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Introduction

Since the beginning of the COVID-19 pandemic tens of millions of

operations have been cancelled1 as a result of excessive postoper-

ative pulmonary complications (51.2 per cent) and mortality rates

(23.8 per cent) in patients with perioperative SARS-CoV-2 infec-

tion2. There is an urgent need to restart surgery safely in order to

minimize the impact of untreated non-communicable disease.

As rates of SARS-CoV-2 infection in elective surgery patients

range from 1–9 per cent3–8, vaccination is expected to take years

to implement globally9 and preoperative screening is likely to

lead to increasing numbers of SARS-CoV-2-positive patients, peri-

operative SARS-CoV-2 infection will remain a challenge for the

foreseeable future.

In order to inform consent and shared decision making, a ro-

bust, globally applicable score is needed to predict individualized

mortality risk for patients with perioperative SARS-CoV-2 infec-

tion. The authors aimed to develop and validate a machine learn-

ing-based risk score to predict postoperative mortality risk in

patients with perioperative SARS-CoV-2 infection.

Methods
Cohort study design
An international, multicentre, prospective, cohort study

(COVIDsurg Cohort Study) included consecutive patients who

were diagnosed with SARS-CoV-2 in the 7days before or the

30days after surgery. Patients undergoing any type of surgery

were included from 1 February 2020 to 31 July 2020. Full study

methodology has been published previously2.

Machine learning methods were used to analyse the COVIDsurg

Cohort Study dataset. Sixteen patient and operative variables were

entered into the analysis and, based on time, data were split into a

derivation set, where all analysis and modelling were performed,

and a validation set, where the final model was assessed. Five fea-

tures were selected following variable importance measurements

from both linear and non-linear modelling. These features were

then combined into 26 different predictor sets, which were fitted

through three different algorithms (logistic regression, decision

trees and random forest), generating a total of 78 different models.

These models were tuned with a 10-fold cross-validation, fitted in

the 75 per cent split of the derivation set and assessed in the

remaining 25 per cent. In order to ascertain the model’s stability,

this training and testing split was randomly repeated 100 times

(bootstraps). Finally, to decide which model to select, performance

was evaluated through the mean area under the receiver operating

characteristic curve (AUROC) value. A full description of methods

is available in Appendix S1.

Results
Patients
From 10029 patients in the cohort study, data from 8492 patients

entered the machine learning processes (Fig. 1). The most com-

mon surgical procedures were abdominal (40.6 per cent, 3446 of

8492 patients), orthopaedic (33.8 per cent, 2867 of 8492) and head

and neck surgery (9.8 per cent, 835 of 8492). Emergency surgery

accounted for 80.8 per cent (6862 of 8492 patients) and benign

disease for 57.3 per cent (4868 of 8492) (Table S1).

Of the 8492 patients, data from 6777 patients who had surgery

from February to May 2020 (726 hospitals, 65 countries) were en-

tered into the derivation set and data from 1715 who had surgery

from June to July 2020 (296 hospitals, 53 countries) were entered

into the validation set. Despite changes in patient demographics

and treatment options, such as the recommendations from the

RECOVERY trial10 in June 2020, model performance remained ro-

bust between the derivation and validation sets. Mortality rates

were 17.2 per cent overall (1462 of 8492 patients), 18.9 per cent

(1279 of 6777) in the derivation set and 10.7 per cent (183 of 1715)

in the validation set. Missing data handling is described in

Appendix S2.
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Feature selection
A full breakdown of feature and model selection are in Tables S3–S7.

Random forest and elastic net were applied to the derivation set and

the most important features were ranked (Fig. S1). Logit model

performance of all different feature combination (runs) divided by

each of the features is shown in Fig. 2a. The five features taken for-

ward into model building were age, preoperative respiratory support,

ASA grade, specialty and revised cardiac risk index (RCRI) score.

Working data set

Exploratory data analysis

16 candidate predictors

Predictor excluded if

missing 20%

Missing values sensitivity analysis

MICE imputation: n = 8492

Complete cases: n = 8142

Split into

derivation and

validation sets

Derivation set

MICE n = 6777

Complete case analysis

n = 6474

Feature selection

Penalized logistic

regression (EN)

& random forest

importance (m = 5)

Testing and

training split

(25:75)

Model generation

RF, DT, GLM methods

used to fit a model with

each combination

of the selected features

Best performing

feature combination

and method selected

Final model built

(GLM)

Validation

Model deployment

Web app

Velidation set

MICE n = 1715

Complete case analysis

n = 1668

•   Split by time: derivation (February, March, April, May) and validation (June, July)

•   Elastic net modeling

•   Bootstrapping for hyperparameter

    optimization

•   Ranking of most important variables per

    model obtained and top 5 between both

    selected

•   Random split repeated 100 times

    (bootstrapping)

•   Hyperparameters optimization

•   All feature combinations separately

    modelied

•   Random forest (RF), decision tree (DT)

    generalized linear model (GLM) modeiling

    methods assessed 

Performance assessed through the

mean and standard deviation of:

         •   Sensitivity

         •   Specificity

         •   AUROC

         •   Accuracy

•   Mean coefficients of all bootstraped splits define the final

    model

•    Discrimination and calibration assessed

•    Imputed and non imputed results compared

•    Case fatality percentages determined

Excluded patients:

   Children n = 454

   Local/other anaesthesia n = 389

   Minor procedures (e.g. vessel catheterization) n = 272

   Incomplete date of surgery n = 228

   Not CT or swab confirmed diagnosis n = 186

   Ambiguous gender n = 8

CovidSurg

n = 10 029

Fig. 1 Cohort study patient inclusion and model derivation and validation flow

MICE, multiple imputation by chained equations; EN, elastic net
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Model building and validation
Multivariable models were built using all possible combinations

of the five selected features, resulting in 26 model runs (Table S8).

The smallest, higher-performing and most robust model was a

logistic regression model with four features (age, ASA grade, RCRI

score and preoperative respiratory support). A full description is

in Appendix S2.

The AUROC for the final score was 0.73 (95 per cent c.i. 0.71

to 0.74) in the derivation set and 0.80 (95 per cent c.i. 0.77 to

0.83) in the validation set (Fig. 2b). Calibration in the validation

set is shown in Fig. S2 (Brier score 0.084, intercept 0.078, slope

1.08).

Mortality rates were studied for different probability risk cut-

offs (Fig. S3), with a balance between distribution and clinical

importance leading to cut-off values at approximately 2, 10, 30

and 45 per cent mortality. These showed high concordance be-

tween derivation and validation sets (Supplementary Table S7)

with the final mortality percentages in the combined dataset

being very similar.

Deployment
The COVIDSurg Mortality Score has been deployed online at

http://covidsurgrisk.app/.

Discussion

Understanding risks related to SARS-CoV-2 and COVID-19 will re-

main important for the foreseeable future. There is an urgent

need to restart elective surgery in order to reduce the backlog of

cancelled operations11. Vaccination programmes are expected to

take years to deliver, particularly in low- and middle-income

countries9, and may not protect against new variants12. COVID-

19-free surgical pathways are unlikely to be universally imple-

mented, particularly in emergency settings3, leaving patients at

Fig. 2 Model performance and evaluation.

a Logistic model performance of all different runs divided by each of the features. Colour coded according to performance values (mean area under the curve (AUC)
of 100 bootstraps). b Receiver operating characteristic curves for model evaluation. After generating the final model made up by the averaged coefficients of the
bootstraps of run 21, it was evaluated in both the derivation set as a whole (Area under receiver operating characteristic curve (AUROC) ¼ 0.7284, 95 per cent c.i.
0.7140–0.7428) and the validation set AUROC ¼ 0.8036, 95 per cent c.i. 0.7739–0.8333). Results are depicted with AUROC and confidence intervals generated through
the pROC and plotROC packages. 95 per cent confidence intervals were computed with default 2000 stratified bootstrap replicates.
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risk of in-hospital SARS-CoV-2 transmission. Research is critical

to mitigate impact. The COVIDsurg Morality Score is a tool that

can help overcome these challenges and has clear clinical appli-

cations. It can inform consent and shared decision making by

patients and surgeons. If individual patient mortality risk is too

high, they may choose to postpone surgery. If surgery is unavoid-

able, risks should be clearly documented as part of informed con-

sent, and postoperative critical care can be identified and

justified. It can also identify patients who are at very low risk,

where surgery can continue as planned.

The COVIDSurg Mortality Score shows high discrimination for

predicting mortality in patients with perioperative SARS-CoV-2.

The AUROCs in the derivation (0.73) and validation (0.80) sets are

consistent with published non-surgical COVID risk scores13. The

COVIDSurg Mortality Score is globally applicable and consists of

variables that are readily available across all resource settings.

The score was derived and validated in a global data set (all types

of surgery, 756 hospitals, 69 countries) and demonstrated validity

across geographic regions and over time as community SARS-

CoV-2 infection rates fluctuated.

The COVIDSurg cohort study was prospectively collected and

conducted, but it had limitations. Variables were coded following

standardized medical criteria but a further analysis of continuous

variables as well as the inclusion of interactions14 could be incorpo-

rated in future studies. As there are no other international, multispe-

cialty data sets for SARS-CoV-2 surgical patients, further external

validation was not possible, but should be considered if such data

sets emerge. High mortality percentages (approximately 47 per cent)

at higher probability outputs (greater than 0.5) should be interpreted

with caution, as numbers of patients with these feature combina-

tions were low. The authors acknowledge that the model will war-

rant updates as more data become available.

Despite differences in mortality between the derivation and vali-

dation sets, model performance remained robust. There are likely to

have been structural and system differences between hospitals that

were not captured in the cohort study. These differences are further

compounded by variation in community SARS-CoV-2 across time

and across geographical locations. Nonetheless, the score performed

well in the validation set, suggesting the score can be used reliably

both during COVID waves and troughs.
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Montréal, Canada); D. Briatico, S. Sharma, G. Talwar, K. Bailey

(McMaster Children’s Hospital, Hamilton, Ontario, Canada); V
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Lukaszewski, H. Gill, G. Berry, A. S. Liberman, E. Girsowicz, J.

Bayne, D. Obrand, O. Steinmetz, K. MacKenzie, S. Schmid, J.

Spicer, M. Al Farsi* (McGill University Health Center, Montréal,

Canada); J. Abou-Khalil (The Ottawa Hospital, Ottawa, Canada);

E. Couture*, S. Mohammadi, H. Tremblay, N. Gagné, A. Bergeron

(Institut universitaire de cardiologie et de pneumologie de

Québec, Québec City, Canada); A. F. Turgeon*, O. Costerousse, D.

Bellemare, C. Babin, C. Blier (Centre hospitalier universitaire de

Québec, Québec City, Canada); M. L. Wood, A. Persad, G. Groot*,

H. Pham (Saskatoon City Hospital/Royal University Hospital/St.

Paul’s Hospital, Saskatoon, Canada); F. D’Aragon*, E.

Carbonneau, M. Bouchard, M. Masse, F. Pesant, J. Héroux (Centre

hospitalier universitaire de Sherbrooke, Sherbrooke, Canada); P.

Karanicolas*, J. Hallet, A. Nadler, A. Nathens (Sunnybrook

Hospital, Toronto, Canada); M. Ko*, A. Brar (St. Joseph’s Health

Centre, Toronto, Canada); K. Mayson* (Vancouver General

Hospital, Vancouver, Canada); B. Kidane*, S. Srinathan (Health

Sciences Centre, Winnipeg, Canada); M. I. Escudero*, J. T. Reyes

(Hospital Clinico Universidad De Chile/Hospital San Jose,

Santiago, Chile); M. M. Modolo*, P. Ramirez Nieto, R. Sepulveda,

A. Bolbarán, A. Molero, I. Ruiz (Barros Luco Trudeau, Santiago,
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Chile); G. P. Reyes*, R. Salas, C. Suazo (Hospital del Salvador,

Santiago, Chile); R. Mu~noz*, E. Grasset*, M. Inzunza, N. Besser,

M. J. Irarrázaval, C. Jarry, F. Bellolio, C. A. Romero Manqui,

M. Ruiz Esquide (Hospital Clı́nico Universidad Católica, Santiago,

Chile); T. Fuentes*, J. Campos (Hospital Sotero Del Rio, Puente

Alto, Chile); C. J. Perez Rivera*, P. A. Cabrera (Fundacion

Cardioinfantil-Instituto de Cardiologı́a, Bogotá, Colombia); R. E.

Pinilla*, O. Guevara, L. J. Jimenez Ramirez, B. G. Velasquez

Cuasquen, D. R. Herrera Mora, A. Bonilla, S. Diaz*, E. Manrique, H.

Facundo, J. L. Velez Bernal, J. Ángel, M. Garcı́a, L. Guzmán, C.

Lehmann, S. Cervera, L. M. Trujillo Sanchez (Instituto Nacional

De Cancerologia, Bogotá, Colombia); R. Guevara*, D. Valbuena, L.

Suarez, G. Jimenez, A. Velandia, J. Vargas, J. Espinosa, S. Rey

(Clı́nica Universitaria Colombia, Bogotá, Colombia); J. Mendoza

Quevedo (Subred Sur Occidente de Kennedy (Hospital de

Kennedy), Bogotá, Colombia); J. A. Calvache*, C. M. Orozco-

Chamorro, T. A. Sánchez-Gómez, D. A. Rojas-Tejada (Hospital

Universitario San José, Popayán, Colombia); J. Mihanovic*, B.

Bakmaz, I. Rakvin, N. Sulen, T. Andabaka (Zadar General

Hospital, Zadar, Croatia); I. Luksic*, M. Mamic (University

Hospital Dubrava, Zagreb, Croatia); L. Martinek, M. Skrovina*

(Hospital & Oncological Centre Novy Jicin, Novy Jicin, Czech

Republic); J. �Zateck�y*, M. Peteja (Slezská nemocnice v Opav�e, p.o.,

Opav�e, Czech Republic); H. Ø. Kristensen, M. Mekhael, P.

Christensen*, L. Westh (Aarhus University Hospital, Aarhus,

Denmark); H. Smith*, A. F. Haugstvedt, M. L. Jönsson (Bispebjerg

Hospital, Copenhagen, Denmark); A. Crespo, S. Batista*, J.

Rodriguez-Abreu*, N. Tactuk, P. J. Diaz-Delgado, R. Rivas

(Cedimat—Centro De Diagnóstico, Medicina Avanzada,

Laboratorio Y Telemedicina, Santo Domingo, Dominican

Republic); J. A. Sarmiento-Bobadilla (Hospital General Norte de

Guayaquil, Guayaquil, Ecuador); F. Ashoush, A. Samir Abdelaal,

M. S. Qatora, M. E. Elsayed Hewalla, M. Metwalli, R. Atta, A.

Abdelmajeed, N. E. Abosamak, A. Sabry*, S. Shehata* (Alexandria

Main University Hospital, Alexandria, Egypt); I. Sallam*, G. Amira,

M. Sherief, A. Sherif (Misr Cancer Centre, Giza, Egypt); H. Salem*,

R. Hamdy, H. Aboulkassem, G. Ghaly*, G. Sherif, A. Morsi, A.

Abdelrahman (National Cancer Institute, Cairo, Egypt); A. Omnia

(Coptic Hospital, Cairo, Egypt); A. Tawheed, M. El Kassas*, W.

Omar (Helwan University, Cairo, Egypt); A. Abdelsamed, A.

Seleim, H. Salem*, A. Y. Azzam* (Al Azhar University Hospitals,

Cairo, Egypt); M. ElFiky*, A. Nabil (Kasr Alainy Faculty of

Medicine, Cairo University, Cairo, Egypt); M. Ibraheem*, G. Ghaly,

M. ElDeeb, M. Fawzy (Baheya Centre for Early Detection and

Treatment of Breast Cancer, Cairo, Egypt); H. Hamed* (Elkheir

Hospital, Mansoura, Egypt); S. Emile*, A. Elfallal, H. Elfeki, M.

Shalaby, A. Sakr (Mansoura University Hospital, Mansoura,

Egypt); M. Alrahawy*, H. Atif, A. Sakr, H. Soltan (Menoufia

University Hospital, Menoufia, Egypt); A. K. Sayed, A. Salah, A.

Atiya* (Minia University Hospital, Minia, Egypt); K. Wassim*

(Quwaysna Central Hospital, Quwaysna, Egypt); A. M. Abbas, H.

A. S. Abd Elazeem, A. Y. Abd-Elkariem, M. M. Abd-Elkarem, S.

Alaa, A. K. Ali, M. Ashraf, A. Ayman, M. G. Azizeldine, H.

Elkhayat, A. Emad Mashhour, M. Gaber, H. M. Hamza, I. Hawal,

H. F. Hetta, S. M. Elghazaly, M. M. Mohammed, F. A. Monib, M. A.

Nageh, A. Saad, M. M. Saad, M. Shahine, E. A. Yousof, A. Youssef

(Assiut University Hospital, Assiut, Egypt); E. Esmail*, M. Khalaf

(Kafr El Zayyat Hospital, Kafr El Zayyat, Egypt); A. Eldaly* (El-

Menshawy Hospital, El-Menshawy, Egypt); A. Ghoneim*, A.

Hawila, H. Badr, I. Elhalaby, M. Abdel-bari, M. Elbahnasawy, M. K.

Hamada, M. S. Morsy, M. Hammad, M. Hammad, M. Essa, M. T.

Fayed, M. Elzoghby, M. Rady, O. Hamad, S. Salman, S. Sarsik, S.

Abd-elsalam, S. Gamal Badr, Y. El-Masry ( University Hospital,

Tanta. Egypt); M. M. H. Moahmmed (Zagazig University Hospitals,

Zagazig, Egypt); S. Hailu*, A. Wolde, M. Mengesha, S. Nida, M.

Workneh, M. Y. Ahmed, T. Fisseha, D. Kassa, H. Zeleke, A.

Admasu, T. Laeke, A. Tirsit, M. Gessesse, A. Addissie (Tikur

Anbessa (Black Lion) Hospital-Addis Ababa University, Addis

Ababa, Ethiopia); D. Bekele* (Maddawalabu University Goba

Referral Hospital, Bale Robe, Ethiopia); J. H. Kauppila*, E.

Sarjanoja (Länsi-Pohja Central Hospital, Kemi, Finland); S.

Testelin*, S. Dakpé, B. Devauchelle, J. Bettoni, N. Lavagen (CHU

Amiens, Amiens, France); F. Schmitt*, J. M. Lemée, S. Boucher, R.

Breheret, J. D. Kün-Darbois, A. Kahn, A. Gueutier, P. Bigot (CHU

Angers, Angers, France); B. Borraccino (Centre Hospitalier

Auxerre, Auxerre, France); Z. Lakkis*, A. Doussot, B. Heyd, S.

Manfredelli, P. Mathieu, B. Paquette, C. Turco, A. Barrabe, A.

Louvrier (CHU Besançon, Besançon, France); D. Moszkowicz*, D.

Giovinazzo, F. Bretagnol (Hôpital Louis-Mourier AP-HP, Paris,

France); A. Police*, L. Charre, E. Volpin, H. Braham, N. El Arbi, V.

Villefranque, L. Bendjemar (Hôpital Simone Veil, Paris, France); E.

Girard*, J. Abba, B. Trilling (CHU Grenoble-Alpes, Hôpital

Michallon, Grenoble, France); A. Chebaro*, K. Lecolle, S. Truant,

M. El Amrani, P. Zerbib, F. R. Pruvot, D. Mathieu, E. Surmei, L.

Mattei, H. Marin (CHU Lille, Lille, France); N. Christou, Q.

Ballouhey*, P. Ferrero, P. Coste Mazeau, J. Tricard, B. Barrat, A.

Taibi, J. Usseglio, J. Laloze, H. Salle, L. Fourcade (CHU Limoges,

Limoges, France); E. Duchalais*, N. Regenet, J. Rigaud, D. Waast,

W. Denis, O. Malard, K. Buffenoir, F. Espitalier, C. Ferron, Y.

Varenne, V. Crenn, S. De Vergie, J. Cristini, E. Samarut (Nantes

University Hospital, Nantes, France); S. Tzedakis*, P. A. Bouche*,

S. Gaujoux (Hôpital Cochin—AP-HP, Paris, France); E. Kantor (AP-

HP Hopital Bichat Claude Bernard, Paris, France); D. Gossot, A.

Seguin-Givelet*, D. Fuks, M. Grigoroiu, R. Sanchez Salas, X.

Cathelineau, P. Macek, Y. Barbé, F. Rozet, E. Barret, A. Mombet, N.

Cathala, E. Brian, F. Zadegan, C. Conso (Institut Mutualiste

Montsouris, Paris, France); T. Blanc*, A. Broch, S. Sarnacki

(Necker Enfants Malades University Children Hospital–APHP,

Paris; Université de Paris, Paris, France); L. Ali, A. Bonnard, M.

Peycelon* (Robert-Debré Children University Hospital–APHP,

Paris; Université de Paris, Paris, France); E. Hervieux*, P. Clermidi,

E. Maisonneuve, E. Aubry, A. Thomin, T. Langlais (Hôpital

Trousseau–APHP, Paris, France); G. Passot*, O. Glehen, E. Cotte,

J. C. Lifante (Hopital Lyon Sud, Pierre Bénite, France); B. De

Simone*, E. Chouillard* (Centre Hospitalier Intercommunal Poissy

Saint Germain En Laye, France); A. P. Arnaud*, P. Violas (CHU

Rennes–Hôpital Sud, Rennes, France); D. Bergeat, A. Merdrignac,

A. P. Arnaud (CHU Rennes–Hopital Pontchaillou, Rennes, France);

A. Scalabre*, L. O. Perotto, B. Le Roy, E. Haddad, S. Vermersch

(CHU Saint Etienne, Saint Etienne, France); A. C. Ezanno*, O.

Barbier, F. Vigouroux, B. Malgras, A. Aime (HIA Begin, Paris,

France); B. Seeliger*, D. Mutter, G. Philouze, P. Pessaux (IHU-

Strasbourg/Strasbourg University Hospitals, Strasbourg, France);

A. Germain*, H. Chanty, A. Ayav (CHRU Nancy, Nancy, France); R.

Kassir*, P. Von Theobald, F. Sauvat (CHU Reunion, Reunion,

France); J. O’Connor*, M. Mayombo Idiata, Z. O’Connor, S. Tchoba

(Bongolo Hospital, Lembamba, Gabon); A. Modabber*, P.

Winnand, F. Hölzle (University Hospital Aachen, Aachen,

Germany); B. Sommer, E. Shiban, S. Wolf, M. Anthuber*, F.

Sommer (University Hospital Augsburg, Augsburg, Germany); D.

Kaemmerer*, T. Schreiber (Zentralklinik Bad Berka, Bad Berka,

Germany); C. Kamphues*, J. C. Lauscher, C. Schineis, F. N. Loch,

K. Beyer (Charité University Medicine, Campus Benjamin

Franklin, Berlin, Germany); S. Nasser, J. Sehouli* (Charité

Comprehensive Cancer Centre, Berlin, Germany); P. Höhn, C.

Braumann*, F. Reinkemeier, W. Uhl (St Josef-Hospital, Bochum,
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Germany); J. Weitz, U. Bork*, T. Welsch, C. Praetorius, S. Korn, M.

Distler (University Hospital Carl Gustav Carus, Technical

University Dresden, Dresden, Germany); G. Fluegen, W. T.

Knoefel, C. Vay* (University Hospital Düsseldorf, Düsseldorf,

Germany); H. Golcher, R. Grützmann*, J. Binder

(Universitätsklinikum Erlangen, Erlangen, Germany); P. Meister*,

A. Gallinat, A. Paul (University Hospital Essen, Essen, Germany);

A. A. Schnitzbauer*, P. Thoenissen, H. El Youzouri, T.

Schreckenbach, T. A. Nguyen (Frankfurt University Hospital,

Goethe University, Frankfurt, Germany); H. Eberbach*, J. Bayer*,

B. Erdle, R. Sandkamp (Medical Centre—Albert-Ludwigs-

University of Freiburg, Freiburg, Germany); C. Nitschke, J. Izbicki,

F. G. Uzunoglu*, D. Koenig, M. Gosau, A. Böttcher, A. Heuer, T. O.

Klatte, M. Priemel, C. S. Betz, S. Burg, N. Möckelmann, C. J. Busch,

J. Bewarder, N. Zeller, R. Smeets, S. Thole, T. Vollkommer, U.

Speth, M. Stangenberg (University Medical Center Hamburg-

Eppendorf, Hamburg, Germany); I. Hakami*, C. Boeker, J. Mall*

(KRH Nordstadt-Siloah Hospitals, Hannover, Germany); H. M.

Schardey, T. von Ahnen*, M. von Ahnen, U. Brunner (Agatharied

Hospital, Hausham, Germany); C. Tapking*, U. Kneser, C. Hirche,

M. Jung, K. F. Kowalewski (BG Trauma Centre Ludwigshafen,

Ludwigshafen, Germany); P. Kienle* (Theresienkrankenhaus,

Mannheim, Germany); C. Reissfelder, S. Seyfried*, F. Herrle, J.

Hardt, C. Galata, E. Birgin, N. Rahbari, N. Vassos (Mannheim

University Medical Centre, Mannheim, Germany); M. G. Stoleriu*,

R. Hatz (Asklepios Pulmonary Hospital, Munich Gauting,

Germany); M. Albertsmeier*, N. Börner, C. Lampert, J. Werner

(Ludwig-Maximilians-Universität Munich, Munich, Germany); B.

Kuehlmann, L. Prantl (University Hospital Regensburg,

Regensburg, Germany); S. M. Brunner*, H. J. Schlitt, F. Brennfleck,

K. Pfister*, K. Oikonomou (University Medical Centre Regensburg,

Regensburg, Germany); T. Reinhard, K. Nowak* (RoMed Klinikum

Rosenheim, Rosenheim, Germany); U. Ronellenfitsch*, J. Kleeff, K.

S. Delank, C. W. Michalski, G. Szabo (University Hospital Halle

(Saale), Halle (Saale), Germany); R. Widyaningsih, G. A. Stavrou

(Klinikum Saarbrücken, Saarbrücken, Germany); R. Bschorer*, J.

Mielke, T. Peschel (Helios Kliniken Schwerin, Schwerin,

Germany); A. Königsrainer*, M. Quante, M. W. Löffler, C. Yurttas

(University Hospital Tübingen, Tübingen, Germany); J. Doerner*,

R. Seiberth (Helios Universitätsklinikum Wuppertal, Wuppertal,

Germany); K. Bouchagier*, S. Klimopoulos, D. Paspaliari, G.

Stylianidis (Evaggelismos General Hospital, Athens, Greece); A.

Syllaios, E. Baili, D. Schizas, T. Liakakos, A. Charalabopoulos*, C.

Zografos, E. Spartalis (Laiko University Hospital, Athens, Greece);

D. K. Manatakis*, N. Tasis, M. I. Antonopoulou (Athens Naval and

Veterans Hospital, Athens, Greece); S. Xenaki*, E. Xynos*, E.

Chrysos, E. Athanasakis, J. Tsiaousis (University Hospital of

Heraklion Crete and Interclinic Hospital of Crete, Heraklion,

Greece); E. Lostoridis*, P. Tourountzi (Kavala General Hospital,

Kavala, Greece); G. Tzovaras*, K. Tepetes, D. Zacharoulis, I.

Baloyiannis, K. Perivoliotis, J. Hajiioannou*, C. Korais, E. Gkrinia,

C. E. Skoulakis, A. Saratziotis, O. Koukoura, D. Symeonidis, A.

Diamantis (General University Hospital of Larissa, Larissa,

Greece); G. Tsoulfas, C. D. Christou, A. Tooulias, V.

Papadopoulos*, C. Anthoulakis, G. Grimbizis, D. Zouzoulas, D.

Tsolakidis(Papageorgiou General Hospital, Thessaloniki, Greece);

D. Tatsis, P. Christidis, L. Loutzidou, O. Ioannidis*, I. Astreidis, A.

Antoniou, K. Antoniadis*, K. Vachtsevanos, K. Paraskevopoulos, I.

Kalaitsidou, V. Alexoudi, A. Stavroglou, A. Mantevas, D.

Michailidou, T. Grivas, D. Deligiannidis, S. Politis (George

Papanikolaou General Hospital of Thessaloniki, Thessaloniki,

Greece); A. Barrios Duarte*, A. L. Portilla, M. J. Lowey, G. Recinos,

I. Lopez Muralles (Hospital General De Enfermedades, Guatemala

City, Guatemala); M. A. Siguantay* (Hospital Roosevelt,

Guatemala City, Guatemala); E. E. Estrada*, M. L. Aguilera-

Arévalo*, J. M. Cojulun, G. Echeverrı́a-Dávila (Hospital General

San Juan De Dios, Guatemala City, Guatemala); C. Marı́n*, G. C.

Icaza de Marı́n* (Hospital Regional De Zacapa, Zacapa,

Guatemala); S. Y. Kok, H. K. M. Joeng, L. L. Chan, D. Lim (United

Christian Hospital, Hong Kong); Z. Novak*, T. Echim (National

Institute of Oncology, Budapest, Hungary); N. Suszták, B. Banky*

(Szent Borbála Kórház, Tatabánya, Hungary); G. Kembuan, H.

Pajan, A. A. Islam* (Rsud Wahidin Sudirohusodo, Jawa Timor,

Indonesia); F. Rahim (Baghaei Hospital, Ahvaz, Iran); H. Safari

(Golestan Hospital & Ahvaz Jundishapur University of Medical

Sciences, Ahvaz, Iran); M. Mozafari, P. Brouki Milan*, A.

Tizmaghz, M. Rezaei Tavirani (Firoozabadi Hospital, Tehran,

Iran); A. Ahmed (Baghdad Medical City, Iraq); R. Hussein*

(Zafaraniyah General Hospital, Baghdad, Iraq); C. Fleming, S.

O’Brien, M. Y. Kayyal, A. Daly, S. Killeen, M. Corrigan* (Cork

University Hospital, Cork, Ireland); J. De Marchi, A. Hill*, T.

Farrell, N. F. Davis, D. Kearney, T. Nelson (Beaumont Hospital,

Dublin, Ireland); P. J. Maguire*, C. Barry*, R. Farrell, L. A. Smith, H.

M. Mohan, B. J. Mehigan, P. McCormick, J. O. Larkin*, B. A. Fahey,

A. Rogers, N. Donlon, H. O’Sullivan, T. Nugent, J. V. Reynolds*, C.

Donohue, P. Shokuhi, N. Ravi, C. Fitzgerald, P. Lennon, C. Timon,

J. Kinsella, J. Smith, T. Boyle, D. Alazawi, E. Connolly, W. Butt, S.

M. Croghan, R. P. Manecksha (St. James’s Hospital, Dublin,

Ireland); N. Fearon*, D. Winter*, H. Heneghan*, D. Maguire, T.

Gallagher, K. Conlon, N. Kennedy, S. Martin, R. Kennelly, A.

Hanly, K. C. Ng, J. Fagan, E. Geary, C. Cullinane, A. Hanly, E.

Carrington, J. Geraghty, E. McDermott, R. Pritchard, D.

McPartland, M. Boland, A. Stafford, D. Maguire, J. Geoghegan (St

Vincent’s University Hospital, Dublin, Ireland); J. A. Elliott*, P. F.

Ridgway, A. E. Gillis, G. A. Bass, P. C. Neary, J. M. O’Riordan, D. O.

Kavanagh, I. S. Reynolds, K. Conlon, D. P. Joyce, E. Boyle, B. Egan,

M. Whelan, R. Elkady, S. Tierney, T. M. Connelly, H. Earley, M.

Umair, C. O’Connell, R. P. Manecksha, A. Z. Thomas, D. Rice, A.

Madden, Y. Bashir, B. Creavin (Tallaght Hospital, Dublin, Ireland);

O. Cullivan, P. Owens, A. Canas-Martinez, C. Murphy, L. Pickett,

B. Murphy, A. Mastrosimone, D. Beddy, M. Arumugasamy, M.

Allen, M. Aremu* (Connolly Hospital Blanchardstown, Dublin,

Ireland); C. McCarthy, C. O’Connor, D. B. O’Connor*, E. Kent, F.

Malone, M. Geary (Rotunda Hospital, Dublin, Ireland); K. L.

McKevitt*, A. J. Lowery*, É. J. Ryan, T. M. Aherne, A. Fowler, A.

Hassanin, A. M. Hogan, C. G. Collins, L. Finnegan, P. A. Carroll, M.

J. Kerin, S. R. Walsh (University Hospital Galway, Galway,

Ireland); D. Nally*, C. Peirce, J. C. Coffey, R. M. Cunningham, S.

Tormey (University Hospital Limerick, Limerick, Ireland); N. P.

Hardy*, P. M. Neary (University Hospital Waterford, Waterford/

University College Cork, Cork, Ireland); L. Muallem-Kalmovich, N.

Kugler, R. Lavy, O. Zmora* (Shamir Medical Centre, Be’er Ya’akov,

Israel); N. Horesh* (Sheba Medical Centre, Ramat Gan, Israel); R.

Vergari* (Ospedali Riuniti Di Ancona, Ancona, Italy); S. Mochet*,

R. Barmasse, A. Usai, L. Morelli (Ospedale Regionale Umberto

Parini, Aosta, Italy); A. Picciariello*, V. Papagni, D. F. Altomare

(Azienda Ospedaliero Universitaria Consorziale Policlinico Di

Bari, Bari, Italy); M. Colledan*, M. F. Zambelli, S. Tornese, A.

Camillo, E. Rausa*, F. Bianco, A. Lucianetti (Asst-Papa Giovanni

Xxiii- Bergamo, Bergamo, Italy); G. M. Prucher*, A. M. Baietti, F.

Ruggiero, P. Maremonti, F. Neri, S. Ricci, M. Biasini, A. G. Zarabini

(Ospedale Maggiore/Bellaria Carlo Alberto Pizzardi Ausl Bologna,

Bologna, Italy); A. Belvedere, P. Bernante, P. Bertoglio, S.

Boussedra, E. Brunocilla, R. Cipriani, G. Cisternino, E. De

Crescenzo, P. De Iaco, A. N. Della Gatta, G. Dondi, F. Frio, E.

Jovine, F. Mineo Bianchi, J. Neri, D. Parlanti, A. M. Perrone, A. P.
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Pezzuto, M. Pignatti, G. Pilu, V. Pinto, G. Poggioli, M. Ravaioli, M.

Rottoli*, R. Schiavina, M. Serenari, M. Serra, P. Solli*, M. Taffurelli,

M. Tanzanu, M. Tesei, T. Violante, S. Zanotti (Sant’orsola

Hospital, Alma Mater Studiorum University of Bologna, Bologna,

Italy); V. Tonini*, L. Sartarelli, M. Cervellera, A. Gori (S.Orsola-

Malpighi Hospital, Bologna, Italy); G. Armatura*, G. Scotton, S.

Patauner, A. Frena (St. Moritz Hospital, Bologna, Italy); M. Podda*,

A. Pisanu, G. Esposito, F. Frongia (Cagliari University Hospital,

Cagliari, Italy); E. Abate, L. Laface, M. Casati*, M. Schiavo, T.

Casiraghi (Ospedale Vittorio Emanuele III—Carate Brianza,

Carate Brianza, Italy); G. Sammarco, G. Gallo*, G. Vescio, S.

Fulginiti, V. Scorcia, G. Giannaccare, A. Carnevali (University

‘Magna Graecia’ of Catanzaro, Catanzaro, Italy); M. C. Giuffrida*,

A. Marano, S. Palagi, S. Di Maria Grimaldi, V. Testa, C. Peluso, F.

Borghi, A. Simonato, A. Puppo, M. D’Agruma, R. Chiarpenello, L.

Pellegrino, F. Maione, D. Cianflocca, V. Pruiti Ciarello, G. Giraudo,

E. Gelarda, E. Dalmasso, A. Abrate, A. Daniele, V. Ciriello, F.

Rosato, A. Garnero, L. Leotta (Santa Croce E Carle Hospital,

Cuneo, Italy); M. Giacometti*, S. Zonta (San Biagio Hospital,

Domodossola—ASL VCO, Domodossola, Italy); D. Lomiento, L.
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Bicocca, Milan, Italy); D. Sasia*, M. Migliore, A. Gattolin, R.

Rimonda, E. Travaglio, E. Olearo (Regina Montis Regalis Hospital,

Mondovı̀, Italy); A. Tufo*, E. Marra, P. Maida, G. Marte, P.

Tammaro (Ospedale Del Mare, Naples, Italy); F. Bianco*, P.

Incollingo (Ospedale S. Leonardo—Asl Napoli 3 Sud,

Castellammare Di Stabia, Naples, Italy); F. Izzo, A. Belli, R.

Patrone, V. Albino, M. Leongito, V. Granata, M. Piccirillo, R. Palaia

(Istituto Nazionale Tumori Fondazione, G. Pascale-IRCCS, Naples,

Italy); E. Francone*, S. Gentilli, H. Nikaj (Azienda Ospedaliero

Universitaria Maggiore Della Carità, Novara, Italy); A. Fiorini, C.
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Meij, C. T. Stevens (Bernhoven, Uden, Netherlands); A. Pronk, W.

J. Bakker (Diakonessenhuis, Utrecht, Netherlands); M. C. Richir*,

M. R. Vriens, M. D. Filipe (University Medical Centre Utrecht,

Utrecht, Netherlands); M. Uittenbogaart, W. K. G. Leclercq*, J. M.
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Lee (Complejo Hospitalario Caja Seguro Social, Panama City,

Panama); A. Aguilar (Hospital De Especialidades Pediatricas CSS,

Panama City, Panama); E. Rodriguez (Hospital Santo Tomas,

Panama City, Panama); K. Castillo (Hospital Irma De Lourdes

Tzanetatos CSS, Panama City, Panama); M. Cukier*, H. Rodriguez-

Zentner, E. Arrue (Pacifica Salud Hospital, Panama City, Panama);

R. Isaacs Beron (Hospital Regional Rafael Hernandez CSS,

Panama); A. Rodrı́guez Gonzalez (Hospital de Clı́nicas, Asuncion,

Paraguay); V. Panduro-Correa*, D. K. Cornelio (Hospital Hermilio

Valdizan Medrano, Huánuco, Peru); C. E. Otiniano Alvarado*,

V. D. Caballero Sarabia (Arzobispo Loayza National Hospital,

Lima, Peru); X. P. Vasquez-Ojeda, G. Lizzetti-Mendoza, M.

Niquen-Jimenez, S. B. Shu-Yip, J. L. León Palacios, G. Borda-

Luque* (Cayetano Heredia National Hospital, San Martı́n de

Porres, Peru); S. A. Zegarra*, E. Huamán Egoávil, C. Suazo

Carmelo (Guillermo Almenara National Hospital, La Victoria,

Peru); R. Castro de la Mata*, D. Rivas, J. Targarona (Clı́nica

Delgado Auna, Miraflores, Peru); Y. Trujillo*, M. Olivera

Villanueva (Hospital Nacional Daniel Alcides Carrión, Bellavista,

Peru); A. Lahoud-Velaochaga*, K. Cabillas, W. Casta~neda, J. Colina

Casas (Hospital Nacional Sergio E. Bernales, Lima, Peru); J.

Betalleluz Pallardel*, F. Camacho Zacarı́as, E. Vélez Segura, D. L.

Cruz Condori (Hospital De Emergencias Jose Casimiro Ulloa,

Miraflores Peru); E. Huamán* (Hospital Guillermo Kaelin de la

Fuente, Lima, Peru); R. Ugarte Oscco, C. Vergel Cabrera, E.

Huamán Egoávil (Hospital Emergencia Ate Vitarte, Lima, Peru); Y.

T. Carpio Colmenares*, L. A. Garcı́a Barrionuevo, D. Cárdenas

Ruiz de Castilla, P. Mansilla Doria, M. R. Li Valencia (Clı́nica El

Golf—Sanna, San Isidro, Peru); A. Salazar, A. Sarmiento, C. Dı́az,

E. Morales, E. Ore, H. Zegarra, J. Siccha, M. Guardia, M. Sandoval,

G. C. Mendiola*, M. Mimbela (Hospital Santa Rosa De Lima, Lima,

Peru); R. Diaz-Ruiz*, L. A. Zeta, E. Cordova-Calle (Hospital

Regional de Piura, Jose Cayetano Heredia, Piura, Peru); H. M.

Nu~nez (Hospital II-2 Tarapoto, Tarapoto, Peru); M. R. Ortiz-

Argomedo* (Hospital Belén de Trujillo, Trujillo, La Libertad, Peru);

J. Caballero-Alvarado, A. Salazar-Tantaleán, R. Espinoza-Llerena

(Hospital Regional Docente de Trujillo, Trujillo, Peru); M. Aliaga-

Ramos* (Hospital Alberto Hurtado Abadia, La Oroya—Yauli,

Peru); O. Asodisen*, E. Jabagat, C. M. Tedoy (Cebu City Medical

Center, Cebu City, Philippines); R. A Ramos, M. P. J. Lopez*, K. L. E.

Violago, R. Aram (Ospital Ng Makati, Makati, Philippines); P.

Carlos Santos, R. F. Filarca*, A. Carlos*, P. Santos, R. L. Filarca*

(Medical Center Manila-ManilaMed, Manila, Philippines); E. J.

Domingo, K. J. O. Khu, M. C. Lapitan, M. D. P. Sacdalan*, M. J. N.

Kho, R. E. Baticulon, S. L. R. Bravo (Philippine General Hospital,

Manila, Philippines); M. A. C. Cueto*, C. L. Ramos*, J. R. Fuentes

(José R. Reyes Memorial Medical Centre, Manila, Philippines); H.

Sadian, A. Gumarao, A. Barraquio, E. M. Cruz, A. D. Gonzales

(Pasig City General Hospital, Pasig, Philippines); J. A. S. Reyes*, J.

A. Salud, E. G. Tancinco, R. D. Rivera, J. A. Lim (The Medical City,

Pasig, Philippines); J. C. Barcelon*, J. A. Chiu, M. I. Carballo

(Cardinal Santos Medical Centre, San Juan, Philippines); P. Major*,

I. Gawron*, R. Jach* (Jagiellonian University Medical College,

Kraków, Poland); F. Borges*, P. Matos Costa, S. Henriques, S. C.

Rodrigues (Hospital Garcia de Orta, Almada, Portugal); N.

Gonçalves* (Hospital De Braga, Braga, Portugal); J. M. Curvas

(Hospital de Bragança, Bragança, Portugal); A. Cabeleira, C.

Branco, P. Serralheiro*, R. Alves, T. Teles (Hospital De Cascais—Dr

José De Almeida, Alcabideche, Portugal); A. Lázaro*, C. Canhoto, J.

Sim~oes, M. Costa, A. C. Almeida, O. Nogueira, A. Oliveira, R.

Athayde Nemésio, M. Silva, C. Lopes, M. J. Amaral, A. Valente da

Costa, R. Andrade, R. Martins, A. Guimar~aes, P. Guerreiro, A.

Ruivo, C. Camacho, M. Duque, E. Santos, D. Breda, J. M. Oliveira,

A. L. De Oliveira Lopez, S. Garrido, M. Colino, J. De Barros, S.

Correia, M. Rodrigues (Centro Hospitalar E Universitário De

Coimbra, Coimbra, Portugal); P. Cardoso*, R. Martins, J. Teixeira,

A. P. Soares, H. Morais*, R. Pereira, T. Revez, M. I. Manso, J. C.

Domingues, P. Henriques, R. Ribeiro, V. I. Ribeiro, N. Cardoso, S.

Sousa, G. Martins dos Santos (Centro Hospitalar Universitário do

Algarve, Faro, Portugal); L. Carvalho, C. Osório, J. Antunes, S.

Lourenço, P. Balau, M. Godinho, A. Pereira (Centro Hospitalar

Entre o Douro e Vouga, Santa Maria da Feira, Portugal); N. Silva*,

A. Kam da Silva Andrade, A. Pereira Rodrigues, N. Borges*, J.

Correia, I. Vieira, T. Ribeiro, J. Catarino, R. Correia, F. Pais,

R. Carreira Garcia, R. Bento, J. Cardoso, M. Luis, E. Santos, J.
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Henriques, J. Patena Forte, J. Maciel, J. Pinheiro Santos, M. Silva,

T. P. Silva, A. Branquinho (Centro Hospitalar Universitário Lisboa

Central, Lisbon, Portugal); A. Caiado* (Instituto Português De

Oncologia De Lisboa Francisco Gentil, Lisbon, Portugal); P.

Miranda, R. Garrido*, M. Peralta Ferreira, J. Ascens~ao, B. Costeira,

C. Cunha, L. Rio Rodrigues, M. Sousa Fernandes, P. Azevedo, J.

Ribeiro, I. Lourenço, H. Gomes, G. Mendinhos*, A. Nobre Pinto

(Hospital Beatriz Angelo, Loures, Portugal); A. Ribeiro, C. G. Gil, C.

Lima-da-Silva, C. Pereira, F. Tavares, I. Ferraz, J. I. Almeida, J.

Marialva, L. Lopes, M. J. M. A. Costa, M. Nunes-Coelho, M. J.

Teixeira, N. Machado, J. P. Alfonso, P. Saraiva, R. L. Silva, R.

Santos, R. Almeida-Reis*, T. Correia-de-Sá, V. Fernandes, J.

Almeida-Pinto, J. P. Gonçalves (Centro Hospitalar do Tâmega e

Sousa, Penafiel, Portugal); H. Santos-Sousa*, S. Cavaleiro, A. M.

Leite-Moreira, A. Pereira, A. Pereira-Neves, C. S. Faria, J. M.

Monteiro, J. Nogueiro, M. Sampaio-Alves, M. Magalh~aes Maia, P.

Vieira, T. Pina-Vaz, F. Jácome, V. Devezas, A. Almeida, H. Silveira,

S. Vaz, S. Castanheira Rodrigues (Centro Hospitalar E

Universitário De S~ao Jo~ao, Porto, Portugal); D. Costa Santos, J. V.

Grilo, A. Abreu da Silva*, M. Claro, A. C. Deus (Hospital Do Litoral

Alentejano, Santiago do Cacém, Portugal); R. Branquinho* (Centro

Hospitalar Medio Tejo, Portugal); P. M. D. D. Santos*, B. Patrı́cio,

A. C. Vieira Paiva Lopes (Hospital De Torres Vedras—Centro

Hospitalar Do Oeste, Torres Vedras, Portugal); J. M. Mendes, M. F.

Carvalho, C. M. Oliveira* (Centro Hospitalar do Médio Ave, Santo

Tirso, Portugal); A. Tojal*, J. Pinto (Centro Hospitalar Tondela-

Viseu, Viseu, Portugal); A. Abutaka, A. Zarour*, M. Abdelkareem,

S. M. Ali, M. Al Tarakji, R. Alfkey, K. Mukhtar, I. R. Wani, R. Singh,

K. Ahmed, N. Bouchiba, H. Mahdi, S. Abdelaziem Mustafa, A. Al

Ansari (Hamad General Hospital, Doha, Qatar); R. Drasovean, A.

Caziuc (Clinica Chirurgie I, Spitalul Clinic Judetean de Urgenta,

Cluj-Napoca, Romania); E. Galliamov, M. Agapov*, V. Kakotkin, E.

Semina, V. Kubyshkin, A. Kamalov (Moscow Research and

Educational Centre, Moscow, Russian Federation); S. K. Efetov, V.

S. Kochetkov, T. Garmanova, P. Tsarkov*, I. Tulina, S. Rodimov, D.

Markaryan, E. Kazachenko (Clinic of Coloproctology and

Minimally Invasive Surgery, Moscow, Russian Federation); A.

Yanishev*, A. Abelevich, A. Bazaev, A. Kokobelyan, P. Zarubenko

(Nizhny Novgorod Regional Clinical Hospital, Nizhny Novgorod,

Russian Federation); A. Zakharenko*, A. Novikova (Pavlov First

State Medical University of St. Petersburg, St. Petersburg, Russian

Federation); G. Kim*, D. Shmatov, M. Stoliarov, M. Kamenskikh

(Saint Petersburg State University Hospital, Saint Petersburg,

Russian Federation); G. Nambi (University Hospital, Saudi

Arabia); A. S. Almulhim, T. Madkhali, A. Alzouhir, A. Alissa (King

Fahad Hospital Hofuf, Al Hofuf, Saudi Arabia); E. Alameer*, M.

Badedi, A. Q. Alnami, H. Darraj (Jazan University, Jazan, Saudi

Arabia); A. Alkhuzaie*, F. Khadwardi, M. Abualjadayel, W.

Tashkandi (King Abdulaziz Hospital and Oncology Centre,

Jeddah, Saudi Arabia); A. Farsi, N. Malibary*, N. Trabulsi, S. Farsi

(King Abdulaziz University Hospital, Jeddah, Saudi Arabia); A.

Said Bayazeed*, M. Nasser*, M. S. Siddiqui*, S. Al Awwad* (King

Fahad General Hospital, Jeddah, Saudi Arabia); M. Alshahrani, F.

Alsharif, M. W. Fahmi (Aseer Central Hospital, Saudi Arabia); A.

Gudal*, A. Alasmari, S. Alqahtani (King Abdullah Medical

Complex, Jeddah, Saudi Arabia); S. Majrashi*, A. Mashat, R. Al

Raddadi (East Jeddah General Hospital, Jeddah, Saudi Arabia); A.

Alharbi*, Y. Nasser, H. Hamayel, A. Alhojaili, R. Aljohani (King

Fahad General Hospital, Jeddah, Saudi Arabia); O. Sogair* (Ohud

Hospital, Medina, Saudi Arabia); O. Alfarhan, A. Alzahrani, B.

Alzomaili*, W. Tashkandi (Hera General Hospital, Mecca, Saudi

Arabia); M. A. Azab* (King Abdullah Medical City, Mecca, Saudi

Arabia); M. Alotaibi*, A. Maashi, A. Zowgar, M. Alsakkaf (King

Faisal Hospital, Saudi Arabia); M. Alnemary*, S. Khayat, S.

Felmban, A. Almhmadi (Alnoor Specialist Hospital, Mecca, Saudi

Arabia); M. Alqannas, D. Cortés Guiral, M. Alyami*, A. Elawad

(King Khalid Hospital, Najran, Saudi Arabia); A. Alhefdhi*, F.

Alresaini, W. Kurdi, M. Tulbah, M. Aldakheel, N. Alsahan, S.

Koussayer, H. Elsheikh, M. Al-qattan, S. Alshanafey, A. Rafique,

N. Mahabbat, B. Saeed (King Faisal Specialist Hospital, Riyadh,

Saudi Arabia); E. Al-Kharashi*, K. Alsowaina, N. Arab, F. Aljaber, I.

Al Hasan, A. Alghamdi, F. Badahdah, A. Alghuliga, F. Abdulfattah,

F. Alanazi, F. Albaqami, A. Alsuhaibani (Prince Sultan Military

Medical City, Riyadh, Saudi Arabia); A. AlFakhri*, S. Alqasem, N.

Alajaji (King Fahad Medical City, Riyadh, Saudi Arabia); T. Nouh*,

A. Bin Nasser, J. Alowais, A. Alburakan, O. Alamri, A. Albdah, K.

Alawi, M. Alshalhoub (King Saud University, Riyadh, Saudi

Arabia); K. ElSanhoury*, A. Almofarreh, S. Ibrahim, H. Elshafie, I.

Osman, T. Guzman, H. Mutair, A. Siddiqui, S. Chowdhury*, R.

Alghamdi, S. Almutrafi, J. Alfaifi, J. D’Souza, A. Alshitwi, N.

Alkreedees, M. Alramadhan, M. Alshehri (King Saud Medical City,

Riyadh, Saudi Arabia); A. Alzahrani*, S. Alobaysi, H. Badr, A.

Alshahrani (Security Forces Hospital, Saudi Arabia); A. Alshehri*,

M. Alrashed, T. Altahan, T. Alsabahi, R. Alhossaini, M. Sbaih

(Prince Mohammed Bin Abdulaziz Hospital, Riyadh, Saudi

Arabia); Y. Alalawi, K. Alnwijy, A. Al Ayed (King Salman Armed

Forces Hospital, Tabouk, Saudi Arabia); S. Ghedan, R. Alharthi, S.

Awad*, M. Sharara, S. Abdelrhman, W. Althobaiti (King Faisal

Medical Complex, Riyadh, Saudi Arabia); L. Srbinovic, M. Perovic,

Z. Mikovic, B. Nikolic, M. Vasiljevic, V. Pazin, V. Mandic Markovic,

D. Dimitrijevic, N. Zecevic (Clinic for Gynecology and Obstetrics

Narodni Front, Belgrade, Serbia); P. Gregoric*, D. Micic, Z. Loncar,

K. Doklestic, N. Ivancevic (Clinical Centre of Serbia, Belgrade,

Serbia); V. Djukic*, D. Stojakov, R. Ilic, P. Savic, N. Pijanovic, M.

Milanovic, M. Radosavljevic, T. Dejanovic, M. Kostic, J. Paskas, S.

Bojic, P. Stevanovic, M. Djuric (KBC Dr Dragisa Misovic-Dedinje,

Belgrade, Serbia); M. Kadija*, G. Tulic, I. Glisovic Jovanovic (Clinic

for Orthopaedic Surgery and Traumatology, Belgrade, Serbia); B.

Lieske* (National University Hospital, Singapore, Singapore); E.

Kayombo, I. Kruger, M. De Kock, A. Malan, C. Ferreira, H. Du

Preez, W. Mulder, C. Noel*, S. Le Grange, O. Lusawana

(Universitas Academic Hospital Complex, Bloemfontein, South

Africa); C. Kies, E. Steyn, J. Janson, J. J. P. Buitendag, K. Chu*, M.

Mihalik, R. Nel, S. Naidoo (Tygerberg Hospital, Cape Town, South

Africa); C. Kloppers*, D. Nel, E. Jonas, H. Pickard, M. Bernon, N.

Almgla*, S. Rayamajhi, W. Mugla* (Groote Schuur Hospital, Cape

Town, South Africa); C. Carapinha (Netcare Clinton Hospital,

Johannesburg, South Africa); G. Y. Hyman, M. Fourtounas, R.

Moore* (Chris Hani Baragwanath Academic Hospital,

Johannesburg, South Africa); A. Sánchez Mozo (Complejo

Hospitalario Universitario De Albacete, Albacete, Spain); H.

Aguado Lopez* (Hellin Hospital, Hellin, Spain); A. Zárate Pinedo

(Hospital Germans Trias i Pujol, Badalona, Spain); M. Jimenez

Toscano*, N. Alonso de la Fuente, G. Mancebo, L. Cecchini, M.

Munarriz, M. Cazador Labat, A. López Campillo, P. Martorell, C. A.

Espinosa (Hospital Del Mar, Barcelona, Spain); P. Caja Vivancos*,

I. Villalabeitia Ateca*, M. Prieto Calvo, H. Marı́n, P. Martin Playa*,

A. Gainza, E. J. Aragon Achig, A. Rodriguez Fraga, I. Melchor

Corcóstegui, G. Mallabiabarrena Ormaechea*, J. J. Garcia

Gutierrez, L. Barbier, M. A. Pesántez Peralta*, M. Jiménez Jiménez,

J. A. Municio Martı́n, J. Gómez Suárez, G. Garcı́a Operé, L. A.

Pascua Gómez, M. O~nate Aguirre (Hospital Universitario Cruces,

Barakaldo, Spain); A. Fernandez-Colorado, M. De la Rosa-

Estadella*, A. Gasulla-Rodriguez, M. Serrano-Martin, A. Peig-Font,

S. Junca-Marti, M. Juarez-Pomes, S. Garrido-Ondono, L. Blasco-

Torres, M. Molina-Corbacho, Y. Maldonado-Sotoca, A. Gasset-
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Teixidor, J. Blasco-Moreu (Corporació Sanitària Parc Taulı́,

Barcelona, Spain); L. Gomez Fernandez*, L. Cayetano Paniagua

(Consorci Sanitari De Terrassa, Terrassa, Spain); O. Izquierdo, D.

Ventura, J. Castellanos (Parc Sanitari Sant Joan de Déu,

Barcelona, Spain); E. Ballester Vazquez, A. Sanchez Lopez*, C.

Balague Ponz, E. M. Targarona Soler, S. Sanchez Cabús, V. Molina

Santos, J. A. Gonzalez Lopez, R. Medrano Caviedes, A. Moral

Duarte (Hospital De La Santa Creu I Sant Pau, Barcelona, Spain);

E. Espin-Basany*, G. Pellino, R. Blanco-Colino (Vall D’Hebron

University Hospital, Barcelona, Spain); V. Turrado-Rodriguez*, A.

M. Lacy, F. B. de Lacy, X. Morales, A. Carreras-Casta~ner*, P.

Torner, M. Jornet-Gibert, M. Balaguer-Castro, M. Renau-Cerrillo,

P. Camacho-Carrasco, M. Vives-Barquiel, B. Campuzano-

Bitterling, I. Gracia, R. Pujol-Muncunill (Hospital Clı́nic de

Barcelona, Barcelona, Spain); O. Martin-Sole*, J. Rubio-Palau, X.

Tarrado, L. Garcia-Aparicio, I. De Haro Jorge, A. Martin, J. Rojas-

Ticona, S. Perez-Bertolez, M. Cuesta Argos, B. Capdevila Vilaro, M.

Coronas Soucheiron, M. Riba Martinez, L. Saura Garcia, J. Prat

Ortells, M. Bejarano Serrano, P. Parri, C. Massaguer, F. Vicario, P.

Palazon Bellver, I. Moraleda Gudayol(Hospital Sant Joan de Deu

de Barcelona, Barcelona, Spain); A. Lara, D. Escobar, M. Arrieta, U.

Garcia de Cortazar*, I. Villamor Garcia (Hospital Universitario De

Basurto, Bilbao, Spain); A. Landaluce-Olavarria*, M. Gonzalez De

Miguel, L. Fernández Gómez Cruzado, E. Bego~na, D. Lecumberri

(Hospital Urduliz, Urduliz, Spain); M. A. Acosta Mérida*, A. F.

Yepes Cano* (Hospital Universitario De Gran Canaria Doctor

Negrı́n, Las Palmas, Spain); M. Estaire Gómez*, D. Padilla-

Valverde*, S. Sánchez-Garcı́a, D. Sanchez-Pelaez, E. Jimenez

Higuera, R. Picón Rodrı́guez, À. Fernández Camu~nas, C. Martı́nez-

Pinedo, E. P. Garcia Santos, V. Mu~noz-Atienza, A. Moreno Pérez,

C. A. López de la Manzanara Cano (Hospital General Universitario

De Ciudad Real, Ciudad Real, Spain); B. Ugarte-Sierra*, F. J.

Ibá~nez-Aguirre, U. De Andres Olabarria, F. J. Fernández Pablos, M.

Durán Ballesteros, A. Sanz Larrainzar (Hospital Universitario De

Galdakao, Galdakao, Spain); V. Jiménez Carneros*, A. Valle Rubio,

L. Alonso-Lamberti, A. Salazar, J. Garcı́a-Quijada, R. Leon, J. L.

Rodriguez, J. Jimenez Miramón, J. M. Jover, M. B. Martı́n

Salamanca*, M. Assaf, V. Pérez Simón, S. A. Landeo Agüero, N.

Baeza Pintado, M. A. Huertas Fernandez, A. Carabias (Getafe

University Hospital, Madrid, Spain); M. V. Sosa*, P. Lora-

Cumplido, L. Lanuza (Hospital de Cabue~nes, Gijón, Spain); M.

Galipienso Eri, J. D. Garcia Montesino, J. Dellonder Frigolé, D.

Noriego Mu~noz* (Hospital Universitari De Girona Dr Josep Trueta,

Girona, Spain); A. Navarro-Sánchez* (Complejo Hospitalario

Universitario Insular-Materno Infantil de Gran Canaria, Las

Palmas, Spain); D. Enjuto*, M. Perez Gonzalez, P. Dı́az Pe~na, J.

Gonzalez, M. Marqueta De Salas, P. Martinez Pascual, L.

Rodrı́guez Gómez, R. Garcés Garcı́a, A. Ramos Bonilla, N. Herrera-

Merino, P. Fernández Bernabé, E. P. Cagigal Ortega, I. Hernández,

E. Garcı́a de Castro Rubio, I. Cervera (Severo Ochoa University

Hospital, Spain); M. Espino Segura-Illa, G. Sánchez Aniceto*, A. M.

Casta~no-Leon*, L. Jimenez-Roldan, J. Delgado Fernandez, A. Pérez

Nú~nez, A. Lagares, D. Garcia Perez, M. Santas, I. Paredes, O.

Esteban Sinovas, L. Moreno-Gomez, E. Rubio*, V. Vega, A. Vivas

Lopez, M. Labalde Martinez, O. Garcı́a Villar, P. M. Pelaéz Torres,

J. Garcia-Borda, E. Ferrero Herrero, P. Gomez, C. Eiriz Fernandez,

C. Ojeda-Thies*, J. M. Pardo Garcia (12 De Octubre University

Hospital, Madrid, Spain); M. Di Martino*, A. De la Hoz Rodriguez,

J. Garcı́a Septiem, R. Maqueda González, L. Delgado Búrdalo, A.

Correa Bonito, E. Martin-Perez (Hospital Universitario De La

Princesa, Madrid, Spain); J. E. Garcı́a Villayzán*, B. Albi Martin

(Fundación Jimenez Diaz University Hospital, Madrid, Spain); P.

Lozano Lominchar, L. Martin, M. Fernadez, C. Rey-Valcarcel*, M.

Tousidonis, L. Martin-Albo Caballero, A. Lowy, P. Alonso Ortu~no,

E. Ayuso Herrera, J. Ca~no Velasco, J. Aragon-Chamizo, M. D. Perez

Diaz, O. Mateo-Sierra, B. Quintana-Villamandos, J. M. Barrio, M.

Fanjul, C. Sanchez-Perez, M. L. Fernandez, S. Hernandez-

Kakauridze, J. Rio (Hospital General Universitario Gregorio

Mara~nón, Madrid, Spain); D. Dı́az Pérez, J. Serrano González*, L.

Colao Garcı́a, M. Gutierrez Samaniego, M. A. Hernandez

Bartolome, P. Galindo Jara, E. Esteban Agustı́ (Hospital

Universitario De Torrejón De Ardoz, Torrejón De Ardoz, Spain); J.

Ripollés-Melchor*, A. Abad-Motos, A. Abad-Gurumeta, E.

Martı́nez-Hurtado, A. Ruiz-Escobar (Infanta Leonor University

Hospital, Madrid, Spain); N. Brogly, E. Guasch, A. Hernandez

Gutierrez, J. L. Bartha Rasero, Y. Perez, V. Garcia-Pineda, M.

Gracia, J. Siegrist Ridruejo, M. D. Diestro, J. I. Sanchez-Mendez, C.

Marti, M. Melendez, E. Moreno-Palacios, A. Loayza, L. Frias, I.

Zapardiel*, I. Rubio-Perez*, M. I. Prieto Nieto, J. Guevara, A.

Gegundez Simon, S. Gortazar, N. Chavarrias, E. Alvarez, J.

Saavedra, P. Ramos-Martin, A. Urbieta, J. Gomez Rivas, C. Toribio-

Vázquez, A. Yebes (Hospital Universitario La Paz, Madrid, Spain);

M. Hernández-Garcı́a, M. Losada*, B. Diéguez, M. Garcı́a-Conde,

A. Alonso Poza (Hospital Universitario Del Sureste, Madrid,

Spain); L. Marquez*, R. Becerra, M. Martin, T. Jorgensen (Hospital

Central De La Cruz Roja San Jose Y Santa Adela, Madrid, Spain); J.

M. Muguerza*, J. Dziakova, C. Sánchez del Pueblo, P. Saez Carlin,

E. Camarero, S. Picazo, M. J. Pizarro, R. Avellana, V. Catalán, L.
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Gomez Ulla, Madrid, Spain); L. Sánchez-Guillén, A. Fernández-
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Palacios*, E. Garcia-Loarte Gomez, E. Garca Rico (Hospital
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Manresa, Spain); P. Calvo Espino*, P. Guillamot Ruano (Hospital
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Giménez-Francés, M. Ruiz-Marı́n, A. J. Fernández-López, D.
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(Hospital Arnau De Vilanova, Valencia, Spain); D. Moro-
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M. Sauvain*, O. Dwidar (Pourtales Neuchâtel Hospital, Neuchâtel,
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(Hacettepe University Hospital, Ankara, Turkey); A. Yildiz*
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University, Medical Faculty, Van, Turkey); I. Majid, S. Alshryda*
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Step 4: Overall judgment

ROB Applicability Overall

Participants Predictors Outcome Analysis Participants Predictors Outcome ROB Applicability

þ þ þ þ NA NA NA þ NA

PROBAST: Prediction model Risk Of Bias ASsessment Tool
Step 1: Specify your systematic review question(s) – not applicable.
Step 2: Classify the type of prediction model evaluation – development and validation.
Step 3: Assess risk of bias and applicability

Risk of Bias

Participants Predictors Outcome Analysis

Were appropriate data sources
used, e.g., cohort, RCT, or
nested case–control study
data? Yes

Were predictors defined and
assessed in a similar way for
all participants? Yes

Was the outcome determined
appropriately? Yes

Were there a reasonable number
of participants with the out-
come? Yes

Were all inclusions and exclu-
sions of participants appropri-
ate? Yes

Were predictor assessments
made without knowledge of
outcome data? Yes

Was a prespecified or standard
outcome definition used? Yes

Were continuous and categorical
predictors handled appropri-
ately? Yes

Are all predictors available at the
time the model is intended to
be used? Yes

Were predictors excluded from
the outcome definition? Yes

Were all enrolled participants in-
cluded in the analysis? No

Was the outcome defined and
determined in a similar way
for all participants? Yes

Were participants with missing
data handled appropriately?
Yes

Was the outcome determined
without knowledge of predic-
tor information? Yes

Was selection of predictors based
on univariable analysis
avoided? No

Was the time interval between
predictor assessment and out-
come determination appropri-
ate? Yes

Were complexities in the data
(e.g., censoring, competing
risks, sampling of control par-
ticipants) accounted for appro-
priately? Yes

Were relevant model perfor-
mance measures evaluated
appropriately? Yes

Were model overfitting, underfit-
ting, and optimism in model
performance accounted for?
Yes

Do predictors and their assigned
weights in the final model cor-
respond to the results from the
reported multivariable analy-
sis? Yes

ROB ¼ risk of bias. þ indicates low ROB/low concern regarding applicability; � indicates high ROB/high concern regarding applicability; and ? indicates unclear ROB/
unclear concern regarding applicability.
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