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Appendix A: Online educational modules  
 

Modules overview and overarching curriculum 
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Front page welcome screen 
 

 

 

 
Module 1 – example of module stem screen 
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Principles of staplers and device specific education  
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Human factors and team dynamics training 
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Appendix B: ESCP Safe Anastomosis checklist 
 

Name 

  S
ti
c
k
e
r 

 

Date of Birth 

Hospital no 

  

ESCP SAFE ANASTOMOSIS CHECKLIST 
 

 

Step 1: Are there any concerns from the anaesthetist or theatre team?                             

Such as: 
 Haemodynamic instability 
 Blood loss or transfusion 
 Unexpected prolonged operation (>4 hours)  

Step 2: Does the surgical team feel it is appropriate to proceed to 
anastomosis?            
What was the calculated pre-operative risk of anastomotic leak? 
http://www.anastomoticleak.com 
 
Are there any unforeseen intra-operative complications that could increase the risk, such 
as: 
 Contamination of the operative field 
 Technical challenges 

 

 If yes to anastomosis… 

Step 3: What type of anastomosis is planned?     

Consider if there any factors that might limit the safety of a stapled anastomosis, such 
as bowel oedema or inflammation 

 Stapled  Handsewn 

Consider: 
 What configuration is planned? 
 What instruments are required?  
 What stapler size is required?   
 How will you test the anastomosis? 

Consider: 
 What configuration is planned? 
 What type of sutures are required? 
 Interrupted or continuous? 
 How will you test the anastomosis? 

Completed by: Role Name 

 Date Signature 

PLEASE FILE THIS COMPLETED DOCUMENT IN THE PATIENT’S MEDICAL 

RECORDS 
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Appendix C: Definitions and additional links 
 
Classification of surgical wounds1  
 
Clean — an incision in which no inflammation is encountered in a surgical procedure, without a break 
in sterile technique, and during which the respiratory, alimentary, and genitourinary tracts are not 
entered. 
Clean-contaminated — an incision through which the respiratory, alimentary, or genitourinary tract is 
entered under controlled conditions but with no contamination encountered. 
Contaminated — an incision undertaken during an operation in which there is a major break in sterile 
technique or gross spillage from the gastrointestinal tract, or an incision in which acute, non-purulent 
inflammation is encountered. Open traumatic wounds that are more than 12–24 hours old also fall into 
this category. 
Dirty or infected — an incision undertaken during an operation in which the viscera are perforated or 
when acute inflammation with pus is encountered during the operation (for example, emergency 
surgery for faecal peritonitis), and for traumatic wounds where treatment is delayed, and there is 
faecal contamination or devitalised tissue present. 
 
1. Center for Disease Control - National Healthcare Safety Network. Surgical site infection events 

(SSI). Accessed 03/07/2023, 2023. https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf 
 

 

 
World Bank income group classification: fiscal year 20232 
 
Gross national income per capita, calculated using the World Bank Atlas method: 
Low-income economies     $1,085 or less in 2021 
Lower middle-income economies  $1,086 to $4,255 
Upper middle-income    $4,256 to $13,205 
High-income economies   $13,205 or more 
 
2. World Bank Income Group. World Bank income group classification: fiscal year 2023. Accessed 03/07/2023, 

2023. https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-
groups 

 
 

Clinical anastomotic leak 
 
An anastomotic leak diagnosed clinically by the local surgical team, without any formal imaging or 
scans. The parameters were left to the discretion and normal practices of the local team.  
 
 

EAGLE trial patient inclusion criteria3: 
 
• Adults ≥18 years of age. 
• Right colectomy, defined as any colonic transection with the distal resection margin proximal to the 
splenic flexure. 
• Procedures for any pathology (benign or malignant), via any operative approach (open, 
laparoscopic, robotic or converted). 
• Patients undergoing elective (during a planned admission), expedited or emergency surgery (during 
an unplanned admission). 
• Patients undergoing colectomy and a synchronous procedure on a different organ e.g. hepatic 
metastatectomy. 
 

Patient exclusion criteria: 
• Patients undergoing more than one gastrointestinal anastomosis during the index operation. 
• In Crohn's disease, additional upstream strictureplasty or resection/anastomosis to treat disease or 
strictures at the same operation. 
• Patients undergoing concurrent hyperthermic intra-peritoneal chemotherapy (HIPEC) and/or 
cytoreductive surgery. 

https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
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• Individual patients should only be included in EAGLE once. Following the index EAGLE study 
procedure, patients undergoing further operative treatment within the study window should not have 
repeated entries created. 
 
3. ESCP Eagle Safe Anastomosis Collaborative. ESCP Safe Anastomosis ProGramme in CoLorectal SurgEry 

(EAGLE): Study protocol for an international cluster randomised trial of a quality improvement intervention to 
reduce anastomotic leak following right colectomy. Colorectal Dis. Oct 2021;23(10):2761-2771. 
doi:10.1111/codi.15806 

 

 
Link to example of an investigator’s webinar: 
 

https://www.youtube.com/watch?v=EEpwDIgbmu0 (from 5th June 2023) 
  

https://www.youtube.com/watch?v=EEpwDIgbmu0
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Appendix D: Supplementary Figures and Tables 
 

Baseline characteristics  
 

Supplemental Table 1: Patient and operative factors by region 
 

Factors Levels 
Africa 
(n=187) 

Asia 
(n=468) 

Europe 
(n=2554) 

Oceania 
(n=33) 

South America 
(n=222) 

Body mass 
index >30 

No 145 (77.5%) 419 (90.5%) 1988 (78.4%) 22 (66.7%) 167 (76.3%) 

Yes 42 (22.5%) 44 (9.5%) 549 (21.6%) 11 (33.3%) 52 (23.7%) 

Pre-operative 
total protein 
level (g/dL) 

<=4 56 (30.9%) 27 (6.3%) 143 (6.2%) 0 (0.0%) 4 (1.9%) 

4.5 – 5.5 44 (24.3%) 84 (19.6%) 515 (22.5%) 2 (6.5%) 40 (19.1%) 

6.0 – 7.5 71 (39.2%) 275 (64.1%) 1544 (67.4%) 28 (90.3%) 161 (77.0%) 

>=8 10 (5.5%) 43 (10.0%) 88 (3.8%) 1 (3.2%) 4 (1.9%) 

Oral anti-
coagulants 

No 172 (92.0%) 426 (91.2%) 2098 (82.6%) 30 (90.9%) 202 (92.2%) 

Yes 15 (8.0%) 41 (8.8%) 443 (17.4%) 3 (9.1%) 17 (7.8%) 

Timing of 
surgery 

Elective (planned) 83 (53.2%) 291 (69.8%) 1814 (78.7%) 15 (60.0%) 153 (81.0%) 

Emergency 
(unplanned) 

73 (46.8%) 126 (30.2%) 490 (21.3%) 10 (40.0%) 36 (19.0%) 

Indication for 
surgery 

Malignancy 111 (60.0%) 339 (72.6%) 2030 (79.8%) 26 (81.3%) 186 (84.9%) 

Inflammatory bowel 
disease 

30 (16.2%) 19 (4.1%) 233 (9.2%) 2 (6.3%) 1 (0.5%) 

Other 44 (23.8%) 109 (23.3%) 281 (11.0%) 4 (12.4%) 32 (14.6%) 

Missing 2 1 10 1 3 

 
 
 



12 
 

Supplementary Table 2a): Stratification variables of hospitals by batch in sequence 1. Percentage (%) represented down columns. 
 
 

Factor Levels 

Batch 

Total 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Beds <500 3 (37.5) 5 (45.5) 4 (40.0) 4 (50.0) 2 (33.3) 3 (42.9) 3 (37.5) 3 (37.5) 2 (28.6) 5 (62.5) 1 (20.0) 2 (33.3) 4 (50.0) 4 (57.1) 4 (66.7) 4 (57.1) 53 (44.2) 

 ≥500 5 (62.5) 6 (54.5) 6 (60.0) 4 (50.0) 4 (66.7) 4 (57.1) 5 (62.5) 5 (62.5) 5 (71.4) 3 (37.5) 4 (80.0) 4 (66.7) 4 (50.0) 3 (42.9) 2 (33.3) 3 (42.9) 67 (55.8) 

Referral 
hospital 

Yes 6 (75.0) 8 (72.7) 7 (70.0) 7 (87.5) 4 (66.7) 6 (85.7) 5 (62.5) 6 (75.0) 6 (85.7) 7 (87.5) 4 (80.0) 6 (100.0) 7 (87.5) 7 (100.0) 5 (83.3) 5 (71.4) 96 (80.0) 

 No 2 (25.0) 3 (27.3) 3 (30.0) 1 (12.5) 2 (33.3) 1 (14.3) 3 (37.5) 2 (25.0) 1 (14.3) 1 (12.5) 1 (20.0) 0 (0.0) 1 (12.5) 0 (0.0) 1 (16.7) 2 (28.6) 24 (20.0) 

Region Africa 0 (0.0) 1 (9.1) 1 (10.0) 1 (12.5) 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 0 (0.0) 1 (12.5) 1 (20.0) 1 (16.7) 0 (0.0) 1 (14.3) 0 (0.0) 0 (0.0) 8 (6.7) 

 Asia 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 4 (57.1) 4 (50.0) 3 (37.5) 3 (42.9) 2 (25.0) 2 (40.0) 0 (0.0) 2 (25.0) 0 (0.0) 1 (16.7) 1 (14.3) 23 (19.2) 

 Europe 8 (100.0) 9 (81.8) 9 (90.0) 7 (87.5) 5 (83.3) 3 (42.9) 3 (37.5) 4 (50.0) 2 (28.6) 4 (50.0) 1 (20.0) 4 (66.7) 4 (50.0) 4 (57.1) 4 (66.7) 5 (71.4) 76 (63.3) 

 South America 0 (0.0) 1 (9.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.5) 2 (28.6) 1 (12.5) 1 (20.0) 1 (16.7) 2 (25.0) 1 (14.3) 0 (0.0) 1 (14.3) 11 (9.2) 

 Oceania 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (14.3) 1 (16.7) 0 (0.0) 2 (1.7) 

Country 
income 

Low 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (14.3) 2 (25.0) 0 (0.0) 0 (0.0) 1 (12.5) 1 (20.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5 (4.2) 

 Middle 2 (25.0) 5 (45.5) 2 (20.0) 3 (37.5) 2 (33.3) 2 (28.6) 3 (37.5) 2 (25.0) 5 (71.4) 3 (37.5) 2 (40.0) 6 (100.0) 6 (75.0) 2 (28.6) 2 (33.3) 2 (28.6) 49 (40.8) 

 High 6 (75.0) 6 (54.5) 8 (80.0) 5 (62.5) 4 (66.7) 4 (57.1) 3 (37.5) 6 (75.0) 2 (28.6) 4 (50.0) 2 (40.0) 0 (0.0) 2 (25.0) 5 (71.4) 4 (66.7) 5 (71.4) 66 (55.0) 

 
  



13 
 

Supplementary Table 2b): Stratification variables of hospitals by batch in sequence 2. Percentage (%) represented down columns. 
 

Factor Levels 

Batch 

Total 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Beds <500 5 (41.7) 0 (0.0) 3 (33.3) 5 (62.5) 4 (50.0) 3 (42.9) 3 (60.0) 4 (57.1) 1 (14.3) 4 (57.1) 3 (42.9) 4 (50.0) 4 (50.0) 1 (16.7) 3 (50.0) 2 (33.3) 49 (42.6) 

 ≥500 7 (58.3) 4 (100.0) 6 (66.7) 3 (37.5) 4 (50.0) 4 (57.1) 2 (40.0) 3 (42.9) 6 (85.7) 3 (42.9) 4 (57.1) 4 (50.0) 4 (50.0) 5 (83.3) 3 (50.0) 4 (66.7) 66 (57.4) 

Referral 
hospital 

Yes 9 (75.0) 2 (50.0) 7 (77.8) 6 (75.0) 6 (75.0) 5 (71.4) 3 (60.0) 7 (100.0) 6 (85.7) 7 (100.0) 6 (85.7) 7 (87.5) 7 (87.5) 4 (66.7) 5 (83.3) 4 (66.7) 91 (79.1) 

 No 3 (25.0) 2 (50.0) 2 (22.2) 2 (25.0) 2 (25.0) 2 (28.6) 2 (40.0) 0 (0.0) 1 (14.3) 0 (0.0) 1 (14.3) 1 (12.5) 1 (12.5) 2 (33.3) 1 (16.7) 2 (33.3) 24 (20.9) 

Region Africa 1 (8.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (14.3) 1 (20.0) 2 (28.6) 0 (0.0) 1 (14.3) 2 (28.6) 1 (12.5) 2 (25.0) 1 (16.7) 0 (0.0) 0 (0.0) 12 (10.4) 

 Asia 0 (0.0) 0 (0.0) 1 (11.1) 1 (12.5) 0 (0.0) 1 (14.3) 3 (60.0) 1 (14.3) 2 (28.6) 1 (14.3) 1 (14.3) 2 (25.0) 2 (25.0) 1 (16.7) 3 (50.0) 1 (16.7) 20 (17.4) 

 Europe 11 (91.7) 4 (100.0) 8 (88.9) 7 (87.5) 8 (100.0) 5 (71.4) 1 (20.0) 4 (57.1) 2 (28.6) 2 (28.6) 4 (57.1) 4 (50.0) 3 (37.5) 3 (50.0) 2 (33.3) 5 (83.3) 73 (63.5) 

 South America 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (42.9) 3 (42.9) 0 (0.0) 1 (12.5) 1 (12.5) 1 (16.7) 1 (16.7) 0 (0.0) 10 (8.7) 

 Oceania 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Country 
income 

Low 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (14.3) 2 (40.0) 0 (0.0) 0 (0.0) 1 (14.3) 2 (28.6) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 7 (6.1) 

 Middle 3 (25.0) 1 (25.0) 1 (11.1) 1 (12.5) 2 (25.0) 1 (14.3) 1 (20.0) 3 (42.9) 5 (71.4) 4 (57.1) 2 (28.6) 4 (50.0) 5 (62.5) 2 (33.3) 1 (16.7) 1 (16.7) 37 (32.2) 

 High 9 (75.0) 3 (75.0) 8 (88.9) 7 (87.5) 6 (75.0) 5 (71.4) 2 (40.0) 4 (57.1) 2 (28.6) 2 (28.6) 3 (42.9) 4 (50.0) 3 (37.5) 4 (66.7) 4 (66.7) 5 (83.3) 71 (61.7) 
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Supplementary Table 2c): Stratification variables of hospitals by batch in sequence 3. Percentage in brackets (%) represented down columns. 
 

Factor Levels 

Batch 

Total 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Beds <500 6 (35.3) 2 (100.0) 3 (37.5) 4 (50.0) 3 (37.5) 3 (50.0) 3 (37.5) 5 (55.6) 2 (33.3) 4 (66.7) 3 (50.0) 4 (50.0) 5 (62.5) 3 (42.9) 3 (50.0) 3 (42.9) 56 (46.7) 

 ≥500 11 (64.7) 0 (0.0) 5 (62.5) 4 (50.0) 5 (62.5) 3 (50.0) 5 (62.5) 4 (44.4) 4 (66.7) 2 (33.3) 3 (50.0) 4 (50.0) 3 (37.5) 4 (57.1) 3 (50.0) 4 (57.1) 64 (53.3) 

Referral 
hospital 

Yes 12 (70.6) 1 (50.0) 6 (75.0) 7 (87.5) 6 (75.0) 5 (83.3) 6 (75.0) 5 (55.6) 5 (83.3) 4 (66.7) 6 (100.0) 6 (75.0) 7 (87.5) 6 (85.7) 4 (66.7) 4 (57.1) 90 (75.0) 

 No 5 (29.4) 1 (50.0) 2 (25.0) 1 (12.5) 2 (25.0) 1 (16.7) 2 (25.0) 4 (44.4) 1 (16.7) 2 (33.3) 0 (0.0) 2 (25.0) 1 (12.5) 1 (14.3) 2 (33.3) 3 (42.9) 30 (25.0) 

Region Africa 1 (5.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 1 (12.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (37.5) 0 (0.0) 1 (14.3) 0 (0.0) 0 (0.0) 7 (5.8) 

 Asia 0 (0.0) 0 (0.0) 0 (0.0) 2 (25.0) 0 (0.0) 1 (16.7) 3 (37.5) 2 (22.2) 2 (33.3) 1 (16.7) 1 (16.7) 0 (0.0) 2 (25.0) 1 (14.3) 1 (16.7) 2 (28.6) 18 (15.0) 

 Europe 16 (94.1) 2 (100.0) 8 (100.0) 5 (62.5) 8 (100.0) 4 (66.7) 4 (50.0) 7 (77.8) 3 (50.0) 2 (33.3) 1 (16.7) 3 (37.5) 6 (75.0) 4 (57.1) 4 (66.7) 5 (71.4) 82 (68.3) 

 South America 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 3 (50.0) 3 (50.0) 2 (25.0) 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 11 (9.2) 

 Oceania 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 0 (0.0) 1 (14.3) 0 (0.0) 0 (0.0) 2 (1.7) 

Country 
income 

Low 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 1 (12.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (37.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5 (4.2) 

 Middle 4 (23.5) 1 (50.0) 2 (25.0) 2 (25.0) 2 (25.0) 1 (16.7) 3 (37.5) 4 (44.4) 3 (50.0) 3 (50.0) 5 (83.3) 3 (37.5) 2 (25.0) 3 (42.9) 2 (33.3) 2 (28.6) 42 (35.0) 

 High 13 (76.5) 1 (50.0) 6 (75.0) 6 (75.0) 6 (75.0) 4 (66.7) 4 (50.0) 5 (55.6) 3 (50.0) 3 (50.0) 1 (16.7) 2 (25.0) 6 (75.0) 4 (57.1) 4 (66.7) 5 (71.4) 73 (60.8) 
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Supplementary Table 3: Patient demographics by sequence 
 

Factors Levels 
Sequence  

1 2 3 Total 

Age (years) Median (IQR) 
67.0 

(56.0 to 76.0) 
68.0 

(56.0 to 77.0) 
69.0 

(57.0 to 77.0) 
68.0 

(56.0 to 77.0) 

Sex 
Female 414 (47.4%) 777 (48.5%) 472 (48.3%) 1663 (48.1%) 

Male 460 (52.6%) 826 (51.5%) 506 (51.7%) 1792 (51.9%) 

BMI* > 30 
No 669 (76.7%) 1287 (80.8%) 785 (80.6%) 2741 (79.7%) 

Yes 203 (23.3%) 306 (19.2%) 189 (19.4%) 698 (20.3%) 

Known 
diabetes 

No 698 (80.0%) 1265 (78.8%) 775 (79.2%) 2738 (79.2%) 

Yes 175 (20.0%) 340 (21.2%) 204 (20.8%) 719 (20.8%) 

History of 
IHD or 
CVA** 

No 700 (80.1%) 1295 (80.7%) 761 (77.8%) 2756 (79.7%) 

Yes 174 (19.9%) 309 (19.3%) 217 (22.2%) 700 (20.3%) 

Smoking 
status 

No 584 (67.0%) 1042 (65.5%) 662 (67.9%) 2288 (66.6%) 

Yes - Current smoker  
(or stopped <6 weeks) 

111 (12.7%) 217 (13.6%) 117 (12.0%) 445 (12.9%) 

Yes - Ex smoker  
(stopped >6 weeks) 

176 (20.2%) 332 (20.9%) 196 (20.1%) 704 (20.5%) 

Oral anti-
coagulants 

No 750 (86.0%) 1367 (85.3%) 811 (83.4%) 2928 (84.9%) 

Yes 122 (14.0%) 235 (14.7%) 162 (16.6%) 519 (15.1%) 

Pre-
operative 
total protein 
level (g/dL) 

4.5 43 (5.2%) 122 (8.5%) 53 (6.1%) 218 (6.9%) 

5 48 (5.8%) 88 (6.1%) 44 (5.1%) 180 (5.7%) 

5.5 83 (10.0%) 130 (9.0%) 74 (8.5%) 287 (9.1%) 

6 133 (16.0%) 179 (12.4%) 130 (14.9%) 442 (14.1%) 

6.5 160 (19.3%) 233 (16.2%) 159 (18.3%) 552 (17.6%) 

7 191 (23.0%) 327 (22.7%) 185 (21.3%) 703 (22.4%) 

7.5 96 (11.6%) 176 (12.2%) 110 (12.6%) 382 (12.2%) 

≤4 47 (5.7%) 120 (8.3%) 63 (7.2%) 230 (7.3%) 

≥8 30 (3.6%) 64 (4.4%) 52 (6.0%) 146 (4.6%) 

Pre-
operative 
haemoglobin 
(g/dL) 

100-109 132 (15.1%) 262 (16.4%) 163 (16.8%) 557 (16.2%) 

110-119 138 (15.8%) 270 (16.9%) 143 (14.8%) 551 (16.0%) 

120-129 141 (16.2%) 267 (16.7%) 135 (13.9%) 543 (15.8%) 

130-139 110 (12.6%) 201 (12.6%) 145 (15.0%) 456 (13.3%) 

60-69 3 (0.3%) 14 (0.9%) 2 (0.2%) 19 (0.6%) 

70-79 26 (3.0%) 38 (2.4%) 19 (2.0%) 83 (2.4%) 

80-89 81 (9.3%) 103 (6.4%) 78 (8.1%) 262 (7.6%) 

90-99 105 (12.0%) 188 (11.8%) 110 (11.4%) 403 (11.7%) 

< 60 16 (1.8%) 18 (1.1%) 19 (2.0%) 53 (1.5%) 

≥140 121 (13.9%) 236 (14.8%) 154 (15.9%) 511 (14.9%) 

 

*BMI = kg/m2 

**IHD – ischemic heart disease, CVA- cerebral vascular accident
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Supplementary Table 4: Patient demographics by batch. Percentage (%) represented down columns. 
 

Factors Levels 
Batch 

Total 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Age (years) 
Median  
(IQR) 

71.0 (62.5 
to 79.0) 

67.0 (57.0
 to 74.0) 

70.0 (60.0
 to 79.0) 

66.5 (55.0
 to 77.0) 

71.0 (62.0
 to 78.0) 

70.0 (59.0
 to 79.0) 

66.0 (53.0
 to 74.0) 

65.0 (51.5
 to 76.0) 

61.5 (47.0
 to 74.0) 

65.0 (53.0
 to 76.0) 

64.0 (52.5
 to 72.0) 

68.0 (56.0
 to 76.0) 

65.0 (50.8
 to 74.2) 

68.0 (59.5
 to 75.0) 

72.0 (59.0
 to 79.0) 

68.0 (55.0
 to 77.0) 

68.0 (56.0 to 
77.0) 

Sex 
Female 233 (51.7) 72 (43.9) 134 (46.7) 108 (44.6) 137 (54.8) 88 (48.6) 115 (50.0) 126 (44.5) 76 (47.5) 60 (42.9) 65 (40.9) 73 (43.2) 119 (55.9) 75 (44.9) 79 (49.4) 103 (51.8) 1663 (48.1) 

Male 218 (48.3) 92 (56.1) 153 (53.3) 134 (55.4) 113 (45.2) 93 (51.4) 115 (50.0) 157 (55.5) 84 (52.5) 80 (57.1) 94 (59.1) 96 (56.8) 94 (44.1) 92 (55.1) 81 (50.6) 96 (48.2) 1792 (51.9) 

BMI*>30 
No 356 (79.3) 116 (70.3) 240 (83.9) 186 (77.2) 191 (76.7) 148 (81.8) 182 (79.5) 230 (81.3) 131 (83.4) 105 (74.5) 131 (82.4) 130 (76.9) 176 (83.4) 122 (75.8) 131 (82.9) 166 (83.0) 2741 (79.7) 

Yes 93 (20.7) 49 (29.7) 46 (16.1) 55 (22.8) 58 (23.3) 33 (18.2) 47 (20.5) 53 (18.7) 26 (16.6) 36 (25.5) 28 (17.6) 39 (23.1) 35 (16.6) 39 (24.2) 27 (17.1) 34 (17.0) 698 (20.3) 

Known 
diabetes 

No 361 (80.0) 128 (77.6) 220 (76.7) 186 (76.9) 190 (76.0) 152 (84.0) 186 (80.9) 236 (83.4) 132 (82.5) 116 (82.3) 119 (74.8) 135 (79.9) 169 (79.3) 123 (73.7) 122 (76.2) 163 (81.9) 2738 (79.2) 

Yes 90 (20.0) 37 (22.4) 67 (23.3) 56 (23.1) 60 (24.0) 29 (16.0) 44 (19.1) 47 (16.6) 28 (17.5) 25 (17.7) 40 (25.2) 34 (20.1) 44 (20.7) 44 (26.3) 38 (23.8) 36 (18.1) 719 (20.8) 

History of 
IHD or 
CVA** 

No 337 (74.7) 122 (73.9) 233 (81.2) 191 (78.9) 186 (74.4) 154 (85.1) 182 (79.1) 228 (80.6) 133 (83.1) 117 (83.0) 130 (81.8) 137 (81.1) 170 (80.2) 141 (84.4) 128 (80.5) 167 (83.5) 2756 (79.7) 

Yes 114 (25.3) 43 (26.1) 54 (18.8) 51 (21.1) 64 (25.6) 27 (14.9) 48 (20.9) 55 (19.4) 27 (16.9) 24 (17.0) 29 (18.2) 32 (18.9) 42 (19.8) 26 (15.6) 31 (19.5) 33 (16.5) 700 (20.3) 

Smoking 
status 

No 269 (59.8) 109 (66.5) 197 (69.1) 162 (67.5) 172 (68.8) 115 (63.5) 161 (70.0) 166 (59.1) 110 (71.0) 89 (63.1) 116 (73.4) 112 (66.3) 137 (65.2) 109 (65.7) 122 (77.2) 142 (71.4) 2288 (66.6) 

Yes - Current  
(or stopped <6 
weeks) 

79 (17.6) 20 (12.2) 40 (14.0) 29 (12.1) 26 (10.4) 24 (13.3) 22 (9.6) 61 (21.7) 17 (11.0) 18 (12.8) 18 (11.4) 17 (10.1) 22 (10.5) 26 (15.7) 9 (5.7) 17 (8.5) 445 (12.9) 

Yes Ex smoker 
(stopped >6  
weeks) 

102 (22.7) 35 (21.3) 48 (16.8) 49 (20.4) 52 (20.8) 42 (23.2) 47 (20.4) 54 (19.2) 28 (18.1) 34 (24.1) 24 (15.2) 40 (23.7) 51 (24.3) 31 (18.7) 27 (17.1) 40 (20.1) 704 (20.5) 

Oral anti-
coagulants 

No 356 (79.3) 137 (83.0) 244 (85.3) 197 (81.4) 207 (82.8) 151 (83.4) 199 (86.5) 238 (84.7) 144 (90.0) 120 (85.1) 143 (89.9) 153 (90.5) 184 (86.4) 149 (89.2) 140 (89.2) 166 (84.3) 2928 (84.9) 

Yes 93 (20.7) 28 (17.0) 42 (14.7) 45 (18.6) 43 (17.2) 30 (16.6) 31 (13.5) 43 (15.3) 16 (10.0) 21 (14.9) 16 (10.1) 16 (9.5) 29 (13.6) 18 (10.8) 17 (10.8) 31 (15.7) 519 (15.1) 

Pre-op total 
protein (g/dL) 

4.5 37 (8.6) 5 (3.1) 19 (6.9) 21 (9.3) 23 (11.8) 1 (0.7) 8 (3.7) 26 (10.6) 7 (4.6) 9 (7.6) 19 (11.9) 3 (1.8) 13 (6.9) 11 (8.5) 3 (2.0) 13 (7.2) 218 (6.9) 

 

*BMI = kg/m2 

**IHD – ischemic heart disease, CVA- cerebral vascular accident 
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Supplement Table 5: Operative factors by sequence.  
 

 
 

Factors Levels Sequence 
 

1 2 3 Total 

Timing of surgery Elective (planned) 618 (70.8%) 1063 (66.2%) 675 (68.9%) 2356 (68.1%) 

Expedited  
(within two weeks of decision) 89 (10.2%) 151 (9.4%) 127 (13.0%) 367 (10.6%) 

Emergency (unplanned) 166 (19.0%) 391 (24.4%) 178 (18.2%) 735 (21.3%) 

Indication for surgery Malignancy  711 (81.7%) 1190 (74.4%) 791 (81.0%) 2692 (78.1%) 

Inflammatory bowel disease  50 (5.7%) 156 (9.8%) 79 (8.1%) 285 (8.3%) 

Other 109 (12.5%) 254 (15.9%) 107 (11.0%) 470 (13.6%) 

Bowel preparation  None 190 (21.8%) 318 (19.9%) 238 (24.4%) 746 (21.6%) 

Mechanical bowel preparation 
only 

168 (19.3%) 278 (17.4%) 188 (19.2%) 634 (18.4%) 

Mechanical bowel preparation 
with oral antibiotics 

514 (58.9%) 1006 (62.8%) 551 (56.4%) 2071 (60.0%) 

American Society of 
Anaesthesiologists 
(ASA) grade 

Grade I 103 (11.8%) 205 (12.9%) 91 (9.4%) 399 (11.6%) 

Grade II 394 (45.2%) 755 (47.6%) 449 (46.3%) 1598 (46.6%) 

Grade III 331 (38.0%) 551 (34.7%) 379 (39.1%) 1261 (36.8%) 

Grade IV 42 (4.8%) 67 (4.2%) 47 (4.8%) 156 (4.5%) 

Grade V 2 (0.2%) 9 (0.6%) 4 (0.4%) 15 (0.4%) 

Primary operating 
surgeon 

Consultant colorectal surgeon  460 (52.7%) 805 (50.2%) 526 (53.8%) 1791 (51.8%) 

Trainee colorectal surgeon 80 (9.2%) 236 (14.7%) 92 (9.4%) 408 (11.8%) 

Consultant general surgeon 263 (30.1%) 339 (21.1%) 258 (26.4%) 860 (24.9%) 

Trainee general surgeon 70 (8.0%) 224 (14.0%) 102 (10.4%) 396 (11.5%) 

Most senior surgeon 
in theatre 

Consultant colorectal surgeon  530 (60.6%) 1072 (66.8%) 630 (64.3%) 2232 (64.5%) 

Trainee colorectal surgeon 26 (3.0%) 34 (2.1%) 27 (2.8%) 87 (2.5%) 

Consultant general surgeon 272 (31.1%) 402 (25.1%) 274 (28.0%) 948 (27.4&) 

Trainee general surgeon 46 (5.3%) 96 (6.0%) 49 (5.0%) 191 (5.5%) 

Operative approach Open  385 (44.1%) 801 (49.9%) 447 (45.6%) 1633 (47.2%) 

Laparoscopic (completed) 401 (45.9%) 636 (39.6%) 443 (45.2%) 1480 (42.8%) 

Laparoscopic (converted to 
open) 

68 (7.8%) 140 (8.7%) 55 (5.6%) 263 (7.6%) 

Robotic (completed) 19 (2.2%) 26 (1.6%) 35 (3.6%) 80 (2.3%) 

Robotic (converted to open) 1 (0.1%) 2 (0.1%) 0 (0.0%) 3 (0.1%) 

Operative field 
contamination 

Clean 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Clean-contaminated 762 (87.2%) 1332 (83.3%) 884 (90.3%) 2978 (86.3%) 

Contaminated 83 (9.5%) 178 (11.1%) 65 (6.6%) 326 (9.4%) 

Dirty 29 (3.3%) 89 (5.6%) 30 (3.1%) 148 (4.3%) 
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Supplement Table 6: Operative factors by batch. Percentage (%) represented down columns. 
 

Factors Levels Batch 
Total 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Timing of surgery Elective (planned) 326 (72.3) 119 (72.1) 197 (68.6) 205 (84.7) 195 (78.0) 124 (68.5) 156 (67.8) 193 (68.2) 102 (63.8) 94 (66.7) 104 (65.4) 91 (53.9) 144 (67.9) 97 (58.1) 110 (68.8) 99 (49.3) 2356 (68.1) 

Expedited  
(within two weeks of decision) 

37 (8.2) 20 (12.1) 17 (5.9) 11 (4.6) 17 (6.8) 16 (8.8) 21 (9.1) 30 (10.6) 17 (10.6) 18 (12.8) 8 (5.0) 41 (24.3) 36 (17.0) 28 (16.8) 7 (4.4) 43 (21.4) 367 (10.6) 

Emergency (unplanned) 88 (19.5) 26 (15.8) 73 (25.4) 26 (10.7) 38 (15.2) 41 (22.7) 53 (23.0) 60 (21.2) 41 (25.6) 29 (20.6) 47 (29.6) 37 (21.9) 32 (15.1) 42 (25.2) 43 (26.9) 59 (29.4) 735 (21.3) 

Indication for surgery Malignancy  363 (80.5) 134 (81.7) 207 (72.4) 201 (83.4) 218 (87.2) 144 (80.4) 170 (74.2) 202 (71.6) 130 (81.8) 97 (69.3) 123 (77.4) 138 (82.1) 166 (77.9) 136 (81.4) 123 (77.4) 140 (70.0) 2692 (78.1) 

Inflammatory bowel disease  42 (9.3) 9 (5.5) 32 (11.2) 16 (6.6) 19 (7.6) 13 (7.3) 18 (7.9) 51 (18.1) 3 (1.9) 12 (8.6) 4 (2.5) 13 (7.7) 33 (15.5) 2 (1.2) 7 (4.4) 11 (5.5) 285 (8.3) 

Other 46 (10.2) 21 (12.8) 47 (16.4) 24 (10.0) 13 (5.2) 22 (12.3) 41 (17.9) 29 (10.3) 26 (16.4) 31 (22.1) 32 (20.1) 17 (10.1) 14 (6.6) 29 (17.4) 29 (18.2) 49 (24.5) 470 (13.6) 

Bowel preparation  None 103 (22.8) 60 (36.4) 49 (17.1) 41 (16.9) 33 (13.2) 53 (29.6) 30 (13.0) 63 (22.3) 20 (12.7) 46 (32.6) 61 (38.4) 31 (18.3) 63 (29.7) 8 (4.8) 25 (15.6) 60 (30.0) 746 (21.6) 

Mechanical bowel 
preparation only 

83 (18.4) 10 (6.1) 24 (8.4) 53 (21.9) 74 (29.6) 33 (18.4) 29 (12.6) 89 (31.6) 40 (25.3) 40 (28.4) 16 (10.1) 17 (10.1) 37 (17.5) 50 (29.9) 23 (14.4) 16 (8.0) 634 (18.4) 

Mechanical bowel 
preparation with oral 
antibiotics 

265 (58.8) 95 (57.6) 213 (74.5) 148 (61.2) 143 (57.2) 93 (52.0) 171 (74.3) 130 (46.1) 98 (62.0) 55 (39.0) 82 (51.6) 121 (71.6) 112 (52.8) 109 (65.3) 112 (70.0) 124 (62.0) 2071 (60.0) 

American Society of 
Anaesthesiologists (ASA) 
grade 

Grade I 42 (9.3) 16 (9.7) 30 (10.5) 32 (13.3) 18 (7.2) 30 (16.7) 21 (9.5) 28 (10.0) 21 (13.3) 12 (8.5) 35 (22.0) 18 (10.7) 33 (15.6) 20 (12.4) 16 (10.1) 27 (13.6) 399 (11.6) 

Grade II 201 (44.7) 81 (49.1) 114 (39.7) 109 (45.2) 104 (41.8) 71 (39.4) 117 (53.2) 147 (52.7) 82 (51.9) 67 (47.5) 77 (48.4) 67 (39.6) 105 (49.5) 77 (47.8) 87 (54.7) 92 (46.2) 1598 (46.6) 

Grade III 183 (40.7) 63 (38.2) 123 (42.9) 96 (39.8) 115 (46.2) 69 (38.3) 70 (31.8) 92 (33.0) 50 (31.6) 46 (32.6) 40 (25.2) 73 (43.2) 68 (32.1) 55 (34.2) 47 (29.6) 71 (35.7) 1261 (36.8) 

Grade IV 23 (5.1) 5 (3.0) 19 (6.6) 4 (1.7) 10 (4.0) 10 (5.6) 10 (4.5) 8 (2.9) 5 (3.2) 15 (10.6) 5 (3.1) 11 (6.5) 6 (2.8) 9 (5.6) 9 (5.7) 7 (3.5) 156 (4.5) 

Grade V 1 (0.2) 0 (0.0) 1 (0.3) 0 (0.0) 2 (0.8) 0 (0.0) 2 (0.9) 4 (1.4) 0 (0.0) 1 (0.7) 2 (1.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (1.0) 15 (0.4) 

Primary operating surgeon Consultant colorectal surgeon  229 (50.8) 84 (50.9) 150 (52.3) 151 (62.4) 136 (54.4) 88 (48.6) 136 (59.1) 201 (71.5) 59 (36.9) 92 (65.2) 75 (47.2) 77 (45.6) 100 (47.2) 84 (50.6) 75 (46.9) 54 (26.9) 1791 (51.8) 

Trainee colorectal surgeon 41 (9.1) 20 (12.1) 37 (12.9) 17 (7.0) 25 (10.0) 24 (13.3) 32 (13.9) 11 (3.9) 18 (11.2) 12 (8.5) 25 (15.7) 16 (9.5) 46 (21.7) 35 (21.1) 31 (19.4) 18 (9.0) 408 (11.8) 

Consultant general surgeon 120 (26.6) 46 (27.9) 47 (16.4) 53 (21.9) 58 (23.2) 65 (35.9) 45 (19.6) 49 (17.4) 48 (30.0) 22 (15.6) 43 (27.0) 67 (39.6) 42 (19.8) 33 (19.9) 34 (21.2) 88 (43.8) 860 (24.9) 

Trainee general surgeon 61 (13.5) 15 (9.1) 53 (18.5) 21 (8.7) 31 (12.4) 4 (2.2) 17 (7.4) 20 (7.1) 35 (21.9) 15 (10.6) 16 (10.1) 9 (5.3) 24 (11.3) 14 (8.4) 20 (12.5) 41 (20.4) 396 (11.5) 

Most senior surgeon in 
theatre 

Consultant colorectal surgeon  264 (58.5) 97 (58.8) 215 (74.9) 171 (70.7) 173 (69.2) 101 (55.8) 172 (74.8) 214 (75.6) 75 (46.9) 107 (75.9) 91 (57.2) 97 (57.4) 153 (71.8) 109 (65.7) 115 (71.9) 78 (38.8) 2232 (64.5) 

Trainee colorectal surgeon 16 (3.5) 8 (4.8) 8 (2.8) 6 (2.5) 7 (2.8) 5 (2.8) 2 (0.9) 1 (0.4) 8 (5.0) 5 (3.5) 8 (5.0) 3 (1.8) 5 (2.3) 5 (3.0) 0 (0.0) 0 (0.0) 87 (2.5) 

Consultant general surgeon 138 (30.6) 54 (32.7) 55 (19.2) 58 (24.0) 64 (25.6) 65 (35.9) 41 (17.8) 55 (19.4) 53 (33.1) 23 (16.3) 53 (33.3) 66 (39.1) 48 (22.5) 52 (31.3) 36 (22.5) 87 (43.3) 948 (27.4) 

Trainee general surgeon 33 (7.3) 6 (3.6) 9 (3.1) 7 (2.9) 6 (2.4) 10 (5.5) 15 (6.5) 13 (4.6) 24 (15.0) 6 (4.3) 7 (4.4) 3 (1.8) 7 (3.3) 0 (0.0) 9 (5.6) 36 (17.9) 191 (5.5) 

Operative approach Open  216 (47.9) 72 (43.6) 119 (41.5) 100 (41.3) 102 (40.8) 66 (36.5) 108 (47.0) 124 (43.8) 90 (56.2) 57 (40.4) 99 (62.3) 99 (58.6) 98 (46.0) 94 (56.3) 73 (45.6) 116 (57.7) 1633 (47.2) 

Laparoscopic (completed) 184 (40.8) 81 (49.1) 142 (49.5) 111 (45.9) 125 (50.0) 83 (45.9) 105 (45.7) 135 (47.7) 50 (31.2) 62 (44.0) 57 (35.8) 59 (34.9) 91 (42.7) 64 (38.3) 64 (40.0) 67 (33.3) 1480 (42.8) 

Laparoscopic (converted to 
open) 

30 (6.7) 7 (4.2) 22 (7.7) 13 (5.4) 23 (9.2) 27 (14.9) 17 (7.4) 19 (6.7) 15 (9.4) 19 (13.5) 2 (1.3) 11 (6.5) 23 (10.8) 6 (3.6) 15 (9.4) 14 (7.0) 263 (7.6) 

Robotic (completed) 21 (4.7) 5 (3.0) 4 (1.4) 17 (7.0) 0 (0.0) 5 (2.8) 0 (0.0) 5 (1.8) 4 (2.5) 3 (2.1) 1 (0.6) 0 (0.0) 1 (0.5) 3 (1.8) 7 (4.4) 4 (2.0) 80 (2.3) 

Robotic (converted to open) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6) 0 (0.0) 3 (0.1) 

Operative field 
contamination 

Clean 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Clean-contaminated 343 (76.1) 153 (92.7) 255 (88.9) 228 (94.2) 229 (91.6) 157 (86.7) 199 (86.5) 246 (86.9) 142 (88.8) 123 (87.2) 132 (83.0) 143 (84.6) 185 (87.3) 142 (88.2) 140 (87.5) 161 (80.1) 2978 (86.3) 

Contaminated 87 (19.3) 8 (4.8) 23 (8.0) 10 (4.1) 19 (7.6) 19 (10.5) 18 (7.8) 25 (8.8) 12 (7.5) 13 (9.2) 8 (5.0) 18 (10.7) 20 (9.4) 11 (6.8) 12 (7.5) 23 (11.4) 326 (9.4) 

Dirty 21 (4.7) 4 (2.4) 9 (3.1) 4 (1.7) 2 (0.8) 5 (2.8) 13 (5.7) 12 (4.2) 6 (3.8) 5 (3.5) 19 (11.9) 8 (4.7) 7 (3.3) 8 (5.0) 8 (5.0) 17 (8.5) 148 (4.3) 
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Supplementary Table 7: Patient demographics and operative factors in patients excluded from 
the primary outcome analysis 

Factors Levels Pre-intervention Post-intervention Total 

Age (years) Median (IQR) 65.0 (48.0 to 76.0) 68.5 (60.0 to 76.8) 67.0 (54.2 to 76.0) 

Sex 
Female 134 (57.3%) 100 (53.8%) 234 (55.7%) 

Male 100 (42.7%) 86 (46.2%) 186 (44.3%) 

BMI*>30 
No 190 (83.0%) 142 (76.3%) 332 (80.0%) 

Yes 39 (17.0%) 44 (23.7%) 83 (20.0%) 

Known diabetes 
No 185 (79.4%) 127 (68.6%) 312 (74.6%) 

Yes 48 (20.6%) 58 (31.4%) 106 (25.4%) 

History of IHD or CVA** 
No 185 (79.7%) 129 (69.4%) 314 (75.1%) 

Yes 47 (20.3%) 57 (30.6%) 104 (24.9%) 

Smoking status 

No 141 (61.6%) 116 (62.4%) 257 (61.9%) 

Yes - Current (or stopped <6 weeks ) 48 (21.0%) 46 (24.7%) 94 (22.7%) 

Yes - Ex smoker (stopped >6 weeks) 40 (17.5%) 24 (12.9%) 64 (15.4%) 

Oral anti-coagulants 
No 194 (83.3%) 159 (85.5%) 353 (84.2%) 

Yes 39 (16.7%) 27 (14.5%) 66 (15.8%) 

Pre-operative total protein 
level (g/dL) 

4.5 34 (15.9%) 21 (11.9%) 55 (14.1%) 

4.5-5.5 72 (33.6%) 58 (32.8%) 130 (33.2%) 

6.0-7.5 104 (48.6%) 97 (54.8%) 201 (51.4%) 

≥8 4 (1.9%) 1 (0.6%) 5 (1.3%) 

Pre-operative haemoglobin 
(g/dL) 

< 60 17 (7.3%) 0 (0.0%) 17 (4.1%) 

60-89 32 (13.8%) 36 (19.6%) 68 (16.3%) 

90-119 96 (41.4%) 84 (45.7%) 180 (43.3%) 

120-139 50 (21.6%) 47 (25.5%) 97 (23.3%) 

≥140 37 (15.9%) 17 (9.2%) 54 (13.0%) 

Timing of surgery 

Elective (planned) 88 (37.6%) 94 (50.8%) 182 (43.4%) 

Expedited  
(within two weeks of decision) 

23 (9.8%) 18 (9.7%) 41 (9.8%) 

Emergency (unplanned) 123 (52.6) 73 (39.5) 196 (46.8%) 

Indication for surgery 

Malignancy  135 (57.7%) 122 (65.9%) 257 (61.3%) 

Inflammatory bowel disease  27 (11.5%) 12 (6.5%) 39 (9.3%) 

Other 72 (30.8%) 51 (27.6%) 123 (29.4%) 

Bowel preparation  

None 48 (20.5%) 27 (14.5%) 75 (17.9%) 

Mechanical bowel preparation only 28 (12.0%) 34 (18.3%) 62 (14.8%) 

Mechanical bowel preparation with oral 
antibiotics 

158 (67.5%) 125 (67.2%) 283 (67.4%) 

American Society of 
Anaesthesiologists (ASA) 
grade 

Grade I 32 (14.0%) 12 (6.5%) 44 (10.6%) 

Grade II 88 (38.4%) 78 (41.9%) 166 (40.0%) 

Grade III 82 (35.8%) 73 (39.2%) 155 (37.3%) 

Grade IV 20 (8.7%) 22 (11.8%) 42 (10.1%) 

Grade V 7 (3.1%) 1 (0.5%) 8 (1.9%) 

Primary operating surgeon 

Consultant colorectal surgeon  86 (36.8%) 75 (40.3%) 161 (38.3%) 

Trainee colorectal surgeon 25 (10.7%) 21 (11.3%) 46 (11.0%) 

Consultant general surgeon 62 (26.5%) 63 (33.9%) 125 (29.8%) 

Trainee general surgeon 61 (26.1%) 27 (14.5%) 88 (21.0%) 

Most senior surgeon in 
theatre 

Consultant colorectal surgeon  112 (48.1%) 102 (54.8%) 214 (51.1%) 

Trainee colorectal surgeon 4 (1.7%) 5 (2.7%) 9 (2.1%) 

Consultant general surgeon 94 (40.3%) 64 (34.4%) 158 (37.7%) 

Trainee general surgeon 23 (9.9%) 15 (8.1%) 38 (9.1%) 

Operative approach 

Open  172 (73.5%) 114 (61.3%) 286 (68.1%) 

Laparoscopic (completed) 46 (19.7%) 59 (31.7%) 105 (25.0%) 

Laparoscopic (converted to open) 13 (5.6%) 9 (4.8%) 22 (5.2%) 

Robotic (completed) 3 (1.3%) 4 (2.2%) 7 (1.7%) 

Robotic (converted to open) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Operative field 
contamination 

Clean 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Clean-contaminated 137 (59.3%) 123 (66.1%) 260 (62.4%) 

Contaminated 54 (23.4%) 40 (21.5%) 94 (22.5%) 

Dirty 40 (17.3%) 23 (12.4%) 63 (15.1%) 

*BMI = kg/m2, **IHD – ischemic heart disease, CVA- cerebral vascular accident
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Secondary outcomes 
Supplementary Table 8: Secondary outcomes in the pre-intervention group, by batch, percentage (%) down columns 

  

Outcomes Levels 
Batch  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total 

Clinical leak 

No 241 (97.6) 39 (97.5) 104 (90.4) 118 (95.2) 139 (92.7) 87 (93.5) 114 (97.4) 142 (95.3) 70 (92.1) 57 (90.5) 77 (96.2) 77 (96.2) 91 (91.9) 68 (86.1) 73 (93.6) 97 (98.0) 1594 (94.4) 

Yes 6 (2.4) 1 (2.5) 11 (9.6) 6 (4.8) 11 (7.3) 6 (6.5) 3 (2.6) 7 (4.7) 6 (7.9) 6 (9.5) 3 (3.8) 3 (3.8) 8 (8.1) 11 (13.9) 5 (6.4) 2 (2.0) 95 (5.6) 

(Missing) 0 0 0 1 0 0 4 4 0 0 0 0 7 0 1 0 17 

Mortality 

No 247 (94.6) 41 (97.6) 121 (96.8) 123 (97.6) 151 (96.8) 91 (94.8) 116 (95.9) 151 (97.4) 84 (97.7) 66 (97.1) 86 (98.9) 80 (90.9) 106 (96.4) 78 (90.7) 82 (98.8) 104 (92.9) 1727 (95.8) 

Yes 14 (5.4) 1 (2.4) 4 (3.2) 3 (2.4) 5 (3.2) 5 (5.2) 5 (4.1) 4 (2.6) 2 (2.3) 2 (2.9) 1 (1.1) 8 (9.1) 4 (3.6) 8 (9.3) 1 (1.2) 8 (7.1) 75 (4.2) 

(Missing) 0 0 0 0 0 0 5 6 0 0 0 0 8 2 2 2 25 

Re-operation 

No 244 (93.5) 40 (95.2) 109 (87.2) 120 (95.2) 143 (91.7) 90 (93.8) 117 (96.7) 144 (92.9) 77 (89.5) 60 (88.2) 84 (96.6) 79 (89.8) 102 (93.6) 73 (83.9) 80 (95.2) 106 (93.8) 1668 (92.5) 

Yes 17 (6.5) 2 (4.8) 16 (12.8) 6 (4.8) 13 (8.3) 6 (6.2) 4 (3.3) 11 (7.1) 9 (10.5) 8 (11.8) 3 (3.4) 9 (10.2) 7 (6.4) 14 (16.1) 4 (4.8) 7 (6.2) 136 (7.5) 

(Missing) 0 0 0 0 0 0 5 6 0 0 0 0 9 1 1 1 23 

Re-admission 

No 243 (93.1) 41 (97.6) 117 (93.6) 115 (91.3) 148 (94.9) 93 (96.9) 115 (95.0) 146 (94.2) 76 (88.4) 63 (92.6) 82 (94.3) 82 (93.2) 88 (80.0) 82 (94.3) 77 (92.8) 112 (99.1) 1680 (93.1) 

Yes 18 (6.9) 1 (2.4) 8 (6.4) 11 (8.7) 8 (5.1) 3 (3.1) 6 (5.0) 9 (5.8) 10 (11.6) 5 (7.4) 5 (5.7) 6 (6.8) 22 (20.0) 5 (5.7) 6 (7.2) 1 (0.9) 124 (6.9) 

(Missing) 0 0 0 0 0 0 5 6 0 0 0 0 8 1 2 1 23 

Length of stay 

<=10 197 (75.5) 33 (78.6) 89 (71.2) 104 (82.5) 112 (71.8) 70 (72.9) 94 (77.0) 117 (75.0) 64 (76.2) 54 (79.4) 72 (82.8) 61 (69.3) 75 (68.2) 47 (56.6) 61 (71.8) 77 (69.4) 1327 (73.7) 

>10 64 (24.5) 9 (21.4) 36 (28.8) 22 (17.5) 44 (28.2) 26 (27.1) 28 (23.0) 39 (25.0) 20 (23.8) 14 (20.6) 15 (17.2) 27 (30.7) 35 (31.8) 36 (43.4) 24 (28.2) 34 (30.6) 473 (26.3) 

(Missing) 0 0 0 0 0 0 4 5 2 0 0 0 8 5 0 3 27 

Unplanned admission 
to intensive care 

No 247 (95.4) 40 (97.6) 122 (97.6) 124 (98.4) 152 (97.4) 93 (97.9) 120 (97.6) 146 (93.6) 83 (98.8) 67 (98.5) 87 (100.0) 82 (93.2) 108 (98.2) 77 (89.5) 83 (97.6) 104 (92.0) 1735 (96.3) 

Yes 12 (4.6) 1 (2.4) 3 (2.4) 2 (1.6) 4 (2.6) 2 (2.1) 3 (2.4) 10 (6.4) 1 (1.2) 1 (1.5) 0 (0.0) 6 (6.8) 2 (1.8) 9 (10.5) 2 (2.4) 9 (8.0) 67 (3.7) 

(Missing) 2 1 0 0 0 1 3 5 2 0 0 0 8 2 0 1 25 

Stoma without 
primary anastomosis 

No 247 (94.6) 40 (95.2) 115 (92.0) 125 (99.2) 150 (96.2) 93 (96.9) 121 (96.0) 151 (95.0) 76 (88.4) 63 (92.6) 80 (92.0) 80 (90.9) 105 (89.7) 79 (89.8) 79 (92.9) 99 (86.8) 1703 (93.4) 

Yes 14 (5.4) 2 (4.8) 10 (8.0) 1 (0.8) 6 (3.8) 3 (3.1) 5 (4.0) 8 (5.0) 10 (11.6) 5 (7.4) 7 (8.0) 8 (9.1) 12 (10.3) 9 (10.2) 6 (7.1) 15 (13.2) 121 (6.6) 

(Missing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Defunctioning 
ileostomy with 
primary anastomosis 

No 256 (98.5) 42 (100.0) 124 (99.2) 124 (98.4) 155 (99.4) 95 (99.0) 119 (94.4) 142 (89.3) 86 (100.0) 68 (100.0) 84 (96.6) 86 (97.7) 110 (94.0) 87 (98.9) 83 (98.8) 111 (98.2) 1772 (97.3) 

Yes 4 (1.5) 0 1 (0.8) 2 (1.6) 1 (0.6) 1 (1.0) 7 (5.6) 17 (10.7) 0 0 3 (3.4) 2 (2.3) 7 (6.0) 1 (1.1) 1 (1.2) 2 (1.8) 49 (2.7) 

(Missing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Supplementary Table 9: Secondary outcomes in the post-intervention group, by batch, percentage (%) down columns 

Outcomes Levels 

Batch  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total 

Clinical leak 

No 115 (98.3) 106 (91.4) 146 (95.4) 102 (99.0) 78 (96.3) 81 (96.4) 85 (97.7) 94 (97.9) 49 (98.0) 52 (88.1) 58 (98.3) 72 (94.7) 54 (87.1) 66 (97.1) 52 (92.9) 77 (95.1) 1287 (95.5) 

Yes 2 (1.7) 10 (8.6) 7 (4.6) 1 (1.0) 3 (3.7) 3 (3.6) 2 (2.3) 2 (2.1) 1 (2.0) 7 (11.9) 1 (1.7) 4 (5.3) 8 (12.9) 2 (2.9) 4 (7.1) 4 (4.9) 61 (4.5) 

(Missing) 0 0 0 0 0 0 0 0 6 0 2 0 0 0 0 0 8 

Mortality 

No 122 (93.8) 115 (96.6) 156 (96.3) 107 (100.0) 81 (95.3) 82 (97.6) 90 (96.8) 102 (97.1) 54 (96.4) 62 (95.4) 58 (93.5) 75 (94.9) 61 (96.8) 67 (95.7) 64 (94.1) 79 (94.0) 1375 (96.0) 

Yes 8 (6.2) 4 (3.4) 6 (3.7) 0 4 (4.7) 2 (2.4) 3 (3.2) 3 (2.9) 2 (3.6) 3 (4.6) 4 (6.5) 4 (5.1) 2 (3.2) 3 (4.3) 4 (5.9) 5 (6.0) 57 (4.0) 

(Missing) 0 0 0 0 0 0 0 0 7 0 2 0 0 0 0 0 9 

Re-operation 

No 123 (94.6) 104 (87.4) 154 (95.1) 104 (97.2) 81 (95.3) 78 (92.9) 83 (89.2) 101 (96.2) 52 (92.9) 56 (86.2) 58 (93.5) 72 (91.1) 56 (88.9) 69 (98.6) 60 (88.2) 81 (96.4) 1332 (93.0) 

Yes 7 (5.4) 15 (12.6) 8 (4.9) 3 (2.8) 4 (4.7) 6 (7.1) 10 (10.8) 4 (3.8) 4 (7.1) 9 (13.8) 4 (6.5) 7 (8.9) 7 (11.1) 1 (1.4) 8 (11.8) 3 (3.6) 100 (7.0) 

(Missing) 0 0 0 0 0 0 0 0 7 0 2 0 0 0 0 0 9 

Re-admission 

No 121 (93.1) 114 (95.8) 155 (95.7) 102 (95.3) 81 (95.3) 78 (92.9) 86 (92.5) 99 (94.3) 50 (89.3) 60 (92.3) 62 (100.0) 78 (98.7) 55 (87.3) 64 (91.4) 66 (97.1) 80 (95.2) 1351 (94.3) 

Yes 9 (6.9) 5 (4.2) 7 (4.3) 5 (4.7) 4 (4.7) 6 (7.1) 7 (7.5) 6 (5.7) 6 (10.7) 5 (7.7) 0 1 (1.3) 8 (12.7) 6 (8.6) 2 (2.9) 4 (4.8) 81 (5.7) 

(Missing) 0 0 0 0 0 0 0 0 7 0 2 0 0 0 0 0 9 

Length of stay 

<=10 96 (74.4) 89 (74.8) 135 (83.3) 85 (83.3) 67 (78.8) 61 (72.6) 55 (59.8) 83 (79.0) 40 (71.4) 33 (50.8) 42 (67.7) 50 (64.1) 43 (68.3) 56 (80.0) 48 (70.6) 61 (72.6) 1044 (73.3) 

>10 33 (25.6) 30 (25.2) 27 (16.7) 17 (16.7) 18 (21.2) 23 (27.4) 37 (40.2) 22 (21.0) 16 (28.6) 32 (49.2) 20 (32.3) 28 (35.9) 20 (31.7) 14 (20.0) 20 (29.4) 23 (27.4) 380 (26.7) 

(Missing) 1 0 0 5 0 0 1 0 7 0 2 1 0 0 0 0 17 

Unplanned 
admission to 
intensive care 

No 129 (99.2) 115 (96.6) 158 (98.1) 107 (100.0) 82 (96.5) 76 (92.7) 92 (98.9) 98 (93.3) 55 (94.8) 59 (90.8) 59 (96.7) 77 (98.7) 61 (96.8) 69 (98.6) 65 (95.6) 79 (96.3) 1381 (96.8) 

Yes 1 (0.8) 4 (3.4) 3 (1.9) 0 3 (3.5) 6 (7.3) 1 (1.1) 7 (6.7) 3 (5.2) 6 (9.2) 2 (3.3) 1 (1.3) 2 (3.2) 1 (1.4) 3 (4.4) 3 (3.7) 46 (3.2) 

(Missing) 0 0 1 0 0 2 0 0 5 0 3 1 0 0 0 2 14 

Stoma without 
primary 
anastomosis 

No 117 (90.0) 116 (97.5) 153 (94.4) 103 (96.3) 80 (95.2) 84 (100.0) 87 (93.5) 96 (91.4) 56 (88.9) 59 (90.8) 61 (95.3) 76 (96.2) 62 (98.4) 68 (97.1) 55 (82.1) 81 (96.4) 1354 (94.1) 

Yes 13 (10.0) 3 (2.5) 9 (5.6) 4 (3.7) 4 (4.8)  6 (6.5) 9 (8.6) 7 (11.1) 6 (9.2) 3 (4.7) 3 (3.8) 1 (1.6) 2 (2.9) 12 (17.9) 3 (3.6) 85 (5.9) 

(Missing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Defunctioning 
ileostomy with 
primary 
anastomosis 

No 130 (100.0) 119 (100.0) 157 (96.9) 107 (100.0) 82 (97.6) 83 (98.8) 91 (98.9) 103 (98.1) 63 (100.0) 62 (95.4) 61 (95.3) 79 (100.0) 62 (98.4) 69 (100.0) 62 (92.5) 83 (100.0) 1413 (98.4) 

Yes 0 0 5 (3.1) 0 2 (2.4) 1 (1.2) 1 (1.1) 2 (1.9) 0 3 (4.6) 3 (4.7) 0 1 (1.6) 0 5 (7.5) 0 23 (1.6) 

(Missing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Subgroup analyses 
 

Supplementary Table 10: Subgroup analysis of anastomotic leak by number of beds per 
hospital, presented by batch 

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 <500 beds >=500 beds 

Total 71 (11.0%) 44 (9.5%) 99 (9.4%) 85 (9.6%) 

1 5 (5.7%) 1 (4.3%) 17 (10.7%) 9 (9.6%) 

2 2 (22.2%) 4 (9.5%) 3 (9.7%) 11 (14.9%) 

3 6 (15.4%) 3 (7.3%) 7 (9.2%) 7 (6.2%) 

4 8 (18.2%) 2 (5.1%) 4 (4.9%) 3 (4.7%) 

5 4 (9.3%) 0 (0.0%) 13 (12.1%) 4 (8.5%) 

6 5 (14.7%) 3 (15.0%) 4 (6.8%) 3 (4.7%) 

7 2 (5.3%) 2 (3.6%) 3 (3.8%) 4 (12.5%) 

8 5 (6.5%) 3 (7.7%) 9 (12.5%) 5 (8.8%) 

9 2 (14.3%) 0 (0.0%) 6 (9.7%) 5 (12.8%) 

10 7 (17.5%) 7 (25.0%) 3 (13.0%) 4 (12.9%) 

11 6 (13.3%) 3 (20.0%) 1 (2.9%) 1 (2.3%) 

12 5 (12.5%) 3 (18.8%) 3 (7.5%) 7 (11.7%) 

13 6 (10.2%) 3 (13.6%) 3 (7.5%) 9 (22.5%) 

14 2 (25.0%) 2 (18.2%) 12 (16.9%) 2 (3.5%) 

15 2 (7.1%) 2 (7.1%) 5 (9.8%) 2 (7.1%) 

16 4 (10.8%) 6 (16.2%) 6 (9.7%) 9 (20.5%) 

 

Supplementary Table 11: Subgroup analysis of anastomotic leak by right colectomy volume per 
hospital per year, presented by batch  

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 <10 patients >=10 patients 

Total 55 (9.4%) 50 (9.8%) 115 (10.4%) 79 (9.4%) 

1 3 (2.9%) 1 (2.9%) 19 (13.4%) 9 (11.0%) 

2 3 (20.0%) 1 (3.6%) 2 (8.0%) 14 (15.9%) 

3 6 (13.3%) 6 (12.5%) 7 (10.0%) 4 (3.8%) 

4 6 (16.7%) 1 (5.6%) 6 (6.7%) 4 (4.7%) 

5 2 (6.7%) 2 (4.4%) 15 (12.5%) 2 (5.6%) 

6 6 (12.5%) 3 (12.5%) 3 (6.7%) 3 (5.0%) 

7 0 (0.0%) 5 (14.7%) 5 (5.7%) 1 (1.9%) 

8 3 (8.8%) 3 (8.3%) 11 (9.6%) 5 (8.3%) 

9 4 (10.3%) 5 (12.2%) 4 (10.8%) 0 (0.0%) 

10 5 (14.7%) 6 (18.8%) 5 (17.2%) 5 (18.5%) 

11 0 (0.0%) 3 (15.0%) 7 (11.1%) 1 (2.6%) 

12 6 (12.8%) 2 (10.0%) 2 (6.1%) 8 (14.3%) 

13 6 (14.6%) 3 (12.0%) 3 (5.2%) 9 (24.3%) 

14 2 (8.0%) 2 (6.9%) 12 (22.2%) 2 (5.1%) 

15 3 (11.1%) 3 (8.6%) 4 (7.7%) 1 (4.8%) 

16 0 (0.0%) 4 (10.5%) 10 (11.9%) 11 (25.6%) 
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Supplementary Table 12: Subgroup analysis of anastomotic leak by early or late recruitment of 
participating hospital, presented by batch  
 

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 Early (Batches 1-8) Late (Batches 9-16) 

Total 97 (9.4%) 64 (7.6%) 73 (11.1%) 65 (12.7%) 

1 22 (8.9%) 10 (8.5%) NA NA 

2 5 (12.5%) 15 (12.9%) NA NA 

3 13 (11.3%) 10 (6.5%) NA NA 

4 12 (9.6%) 5 (4.9%) NA NA 

5 17 (11.3%) 4 (4.9%) NA NA 

6 9 (9.7%) 6 (7.1%) NA NA 

7 5 (4.3%) 6 (6.9%) NA NA 

8 14 (9.4%) 8 (8.3%) NA NA 

9 NA NA 8 (10.5%) 5 (10.0%) 

10 NA NA 10 (15.9%) 11 (18.6%) 

11 NA NA 7 (8.8%) 4 (6.8%) 

12 NA NA 8 (10.0%) 10 (13.2%) 

13 NA NA 9 (9.1%) 12 (19.4%) 

14 NA NA 14 (17.7%) 4 (5.9%) 

15 NA NA 7 (8.9%) 4 (7.1%) 

16 NA NA 10 (10.1%) 15 (18.5%) 

 

Supplementary Table 13: Subgroup analysis of anastomotic leak by health service expenditure 
(World Bank definition), presented by batch 
 

 Anastomotic leak rate 

Batch 
Pre-
intervention 

Post-
intervention 

Pre-
intervention 

Post-
intervention 

Pre-
intervention 

Post-
intervention 

 Low Middle Top 

Total 21 (17.5%) 14 (12.5%) 27 (9.3%) 20 (11.2%) 122 (9.5%) 95 (9.0%) 

1 0 (0.0%) 0 (0.0%) 1 (4.3%) 1 (11.1%) 21 (9.4%) 9 (8.3%) 

2 0 (0.0%) 0 (0.0%) 1 (12.5%) 2 (9.1%) 4 (12.5%) 13 (13.8%) 

3 1 (50.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 12 (11.2%) 10 (6.8%) 

4 0 (0.05) 0 (0.0%) 0 (0.0%) 1 (16.7%) 12 (10.8%) 4 (4.1%) 

5 0 (0.0%) 0 (0.0%) 3 (15.8%) 0 (0.0%) 14 (10.7%) 4 (5.6%) 

6 3 (27.3%) 1 (16.7%) 0 (0.0%) 0 (0.0%) 6 (7.4%) 5 (6.8%) 

7 0 (0.0%) 0 (0.0%) 2 (33.3%) 0 (0.0%) 3 (3.6%) 6 (8.5%) 

8 0 (0.0%) 1 (6.2%) 5 (8.3%) 2 (11.8%) 9 (10.1%) 5 (7.9%) 

9 3 (13.0%) 3 (18.8%) 1 (4.0%) 2 (10.0%) 4 (14.3%) 0 (0.0%) 

10 1 (20.0%) 0 (0.0%) 0 (0.0%) 2 (50.0%) 9 (15.5%) 9 (18.0%) 

11 5 (25.0%) 2 (12.5%) 1 (3.0%) 0 (0.0%) 1 (3.7%) 2 (9.5%) 

12 2 (20.0%) 0 (0.0%) 3 (12.5%) 1 (7.7%) 3 (6.5%) 9 (16.7%) 

13 1 (14.3%) 1 (50.0%) 4 (9.5%) 3 (12.5%) 4 (8.0%) 8 (22.2%) 

14 0 (0.0%) 0 (0.0%) 3 (21.4%) 4 (21.1%) 11 (16.9%) 0 (0.0%) 

15 0 (0.0%) 1 (20.0%) 3 (20.0%) 1 (50.0%) 4 (6.5%) 2 (4.1%) 

16 5 (41.7%) 5 (26.3%) 0 (0.0%) 1 (33.3%) 5 (5.8%) 9 (15.3%) 
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Supplementary Table 14: Subgroup analysis of anastomotic leak by World Bank income group, 
presented by batch  
 

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 Low/middle Income High Income 

Total 60 (11.7%) 37 (10.1%) 110 (9.3%) 92 (9.4%) 

1 3 (6.0%) 1 (4.5%) 19 (9.6%) 9 (9.5%) 

2 3 (23.1%) 3 (8.3%) 2 (7.4%) 12 (15.0%) 

3 1 (12.5%) 0 (0.0%) 12 (11.2%) 10 (6.8%) 

4 0 (0.0%) 2 (10.0%) 12 (10.6%) 3 (3.6%) 

5 3 (10.3%) 0 (0.0%) 14 (11.6%) 4 (6.0%) 

6 3 (15.0%) 1 (9.1%) 6 (8.2%) 5 (6.8%) 

7 2 (5.9%) 1 (4.0%) 3 (3.6%) 5 (8.1%) 

8 8 (8.7%) 2 (7.7%) 6 (10.5%) 6 (8.6%) 

9 5 (9.1%) 3 (8.1%) 3 (14.3%) 2 (15.4%) 

10 5 (17.2%) 4 (19.0%) 5 (14.7%) 7 (18.4%) 

11 7 (14.6%) 2 (9.1%) 0 (0.0%) 2 (5.4%) 

12 4 (13.3%) 2 (4.1%) 4 (8.0%) 8 (29.6%) 

13 5 (10.2%) 4 (15.4%) 4 (8.0%) 8 (22.2%) 

14 3 (21.4%) 4 (21.1%) 11 (16.9%) 0 (0.0%) 

15 3 (18.8%) 2 (20.0%) 4 (6.3%) 2 (4.3%) 

16 5 (38.5%) 6 (27.3%) 5 (5.8%) 9 (15.3%) 

 

Supplementary Table 15: Subgroup analysis of anastomotic leak by proportion of surgeons 
completing online learning modules in each hospital, presented by batch  
 

 Anastomotic leak rate 

Batch 
Pre-
intervention 

Post-
intervention 

Pre-
intervention 

Post-
intervention 

Pre-
intervention 

Post-
intervention 

 <50% 50-79% >=80% 

Total 59 (8.3%) 61 (13.8%) 50 (10.5%) 44 (10.2%) 61 (12.2%) 24 (5.1%) 

1 2 (4.0%) 0 (0.0%) 5 (4.4%) 6 (6.8%) 15 (18.1%) 4 (14.8%) 

2 3 (8.6%) 1 (6.2%) 2 (40.0%) 12 (28.6%) 0 (0.0%) 2 (3.4%) 

3 3 (6.5%) 5 (12.5%) 5 (17.2%) 4 (5.7%) 5 (12.5%) 1 (2.3%) 

4 2 (10.5%) 2 (5.9%) 5 (9.3%) 2 (5.6%) 5 (9.6%) 1 (3.0%) 

5 8 (9.8%) 3 (8.8%) 6 (17.1%) 0 (0.0%) 3 (9.1%) 1 (2.6%) 

6 1 (2.4%) 3 (8.1%) 3 (21.4%) 2 (11.1%) 5 (13.2%) 1 (3.4%) 

7 0 (0.0%) 3 (60.0%) 2 (3.0%) 1 (2.6%) 3 (7.1%) 2 (4.7%) 

8 4 (5.9%) 3 (7.7%) 5 (16.7%) 5 (20.0%) 5 (9.8%) 0 (0.0%) 

9 2 (11.1%) 2 (13.3%) 2 (5.6%) 0 (0.0%) 4 (18.2%) 3 (13.6%) 

10 7 (13.2%) 9 (20.0%) 3 (30.0%) 2 (14.3%) 0 (0.0%) 0 (0.0%) 

11 1 (2.6%) 2 (10.0%) 2 (8.0%) 1 (33.3%) 4 (23.5%) 1 (2.8%) 

12 3 (5.4%) 10 (20.8%) 1 (8.3%) 0 (0.0%) 4 (33.3%) 0 (0.0%) 

13 6 (8.5%) 9 (20.0%) 0 (0.0%) 0 (0.0%) 3 (12.0%) 3 (20.0%) 

14 12 (22.6%) 2 (8.7%) 0 (0.0%) 2 (7.4%) 2 (7.7%) 0 (0.0%) 

15 2 (5.1%) 2 (15.4%) 2 (15.4%) 1 (6.2%) 3 (11.1%) 1 (3.7%) 

16 3 (8.1%) 5 (18.5%) 7 (23.3%) 6 (42.9%) 0 (0.0%) 4 (10.0%) 
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Supplementary Table 16: Subgroup analysis of anastomotic leak by indication for surgery, 
presented by batch  
 

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 Benign Malignant 

Total 54 (15.6%) 29 (11.8%) 114 (8.5%) 100 (9.1%) 

1 9 (20.0%) 1 (4.5%) 13 (6.4%) 9 (9.5%) 

2 1 (25.0%) 3 (15.0%) 4 (11.1%) 12 (12.6%) 

3 4 (14.8%) 3 (7.3%) 9 (10.2%) 7 (6.3%) 

4 3 (12.0%) 0 (0.0%) 9 (9.1%) 5 (5.5%) 

5 6 (27.3%) 0 (0.0%) 11 (8.6%) 4 (5.4%) 

6 3 (18.8%) 2 (12.5%) 5 (6.6%) 4 (5.9%) 

7 1 (4.3%) 2 (10.0%) 4 (4.3%) 4 (6.1%) 

8 5 (12.5%) 4 (16.7%) 9 (8.3%) 4 (5.6%) 

9 2 (12.5%) 0 (0.0%) 6 (10.2%) 5 (10.6%) 

10 5 (25.0%) 2 (13.3%) 5 (11.6%) 9 (20.9%) 

11 0 (0.0%) 3 (18.8%) 7 (10.1%) 1 (2.3%) 

12 1 (7.7%) 0 (0.0%) 6 (9.1%) 10 (15.2%) 

13 3 (15.0%) 5 (33.3%) 6 (7.6%) 7 (14.9%) 

14 4 (22.2%) 0 (0.0%) 10 (16.4%) 4 (6.5%) 

15 1 (7.1%) 0 (0.0%) 6 (9.2%) 4 (8.3%) 

16 6 (18.2%) 4 (33.3%) 4 (6.1%) 11 (16.2%) 

 

Supplementary Table 17: Subgroup analysis of anastomotic leak by urgency of procedure, 
presented by batch  
 

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 Elective Expedited/Emergency 

Total 106 (8.9%) 75 (7.7%) 64 (12.9%) 54 (14.7%) 

1 14 (7.8%) 7 (7.4%) 8 (11.8%) 3 (13.0%) 

2 3 (11.1%) 8 (9.0%) 2 (15.4%) 7 (25.9%) 

3 10 (11.4%) 9 (8.3%) 3 (11.1%) 1 (2.2%) 

4 11 (10.6%) 3 (3.2%) 1 (4.8%) 2 (20.0%) 

5 13 (10.5%) 4 (6.6%) 4 (15.4%) 0 (0.0%) 

6 4 (6.2%) 4 (6.8%) 5 (17.9%) 2 (8.0%) 

7 3 (3.5%) 3 (4.8%) 2 (6.5%) 3 (12.0%) 

8 8 (7.1%) 2 (3.1%) 6 (16.2%) 6 (18.8%) 

9 7 (13.7%) 3 (7.9%) 1 (4.0%) 2 (16.7%) 

10 6 (13.6%) 5 (13.2%) 4 (21.1%) 6 (28.6%) 

11 6 (10.0%) 1 (2.9%) 1 (5.0%) 3 (12.5%) 

12 3 (7.3%) 7 (15.6%) 5 (12.8%) 3 (9.7%) 

13 6 (10.3%) 8 (15.7%) 3 (7.3%) 4 (36.4%) 

14 4 (7.8%) 0 (0.0%) 10 (35.7%) 4 (14.8%) 

15 4 (6.2%) 3 (6.7%) 3 (20.0%) 1 (9.1%) 

16 4 (10.0%) 8 (14.0%) 6 (10.2%) 7 (29.2%) 
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Supplementary Table 18: Subgroup analysis of anastomotic leak by ASA grade, presented by 
batch  
 

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 ASA 1-3 ASA 3-5 

Total 88 (8.8%) 64 (8.1%) 79 (11.6%) 64 (11.7%) 

1 10 (7.0%) 6 (9.2%) 12 (11.5%) 4 (7.7%) 

2 2 (7.4%) 4 (6.0%) 3 (23.1%) 11 (22.4%) 

3 8 (13.1%) 5 (6.7%) 5 (9.3%) 5 (6.4%) 

4 7 (9.9%) 3 (4.8%) 5 (9.4%) 2 (5.0%) 

5 7 (10.3%) 1 (2.2%) 10 (12.2%) 3 (8.8%) 

6 9 (17.3%) 2 (4.3%) 0 (0.0%) 4 (10.8%) 

7 2 (2.6%) 3 (5.7%) 1 (2.8%) 3 (9.7%) 

8 5 (6.1%) 4 (5.8%) 9 (13.6%) 3 (12.5%) 

9 7 (13.7%) 2 (6.7%) 1 (4.2%) 3 (15.0%) 

10 5 (13.5%) 6 (17.1%) 5 (19.2%) 5 (20.8%) 

11 2 (3.6%) 2 (4.5%) 5 (20.0%) 2 (13.3%) 

12 5 (10.6%) 5 (16.1%) 3 (9.1%) 5 (11.1%) 

13 5 (7.1%) 7 (17.9%) 4 (14.3%) 5 (21.7%) 

14 2 (5.0%) 2 (4.4%) 12 (32.4%) 2 (10.0%) 

15 4 (7.0%) 3 (8.8%) 3 (14.3%) 1 (4.5%) 

16 8 (13.8%) 9 (18.4%) 1 (2.6%) 6 (18.8%) 

 

Supplementary Table 19: Subgroup analysis of anastomotic leak by operative approach, 
presented by batch  
 

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 Open Laparoscopic/robotic 

Total 124 (13.7%) 88 (12.8%) 46 (5.8%) 41 (6.2%) 

1 17 (12.7%) 7 (15.2%) 5 (4.4%) 3 (4.2%) 

2 5 (17.9%) 9 (20.0%) 0 (0.0%) 6 (8.5%) 

3 7 (14.3%) 5 (6.8%) 6 (9.1%) 5 (6.2%) 

4 7 (12.1%) 3 (6.4%) 5 (7.5%) 2 (3.6%) 

5 12 (16.4%) 2 (5.1%) 5 (6.5%) 2 (4.8%) 

6 5 (11.9%) 2 (4.2%) 4 (7.8%) 4 (11.1%) 

7 4 (8.5%) 4 (7.4%) 1 (1.4%) 2 (6.1%) 

8 11 (13.8%) 7 (16.3%) 3 (4.3%) 1 (1.9%) 

9 5 (9.8%) 5 (14.7%) 3 (12.0%) 0 (0.0%) 

10 5 (15.6%) 8 (24.2%) 5 (16.1%) 3 (11.5%) 

11 5 (11.6%) 4 (9.1%) 2 (5.4%) 0 (0.0%) 

12 6 (12.5%) 8 (15.4%) 2 (6.2%) 2 (8.3%) 

13 6 (10.5%) 5 (16.7%) 3 (7.1%) 7 (21.9%) 

14 13 (25.5%) 4 (12.9%) 1 (3.6%) 0 (0.0%) 

15 7 (17.1%) 3 (11.5%) 0 (0.0%) 1 (3.3%) 

16 9 (13.2%) 12 (27.3%) 1 (3.2%) 3 (8.1%) 
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Supplementary Table 20: Subgroup analysis of anastomotic leak by anastomotic technique, 
presented by batch  
 

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 Handsewn Stapled 

Total 71 (11.8%) 45 (9.3%) 99 (9.1%) 83 (9.6%) 

1 7 (6.0%) 4 (8.9%) 15 (11.5%) 6 (8.3%) 

2 4 (23.5%) 4 (14.3%) 1 (4.3%) 11 (12.5%) 

3 7 (15.9%) 4 (5.2%) 6 (8.5%) 6 (7.9%) 

4 2 (4.5%) 1 (2.4%) 10 (12.3%) 4 (6.5%) 

5 8 (11.8%) 3 (11.1%) 9 (11.0%) 1 (1.9%) 

6 4 (12.1%) 2 (8.0%) 5 (8.3%) 4 (6.8%) 

7 4 (6.8%) 3 (8.6%) 1 (1.7%) 3 (5.8%) 

8 3 (7.7%) 2 (8.7%) 11 (10.2%) 6 (8.2%) 

9 1 (5.3%) 4 (22.2%) 7 (12.3%) 1 (3.1%) 

10 5 (20.0%) 3 (13.0%) 5 (13.2%) 8 (22.2%) 

11 5 (16.1%) 4 (11.1%) 2 (4.1%) 0 (0.0%) 

12 5 (22.7%) 1 (2.6%) 3 (5.2%) 9 (24.3%) 

13 4 (16.0%) 2 (15.4%) 5 (6.8%) 10 (20.4%) 

14 3 (12.0%) 1 (8.3%) 11 (20.4%) 3 (5.4%) 

15 2 (14.3%) 2 (14.3%) 5 (7.7%) 1 (2.4%) 

16 7 (30.4%) 5 (18.5%) 3 (3.9%) 10 (18.5%) 

 

Supplementary Table 21: Subgroup analysis of anastomotic leak by the grade of the primary 
operating surgeon, presented by batch  
 

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 Trainee Consultant 

Total 38 (10.3%) 33 (11.0%) 132 (10.0%) 96 (9.2%) 

1 7 (15.6%) 2 (6.9%) 15 (7.4%) 8 (9.1%) 

2 1 (25.0%) 4 (14.3%) 4 (11.1%) 11 (12.5%) 

3 4 (12.9%) 4 (7.8%) 9 (10.7%) 6 (5.9%) 

4 0 (0.0%) 1 (5.9%) 12 (11.0%) 4 (4.7%) 

5 2 (5.6%) 1 (6.7%) 15 (13.2%) 3 (4.5%) 

6 0 (0.0%) 0 (0.0%) 9 (10.8%) 6 (8.8%) 

7 1 (3.0%) 0 (0.0%) 4 (4.8%) 6 (7.5%) 

8 3 (27.3%) 2 (18.2%) 11 (8.1%) 6 (7.1%) 

9 3 (11.5%) 1 (8.3%) 5 (10.0%) 4 (10.5%) 

10 2 (18.2%) 1 (9.1%) 8 (15.4%) 10 (20.8%) 

11 0 (0.0%) 1 (9.1%) 7 (11.9%) 3 (6.2%) 

12 1 (7.7%) 3 (27.3%) 7 (10.4%) 7 (10.8%) 

13 1 (3.6%) 4 (13.8%) 8 (11.4%) 8 (24.2%) 

14 4 (17.4%) 2 (8.3%) 10 (17.9%) 2 (4.7%) 

15 4 (12.9%) 2 (18.2%) 3 (6.2%) 2 (4.4%) 

16 5 (16.7%) 5 (27.8%) 5 (7.2%) 10 (15.9%) 
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Supplementary Table 22: Subgroup analysis of anastomotic leak by the specialty of the primary 
operating surgeon, presented by batch  
 

 Anastomotic leak rate 

Batch Pre-intervention Post-intervention Pre-intervention Post-intervention 

 General Colorectal 

Total 84 (13.9%) 55 (12.5%) 86 (7.9%) 74 (8.1%) 

1 12 (10.6%) 4 (18.2%) 10 (7.5%) 6 (6.3%) 

2 4 (25.0%) 4 (10.3%) 1 (4.2%) 11 (14.3%) 

3 4 (12.9%) 5 (9.1%) 9 (10.7%) 5 (5.1%) 

4 1 (4.0%) 2 (5.0%) 11 (11.0%) 3 (4.8%) 

5 9 (15.8%) 2 (10.5%) 8 (8.6%) 2 (3.2%) 

6 8 (24.2%) 3 (9.1%) 1 (1.7%) 3 (5.9%) 

7 2 (8.7%) 2 (9.5%) 3 (3.2%) 4 (6.1%) 

8 5 (13.2%) 4 (17.4%) 9 (8.3%) 4 (5.5%) 

9 3 (7.7%) 4 (14.8%) 5 (13.5%) 1 (4.3%) 

10 5 (22.7%) 2 (18.2%) 5 (12.2%) 9 (18.8%) 

11 5 (17.2%) 4 (18.2%) 2 (3.9%) 0 (0.0%) 

12 5 (17.2%) 3 (7.7%) 3 (5.9%) 7 (18.9%) 

13 5 (14.3%) 2 (16.7%) 4 (6.3%) 10 (20.0%) 

14 6 (19.4%) 0 (0.0%) 8 (16.7%) 4 (6.8%) 

15 2 (10.0%) 1 (5.9%) 5 (8.5%) 3 (7.7%) 

16 8 (12.7%) 13 (25.5%) 2 (5.6%) 2 (6.7%) 
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Sensitivity analyses 
 

Supplementary Table 23: Pre-operative leak risk calculator component only 
 

    Pre-operative leak risk calculator 

    No Yes 

Anastomotic leak 

No 1305/1454 (89.6%) 1409/1546 (91.1%) 

Yes 149/1454 (10.4%) 137/1546 (8.9%) 

Missing 26 11 

Mortality 

No 1502/1573 (95.5%) 1563/1621 (96.4%) 

Yes 71/1573 (4.5%) 58/1621 (3.6%) 

Missing 20 13 

Re-operation 

No 1449/1574 (92.1%) 1521/1621 (93.9%) 

Yes 125/1574 (7.9%) 100/1621 (6.1%) 

Missing 19 13 

Re-admission 

No 1478/1574 (93.9%) 1514/1621 (93.4%) 

Yes 96/1574 (6.1%) 107/1621 (6.6%) 

Missing 19 13 

Length of stay 

≤10 days 1150/1570 (73.3%) 1203/1616 (74.4%) 

>10 days 420/1570 (26.7%) 413/1616 (25.6%) 

Missing 23 18 

Unplanned admission to 
intensive care 

No 1507/1568 (96.1%) 1575/1620 (97.2%) 

Yes 61/1568 (3.9%) 45/1620 (2.8%) 

Missing 25 14 

 
Supplementary Table 24: Intra-operative leak risk calculator component only 
 

    Intra-operative leak risk calculator 

    No Yes 

Anastomotic leak 

No 1928/2145 (89.9%) 784/854 (91.8%) 

Yes 217/2145 (10.1%) 70/854 (8.2%) 

Missing 28 12 

Mortality 

No 2193/2288 (95.8%) 869/902 (96.3%) 

Yes 95/2288 (4.2%) 33/902 (3.7%) 

Missing 30 4 

Re-operation 

No 2116/2290 (92.4%) 853/902 (94.6%) 

Yes 174/2290 (7.6%) 49/902 (5.4%) 

Missing 28 4 

Re-admission 

No 2139/2290 (93.4%) 850/902 (94.2%) 

Yes 151/2290 (6.6%) 52/902 (5.8%) 

Missing 28 4 

Length of stay 

≤10 days 1673/2287 (73.1%) 675/896 (75.3%) 

>10 days 614/2287 (26.9%) 221/896 (24.7%) 

Missing 31 10 

Unplanned admission to 
intensive care 

No 2197/2284 (96.2%) 882/901 (97.9%) 

Yes 87/2284 (3.8%) 19/901 (2.1%) 

Missing 34 5 
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Supplementary Table 25: Safe anastomosis checklist component only 
 

    Safe anastomosis checklist 

    No Yes 

Anastomotic leak No 1305/1454 (89.7%) 1412/1551 (91.1%) 

  Yes 149/1454 (10.3%) 139/1551 (8.9%) 

  Missing 23 11 

Mortality No 1497/1566 (95.6%) 1571/1630 (96.4%) 

  Yes 69/1566 (4.4%) 59/1630 (3.6%) 

  Missing 22 12 

Re-operation No 1447/1568 (92.3%) 1526/1630 (93.6%) 

  Yes 121/1568 (7.7%) 104/1630 (6.4%) 

  Missing 20 12 

Re-admission No 1471/1568 (93.9%) 1523/1630 (93.4%) 

  Yes 96/1568 (6.1%) 107/1630 (6.6%) 

  Missing 20 12 

Length of stay ≤10 days 1120/1565 (71.6%) 1233/1624 (75.9%) 

  >10 days 445/1565 (28.4%) 391/1624 (24.1%) 

  Missing 23 18 

Unplanned admission to 
intensive care 

No 1502/1564 (96.0%) 1582/1627 (97.2%) 

  Yes 62/1564 (4.0%) 45/1627 (2.8%) 

 Missing 24 15 

 
 
Supplementary Table 26: Online educational modules component only 
 

    Online educational modules 

    No Yes 

Anastomotic leak No 1416/1562 (90.6%) 1298/1439 (90.2%) 

  Yes 146/1562 (9.4%) 141/1439 (9.8%) 

  Missing 26 12 

Mortality No 1599/1674 (95.5%) 1463/1517 (96.5%) 

  Yes 75/1674 (4.5%) 54/1517 (3.5%) 

  Missing 23 11 

Re-operation No 1559/1676 (93.0%) 1410/1517 (93.0%) 

  Yes 117/1676 (7.0%) 107/1517 (7.0%) 

  Missing 21 11 

Re-admission No 1573/1676 (93.8%) 1417/1517 (93.4%) 

  Yes 103/1676 (6.2%) 100/1517 (6.6%) 

  Missing 21 11 

Length of stay ≤10 days 1226/1675 (73.2%) 1123/1509 (74.4%) 

  >10 days 449/1675 (26.8%) 386/1509 (25.6%) 

  Missing 22 19 

Unplanned admission to 
intensive care 

No 1607/1670 (96.2%) 1473/1516 (97.2%) 

  Yes 63/1670 (3.8%) 43/1516 (2.8%) 

 Missing 27 12 
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Supplementary Table 27: Anastomotic leak rate pre- and post-intervention by surgeon 
engagement rate for sequence 2 hospitals only 
 

Engagement rate per hospital-team 
Anastomotic leak 

Pre-intervention 

Anastomotic leak 

Post-intervention 

<50% 31/403 (7.7%) 39/287 (13.6%) 

50-79% 18/159 (11.3%) 13/126 (10.3%) 

≥80% 35/254 (13.8%) 8/178 (4.5%) 

 
 
 

Supplementary Table 28: Engagement rates in surgeons with the online educational modules, 
implementation rates in clinical practice on patients and anastomotic leak rates in those 
patients.  
 

Engagement of 

hospital-teams 

with modules 

Implementation of all 

components introduced in 

the modules in patients 

(per-protocol) 

Anastomotic leak 

No implementation of 

one or more 

component(s) in patients 

Anastomotic leak 

50% or less 449/1302 (34.5%) 53/449 (11.8%) 853/1303 (65.5%) 77/853 (9.0%) 

50%-79% 316/726 (43.5%) 34/316 (10.8%) 410/726 (56.5%) 38/410 (9.3%) 

80% or more 505/966 (52.3%) 28/505 (5.5%) 461/966 (47.7%) 57/461 (12.4%) 
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Checklists 
 
Supplementary Table 29: CONSORT-SW extension checklist for the stepped wedge cluster 
randomised trial  
 

Topic 
Item 
no 

Checklist item Section 

Title and abstract 

 

1a 
Identification as a stepped wedge cluster randomised trial 
in the title. 

Title 

1b 
Structured summary of trial design, methods, results, and 
conclusions (see separate SW-CRT checklist for 
abstracts). 

Title 

Introduction 

Background and 
objectives 

2a 
Scientific background. Rationale for using a cluster 
design and rationale for using a stepped wedge design. 

Rationale 

2b Specific objectives or hypotheses. Intro 

Methods 

Trial design 

3a 

Description and diagram of trial design including 
definition of cluster, number of sequences, number of 
clusters randomised to each sequence, number of 
periods, duration of time between each step, and whether 
the participants assessed in different periods are the 
same people, different people, or a mixture. 

Trial design 

3b 
Important changes to methods after trial commencement 
(such as eligibility criteria), with reasons. 

Pragmatic 
design 

Participants 
4a Eligibility criteria for clusters and participants. 

Clusters 
/participants 

4b Settings and locations where the data were collected. Participants 

Interventions 5 

The intervention and control conditions with sufficient 
details to allow replication, including whether the 
intervention was maintained or repeated, and whether it 
was delivered at the cluster level, the individual 
participant level, or both. 

Development 
of QI 
intervention 

Outcomes 

6a 
Completely defined prespecified primary and secondary 
outcome measures, including how and when they were 
assessed. 

Outcomes 

6b 
Any changes to trial outcomes after the trial commenced, 
with reasons. 

N/A 

Sample size 

7a 

How sample size was determined. Method of calculation 
and relevant parameters with sufficient detail so the 
calculation can be replicated. Assumptions made about 
correlations between outcomes of participants from the 
same cluster. (see separate checklist for SW-CRT 
sample size items). 

Sample size 

7b 
When applicable, explanation of any interim analyses 
and stopping guidelines. 

Sample size 

Randomisation 

Sequence 
generation 

8a 
Method used to generate the random allocation to the 
sequences of treatments. 

Randomisation 
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8b 
Type of randomisation; details of any constrained 
randomisation or stratification, if used. 

Randomisation 

Allocation 
concealment 
mechanism 

9 
Specification that allocation was based on clusters; 
description of any methods used to conceal the allocation 
from the clusters until after recruitment. 

Randomisation 

Implementation 10a 
Who generated the randomisation schedule, who 
enrolled clusters, and who assigned clusters to 
sequences. 

Randomisation 

 10b 

Mechanism by which individual participants were 
included in clusters for the purposes of the trial (such as 
complete enumeration, random sampling; continuous 
recruitment or ascertainment; or recruitment at a fixed 
point in time), including who recruited or identified 
participants. 

Randomisation 

 10c 
Whether, from whom and when consent was sought and 
for what; whether this differed between treatment 
conditions. 

Patient 
participation 

Blinding 
11a 

If done, who was blinded after assignment to sequences 
(eg, cluster level participants, individual level participants, 
those assessing outcomes) and how. 

Blinding 

11b If relevant, description of the similarity of treatments. N/A 

Statistical 
methods 

12a 

Statistical methods used to compare treatment conditions 
for primary and secondary outcomes including how time 
effects, clustering and repeated measures were 
considered. 

Statistical 
analysis 

12b 
Methods for additional analyses, such as subgroup 
analyses, sensitivity analyses, and adjusted analyses. 

Statistical 
analysis 

Results 

Participant flow 
(a diagram is 
strongly 
recommended) 

13a 

For each treatment condition or allocated sequence, the 
numbers of clusters and participants who were assessed 
for eligibility, were randomly assigned, received intended 
treatments, and were analysed for the primary outcome 
(see separate SW-CRT flow chart). 

Figure 2 

13b 
For each treatment condition or allocated sequence, 
losses and exclusions for both clusters and participants 
with reasons. 

Supplementary 
Figure 2-5 

Recruitment 
14a 

Dates defining the steps, initiation of intervention, and 
deviations from planned dates. Dates defining 
recruitment and follow-up for participants. 

Pragmatic trial 

14b Why the trial ended or was stopped. Sample size 

Baseline data 15 
Baseline characteristics for the individual and cluster 
levels as applicable for each treatment condition or 
allocated sequence. 

Results 

Numbers 
analysed 

16 
The number of observations and clusters included in 
each analysis for each treatment condition and whether 
the analysis was according to the allocated schedule. 

Results 

Outcomes and 
estimation 

17a 

For each primary and secondary outcome, results for 
each treatment condition, and the estimated effect size 
and its precision (such as 95% confidence interval); any 
correlations (or covariances) and time effects estimated 
in the analysis. 

Results 
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17b 
For binary outcomes, presentation of both absolute and 
relative effect sizes is recommended. 

Results 

Ancillary 
analyses 

18 
Results of any other analyses performed, including 
subgroup analyses and adjusted analyses, distinguishing 
prespecified from exploratory. 

Results 

Harms 19 
Important harms or unintended effects in each treatment 
condition (for specific guidance see CONSORT for 
harms). 

N/A 

Discussion 

Limitations 20 
Trial limitations, addressing sources of potential bias, 
imprecision, and, if relevant, multiplicity of analyses. 

Discussion 

Generalisability 21 
Generalisability (external validity, applicability) of the trial 
findings. Generalisability to clusters or individual 
participants, or both (as relevant). 

Discussion 

Interpretation 22 
Interpretation consistent with results, balancing benefits 
and harms, and considering other relevant evidence. 

Discussion 

Other information 

Registration 23 Registration number and name of trial registry. Methods 

Protocol 24 Where the full trial protocol can be accessed, if available. Methods 

Funding 25 
Sources of funding and other support (such as supply of 
drugs), and the role of funders. 

Methods 

Research ethics 
review 

26 

Whether the study was approved by a research ethics 
committee, with identification of the review committee(s). 
Justification for any waiver or modification of informed 
consent requirements. 

 Methods 
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Figures 
 
Supplementary Figure 1: Development and delivery of the EAGLE RCT mapped to the MRC/NIHR complex interventions framework. 
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Case ascertainment 
 

Supplementary Figure 2: Case ascertainment flowchart  
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Case ascertainment and data validation 

Of the 270/332 (81.3%) hospital-teams that carried out case ascertainment, 22/270 (8.1%) 

reported inconsistent data (the number of right colectomy operations were different to the 

number recorded on REDCap; specifically, that the case ascertainment number was higher than 

the number on REDCap), Supplementary Figure 5. These 22 sites reported a total of 69 missed 

cases. Extrapolated across the full dataset, the estimated number of missed cases was 85/3268 

(2.5%). Of the 71 hospital-teams who completed the data validation, 710 data points were 

checked for accuracy (10 per hospital-team). 27/710 data points were noted as inaccurate 

(3.8%). None of the hospital-teams had more than 10% overall inaccurate data.  
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Supplementary Figure 3a) Detailed consort diagram of hospital level data by randomisation 
sequence – part 1 
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Supplementary Figure 3b) Detailed consort diagram of hospital level data by randomisation sequence – 
part 2 
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Supplementary Figure 4a) Detailed consort diagram of patient level data by randomisation 
sequence – part 1  
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Supplementary Figure 4b) Detailed consort diagram of patient level data by randomisation 
sequence – part 2 
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Supplementary Figure 5: Proportion of hospital-teams completing online educational modules 
(engagement) split by those with early (batches 1-8) participation and late (batches 9-16) 
participation. 
 
 

Engagement 
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Sensitivity analyses 
 

Supplementary Figure 6: Per-protocol sensitivity analysis of primary outcome (completion of all three components of QI intervention) across all 
batches 

 
 

* Each batch analysed using a mixed effects logistic regression model adjusting for hospital number of beds, country income, type of hospital (referral vs. non-referral), sex, 

urgency, and data collection period. Hospital included as a random effect. Overall effect pooled in a random effects meta-analysis using the inverse variance approach of 
DerSimonian and Laird. 
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Supplementary Figure 7: Sensitivity analysis of QI intervention on anastomotic leak rate excluding the first two batches, which were paused due 
to the COVID-19 pandemic (meta-analysed across batches 3 to 16*) 
 

 
 
* Each batch analysed using a mixed effects logistic regression model adjusting for hospital number of beds, country income, type of hospital (referral vs. non-referral), sex, 

urgency, and data collection period. Hospital included as a random effect. Overall effect pooled in a random effects meta-analysis using the inverse variance approach of 
DerSimonian and Laird. 
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Lamas, Sérgio Marçal,  

Centro Hospitalar de Trás-Os-Montes E Alto Douro, E.P.E. 

Ana Isabel Rodrigues, Anabela Santos, André Marçal, António Oliveira, Carina Gomes, Cátia 
Ferreira, Rita Marques,  

Romania 

Coltea Clinical Hospital 

Andrei Chitul, Corina Alexandrescu, Cosmin Bezede, Daniel Cristian, Draga Mandi, Florin 
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Melchor, Maria Luisa Fuenmayor-Valera, Patricia Ortega-Domene,  

Hospital Clinico San Carlos 
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García-Conde, Miguel Hernández,  

Hospital Universitario Principe de Asturias 

Alma Blazquez-Martin, Cristina Vera-Mansilla, Fernando Mendoza-Moreno, Javier 
Hernandez-Salvan, Manuel Diez-Alonso, Pilar Hernandez-Juara, Silvestra Barrena-Blazquez,  

Hospital Del Henares 

Ana María Minaya-Bravo, Armando Galván-Pérez, Carlos San Miguel-Méndez, Enrique 
Gonzalez-Gonzalez, Marcos Alvarez-Díez, Miguel Ángel García-Ureña, Miriam Llorente-
Moreno,  
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Hospital de Manacor 

Carlos Ruiz-Lozano, Enrique Colás-Ruiz, Javier Pérez-Calvo, Joan Andreu Gomila-Sanso, 
Laura Álvarez-Llano, Silvia Covadonga Serrano-Fuentes,  

Fundació Althaia-Xarxa Assistencial Universitària de Manresa 

Cristina Soto-Montesinos, Imma Dedeu-Bastardas, Isabel Perez-Reche, Meritxell Labró-
Ciurans, Sara Pardo-López,  

Hospital Universitario de Móstoles 

Elisa García Pérez, Ignacio Ortega Fernández, Lucía Otazu Canals, Pablo Calvo Espino, 
Paloma Guillamot Ruano, Villamarín Ricardo,  

Hospital General Reina Sofía 

Emilio Peña Ros, Esther Medina Manuel, Jorge Alejandro Benavides Buleje, María Milagros 
Carrasco Prats, Pedro Antonio Parra Baños, Pilar Martínez González, Rebeca González 
Celdrán,  

Morales Meseguer University Hospital 

Enrique M Pellicer-Franco, Graciela Valero-Navarro, Juan Pablo Vicente-Villena, Maria Mar 
Martinez-Mercader, Melody Baeza-Murcia, Monica Mengual-Ballester, Victoriano Soria-Aledo,  

Hospital Universitario Central de Asturias (Huca) 

Daniel Fernández-Martínez, Lorena Varela-Rodríguez, Luis Joaquin Garcia-Flórez, Maria 
Fernández-Hevia, Maria Jose Gonzalez-Diaz, Sebastian Fernández-Arias,  

Hospital Universitario Infanta Cristina 

Cristina Palomar Puertas, Eduardo de San Pío Carvajal, Elena Sagarra Cebolla, Eneida 
Brainsa, José Manuel Muros Bayo, Marta Cuartero Castro, Raquel Ríos Blanco,  

Infanta Sofía University Hospital 

Elsa Gutierrez, Francisca Lima Pinto, Javier Martinez Alegre, Natalia Flores, Sara Nuñez 
O´Sullivan,  

Hospital General de Segovia 

Begoña Fadrique Fernández, Javier Etreros Alonso, Juan Guillermo Ais Conde, Nicolas 
Monge Ropero, Raquel Álvaro Bayón, Sara Hernández Dominguez, Sofia Ramirez,  

Hospital Universitario Virgen Macarena 

Angel Martin de Pablos, Asuncion Perez-Sanchez, Auxiliadora Cano-Matias, Francisco-Javier 
Del-Rio-Lafuente, Javier Caballero-Delgado, Javier Valdes-Hernandez, Juan-Carlos Gomez-
Rosado,  

Hospital Universitario Y Politécnico La Fe 

Cristina Martinez, Hanna Cholewa, Jorge Sancho-Muriel, Maria José Alberola, Mireia 
Navasquillo, Vicent Primo, Virginia Moreno,  

Hospital Clínico Universitario de Valencia 

Alejandro Espí-Macías, David Moro-Valdezate, Irene Carrascosa-Morales, José Martín-
Arévalo, Marina Soro-Domingo, Stephanie García-Botello, Vicente Pla-Marti,  
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Consorcio Hospital General Universitario 

Antonio Melero Abellán, Carolina Martínez Pérez, Carolina Martínez Pérez, Guillermo Felipe 
Valderas Cortés, Laura Fraile Blasco, Marta Roselló Chornet, Rosa Sanchis Martín,  

Hospital Clínico Universitario de Valladolid 

Alejandro Romero-De Diego, Andrea Vázquez-Fernández, Antonia Pascual, Beatriz de 
Andrés-Asenjo, Juan Beltrán de Heredia, María Ruiz-Soriano, Rita Rodríguez-Jiménez,  

Álvaro Cunqueiro Hospital 

Enrique Moncada Iribarren, Erene Victoria Flores Rodríguez, Maria Del Carmen Casas 
García, Marta Paniagua García-Señoráns, Óscar Cano Valderrama, Paula Fernández 
Rodríguez, Raquel Sánchez Santos, Rosana Pérez Currás, Vincenzo Vigorita,  

Hospital Universitario Miguel Servet 

Carlos Gracia Roche, Eduardo Delgado, Francisco Lafuente, Isabel Gascon, Maria Victoria 
Duque Mallen, Sef Saudi, Victoria Fraj,  

Sri Lanka 

National Hospital of Sri Lanka 

Dakshitha Wickramasinghe, Ishan de Zoysa, Nandadeva Samarasekera, Rasika 
Wickramarathne, Vihara Dassanayake, Yathev Balathayalan,  

University Hospital Kdu 

Dulantha de Silva, Mariyan Perera, Samanthi Pulleperuma, Sharitha Jayasekara, Wasantha 
Wijenayake,  

North Colombo Teaching Hospital 

Bhagya Gunetilleke, Nayana Abeysinghe, Pramodh Chandrasinghe, Sumudu Kumarage,  

Sudan 

Ibrahim Malik Teaching Hospital 

Abdalrahmman G. Abdalradiy, Abu Bakr H. Widatalla, Amjed Yassir Ahmed, Haiba A. 
Mohamed, Hytham K. S. Hamid, Manhal Hashim Ali, Sami Jalal Eldin, 
  

Sweden 

Skane University Hospital Malmö 

Erika Agger, Henrik Jutesten, Jenny Lindgren, Mattias Lepsenyi, Najia Azhar, Pamela 
Buchwald, Pernilla Hansdotter,  

Visby Hospital 

Anna Ekepil, Åsa Lindén, Gustav Brandström, Jannica Smedberg,  

Switzerland 

Geneva University Hospitals 

Eduardo Schiffer, Frédéric Ris, Grégoire Longchamp, Jeremy Meyer, Luc Dupret, Nicolas 
Buchs,  

Ente Ospedaliero Cantonale 



69 
 

Ken Galetti, Luca Regusci, Marco Grischott, Michela Malugani,  

Syrian Arab Republic 

Aleppo Private Hospital 

Abd El-Fattah Mouhandes, Aghyad Kudra Danial, Michel Khayat, Mohamad Hussam Eddin 
Sbahi, Mohamad Kher Marawy, Mohammad Amer Abdullah, Zain Douba,  

The Arabic Medicine 

Ali Mansour, Ammar Niazi, Amr Hamza, Aya Haji Mohamad, Marwa Awead, Saleh 
Mohammad, Samer Salloum,  

Aleppo University Hospital 

Ahmad Al Jabar, Aya Zazo, Baraa Shebli, Kusay Ayoub, Lina Younes, Mohammad Hassan 
Bannoud, Rama Zazo,  

Tishreen University Hospital 

Ahmad Saad, Alaa Hamdan, Habib Wakkaf, Lama Adra, Mahmoud Souliman, Majd Anton, 
Sawsan Hannouf,  

Taiwan 

Kaohsiung Medical University Hospital 

Jaw Yuan Wang, Kuan Lin Li, Kuang I Cheng, Shi Jie Ji, Yi Chien Hsieh,  

Turkey 

Gulhane Training And Research Hospital 

Emine Arici Parlak, Mehmet Demir, Umut Kara, Yaşar Subutay Peker,  

Bursa City Hospital 

Direnç Yiğit, Neslisah Unal, Nidal Iflazoğlu, Ömer Yalkin, Serra Topal,  

Medicana Bursa Hospital 

Baris Gulcu, Ersin Ozturk, Gülnur Gümbelek, Serkan Terkanlıoğlu,  

Bursa Uludag University School of Medicine 

Arzu Koklucan, Gorkem Ince, Murat Sen, Ozgen Isik, Said Kural, Selcan Akesen, Tuncay 
Yilmazlar,  

Pamukkale University School of Medicine 

Hulya Sungurtekin, Ugur Sungurtekin, Ummuhan Vural, Utku Ozgen,  

Erzincan University Hospital 

Arda Isik, Didem Onk, Eray Kurnaz, Turkan Sel Ozker, 

  

Istanbul Education And Research Hospital 

Ahmet Ipek, Aysegul Ferlengez, Candeniz Erturk, Cihad Tatar, Husnu Sevik, Omer Akay, 
Ozlem Sensoy,  
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Acibadem Atakent Hospital 

Mehmet Bilhan Hayirlioglu, Serhat Aktas, Volkan Ozben, Zumrud Aliyeva,  

Acibadem Atakent Hospital 

Arda Ulaş Mutlu, Banu Vural Gökay, Can Saraçoğlu, Erman Aytaç, Mehmet Gülmez, Merve 
Ünal Işık,  

Bagcilar Research And Training Hospital 

Adnan Hacim, Ahmet Akbas, Filiz Soyhan, Mehmet Alim Turgut, Serdar Demirgan, Serhat 
Meric, Yuksel Altinel,  

Kartal Dr. Lutfi Kirdar Training And Research Hospital 

Baver Baris, Elif Akova, Ersin Kahraman, Hasan Fehmi Kucuk, Kemal Tolga Saracoglu, 
Selcuk Kaya, Sude Lel,  

Sisli Hamidiye Etfal Training And Research Hospital 

Esin Kabul Gurbulak, Esra Caz, Mehmet Kostek, Mehmet Mihmanli, Pinar Yazici, Sibel Oba,  

University of Health Sciences Istanbul Umraniye Training And Research Hospital 

Emre Furkan Kırkan, Hanife Seyda Ulgur, Murat Kalın, Mustafa Deniz Dinkci, Omer Faruk 
Ozkan, Ozgul Duzgun, Sevgi Ozturk,  

Istanbul Universty-Cerrahpaşa Medical Faculty 

Abdullah Kağan Zengin, Ahmet Aşkar, Ahmet Necati Şanlı, Ergin Erginöz, Mehmet Faik 
Özçelik, Sefa Ergün, Server Sezgin Uludağ,  

Kanuni Sultan Suleyman Training And Research Hospital 

Dilek Kara, Gülseren Yılmaz, Inanç Şamil Sarıcı, Yasin Kara,  

University of Health Sciences Tepecik Training And Research Hospital 

Aylin Incesu, Can Arican, Semra Demirli Atici, Tayfun Kaya, Turna Gezer, Yasemin Kirmizi,  

University of Health Sciences Tepecik Training And Research Hospital 

Erdinc Kamer, Gaye Aydin, Ozan Namdaroglu, Sıla Adakaya,  

Dokuz Eylul Univ. Hospital 

Aras Emre Canda, Deniz Ozzeybek, Nurcan Coskun, Selman Sokmen, Sevda Ozkardesler, 
Tayfun Bisgin,  

Ege University Hospital 

Almir Miftari, Cemil Caliskan, Erhan Akgun, Goksu Avseren, Nuri Deniz, Osman Bozbiyik, 
Tayfun Yoldas,  

Kocaeli University Teaching Hospital 

Alican Güreşin, Georgi Zayakov, Gökhan Pösteki, Nihat Zafer Utkan, Ozan Can Tatar, Özlem 
Akçay, Sertaç Ata Güler,  

Sakarya Faculty of Medicine 
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Barış Mantoğlu, Emel Demirel, Emrah Akın, Emre Gonullu, Fatih Altintoprak, Onur Palabıyık, 
Zülfü Bayhan,  

Samsun Training And Research Hospital 

Ahmet Burak Ciftci, Elif Colak, Engin Aybar, Hale Kefeli Celik, Huseyin Eraslan, Kursat 
Yemez, Sadan Somuncuoglu Ozbilgin, Serdar Senol,  

Zonguldak Bulent Ecevit University School of Medicine Research And Training Hospital 

Fatma Ayca Gultekin, Ozcan Piskin, Ozkan Guler, Yucel Karadere,  

Uganda 

Kiryandongo Hospital 

Andrew Kakeeto, Benson Oguttu, Franck K. Sikakulya, Herman Lule,  

Ukraine 

National Cancer Institute 

Alena Rybachuk, Anatoliy Shudrak, Andriy Beznosenko, Ivan Lisnyy, Veronika Rozhkova, 
Vitalii Zvirych,  

United Arab Emirates 

Sheikh Shakhbout Medical City 

Dina Alawlaqi, Faek El Jamali, Iman Al Balooshi, Masood Ahmed, Michael Albers, Noura Al 
Ali, Robert Church,  

United Kingdom 

Bronglais General Hospital 

Gabor Dudas, Johanna Wells, Milena Pavlova, Simone Sebastiani,  

Furness General Hospital 

Christine Paterson, Manish Kaushal, Panna Patel, Sanjay Panchal, Siddhartha Handa, 
Stergios Tezas, Syed-Nadeem Zaidi,  

Heartlands Hospital 

Gracy Raj, Jonathan Wright, Sally Hallam, Sharad Karandikar, Zoe Gates,  

Pilgrim Hospital 

Alison Marshall, Amari Thompson, Athula Tennakoon, Milind Rao, Rory Callan, Rory Callan, 
Sabeen Tufail,  

University Hospitals of Derby And Burton 

Ganesh Rajendran, Kiran Polisetty, Najam Husain, Nicola Clarke, Sangara Naranayanasamy,  

West Suffolk Hospital 

Abigail Hallett, Emmanuel Lorejo, Nicholas Ward, Ramez Antakia,  

Addenbrooke's Hospital 

Athanasios Xanthis, Constantinos Simillis, Elizabeth Tweedle, Ioanna Panagiotopoulou, Lisa 
Grimes, Lorraine Mounstephen, Raluca Bocancia, 
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Ninewells Hospital 

Claire Carden, Joanna Lynch, Ma Salome Noveros, Ramy Shaalan, Tarek Khalil, William 
Marshall,  

Western General Hospital 

Katherine Hodge, James Balfour, Katrina Mcintosh, Louis Buijs, Mark A Potter, Michael Yule, 
Peter G Vaughan-Shaw, Scott Smith, Tom Anderson,  

Royal Devon And Exeter Hospital 

Frank D Mcdermott, Ian R Daniels, Judy Tapp, Neil Smart, Niroshini Rajaretnam, Robert 
Bethune, Thomas Clark,  

James Paget Univeristy Nhs Foundation Trust Hospital 

Christina Delimpalta, Christopher Liao, Gail Banham, Lalani Induruwage, Vamsi Velchuru,  

East Sussex Healthcare (Conquest Hospital And Eastbourne District General Hospital) 

Anna Lawrence, Atiqur Rahman, James Bennett, Marwa Badawi, Raj Harshen,  

King George Hospital 

Aman Bhargava, Kalyani Gorrela, Maher Jumah, Mary Venn, Matthew Hanson, Shobhit Arya, 
Tiffany Atendido,  

East Kent Hospitals Nhs Foundation Trust 

Ashish Shrestha, Esther Cook, Iskandar Rakhimov, Jen Collins, Nadeen Alamin, Natalia 
Vigneswaran, Pradeep Basnyat,  

Kettering General Hospital 

Aliaa Shamardal, Anil Chacko, Dinamulla Wanshantha, George Bisheet, Hamdi Ebdewi, 
Mohamed Abdellatif, Patricia Adu-Poku,  

Lincoln County Hospital 

Anil Tore, Ferdinand Adams, Kate Allen, Khalil Ahmed, Nikhil Kulkarni,  

Newham University Hospital 

Abhishek Chitnis, Hitesh Patel, Jim Magsino, Varun Sarodaya,  

Royal London Hospital 

Annamaria Minicozzi, Charlotte Dempsy, Haleemasahdia Ahmed, Hitesh Patel, Jayan 
Dewantha Jayasinghe, Mohamed Hazem Okail, Mohamed Thaha, Stephen Hallworth,  

The Whittington Hospital 

Chetan Parmar, Lorna Chua, Michail Pizanias, Rashid Samin, Trudi Young,  

Luton And Dunstable University Hospital 

Jayesh Sagar, Liu Yorkmui, Nicholas Cirocchi, Safia Ahmed, Sara Castillo Barreda, Shantata 
Kudchadkar,  

Tunbridge Wells Hospital 
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Aleksandra Baker, Balaji Jayasankar, Dinesh Balasubramaniam, James Jackson, Kirolas 
Abdelsaid, Mohamed Hassan, Shradda Shetty,  

Royal Lancaster Infirmary 

Chris Coldwell, Emma Davies, Helmy Nader, Maria Raistrick, Ondrej Ryska, Paul Hawkin, 
Thomas Raymond,  

Churchill Hospital 

Caroline Witjes, Katrien Van de Steen, Nicholas Crabtree, Stephen Boyce, Wilhelmina 
Somera,  

Jersey General Hospital 

Andrew Woodward, Karena Ryan, Miklos Kassai, Muhammad Aleem,  

Morriston Hospital Swansea 

Anil Ghosh, Dani Rixson, Eleanor Lewis, Noel Lynch,  

Musgrove Park Hospital 

Charmaine Shovelton, Ewa Zywicka, Francesca Guest, Jess Barton, Rebecca Purnell, 
Richard Bamford, Thomas Teare,  

Royal Cornwall Hospital 

Benita Adams, Gaspard Chmielewski, Iain Smith, Laura Smith, Lewis Connolly, Rachel 
Niblett,  

Wrightington, Wigan & Leigh Nhs Foundation Trust 

Amal Singh, Gail Halliwell, Marius Paraoan, Nicholas Doree, Peter Asaad,  

Wirral University Teaching Hospital 

Claire Kilbride, Holly Carpenter, Jeremy Wilson, Juliette Fletcher, Kesav Aditya Vijayagopal, 
Malaz Abbakar, Tilemachos Zaimis,  

Yeovil District Hospital 

Adam Walsh, Agnieszka Kubisz-Pudelko, Jolanta Nono, Lucy Pippard, Manish Chowdhary, 
Richard Dalton, Tamer Moussa,  

Uruguay 

Medica Uruguaya 

Fabiana Dominguez, Gonzalo Solla, Jacqueline Curbelo, Marcelo Laurini, Marcelo Viola, 
Noelia Brito,  

Yemen, Rep. 

Al-Thawra Modern General Hospital 

Ahmed Al-Alnsi, Hamza Al-Naggar, Lamis Saryah, Mohammed Al-Shehari, Ramzi Alsayadi, 
Roqia'A Al-Hutheifi, Sarah Shream, 
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