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Introduction: Surgical site infections (SSIs) are one of the most common postoperative complications after appendectomy leading to recurrent surgery, prolonged hospital stay, and the use of antibiotics. Numerous studies and meta-analyses have been published on the effect of open versus conventional laparoscopic appendectomy (CLA) reporting faster postoperative recovery and less postoperative pain for CLA. A development from CLA has been the single-port appendectomy (SPA), associated with a better cosmesis but seemingly having a higher risk of wound infections. The aim of this systematic literature review and meta-analysis is to investigate whether reduced port or SPA alters the ratio of SSIs.



Methods: Pubmed, Embase, and Cochrane databases were screened for suitable articles. All articles published between January 1, 2002, and March 23, 2022, were included. Articles regarding children below the age of 18 were excluded as well as manuscripts that investigated solemnly open appendectomies. Articles were screened for inclusion criteria by two independent authors. Incidence of SSI was the primary outcome. Duration of operation and length of hospital stay were defined as secondary outcomes.



Results: A total of 25 studies were found through a database search describing 5484 patients. A total of 2749 patients received SPA and 2735 received CLA. There was no statistical difference in the rate of SSI (P = 0.98). A total of 22 studies including 4699 patients reported the duration of operation (2223 SPA and 2476 CLA). There was a significantly shorter operation time seen in CLA. The length of hospital stay was reported in 23 studies (4735 patients: 2235 SPA and 2500 CLA). A shorter hospital stay was seen in the SPA group (P < 0.00001). Separately performed analysis of randomized controlled trials could not confirm this effect (P = 0.29).



Discussion: SPA is an equally safe procedure considering SSI compared to CLA and does not lead to an increased risk of SSI. A longer operation time for SPA and a minor difference in the length of stay does lead to the use of SPA in selected patients only.



Keywords: appendicitis, appendectomy, surgical site infection, single-port appendectomy, conventional laparoscopic appendectomy, wound infection, SSI





INTRODUCTION

Acute appendicitis (AA) is one of the most common causes of acute abdominal pain and the most frequent indication of abdominal emergency surgery worldwide (1, 2). AA can be divided into uncomplicated appendicitis i.e., phlegmonous and complicated appendicitis including perforation, abscess, and peritonitis (2).

The current gold standard treatment is appendectomy, in the majority of cases performed laparoscopically. However, antibiotic therapy seems to be an alternative in uncomplicated cases (3–7). In recent years, single-port appendectomy (SPA) using only one incision in or below the umbilicus has become more and more popular (8). It is thought to provide better wound cosmesis and faster recovery compared to conventional laparoscopic appendectomy (CLA) (9, 10). SPA can be performed in different techniques, first, by using designated single ports that have been developed for single-port laparoscopy. These trocars provide three single channels through which the instruments are inserted (11). Second, three conventional trocars can be inserted in or below the umbilicus (12). With this technique, it is important to incision the fascia sparingly and insert each trocar through its own fascial incision to reduce gas efflux (13). Third, self-made single ports have been established using rings, bands, and surgical gloves (14).

Appendectomy, performed open or laparoscopically, are surgical procedures with manageable perioperative risk and low mortality (15). Bleeding, stump insufficiency, or intraabdominal abscess are rather rare complications (16). Surgical site infections (SSIs) appear in up to 9% of appendectomies and therefore present the most frequent complication after appendectomy (15, 17).

According to the Center of Disease Control (CDC), SSI can be divided into superficial incisional surgical site infection, deep incisional site infection, and organ/space surgical site infection (see Table 1) (18, 19).


TABLE 1 | Classification of surgical site infection according to the CDC (Center of Disease Control) (11, 12).
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The aim of this study was to evaluate the influence of SPA on the occurrence of superficial incisional and deep incisional surgical site infection compared to CLA.



METHODS


Study Selection and Search Strategy

PubMed database, Embase database, and Cochrane database were searched on March 23, 2022. Search terms were append* and SSI or surgical site infection or local infection. Studies with available full text in English or German language were included in the analysis. No study type was excluded. Manuscripts that focused on pediatric patients (below the age of 18) were excluded. Outcomes of interest were defined and are listed in Table 2 with the primary outcome being the incidence of SSI.


TABLE 2 | Table of primary and secondary outcomes of interest and inclusion and exclusion criteria.
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Duplicates were removed and articles were first screened by title and abstract and second reviewed in full text for eligibility criteria by two independent reviewers (FK and LR). Disagreement on the eligibility of articles was discussed and solved by consensus.

Additionally, studies used in preexisting meta-analysis were screened and included if full-text screening did not reveal exclusion criteria.

The systematic review and meta-analysis were performed in line with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guidelines. The study selection process is pictured in the PRISMA flowchart (Figure 1) (20).


[image: Figure 1]
FIGURE 1 | Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram of the study identification and selection process (13).


Literature organization was performed using program EndNoteX9, while charts, tables, and statistical analysis were obtained using RevMan5, Prism Graphpad, Microsoft Word, and PowerPoint. The measure of effects was assessed with the odds ratio (OR) and fixed effects model as well as the corresponding 95% confidence interval (CI 95%). Statistical significance was assessed by performing descriptive statistics. Statistical heterogeneity was assessed by calculating the χ2 and I2 tests.



Risk of Bias Assessment

The risk of bias was assessed using the ROBINS-I tool for uncontrolled before-after studies (21), as the minority of studies were randomized controlled trials. Evaluated risks of bias were as follows: bias due to confounding, in the selection of participants in the study, in the classification of intervention, due to deviations from intended interventions, due to missing data, in the measurement of outcome, and in the selection of the reported result as well as the overall risk of bias.

The risk of bias was divided into low, medium, and high risk of bias as well as unclear risk of bias if no information regarding the evaluated risk of bias was available in the study. Detailed risk of bias is listed in Table A1 in the Appendix.

The overall risk of bias assessment revealed a low risk, even in the non-randomized controlled trials.




RESULTS

After removing duplicates, a literature search revealed 2420 studies. Through title and abstract screening, 68 manuscripts were found to be suitable for full-text screening. A total of 13 studies meet the inclusion criteria. Throughout the literature search additionally six meta-analyses were found. By screening the literature that was used to perform these meta-analyses, 12 further studies were identified that met the inclusion criteria. Overall 25 manuscripts were included in the meta-analysis (see Figure 1).


Primary Outcome

The primary outcome was defined as the incidence of SSI. A total of 25 studies were identified that investigated the effect of single-port or reduced-port appendectomy on the incidence of SSI (11–13, 22–44). In two studies (35, 37) both groups did not report any SSIs, therefore OR was not estimable. Overall 5484 patients were included in the analysis. A total of 2749 patients received SPA and 2735 patients CLA. Of the patients treated with SPA 104 developed SSI and 110 patients developed SSI in the CLA group. There was no significant difference in the two groups estimable (P = 0.98) (see Supplementary Figures S2 and S3).

Furthermore, randomized controlled trials were investigated separately. Nine trials were identified through database search (11, 12, 25, 27, 30, 34, 36, 37). The trial by Carter et al. reported no SSIs in both study groups, therefore OR was not estimable (37). Overall 1143 patients were included in the analysis, 554 received SPA and 589 received CLA. A total of 72 patients developed SSI, 27 in the single-port group and 45 in the conventional group. No statistically significant difference was seen between the groups (P = 0.06) (see Supplementary Figures S4 and S5).



Secondary Outcome


Operation Time

Out of the studies that reported the incidence of SSI, 22 studies reported the duration of the performed surgery. Overall 4699 patients were included in the analysis on surgery time, 2223 received SPA and 2476 received CLA. One study did not report the standard deviation; therefore, OR was not estimable (22). There was a significant difference between the two groups with shorter operation time in the CLA group (P < 0.00001) (see Supplementary Figures S6 and S7).

The mean operation time was 53.52 min (SD 13.65) for SPA and 50.83 min (SD 15.75) for CLA.

Looking at randomized controlled trials only, 8 trials were identified that included 931 patients, 465 in the SPA group and 466 in the laparoscopic group. In line with the results of the analysis of all studies, there was a significantly longer surgery time in the single-port group (P < 0.00001) (see Supplementary Figures S8 and S9). The mean operation time was 55.67 min (SD 19.45) in the single-port group and 51.81 min (SD 23.06) in the CLA group.



Hospital Stay

Out of the studies that reported SSI in SPA and CLA, 23 investigated the length of hospital stay. 4735 patients were included in the analysis, 2235 in the single-port group and 2500 in the CLA group. In five studies, information was missing to perform further analysis (22, 27, 28, 38, 41). There was a significant difference between the two groups (P < 0.00001) favoring SPA (see Supplementary Figures S10 and S11). The mean length of stay was 2.93 days (SD 1.28) in the single-port group and 3.05 days (SD 1.17) in the CLA group.

Looking at only randomized controlled trials, there were eight studies found through a database search. Two studies did not provide enough information to perform further analysis (27, 28). Overall 852 patients were analyzed, 428 in the SPA group and 424 in the CLA group. There was no statistical significance in the two groups (P = 0.29) (see Supplementary Figures S12 and S13). The mean length of stay was 2.64 days (SD 0.92) in the single-port group and 2.6 days (SD 0.87) in the CLA group.





DISCUSSION

This systematic literature review and meta-analysis revealed no difference in the incidence of SSI for single-port appendectomy compared to CLA. Operation time was significantly shorter in the CLA group, while hospital length was significantly shorter in the SPA group.

On one hand, the updated guideline of the World Society of Emergency Surgery (WSES) on diagnosis and treatment of AA claims that SPA is equally safe and effective as CLA. On the other hand, the listed study in the guideline revealed longer operation time, higher rates of wound infection, and requirement for higher doses of pain medication while SPA does provide better wound cosmesis. Overall, the updated guideline does not recommend SPA over CLA due to the listed disadvantages (45). This meta-analysis did not investigate the use of pain medication, while first it can confirm longer operation time and second it did not show higher rates of SSI in the SPA group (46). Longer operation times and higher doses of pain medication (while the postoperative pain level did not reveal any difference) are socioeconomic factors that should not be the only aspects to be considered when deciding on one or the other procedure.

Duration of surgery varied broadly between the different studies, with means ranging from 32.6 to 84.8 min for SPA and 29.5 to 89 min in the CLA group. The difference between the means of the two groups is estimated at 3 min. When looking at the studies that had more than 100 patients in every group (23, 28, 42, 47), all of them were single-center studies and surgeries mostly performed by one surgeon. Operation time in these studies ranged from 34 to 43.8 in the SPA group and 29.8 to 42.28 min in the CLA group, which is a shorter duration than the median operation time if looking at all study types. Studies have revealed lower mortality for abdominal surgical procedures in high-volume centers (48) and furthermore a learning curve for laparoscopic skills (49). Therefore, it is likely that surgeons performing higher numbers of appendectomies (SPA and CLA) are able to do these procedures in a shorter duration. This should be considered when deciding between the two surgical procedures, as otherwise this review and meta-analysis were not able to reveal additional disadvantages for SPA compared to CLA and even show a shorter hospital stay for SPA.

A literature search revealed more than 5000 patients to be included through 25 studies in this analysis, which leads to one of the largest meta-analysis on this topic to date. Analyzation of randomized controlled trials and all studies did reveal matching results, except for the length of hospital stay in the overall analysis. Looking at only randomized controlled trials, which did not reveal a difference between SPA and CLA regarding the length of stay, the results of this meta-analysis are in line with the existing meta-analysis (9, 10).

Surgical techniques and instruments used in the studies included in the meta-analysis varied broadly, reaching from self-made incisional ports using surgical gloves to designated single-port trocars. This might be a risk of bias, as the procedure in itself varies and makes comparability difficult. The reason for the use of self-made single ports is mainly the higher costs of manufactured single-port trocars as well as availability in low-income countries (29). Studies investigating the self-made incisional ports reported a low complication rate and good postoperative cosmesis results (23, 43). However, there is still a lack of studies comparing self-made single ports with manufactured single-ports. Especially randomized controlled trials focusing on cost-effectiveness and long-term outcomes are missing. Furthermore, contrary to the suspicion that SPA is associated with higher costs, the study by Goodman et al. revealed no difference in costs between SPA and CLA and Wieck et al. even reported significantly lower costs in the SPA group (50, 51).

In a high-quality meta-analysis by Zaman et al. who solemnly analyzed randomized controlled trials (and included pediatric patients in their analysis), a higher cosmetic score in the SPA group was reported (52). We did not analyze the cosmetic aspect in our analysis on SPA versus CLA, but it seems likely that one incision compared to three incisions results in a better cosmetic score.

This analysis has some limitations. First, all study types were included in the analysis. Therefore, it might be possible that low-quality studies were included in the analysis, which might affect the overall validity of this analysis, so we also performed an analysis on only randomized controlled trials that were found through the literature search. The analysis of randomized controlled trials alone included more than 1400 patients and the results are in line with the ones of the overall analysis except for the length of stay. On the other hand, the risk of bias assessment for all studies revealed rather high quality and low risk of bias for all studies (see Table A1 in the appendix).

The influence of the surgical approach on hospital length of stay does show a statistical significance between the SPA and CLA groups. Nevertheless, the difference does add up to merely 3 h (171 min). Overall, this difference does not seem to be of clinical importance, as most patients are discharged after morning rounds, regardless if surgery took place in the morning or in the afternoon.

The aim of this analysis was to investigate only superficial and deep incisional surgical site infection and exclude deep/organ space infection. A number of studies divided SSI into superficial, deep, and organ/space according to the CDC classification. Some studies reported “wound infection” without further clarification. Therefore, it might be possible that to some extent deep SSIs are included in the analysis and distort the results.

Looking at the length of hospital stay, a limitation might be, that not all studies reported the overall hospital stay but described the postoperative hospital stay instead. We analyzed “postoperative hospital stay” and “hospital stay” under the same category. This might be an explanation for the differing results when analyzing all study types and randomized controlled trials separately and needs to be considered when interpreting the data.



CONCLUSION

SPA seems to be a safe alternative to CLA with equal risk for wound infection. It needs to be considered that SPA takes significantly longer operation time but leads to significantly shorter hospital length of stay, even if the latter is of questionable clinical importance.



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/s.



AUTHOR CONTRIBUTIONS

FK and AW designed the study; FK and LR performed the literature search; FK, AW, and SM performed the analysis; FK, AH, CK, and JFL compiled the graphs; FK, LR, CTG, and AW wrote the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This publication was supported by the Open Access Publication Fund of the University of Wuerzburg.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fsurg.2022.919744/full#supplementary-material.



REFERENCES

1. Snyder MJ, Guthrie M, Cagle S. Acute appendicitis: efficient diagnosis and management. Am Fam Physician. (2018) 98(1):25–33. PMID: 30215950

2. Bhangu A, Søreide K, Di Saverio S, Assarsson JH, Drake FT. Acute appendicitis: modern understanding of pathogenesis, diagnosis, and management. Lancet. (2015) 386(10000):1278–87. doi: 10.1016/S0140-6736(15)00275-5

3. The Coda Collaborative. A randomized trial comparing antibiotics with appendectomy for appendicitis. N Engl J Med. (2020) 383(20):1907–19. doi: 10.1056/NEJMoa2014320

4. Poillucci G, Mortola L, Podda M, Di Saverio S, Casula L, Gerardi C, et al. Laparoscopic appendectomy vs antibiotic therapy for acute appendicitis: a propensity score-matched analysis from a multicenter cohort study. Updates Surg. (2017) 69(4):531–40. doi: 10.1007/s13304-017-0499-8

5. Harnoss JC, Zelienka I, Probst P, Grummich K, Müller-Lantzsch C, Harnoss JM, et al. Antibiotics versus surgical therapy for uncomplicated appendicitis: systematic review and meta-analysis of controlled trials (PROSPERO 2015:CRD42015016882). Ann Surg. (2017) 265(5):889–900. doi: 10.1097/SLA.0000000000002039

6. Wilms IM, de Hoog DE, de Visser DC, Janzing HM. Appendectomy versus antibiotic treatment for acute appendicitis. Cochrane Database Syst Rev. (2011) 11:CD008359. doi: 10.1002/14651858.CD008359.pub2

7. Köhler F, Hendricks A, Kastner C, Müller S, Boerner K, Wagner JC, et al. Laparoscopic appendectomy versus antibiotic treatment for acute appendicitis—a systematic review. Int J Colorectal Dis. (2021) 36(10):2283–6. doi: 10.1007/s00384-021-03927-5

8. St. Peter SD, Adibe OO, Juang D, Sharp SW, Garey CL, Laituri CA, et al. Single incision versus standard 3-port laparoscopic appendectomy: a prospective randomized trial. Ann Surg. (2011) 254(4):586–90. doi: 10.1097/SLA.0b013e31823003b5

9. Feng J, Cui N, Wang Z, Duan J. Bayesian network meta-analysis of the effects of single-incision laparoscopic surgery, conventional laparoscopic appendectomy and open appendectomy for the treatment of acute appendicitis. Exp Ther Med. (2017) 14(6):5908–16. doi: 10.3892/etm.2017.5343

10. Gao J, Li P, Li Q, Tang D, Wang DR. Comparison between single-incision and conventional three-port laparoscopic appendectomy: a meta-analysis from eight RCTs. Int J Colorectal Dis. (2013) 28(10):1319–27. doi: 10.1007/s00384-013-1726-5

11. Ahmed I, Burr J, Castillo M, Collins D, Cook JA, Campbell M, et al. Single port/incision laparoscopic surgery compared with standard three-port laparoscopic surgery for appendicectomy: a randomized controlled trial. Surg Endosc. (2015) 29(1):77–85. doi: 10.1007/s00464-014-3416-y

12. Teoh AYB, Chiu PWY, Wong TCL, Poon MCM, Wong SKH, Leong HT, et al. A double-blinded randomized controlled trial of laparoendoscopic single-site access versus conventional 3-port appendectomy. Ann Surg. (2012) 256(6):909–14. doi: 10.1097/SLA.0b013e3182765fcf

13. Chow A, Purkayastha S, Nehme J, Darzi LA, Paraskeva P. Single incision laparoscopic surgery for appendicectomy: a retrospective comparative analysis. Surg Endosc. (2010) 24(10):2567–74. doi: 10.1007/s00464-010-1004-3

14. Mock K, Lu Y, Friedlander S, Kim DY, Lee SL. Misdiagnosing adult appendicitis: clinical, cost, and socioeconomic implications of negative appendectomy. Am J Surg. (2016) 212(6):1076–82. doi: 10.1016/j.amjsurg.2016.09.005

15. Andrade LAM, Muñoz FYP, Báez MVJ, Collazos SS, de los Angeles Martinez Ferretiz M, Ruiz B, et al. Appendectomy skin closure technique, randomized controlled trial: changing paradigms (ASC). World J Surg. (2016) 40(11):2603–10. doi: 10.1007/s00268-016-3607-x

16. Horvath P, Lange J, Bachmann R, Struller F, Königsrainer A, Zdichavsky M. Comparison of clinical outcome of laparoscopic versus open appendectomy for complicated appendicitis. Surg Endosc. (2017) 31(1):199–205. doi: 10.1007/s00464-016-4957-z

17. Noorit P, Siribumrungwong B, Thakkinstian A. Clinical prediction score for superficial surgical site infection after appendectomy in adults with complicated appendicitis. World J Emerg Surg. (2018) 13(1):1–7. doi: 10.1186/s13017-018-0186-1

18. CDC. Surgical Site Infection Event (SSI). 2022;(January):1–39.

19. Onyekwelu I, Yakkanti R, Protzer L, Pinkston CM, Tucker C, Seligson D. Surgical wound classification and surgical site infections in the orthopaedic patient. JAAOS Glob Res Rev. (2017) 1(3):e022. doi: 10.5435/JAAOSGlobal-D-17-00022

20. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Int J Surg. (2021) 88(105906):1–11. doi: 10.1186/s13643-021-01626-4

21. Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions. BMJ. (2016) 355:4–10. doi: 10.1136/bmj.i4919

22. Kim HO, Yoo CH, Lee SR, Son BH, Park YL, Shin JH, et al. Pain after laparoscopic appendectomy: a comparison of transumbilical single-port and conventional laparoscopic surgery. J Korean Surg Soc. (2012) 82(3):172–8. doi: 10.4174/jkss.2012.82.3.172

23. Kim JH, Kim HY, Park SK, Lee JS, Heo DS, Park SW, et al. Single-incision laparoscopic appendectomy versus conventional laparoscopic appendectomy: experiences from 1208 cases of single-incision laparoscopic appendectomy. Ann Surg. (2015) 262(6):1054–8. doi: 10.1097/SLA.0000000000001064

24. Knott EM, Gasior AC, Holcomb GW, Ostlie DJ, St. Peter SD. Impact of body habitus on single-site laparoscopic appendectomy for nonperforated appendicitis: subset analysis from a prospective, randomized trial. J Laparoendosc Adv Surg Tech. (2012) 22(4):404–7. doi: 10.1089/lap.2012.0056

25. Kye B-H, Lee J, Kim W, Kim D, Lee D. Comparative study between single-incision and three-port laparoscopic appendectomy: a prospective randomized trial. J Laparoendosc Adv Surg Tech. (2013) 23(5):431–6. doi: 10.1089/lap.2012.0284

26. Lee YS, Kim JH, Moon EJ, Kim JJ, Lee KH, Oh SJ, et al. Comparative study on surgical outcomes and operative costs of transumbilical single-port laparoscopic appendectomy versus conventional laparoscopic appendectomy in adult patients. Surg Laparosc Endosc Percutaneous Tech. (2009) 19(6):493–6. doi: 10.1097/SLE.0b013e3181c15493

27. Park JH, Hyun KH, Park CH, Choi SY, Choi WH, Kim DJ, et al. Laparoscopic vs transumbilical single-port laparoscopic appendectomy; Results of prospective randomized trial. J Korean Surg Soc. (2010) 78(4):213–8. doi: 10.4174/jkss.2010.78.4.213

28. Lee WS, Choi ST, Lee JN, Kim KK, Park YH, Lee WK, et al. Single-port laparoscopic appendectomy versus conventional laparoscopic appendectomy: a prospective randomized controlled study. Ann Surg. (2013) 257(2):214–8. doi: 10.1097/SLA.0b013e318273bde4

29. Lee SM, Hwang GS, Lee DS. Single-incision laparoscopic appendectomy using homemade glove port at low cost. J Minim Access Surg. (2016) 12(2):124–8. doi: 10.4103/0972-9941.169979

30. Pan Z, Jiang X-H, Zhou J-H, Ji Z-L. Transumbilical single-incision laparoscopic appendectomy using conventional instruments the single working channel technique. Surg Laparosc Endosc Percutaneous Tech. (2013) 23(2):208–11. doi: 10.1097/SLE.0b013e3182827f5d

31. Park J, Kwak H, Kim SG, Lee S. Single-port laparoscopic appendectomy: comparison with conventional laparoscopic appendectomy. J Laparoendosc Adv Surg Tech. (2012) 22(2):142–5. doi: 10.1089/lap.2011.0253

32. Amos SE, Shuo-Dong W, Fan Y, Tian Y, Chen CC. Single-incision versus conventional three-incision laparoscopic appendectomy: a single centre experience. Surg Today. (2012) 42(6):542–6. doi: 10.1007/s00595-011-0110-8

33. Raakow R, Jacob DA. Initial experience in laparoscopic single-port appendectomy: a pilot study. Dig Surg. (2011) 28(1):74–9. doi: 10.1159/000322921

34. Sozutek A, Colak T, Dirlik M, Ocal K, Turkmenoglu O, Dag A. A prospective randomized comparison of single-port laparoscopic procedure with open and standard 3-port laparoscopic procedures in the treatment of acute appendicitis. Surg Laparosc Endosc Percutaneous Tech. (2013) 23(1):74–8. doi: 10.1097/SLE.0b013e3182754543

35. Vidal Ó, Valentini M, Ginestà C, Martí J, Espert JJ, Benarroch G, et al. Laparoendoscopic single-site surgery appendectomy. Surg Endosc. (2010) 24(3):686–91. doi: 10.1007/s00464-009-0661-6

36. Fatima-Tu-Zahara , Malik S, Ahmad I, Zia MI, Anum S. Outcome of single incision versus conventional laparoscopic appendectomy: a single institute based analysis. Pakistan J Med Heal Sci. 2020;14(4):1219–22.

37. Carter JT, Kaplan JA, Nguyen JN, Lin MYC, Rogers SJ, Harris HW. A prospective, randomized controlled trial of single-incision laparoscopic vs conventional 3-port laparoscopic appendectomy for treatment of acute appendicitis. J Am Coll Surg. (2014) 218(5):950–9. doi: 10.1016/j.jamcollsurg.2013.12.052

38. Ceci F, Orsini S, Tudisco A, Avallone M, Aiuti F, Di Girolamo V, et al. Single-incision laparoscopic appendectomy is comparable to conventional laparoscopic and laparotomic appendectomy: our single center single surgeon experience. G Chir. (2013) 34(7–8):216–9. doi: 10.11138/gchir/2013.34.7.216

39. Cho MS, Min BS, Hong YK, Lee WJ. Single-site versus conventional laparoscopic appendectomy: comparison of short-term operative outcomes. Surg Endosc. (2011) 25(1):36–40. doi: 10.1007/s00464-010-1124-9

40. Choi KW, Park BK, Suh SW, Lee ES, Lee SE, Park JM, et al. Risk factors for additional port insertion in single-port laparoscopic appendectomy. Wideochir I Inne Tech Maloinwazyjne. (2019) 14(2):223–8. doi: 10.5114/wiitm.2018.77714

41. Donmez T, Hut A, Avaroglu H, Uzman S, Yildirim D, Ferahman S, et al. Two-port laparoscopic appendectomy assisted with needle grasper comparison with conventional laparoscopic appendectomy. Ann Surg Treat Res. (2016) 91(2):59–65. doi: 10.4174/astr.2016.91.2.59

42. Jategaonkar PA, Yadav SP. Single site multiport umbilical laparoscopic appendicectomy versus conventional multiport laparoscopic appendicectomy in acute settings. Ann R Coll Surg Engl. (2014) 96(6):452–7. doi: 10.1308/003588414X13946184901641

43. Kang KC, Lee SY, Kang DB, Kim SH, Oh JT, Choi DH, et al. Application of single incision laparoscopic surgery for appendectomies in patients with complicated appendicitis. J Korean Soc Coloproctol. (2010) 26(6):388–94. doi: 10.3393/jksc.2010.26.6.388

44. Lee J, Baek J, Kim W. Laparoscopic transumbilical single-port appendectomy: Initial experience and comparison with 3-port appendectomy. Surg. Laparosc. Endosc. Percutaneous Tech. (2010) 20:100–3. doi: 10.1097/SLE.0b013e31828dacde

45. Di Saverio S, Podda M, De Simone B, Ceresoli M, Augustin G, Gori A, et al. Diagnosis and treatment of acute appendicitis: 2020 update of the WSES Jerusalem guidelines. World J Emerg Surg. (2020) 15(1):1–42. doi: 10.1186/s13017-020-00306-3

46. Xue C, Lin B, Huang Z, Chen Z. Single - incision laparoscopic appendectomy versus conventional 3 - port laparoscopic appendectomy for appendicitis : an updated meta-analysis of randomized controlled trials. Surg Today. (2015) 29:1179–86. doi: 10.1007/s00595-014-1094-y

47. O’Leary DP, Walsh SM, Bolger J, Baban C, Humphreys H, O’Grady S, et al. A randomized clinical trial evaluating the efficacy and quality of life of antibiotic-only treatment of acute uncomplicated appendicitis: results of the COMMA trial. Ann Surg. (2021) 274(2):240–7. doi: 10.1097/SLA.0000000000004785

48. Hendricks A, Diers J, Baum P, Weibel S, Kastner C, Müller S, et al. Systematic review and meta-analysis on volume-outcome relationship of abdominal surgical procedures in Germany. Int J Surg. (2021) 86:24–31. doi: 10.1016/j.ijsu.2020.12.010

49. Laubert T, Esnaashari H, Auerswald P, Höfer A, Thomaschewski M, Bruch HP, et al. Conception of the lübeck toolbox curriculum for basic minimally invasive surgery skills. Langenbeck’s Arch Surg. (2018) 403(2):271–8. doi: 10.1007/s00423-017-1642-1

50. Goodman LF, Lin AC, Sacks MA, McRae JJLH, Radulescu A, Khan FA. Single site versus conventional laparoscopic appendectomy: some pain for no gain? J Surg Res. (2021) 264:321–6. doi: 10.1016/j.jss.2021.03.010

51. Wieck MM, Hamilton NA, Krishnaswami S. A cost and outcome analysis of pediatric single-incision appendectomy. J Surg Res [Internet]. (2016) 203(2):253–7. doi: 10.1016/j.jss.2016.04.033

52. Zaman S, Mohamedahmed AYY, Srinivasan A, Stonelake S, Sillah AK, Hajibandeh S, et al. Single-port laparoscopic appendicectomy versus conventional three-port approach for acute appendicitis: a systematic review, meta-analysis and trial sequential analysis of randomised controlled trials. Surgeon. (2021) 19(6):365–79. doi: 10.1016/j.surge.2021.01.018



APPENDIX


TABLE A1 | Assessment of risk of bias using the ROBINS-I Tool (Risk of Bias in Non-randomized Studies of Intervention).
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