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Background

Compared to open esophagectomy (OE), minimally invasive esophagectomy (MIE) is associated with lower morbidity and mortality. However, lymph node (LN) dissection around the recurrent laryngeal nerve (RLN) is still an important factor that affects the length of the learning curve of MIE. This study aims to evaluate the surgical outcomes of the first nearly 5-year period and explore the learning curve for LN dissection around the RLN in McKeown MIE by a new single surgical team.



Methods

A total of 285 consecutive patients who underwent McKeown MIE between March 2016 and September 2020 were included at our institution. According to the cumulative sum (CUSUM) analysis of LN dissection around the RLN, the patients were divided into three groups: exploration period, adjustment period, and stable period. We assessed the impact of surgical proficiency on postoperative outcomes and explored the learning curve for LN dissection around the RLN in McKeown MIE.



Results

The CUSUM graph showed that a point of upward inflection for LN dissection around the RLN was observed in 151 cases. After 151 cases, LNs around the right and left RLNs were dissected thoroughly compared to the exploration and adjustment period (P = 0.010 and P = 0.012, respectively), and the postoperative incidence of hoarseness significantly decreased from 11.1 to 1.5% (P<0.001).



Conclusions

Our study results revealed that not only are the LN, around the RLN, sufficiently dissected but also the incidence of hoarseness significantly decreased in the stable phase. Consequently, the learning curve length was approximately 151 cases for LN dissection around the RLN in McKeown MIE.
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Introduction

Esophageal cancer is considered the seventh most common cancer type and the sixth leading cause of cancer-related death worldwide (1, 2). More than half of esophageal cancer cases occur in China; the incidence of esophageal cancer in China ranks the sixth in malignant tumors, and the mortality rate ranks the fourth (3, 4). For patients with esophageal cancer, esophagectomy with extended lymphadenectomy remains the mainstream of multidisciplinary treatment (5). Esophageal cancer manifests as bidirectional, skipping metastasis through lymph nodes (LNs), which seriously affects the patients’ prognosis (6). LN dissection is an important part of radical resection, especially the LN around the recurrent laryngeal nerve (RLN), which leads to a high metastasis rate of esophageal cancer. Dissecting the LN around the RLN not only improves the radicality of surgical therapy but also provides adequate LN staging (7).

It is not only difficult to accomplish clearance of LN around the RLN but also easy to injure the RLN, which can lead to hoarseness, coughing, and lung infections due to the complex anatomy and the narrow space of the upper mediastinum (8). Benefiting from the advancement of thoracoscopic technology and the right thoracic approach, the bilateral tracheal–esophageal sulcus can be exposed and RLN can be identified. While LN dissection around the RLN is still an important factor that affects the length of the learning curve of minimally invasive esophagectomy (MIE), especially the LN dissection around the left RLN (7), excessive LN dissection for long-term survival may cause damage to RLN. Therefore, determining the level of experience of a surgeon in extensive lymphadenectomy around the RLN during MIE is necessary. Besides, with the increase of surgeon experience, surgical outcomes and morbidity improve, and the balance between long-term survival and postoperative safety is worth paying attention to.

The cumulative sum (CUSUM) analysis shows the deviation of each case and well presents the continuous change trend of the parameters (9). By the CUSUM, we can continuously observe performance and identify improvement regarding a predefined level of accomplishment, and it is widely used in articles that determine the learning curve. To the best of our knowledge, there are no prior studies that have focused on the learning curve for LN dissection around the RLN in McKeown MIE (9–11). This study retrospectively analyzed the clinical data of 285 patients who were treated in our department and underwent McKeown MIE of esophageal carcinoma between March 2016 and September 2020. This study aimed to explore the learning curve for LN dissection around the RLN in McKeown MIE by the CUSUM.



Materials and Methods


Patients

A total of 285 consecutive patients who underwent McKeown MIE with cervical anastomosis between March 2016 and September 2020 were included at our institution. The medical records of the esophageal cancer database were reviewed retrospectively, and the clinic pathological data of eligible patients were collected. We excluded patients with a previous history of gastrointestinal or lung cancer, severe comorbidities, other organ metastases, and combined other organ resection. All cases were discussed at a multidisciplinary specialist team meeting, and all operations were performed by a single surgical team with expertise in open esophagectomy (OE). Tumors were categorized based on the seventh edition of the Union for International Cancer Control (12). According to the Clavien–Dindo classification, all postoperative complications were classified (13). Hoarseness is judged by the doctor through an auditory impression. For most patients who developed hoarseness, laryngoscopy was performed to evaluate the vocal cord mobility at the Department of Otolaryngology. The research protocol for this clinical study was approved by the local ethics committee.



CUSUM and Learning Curve

The CUSUM analysis is a time-weighted control chart method which calculates the degree of deviation between the observed value of each sample and the average value and then calculates the CUSUM of deviations by summing(CUSUM = ∑outcome measure of a single case-mean outcome measure of the entire cohort). In our study, we defined CUSUM of a series of observations as .  According to the LN resection, Xi is positioned as three values: Xi = 0, which means that no LN around the RLN has been dissected; Xi = 1, which means that only one LN around the RLN has been dissected; Xi = 2, which means that more than one LN around the RLN has been dissected. u denotes the average value of X in the entire group. According to the time sequence of the operation, the patients were arranged on the horizontal axis, and based on the above formula, the CUSUM was calculated to obtain the learning curve on the vertical axis, which will show changes in performance over time. Specifically, the typical learning curve generated by the CUSUM analysis showed an initial downward slope corresponding to periods of insufficient LN dissection, and the lowest point was the cut-off point to divide the learning curve into two stages. After this upward slope was the plateau or rising slope. The learning curves of LN dissection around the right and left RLNs were made with using of CUSUM (Figure 1). In fact, our CUSUM learning curve showed a plateau and then showed a downward trend. After reaching the lowest point, the learning curve showed an upward slope and finally remained a plateau. We divided the learning curve into three periods according to the initial decline point and the lowest point as follows: the exploration period included cases 1–72, the adjustment period included cases 73–151, and the stable period included the final 134 cases. We collected the descriptive statistics including the patient information, tumor-related characteristics, preoperative therapy and operative outcomes. Parameters of the three groups were assessed and compared.




Figure 1 | (A) Learning curve of lymph nodes (LN) dissection around the right RLN. (B) Learning curve of LN dissection around the left RLN.





Surgical Techniques

McKeown MIE with cervical anastomosis for esophageal cancer was implemented at our department. The details of these procedures were previously described (9). In the thoracic stage, we incised the mediastinal pleura and exposed the right RLN adjacent to the subclavian artery by following the right vagus nerve after disconnection of the azygous vein. While protecting the integrity of the nerve, LN around the RLN was dissected (Figure 2A). The thoracic esophagus was mobilized from azygous arch to diaphragm hiatus while protecting the thoracic duct. After dissecting the LN at the carina (Figure 2B), a suction device with a cotton swab was used to push the trachea forward to expose the left RLN and dissect the LN mainly by blunt separation (Figure 2C). In the abdominal stage, patients were turned into a lithotomy position, and the gastrocolic ligament was divided along the greater curvature with the protection of the gastroepiploic vascular arch. A tubular stomach was created outside the abdominal cavity. In the cervical stage, an oblique incision of the left neck was made, and we mobilized the cervical esophagus and cut down and pulled the gastric conduit through the esophageal bed to the left neck for gastroesophageal end-to-side anastomosis.




Figure 2 | The thoracic operation. (A) Exposure of right RLN and LN dissection around the right RLN. (B) LN dissection on the carina. (C) Exposure of left RLN and LN dissection around the left RLN.





Statistical Analysis

The demographic parameters of the patients were depicted using descriptive statistics. The data fitting normal distribution were expressed as mean ± standard deviation, and differences between groups were compared using Student’s t-test and analysis of variance with a Bonferroni multiple comparison test. Data fitting non-normal distribution were expressed as median (interquartile range), and the differences between groups were compared using the Wilcoxon rank-sum test and Kruskal–Wallis H test. Categorical variables were expressed as frequency (%) and were analyzed using the chi-square test. The statistical analysis was completed using SPSS® version 20 (IBM Corp. in Armonk, NY, USA), with P <0.05 indicating a statistically significant difference.




Results


Demographic Parameters

A total of 285 patients underwent McKeown MIE, and no one was converted to an open operation. The average age of the 285 patients was 64.97 ± 7.19 years, and there were 253 (88.8%) males and 32 (11.2%) females. The median operative time was 240 min, and the median blood loss was 100 ml. According to our CUSUM learning curve, we divided the learning curve of LN dissection around the RLN into three periods: the exploration period included cases 1–72, the adjustment period included cases 73–151, and the stable period included the final 134 cases. Table 1 shows the patient and tumor characteristics of three periods. No significant differences in age, gender, BMI, ASA, history of smoking, history of drinking, comorbidities, history of thoracic surgery, neoadjuvant immunotherapy, neoadjuvant radiotherapy, history of ESD, histology, and tumor location were observed, while there was a significant difference in neoadjuvant chemotherapy among the three groups. Patients who received neoadjuvant chemotherapy were more in the stable period than in the exploration period and the adjustment period.


Table 1 | The demographics and tumor characteristics of the overall cohort.





Operative Outcomes and Pathological Characteristics

Table 2 shows the operative and pathological characteristics. Significant differences were found among the three periods in operative time (P = 0.008), restore fluid diet time (P <0.001), harvested LN (P <0.001), harvested LN around the right RLN (P = 0.010), and harvested LN around the left RLN (P = 0.012), while there were no significant differences in terms of intraoperative blood loss, postoperative hospitalization days, thoracic duct ligation, and TNM stage.


Table 2 | Operative and pathological outcomes of the three periods.





Postoperative Complications

Table 3 shows the details about postoperative complications. The rate of hoarseness was 11.1% in the exploration period, which was significantly higher than that in the adjustment period and the stable period (P <0.001). Among 10 patients with hoarseness in entire cohort, eight of them recovered with conservative treatment within 6 months after surgery. However, the remaining two cases in the exploration period still showed permanent hoarseness after 6 months of conservative treatment. The rate of anastomosis leakage in the entire cohort was 5.3%, and the incidence was as low as 2.2% in the stable period. In the entire group, three patients underwent secondary surgery, one underwent a debridement suture due to a severe abdominal incision infection, one with chyle leak was treated by reoperation for thoracic duct ligation, and another one was treated with surgical hemostasis due to bleeding in the thoracic cavity. Perioperative deaths occurred in two patients, one suffered from anastomosis leakage and died of cachexia 105 days after surgery, and another one suffered from severe pneumonia and died of respiratory failure 30 days after surgery. No significant differences in complications were observed among the three periods except for the hoarseness.


Table 3 | Postoperative complications of the three periods.






Discussion

To the best of our knowledge, this is the first study on the learning curve for LN dissection around the RLN accompanied by complications in McKeown MIE. In our study, we presented our first nearly 5-year experience in McKeown MIE implemented by a new surgical team. Our study results indicated that harvested LN around both the right RLN and left RLN significantly increased in the stable period compared to the adjustment period. Besides, the incidence of hoarseness decreased significantly between the exploration period and the stable period. Consequently, improvements in precise procedure can be achieved through case accumulation and result in more LN dissections around the RLN but with a lower rate of hoarseness.

As well known, there is an association between MIE and less surgical trauma, fewer complications, lower mortality, and similar oncologic outcomes compared to OE (8, 14, 15). However, MIE is still a technically complex procedure with great challenges, especially in LN dissection around the RLN (16). Therefore, long-term training and experience are required to be familiar with the process, which is considered as a learning curve. Previous studies have focused on the learning curves of McKeown MIE, and the endpoints were mainly intraoperative and postoperative outcomes, including operative time, blood loss, harvested LN, and hospital length of stay (9, 16–22). According to research studies, based on improved outcomes of operative time, the learning curve for McKeown MIE has been a wide range of length from 20 to 175 cases. There are a few research studies on learning curves of surgical procedures which have focused on postoperative complications (9, 23), but not on the learning curve of LN dissection around the RLN and hoarseness. Most previous studies arbitrarily divided groups and defined learning curves based on the time axis, which is prone to bias because the authors can group according to their data (18–22). In a few studies, CUSUM analysis was used to determine the length of the learning curve (9, 16, 17). Additionally, a longer length of the learning curve for McKeown MIE was found in the studies that include more patients. In other words, the learning curve length found in the small sample study may be biased, because we can never be sure whether the learning curve is longer than the total small sample size in small sample research. Therefore, this study was conducted to overcome the limitations of prior studies. In this study, we retrospectively analyzed the clinical data of 285 patients operated on by the same surgical team in our department who underwent McKeown MIE of esophageal carcinoma between March 2016 and September 2020. Combined with hoarseness, the precise length of the learning curve for LN dissection around the RLN in McKeown MIE was identified by performing the CUSUM analysis.

Early in the research, the learning curve of LN dissection around the right and left RLN separately was identified using CUSUM analysis. Since hoarseness can be caused by injury of either side of RLN, analyzing the complications of hoarseness independently in the learning curve is impossible. Secondly, in this study, the learning curve of LN dissection around the right and left RLN was the same with plateau, descending, and ascending periods. Third, the entire group was divided into three groups separately according to the two learning curves as criteria for grouping. Corresponding to the two grouping methods, the sample sizes are similar. This study adopted the learning curve of LN dissection around the right RLN as the basis for grouping based on the above reasons. The learning curve was divided into three periods: the exploration period included cases 1–72, the adjustment period included cases 73–151, and the stable period included the final 134 cases.

With the accumulation of experience in McKeown MIE, the improvement of perioperative parameters has become obvious. The learning curve of dissection LN around the RLN consisted of three components: thorough LN dissection accompanied by a high incidence of hoarseness (exploratory period), reduced dissection to reduce the rate of hoarseness (adjustment period), and increased number of nodules around the RLN with a low incidence of hoarseness (stable period). These aspects corresponded to improvements in anatomical dissection, functional preservation, and oncological treatment. The above steps are not independent but interrelated. It is not easy for beginners to dissect the LN around the RLN due to the complex anatomy and the narrow space of the upper mediastinum. During the exploratory period, our team tried LN dissection around the RLN, which was accompanied by an 11.1% incidence of hoarseness. We appropriately reduced lymphatic dissection around the RLN to reduce the incidence of hoarseness, and no hoarseness occurred during the adjustment period. Regarding the improvement of the adjustment period, there was a conflict between oncological treatment and functional preservation during surgery. With the accumulation of experience during periods, some improvements were implemented to achieve LN dissection around the RLN thoroughly with a low incidence of hoarseness, including full exposure of the tracheal–esophageal sulcus, extensive use of blunt separation, and less use of energy devices. Additionally, improvement in precise operation leads to refinement, achieved through the accumulation of cases, and results in the complementarity of oncological treatment and functional preservation. Our study results indicated that not only are the LN around the RLN sufficiently dissected but also the incidence of hoarseness significantly decreased in the stable phase. Consequently, the learning curve length was approximately 151 cases for LN dissection around the RLN.

This study showed that more patients underwent McKeown MIE after neoadjuvant chemotherapy in the adjustment period and stable period. Although neoadjuvant chemotherapy can reduce tumor staging and improve survival rate, it can also cause necrosis and fibrosis, especially around the tumor, which complicates the surgical process (24, 25). Our results revealed that the surgical proficiency could overcome the increase in the difficult cases. The factors influencing the implementation of LN dissection around the RLN during McKeown MIE, in terms of lower incidence of hoarseness, are multifactorial. In addition to the technical capabilities of the surgeon team, the excellent cooperation and support from different team members, including anesthesiologists, nurses, and rehabilitation trainers, were the more important factors contributing to the learning curve for McKeown MIE.

There are some limitations to this study. First, the nearly 5-year experience of a single high-volume center was presented; this study was a retrospective cohort study in a single institution. Second, the difference in the experience levels of the surgeons will contribute to different learning curve lengths in similar operations. Thus, to address this, the data of multiple centers will be analyzed to determine the average length of the learning curve in the future.

In conclusion, proficiency in precise procedure can be achieved through case accumulation and result in more LN dissections around the RLN but with a lower rate of hoarseness. LN dissections around the RLN in McKeown MIE could be performed proficiently and safely after approximately 151 cases in one surgical group.


Equations

	

According to the LN resection, Xi is positioned as three values: Xi = 0, which means that no LN around the RLN has been dissected; Xi = 1, which means that only one LN around the RLN has been dissected; Xi = 2, which means that more than one LN around the RLN has been dissected. u denotes the average value of X in the entire group.




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 author.



Ethics Statement

The studies involving human participants were reviewed and approved by the ethics committee. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author Contributions

Collection of data: R-JL, Z-YZ, Z-FH, YX, S-HX, and QZ. Analysis of data: R-JL, Z-YZ, and QZ. Writing of this paper: R-JL and Z-YZ. General supervision of the research group: R-JL and Z-YZ. All authors contributed to the article and approved the submitted version.



References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/caac.21492

2. Abnet, CC, Arnold, M, and Wei, WQ. Epidemiology of Esophageal Squamous Cell Carcinoma. Gastroenterology (2018) 154(2):360–73. doi: 10.1053/j.gastro.2017.08.023

3. Ferlay, J, Ervik, M, Lam, F, Colombet, M, Mery, L, Pineros, M, et al. Global Cancer Observatory: Cancer Today (2018). Lyon, France: International Agency for Research on Cancer. Available at: https://gco.iarc.fr/today (Accessed [16 Feb 2019]).

4. Chen, R, Zheng, RS, Zhang, SW, Zeng, HM, Wang, SM, Sun, KX, et al. Analysis of Incidence and Mortality of Esophageal Cancer in China, 2015. Chin J Prev Med (2019) 53(11):1094–7. doi: 10.3760/cma.j.issn.0253-9624.2019.11.004

5. Low, DE, Kuppusamy, MK, Alderson, D, Cecconello, I, Chang, AC, Darling, G, et al. Benchmarking Complications Associated With Esophagectomy. Ann Surg (2019) 269(2):291–8. doi: 10.1097/SLA.0000000000002611

6. Yeung, JC, Bains, MS, Barbetta, A, Nobel, T, DeMeester, SR, Louie, BE, et al. How Many Nodes Need to be Removed to Make Esophagectomy an Adequate Cancer Operation, and Does the Number Change When a Patient has Chemoradiotherapy Before Surgery? Ann Surg Oncol (2020) 27(4):1227–32. doi: 10.1245/s10434-019-07870-2

7. Yang, H, Wang, J, Huang, Q, Zheng, Y, Ela Bella, A, Wang, R, et al. Intraoperative Ultrasonography for the Identification of Thoracic Recurrent Laryngeal Nerve Lymph Nodes in Patients With Esophageal Cancer. Dis Esophagus (2016) 29(2):152–8. doi: 10.1111/dote.12318

8. Luo, R, He, Z, Xu, Y, and Zhu, Z. Comparison of the Surgical Outcomes of McKeown Minimally Invasive Esophagectomy and Ivor-Lewis Esophagectomy for the Treatment of Middle Esophageal Cancer: A Single-Center Retrospective Study. Laparosc Endosc Robot Surg (2020) 3(1):12–6. doi: 10.1016/j.lers.2020.01.001

9. Zhu, ZY, Yong, X, Luo, RJ, and Wang, YZ. Clinical Analysis of Minimally Invasive McKeown Esophagectomy in a Single Center by a Single Medical Group. J Zhejiang Univ Sci B (2018) 19:718–25. doi: 10.1631/jzus.B1800329

10. van Workum, F, Fransen, L, Luyer, MD, and Rosman, C. Learning Curves in Minimally Invasive Esophagectomy. World J Gastroenterol (2018) 24(44):4974–8. doi: 10.3748/wjg.v24.i44.4974

11. Claassen, L, van Workum, F, and Rosman, C. Learning Curve and Postoperative Outcomes of Minimally Invasive Esophagectomy. J Thorac Dis (2019) 11(Suppl 5):S777–85. doi: 10.21037/jtd.2018.12.54

12. Sobin, LH, Gospodarowicz, MK, and Wittekind, C. TNM Classification of Malignant Tumours. 7th ed. New York: Wiley-Blackwell (2010).

13. 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) 240:205–13. doi: 10.1097/01.sla.0000133083.54934.ae

14. Gottlieb-Vedi, E, Kauppila, JH, Malietzis, G, Nilsson, M, Markar, SR, and Lagergren, J. Long-Term Survival in Esophageal Cancer After Minimally Invasive Compared to Open Esophagectomy: A Systematic Review and Meta-Analysis. Ann Surg (2019) 270(6):1005–17. doi: 10.1097/SLA.0000000000003252

15. Yoshida, N, Yamamoto, H, Baba, H, Miyata, H, Watanabe, M, Toh, Y, et al. Can Minimally Invasive Esophagectomy Replace Open Esophagectomy for Esophageal Cancer? Latest Analysis of 24,233 EsophagectomiesFrom the Japanese National Clinical Database. Ann Surg (2020) 272(1):118–24. doi: 10.1097/SLA.0000000000003222

16. Okamura, A, Watanabe, M, Fukudome, I, Yamashita, K, Yuda, M, Hayami, M, et al. Surgical Team Proficiency in Minimally Invasive Esophagectomy is Related to Case Volume and Improves Patient Outcomes. Esophagus (2018) 15(2):115–21. doi: 10.1007/s10388-018-0607-y

17. Oshikiri, T, Yasuda, T, Yamamoto, M, Kanaji, S, Yamashita, K, Matsuda, T, et al. Trainee Competence in Thoracoscopicesophagectomy in the Prone Position: Evaluation Using Cumulative Sum Techniques. Langenbecks Arch Surg (2016) 401(6):797–804. doi: 10.1007/s00423-016-1484-2

18. Mu, JW, Gao, SG, Xue, Q, Mao, YS, Wang, DL, Zhao, J, et al. Updated Experiences With Minimally Invasive McKeown Esophagectomy for Esophageal Cancer. World J Gastroenterol (2015) 21(45):12873–81. doi: 10.3748/wjg.v21.i45.12873

19. Ma, S, Yan, T, Liu, D, Wang, K, Wang, J, Song, J, et al. Minimally Invasive Esophagectomy in the Lateral-Prone Position: Experience of 124 Cases in a Single Center. Thorac Cancer (2018) 9(1):37–43. doi: 10.1111/1759-7714.12524

20. Mao, T, Fang, W, Gu, Z, Guo, X, Ji, C, and Chen, W. Comparison of Perioperative Outcomes Between Open and Minimally Invasive Esophagectomy for Esophageal Cancer. Thorac Cancer (2015) 6(3):303–6. doi: 10.1111/1759-7714.12184

21. Guo, W, Zou, YB, Ma, Z, Niu, HJ, Jiang, YG, Zhao, YP, et al. One Surgeon’s Learning Curve for Video-Assisted Thoracoscopicesophagectomy for Esophageal Cancer With the Patient in Lateral Position: How Many Cases are Needed to Reach Competence? Surg Endosc (2013) 27(4):1346–52. doi: 10.1007/s00464-012-2614-8

22. Lin, J, Kang, M, Chen, C, Lin, R, Zheng, W, Zhug, Y, et al. Thoracolaparoscopyoesophagectomy and Extensive Two-Field Lymphadenectomy for Oesophageal Cancer: Introduction and Teaching of a New Technique in a High-Volume Centre. Eur J Cardiothorac Surg (2013) 43(1):115–21. doi: 10.1093/ejcts/ezs151

23. van Workum, F, Stenstra, MHBC, Berkelmans, GHK, Slaman, AE, van Berge Henegouwen, MI, Gisbertz, SS, et al. Learning Curve and Associated Morbidity of Minimally Invasive Esophagectomy: A Retrospective Multicenter Study. Ann Surg (2019) 269(1):88–94. doi: 10.1097/SLA.0000000000002469

24. Yang, H, Liu, H, Chen, Y, Zhu, C, Fang, W, Yu, Z, et al. Neoadjuvant Chemoradiotherapy Followed by Surgery Versus Surgery Alone for Locally Advanced Squamous Cell Carcinoma of the Esophagus (NEOCRTEC5010): A Phase III Multicenter, Randomized, Open-Label Clinical Trial. J Clin Oncol (2018) 36(27):2796–803. doi: 10.1200/JCO.2018.79.1483

25. Sugimura, K, Miyata, H, Shinno, N, Ushigome, H, Asukai, K, Yanagimoto, Y, et al. Prognostic Factors for Esophageal Squamous Cell Carcinoma Treated With Neoadjuvant Docetaxel/Cisplatin/ 5-Fluorouracil Followed by Surgery. Oncology (2019) 97(6):348–55. doi: 10.1159/000502342



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.

Copyright © 2021 Zhu, Luo, He, Xu, Xu and Zhang. 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/Images/fonc.2021.654674_cover.jpg
’ frontiers
in Oncology

Learning Curve for Lymph Node
Dissection Around the Recurrent
Laryngeal Nerve in McKeown
Minimally Invasive Esophagectomy





OEBPS/Images/fonc-11-654674-g001.jpg
Case 151

N
41 e o 3pou K NS

Casemumber

o v s w98

N1 ot punose
ousassp apou i jo S

" Case 155

Casenumber





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Learning Curve for Lymph Node Dissection Around the Recurrent Laryngeal Nerve in McKeown Minimally Invasive Esophagectomy

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patients

          



          		

            CUSUM and Learning Curve

          



          		

            Surgical Techniques

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Demographic Parameters

          



          		

            Operative Outcomes and Pathological Characteristics

          



          		

            Postoperative Complications

          



        



        



        		

          Discussion

        

          		

            Equations

          



        



        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Exploration period (1272 Adjustment period (1=76)  Stable period (n = 134) 3

Opseaton ma (i) 245(211.25,300) 215(205.265) 205215, 27625 0008
hiracperatie to0d 0ss (m) 10060, 100) 100(100,150) 100550, 100} 081
Rostoro i det tme (o) 87.25,10) 8.9 99,11 <0001
Postoperatv hospial sty (8 12(10,13) 11010, 13) 12(10,14) 0317
Thoracic duct igaton 27679 2501.6) 3246 0.144
Harvested mph nodes. 21932) 28(19.75,3825) <0001
Harvested ymph nodes around the ight ALN 31,5 21,4 0.9 0010°
Havested mph nodes around the eft RLN 30.575 10.4) 219 ootz
Tstage 0126
" 20078 25616 as26.1)

T a25) 12(152) 3526.1)

™ 4380 41651.9) o478)

™ o0 103 o0

N stage 0177

3 3017 232 68507)

N 21292 24004 31231

N 15208) 13(165) 25187

N 6683) o0 107.5)

Painologica stage o127

Stagol 1928.4) 2009 46343

Stago i 14(194) 25616 25187

Stago 3auss) 30080) 530096

Stago v 689 103 107.5)

Data aro erprosec s e = st Gtion, meckan (Ierqartio range, o PUATGr (prcentog.
“rccatos hal hros a sracant Soronco ot 190 0xplovaton poriod and 90 acustmant parod. *PCales hat o s a sfcant Hlranco bowoon tho axpation priod nd
D6 Siatis it Sacibates Bt Bare 8 St alibance basusat i adlosiadt oads iid the st oalit





OEBPS/Images/table3.jpg
Exploration  Adjustment
period (1=72)  period (n=79)

Anastomosis 569) 769
cakage

Hoarseness 811.1) ()
Wound 342 101.9)
rfecton

Proural 342 38
efusion

Preumona 228) 338
Chylothorax. 228) )
prhythmia o0 101.3)
Preumothorax  4(5.6) 00
(CU stay 456) 225
Secondary 101.9) o0
sugery

Death o0 101.9)

Data are expressed as number (percentage).
*Statistically sionifcant.

Stable period
(n=134)

22

219
645

14(10.4)

5.)
322)
22
2
43.0)
219

101.1)

P

0086

<0001°
0441

0102

0926
0362
0425
0086
0548
0558

0646





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/im1.jpg





OEBPS/Images/fonc-11-654674-g002.jpg
Subcarin:

lymph node






OEBPS/Images/M1.jpg





OEBPS/Images/table1.jpg
Exploration  Adjustment ~Stable period

period  period  (n=134)
0=72 (=79
Age ) 64042720 65922790 64912670
Gendir
Mo 60058 6uE0N) 116666
Fomalo %2 1039 18034
BMI (kg/) 21992316 21.96+349 2259£3.15
Fistory of smoking
Yes w7 AMeH 4
No 209 AR HE52)
History of dinking
Yes 42 WY 61AsH)
No us® G 79649
ASA
" 6Ly TS 130003
X 49 46 100
Comortsaiy, n (35)
Hypertension 202 2o 48
Diabetes melitus 342) 7. 762)
Cardovasculr dsease  4(56) 308 %)
Obsructve kg 228 563 430
discaso
Corcbrovascar ) 1019 6s)
dscaso
Historyof thorac o0 109 o0
surgery, n (%)
Neoadjant w2 w2019
chemotherapy, n (%)
Neoadjant o0, 308 2019
diotherapy.n (%)
Neoadiwant o0 o0, 207
mmunoiheray. n 06)
Endoscopc submucosdl  00) 00, 567
dssection, n ()
Histoogical type, n ()
Squamous cel TEss @y 152088
cacoma
Adenocarcnoma 00 1019 2019
Others 1049 46 o0
Tumor location. n %)
Upper 663 46 537
Vidde 2039 FWeH 464
Lower sty swdsn) 83619

ASA, American Sociel of Anesthescbogsts: BM, body mass ndox.
Dataaroexprossed as mean = standard dovaton, mockan (ntorquartio 7nge),or number

bevuriion

P

0278
0252

0276
on

0.408

0.484

067
0.408

0.102

027

o197

0321

0057

o074

0207





