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Abstract

Background: Identification of patients at high risk of surgical-site infections may allow surgeons to minimize associated morbidity. 
However, there are significant concerns regarding the methodological quality and transportability of models previously developed. 
The aim of this study was to develop a novel score to predict 30-day surgical-site infection risk after gastrointestinal surgery across 
a global context and externally validate against existing models.

Methods: This was a secondary analysis of two prospective international cohort studies: GlobalSurg-1 (July–November 2014) and 
GlobalSurg-2 (January–July 2016). Consecutive adults undergoing gastrointestinal surgery were eligible. Model development was 
performed using GlobalSurg-2 data, with novel and previous scores externally validated using GlobalSurg-1 data. The primary 
outcome was 30-day surgical-site infections, with two predictive techniques explored: penalized regression (least absolute 
shrinkage and selection operator (‘LASSO’)) and machine learning (extreme gradient boosting (‘XGBoost’)). Final model selection 
was based on prognostic accuracy and clinical utility.

Results: There were 14 019 patients (surgical-site infections = 12.3%) for derivation and 8464 patients (surgical-site infections = 11.4%) 
for external validation. The LASSO model was selected due to similar discrimination to extreme gradient boosting (AUC 0.738 (95% c.i. 
0.725 to 0.750) versus 0.737 (95% c.i. 0.709 to 0.765)), but greater explainability. The final score included six variables: country income, 
ASA grade, diabetes, and operative contamination, approach, and duration. Model performance remained good on external validation 
(AUC 0.730 (95% c.i. 0.715 to 0.744); calibration intercept −0.098 and slope 1.008) and demonstrated superior performance to the 
external validation of all previous models.

Conclusion: The ‘Global Surgical-Site Infection’ score allows accurate prediction of the risk of surgical-site infections with six simple 
variables that are routinely available at the time of surgery across global settings. This can inform the use of intraoperative and 
postoperative interventions to modify the risk of surgical-site infections and minimize associated harm.

Lay summary

This study is about finding ways to predict if someone will get an infection after having surgery on their stomach and intestines. If 
doctors know who is at high risk of getting an infection, they can take steps to prevent it and help the patient recover faster. The 
researchers used information from patients who had surgery all over the world to try to make a way to score how likely someone is 
to get infection in their wound from surgery. They did this in two different ways, then picked the one that was best at picking up 
infections, while still being easy to use. They then compared the new score against older scores to check if it really was better or not. 
The researchers found that their new score was good at predicting who might get an infection using just six bits of information on 
the patient. This new score worked even better than older scores when these were compared all together. This means that doctors 
can use this new score to check who is most likely to get an infection after surgery and so can take extra steps during and after the 
surgery to try and stop these from happening. Because the score is so simple, this is easy to use all around the world.
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Introduction
Surgical-site infections (SSI) are among the most common 
postoperative complications in patients undergoing 
gastrointestinal surgery, with the associated postoperative 
morbidity and mortality posing a significant burden to both 
patients and health systems1,2. There has been a marked 
reduction in the incidence of SSI as a result of the introduction of 

numerous perioperative interventions that can reduce the risk and 

associated harm of SSI3–5. Nonetheless, these infections continue 

to affect 10% of patients in high-income countries and one-third of 

patients in low- and middle-income countries (LMIC)6. To provide 

an evidence-based approach to allocation of these perioperative 

interventions, there needs to be better understanding of the 

patients at greatest risk. Furthermore, the earlier this can be 
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determined in the perioperative care pathway, the more effectively 
interventions for treatment and surveillance can be provided.

Efforts to develop predictive tools for SSI have been ongoing 
for decades7; however, many do not align with current 
methodological recommendations8 and the few that have been 
externally validated outside the original cohorts typically 
display only moderate discrimination7. None has been widely 
adopted in clinical practice3–5, reflecting that the feasibility and 
clinical utility of these models continues to remain uncertain 
outside of their original contexts. This is particularly important 
for LMIC, which experience the greatest burden of SSI and stand 
to benefit most from direction of limited resources towards 
patients at most risk of SSI6. Therefore, the aim of this study 
was to develop and validate a prognostic score based on data 
available at the time of operation to predict 30-day SSI risk after 
gastrointestinal surgery across a global context. Subsequently, 
the aim was to perform external validation across global data in 
comparison with existing prognostic models.

Methods
This study reports the derivation and validation of the ‘Global 
Surgical-Site Infection’ (GloSSI) risk prediction model to stratify 
patients by their 30-day SSI risk after major gastrointestinal 
surgery. This study is reported according to the ‘Transparent 
reporting of a multivariable prediction model for individual 
prognosis or diagnosis’ (TRIPOD) statement9.

Data sources
This was a secondary analysis of two independent prospective 
multicentre international studies conducted by the GlobalSurg 
Collaborative (www.globalsurg.org). Eligible patients were 
identified by local collaborators at each participating hospital 
during 2-week data collection intervals within the respective data 
collection windows: July–November 2014 (‘GlobalSurg-1’10) and 
January–July 2016 (‘GlobalSurg-2’11). These studies collected 
routine anonymized data with no change to clinical care 
pathways. Both were registered according to the appropriate local 
or national approval pathways in each participating country (audit 
approval, ethical or institutional review board). This secondary 
analysis was not pre-registered in an independent institutional 
registry.

Consecutive patients undergoing a broad range of 
gastrointestinal surgical procedures were eligible. However, each 
study focused on different cohorts of patients: GlobalSurg-1 
focused on those undergoing emergency gastrointestinal surgery 
for any indication10; and GlobalSurg-2 focused on those 
undergoing emergency and elective gastrointestinal surgery11. A 
full description of methods and primary findings of each of these 
studies has been previously described6,12. Any centres on a global 
basis that routinely performed these surgeries were eligible to 
participate in the respective studies. For the purposes of this 
analysis, only adult patients (greater than or equal to 18 years old, 
with no upper age limit) undergoing gastrointestinal surgery were 
included across both studies. This included relevant procedures 
with no entry of the gastrointestinal tract (for example diagnostic 
laparotomy/laparoscopy, adhesiolysis, and hernia repair).

Data collection
Data in both studies were collected using a collaborative research 
methodology13, engaging clinicians, medical students, and allied 
healthcare professionals at sites around the world to collect data 
according to pre-published study protocols10,11. Anonymized data 

were submitted and stored on secure research electronic data 
capture (REDCap) servers14. Data collection teams were unaware 
of the predictors that would be included in the development or 
external validation of scores and therefore no blinding to 
outcomes or other predictors was deemed necessary.

Data were collected related to baseline demographics, 
perioperative care, and 30-day outcomes for each patient using a 
pre-specified case report form10,11. Both data sets were 
standardized based on variables that shared a common definition 
and a complementary data structure. Data dictionaries from both 
studies were extracted directly from the REDCap platform and 
cross-referenced to identify these variables. These pairings were 
cross-tabulated before and after combination to ensure consistent 
order and encoding within the combined data set. These data 
were further supplemented using country-level World Bank 
income data for the year of data collection15 and BUPA Schedule 
of Procedures classifications of operative complexity16.

Outcome definition
The primary outcome in this analysis was 30-day SSI. In all 
GlobalSurg studies, this was defined according to the Centers for 
Disease Control and Prevention (CDC) definition17 (including all 
superficial, deep, and organ-space infections). All SSI events were 
recorded at 30 days after surgery either through in-person or 
health record review. However, in locations where it was not 
possible to conduct 30-day follow-up due to resource limitations, 
SSI was measured at the point of discharge, with a pragmatic 
assumption that SSI would not occur post-discharge. This CDC 
definition of SSI was used for all external validation models, 
irrespective of the exact definition used in the original derivation 
models. 

Model derivation
The GlobalSurg-2 data set was selected as the derivation cohort due 
to having the broadest inclusion criteria and the primary outcome 
being 30-day SSI11. The minimum sample size required for 
developing a multivariable prediction model was explored across 
a range of plausible scenarios based on the number of 
parameters, event rates, and expected model discrimination18

(Fig. S1). Based on the event rate previously reported for the 
GlobalSurg-2 data set6, the sample size was anticipated to be 
adequate for a model with an area under the curve (AUC) greater 
than or equal to 0.65. Candidate variables were considered from 
those previously included in prognostic models identified in a 
systematic review7. Additional variables were considered based 
on potential relevance and appropriateness to resource-limited 
environments. Candidate variables were discarded if: there was 
no clear clinical rationale for an influence on the outcome; they 
were not generalizable to all patients undergoing gastrointestinal 
surgery; or they would not be expected to be accessible across 
income settings. A priori, it was decided that any missing data 
would be handled using multiple imputation with chained 
equations, under the ‘missing-at-random’ assumption19. A total 
of ten data sets were imputed using available explanatory 
variables and the outcome variable, with patients clustered by 
country. Modelling was performed on imputed data sets, with 
Rubin’s rules used to combine results20.

A four-stage model building process was used, in line with best 
practice21 (Fig. 1). First, a criterion-based approach with a 
generalized additive model was used for initial variable selection22. 
Each variable was omitted from the complete model in turn 
(‘leave-one-out’ approach), with the decision to retain a variable 
based on the change in either the deviance explained (greater than 
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1%) or unbiased risk estimator (greater than 10%) compared with the 
complete model. Second, any continuous variables were categorized 
to facilitate clinical utility based on the observed relationship with 
SSI in the generalized additive model using an approach previously 
shown to maintain discriminative performance22. Third, a least 
absolute shrinkage and selection operator (LASSO) logistic 
regression model was used to establish the simplest model with 
the highest predictive potential. The final variables included were 
selected based on being retained in the majority (greater than five) 
of imputed data sets. Fourth, these selected variables were entered 
into a mixed-effects logistic regression model, with patients 
clustered by country. The fixed-effects coefficients across the 
models were pooled using Rubin’s rules23 and scaled to create the 
GloSSI prognostic index. As disparities in outcomes at country 
income level are due to systematic country differences, rather 
than being relevant at an individual level, these differences were 
instead accounted for by model intercepts specific for income level.

To provide a comparison of the predictive potential of the 
available data by accounting for any complex underlying 
interactions, an alternative machine-learning approach was 
explored (extreme gradient boosting (XGBoost))21. This included all 
candidate predictor variables from the development data set that 

were present within the external validation data set. The 
development data set was randomly split into training and testing 
sets in an 80 : 20 ratio, with models fitted through ten-fold 
cross-validation, minimizing the binary classification error rate 
(the proportion of errors in classification of patients with SSI). 
Hyperparameters were also tuned via grid search to maximize the 
AUC in the test set.

External validation
External validation of the final GloSSI model was performed using 
the GlobalSurg-1 data set12. Furthermore, all previous prognostic 
models identified in a systematic review were externally validated 
when the corresponding clinical parameters were available in the 
GlobalSurg data sets7. Where appropriate, clinical parameters that 
were aligned, but not exactly equivalent, in the GlobalSurg data 
sets were rationalized on a pragmatic basis. Operative duration is a 
key variable used in previous prognostic models and was collected 
in GlobalSurg-2, but not GlobalSurg-1. Therefore, a separate 
multivariable linear regression model was developed using 
GlobalSurg-2 data and used to estimate operative duration in the 
validation data set based on all patient and operative 
characteristics common across both data sets (Table S1).  Missing 

Globalsurg-2 data

Candidate variables

Multiple imputation

Cut-off point selection
for linear predictors

b-Coefficients pooled and
scaled to prognostic index

Development
(80% of data)

Globalsurg-1 data Globalsurg-2 data

Model external validation

Prognostic scores with
available data n = 5

Prior prognostic factors
n = 83

Prognostic scores from
systematic review n = 23

Systematic review

Random data set split (80 : 20)

Machine learning (XGBoost)

Int. validation
(20% of data)

Penalized logistic
regression (LASSO)

Generalized additive model
(GAM) n = 26 variables

Novel model development

Fig. 1 Flow chart of modelling process 

XGBoost, extreme gradient boosting; Int., Internal; LASSO, least absolute shrinkage and selection operator.
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data were handled in the validation data set as per the derivation 
cohort, except the outcome variable was excluded as a predictor.

Statistical analysis
Model performance was compared using the AUC and 
prognostic accuracy summary statistics calculated for a 
range of cut-off values (sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV)). 
An AUC with a lower confidence interval of 0.5–0.59 was 
considered to indicate ‘poor’ model discrimination, 0.6–0.69 
was considered to indicate ‘moderate’ model discrimination, 
0.7–0.79 was considered to indicate ‘good’ model 
discrimination, and greater than or equal to 0.8 was 
considered to indicate ‘excellent’ model discrimination24. 
Calibration was assessed through visual inspection and the 
calibration intercept (calibration-in-the-large) and slope25

(an intercept of 0 and slope of 1 indicates ‘perfect’ 
calibration). No recalibration was planned or performed 
to allow determination of whether these models were 
‘transportable’ in their original iteration26 (for example 
continue to produce accurate predictions in a related, but 
different, population). Finally, a decision curve analysis was 
performed, which can allow determination of the clinical 
utility of a prognostic model through comparison of the 
relative value of benefits (treating a true positive) and harms 
(treating a false positive)27. All statistical analyses were 
performed in R Studio version 4.1.1 (R Foundation for 
Statistical Computing, Vienna, Austria), with packages 
including tidyverse, finalfit, and predictr28.

Results
Cohort characteristics
Data for 22 483 patients were eligible to be included in modelling 
(Fig. 1): 14 019 patients (62.4%) in the derivation cohort 
(GlobalSurg-2) and 8464 patients (37.6%) in the validation cohort 
(GlobalSurg-1).

Within the development cohort, the overall SSI rate was 12.3% 
(1730 patients), including 488 patients (3.5%) with organ-space 
infections (Table 1). The median age of patients in the cohort was 
47.0 (interquartile range 32.0–63.0) years; 7051 patients (50.3%) 
were female and 8089 patients (57.7%) had at least one 
co-morbidity (ASA grade II–V). Half of the development cohort 
(6877 patients; 49.1%) were from LMIC. However, there were 
substantial differences in sociodemographic and clinical 
characteristics between the surgical populations in the derivation 
cohort and the validation cohort (Table 1). GlobalSurg-1 only 
included patients requiring emergency procedures, who were 
substantially more co-morbid and undergoing procedures that 
were technically less complex, yet often more contaminated and 
performed using an open approach. The overall SSI rate observed 
was broadly consistent between the cohorts (12.3% (1730 of 14 019) 
in the derivation cohort versus 11.4% (965 of 8464) in the validation 
cohort).

Development of a novel model
A total of 23 candidate predictor variables were identified within the 
development data set that were assessed before surgery or 
intraoperatively (Table S2). A further four variables were derived 
from existing variables (operative duration and specialty) or linked 
from external data sets (World Bank income level and operative 
complexity (BUPA Schedule of Procedures)). Data on these 
candidate variables were complete for 9762 patients (69.6%) and 

the pattern of missing data was consistent with a 
‘missing-at-random’ assumption (Fig. S2a). Due to small numbers 
within the development data set, co-morbidities describing the 
characteristic of immunosuppression (human immunodeficiency 
virus or malarial infection, corticosteroid or other 
immunosuppressant use, and recent chemotherapy) were 
collapsed into a single binary variable.

Generalized additive models were applied to the imputed data 
sets then pooled, with eight meeting the a priori threshold to be 
considered as important predictors of SSI (Table S3). Component 
smoothed functions generated were used to select informative 
cut-off values to categorize continuous variables (age and 
operative duration) (Fig. S3). On entering these variables into a 
penalized logistic regression model (LASSO), all variables were 
retained within the final model. Penalized regression coefficients 
of the final model (Table 2) were scaled into a prognostic index 
(GloSSI score: range 0–74).

The pooled LASSO model demonstrated good discrimination 
(AUC 0.738 (95% c.i. 0.725 to 0.750)) and calibration (intercept 
0.044 and slope 0.995) for 30-day SSI within the derivation 
cohort (Table 3 and Fig. 2). This was similar to the XGBoost 
model within the internal validation (test) data set, which also 
showed good discrimination (AUC 0.737 (95% c.i. 0.709 to 0.765)) 
and high calibration (intercept −0.046 and slope 0.995) across 
the range of risk (Fig. 2). However, both models underestimated 
the probability in those at highest risk of SSI (Table 3 and Fig. 2b). 
Using the GloSSI prognostic index (Table 2 and Table S4), the 
prognostic accuracy was investigated across a range of values to 
provide flexibility in adapting to different clinical use cases 
(Table 4). With a ‘rule in’ approach, to exclude ‘low-risk’ patients 
(GloSSI score less than or equal to 5), a NPV of 95.9% (sensitivity 
89.9% and specificity 33.5%) can be achieved. In contrast, with a 
‘rule out’ approach, to select only ‘high-risk’ patients (GloSSI 
score greater than 50), an PPV of 36.2% (sensitivity 12.9% and 
specificity 96.8%) can be achieved.

External validation of the novel model and 
comparison with previous predictive models
There were 23 previous models identified in a systematic review7. All 
common model parameters (identified in greater than or equal to 
three models) were present in one or more GlobalSurg data set 
(Fig. S4), apart from BMI (n=10/23). Overall, five prior models were 
able to be externally validated using one or both of the GlobalSurg 
data sets. Of the 18 models that could not be validated due to a 
lack of prerequisite clinical parameters being present, this was 
predominantly due to an absence of preoperative blood test results 
or other infrequently identified predictors not being present 
(Fig. S4). Only four additional models could have been externally 
validated if BMI had been present in these data sets29–32.

There were substantial differences between the surgical 
populations in the GlobalSurg cohorts and cohorts used to derive 
the previous scores undergoing external validation, with 
comparisons limited by the data reported (Tables S5, S6). Most 
notably, 40% (two of five) of previous scores were developed using 
data from patients undergoing non-abdominal procedures, with 
up to 70% of procedures reported to be classified as clean surgery. 
Furthermore, all previous scores were developed in cohorts from 
upper-middle- or high-income countries only.

On external validation using the GlobalSurg data sets, all models 
demonstrated a consistent performance across both data sets 
(Table 3 and Fig. S5a). The GloSSI score and XGBoost comparator 
demonstrated consistently superior discrimination across the 
validation data set compared with previous models (Table 3, 
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Table 1 Characteristics of the development and external validation cohorts

Characteristic Derivation cohort (GlobalSurg-2) Validation cohort (GlobalSurg-1) P

Age (years), mean(s.d.) 47.9(18.6) 46.1(20.3) <0.001
Sex

Male 6184 (44.1) 4461 (52.7) <0.001
Female 7051 (50.3) 4000 (47.3)
Missing 784 (5.6) 3 (0.0)

History of smoking
Non-smoker 8538 (60.9) 4883 (57.7) <0.001
Ex-smoker 1643 (11.7) 978 (11.6)
Current smoker 2248 (16.0) 1616 (19.1)
Missing 1590 (11.3) 987 (11.7)

History of diabetes
No 12 653 (90.3) 7495 (88.6) <0.001
Diet controlled 120 (0.9) 166 (2.0)
Medication (non-insulin) controlled 801 (5.7) 371 (4.4)
Insulin controlled 376 (2.7) 210 (2.5)
Missing 69 (0.5) 222 (2.6)

ASA grade
I 5544 (39.5) 3438 (40.6) <0.001
II 5486 (39.1) 2692 (31.8)
III 2162 (15.4) 1418 (16.8)
V 94 (0.7) 178 (2.1)
Missing 386 (2.8) 264 (3.1)

History of immunosuppressive medication
No 13 739 (98.0) – –
Yes 195 (1.4) –
Missing 85 (0.6) –

History of HIV
No 12 701 (90.6) – –
Yes 83 (0.6) –
Missing 1235 (8.8) –

History of corticosteroid use
No 13 571 (96.8) – –
Yes 333 (2.4) –
Missing 115 (0.8) –

History of chemotherapy (<6 weeks)
No 13 646 (97.3) – –
Yes 293 (2.1) –
Missing 80 (0.6) –

Preoperative antibiotic treatment
No 10 383 (74.1) – –
Yes 3385 (24.1) –
Missing 251 (1.8) –

Operative pathology
Benign 11 233 (80.1) 7460 (88.1) <0.001
Trauma 259 (1.8) 488 (5.8)
Malignant 2523 (18.0) 516 (6.1)
Missing 4 (0.0) 0 (0.0)

Operative contamination
Clean-contaminated 11 032 (78.7) 6907 (81.6) <0.001
Contaminated-dirty 2835 (20.2) 1557 (18.4)
Missing 152 (1.1) 0 (0.0)

Intraoperative perforation
No 13 617 (97.1) 6879 (81.3) <0.001
Yes 402 (2.9) 1557 (18.4)

Operative urgency
Elective 7653 (54.6) 0 (0.0) <0.001
Emergency 6366 (45.4) 8464 (100.0)

Operative duration (min), mean(s.d.)
117.4(88.1) – –

Operative speciality
UGI 2182 (15.6) 1150 (13.6) <0.001
HPB 5074 (36.2) 1211 (14.3)
Colorectal 5663 (40.4) 4291 (50.7)
Other* 1100 (7.8) 1812 (21.4)

Intraoperative stoma formation
No 13 647 (97.3) 7592 (89.7) <0.001
Ileostomy 135 (1.0) 359 (4.2)
Colostomy 237 (1.7) 441 (5.2)
Other 0 (0.0) 65 (0.8)

(continued) 
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Table 2 ‘Global Surgical-Site Infection’ score for prediction of surgical-site infections in adults undergoing gastrointestinal surgery

Variable Level β-Coefficient Points

Co-morbidities ASA grade I 0 0
II 0.245 5
III 0.517 10
IV 0.633 13
V 0.291 6

History of diabetes No 0 0
Diet controlled 0.591 12

Medication (non-insulin) controlled 0.334 7
Insulin controlled 0.354 7

Operative Operative approach/contamination Minimally invasive/clean-contaminated 0 0
Open/clean-contaminated 1.014 20

Minimally invasive/contaminated-dirty 0.422 8
Open/contaminated-dirty 1.968 39

Operative duration (min) <200 0.000 0
≥200 0.501 10

Model intercept by country income level: high income = −70 (β = −3.49), upper middle income = −63 (β = −3.15), and low and lower middle income = −60 (β = −2.98). To 
generate the final scaled score, mean coefficients were multiplied by 20 and rounded.

Table 3 Model performance of the ‘Global Surgical-Site Infection’ score and previous predictive models across the GlobalSurg data sets

Model Status GlobalSurg-1 GlobalSurg-2

AUC (95% c.i.) Calibration intercept and slope AUC (95% c.i.) Calibration intercept and slope

GloSSI (LASSO) Derivation – – 0.738 
(0.725,0.750)

0.044 and 0.995

External 
validation

0.730 
(0.715,0.744)

−0.098 and 1.008 – –

XGBoost Derivation – – 0.783 
(0.770,0.796)

−0.002 and 1.192

Internal 
validation

– – 0.737 
(0.709,0.765)

−0.046 and 0.940

External 
validation

0.728 
(0.713,0.743)

−0.298 and 0.926 – –

Grant et al.41

(2019)
External 

validation
0.696 

(0.680,0.711)
– 0.696 

(0.683,0.710)
–

NNIS (1986) External 
validation

0.617 
(0.600,0.635)

0.789 and 1.007 0.627 
(0.614,0.640)

0.923 and 1.175

RSSIC (2012) External 
validation

– – 0.605 
(0.592,0.618)

–

SENIC (1985) External 
validation

0.635 
(0.617,0.653)

0.362 and 0.688 0.659 
(0.646,0.673)

0.461 and 0.882

Updated NNIS 
(2001)

External 
validation

0.687 
(0.673,0.702)

0.969 and 1.445 0.698 
(0.686,0.711)

1.203 and 1.308

GloSSI, ‘Global Surgical-Site Infection’; LASSO, least absolute shrinkage and selection operator; XGBoost, extreme gradient boosting; NNIS, National nosocomial 
infections surveillance system; RSSIC, Risk of Surgical Site Infection in Cancer; SENIC, Study on the Efficacy of Nosocomial Infection Control.

Table 1 (continued)  

Characteristic Derivation cohort (GlobalSurg-2) Validation cohort (GlobalSurg-1) P

Operative complexity
Intermediate 2528 (18.0) 2983 (35.2) <0.001
Major 7468 (53.3) 3554 (42.0)
Major+ 2614 (18.6) 1159 (13.7)
Complex major 1393 (9.9) 762 (9.0)
Missing 16 (0.1) 6 (0.1)

Operative approach
Minimally invasive 6960 (49.6) 2791 (33.0) <0.001
Open 7059 (50.4) 5668 (67.0)

Country World Bank income
Low/lower-middle 4072 (29.0) 1928 (22.8) <0.001
Upper-middle 2805 (20.0) 1254 (14.8)
High 7142 (50.9) 5282 (62.4)

30-day SSI rate
No 11 545 (82.4) 7452 (88.0) 0.001
Yes 1730 (12.3) 965 (11.4)
Missing 744 (5.3) 47 (0.6)

Values are n (%) unless otherwise indicated. *Procedures with no entry of the gastrointestinal tract. HIV, human immunodeficiency virus; UGI, Upper gastrointestinal; 
HPB, Hepato-Pancreato-Biliary; SSI, surgical-site infection.
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Fig. 3a, and Fig. S5a) and remained statistically significant ‘good’ 
discrimination for SSI. Sensitivity analysis to explore the results of 
external validation using only LMIC data showed that the GloSSI 
score and XGBoost comparator performed best among the scores 
evaluated, although with a reduction in discrimination compared 
with the full data sets (Fig. S5b).

Nevertheless, the GloSSI score and XGBoost comparator 
appeared to remain well calibrated across a wide spectrum of risk 
on external validation (Table 3 and Fig. 3b). For the three models 
with sufficient information to determine calibration, these had a 
narrower spectrum of predicted probabilities with typically poor 
calibration demonstrated across the GlobalSurg data sets (Table 3

and Fig. 3b). Subsequent decision curve analysis showed that the 
GloSSI and XGBoost models had better clinical utility across a 
wider range of threshold risks compared with prior prognostic 
scores for the GlobalSurg data sets (Fig. 3c).

Discussion
This analysis used robust and well-established modelling 
techniques to derive a novel prognostic model (GloSSI score) to 
predict the likelihood of SSI within the first 30 days after surgery in 
those undergoing gastrointestinal surgery. This was developed 
using prospective data from an observational study conducted on 
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Fig. 2 Comparison of the performance of the least absolute shrinkage and selection operator and the extreme gradient boosting modelling approaches 
in the development cohort (GlobalSurg-2) 

a Model prediction distribution. b Receiver operating characteristic (ROC) curves. c Calibration curves. GloSSI, ‘Global Surgical-Site Infection’; XGBoost, extreme 
gradient boosting.

Table 4 ‘Global Surgical-Site Infection’ score cut-off values and prognostic accuracy using the derivation data set

Cut-off value Surgical-site infection rate (%) Prognostic accuracy using the GlobalSurg-2 data set

‘Low’ risk (<cut-off) ‘High’ risk (≥cut-off) Sensitivity (%) Specificity (%) PPV (%) NPV (%)

5 4.1 (n = 175/4282) 16.1 (n = 1566/9737) 89.9 33.5 16.1 95.9
10 4.5 (n = 240/5384) 17.4 (n = 1501/8635) 86.2 41.9 17.4 95.5
15 4.9 (n = 308/6323) 18.6 (n = 1433/7696) 82.3 49.0 18.6 95.1
20 6.4 (n = 547/8532) 21.8 (n = 1194/5487) 68.6 65.0 21.8 93.6
30 7.7 (n = 820/10 659) 27.4 (n = 921/3360) 52.9 80.1 27.4 92.3
40 9.6 (n = 1182/12 336) 33.2 (n = 559/1683) 32.1 90.8 33.2 90.4
50 11.3 (n = 1516/13 398) 36.2 (n = 225/621) 12.9 96.8 36.2 88.7

PPV, positive predictive value; NPV, negative predictive value.
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a global basis and incorporates predictor variables that are 
accessible to clinicians across all settings and at the time of 
surgery. On external validation in an emergency surgery 
population, the GloSSI score was demonstrated to be well 
calibrated across a wide spectrum of risk, with superior 
discrimination and clinical utility on decision curve analysis when 
compared with existing prognostic models. Furthermore, of the 
five prognostic models able to be externally validated using the 
large prospective GlobalSurg data sets, none was significantly 
higher than the a priori threshold for ‘good’ discrimination in the 

cohort (AUC greater than or equal to 0.7) or consistently 
acceptable calibration.

Prediction of the risk of SSI at the point of surgery remains a 
challenging task, with a breadth of prognostic factors previously 
identified7. However, methodological issues in previous models 
have made it difficult to determine the true importance of these 
factors in the development of SSI. The variable selection process 
for the GloSSI score prioritized several of the co-morbidities and 
operative factors most commonly identified in previous models 
(Fig. S4), emphasizing their importance in a global context. 
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However, the combination of variables and weightings in the GloSSI 
score remains distinct from all pre-existing scores developed. 
Furthermore, these were a limited number of simple variables that 
are routinely available across income settings, increasing the 
clinical utility within routine practice. It was also notable that the 
effects of factors commonly highlighted in past models (for 
example patient age, history of smoking, and operative urgency) 
were largely explained by the contributions of other factors within 
the model. While this does not exclude an effect from these 
variables, it suggests that the factors included in the GloSSI model 
have a far greater value in the prognosis of SSI. Country income 
level was also identified as a significant prognostic factor for SSI 
(Table 2). This is a crude surrogate for a multitude of potentially 
causal factors, including differences in surgical practice, access to 
surgical care, presentation of pathologies, and availability of 
resources33–35. This may account for the lower performance on 
external validation in the LMIC subgroups, despite the 
incorporation of this factor into the model (Fig. S5).

The GloSSI score demonstrated consistently superior 
discrimination and clinical utility on decision curve analysis across 
the external validation data set compared with previous models, 
which were typically aligned with those reported in previous 
validation studies7 (Fig. S5). However, regarding the previous scores 
for which calibration was able to be evaluated (Fig. 3b), poor 
calibration was generally observed. This may be in part due to an 
earlier ceiling to the predicted probabilities compared with the 
GloSSI score, which demonstrated good calibration across a range 
of risks of SSI. This indicates that the GloSSI score is suitable for 
the reliable prediction of SSI in a broad cohort of undifferentiated 
patients undergoing gastrointestinal surgery, particularly those 
undergoing emergency procedures. However, further external 
validation using other data sets, particularly elective surgery 
populations, would be beneficial.

In recognition of the theoretical benefits of machine-learning 
approaches for clinical prediction36, an XGBoost model was also 
developed as a best-in-class alternative of the primary modelling 
approach used in this paper. While this demonstrated superior 
performance within the development cohort, there was equivalent 
performance to the GloSSI model on external validation (AUC 
∼0.73) (Table 3). This indicates an element of overfitting in the 
original data set, but also potentially a limit to the capabilities of 
prediction of SSI using data that are routinely available at the time 
of surgery. While further improvement in the predictive potential 
via machine-learning approaches may be achievable, there is an 
inherent trade-off in the clinical utility. For example, including a 
greater number and complexity of variables would increase the 
burden and barriers to completion, integrating data on the 
postoperative journey of patients may prevent early intervention, 
and reduced transparency in the prediction process may reduce 
explicability and so the willingness of clinicians and patients to 
use37.

This work presents the most comprehensive analysis to date of 
risk scoring systems for the prediction of SSI after gastrointestinal 
surgery, with several notable advantages to the approach used to 
develop and validate the GloSSI score. First, the data sets used 
throughout these analyses are from among the largest prospective 
studies of postoperative outcomes and were conducted on a global 
basis across a spectrum of income settings. This facilitated 
generalizability of the work to include LMIC settings, which have 
been overlooked in this area, yet have the highest burden of 
disease6,7. Furthermore, the data collected across the GlobalSurg 
studies represent almost all common prognostic factors available 
at the time of surgery previously identified (Fig. S4) and so 

maximized the likelihood of developing an accurate prognostic 
model. Second, the methodology to develop the GloSSI score was 
consistent with current best practice. It was determined a priori 
that there was suitable statistical power for model development, 
with the low rates of missing data in the GlobalSurg data sets being 
handled via multiple imputation to maintain this. Candidate 
variables considered were those with a clear potential role in the 
causal pathway for the development of SSI and only those 
available at the time of surgery were considered, increasing the 
applicability to clinical care. Robust modelling approaches for 
variable selection were subsequently utilized (including penalized 
regression and machine-learning approaches), avoiding the issues 
in using statistical significance as the decision criteria and 
accounting for collinearity in variables considered8. Finally, the 
largest external validation of prognostic models for SSI in 
gastrointestinal surgery to date was conducted, including the 
majority of scores previously externally validated32,38–40, as well as 
two additional scores41,42. This allowed a direct and fair 
comparison of their respective performance alongside the GloSSI 
score for broad cohorts of patients undergoing gastrointestinal 
surgery, allowing determination of the improved performance.

However, there are also several important limitations to this 
analysis. First, not all variables identified as predictors in previous 
scores were collected within the GlobalSurg studies, for example 
BMI (Fig. S4). This was a pragmatic decision to ensure these studies 
could be feasibly delivered across a range of income settings, 
where additional tests or equipment required for collecting data 
for other variables may not be available. Within this analysis, this 
limited the data available for score development and to conduct 
external validation, with the majority of previous scores (17 of 23) 
remaining unvalidated7. However, these unvalidated models had 
other methodological or practical challenges that limited their 
suitability in this context of undifferentiated patients undergoing 
gastrointestinal surgery7. This is reflective of broader issues with 
reproducibility across the prediction literature43. Second, the 
discrimination observed on external validation of models may 
have been influenced by pragmatic decisions to derive additional 
variables that were essential to the model. Operative duration was 
frequently identified as a key prognostic factor across previous 
models (Fig. S4) and was an important feature in the context of the 
development of the GloSSI score (Table 2). However, this variable 
was only collected for the derivation cohort (GlobalSurg-2) and not 
the validation cohort (GlobalSurg-1). In the absence of alternative 
public sources of data on operative duration that were relevant in 
a global context, data from GlobalSurg-2 were used to predict 
operative duration in the validation data set (Table S1). While this 
may theoretically reduce discrimination for previous models, all 
scores bar one (Grant et al.41) categorize operative duration into 
broad intervals and so would not explain the typically poor 
discrimination observed. In contrast, there is a risk of information 
leakage from the derivation cohort to the validation cohort, given 
that the operative duration was predicted using variables shared 
with the GloSSI model. As such, it is possible that the performance 
of the GloSSI model in the validation cohort was overestimated 
and further external validation would be needed to explore this. 
Third, several pragmatic decisions were made regarding variables 
in the GlobalSurg data set to facilitate the modelling process. 
Where exposure rates were low for individual predictors in the 
GlobalSurg studies, but a common mechanism was shared, these 
were combined into a composite variable. In the case of ‘history of 
immunosuppression’, these included variables involving different 
immunosuppressive mechanisms and so may have different 
individual contributions to SSI that therefore were not observed. 
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However, none of these variables has been observed to have a strong 
association with SSI in prior prognostic models7 and so would be 
expected to require significantly larger data sets to determine 
whether a statistically significant association was present. 
Similarly, where the data collected in the GlobalSurg data sets did 
not exactly match the original study, variables were equated 
where appropriate (Tables S5, S6). Therefore, this may have also 
contributed to reduced discrimination observed on external 
validation for these models. Fourth, while inclusion of World Bank 
income status was identified as an important predictor of SSI, this 
is a surrogate measure that is reflective of potential differences in 
access, pathology, and clinical practice between regions rather 
than being reflective of intrinsic risk. Furthermore, there can also 
be substantial variation between countries and between hospitals 
within countries regarding these factors44, which may influence 
the risk of SSI. Therefore, while differences between World Bank 
income status are accounted for within the GloSSI score, emphasis 
is placed on the patient-level factors for clinical decision-making 
(Table 2). Finally, the GlobalSurg studies used the same standard 
CDC diagnostic criteria for SSI; however, in global settings where it 
was not possible to conduct outpatient follow-up, the outcome 
was determined at the point of discharge. Increasingly, SSI has 
become a complication of the post-discharge interval45 and so the 
true 30-day SSI rate may have been underestimated. This may 
explain the reduced discrimination in SSI recorded post-discharge 
within LMICs (Fig. S5). Therefore, while the SSI recorded here 
represents only those that came to the attention of hospitals, this 
is nonetheless reflective of clinical practice, particularly for areas 
of poor community healthcare access.

The GloSSI score allowed accurate prediction of the risk of SSI 
across an undifferentiated cohort of patients undergoing 
gastrointestinal surgery. It used six simple variables that are 
routinely available at the time of surgery across global settings 
and demonstrated superior performance on external validation 
in an emergency surgery population to all previous models 
evaluated to date and equivalent performance to a 
machine-learning-based comparator. It has a clear clinical 
application to inform intraoperative and postoperative 
interventions that can modify the risk of SSI and minimize 
associated harm3–5. Without a substantial change in the type 
and/or modality of data collected during hospital admission, 
it is unlikely that high discrimination can be achieved using 
data routinely available at the time of operation. Therefore, if 
a prognostic score is to be used in clinical care, there must be 
a pragmatic trade-off between sensitivity and specificity 
depending on the specific intervention and clinical context 
being considered. For interventions such as antibiotic 
prophylaxis, a low sensitivity may be acceptable so long as 
there remains a high NPV. However, for interventions that are 
resource-intensive (for example enrolment in clinical trials or 
enhanced postoperative surveillance programmes), a higher 
sensitivity may be prioritized to ensure an evidence-based 
approach to direct these towards patients at highest risk3,46. 
Score cut-offs to facilitate the use of the GloSSI score for these 
different clinical purposes are provided (Table 4). Nonetheless, it 
should be noted that there has been increasing interest in the 
use of a dynamic risk model for prognosis in other clinical 
contexts47. Unlike traditional modelling methods, the likelihood 
of SSI could instead be updated at pre-specified time points (for 
example before surgery, intraoperatively, and on discharge) to 
guide evidence-based decision-making throughout the clinical 
pathway. As surgical demand continues to grow in light of 
efforts to provide universal healthcare coverage and to address 

the post-pandemic elective surgical backlog48,49, the burden 
posed by SSI to health systems is expected to continue to scale 
accordingly. Therefore, there becomes an even greater clinical 
need for the use of prognostic tools to allow the modifiable risk 
of SSI to be mitigated. However, while there are clear cases of 
clinical use for numerous predictive models published, model 
performance is not a guarantee of clinical adoption50. Further 
studies on the clinical impact or on how clinical prediction tools 
can be sustainably implemented within care pathways are 
warranted, rather than reliance on gradual diffusion and uptake 
into clinical practice.
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Yeo (Ripas Hospital, Brunei); CL Chong, GH Devadasar, MRM 
Qadir (Ssb Hospital, Brunei); S Stock (World Mate Emergency 
Hospital, Cambodia); J Brown, J Kabba, TE Ngwa, S Nigo (Mbingo 
Baptist Hospital, Cameroon); DL Deckelbaum, A Horobjowsky, T 
Razek (Centre for Global Surgery, McGill University Health 
Centre, Canada); K Bailey, B Cameron, M Livingston (McMaster 
Children’s Hospital, Canada); A Agarwal, G Azzie, M Firdouse, S 
King, S Kushwaha, A Zani (The Hospital For Sick Children, 
Canada); N D’aguzan, E Grasset, B Marinkovic (Hospital Del 
Salvador, Chile); E Grasset, J Jimenez, R Macchiavello (Hospital 
Luis Tisne, Chile); W Guo, J Oh, Z Zhang, F Zheng (Beijing 
Friendship Hospital, China); M Mendez, I Montes, S Sierra 
(Clinica Ces, Colombia); MCM Arango, I Mendoza, MI Villegas 
(Clinica Las Vegas, Colombia); FAN Aristizã¡bal, JAM Botero, 
VMQ Riaza (Hospital Pablo Tobon Uribe, Colombia); MCM 
Arango, C Morales, J Restrepo (Hospital Universitario San 
Vicente Fundacion, Colombia); MCM Arango, H Cruz, A Munera 
(Ips Universitaria Clinica Leon Xiii, Colombia); N Pezelj, M Radic, 
K Zamarin (General Hospital Sibenik, Croatia); E Domini, R 
Karlo, J Mihanovic (Zadar General Hospital, Croatia); M Hache- 
Marliere, SB Lemaire, R Rivas (Cedimat - Centro De Diagnostico 
Medicina Avanzada, Laboratorio Y Telemedicina, Dominican 
Republic); MAB Fahmy, A Hassan, A Khyrallh, G Shimy (Al-Azher 
Universty Hospital, Egypt); I AbdelFattah, M Abdulgawad, M 
Abozaid, A Adel, A Al-Mallah, M Alhendy, M Baheeg, A Elgebaly, 
AE Elshafay, AA Fattah, M Gemeah, A Gharib, A Gharib, 
A Gouda, M Hanafy, A Hasan, A Kenibar, A Menshawy, 

A Mohammed, A Mohammed, O Osman, O Saleh, A Sayed (Al- 
Hussein Hospital, Egypt); M Abdelkader, M Asal, M Elfil, M 
Ghoneem, MEAM Gohar, A Gomaa, M Gomah, M Karkeet, A 
Nabawi, H Rashwan (Alexandria Main University Hospital, 
Egypt); O Alahmady, A Alkammash, AAA Ata, AM Attia, AA El 
Galeel, NA El Hamid, KS El-Dien, E Elbanby, AM Elkorashy, U 
Hantour, AHE Kotb, B Mansour, M Nasr, M Saeed (Bab El-Shareia 
Hospital, Egypt); NYE Abdel-Wahab, MAF Abozyed, A Adel, GS El 
Sayed, SS Elkolaly, KT Lasheen, AM Saeed, EMS Taha, JH Youssif 
(Banha University Hospital, Egypt); SM Ahmed, NS El-Shahat, 
AEH Khedr (Belbes Central Hospital, Egypt); AM Afifi, OS 
Ebrahim, MM Metwally (El - Mataria Educational Hospital, 
Egypt); M Abbas, M Abdelraheim, KN El Deen, AE Elnemr, AO 
Elsebaaye, I Elzayat, M Elzayat, I Elzayyat, D Hemeda, H Khaled, 
M Rashad, O Salah, M Salama, M Seisa, G Tawfik, M Warda (El 
Dawly Hospital - Mansoura, Egypt); M Elkhadrawi, K Elshaer, A 
Hussein (El Mahalla General Hospital, Egypt); A Abdelgelil, S 
Abdelghany, A Aboarab, M Aboraya, AA Al-Aarag, A El Kholy, M 
Elbermawy, F Elkady, A Elkholy, R Elmelegy, DME Elsawahly, S 
Elshanwany, R Fakher, AA Ghazy, A Haroun, E Nofal, H Safa, A 
Sakr, M Salma, H Samih, A Samir, S Samy (El-Menshawy 
Hospital, Egypt); E Ghanem (Elshohadaa Central Hospital, 
Egypt); G El Ashal, Y El Shoura, AM Hammad, H Khairy, A 
Tammam (Kasr Alainy School Of Medicine, Egypt); E Abdallah, 
M Abdelshafy, A Abouzahra, T Alzayat, S Antar, H Elfeki, FI 
Elgendy, S Elsheikh, E Gamaly, MGM Hamad, M Hosh, B Magdy, 
S Mehrez (Mansoura University Hospitals, Egypt); Y Abd- 
Elrasoul, M Abuseif, M Alrahawy, M Ammar, MS Ammar, SAE 
Barakat, FA El-Salam, A Elkelany, A Elkelany, YA Elrasoul, N 
Elsayed, H Elwakil, M Etman, A Eysa, Y Hegazy, M Morsi, M 
Mustafa, A Nasr, A Raslan, A Rslan, S Saad, A Sabry, A Sadek, O 
Seifelnasr, H Shaker, AG Toeema, H Zidan, H Zidan (Menoufia 
University Hospitals, Egypt); H El-Kashef, M Shaalan, A Tarek 
(Minia University Hospital, Egypt); A Almallah, A Elwan, A 
Elwan, D Emadeldin, A Fouad, MA Ghonaim, AR Nayel, EA 
Sayma, M Seif (New Damietta University Hospital, Egypt); OSA El 
Hameed, AS El-Ma’doul, A Elbatahgy, DEAA Elsorogy, A Lasheen, 
A Mosad, HA Mostafa, AA Omar, H Tolba (Quweisna Central 
Hospital In Quweisna, Egypt); YA El Salam, M Ismail, A Morsi 
(Ras El Tin General Hospital, Egypt); A Abouelnasr, A Afandy, 
MA Amer, M Amreia, NA Attallah, S Ayad, AA El Magd, AS El- 
Hamouly, HA El-badawy, A Elkelany, A Elkelany, S Elsobky, AT 
Hafez, A Marey, A Mokhtar, O Mosalum, M Mustafa, R Sakr, R 
Shaker, R Shaker, MF Zalabia (Shebin Elkom Teaching Hospital, 
Menoufia, Egypt); EA Ahmed, A Fadel, MM Mohamed (Sohag 
University Hospital, Egypt); I AlYoussef, A Aldalaq, A Ali, D 
Alkhabbaz, E Alnawam, MG Alwafai, AK Aly, A Dwydar, H El- 
Sheemy, S Kharsa, E Mamdouh (Souad Kafafi University 
Hospital, Egypt); M Elashmawy, AA Elazayem, I Elkadsh, ZM 
Elsayed, A Elwaey, S Ghanem, S Hussein, A Meshref, M Mousa, A 
Nashaat, M Saad (Suez Canal University Hospitals, Egypt); M 
Darweesh, M Hafez, A Mohameden (Suez General Hospital, 
Egypt); A Badr, A Badwy, MA El Slam (Talla Central Hospital, 
Egypt); A Abdelkareem, M Aboraya, K Abozeid, S Al-Nahrawi, M 
Allam, M Ameen, S Aql, H Dawoud, A El Gendy, S El Mesery, M 
Elazoul, L Eldamaty, AOA Elhendawy, M Elsehimy, M Elshobary, 
A Fahiem, A Hagar, A Hashish, M Hashish, AS Marey, F Nada, S 
Sarsik, S Shehata, M Zidan (Tanta University Hospital, Egypt); 
NM Badwi, N Elfouly, Y Elfouly, AS Elsherbiny, A Fawzy, A 
Gheith, MA Habeeb, A Hassan, M Husseini, Y Ibrahim, E Kasem, 
O Mohamed, MMH Mohammed, M Rashid, B Sieda, AR Soliman 
(Zagazig University Hospitals, Egypt); N Starr, M Worku (Dessie 
Referral Hospital, Ethiopia); NS Abebe, S Desta, S Wondimu 
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(Minilik Ii Hospital, Ethiopia); FA Asele, D Dabessa, E Thomas 
(Myungsung Christian Medical Center, Ethiopia); NS Abebe, AB 
Zerihun (Tikur Anbessa Hospital, Ethiopia); A Leppäniemi, P 
Mentula, V Sallinen (Helsinki University Central Hospital, 
Finland); Q Alimi, E Gaignard, V Graffeille (Chu De Rennes, 
France); Q Alimi, E Gaignard, V Graffieille (Fr Rennes University, 
France); O Abbo, O Bouali, S Mouttalib (Hopital Des Enfants, 
France); Y Aigrain, N Botto, E Hervieux (Hopital Necker Enfants 
Malades, France); A Faure, L Fievet, N Panait (Hopitâl Nord, 
France); E Eyssartier, G Podevin, F Schmitt (Pediatric Surgery 
Department, University Hospital Of Angers, France); AP Arnaud, 
A Martin, V Parent (Rennes University Hospital, France); A 
Bonnard, C Muller, M Peycelon (Robert Debré Children 
University Hospital, France); F Frade, S Irtan, A Scalabre 
(Trousseau Hospital Sorbonnes Universités, Upmc Univ Paris, 
France); F Abantanga, K Boakye-Yiadom, M Bukari (Komfo 
Anokye Teaching Hospital, Ghana); F Owusu (Offinso District 
Hospital, Ghana); J Awuku-Asabre, LD Bray, S Tabiri (University 
For Development Studies, School Of Medicine And Health 
Sciences, General Surgery Department,Tamale Teaching 
Hospital, Ghana); A Bamicha, D Lytras, K Psarianos 
(Achillopoyleio General Hospital Of Volos, Greece); E Kefalidi 
(Attikon General Hospital, Greece); G Gemenetzis (Attikon 
University Hospital, Greece); C Agalianos, C Dervenis, N Gouvas 
(Konstantopouleio General Hospital Of Athens, Greece); D 
Karousos, M Kontos, G Kouraklis (Laiko University Hospital, 
Greece); S Germanos, C Marinos (Larissa General Hospital, 
Greece); C Anthoulakis, N Mitroudis, N Nikoloudis (Serres 
General Hospital, Greece); S Estupinian, W Forno, G Recinos 
(Hospital De Accidentes Ceibal, Guatemala); JRA Azmitia 
(Hospital General De Enfermedades, Cirugia De Emergencia, 
Instituto Guatemalteco De Seguridad Social, Guatemala); CCR 
Cabrera (Hospital General De Enfermedades, Servicio De Cirugia 
Abdominal, Instituto Guatemalteco De Seguridad Social, 
Guatemala); M Aguilera, R Guevara, N Mendez, CAA Mendizabal, 
P Ramazzini, MC Urquizu (Hospital General San Juan De Dios, 
Guatemala); E Barrios, E Barrios, R Soley, F Tale (Hospital Juan 
Jose Arevalo Bermejo, Guatemala); SMC Mérida, DEM Rodríguez, 
CIP Velásquez (Hospital Regional De Retalhuleu, Guatemala); M 
Lopez, F Regalado, M Siguantay (Hospital Roosevelt, Guatemala); 
FY Lam, MF Leung, KKK Li, WS Li, T Mak, S Ng, CCL Szeto, KJ 
Szeto (Prince of Wales Hospital, Hong Kong); N Gyanchandani, A 
Kirishnan, SS Prasad (KMC Hospital, India); S Bhat, SV Kinnera, 
A Sreedharan (Kasturba Medical College, India); BS Kumar, M 
Rangarajan (Kovai Medical Centre & Hospital, India); S Kumar, Y 
Reddy, C Venugopal (Pes Institute Of Medical Sciences & 
Research, India); A Mittal (Safdarjung Hospital,New Delhi, 
India); HN Lakshmi, P Malik, S Nadkarni (Sawai Man Singh 
Medical College & Hospitals, Jaipur, Rajasthan, India); P Jain, N 
Limaye, S Pai (Sdm College Of Medical Sciences And Hospital, 
India); M Khajanchi, R Satoskar, S Satoskar (Seth Gordhandas 
Sunderdas Medical College And King Edward Memorial Hospital, 
India); AB Mahamood (Travancore Medical College Hospital, 
India); DA Soeselo, EPR Sutanto, C Tedjaatmadja (Atmajaya 
Hospital, Indonesia); R Amandito, M Mayasari, FN Rahmawati 
(Dr Cipto Mangunkusumo General Hospital, Jakarta, Indonesia); 
IAA Al-Azraqi, HII Al-Hameedi, RKMJ Al-Hasani, HI Ibraheem 
(Alsader Medical City, Iraq); R Kamil, L Sabeeh, M Shawki 
(Baghdad Medical City, Iraq); MM Telfah (Department Of 
Surgery, College Of Medicine, University Of Mosul, Al-Jumhoori 
Teaching Hospital, Iraq); S Gosling, M Mccarthy, A Rasendran 
(Cork University Hospital & University College Cork, Ireland); M 
Dablouk, MO Dablouk, RW Gilbert, M Hanrahan, R Kerley, P 

Kielty, E Marks, L Mauro, C Normile, A Rasendran, J Sheehan, J 
Song (Cork University Hospital, Ireland); D Mirghani, SA Naqvi, 
CS Wong (Limerick University Hospital, Ireland); R Cahill, S 
Chung, R D’cruz (Mater Misericordiae University Hospital, 
Ireland); DD Cadogan, C Clifford, A Driscoll, C Fahy, R Gilbert, 
SG Gosling, M Hanrahan, M Mccarthy, C Normile, A Powell, A 
Rasendran, J Song (Mercy University Hospital, Ireland); R Bowe, 
C Lee, S Paul (Midlands Regional Hospital Mullingar, Ireland); M 
Hanrahan, W Hutch (University College Cork, Ireland); K Mealy, 
H Mohan, M O’neill (Wexford General Hospital, Ireland); A 
Bondurri, P Danelli, A Maffioli (Azienda Ospedaliera Luigi Sacco - 
Polo Universitario, Italy); M Pasini, G Pata, S Roncali (Azienda 
Ospedaliera Spedali Civili Di Brescia - Chirurgia Generale, Italy); 
M Carlucci, R Faccincani, P Silvani (Irccs Ospedale San Raffaele, 
Italy); K Khattab, G Tugnoli, S Di Saverio (Maggiore Hospital, 
Italy); LM Cloro, MA Paludi, D Pata (Nicola Giannettasio Hospital, 
Italy); A Allegri, L Ansaloni, F Coccolini (Papa Giovanni Xxiii 
Hospital, Italy); L Bortolasi, A Hasheminia, E Veronese (San 
Bonifacio Hospital, Italy); A Benevento, F Pata, G Tessera 
(Sant’Antonio Abate Hospital, Gallarate, Italy); MD Canto, S 
Cucumazzo, G Nastri (Santa Croce Hospital, Italy); PP 
Grandinetti, GL Lamanna, A Maniscalco (Santi Benvenuto E 
Rocco Hospital Asur, Italy); E Rausa, G Sgroi, L Turati (Treviglio 
Hospital, Italy); A Allegri, L Ansaloni, F Coccolini (Unit Of 
General Surgery I, Papa Giovanni Xxiii Hospital, Italy); D Merlini, 
M Monteleone, R Villa (Unita’ Di Chirurgia D’urgenza Azienda 
Ospedaliera Salvini, Italy); A Cacurri, R Cirocchi, V Grassi 
(University Of Perugia, Italy); L Bonavina, C Ceriani, Y 
Macchitella (University of Milan, IRCCS Policlinico San Donato, 
Italy); A Diab, F Elzowawi, H Waleed (Misurata Central Hospital, 
Libya); M Jokubauskas, K Varkalys, D Venskutonis (Kaunas 
Clinical Hospital, Lithuania); V Ambrozeviciute, R Pranevicius 
(Klaipedas Seaman Hospital, Lithuania); S Juciute, A 
Skardžiukaitė (Lietuvos Sveikatos Mokslų Universitetas, 
Lithuania); A Austraite, S Bradulskis, Z Dambrauskas, R Riauka, 
L Urbanavicius, D Venskutonis, J Zilinskas (Lithuanian 
University Of Health Sciences, Lithuania); P Karumnas, Z 
Urniezius, R Zilinskiene (Republic Hospital Of Kaunas, 
Lithuania); A Rudzenskaite (Republic Hospital Of Panevezys, 
Lithuania); N Kaselis, M Montrimaite, A Usaityte (Republic 
Klaipeda Hospital, Lithuania); K Jokubonis, A Strazdas (Stasys 
Kudirka Regional Hospital Of Alytus, Lithuania); V Jotautas, A 
Kolosov, I Rakita (Vilnius University Hospital Santariskiu Clinics, 
Lithuania); V Beisa, D Kazanavicius, S Mikalauskas, T Poskus, R 
Rackauskas, K Strupas (Vilnius University Hospital Santariskiu 
Klinikos, Lithuania); V Beisa, E Laugzemys, K Maceviciute, T 
Poskus, K Strupas (Vilnius University, Center Of Abdominal 
Surgery, Lithuania); E Preckailaite, R Rakauskas (Vsi Jonavos 
Ligonine, Lithuania); R Coomber, K Johnson, J Nowers (Queen 
Elizabeth Hospital, Malawi); A Das, D Periasammy, A Salleh 
(Hospital Kajang, Malaysia); NAN Abdullah, MN Kumar, RGE Tze 
(Sarawak General Hospital, Malaysia); NR Kosai, R Rajan, M 
Taher (Universiti Kebangsaan Malaysia Medical Centre, 
Malaysia); HY Chong, CC Goh, AC Roslani (University Malaya 
Medical Centre, Malaysia); M Agius, M Bezzina, E Borg, R Bugeja, 
J Psaila, A Spina, M Vella-Baldacchino (Mater Dei Hospital, 
Malta, Malta); J Colombani, H Francois-Coridon, C Tolg 
(Department Of Pediatric Surgery, Mother And Children’s 
Hospital, University Hospital Of Martinique, Martinique); C Diaz- 
Zorrilla, SC Gonzalez, A Ramos-De la Medina (Hospital Español 
de Veracruz, Mexico); M Jacobe, D Mapasse, E Snyder (Hospital 
Central Maputo, Mozambique); M Osman, R Oumer (Whangarei 
Hospital, Northland District Health Board, New Zealand); 
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L Anyanwu, A Mohammad, A Sheshe (Aminu Kano Teaching 
Hospital, Nigeria); A Adesina, O Faturoti, O Taiwo (Babcock 
University Teaching Hospital, Nigeria); MH Ibrahim, AA Nasir, SI 
Suleiman (Federal Medical Centre, Birnin Kebbi, Nigeria); A 
Adebanjo, A Adeniyi, O Adesanya (Federal Medical Centre, 
Nigeria); K Atobatele, A Ogunyemi, M Oludara, O Oshodi, R 
Osuoji, O Williams (Lagos State University Teaching Hospital, 
Nigeria); A Ademuyiwa, F Alakaloko, C Bode, O Elebute, AO 
Lawal, A Osinowo (Lagos University Teaching Hospital, Nigeria); 
A Adesuyi (National Hospital Abuja, Nigeria); A Adekoya, C 
Nwokoro, A Tade (Olabisi Onabanjo University Teaching 
Hospital, Nigeria); AE Ajao, OO Ayandipo, TA Lawal (University 
College Hospital, Nigeria); SS Ali, B Odeyemi, S Olori (University 
of Abuja Teaching Hospital, Nigeria); J Adeniran, A Adeyeye, A 
Popoola (University of Ilorin Teaching Hospital, Nigeria); WJ 
Lossius (Department Of Gastrointestinal Surgery, St. Olavs 
Hospital, Trondheim University Hospital, Norway); I Havemann 
(Soerlandet Hospital Kristiansand, Norway); JK Narvestad, K 
Soreide, K Thorsen (Stavanger University Hospital, Norway); L 
Nymo, TB Wold (University Hospital Of North Norway, Troms, 
Norway); M Dar, M Elsiddig (Sohar Hospital, Oman); KF Bhopal, 
MM Furqan, Z Iftikhar (Bahawal Victoria Hospital, Pakistan); M 
Jawaid, A Khalique, B Nighat (Dow University Hospital, 
Pakistan); A Rashid, A Zil-E-Ali (Fatima Memorial Hospital, 
Pakistan); HA Dharamshi, A Faraz, T Naqvi (Karachi Medical 
And Dental College, Abbasi Shaheed Hospital, Pakistan); AW 
Anwar, W Anwer, G Shamsi, GS Shamsi, T Yaseen, TM Yaseen 
(The Indus Hospital, Pakistan); O Aguilera, IIZ Alvarez, HP 
Decoud, JM Delgado, HAS Lohse, GMM Vega (Hospital De 
Clínicas, Paraguay); WLM Aguilar, ACM Bautista, JAC Chiong 
(Carlos Alberto Seguin Escobedo National Hospital. Essalud, 
Peru); JMV Celis, DAR Pozo (Hospital De Emergencias Pediatricas, 
Peru); J Hamasaki, J Herrera-Matta, E Temoche (Hospital De 
Policia, Peru); LMA Barreda, RRB Ojeda, CPG Torres (Hospital 
Goyeneche, Peru); O Garaycochea (Hospital Ii -1 Minsa 
Moyobamba, Peru); F Fujii, MC Mollo, MS De Fã Tima Linares 
Delgado (Hospital Maria Auxiliadora, Peru); WLM Aguilar, ACM 
Bautista, JAC Chiong (Hospital Nacional Carlos Alberto Seguin, 
Peru); MR Castro, RA Jaramillo, GB Luque, AER Moran, ALC 
Vergara, SBS Yip (Hospital Nacional Cayetano Heredia, Peru); 
CAA Basto, SYA Durand, NMU Rojas (Hospital Nacional Edgardo 
Rebagliati Martins-Essalud, Peru); R Camacho, E Huaman, S 
Zegarra (Hospital Necional Guillermo Almenara, Peru); A 
Arenas, C Hinojosa, RC Huaraya, S Limache, CE Lopez, C López, 
M Machaca, W Pino, CMH Puma, LM Rodriguez, GM Sila, GM 
Sila, MZP De Leon, MZP De Leon (Hospital Regional Honorio 
Delgado Espinoza, Peru); J Costa-Maia, R Melo, N Muralha 
(Servico De Cirurgia Geral - Centro Hospitalar Sao Joao - Porto, 
Portugal); F Sauvat (Chu Reunion, Reunion); I Dan, P Eduard, M 
Hogea (Emergency Clinical Hospital Brasov, Romania); M 
Beuran, R Bratu, I Diaconescu, F Iordache, B Martian, M Vartic 
(Emergency Clinical Hospital Bucharest, Romania); AS 
Mironescu, LI Muntean, LC Vida (Spitalul Clinic De Copii Brasov, 
Romania); VJP Nsengimana (Chuk, Rwanda); A Niragire, E 
Niyirera, J De La Croix Allen Ingabire (University Teaching 
Hospital Of Kigali, Rwanda); E Jovine, G Landolfo, N Zanini (San 
Marino State Hospital, San Marino); SA Alnuqaydan, IN Alomar, 
AM Altwigry (Buraydah Central Hospital, Saudi Arabia); N Akeel, 
M Aljiffry, M Alsaggaf, A Altaf, M Bakhaidar, A Habeebullah, A 
Khoja, AA Maghrabi, A Nawawi (Department of Surgery, Faculty 
of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia); M 
AlRowais, A Althwainy (Department of Surgery, King Saud 
University, Saudi Arabia); N Osman, M Othman (Imam 

Abdulrahman Al Faisal Hospital, Saudi Arabia); E Alqahtani 
(King Abdulaziz Hospital Al Ahsa National Guard, Saudi Arabia); 
E Aljohani, R Alyami, M Alzahrani (King Abdulaziz Medical City, 
Riyadh, Saudi Arabia); I Alhabli, E Aljohani, S Almuallem, R 
Alyami, M Alzahrani, Z Mikwar (King Abdulaziz Medical City, 
Saudi Arabia); A Almoflihi, N Ghandora, A Huwait (King Fahad 
General Hospital, Saudi Arabia); M Al-Mousa, A Al-shammari 
(King Fahad Hospital, Saudi Arabia); W Adham, S Al Awwad, B 
Albeladi, MA Alfarsi, M Alghamdi, A Mahdi (King Fahd Hospital, 
Saudi Arabia); A Altamimi, M Hassanain, T Nouh (King Khaled 
University Hospital, King Saud University, Saudi Arabia); S 
Aldhafeeri, O Algohary, N Sadig (King Khalid General Hospital, 
Saudi Arabia); M Aledrisy, A Alrifaie, A Gudal (King Khalid 
National Guard Hospital, Saudi Arabia); U Alamoudi, M Alrajraji, 
A Shabkah (National Guard Hospital, Saudi Arabia); B Alghamdi, 
S Aljohani, A Daqeeq (Rcymc, Saudi Arabia); JJ Al-Faifi (Security 
Forces Hospital, Saudi Arabia); V Jennings, R Moore, N Ngayu 
(Chris Hani Baragwanath Academic Hospital, South Africa); V 
Kong (Edendale Hospital, South Africa); K Connor, H Kretzmann, 
D Nel (Frere Hospital, South Africa); E Panieri, C Sampson, R 
Spence (Groote Schuur, South Africa); S Rayne, N Sishuba (Helen 
Joseph Hospital, Department Of Surgery, University Of The 
Witwatersrand, South Africa); J Carreira, AM Mphatsoe, M Tun 
(Leratong Hospital, South Africa); E Teasdale, M Wagener 
(Ngwelezana Hospital, South Africa); S Botes, D Du Plessis (Rob 
Ferreira Hospital, South Africa); F Fernandez-Bueno (Hospital 
Central De La Defensa Gomez Ulla, Spain); J Aguilar-Jimenez, JA 
Garcia-Marin (Hospital Morales Meseguer. Sms, Spain); LJG 
Florez, LS García, RDA Pacheco (Hospital San Agustín, Spain); L 
Barneo, C Lopez-Arevalo, G Minguez, J Pagnozzi, JHJ Quezada, JL 
Rodicio, R Rodríguez-Uría, JPG Stuva, P Ugalde (Hospital 
Universitario Central De Asturias, Spain); N Herrera, I Ortega- 
Vazquez, L Rodriguez (Severo Ochoa University Hospital, Spain); 
PP Arachchi, LAJJ Arachchige, WSMKJ Senanayake (Department 
Of General Surgery, Teaching Hospital Kandy, Sri Lanka); DI 
Samaraweera, S Sivaganesh, V Thanusan (National Hospital Of 
Sri Lanka, Sri Lanka); RMH Balila, MAEH Mohamed, AEK Musa 
(Ibrahim Malik Teaching Hospital, Sudan); H Ali, HZ Elabdin, A 
Hassan (Jarash International Specialized Hospital, Sudan); H 
Ahmed, SAI Idris, S Mahdi (Khartoum Teaching Hospital, 
Sudan); M Elsayed, M Elsayed, M Mahmoud (Omdurman 
Teaching Hospital, Sudan); M Boijsen, P Lundgren (Capio St 
Goran Hospital, Sweden); U Gustafsson, A Kiasat (Danderyds 
Hospital, Sweden); E Jurdell, A Thorell, F Wogensen, F Wogensen 
(Department Of Surgery, Ersta Hospital, Stockholm, Sweden); L 
Andersson, U Gunnarsson, M Sund (Department Of Surgical And 
Perioperative Sciences, Umea University and Umea University 
Hospital, Sweden); H Thorarinsdottir, M Utter (Helsingborgs 
Lasarett, Sweden); SM Sundstrom (Hudiksvall Sjukhus, Sweden); 
A Kjellin, C Wredberg (Karolinska Universitetssjukhuset, 
Sweden); B Frisk, J Nyberg (Skaraborg Hospital Skovde, Sweden); 
S Ahlqvist, I Björklund, Y Cengiz (Sundsvall Hospital, Sweden); H 
Royson, P Weber (Vaexjoe Central Hospital, Sweden); H Royson, 
P Weber (Vaxjo Central Hospital, Sweden); E Borin, H Pahlsson 
(Visby Hospital, Department Of Surgery, Sweden); M Hjertberg 
(Vrinnevi Hospital, Sweden); V Despotidis, D Schivo, R Schmid 
(Bürgerspital Solothurn, Switzerland); F Deichsel, A Gerosa, A 
Nocito (Kantonsspital Baden, Switzerland); L Eisner, B 
Mijuskovic, DA Raptis, M Zuber (Kantonsspital Olten, 
Switzerland); S Breitenstein, E Schadde, RF Staerkle 
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Particks Hospital, Ghana); F Abantanga, EK Appiah, H Asumah, 
D Bandoh, ATT Kojo, M Kyereh, S Tabiri, P Wondoh (Tamale 
Teaching Hospital, Ghana); K Aaniana, E Acquah, A Avoka, K 
Kusi, K Maison, R Opoku-Agyeman (Techiman Holy Family 
Hospital, Ghana); V Dassah, A Davor (Upper East Regional 
Hospital, Ghana); S Abdul-Latif, GN Barnabas (Upper West 
Regional Hospital, Ghana); G Gkiokas, A Papailia, T 
Theodosopoulos (2nd Dept Of Surgery, Aretaieion Hospital, 
National & Kapodistrian University Of Athens School Of 
Medicine, Greece); O Ioannidis, D Kyziridis, S Parpoudi (4th 
Surgical Department, Aristotle University Of Thessaloniki, 
General Hospital, Papanikolaou, Greece); A Bamicha, D Lytras, K 
Psarianos (Achillopoyleio General Hospital Of Volos, Greece); G 
Gemenetzis, S Parasyris (Attikon University Hospital, Greece); K 
Farmakis, T Feidantsis, M Mitroudi, C Panteli (G. Gennimatas 
General Hospital, Greece); I Patoulias, D Sfougaris, I Valioulis (G. 
Gennimatas Hospital, Greece); G Karabelias, G Kyrou, I 
Papaskarlatos (General And Oncological Hospital Of Kifissia- 
Athens, Greece); S Germanos, K Konstantina, N Zampitis 
(General Hospital Of Larissa, Greece); A Stefanopoulos (General 
Hospital Of Nafplio, Department Of Surgery, Greece); C 
Agalianos, C Barkolias, C Ferousis, N Ivros, V Kalles, I 
Kyriazanos, A Tselos, G Tzikos, E Voulgaris (Naval And Veterans 
Hospital, Greece); D Balalis, D Korkolis, DK Manatakis (Saint 
Savvas Cancer Hospital, Greece); C Anthoulakis, M Margaritis, N 
Nikoloudis (Serres General Hospital, Greece); M Aguilera- 
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Arevalo, O Coyoy-Gaitan, J Rosales (Hospital General San Juan De 
Dios, Guatemala); DM Cohen, A Matheu, GS Rosenberg (Hospital 
Herrera Llerandi, Guatemala); DH Cruz, CP Galvez, STT 
Rodriguez (Hospital San Vicente, Guatemala); E Barrios, R Soley, 
L Tale (Juan Josè Arevalo Bermejo, Guatemala); A Charles, M 
Paul (Hopital Universitaire De Mirebalais, Haiti); TK Chan, YHE 
Cheung, W Dao, CYJ Fok, SH Kwok, AC Lai, JCY Lam, WH Lam, 
TSB Lee, KW Leung, KHG Li, TWC Mak, YK Ng, HY Wong, MHA 
Yeung (Prince Of Wales Hospital, Hong Kong SAR, China); CC 
Foo, Q Liu, J Yang (University Of Hong Kong, Hong Kong SAR, 
China); S Kumar (Excelcare Hospital, India); P Alexander, N 
Aruldas (Lady Willingdon Hospital, India); W Dar, KC Janardha, 
U Muddebihal (Manipal Hospital, India); A Bhatnagar, B Kumar, 
V Upadhyaya (Sanjay Gandhi Post Graduate Institute Of Medical 
Sciences, India); FJ Adella, F Iskandar, AS Rulie, J Setiawan 
(Atma Jaya Hospital, Indonesia); CV Evajelista, H Natalie, A 
Suyadi (Dr. Oen Surakarta Hospital, Indonesia); N Adhitama, 
FFA Andika, HM Arsyad, R Gunawan, A Hasanah, H 
Karismaningtyas, LPS Mata, ADF Mukin, HD Nurqistan, NA 
Purwaningsih, DF Rahmah, TA Widiastini (Rsd Dr Soebandi, 
Indonesia); R Amandito, M Billy, A Clarissa, PA Gultom, A 
Haloho, WS Jeo, N Johanna, F Lee, N Sutandi (Rsupn Cipto 
Mangunkusumo, Indonesia); M Alherz, KC Conlon, RMNR 
Dorani, M Glynn, W Goh, HA Shiwani, L Sproule (Tallaght 
Hospital, Trinity College Dublin, Ireland); M Bala, A Kedar 
(Hadassah Hebrew University Medical Center, Israel); A 
Armellini, D Chiesa, G Pata (A.O. Spedali Civili Di Brescia, Italy); 
L Ansaloni, F Coccolini, GE Nita, E Vicario (AO Papa Giovanni 
XXIII, Italy); G Confalonieri, G Pesenti (Azienda Ospedaliera 
Alessandro Manzoni, Italy); B Brunoni, A Rinaldi, MN Ringressi 
(Azienda Ospedaliera Universitaria Careggi, Italy); L Bortolasi, T 
Campagnaro, S Conci, A Gulielmi, C Iacono, G Lazzari, S 
Manfreda, U Tedeschi, P Violi (Azienda Ospedaliera Universitaria 
Integrata di Verona, Italy); E Ciccioli, E Goldin, E Vendramin 
(Azienda Ospedaliera di Padova, Italy); F Aquilino, N Chetta, A 
Picciariello (Azienda Ospedaliero Universitaria Consorziale 
Policlinico Di Bari, Italy); D Andreotti, L Gavagna, S 
Occhionorelli, S Targa, G Vasquez (Azienda Ospedaliero- 
Universitaria Di Ferrara, Italy); SMM Basso, A Bigaran, A Favero 
(Azienda Per L’assistenza Sanitaria N. 5 Friuli Occidentale, Italy); 
M Migliore, S Mochet, M Perino, F Riente, P Salusso, D Sasia 
(Azienda Sanitaria Ospedaliera San Luigi Gonzaga, Italy); G 
Clerico, G Gallo, M Trompetto (Department of Colorectal 
Surgery, S. Rita Clinic, Vercelli, Italy); M Papandrea, R Sacco, G 
Sammarco (Department of Medical and Surgical Sciences, 
Policlinico Universitario Mater Domini Campus Salvatore 
Venuta, Catanzaro, Italy); L Bucci, MC Giglio, G Luglio, G Pagano, 
R Peltrini, V Sollazzo (Federico II University Of Naples, Italy); M 
Foco, FR Giardino, D Gui, G Perrotta, M Ripa (Fondazione 
Policlinico Universitario Agostino Gemelli, Italy); S Pasquali, A 
Simioni, D De Boni (IOV - Istituto Oncologico Veneto, Italy); L 
Bonavina, V Lazzari, Y Macchitella (IRCCS Policlinico, University 
of Milano, San Donato, Italy); M Abdelkhalek, A Belli, S De 
Franciscis (Istituto Nazionale Tumori Fondazione, Pascale- 
I.R.C.C.S., Italy); A Birindelli, G Tugnoli, S Di Saverio (Maggiore 
Hospital, Italy); P Mingrone, MA Paludi, D Pata (Nicola 
Giannettasio Hospital, Rossano, Italy); S Basilicò, C Corbellini, D 
Merlini (Ospedale Di Rho - ASST Rhodense, Italy); A Bondurri, N 
Leone, A Maffioli (Ospedale Sacco, Italy); P Aonzo, G Curletti, R 
Galleano (Ospedale Santa Corona, Pietra Ligure, Italy); AL 
Brocca, G Cocorullo, N Falco, T Fontana, L Licari, M Mangiapane, 
G Salamone, V Silvestri, R Tutino, P De Marco (Policlinico Paolo 
Giaccone di Palermo, Italy); C Arcudi, M Shalaby, P Sileri 

(Policlinico Tor Vergata Hospital, Rome, Italy); D Angelieri, A 
Antoniozzi, CD Basso, M Catani, D Coletta, M Coletti, N 
Depalma, F Falaschi, I Iannone, M Malavenda, A Natili, C Reali, S 
Ribaldi, D Rossi (Policlinico Umberto I Emergency Surgery 
Department, Italy); S Berti, S Boni, E Francone (S. Andrea 
Hospital, Poll-Asl 5, La Spezia, Italy); A Benevento, L Giavarini, F 
Pata (Sant’Antonio Abate Hospital, Gallarate, Italy); G Balducci, 
AL Conte, L Lorenzon (Sant’Andrea Hospital, Sapienza 
University of Rome, Italy); F Bianco, F Steccanella, L Turati 
(Treviglio Hospital, Italy); G Pellino, F Selvaggi, L Selvaggi, N Di 
Martino (Universitá della Campania “Luigi Vanvitelli”, Naples, 
Italy); A Ababneh, L Abusalem, E Al-Dakka, K Aljboor, A 
Alnusairat, I Bsisu, O Halhouli, A Qaissieh (Jordan University 
Hospital, Jordan); H Mohammed, T Yusufali (Kenyatta National 
Hospital, Kenya); J Lando, W Ndegwa, R Parker (Tenwek 
Hospital, Kenya); D Dragatas, P Višinskas, R Žilinskienė (Hospital 
Of Jonava, Lithuania); A Dulskas, J Kuliavas, NE Samalavicius 
(Klaipeda University Hospital, National Cancer Institute, 
Lithuania); J Gribauskaite, M Jokubauskas, D Venskutonis 
(Lithuanian University Of Health Sciences, Lithuania); S 
Bradulskis, E Dainius, Z Dambrauskas, A Gulbinas, T Jankus, K 
Jasaitis, S Kasputyte, M Kiudelis, D Mikuckyte, M Montrimaite, V 
Nevieraite, A Parseliunas, S Petrikenas, R Riauka, E Slapelyte, A 
Subocius, L Venclauskas, J Zilinskas (Lithuanian University of 
Health Sciences, Lithuania); N Kaselis, G Žiubrytė (Republican 
Hospital Of Klaipeda, Lithuania); M Pažuskis, Z Urniežius, M 
Vilčinskas (Republican Hospital of Kaunas, Lithuania); A 
Burmistrovas, Z Tverskis (Taurage Hospital, Lithuania); R 
Mazelyte, A Vaicius, A Zadoroznas (Viesoji Istaiga Rokiskio 
Rajono Ligonine, Lithuania); T Abaliksta, VJ Banaitis, D Danys, M 
Drungilas, V Gaižauskas, E Grisin, V Jotautas, A Ladukas, K 
Lagunavicius, E Laugzemys, V Lipnickas, D Majauskyté, P 
Mazrimas, S Mikalauskas, T Poškus, R Rackauskas, G Simutis, EZ 
Sruogiene, L Uščinas (Vilnius University Hospital, Lithuania); 
FCFP Rahantasoa, F Rasoaherinomenjanahary, LH Samison, TEC 
Tolotra (Joseph Ravoahangy Andrianavalona Hospital, 
Madagascar); C Kwatiwani, N Msiska, V Msosa, C Mukuzunga 
(Kamuzu Central Hospital, Malawi); SMD Asilah, FY Chai, K 
Gunaseelan, WN’WM Nasir, KZ Syibrah, P Yoganathan (Hospital 
Keningau, Malaysia); PY Koh, EX Lee, SY Lim, JE Saw, SY Teo, LJ 
Yeang (Hospital Pulau Pinang / Penang Medical College, 
Malaysia); YY Gan, JRS Ting (Hospital Sibu, Malaysia); AEZ 
Cheah, CYN Chow, Y Der, PAL Har, KL Koay, TNT Mat, SSY Sii, 
YK Tan, CY Wong (Hospital Sultanah Aminah, Malaysia); YJ 
Cheong, C Gan, HE Heng, SN Kong, YT Mok, YT Neo, K Palayan, 
YW Tan, MD Tata (Hospital Tuanku Ja’afar, Malaysia); PX Chin, 
NZ Riswan, A Salleh (Kajang Hospital, Malaysia); NAN Abdullah, 
SAWEW Ali, KJ Chung, DL Jethwani, R Julaihi, SW Mathew, MK 
Nirumal, RGE Tze, MT Yahaya (Sarawak General Hospital, 
Malaysia); F Henry, X Low, YY Tew (Selayang Hospital, 
Malaysia); DNA Aziz, NR Kosai, R Rajan, MM Taher (Universiti 
Kebangsaan Malaysia Medical Centre UKMMC, Malaysia); NA 
Aziz, C Chai, H Chong, S Kumar, K Poh, AC Roslani (University 
Malaya Medical Centre, Malaysia); I Bertuello, K Bonavia, E Borg, 
SD Brincat, GM Camilleri, K Carabott, K Cassar, J Dalli, T 
Dimech, M Falzon, A Farrugia, N Grech, T Grima, VTH Le, D 
Magri, C Mizzi, S Mizzi, A Navarro, K Sammut, R Scicluna, N 
Shaikh, T Tembo, S Zammit, C Zarb (Mater Dei Hospital, Malta); 
S Corro-Diaz, M Manriquez-Reyes, A Ramos-De la Medina 
(Hospital Español de Veracruz, Mexico); M Abbouch, A 
Abdelhamid, H Bachri, A Belkouchi, S Benammi, RM Bennai, C 
Benyaiche, K Boukhal, A Hrora, MS Jabal (IBN Sina Hospital, 
Morocco); L Duinhouwer, M Vermaas (Ijsselland Hospital, 
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Netherlands); MS Merlo, J Pastora, G Wood (Hospital Escuela Oscar 
Danilo Rosales Arguello, Nicaragua); A Adamu, H Aliyu, M Aliyu, S 
Aliyu, S Baba, M Daniyan, O Ogunsua, T Sholadoye, Y Ukwenya 
(Ahmadu Bello University Teaching Hospital Zaria, Nigeria); L 
Anyanwu, A Mohammad, A Sheshe (Aminu Kano Teaching 
Hospital, Nigeria); O Adebola, A Adesina, O Faturoti, O Odutola, 
C Onuoha, O Taiwo (Babcock University Teaching Hospital, 
Nigeria); J Ajah, S Kache, J Makama (Barau Dikko Teaching 
Hospital, Kaduna State University, Kaduna, Nigeria); O Abiola, A 
Adeyeye, A Ajiboye, I Amole, A Olaolorun (Bowen University 
Teaching Hospital, Nigeria); A Adebanjo, A Adeniyi, O Adesanya 
(Federal Medical Centre, Abeokuta,, Nigeria); O Ajai, F Balogun, I 
Njokanma, M Oludara, R Osuoji, O Williams (Lagos State 
University Teaching Hospital, Nigeria); A Ademuyiwa, B 
Adenekan, F Alakaloko, C Bode, O Elebute, G Ihediwa, A Lawal, V 
Nwinee, TO Olajide, M Olugbemi, O Oshati, A Osinowo (Lagos 
University Teaching Hospital, Nigeria); A Abdurrazzaaq, A Ajao, 
O Ayandipo, T Lawal (University College Hospital, Ibadan, 
Nigeria); P Mshelbwala, B Odeyemi, S Olori, G Samson, SA 
Samuel, OK Timothy (University Of Abuja Teaching Hospital,, 
Nigeria); J Adeniran, A Adeyeye, M Alada, O Habeeb, A Nasir, A 
Popoola (University Of Ilorin Teaching Hospital,Ilorin, Nigeria); B 
Bello, H Mendel, U Muktar (Usmanu Danfodiyo University 
Teaching Hospital, Nigeria); KM Augestad, GS Banipal, TT Moe, 
M Monteleone, JK Schultz (Akershus University Hospital, 
Norway); T Gaarder, PW Monrad-Hansen, PA Næss (Oslo 
University Hospital, Norway); R Herikstad, A Kanani, JW Larsen, 
K Styles, JA Søreide, K Søreide, T Veen (Stavanger University 
Hospital, Norway); S Holte, G Lauzikas, J Wiborg (Sykehuset 
Telemark HF, Norway); EK Aahlin, M Gran, E Jensen (University 
Hospital Of Northern Norway, Norway); J Abbasy, AR Alvi, T 
Gala, N Shahzad (Aga Khan University, Pakistan); N Nadeem, M 
Saqlain (Allied Hospital, Faisalabad, Pakistan); A Ahmed, KF 
Bhopal, MT Butt, Z Iftikhar, AK Niazi, SAU Razi (Bahawal 
Victoria Hospital, Pakistan); M Javaid, MA Khan, M Waqar (CMH 
Lahore Medical And Dental College, Pakistan); M Adil, F Baluch, 
A Bani-Sadar, AU Qureshi, A Raza, A Raza, I Raza (King Edward 
Medical University, Mayo Hospital, Lahore, Pakistan); M Amjad, 
MM Arshad (Nishtar Medical College And Hospital, Pakistan); S 
Abushamleh, T Al-taher, A Hamarshi, A Hamdan, S Hanoun, D 
Jaradat, A Musleh, AA Qumbos, R Saadeh, A Salman, AA Taher 
(Al Makassed Islamic Charitable Society Hospital, Jerusalem, 
Palestine); H Al-farram, S Al-saqqa, I Awad, A Bowabsak, A El 
Jamassi, A Firwana, M Hamdan, D Hasanain, M Salah (Al-Shifa 
Hospital, Palestine); M Altarayra, M Ghannam, A Herebat, I 
Qawasmi, K Qurie, A Shaheen (Alia Governmental Hospital, 
Palestine); I Adawi, M Adawi, A Elmashala (Beit Jala 
Governmental Hospital, Palestine); FE Al Barrawi, A Ashour (Bit 
Hanoun Hospital, Palestine); A Ghaben, A Ashour (Indonesian 
Hospital, Gaza, Palestine); Y Abuowda, S Afana, A Al-Buhaisi, E 
Alaloul, S Alyacoubi, H Baraka, M Elshami, S Jaber, J Meqbil 
(Islamic University of Gaza Medical School, European Gaza 
Hospital & Shifa Hospital, Palestine); R Khreishi, R Khreishi 
(Martyr Thabet Govermental hospital, Tulkarem, Palestine); E 
Abuqwaider, T Idress (Mizan hospital, Palestine); M Al-faqawi, A 
Al-khatib, M Fares (Nasser Hospital, Palestine); A Abdelhaq, M 
Abu-toyour, F Asi, A Atiyeh, M Dabboor, M Mustafa, A Shalabi, A 
Shamasneh, R Zaa’treh (Palestine Medical Complex, Palestine); 
JT Cardozo, RAM Cardozo, HAS Lohse, LIP Lopez, MO Roche, GRP 
Servin, GMM Vega (Hospital de Clínicas, II Cátedra de Clínica 
Quirúrgica, Universidad Nacional de Asunción, Paraguay); 
J Salcedo, R Velasquez (Clínica De Especialidades Médicas, 
Peru); AMS Barrantes, JAC Bravo, CG Dueñas, KT Espinoza, 

C Fernández, L Fuentes-Rivera, B Málaga, D Romani, S Shu, J Ye 
(Hospital Cayetano Heredia, Peru); LAM Barrientos, ESF Farfan, 
JLH Hamaguchi, JJH Matta (Hospital De Policia, Peru); A Robledo- 
Rabanal, LAZ Solis, AJR Velásquez (Hospital III José Cayetano 
Heredia, Peru); YEA Bermúdez, AC Calua, J Carpio, N Carrasco, F 
Espinoza, HS Miyasato, PAT Orbegozo, N Ortiz, WR Panez, C 
Razuri, X Rodriguez, ADP Rojas, CS Samaniego, D Sanchez, F 
Saravia, SG Torres, M Valcarcel-Saldaña (Hospital Nacional 
Arzopispo Loayza, Peru); AL Contreras-Vergara, AGV Mejia, MSG 
Montejo (Hospital Nacional Guillermo Almenara Irigoyen, Peru); 
KT Espinoza (Hospital Nacional Maria Auxiliadora, Peru); R Mas, 
ADP Paucar, MDCE Salas, GCM Sila, WA Ticona, M Vargas 
(Hospital Regional De Ayacucho, Peru); CL Almanon, MC 
Lapitan, MD Parreno-Sacdalan (Department Of Surgery, 
Philippine General Hospital, University Of The Philippines 
Manila, Philippines); MJB Maño, JJV Mora, MAP Redota, MF Roxas 
(The Medical City, Philippines); A Lasek, P Major, D Radkowiak, 
M Rubinkiewicz (2nd Department Of Surgery, Jagiellonian 
University Medical College, Poland); M Janik, R Roszkowski, M 
Walędziak (Department Of General, Oncological, Metabolic And 
Thoracic Surgery, Military Institute Of Medicine, Warsaw, 
Poland); J Costa-Maia, C Fernandes, R Melo (Centro Hospitalar 
De São João, Portugal); M Beuran, MR Bratu, C Ciubotaru, B 
Diaconescu, I Negoi, M Vartic (Emergency Hospital of Bucharest, 
Romania); A Kourdouli, M Popa (Spital Judetean De Urgenta Din 
Craiova, Romania); AS Mironescu, L Muntean, LC Vida (Spitalul 
Clinic De Copii Brasov, Romania); H Mircea (Spitalul Clinic 
Judetean Brasov, Romania); D Duhoranenayo (Kibungo Hospital, 
Rwanda); JCA Ingabire, AZ Mutabazi, N Uzabumwana 
(University Teaching Hospital Of Kigali, Rwanda); E Jovine, G 
Landolfo, N Zanini (San Marino State Hospital, San Marino); 
MSA Alghamdi, M Aljiffry, A Alkaaki, A Altaf, F Idris, A Khoja, A 
Maghrabi, A Nawawi, S Turkustani (Department of Surgery, 
Faculty of Medicine, King Abdulaziz University Hospital, Jeddah) 
Eyad Khalifah, Ahmad Gudal, Adel Albiety, Sarah Sahel, Reham 
Alshareef, Mohammed Najjar, Saudi Arabia); F Al Bastawis, N Al 
Subaie, B Alhassan, A Altamimi, A Altamimi, R Alyahya, M 
Hassanain, R Khan, T Nouh (King Khaled University Hospital, 
Saudi Arabia); L Jeremic, M Nestorovic, M Radojkovic (Clinic For 
General Surgery, Clinical Center Nis, Serbia); XW Chan, CS 
Chong, LWL Joel, S Koh, JH Law, KY Lee, KC Lee, FQH Leong, B 
Lieske, JK Tan, KSK Tan, RCK Tan (National University Hospital, 
Singapore); N Maistry (Charlotte Maxeke Johannesburg 
Academic Hospital, South Africa); V Jennings, A Leusink, R 
Moore (Chris Hani Baragwanath Academic Hospital, South 
Africa); ME Mabitsela, SR Ndlovu (Dr George Mukhari Academic 
Hospital, South Africa); V Kong (Edendale Hospital, South 
Africa); J Joosten, J Pape, L Roodt, A Sander, S Sobnach, R Spence 
(Groote Schuur, South Africa); S Rayne, S Van Straten (Helen 
Joseph Hospital, University Of Witwatersrand, South Africa); F 
Anderson, T Madiba, Y Moodley (Inkosi Albert Luthuli Central 
Hospital, South Africa); K Kinandu, P Ndwambi, M Tun (Leratong 
Hospital, South Africa); F Du Plooy (Mediclinic Potchefstroom, 
South Africa); M Badicel, R Jaich (Milpark Hospital, South Africa); 
G Chilton, L Hartford, P Karjiker (Mitchell’s Plain District 
Hospital, South Africa); H Bougard, K Chu, A Dell, J Gouws, N 
Kariem, F Noor (New Somerset Hospital, South Africa); K 
Kabongo, A Khamajeet, SK Tshisola (Stanger Hospital, South 
Africa); S Burger, Q Ellison, DC Grobler, LB Khulu, F Du Toit 
(Tembisa Tertiary Provincial Hospital, South Africa); B Dedekind, 
MI Hampton, P Nashidengo, K Pluke (Victoria Hospital Wynberg, 
South Africa); CG Bernardo, E Contreras, A Dorismé, LS García, J 
Pagnozzi, J Rodicio, S Sanz, J Stuva, A Suarez, TD Vico, AM De 
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León (Central University Hospital Of Asturias, Spain); L Garcia- 
Florez, JL Otero-Díez, VR Pérez, NA Suárez (Hospital 
Universitario San Agustín, Spain); D Ambrona-Zafra, A Craus- 
Miguel, P Diaz-Jover, L Fernandez-Vega, JM Garcia-Perez, P 
Jimenez-Morillas, A Mazzella, C Pineño-Flores, N Pujol-Cano, JJ 
Segura-Sampedro, F Sena-Ruiz, C Soldevila-Verdeguer (Hospital 
Universitario Son Espases, Spain); VJ Carneros, MV Collado, JM 
García, SC Moreno, JG Septiem (Hospital Universitario de Getafe, 
Spain); V Andriola, R Blanco-Colino, E Espin-Basany (Hospital 
Valle De Hebron, Spain); E Esteban, E Ferrero, M Gonzalez, I 
Ortega, A Picardo (Infanta Sofía University Hospital, Spain); J 
Ruiz-Tovar (University Hospital Rey Juan Carlos, Spain); AB 
Jayathilake, SPB Thalgaspitiya, LS Wijayarathna, PMS Wimalge 
(University Surgical Unit, Teaching Hospital Anuradhapura, Sri 
Lanka); A Ndajiwo, O Okenabirhie, HA Sanni (Joseph N France 
Hospital, St. Kitts And Nevis); M Abdulaziz, A Adam, A Homeida, 
A Mussad, OA Omer, A Younis (University of Gezira, Sudan); M 
Hjertberg (Department Of Surgery And Department Of Clinical 
And Experimental Medicine, Linköping University, Norrköping, 
Sweden); A Thorell, F Wogensen (Ersta Hospital, Sweden); H 
Thorarinsdottir (Helsingborgs Lasarett, Sweden); P Elbe, L Forlin, 
W Rutkowski, D Saraste (Karolinska Universitetssjukhuset, 
Solna, Sweden); M Breistrand, A Sokratous (Mora Hospital, 
Sweden); S Ahlqvist, S Ahlqvist, I Björklund, Y Cengiz (Sundsvall 
Hospital, Sweden); K Niska, M Sund (Umea University Hospital, 
Sweden); A Chabok, M Nikberg, J Sigurdadottir (Västmanlands 
Hospital Västerås, Sweden); R Schmid, G Werder (Buergerspital 
Solothurn, Switzerland); R Bluelle, D Frey, D Oswald, A Palma, G 
Peros, K Reinisch, G Zuk (Gzo Spital Wetzikon, Switzerland); A 
Gübeli, J Müller, LW Widmer (Hospital Davos, Switzerland); A 
Gerosa, S Mahanty, A Nocito (Kantonsspital Baden, Switzerland); 
DA Raptis, M Zuber, L Zumbühl (Kantonsspital Olten, 
Switzerland); C Adıyaman, S Bayram, TB Cengiz, M Cevik, V 
Işler, BB Kobal, D Mutlu, V Ozben, BB Ozmen, AM Pektaş, I Sapci, 
I Tansoker, ÖF Toto, S Yolcu, HC Çakaloğlu (Acibadem 
University School of Medicine, Atakent Hospital, Turkey); Y 
Altinel, OB Gulcicek, T Vartanoglu (Bagcilar Research And 
Training Hospital, Turkey); H Alis, I Halicioglu, NA Sahbaz 
(Bakirkoy Dr. Sadi Konuk Training And Research Hospital, 
Turkey); E Arslan, BE Baki, S Bodur, S Celik, A Guner, E Gül, B 
Murutoglu, A Semiz, K Tomas, R Yildirim (Karadeniz Technical 
University Faculty Of Medicine, Turkey); MC Aydin, SR Karahan, 
E Kose (Okmeydanı Training And Research Hospital, Turkey); K 
Karabulut, V Mutlu, BB Ozkan (Ondokuz Mayis University 
Medical Faculty, Turkey); KY Chen, R Heard, S Nanthakumaran 
(Aberdeen Royal Infirmary, United Kingdom); R Breslin, R 
Srinivasan (Blackpool Victoria Hospital, United Kingdom); A 
Boggon, K Connor, A Haslegrave, K Laurie, T Mann (Borders 
General Hospital, United Kingdom); E Dashnyam, E Kalakouti, A 
Mehdi, N Post, F Stourton, O Warren, R White (Chelsea And 
Westminster Hospital, United Kingdom); A Paramasivan 
(Darlington Memorial Hospital, United Kingdom); N Blencowe, K 
Bowling, D Bunting, P Ireland (Gloucestershire Royal Hospital, 
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Uluşahin (Karadeniz Technical University Farabi Hospital, 
Turkey); MA Yuksek (Ondokuz Mayis University, Turkey); MMH 
Farhan-Alanie (Inverclyde Royal Hospital, United Kingdom); N 
Redgrave (John Radcliffe Hospital, Oxford, United Kingdom); M 
Wilson (Ninewells Hospital And Medical School, United 
Kingdom); R Callan (North Middlesex University Hospital, United 
Kingdom); GL Yong (Perth Royal Infirmary, United Kingdom); K 
Lee (Queen Elizabeth Birmingham, United Kingdom); B Wolf 
(Raigmore Hospital Inverness, United Kingdom); CK Musyoka 
(Royal Alexandra Hospital, United Kingdom); M Cox (Royal 
Derby Hospital, United Kingdom); K Whitehurst (Royal Devon 
And Exeter, United Kingdom); C Fairfield (Royal Infirmary Of 
Edinburgh, United Kingdom); J Olivier (Royal United Hospital 
Bath, United Kingdom); C Chibuye (Ndola Central Hospital, 
Zambia)

Funding
This study was funded through support from a National Institute 
for Health Research (NIHR) Global Health Research Unit grant 
(NIHR 16.136.79) and a Royal College of Surgeons of Edinburgh 
(RCSEd) Robertson Trust research fellowship (RTRF/22/010). The 
funders had no role in conception, study design, data collection, 
analysis and interpretation, or writing of this article.

Author contributions
NIHR Global Research Health Unit on Global Surgery and GlobalSurg 
Collaborative (Conceptualization, Data curation, Formal analysis, 
Funding acquisition, Investigation, Methodology, Project 
administration, Resources, Software, Supervision, Validation, 
Visualization, Writing—original draft, Writing—review & editing)

Disclosure
The authors declare no conflict of interest.

Supplementary material
Supplementary material is available at BJS online.

20 | BJS, 2024, Vol. 111, No. 6

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/111/6/znae129/7696992 by U

ni Ferrara user on 13 D
ecem

ber 2024

http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znae129#supplementary-data


Data availability
The data sets generated during and/or analysed during the 
present study are available from the corresponding author on 
reasonable request.

References
1. Pinkney T, Calvert M, Bartlett DC, Gheorghe A, Redman V, 

Dowswell G et al. Impact of wound edge protection devices on 
surgical site infection after laparotomy: multicentre randomised 
controlled trial (ROSSINI trial). BMJ 2013;347:f4305

2. Monahan M, Jowett S, Pinkney T, Brocklehurst P, Morton D, 
Abdali Z et al. Surgical site infection and costs in low- and 
middle-income countries: a systematic review of the economic 
burden. PLoS One 2020;15:e0232960

3. WHO. Global Guidelines for the Prevention of Surgical Site Infection. 
2018

4. Berríos-Torres SI, Umscheid CA, Bratzler DW, Leas B, Stone EC, 
Kelz RR et al. Centers for Disease Control and Prevention 
guideline for the prevention of surgical site infection, 2017. 
JAMA Surg 2017;152:784–791

5. National Institute for Health and Clinical Excellence (NICE). 
NICE Guideline NG125: Surgical Site Infections: Prevention and 
Treatment. 2020

6. GlobalSurg Collaborative. Surgical site infection after 
gastrointestinal surgery in high-income, middle-income, and 
low-income countries: a prospective, international, 
multicentre cohort study. Lancet Infect Dis 2018;18:516–525

7. McLean KA, Goel T, Lawday S, Riad A, Simoes J, Knight SR et al. 
Prognostic models for surgical-site infection in gastrointestinal 
surgery: systematic review. Br J Surg 2023;110:1441–1450

8. Wolff RF, Moons KGM, Riley RD, Whiting PF, Westwood M, 
Collins GS et al. PROBAST: a tool to assess the risk of bias and 

applicability of prediction model studies. Ann Intern Med 2019; 
170:51–58

9. Collins GS, Reitsma JB, Altman DG, Moons KGM. Transparent 
reporting of a multivariable prediction model for individual 
prognosis or diagnosis (TRIPOD): the TRIPOD statement. BMC 
Med 2015;13:1

10. Bhangu A, Fitzgerald JE, Fergusson S, Khatri C, Holmer H, Søreide 
K et al. Determining universal processes related to best outcome 
in emergency abdominal surgery: a multicentre, international, 
prospective cohort study. BMJ Open 2014;4:e006239

11. GlobalSurg Collaborative. Determining the worldwide 
epidemiology of surgical site infections after gastrointestinal 
resection surgery: protocol for a multicentre, international, 
prospective cohort study (GlobalSurg 2). BMJ Open 2017;7:e012150

12. GlobalSurg Collaborative. Mortality of emergency abdominal 
surgery in high-, middle- and low-income countries. Br J Surg 
2016;103:971–988

13. Nepogodiev D CS, Kolias AG, Fitzgerald JE, Lee M, Blencowe NS; 
National Surgical Research Collaborative. The effect of trainee 
research collaboratives in the UK. Lancet Gastroenterol Hepatol 
2017; 2: 247–248

14. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. 
Research electronic data capture (REDCap)—a metadata-driven 
methodology and workflow process for providing translational 
research informatics support. J Biomed Inform 2009;42:377–381

15. The World Bank. World Bank Country and Lending Groups. 2023. 
https://datahelpdesk.worldbank.org/knowledgebase/articles/ 
906519-world-bank-country-and-lending-groups (accessed 11 
January 2023)

16. British United Provident Association (BUPA). BUPA Schedule of 

Procedures. 2013
17. Centers for Disease Control and Prevention (CDC) National 

Healthcare Safety Network (NHSN). Patient Safety Component 
(PSC) Manual, Chapter 9: Surgical Site Infection (SSI) Event. 2016

18. Riley RD, Snell KIE, Ensor J, Burke DL, Harrell FE Jr, Moons KGM 
et al. Minimum sample size for developing a multivariable 
prediction model: pART II—binary and time-to-event 
outcomes. Stat Med 2019;38:1276–1296

19. Sterne JAC, White IR, Carlin JB, Spratt M, Royston P, Kenward MG 
et al. Multiple imputation for missing data in epidemiological 
and clinical research: potential and pitfalls. BMJ 2009;338:b2393

20. Marshall A, Altman DG, Holder RL, Royston P. Combining 
estimates of interest in prognostic modelling studies after 
multiple imputation: current practice and guidelines. BMC Med 
Res Methodol 2009;9:57

21. Knight SR, Ho A, Pius R, Buchan I, Carson G, Drake TM et al. Risk 
stratification of patients admitted to hospital with COVID-19 
using the ISARIC WHO clinical characterisation protocol: 
development and validation of the 4C mortality score. BMJ 2020; 
370:m3339

22. Barrio I, Arostegui I, Quintana JM, IRYSS-COPD Group. Use of 
generalised additive models to categorise continuous variables 
in clinical prediction. BMC Med Res Methodol 2013;13:83

23. Rubin DB. Multiple Imputation for Nonresponse in Surveys. Hoboken, 
NJ: John Wiley & Sons, 2004

24. Fischer JE, Bachmann LM, Jaeschke R. A readers’ guide to the 
interpretation of diagnostic test properties: clinical example of 
sepsis. Intensive Care Med 2003;29:1043–1051

25. Van Calster B, McLernon DJ, van Smeden M, Wynants L, 
Steyerberg EW. Calibration: the Achilles heel of predictive 
analytics. BMC Med 2019;17:230

26. Justice AC, Covinsky KE, Berlin JA. Assessing the generalizability 
of prognostic information. Ann Intern Med 1999;130:515–524

27. Vickers AJ, Elkin EB. Decision curve analysis: a novel method for 

evaluating prediction models. Med Decis Making 2006;26:565–574
28. McLean K, Knight SR, Harrison EM. PredictR: An Integrated Workflow 

to Develop, Evaluate, and Output Predictive Models in R. 2022. https:// 
github.com/kamclean/predictr (accessed 1 February 2022)

29. de Oliveira AC, Ciosak SI, Ferraz EM, Grinbaum RS. Surgical site 
infection in patients submitted to digestive surgery: risk 
prediction and the NNIS risk index. Am J Infect Control 2006;34: 
201–207

30. Campos-Lobato LF, Wells B, Wick E, Pronty K, Kiran R, Remzi F 
et al. Predicting organ space surgical site infection with a 
nomogram. J Gastrointest Surg 2009;13:1986–1992

31. Bordeianou L, Cauley CE, Patel R, Bleday R, Mahmood S, 
Kennedy K et al. Prospective creation and validation of the 
PREVENTT (prediction and enaction of prevention treatments 
trigger) scale for surgical site infections (SSIs) in patients with 
diverticulitis. Ann Surg 2019;270:1124–1130

32. Gervaz P, Bandiera-Clerc C, Buchs NC, Eisenring M-C, Troillet N, 
Perneger T et al. Scoring system to predict the risk of 
surgical-site infection after colorectal resection. Br J Surg 2012; 
99:589–595

33. NIHR Global Research Health Unit on Global Surgery. Routine 
sterile glove and instrument change at the time of abdominal 
wound closure to prevent surgical site infection (ChEETAh): a 
pragmatic, cluster-randomised trial in seven low-income and 
middle-income countries. Lancet 2022;400:1767–1776

34. Grimes CE, Bowman KG, Dodgion CM, Lavy CBD. Systematic 
review of barriers to surgical care in low-income and 
middle-income countries. World J Surg 2011;35:941–950

NIHR Global Research Health Unit on Global Surgery and GlobalSurg Collaborative | 21
D

ow
nloaded from

 https://academ
ic.oup.com

/bjs/article/111/6/znae129/7696992 by U
ni Ferrara user on 13 D

ecem
ber 2024

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
https://github.com/kamclean/predictr
https://github.com/kamclean/predictr


35. Meara JG, Leather AJM, Hagander L, Alkire BC, Alonso N, Ameh 

EA et al. Global surgery 2030: evidence and solutions for 
achieving health, welfare, and economic development. Lancet 
2015;386:569–624

36. Davenport T, Kalakota R. The potential for artificial intelligence 
in healthcare. Future Healthc J 2019;6:94–98

37. Cutillo CM, Sharma KR, Foschini L, Kundu S, Mackintosh M, 
Mandl KD et al. Machine intelligence in healthcare— 
perspectives on trustworthiness, explainability, usability, and 
transparency. NPJ Digit Med 2020;3:47

38. Haley RW, Culver DH, Morgan WM, White JW, Emori TG, Hooton 
TM. Identifying patients at high risk of surgical wound infection. 
A simple multivariate index of patient susceptibility and wound 
contamination. Am J Epidemiol 1985;121:206–215

39. Culver DH, Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG 
et al. Surgical wound infection rates by wound class, operative 
procedure, and patient risk index. National Nosocomial 
Infections Surveillance System. Am J Med 1991;91:152S–157S

40. Gaynes RP, Culver DH, Horan TC, Edwards JR, Richards C, 
Tolson JS. Surgical site infection (SSI) rates in the United 
States, 1992–1998: the National Nosocomial Infections 
Surveillance System basic SSI risk index. Clin Infect Dis 2001; 
33(Suppl 2): S69–S77

41. Grant R, Aupee M, Buchs NC, Cooper K, Eisenring M-C, Lamagni 
T et al. Performance of surgical site infection risk prediction 
models in colorectal surgery: external validity assessment 
from three European national surveillance networks. Infect 
Control Hosp Epidemiol 2019;40:983–990

42. Anaya DA, Cormier JN, Xing Y, Koller P, Gaido L, Hadfield D et al. 

Development and validation of a novel stratification tool for 
identifying cancer patients at increased risk of surgical site 
infection. Ann Surg 2012;255:134–139

43. Siontis GC, Tzoulaki I, Castaldi PJ, Ioannidis JPA. External 
validation of new risk prediction models is infrequent and 
reveals worse prognostic discrimination. J Clin Epidemiol 2015;68: 
25–34

44. Riviello R, Scott JW. Closing the data gaps for surgical care 
delivery in LMICs. Lancet Glob Health 2016;4:e138–e139

45. Woelber E, Schrick EJ, Gessner BD, Evans HL. Proportion of 
surgical site infections occurring after hospital discharge: a 
systematic review. Surg Infect (Larchmt) 2016;17:510–519

46. Temple R. Enrichment of clinical study populations. Clin 
Pharmacol Ther 2010;88:774–778

47. Halabi S, Li C, Luo S. Developing and validating risk assessment 
models of clinical outcomes in modern oncology. JCO Precis Oncol 
2019;3:PO.19.00068

48. Reddy CL, Vervoort D, Meara JG, Atun R. Surgery and universal 
health coverage: designing an essential package for surgical 
care expansion and scale-up. J Glob Health 2020;10:020341

49. COVIDSurg Collaborative. Elective surgery cancellations due to the 
COVID-19 pandemic: global predictive modelling to inform 
surgical recovery plans. Br J Surg 2020;107:1440–1449

50. van Royen FS, Moons KGM, Geersing G-J, van Smeden M. 
Developing, validating, updating and judging the impact of 
prognostic models for respiratory diseases. Eur Respir J 2022;60: 
2200250

22 | BJS, 2024, Vol. 111, No. 6

D
ow

nloaded from
 https://academ

ic.oup.com
/bjs/article/111/6/znae129/7696992 by U

ni Ferrara user on 13 D
ecem

ber 2024


	Development and external validation of the ‘Global Surgical-Site Infection’ (GloSSI) predictive model in adult patients undergoing gastrointestinal surgery
	Introduction
	Methods
	Data sources
	Data collection
	Outcome definition
	Model derivation
	External validation
	Statistical analysis

	Results
	Cohort characteristics
	Development of a novel model
	External validation of the novel model and comparison with previous predictive models

	Discussion
	Collaborators
	Funding
	Author contributions
	Disclosure
	Supplementary material
	Data availability
	References


