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Table S1: List of included systematic review and meta-analysis included in this systematic review by year of publication. 

 

2020 Country LOE Surgery Type/Theme SR +/- MA Number 2 Year Impact Conclusive 

Nickel Germany IA Gastrointestinal MA 224 35 Yes 

Kuper Canada IA Gastrointestinal MA 792 8 Yes 

Eyck Netherlands III Gastrointestinal MA 1328 N/C Yes 

Yeung United Kingdom III Gastrointestinal MA 10,718 28 Yes 

Zhang Canada III Opioid reduction MA 21,204 12 Yes 

Petrelli Italy III Gastrointestinal MA 3,579 N/C No 

Wang China III Gastrointestinal MA 4,025 N/C Yes 

Blok Netherlands III Gastrointestinal MA 1,894 N/C Yes 

Page Canada III Opioid reduction SR 1,398,182 N/C Yes 

Attaar United States III Cardiothoracic MA 37,118 N/C Yes 

Chowdhury United Kingdom IA Gastrointestinal MA 2,723 N/C Yes 

McCarthy United States III Gastrointestinal MA 653 N/C No 

Zwanenburg Netherlands III Wound complications MA 4,398 N/C Yes 

Syn Singapore III Gastrointestinal MA 3,148 N/C Yes 

Braungart United Kingdom III Gastrointestinal SR 451 N/C No 

Houghton United Kingdom III Vascular MA 62,976 N/C Yes 

Fu Netherlands IA Perioperative management MA 4,968 N/C Yes 

Rizan United Kingdom III Carbon footprint (other) SR N/R N/C No 

2019        

Fernando Canada III Soft tissue MA 5,982 28 Yes 

Mungroop Netherlands IA Gastrointestinal MA 2,059 4 Yes 

Visser Netherlands III Gastrointestinal MA 48,612 15 Yes 

Criss United States I Robotic (other) SR 16,562 3 Yes 

Simons Netherlands III Breast MA 2,217 9 No 

Poorthuis Netherlands III Vascular MA 6,901,162 7 Yes 

Acuna Canada IA Gastrointestinal MA 2,347 16 Yes 

Althoff Germany III Hemovigilance (other) MA 235,779 30 Yes 



Syn Singapore III Gastrointestinal MA 1,621 5 Yes 

Simillis United Kingdom IA Gastrointestinal MA 6,237 17 Yes 

Rollins United Kingdom III Gastrointestinal MA 69,517 22 No 

Li Canada IA Anaesthesia/ Gastrointestinal MA 278 4 Yes 

Adiamah United Kingdom IA Gastrointestinal MA 1,387 17 Yes 

Gottlieb-Vedi Sweden III Gastrointestinal MA 14,592 29 Yes 

Dorcarratto Spain III Gastrointestinal MA 12,817 13 Yes 

Podda Italy III Gastrointestinal MA 3,618 44 No 

2018        

Viosini United States III Gastrointestinal MA 6,511 27 Yes 

Columbo United States III Non-cardiac (other) MA 48,874 13 Yes 

Penna United Kingdom III Gastrointestinal MA 589 13 Yes 

Beger Germany III Gastrointestinal MA 1,295 17 Yes 

Schlottman United States III Gastrointestinal MA 5,834 27 Yes 

Wakaem Canada III Breast MA 1,305 2 No 

Fiore Canada II  Gastrointestinal SR N/R 6 No 

Wang China III Vascular MA 20,903 1 Yes 

Prete Italy IA Gastrointestinal MA 671 22 Yes 

Margonis United States III Gastrointestinal MA 11,147 10 Yes 

Feinberg Canada II  Opioid reduction SR 3,535 25 Yes 

Borgersen Denmark II Simulation SR 18,312 9 Yes 

Childers United States III Cost reduction (other) SR 90,449 6 No 

Simonsen Denmark III Gastrointestinal MA 7,176 20 No 

Pan China III Gastrointestinal MA 1,757 13 Yes 

Liang China III Cardiothoracic MA 7,438 27 Yes 

Dattani United Kingdom III Gastrointestinal SR 692 22 Yes 

2017        

French Australia IA Critical care  MA 2,607 6 No 

Sidhwa United States V Gastrointestinal MA 2,929 8 Yes 

Grant United States IA Gastrointestinal MA 4,142 15 Yes 

Liang United States III Gastrointestinal SR 4,199 20 No 



Simillis United Kingdom III Gastrointestinal MA 19,607 8 Yes 

St John United Kingdom III Breast MA 8,052 18 No 

Fesco Canada III Gastrointestinal MA 6,072 3 No 

Pasquali Italy IA Surgical performance SR 7,775 19 Yes 

Marshall New Zealand IA Gastrointestinal MA 307 10 Yes 

Harnoss Germany III Gastrointestinal MA 2,551 22 Yes 

Lonjon France III Propensity matching (other) SR N/R 8 Yes 

Gou China III Cancer (other) MA 16,366 7 Yes 

Payet France III Long-term outcomes (other) SR 55,830 0 Yes 

Pannucci United States III Perioperative management MA 14,776 14 Yes 

Ferris Canada III Gastrointestinal MA 29,812 21 Yes 

Fisher United States III Gastrointestinal MA 26,446 6 Yes 

Timberlake United States II  Surgical education SR N/R 1 Yes 

Allebas Netherlands III Surgeon welfare MA N/R 11 No 

Alali Canada III Neurosurgery MA 12,366 9 No 

2016        

Chana United Kingdom IV Emergency (other) SR 744,238 6 Yes 

Maret-Ouda Sweden III Gastrointestinal MA 114,218 4 Yes 

Memon Australia IA Gastrointestinal MA 406 10 Yes 

Petrelli Italy II  Gastrointestinal MA 3,584 37 No 

Rollins United Kingdom IA Gastrointestinal MA 2,099 8 Yes 

Gordon-Weeks United Kingdom IV Gastrointestinal MA 1,486 5 Yes 

Hata Japan III Gastrointestinal MA 58,023 17 Yes 

Louridas Canada III Surgical skills/experience SR N/R 1 No 

Switzer Canada IV Academic surgery SR N/R 4 Yes 

O'Connell Ireland II Orthopaedic/Neurosurgical MA 1,677 5 Yes 

Yang China IA Postoperative management MA 1,054 8 Yes 

Markar United Kingdom III Gastrointestinal SR 991 27 No 

Kwakman Netherlands III Gastrointestinal MA 3,036 5 Yes 

Willcutts United States III Gastrointestinal MA 2,112 5 Yes 

Barazanachi New Zealand IA Gastrointestinal MA 1,031 4 Yes 



de Rooji Netherlands III Gastrointestinal MA 1,833 14 Yes 

Cousin France III Gastrointestinal MA 2,692 6 Yes 

Al-Maary Canada II  Paediatric MA 211 9 Yes 

Cullis United Kingdom III Paediatric SR 414 1 Yes 

2015        

Rowland United Kingdom III Gastrointestinal SR 497 7 Yes 

Saleh United States III Cardiovascular/Orthopaedics MA 8,952 2 No 

Jones United Kingdom IA Academic surgery SR N/R 6 No 

Muller-Stich Germany III Gastrointestinal MA 818 21 Yes 

Panunzi Italy III Gastrointestinal MA 94,579 17 Yes 

Fokkema Netherlands III Vascular MA 1,132 3 Yes 

Maruthappu France IV Surgical skills/experience SR 1,061,913 9 Yes 

Matsuda Japan III Gastrointestinal MA 1,006 8 Yes 

Mazaki Japan III Gastrointestinal MA 7,572 4 Yes 

Adie Australia IA Academic surgery SR N/R 1 Yes 

De Brujin Netherlands III Gastrointestinal SR 1,731 4 Yes 

Menaham France IA Gastrointestinal MA 562 21 Yes 

Szasz Canada III Surgical skills/experience SR 2,369 3 No 

Roberts Canada IV Cardiothoracic SR 466 7 Yes 

Kwon Korea III Gastrointestinal MA 3,361 1 No 

Collaud Canada V Cardiothoracic SR 135 3 Yes 

Vetter Switzerland V Perioperative management MA 3,549 5 No 

Siminas United Kingdom IV Paediatric SR 1,157 5 No 

2014        

Gronkjaer Denmark III Postoperative complications MA 533,602 4 Yes 

Kim Korea III Gastrointestinal MA 1,373 14 Yes 

Dawe Australia II  Simulation SR N/R 11 No 

Sharma New Zealand III Gastrointestinal MA 1,970 11 Yes 

Findlay United Kingdom III Gastrointestinal SR 910 5 Yes 

Almenawer Canada III Neurosurgery MA 34,829 9 Yes 

Reames United States III Epidemiology (other) SR N/R 9 Yes 



Howell United Kingdom III Postoperative complications SR 7,802,423 7 No 

Lee United States III Gastrointestinal SR N/R 7 No 

UKNSRC United Kingdom III Gastrointestinal MA 2,510 5 Yes 

Ahmed Canada III Surgeon welfare SR N/R 20 Yes 

Popping Germany IA Perioperative management MA 9,044 14 Yes 

Li China II Gastrointestinal MA 1,315 3 Yes 

Harrysson United States IV Gastrointestinal SR N/R 11 No 

O'Callaghan United Kingdom IA Transplant  MA 1,619 2 Yes 

Foster United Kingdom IA Gastrointestinal MA 5,857 2 No 

Orri France V Surgeon welfare MA N/R 4 Yes 

Bouras United Kingdom III Gastrointestinal MA 57,058 4 Yes 

Fayanju United States IV Breast MA 12,978 10 Yes 

2013        

Yin China II Gastrointestinal MA 956 8 Yes 

O'Brien Australia III Gastrointestinal MA 3,227 43 Yes 

Lin Japan IV Gastrointestinal SR 2,278 18 Yes 

Pairkh United States III Gastrointestinal MA 9,991 29 Yes 

Honda Japan IA Gastrointestinal MA 1,407 11 Yes 

Houssami Australia III Breast MA 3,112 15 Yes 

Zendejas Canada III Surgical skills/simulation SR 7,138 10 Yes 

Halaou Netherlands III Breast SR 1,343 8 Yes 

Roberts Canada III Neurosurgery MA 5,704 3 Yes 

Broeders Australia IA Gastrointestinal MA 458 13 Yes 

Knops Netherlands III 

Patient decision making 

(other) 

MA 2,674 9 

Yes 

Chang New Zealand IA Postoperative complications MA 6,979 4 Yes 

Berqvist Sweden V Vascular SR 231 8 No 

Russ United Kingdom II  Perioperative care SR N/R 7 No 

Adie Australia IA Academic surgery SR N/R 4 Yes 

Acedillo Canada III Postoperative complications MA 679,173 2 No 

Leinicke United States III Cardiothoracic MA 538 7 Yes 



Eliasen Denmark III Postoperative complications MA 1,234,019 4 Yes 

Teraa Netherlands IA Vascular MA 510 8 No 

Schoenberg Germany II Gastrointestinal MA 590 8 Yes 

2012        

Verschurr-Maes Netherlands III Breast SR 1,672 2 No 

Maniko United States IV Gastrointestinal SR N/R 14 Yes 

Lehman Switzerland III Gastrointestinal SR N/R 14 Yes 

Vinuela United States I Gastrointestinal MA 3,055 15 Yes 

Guo United States IA Palliative (other) MA 1,332 2 Yes 

Blencowe United Kingdom III Gastrointestinal SR 57,299 9 No 

Maniko United States III Gastrointestinal SR 378 12 Yes 

Talat United Kingdom V Soft tissue  SR 278 10 Yes 

Hansson Netherlands III Gastrointestinal SR 733 13 Yes 

Chang New Zealand IA Postoperative complications MA 836 3 No 

van Baal Netherlands III Gastrointestinal MA 7,161 6 Yes 

O'Reilly Ireland IA Gastrointestinal SR 998 12 Yes 

Gheorghe United Kingdom III Postoperative complications SR 1,933 8 No 

Venkat United States III Gastrointestinal MA 1,814 22 Yes 

Marimutha United Kingdom IA Gastrointestinal MA 2,496 9 Yes 

Sorenson Denmark IV Postoperative complications SR N/R 11 Yes 

Zevin  Canada IV Gastrointestinal SR 458,032 5 No 

Zeng China III Gastrointestinal MA 3,411 16 No 

Edwards Canada IA Postoperative complications MA 1,008 11 Yes 

Acheson United Kingdom III Gastrointestinal MA 20,795 14 Yes 

Warshckow Switzerland III Gastrointestinal MA 1,832 9 Yes 

Borchard Austria III Perioperative care SR N/R 9 Yes 

Shabanzedeh Denmark III Gastrointestinal MA 58,755 7 Yes 

Rahbour United Kingdom IA Gastrointestinal MA 288 3 Yes 

Kao United States IA Perioperative care MA 4,778 3 No 

2011        

Ahmad Ireland IA Perioperative care MA 3,122 2 Yes 



Thakur Canada IA Gastrointestinal MA 1,460 4 No 

Jay United States III Transplant MA 4,944 9 Yes 

Groenveld Netherlands III Perioperative care SR 42,806 12 Yes 

Pontiroli Italy IA Gastrointestinal MA 44,022 17 Yes 

Patel Canada III Gastrointestinal SR 440 6 No 

Mirnaezami United Kingdom III Gastrointestinal MA 21,902 12 Yes 

Memon Australia IA Gastrointestinal MA 1,876 6 Yes 

Broeders Netherlands IA Gastrointestinal MA 690 3 Yes 

Mertz Canada IA Cardiothoracic MA 7,893 2 No 

Srinivasa New Zealand IA Gastrointestinal MA 439 3 Yes 

Dhir United States III Gastrointestinal MA 4,821 7 Yes 

Houmossi Australia III Breast MA 6,166 5 Yes 

Mollberg Germany III Gastrointestinal MA 2,609 14 Yes 

Boshier United Kingdom III Gastrointestinal MA 5,905 11 No 

LOE; level of evidence, SR; systematic review, MA; meta-analysis, N/C; not calculable, N/R; not reported/recorded. 



Table S2: Correlations between study characteristics and the conclusiveness of systematic review and meta-analyses published in the Annals of 

Surgery which were included in the current study.  

Parameter Number (%) Number that are 

Conclusive (%) 

P-value

Country 

- United States 30 (16.1%) 23 (76.7%) 0.971, χ2 

- United Kingdom 35 (18.8%) 22 (62.9%) 

- Switzerland 3 (1.6%) 2 (66.7%) 

- Sweden 3 (1.6%) 2 (66.7%) 

- Spain 1 (0.5%) 1 (100.0%) 

- Singapore 2 (1.1%) 2 (100.0%) 

- New Zealand 6 (3.2%) 5 (83.3%) 

- Netherlands 21 (11.3%) 17 (81.0%) 

- Korea 2 (1.1%) 1 (50.0%) 

- Japan 5 (2.7%) 5 (100.0%) 

- Italy 7 (3.8%) 4 (57.1%) 

- Ireland 3 (1.6%) 3 (100.0%) 

- Germany 8 (4.3%) 8 (100.0%) 

- France 6 (3.2%) 6 (100.0%) 

- Denmark 6 (3.2%) 5 (83.3%) 

- China 9 (4.8%) 8 (88.9%) 

- Canada 28 (15.1%) 17 (60.7%) 

- Austria 1 (0.5%) 1 (100.0%) 

- Australia 10 (5.4%) 8 (80.0%) 

Region 

- North America 58 (31.2%) 40 (69.0%) 0.416, χ2 

- Europe 94 (50.5%) 71 (75.5%) 

- Australia/New Zealand 16 (8.6%) 13 (81.3%) 

- Asia 18 (9.7%) 16 (88.9%) 

Level of Evidence 



- Level 1 45 (21.2%) 37 (82.2%) 0.342, χ2

- Level 2 12 (6.5%) 8 (66.7%) 

- Level 3 111 (59.7%) 82(73.9%) 

- Level 4 12 (6.5%) 9 (75.0%) 

- Level 5 6 (3.2%) 4 (66.7%) 

Level of Evidence 

- High Level of Evidence 57 (30.7%) 45 (78.9%) 0.465, † 

- Low Level of Evidence 129 (69.3%) 94 (72.9%) 

Type of Surgery / Topic 

- Academic 4 3 (75.0%) 0.736, χ2 

- Breast 8 4 (50.0%) 

- Other 14 11 (78.6%) 

- Cardiothoracic 7 5 (71.4%) 

- GI/General 103 82 (79.6%) 

- Neurosurgery 3 2 (66.7%) 

- Opioid Crisis 3 3 (100.0%) 

- Paediatric 3 2 (66.7%) 

- Perioperative management 9 6 (66.7%) 

- Postoperative management 11 7 (63.6%) 

- Simulation 3 2 (66.7%) 

- Soft Tissue 2 2 (100.0%) 

- Surgical welfare 3 2 (66.7%) 

- Surgical Education 5 3 (60.0%) 

- Transplant 2 2 (100.0%) 

- Vascular 6 4 (66.7%) 

Study Type 

- Systematic Review 55 (29.6%) 34 (61.8%) 0.009, † 

- Meta-Analysis 131 (70.4%) 106 (80.9%) 

Two-year Impact Factor 

- Conclusive Mean (+/- SD) 9.40 (+/- 9.35) 0.251, ‡ 

- Inconclusive Mean (+/- SD) 11.10 +/- 7.93 



GI; gastrointestinal, mgt; management, SD; standard deviation. 

χ2 denotes Chi-Square test. 

† denotes Fisher’s Exact test. 

‡ denotes Independent samples T-test. 



Table S3: Correlations between study characteristics based on subgroups and the conclusiveness of systematic review and meta-analyses 

published in the Annals of Surgery which were included in the current study.  

Parameter Number of 

Inconclusive 

Studies (%) 

Number of 

Conclusive 

studies (%) 

P-value

Region - LOE 

North America 

- Level 1 3 8 0.873, χ2 

- Level 2 1 3 

- Level 3 12 23 

- Level 4 2 4 

- Level 5 0 2 

Europe 

- Level 1 3 18 0.505, χ2 

- Level 2 2 3 

- Level 3 15 44 

- Level 4 1 4 

- Level 5 2 2 

Australia/New Zealand 

- Level 1 2 9 0.072, χ2 

- Level 2 1 0 

- Level 3 0 4 

Asia 

- Level 1 0 2 0.834, χ2 

- Level 2 0 2 

- Level 3 2 11 

- Level 4 0 1 

Region – Surgical Speciality 

North America 

- Academic 0 1 0.923, χ2 



- Breast 1 1 

- Other 1 4 

- Cardiothoracic 2 4 

- GI/General 9 17 

- Neurosurgery 1 2 

- Opioid Crisis 0 3 

- Paediatric 0 1 

- Perioperative management 1 1 

- Postoperative management 1 1 

- Simulation 0 1 

- Soft Tissue 0 1 

- Surgical welfare 0 1 

- Surgical Education 2 1 

- Transplant 0 1 

Europe 

- Academic 1 0 0.289, χ2 

- Breast 3 1 

- Other 1 6 

- GI/General 10 45 

- Paediatric 1 1 

- Perioperative management 2 5 

- Postoperative management 2 4 

- Simulation 0 1 

- Soft Tissue 0 1 

- Surgical welfare 1 1 

- Surgical Education 0 2 

- Transplant 0 1 

- Vascular 2 3 

Australia/New Zealand 

- Academic 0 2 0.026, χ2 

- Breast 0 2 



- Other 1 0 

- GI/General 0 8 

- Postoperative management 1 1 

- Simulation 1 0 

Asia 

- Other 0 1 0.958, χ2 

- Cardiothoracic 0 1 

- GI/General 2 12 

- Postoperative management 0 1 

- Vascular 0 1 

Region –Study Type 

North America 

- Systematic review 9 12 0.237, † 

- Meta-Analysis 9 28 

Europe 

- Systematic review 11 19 0.074, † 

- Meta-Analysis 12 52 

Australia/New Zealand 

- Systematic review 1 2 0.489, † 

- Meta-Analysis 2 11 

Asia 

- Systematic review 0 1 1.000, † 

- Meta-Analysis 2 15 

LOE – Surgical Speciality 

Level I 

- Academic 1 2 0.114, χ2 

- Other 1 2 

- Cardiothoracic 1 0 

- GI/General 2 25 

- Perioperative management 1 3 

- Postoperative management 1 3 



- Surgical Education 0 1 

- Transplant 0 1 

- Vascular 1 0 

Level II 

- Other 0 1 0.629, χ2 

- GI/General 2 3 

- Opioid Crisis 0 1 

- Paediatric 0 1 

- Perioperative management 1 0 

- Simulation 1 1 

- Surgical Education 0 1 

Level III 

- Breast 4 3 0.280, χ2 

- Other 2 7 

- Cardiothoracic 1 3 

- GI/General 15 50 

- Neurosurgery 1 2 

- Opioid Crisis 0 2 

- Paediatric 0 1 

- Perioperative management 0 3 

- Postoperative management 3 3 

- Simulation 0 1 

- Soft Tissue 0 1 

- Surgical welfare 1 1 

- Surgical Education 2 0 

- Transplant 0 1 

- Vascular 0 4 

Level IV 

- Academic 0 1 0.587, χ2 

- Breast 0 1 

- Other 0 1 



- Cardiothoracic 0 1 

- GI/General 2 3 

- Paediatric 0 1 

- Postoperative management 0 1 

- Surgical Education 0 1 

Level V 

- Cardiothoracic 0 1 0.306, χ2 

- GI/General 0 1 

- Perioperative management 1 0 

- Soft Tissue 0 1 

- Surgical welfare 0 1 

- Vascular 1 0 

LOE –Study Type 

Level I 

- Systematic review 1 5 1.000, † 

- Meta-Analysis 7 32 

Level II 

- Systematic review 3 3 0.545, † 

- Meta-Analysis 1 5 

Level III 

- Systematic review 13 17 0.016, † 

- Meta-Analysis 16 65 

Level IV 

- Systematic review 3 7 1.000, † 

- Meta-Analysis 0 2 

Level V 

- Systematic review 1 2 1.000, † 

- Meta-Analysis 1 2 

Study Type - Surgical Speciality 

Systematic Review 

- Academic 1 3 0.850, χ2 



- Breast 1 1 

- Other 2 5 

- Cardiothoracic 0 2 

- GI/General 9 10 

- Opioid Crisis 0 2 

- Paediatric 1 1 

- Perioperative management 1 2 

- Postoperative management 2 1 

- Simulation 1 2 

- Soft Tissue 0 1 

- Surgical welfare 0 1 

- Surgical Education 2 3 

- Vascular 1 0 

Meta-Analysis 

- Breast 3 3 0.592, χ2 

- Other 1 6 

- Cardiothoracic 2 3 

- GI/General 12 72 

- Neurosurgery 1 2 

- Opioid Crisis 0 1 

- Paediatric 0 1 

- Perioperative management 2 4 

- Postoperative management 2 6 

- Soft Tissue 0 1 

- Surgical welfare 1 1 

- Transplant 0 2 

- Vascular 1 4 

LOE; level of evidence, GI; gastrointestinal 
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