstruction.

In this study, we used propensity-score-matching (PSM) to balance the significant variables strictly and further compared the incidence of postoperative complications and survival upon different digestive tract reconstructions after gastrectomy in GC patients with obesity. In this way, we aim to obtain clinical evidence for selecting the most appropriate digestive tract reconstruction after gastrectomy in VO patients.



Materials and methods


Study design and patient population

Clinical data of 578 GC patients who underwent curative gastrectomy and D2 lymph node dissection at the Gastrointestinal Surgical Departments of the Second Affiliated Hospital of Wenzhou Medical University and the First Affiliated Hospital of Wenzhou Medical University in China were retrospectively collected between January 2014 and December 2016. Patients were enrolled for analysis based on the following criteria: (1) underwent gastrectomy and confirmed as gastric adenocarcinoma by postoperative pathology; (2) older than 18 years. The exclusion criteria were as follows: (1) lack of imaging data; (2) lack of clinical data; (3) underwent palliative or emergency surgery; (4) received preoperative neoadjuvant chemotherapy or radiotherapy; (5) accompanied with severe immune, blood, or endocrine disease; (6) GC concurrent with other malignant tumors. The outline of this study is summarized in Figure 1.




Figure 1 | Flow diagram of the study process.





Baseline data collection

For each patient enrolled in this study, demographic details, including age, sex, BMI, American Society of Anesthesiologists (ASA) grade, abdominal operation history, and NRS 2002 score, were collected, along with details on the operation, such as tumor location, tumor differentiation, pathological classification, and histopathologic staging according to TNM staging (AJCC Cancer Staging System, 8th ed). Additionally, postoperative complications were defined as adverse events occurring within 90 days after surgery, according to the Clavien–Dindo classification system (15). Patients with more than two complications were classified as having multiple complications. Postoperative hospital stay, hospitalization costs, and OS were also recorded.



Computed tomography-based measurement of visceral fat area

Preoperatively, all patients underwent computed tomography (CT) of the general abdominal cavity. A single scan in a cross-section at the level of the umbilicus was selected to quantify the degree of visceral fat. Visceral fat was measured under a threshold of -140 to -50 as reported in the previous studies (16, 17). The total fat area was calculated using a dedicated processing system (version 3.0.11.3, BN17 32-bit; INFINITT Healthcare Co. Ltd., Seoul, South Korea). VO was determined as having a visceral fat area (VFA) of more than 100 cm2 (18, 19).



PSM and statistical analyses

PSM was performed to balance the significant variables in the following analyses strictly. Propensity scores were generated using a logistic regression model on covariates with differences before matching: age, tumor location, TNM stage, combined organ resection, previous abdominal surgery and laparoscopic gastrectomy. PSM was performed in a 1:1 ratio using a 0.03 caliper width, and the resulting score-matched pairs were used in subsequent analyses. The two matched groups were evaluated for the study endpoints. Means and standard deviations were used for all continuous data, and numbers and percentages were calculated for all categorical data. Intergroup differences in clinicopathological variables were analyzed using the chi-square test or Fisher’s exact test for categorical data and the Mann–Whitney U test for continuous data. We also performed conditional logistic regression analyses after the relevant prognostic variables were defined using univariate analysis. Overall survival (OS) was determined as the time between the diagnosis and death or the last follow-up date. Kaplan–Meier and log-rank tests were performed to estimate and compare survival rates, respectively. The Cox proportional hazard model was performed to estimate the risk ratio in the univariate and multivariate analyses, and the results were expressed as hazard ratios (HRs) with 95% confidence intervals (CIs). Statistical significance was set at P < 0.05. All statistical analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) and R version 3.0.1 (http://www.Rproject.org).




Results


Patient characteristics

We included 245 patients with VO and GC in this study. A total of 95 patients (38.78%) underwent B-I reconstruction, 36 patients (14.69%) underwent B-II reconstruction, and 114 patients (46.53%) underwent R-Y reconstruction.

Patients who underwent B-I reconstruction showed a better prognosis outcome than those in the other two groups, as well as the lowest rate of postoperative complications (Table 1) and best OS (Figure 2). However, as summarized in Table 1, B-I reconstruction was more likely to be performed in patients who underwent laparoscopic gastrectomy (P=0.002) and primary focus resection only (P=0.002). Furthermore, patients who underwent B-I reconstruction were classified as having a lower TNM stage (P<0.001). Considering the limited sample size and differences in clinical characteristics, we fused the B-II and R-Y groups into the non-B-I group. PSM was further performed to minimize selection bias, resulting in the clinicopathological characteristics of the Non-B-I and B-I groups (n = 59 for each group) being well balanced (Table 2).


Table 1 | Patient baseline characteristics.






Figure 2 | Five-year overall survival curve calculated using the Kaplan-Meier method comparing B-I, B-II, and R-Y reconstructions.




Table 2 | Patient baseline characteristics.





Surgical outcomes and postoperative course

Further analyses were performed using data from 118 patients after PSM. The operation time for the B-I group (193.88 ± 48.16 min) was significantly shorter than for the Non-B-I group (212.95 ± 48.54 min, P = 0.034) and the postoperative hospital stay was shorter (15.22 ± 7.13 days VS 18.29 ± 9.58 days, P = 0.050) in the B-I group. As for the hospitalization costs, no significant differences were found between the two groups (68142.02 ± 26214.52 Yuan vs. 66320.71 ± 17834.16 Yuan, P = 0.660). The overall incidence of postoperative complications was significantly lower in the B-I group (25.42%, 15/59) than in the non-B-I group (45.76%, 27/59) (P = 0.021). Further analyses showed that both surgical and medical complications incidence tended to be lower in the B-I group, although the difference was not statistically significant. (Table 3).


Table 3 | Surgical outcomes before and after matching.





Risk factors for postoperative complications

A risk analysis of the overall postoperative complications was performed to investigate the risk factors for postoperative complications. Univariate and multivariate analyses of the factors associated with overall postoperative complications before and after PSM are summarized in Table 4. Univariate analysis revealed that open surgery, age≥65 years, and non-BI reconstruction were significant risk factors. Moreover, laparoscopic surgery (odds ratio [OR] 0.263; 95% CI 0.116-0.597; P = 0.001) and B-I reconstruction (OR 0.502; 95% CI 0.278-0.908; P = 0.023) were identified as independent protective factors in the multivariable analysis before PSM. After PSM, it was also found that laparoscopic surgery (OR 0.099; 95% CI 0.022-0.454; P = 0.003) and B-I reconstructions (OR 0.366; 95% CI 0.161-0.833; P = 0.017) independently associated with the less rate of postoperative complications.


Table 4 | Univariate and multivariate logistic analysis of factors associated with total postoperative complications.





Risk factors for OS

As shown in Figure 3, patients in the B-I group had better outcomes than those in the non-B-I group before PSM (P=0.002). Further evaluation of the potential factors influencing OS revealed that it was affected by age (HR 2.435, 95% CI 1.435-4.132, P=0.001), NRS score (NRS 3-4: HR 1.100, 95% CI 0.634-1.907; NRS 5-6: HR 3.886, 95% CI 1.978-7.635, P<0.001), tumor location (Body: HR 0.946, 95% CI 0.483-1.851; Cardia: HR 1.652, 95% CI 0.895-3.050; Total: HR 4.850, 95% CI 2.042-11.521, P=0.002), tumor TNM stage (TNM stage II: HR 2.447, 95% CI 1.026-5.834; TNM stage III: HR 6.332, 95% CI 2.986-13.426, P<0.001), laparoscopic surgery (HR 0.173, 95% CI 0.063-0.474, P=0.001) and B-I reconstructions (HR 0.419, 95% CI 0.239-0.733, P=0.002) on univariate analysis. Among them, only tumor TNM stage (TNM stage II: HR 1.897, 95% CI 0.777-4.629; TNM stage III: HR 4.544, 95% CI 2.077-9.944, P<0.001) and laparoscopic surgery (HR 0.270, 95% CI 0.095-0.765, P=0.014) were independently associated with OS (Table 5).




Figure 3 | Five-year overall survival curve calculated using the Kaplan-Meier method comparing B-I and non-B-1. (A) Before PSM; (B) After PSM.




Table 5 | Univariate and multivariate COX regression analysis of factors associated with overall survival.



We further compared the OS rates between the two groups after PSM. There was no significant difference in OS between the two groups (P = 0.231, Figure 3).




Discussion

BMI, conveniently calculated as the patient’s weight divided by the square of height, has been broadly used as an indicator of obesity (18, 20). However, BMI cannot distinguish the fat distribution in the abdominal cavity (13). Recently, studies proposed that visceral fat was a better tool for predicting surgical outcomes (21, 22). Considering the priority of VO over BMI in estimating visceral fat, we used CT-based VFA for determining VO. In this way, we focused on patients with VO to compare postoperative complications and OS upon different post-gastrectomy reconstruction methods using PSM. We found that the overall postoperative complications in the B-I group were significantly lower than those in the non-B-I group, while no differences in OS were found between the different reconstruction methods. In addition, BI reconstruction was found to be a strong independent protective factor for postoperative complications.

It is known that B-I reconstruction is most commonly performed due to its technical simplicity and intervention in a single anastomotic site, as well as the preservation of the physiological path (23, 24). In contrast, B-II and R-Y reconstructions are more applicable because they are simpler techniques after distal gastrectomy. Although these techniques for digestive tract reconstructions have already been compared in their short-term complications and long-term prognoses (7, 25), no consistent results have been reached so far, and the preferred reconstruction method remains controversial. In addition, some aspects, such as which anastomosis is more appropriate for patients with VO and GC have not been explored, and this is the first study evaluating this factor.

Here, the B-I group had a decreased incidence of overall postoperative complications. After further performing PSM to balance the deviation of tumor characteristics and the patients’ general condition, we also found that B-I reconstruction was still an independent protective factor for postoperative complications, consistent with a previous multi-institutional study (6). In addition, the difference was mainly concentrated in mild postoperative complications, as most patients with complications were treated conservatively, and severe complications were unusual among the patients. However, although we found that nearly all complications had a lower incidence in the B-I group, no statistical difference was found, possibly due to the small sample size after matching. Additionally, considering the small sample size, we took patients underwent total gastrectomy and distal gastrectomy together rather than analyzed separately. However, since the patients underwent total gastrectomy were relatively few, our results are mainly representative of distal gastrectomy. All in all, a large-scale study is needed to characterize this aspect further.

Another concern in selecting reconstruction methods is the long-term prognosis, as it has been shown (26, 27) that a delay in chemotherapy due to postoperative complications adversely affects the OS of patients with GC. Previous studies showed a non-significant difference in the 5-year OS rates between the B-I, B-II, and R-Y reconstruction groups (25). Similarly, we found that B-I reconstruction yielded oncologic outcomes comparable to those of non-B-I reconstruction. However, our results demonstrated that OS was significantly longer in patients who underwent B-I reconstruction before PSM. This may be attributed to the TNM stage, which greatly affects the prognosis and differs between the groups, as patients undergoing B-I reconstruction showed a lower TNM stage. As reported in a previous study (25), although the range of surgical dissociation varied, gastrectomy and lymph node dissection for GC were so standardized that the digestive tract reconstruction method did not affect the number of retrieved lymph nodes or the prognosis. Therefore, it is more acceptable that B-I reconstruction was not an independent risk factor for OS.

To the best of our knowledge, this is the first study to evaluate the short- and long-term outcomes of different reconstruction methods in GC patients with VO using PSM analysis. However, this study had several limitations. First, this was not a randomized controlled trial, and inherent selection biases exist that can be adjusted but not completely eliminated using PSM. Additionally, this was not a multicenter study, and our results may not be directly applicable to other populations. Finally, although the patients’ baseline data was well balanced after PSM, the small sample size may greatly limit our conclusions as patients underwent laparoscopic or open surgery, total gastrectomy or distal gastrectomy should be discussed separately as surgical method may also greatly affected the postoperative complications, thus a large-scale study is necessary.



Conclusions

We compared the incidence of postoperative complications between different reconstruction methods among GC patients with VO and found that B-I reconstruction can reduce the incidence of postoperative complications, thus promoting postoperative recovery. However, no significant differences in OS were found among the three reconstruction methods. Last, because of its implementation facility compared to the other two approaches, B-I reconstruction may be considered a better choice for patients with GC with VO.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.



Ethics statement

All procedures involving human participants performed in the study followed the Helsinki declaration and was approved by the Ethics Committee of the Second Affiliated Hospital of Wenzhou Medical University in China. All individual participants included in the study signed informed consent to participate in the study.



Author contributions

XYX, XS and SW were the study designs. CM, HY and JC collected and analyzed data. CM, MX and XFX wrote the manuscript and interpreted it. WC, JW, JZ and XC revised the paper. The authors read and approved the final manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by: 1. The Leading Talents in Scientific and Technological Innovation from Zhejiang Provincial Ten Thousand Talents Plan (Grant No: 2019R52021, 2021R52024), 2. The  Key R&D Program of Zhejiang Province (Grant No: 2020C03029, 2021C03120), 3. Wenzhou Municipal Science and Technology Bureau (Grant No. ZY2022015).



Acknowledgments

We thank Editage Group (https://www.editage.cn/) for polishing the draft of this manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Abbreviations

GC, Gastric cancer; B-I, Billroth I; B-II, Billroth II; R-Y, Rouxen-Y; BMI, Body mass index; VO, Visceral obesity; VFA, Visceral fat area; PSM, Propensity-score-matching; ASA, American Society of Anesthesiologists; CT, Computed tomography; HRs, Hazard ratios; CIs, Confidence intervals; OS, Overall survival.



References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Cats, A, Jansen, EPM, van Grieken, NCT, Sikorska, K, Lind, P, Nordsmark, M, et al. Chemotherapy versus chemoradiotherapy after surgery and preoperative chemotherapy for resectable gastric cancer (CRITICS): An international, open-label, randomised phase 3 trial. Lancet Oncol (2018) 19(5):616–28. doi: 10.1016/S1470-2045(18)30132-3

3. Zhao, X, Xia, X, Wang, X, Bai, M, Zhan, D, and Shu, K. Deep learning-based protein features predict overall survival and chemotherapy benefit in gastric cancer. Front Oncol (2022) 12:847706. doi: 10.3389/fonc.2022.847706

4. Nishizaki, D, Ganeko, R, Hoshino, N, Hida, K, Obama, K, Furukawa, TA, et al. Roux-en-Y versus billroth-I reconstruction after distal gastrectomy for gastric cancer. Cochrane Database Syst Rev (2021) 9:CD012998.

5. Jiang, H, Li, Y, and Wang, T. Comparison of billroth I, billroth II, and roux-en-Y reconstructions following distal gastrectomy: A systematic review and network meta-analysis. Cir Esp (Engl Ed) (2021) 99(6):412–20. doi: 10.1016/j.ciresp.2020.09.003

6. Nakanishi, K, Kanda, M, Ito, S, Mochizuki, Y, Teramoto, H, Ishigure, K, et al. Propensity-score-matched analysis of a multi-institutional dataset to compare postoperative complications between billroth I and roux-en-Y reconstructions after distal gastrectomy. Gastric Cancer (2020) 23(4):734–45. doi: 10.1007/s10120-020-01048-6

7. Kim, MS, Kwon, Y, Park, EP, An, L, Park, H, and Park, S. Revisiting laparoscopic reconstruction for billroth 1 versus billroth 2 versus roux-en-Y after distal gastrectomy: A systematic review and meta-analysis in the modern era. World J Surg (2019) 43(6):1581–93. doi: 10.1007/s00268-019-04943-x

8. Imamura, H, Takiguchi, S, Yamamoto, K, Hirao, M, Fujita, J, Miyashiro, I, et al. Morbidity and mortality results from a prospective randomized controlled trial comparing billroth I and roux-en-Y reconstructive procedures after distal gastrectomy for gastric cancer. World J Surg (2012) 36(3):632–7. doi: 10.1007/s00268-011-1408-9

9. Nakamura, M, Nakamori, M, Ojima, T, Iwahashi, M, Horiuchi, T, Kobayashi, Y, et al. Randomized clinical trial comparing long-term quality of life for billroth I versus roux-en-Y reconstruction after distal gastrectomy for gastric cancer. Br J Surg (2016) 103(4):337–47. doi: 10.1002/bjs.10060

10. He, L, and Zhao, Y. Is roux-en-Y or billroth-II reconstruction the preferred choice for gastric cancer patients undergoing distal gastrectomy when billroth I reconstruction is not applicable? A meta-analysis. Med (Baltimore) (2019) 98(48):e17093. doi: 10.1097/MD.0000000000017093

11. Taniguchi, Y, Kurokawa, Y, Takahashi, T, Saito, T, Yamashita, K, Tanaka, K, et al. Impacts of preoperative psoas muscle mass and visceral fat area on postoperative short- and long-term outcomes in patients with gastric cancer. World J Surg (2021) 45(3):815–21. doi: 10.1007/s00268-020-05857-9

12. Kim, MG, Yook, JH, Kim, KC, Kim, TH, Kim, HS, Kim, BS, et al. Influence of obesity on early surgical outcomes of laparoscopic-assisted gastrectomy in gastric cancer. Surg Laparosc Endosc Percutan Tech (2011) 21(3):151–4. doi: 10.1097/SLE.0b013e318219a57d

13. Mao, C, Chen, X, Sun, X, Wang, X, Zhu, C, Chen, W, et al. Laparoscopic gastrectomy reduces adverse postoperative outcomes and decreases morbidity for gastric cancer patients with visceral obesity: A propensity score-matched analysis. J Cancer (2021) 12(7):2113–21. doi: 10.7150/jca.47552

14. Lee, MS, Lee, JH, Park, DJ, Lee, HJ, Kim, HH, and Yang, HK. Comparison of short- and long-term outcomes of laparoscopic-assisted total gastrectomy and open total gastrectomy in gastric cancer patients. Surg Endosc (2013) 27(7):2598–605. doi: 10.1007/s00464-013-2796-8

15. Dindo, D, Demartines, N, and Clavien, PA. Classification of surgical complications: A new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg (2004) 240(2):205–13. doi: 10.1097/01.sla.0000133083.54934.ae

16. Shuster, A, Patlas, M, Pinthus, JH, and Mourtzakis, M. The clinical importance of visceral adiposity: A critical review of methods for visceral adipose tissue analysis. Br J Radiol (2012) 85(1009):1–10. doi: 10.1259/bjr/38447238

17. Borkan, GA, Gerzof, SG, Robbins, AH, Hults, DE, Silbert, CK, and Silbert, JE. Assessment of abdominal fat content by computed tomography. Am J Clin Nutr (1982) 36(1):172–7. doi: 10.1093/ajcn/36.1.172

18. Hagiwara, M, Miyajima, A, Hasegawa, M, Jinzaki, M, Kikuchi, E, Nakagawa, K, et al. Visceral obesity is a strong predictor of perioperative outcome in patients undergoing laparoscopic radical nephrectomy. BJU Int (2012) 110(11 Pt C):E980–4. doi: 10.1111/j.1464-410X.2012.11274.x

19. Watanabe, J, Tatsumi, K, Ota, M, Suwa, Y, Suzuki, S, Watanabe, A, et al. The impact of visceral obesity on surgical outcomes of laparoscopic surgery for colon cancer. Int J Colorectal Dis (2014) 29(3):343–51. doi: 10.1007/s00384-013-1803-9

20. Lee, WJ, Wang, W, Chen, TC, Wei, PL, Lin, CM, Huang, MT, et al. Clinical significance of central obesity in laparoscopic bariatric surgery. Obes Surg (2003) 13(6):921–5. doi: 10.1381/096089203322618786

21. Shiomi, A, Kinugasa, Y, Yamaguchi, T, Kagawa, H, and Yamakawa, Y. Robot-assisted versus laparoscopic surgery for lower rectal cancer: The impact of visceral obesity on surgical outcomes. Int J Colorectal Dis (2016) 31(10):1701–10. doi: 10.1007/s00384-016-2653-z

22. Cakir, H, Heus, C, Verduin, WM, Lak, A, Doodeman, HJ, Bemelman, WA, et al. Visceral obesity, body mass index and risk of complications after colon cancer resection: A retrospective cohort study. Surgery (2015) 157(5):909–15. doi: 10.1016/j.surg.2014.12.012

23. Kumagai, K, Shimizu, K, Yokoyama, N, Aida, S, Arima, S, Aikou, T, et al. Questionnaire survey regarding the current status and controversial issues concerning reconstruction after gastrectomy in Japan. Surg Today (2012) 42(5):411–8. doi: 10.1007/s00595-012-0159-z

24. Weil, PH, and Buchberger, R. From billroth to PCV: A century of gastric surgery. World J Surg (1999) 23(7):736–42. doi: 10.1007/PL00012379

25. Li, T, and Meng, XL. Curative effect of digestive tract reconstruction after radical gastrectomy for distal gastric cancer. J Laparoendosc Adv Surg Tech A (2018) 28(11):1294–7. doi: 10.1089/lap.2017.0605

26. Nakanishi, K, Kanda, M, Ito, S, Mochizuki, Y, Teramoto, H, Ishigure, K, et al. Delay in initiation of postoperative adjuvant chemotherapy with s-1 monotherapy and prognosis for gastric cancer patients: Analysis of a multi-institutional dataset. Gastric Cancer (2019) 22(6):1215–25. doi: 10.1007/s10120-019-00961-9

27. Kanda, M, Ito, S, Mochizuki, Y, Teramoto, H, Ishigure, K, Murai, T, et al. Multi-institutional analysis of the prognostic significance of postoperative complications after curative resection for gastric cancer. Cancer Med (2019) 8(11):5194–201. doi: 10.1002/cam4.2439


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Mao, Xiao, Chen, Wen, Yang, Cai, Zheng, Chen, Xing, Xue, Shen and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Propensity score matching comparisons of postoperative complications and morbidity between digestive tract reconstruction methods after gastrectomy in gastric cancer patients with visceral obesity

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study design and patient population

          



          		

            Baseline data collection

          



          		

            Computed tomography-based measurement of visceral fat area

          



          		

            PSM and statistical analyses

          



        



        



        		

          Results

        

          		

            Patient characteristics

          



          		

            Surgical outcomes and postoperative course

          



          		

            Risk factors for postoperative complications

          



          		

            Risk factors for OS

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-12-1072127-g003.jpg
Overall survival (%)

100

80

= B-I group

— Non B-I group

Log-rank test: P=0.002

12 24 36 48
Fellow-up (months)

60

@

Overall survival (%)

100

80

60

40

20

—— B-I group

— Non B-I group

Log-rank test: P=0.231

12 24 36 48
Fellow-up (months)

60





OEBPS/Images/table2.jpg
Factors Unmatched

Non-B-| (n=150)

Gender 0.336 0.285
Male 76 (80.00%) 112 (74.67%) 47 (79.66%) 42 (71.19%)
Female 19 (20.00%) 38 (25.33%) 12 (20.34%) 17 (28.81%)
Age (y) 0.021* 1000 |
<65 51 (53.68%) 58 (38.67%) 25 (42.37%) 25 (42.37%)
>65 44 (46.32%) 92 (61.33%) 34 (57.63%) 34 (57.63%)
NRS 2002 score 0.071 0.567
1-2 72 (75.79%) 93 (62.00%) 41 (69.49%) 38 (64.41%)
3-4 19 (20.00%) 44 (29.33%) 15 (25.42%) 15 (25.42%)
5-6 4 (4.21%) 13 (8.67%) 3 (5.08%) 6 (10.17%)
ASA grade 0.900 0.831
1-2 76 (80.00%) 119 (79.33%) 45 (76.27%) 44 (74.58%)
3-4 19 (20.00%) 31 (20.67%) 14 (23.73%) 15 (25.42%)
Hypertension 0.133 0.334
Yes 29 (30.53%) 60 (40.00%) 23 (38.98%) 18 (30.51%)
No 66 (69.47%) 90 (60.00%) 36 (61.02%) 41 (69.49%)

I Diabetes mellitus I 0.101 | 0.499
Yes 14 (14.74%) 35 (23.33%) 11 (18.64%) 14 (23.73%)
No 81 (85.26%) 115 (76.67%) 48 (81.36%) 45 (76.27%)
Previous abdominal surgery 0.515 0.071
Yes 10 (10.53%) 20 (13.33%) 5 (8.47%) 13 (22.03%)
No 1 85 (89.47%) 130 (86.67%) 54 (91.53%) I 46 (77.97%)
Tumor location <0.001* 1.000
Cardia ' 0 (0.00%) 38 (25.33%) 0 (0.00%) 2(3.39%)
body 83 (87.37%) 68 (45.33%) 50 (84.75%) 48 (81.36%)
Antrum 10 (10.53%) 37 (24.67%) 9 (15.25%) 7 (11.86%)
Total 1 (1.05%) 7 (4.67%) 0 (0.00%) 2(3.39%)
Differentiated degree ' 0237 0.972
Differentiated 69 (72.63%) 117 (78.00%) 41 (69.49%) 40 (67.8%)
Undifferentiated 8 (8.42%) 16 (10.67%) 7 (11.86%) 7 (11.86%)
Signet ring carcinoma 18 (18.95%) 17 (11.33%) 11 (18.64%) 12 (20.34%)
Pathological type 0.883 0.113
Ulcerative type 83 (87.37%) 132 (88.00%) 51 (86.44%) 56 (94.92%)

[ Non-ulcerative type 12 (12.63%) 18 (12.00%) 8 (13.56%) 3 (5.08%)
TNM stage <0.001* 0.833
a 50 (52.63%) 32 (21.33%) 19 (32.2%) 16 (27.12%)
1T 20 (21.05%) 43 (28.67%) 15 (25.42%) | 16 (27.12%)
it 25 (26.32%) 75 (50.00%) 25 (42.37%) 27 (45.76%)
Combined organ resection 0.004* 1.000
Yes 1 (1.05%) 16 (10.67%) 1 (1.69%) 1 (1.69%)
No 94 (98.95%) 134 (89.33%) 58 (98.31%) 58 (98.31%)
Laparoscopic gastrectomy 0.001* 1.000
Yes 33 (34.74%) 24 (16.00%) 13 (22.03%) 13 (22.03%)
No 62 (65.26%) 126 (84.00%) 46 (77.97%) 46 (77.97%)

BMI body mass index, ASA American Society of Anesthesiologists, NRS 2002 nutritional risk screening 2002, TNM tumor-node-metastasis.
The values given are number of patients and values in parentheses are percentages.-
*Represent P < 0.05, which was considered to be statistically significant.
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Factors

Univariate analysis

Un-matched

Multivariate analysis

Matched

Univariate analysis

Multivariate analysis

OR (95% Cl) B OR (95% Cl) P OR (95% CI) B OR (95% CI) B
Gender 0.824 ‘ 0.556
Female 1 1
Male 1.073 (0.577-1.993) 1.310 (0.534-3.210)
Age (y) 0.043* 0.270 | 0.278
<65 1 1 1 |
>65 1.736 (1.017-2.964) 1.374 (0.782-2.414) 1.537 (0.707-3.338)
NRS 2002 score 0.235 0.322
1-2 1 1
3-4 1.316 (0.722-2.397) 1.440 (0.603-3.440)
5-6 » 2250 (0.823-6.152) 2.770 (0.667-10.923)
ASA grade . 0.351 ' 0.104
1-2 1 1
3-4 1.352 (0.717-2.550) 2.033 (0.865-4.780)
Hypertension 0.927 ‘ 0.520
No 1 1
Yes 0.975 (0.567-1.676) 0.768 (0.344-1.716)
Diabetes mellitus 0.289 0.148
No 1 1
Yes 1.412 (0.746-2.671) 1.938 (0.790-4.754)
Previous abdominal surgery 0.655 0.397
No 1 1
Yes 1.195 (0.547-2.611) 1.553 (0.561-4.296)
Tumor location 0.256 0.173
Antrum 1 ‘ 1
Body 0.840 (0.419-1.685) 0.067 (0.002-2.063)
Cardia 0.849 (0.902-3.793) 0.661 (0.040-10.885)
Total 0.616 (0.120-3.161) 1.000 (0.020-50.397)
Differentiated degree » 0.692 0.504
Differentiated 1 1
Undifferentiated 0.715 (0.282-1,810) 0.464 (0.120-1.795)
I Signet ring carcinoma 1.157 (0.552-2.423) 1.093 (0.422-2.829)
Pathological type 0.443 0.547
Ulcerative type 1 1
Non-ulcerative type 1.383 (0.604-3.116) 1.529 (0.383-6.104)
TNM stage 0.621
1 1 0.693 1
i » 1.340 (0.677-2.654) 0.947 (0.352-2.549)
1 1.196 (0.647-2.210) 0.667 (0.272-1.634)
Laparoscopic gastrectomy 0.004*
No §e <0.001* 1 0.001* 1 1 0.003*
Yes 0216 (0.097-0.481) 0.263 (0.116-0.597) 0.108 (0.024-0.486) 0099 (0.022-0.454)
B-1 ' 0.002* ‘ 0.023* 0.022* 0.017*
No 1 1 1 1
Yes 0.407 (0.230-0.719) 0.404 (0.186-0.880) 0.366 (0.161-0.833)

0.502 (0.278-0.908)

BMI, body mass index; ASA, American Society of Anesthesiologists; NRS 2002, nutritional risk screening 2002, TNM, tumor-node-metastasis.

*Statistically significant (P < 0.05).
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Unmatched Matched

Factors Total Non-B-I Non-B-I

(n=245) B-l (n=95) B-l (n=59)

50) 18) (n=59)

Operative time, (X + SD), min 206.84 £50.23  190.13 + 48.01 217.30 £48.92 | <0.001* | 20342 +49.09  193.88 £48.16 = 212.95 +48.54 | 0.034*

Postoperative hospital stays, (X 0.020% 16.75 + 8.55 1522 £7.13 1829 + 9.58 0.050*
+ SD), days 15.85 + 8.62 14.30 £ 7.65 16.83 £ 9.07

Hospitalization costs, (X + 65915.22 + 63459.53 + 6747049 + 0.313 67231.36 + 68142.02 + 66320.71 + 0.660
SD), yuan 32021.88 26949.49 34852.73 22342.10 26214.52 17834.16

Total complications® 89 (36.32%) 23 (24.21%) 66 (44.00%) 0.002* 42 (35.59%) 15 (25.42%) 27 (45.76%) 0.021*

Clavien-Dindo grade

Grade 1 8 (3.27%) 0 (0.00%) 8 (5.33%) 0.025* 5 (4.24%) 0 (0.00%) 5 (8.47%) 0.068
Grade 1T 58 (23.67%) 16 (16.84%) 42 (28.00%) 0.045* 26 (22.03%) 10 (16.95%) 16 (27.12%) 0.183
Grade IIT 15 (6.12%) 4 (4.21%) 11 (7.33%) 0.321 7 (5.93%) 3 (5.08%) 4 (6.78%) 1.000
Grade IV 8 (3.27%) 3 (3.16%) 5(3.33%) 1.000 4 (3.39%) 2 (3.39%) 2 (3.39%) 1.000

Detail of complications

Surgical complications 40 (16.33%) 10 (10.53%) 30 (20.00%) 0.051 18 (15.25%) 7 (11.86%) 11 (18.64%) 0.306
Gastrointestinal dysfunction 7 (2.86%) 0 (0.00%) 7 (4.67%) 0.081 4 (3.39%) 0 (0.00%) 4 (6.78%) 0.127
Intestinal obstruction 3 (1.22%) 1(1.05%) 2 (1.33%) 1.000 3 (2.54%) 1 (1.69%) 2 (3.39%) 1.000
Anastomotic leakage 2(0.82%) 0 (0.00%) 2 (1.33%) 0.523 1(0.85%) 0 (0.00%) 1 (1.69%) 1.000
Severe wound infection 5 (2.04%) 1 (1.05%) 4 (2.67%) 0.684 2 (1.69%) 1 (1.69%) 1 (1.69%) 1.000
Intra-abdominal infection 15 (6.12%) 5 (5.26%) 10 (6.67%) 0.655 5 (4.24%) 3 (5.08%) 2 (3.39%) 1.000
Intra-abdominal Bleeding 8 (3.27%) 3(3.16%) 5(3.33%) 1.000 3 (2.54%) 2 (3.39%) 1 (1.69%) 1.000
Medical complications 49 (20.00%) 13 (13.68%) 36 (24.00%) 0.049* 17 (14.41%) 5 (8.47%) 12 (20.34%) 0.066
Pleural and peritoneal effusion 13 (5.31%) 4 (4.21%) 9 (6.00%) 0.543 6 (5.08%) 2(3.39%) 4 (6.78%) 0.675
Pulmonary complications 14 (5.71%) ‘ 4 (4.21%) 10 (6.67%) 0.420 5 (4.24%) 1 (1.69%) 4 (6.78%) 0.361
Venous thrombosis 8 (3.27%) 2 (2.11%) 6 (4.00%) 0.657 4 (3.39%) 2 (3.39%) 2(3.39%) 1.000
Hypoalbuminemia 3 (1.22%) 0 (0.00%) 3 (2.00%) 0.429 2 (1.69%) 0 (0.00%) 2 (3.39%) 0.476
I Multiple complications 11 (4.49%) 3 (3.16%) 8 (5.33%) 0.423 7 (5.93%) 3 (5.08%) 4 (6.78%) 1.000

Values are shown as n (%) unless otherwise indicated.

“*Postoperative complications in this study were defined as any adverse event corresponding to Clavien-Dindo classification grade, occurring within 30 days after surgery. If a patient had
more than one type of complication, the complication with the highest grade was used for the analysis.

*P<0.05, statistically significant.
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OEBPS/Images/table1.jpg
Factors

Gender 0.269

Male 76 (80.00%) 24 (66.67%) 88 (77.19%)

Female 19 (20.00%) 12 (33.33%) 26 (22.81%)

Age (y) 0.066

<65 51 (53.68%) 13 (36.11%) 45 (39.47%)

>65 44 (46.32%) 23 (63.89%) 69 (60.53%)

NRS 2002 score 0.243

1-2 72 (75.79%) 22 (61.11%) 71 (62.28%)

3-4 19 (20.00%) 11 (30.56%) 33 (28.95%)

5-6 4 (4.21%) 3(8.33%) 10 (8.77%)

ASA grade 0.096

1-2 76 (80.00%) 24 (66.67%) 95 (83.33%)

3-4 19 (20.00%) 12 (33.33%) 19 (16.67%)

Hypertension 0.277
[ Yes 29 (30.53%) 13 (36.11%) 47 (41.23%)

No 66 (69.47%) 23 (63.89%) 67 (58.77%)

Diabetes mellitus 0.195

Yes 14 (14.74%) 10 (27.78%) 25 (21.93%)

No 81 (85.26%) 26 (72.22%) 89 (78.07%)

Previous abdominal surgery 0.395

Yes 10 (10.53%) 7 (19.44%) 13 (11.40%)

No 85 (89.47%) 29 (80.56%) 10 (8.77%)

Tumor location

Cardia 0 (0.00%) 0 (0.00%) 38 (33.33%) <0.001*
body 83 (87.37%) 33 (91.67%) 35 (30.70%)

Antrum 10 (10.53%) 3 (8.33%) 34 (29.82%)

Total 1 (1.05%) 0 (0.00%) 7 (6.14%)

Differentiated degree 0.347
Differentiated 69 (72.63%) 29 (80.56%) 88 (77.19%)

Undifferentiated 8 (8.42%) 2 (5.56%) 14 (12.28%)

Signet ring carcinoma 18 (18.95%) 5 (13.89%) 12 (10.53%)

Pathological type 0.085
Ulcerative type 83 (87.37%) 35 (97.22%) 97 (85.09%)

Non-ulcerative type 12 (12.63%) 1 (2.78%) 17 (14.91%)

TNM stage <0.001*

! 50 (52.63%) 7 (19.44%) 25 (21.93%) ‘
1T 20 (21.05%) 11 (30.56%) 32 (28.07%) ‘
it 25 (26.32%) 18 (50.00%) 57 (50.00%) ‘
Combined organ resection 0.002*
Yes 1(1.05%) 2 (5.56%) 14 (12.28%)

No 94 (98.95%) 34 (94.44%) 10 (8.77%)

Laparoscopic gastrectomy 0.002*
Yes 33 (34.74%) 3 (8.33%) 21 (18.42%)

No 62 (65.26%) 33 (91.67%) 93 (81.58%)

Postoperative complications 0.026*
Yes 23 (24.21%) 18 (50.00%) 48 (42.11%)

No 72 (75.79%) 18 (50.00%) 66 (57.89%)

BMI body mass index, ASA American Society of Anesthesiologists, NRS 2002 nutritional risk screening 2002, TNM tumor-node-metastasis.
The values given are number of patients and values in parentheses are percentages.
*Represent P < 0.05, which was considered to be statistically significant.
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Factors Un-matched Matched
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
Gender 0.428 0.520
Female 1 1
Male 1.268 (0.705-2.280) 1.315 (0.571-3.031)
Age (y) 0.001* 0054 0.102
<65 1 1 1
>65 2435 (1.435-4.132) 1.729 (0.991-3.015) 1.858 (0.884-3.905)
NRS 2002 score <0.001* 0.296 0.260
1-2 1 1 1
3-4 1.704 (0.997-2.912) 1.100 (0.634-1.907) 1.593 (0.741-3.428)
5-6 3.886 (1.978-7.635) 1.773 (0.861-3.652) 2.146 (0.730-6.312)
ASA grade 0.344 0.474
I 1-2 1 [ 1
3-4 1.303 (0.753-2.252) 1.312 (0.624-2.757)
Hypertension 0.696 0.800
No 1 1
Yes 1.102 (0.677-1.794) 1.096 (0.539-2.228)
I Diabetes mellitus 0.694 0.979
No 1 1
Yes 1.122 (0.633-1.988) 1.011 (0.439-2.330)
Previous abdominal 0.521 0.883
surgery
No 1 1
Yes 1.245 (0.637-2.434) 0.931 (0.359-2.411)
Tumor location 0.002* 0.144 0.012* 0.012*
Antrum 1 1 = = ‘
Body 0.946 (0.483-1.851) 1.223 (0.509-2.055) - -
Cardia 1.652 (0.895-3.050) 1.238 (0.639-2.399) - -
4.850 (2.042- 2.9245 (1.174- - -
Totl IL;ZI) 7,2153)
Differentiated degree 0.534 0.895
Differentiated 1 1
Undifferentiated 1.350 (0.641-2.843) 0.802 (0.240-2.675)
Signet ring carcinoma 0.772 (0.367-1.623) 1.110 (0.476-2.588)
Pathological type 0.627 ‘ 0.538
Non-ulcerative type il 1
Ulcerative type 0.840 (0.417-1.694) 0.638 (0.153-2.667)
TNM stage <0.001* <0.001* 0.001* 0.002*
T 1 1 1 1
i 2.447 (1.026-5.834) 1.897 (0.777-4.629) 1.392 (0.374-5.186) 1.333 (0.358-4.966)
it 6.332 (2.986- 4.544 (2.077-9.944) 4.939 (1.711- 4.736 (1.636-
13.426) 14.256) 13.705)
Laparoscopic gastrectomy 0.001* 0.014* 0.053
No 1 1 |
Yes 0.173 (0.063-0.474) 0.270 (0.095-0.765) 0.309 (0.094-1.014)
B-1 0.002* 0.590 0.216
No 1 1 1
Yes 0.419 (0.239-0.733) 0.840 (0.446-1.582) 0.644 (0.320-1.294)

BMI, body mass index; ASA, American Society of Anesthesiologists; NRS 2002, nutritional risk screening 2002, TNM, tumor-node-metastasis.

*Statistically significant (P < 0.05).






