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Introduction

Since the beginning of the COVID-19 pandemic tens of millions of
operations have been cancelled” 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-
tion®. 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 cent®®, vaccination is expected to take years
to implement globally’ 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.

To inform consent and shared decision-making, a robust,
globally applicable score is needed to predict individualized mor-
tality risk for patients with perioperative SARS-CoV-2 infection.
The authors aimed to develop and validate a machine learning-
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 previously?.

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

MICE, multiple imputation by chained equations; EN, elastic net.

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.
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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 concor-
dance between derivation and validation sets (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 operations'’. Vaccination programmes are expected to
take years to deliver, particularly in low- and middle-income
countries’, and may not protect against new variants'?. COVID-
19-free surgical pathways are unlikely to be universally imple-
mented, particularly in emergency settings®, leaving patients at
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Fig. 2 Model performance and evaluation.
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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) = 0.7284, 95 per cent c.i.
0.7140 to 0.7428) and the validation set AUROC = 0.8036, 95 per cent c.i. 0.7739 to 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 scores'®. The
COVIDSurg Mortality Score is globally applicable and consists of
variables that are readily available across all resource settings.

PROBAST: Prediction model Risk Of Bias ASsessment Tool

Step 1: Specify your systematic review question(s) - not applicable.

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 interactions™* 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.

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

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

Were predictor assessments
made without knowledge of
outcome data? Yes

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

Was the outcome determined
appropriately? Yes

Was a prespecified or standard
outcome definition used? Yes

Were predictors excluded from
the outcome definition? Yes

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

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

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

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

Were continuous and categorical
predictors handled appropri-
ately? Yes

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

Were participants with missing
data handled appropriately?
Yes

Was selection of predictors based
on univariable analysis
avoided? No

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 =risk of bias. + indicates low ROB/low concern regarding applicability; — indicates high ROB/high concern regarding applicability; and ? indicates unclear ROB/

unclear concern regarding applicability.

Step 4: Overall judgment

ROB Applicability Overall
Participants Predictors Outcome Analysis Participants Predictors Outcome ROB Applicability
+ + + + NA NA NA + NA
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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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Ruth K.M. Pfau Civil Hospital, Karachi, Pakistan); A. U. Qureshi®,
M. Ayyaz®, M. Umar, U. Butt®, M. Kashif, W. H. Khan*, M. Waris
Farooka®, T. Wasim* (Services Hospital Lahore, Lahore, Pakistan);
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Paraguay); V. Panduro-Correa*, D. K. Cornelio (Hospital Hermilio
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Miraflores Peru); E. Huaman® (Hospital Guillermo Kaelin de la
Fuente, Lima, Peru); R. Ugarte Oscco, C. Vergel Cabrera, E.
Huamadn Egoavil (Hospital Emergencia Ate Vitarte, Lima, Peru); Y.
T. Carpio Colmenares®, L. A. Garcia Barrionuevo, D. Cardenas
Ruiz de Castilla, P. Mansilla Doria, M. R. Li Valencia (Clinica El
Golf—Sanna, San Isidro, Peru); A. Salazar, A. Sarmiento, C. Diaz,
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(Hospital Regional Docente de Trujillo, Trujillo, Peru); M. Aliaga-
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(Hospital de Braganga, Braganga, Portugal); A. Cabeleira, C.
Branco, P. Serralheiro®, R. Alves, T. Teles (Hospital De Cascais—Dr
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Santos, R. Almeida-Reis*, T. Correia-de-S4, V. Fernandes, J.
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Toscano®, N. Alonso de la Fuente, G. Mancebo, L. Cecchini, M.
Munarriz, M. Cazador Labat, A. Lépez Campillo, P. Martorell, C. A.
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Cumplido, L. Lanuza (Hospital de Cabuenes, Gijén, Spain); M.
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Gonzalez, M. Marqueta De Salas, P. Martinez Pascual, L.
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C. Ojeda-Thies*, J. M. Pardo Garcia (12 De Octubre University
Hospital, Madrid, Spain); M. Di Martino®, A. De la Hoz Rodriguez,
J. Garcia Septiem, R. Maqueda Gonzélez, L. Delgado Burdalo, A.
Correa Bonito, E. Martin-Perez (Hospital Universitario De La
Princesa, Madrid, Spain); J. E. Garcia Villayzan*, B. Albi Martin
(Fundacién 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 Ortuno,
E. Ayuso Herrera, J. Cano 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
Maranén, Madrid, Spain); D. Diaz Pérez, J. Serrano Gonzélez®, L.
Colao Garcia, M. Gutierrez Samaniego, M. A. Hernandez
Bartolome, P. Galindo Jara, E. Esteban Agusti (Hospital
Universitario De Torrején De Ardoz, Torrejon De Ardoz, Spain); J.
Ripollés-Melchor*, A. Abad-Motos, A. Abad-Gurumeta, E.
Martinez-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-
Vézquez, A. Yebes (Hospital Universitario La Paz, Madrid, Spain);
M. Herndndez-Garcia, M. Losada®, B. Diéguez, M. Garcia-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. Sdnchez del Pueblo, P. Saez Carlin,
E. Camarero, S. Picazo, M. J. Pizarro, R. Avellana, V. Cataldn, L.
Lopez Antonanzas, O. Cano, R. Anula, R. Sanz Lopez, G. Sanz
Ortega, M. Garcia Alonso, A. J. Torres, E. Martin Antona, S. Garcia
Botella (Hospital Clinico San Carlos De Madrid, Madrid, Spain); D.
Ramos®, A. G. Barranquero, J. Ocana, J. Nunez, C. Cerro Zaballos
(Hospital Universitario Ramoén Y Cajal, Madrid, Spain); D. Crego-
Vita*, M. Huecas-Martinez (Hospital Central De La Defensa
Gomez Ulla, Madrid, Spain); L. Sanchez-Guillén, A. Fernandez-

Candela, C. Curtis-Martinez, A. Soler-Silva, I. Oller, D. Triguero-
Cénovas, M. Bosch-Ramirez, C. Lillo, S. Lario, A. Arroyo
(Universidad Miguel Herndndez, Elche, Alicante, Spain); M. Diez
Alonso*, F. Mendoza-Moreno, C. Vera Mansilla, E. Ovejero Merino,
P. Hernandez, A. Blazquez Martin, F. Ruiz Grande, N. Morales
Palacios*, E. Garcia-Loarte Gomez, E. Garca Rico (Hospital
Universitario Principe De Asturias, Madrid, Spain); A. M. Minaya-
Bravo®, C. San Miguel Méndez, A. Galvan Pérez, E. Gonzalez-
Gonzalez, A. Robin Valle de Lersundi, E. Calcerrada Alises, M. A.
Garcia-Urena, A. Cruz Cidoncha (Hospital Del Henares, Madrid,
Spain); P. Troncoso Pereira*, F. Alcaide Matas, J. M. Garcia Pérez
(Hospital Mateu Orfila, Mahén, Spain); J. M. Munoz Vives, A.
Osorio, C. J. Gémez Diaz, C. A. Guariglia, C. Soto Montesinos®, L.
Sanchon, M. Xicola Martinez, N. Guardia, P. Collera, R. Diaz Del
Gobbo, R. Sanchez Jimenez, R. Farre Font, R. Flores Clotet
(Fundacié Althaia—Xarxa Assistencial Universitaria de Manresa,
Manresa, Spain); P. Calvo Espino*, P. Guillamot Ruano (Hospital
Universitario De Mobstoles, Madrid, Spain); J. Rey-Biel*, L.
Pingarrén-Martin, I. Ruiz Martin, C. Moliner Sanchez (Rey Juan
Carlos University Hospital, Madrid, Spain); M. Carrasco-Prats®, C.
Giménez-Francés, M. Ruiz-Marin, A. ]. Ferndndez-Lépez, D.
Garcia-Escudero, V. Garcia-Porcel, R. Lax-Pérez, M. Sanchez-
Robles, M. Valero-Soriano, E. Medina-Manuel, V. Garcia-Soria, E.
Gurrea-Almela, A. Marco-Garrido, J. A. Martinez-Alonso, F. M.
Gonzalez-Valverde, P. V. Fernandez-Fernandez, C. Sanchez-
Rodriguez (Hospital General Reina Soffa, Murcia, Spain); J.
Aguilar-Jimenez", M. Baeza-Murcia, J. L. Aguayo-Albasini (Morales
Meseguer University Hospital, Murcia, Spain); T. Nicolds-Lépez, F.
Alconchel* (Hospital Clinico Universitario Virgen de la Arrixaca
(IMIB-Arrixaca), Murcia, Spain); D. Fernandez Martinez, L. Solar-
Garcia, L. J. Garcia Flérez* (Hospital Universitario Central De
Asturias (Huca), Oviedo, Spain); H. Llaquet Bayo* (Hospital de
Palamos-SSIBE, Palamés, Spain); N. Pujol-Cano, J. J. Segura-
Sampedro®, C. Soldevila-Verdeguer, S. Jeri-McFarlane, A. Gil-
Catalan, A. Craus-Miguel, L. Cruz, P. Valente, M. Afonso-Garcia, E.
Ferrer-Inaebnit, A. Oseira-Reigosa, L. Fernandez-Vega, B.
Villalonga-Ramirez, F. X. Gonzalez Argente (Son Espases
University Hospital, Palma, Spain); I. Mora-Guzman* (Hospital
Santa Barbara, Soria, Spain); F. J. Landete Molina*, F. J. Morera
Ocdn, E. Canelles Corell (Hospital General Asociado Universitario
de Requena, Valencia, Spain); M. T. Gavalda Pellicé*, J. R. Salinas
Pena, P. Cavallé Busquets (Hospital Universitari Sant Joan, Reus,
Spain); J. Trebol*, A. B. Sanchez-Casado, L. Munoz-Bellvis
(Complejo Asistencial Universitario De Salamanca, Salamanca,
Spain); L. E. Pérez-Sanchez, V. Concepcién Martin, A. Diaz
Garcia, M. Vallve-Bernal (Hospital Universitario Nuestra Senora
De Candelaria, Santa Cruz de Tenerife, Spain); A. Calvo Rey, G. M.
Prada Hervella®, L. Dos Santos Carregal, M. I. Rodriguez
Fernandez, M. Freijeiro, S. El Drubi Vega (Hospital Clinico
Universitario De Santiago De Compostela (Chus), Santiago De
Compostela, Spain); A. L. Picardo, A. Cuadrado-Garcia, D. Serralta
de Colsa, J. A. Rojo Lopez, F. Sanchez Cabezudo Noguera, I. Ortega
Vazquez®, L. Garcia-Sancho Tellez, P. Mato, ]J. Heras Aznar
(Infanta Sofia University Hospital, Madrid, Spain); J. Jimeno
Fraile*, D. Morales-Garcia, M. Carrillo-Rivas, E. Toledo Martinez,
A. Pascual (Marqués De Valdecilla University Hospital,
Santander, Spain); A. Senent-Boza®, A. Sanchez-Arteaga, L
Benitez-Linero, F. Manresa-Manresa, L. Tallén-Aguilar, L. Melero-
Cortés, M. R. Fernandez-Marin, V. M. Durdn-Munoz-Cruzado, I.
Ramallo-Solis, P. Beltran-Miranda, F. Pareja-Ciurd, B. T. Antén-
Eguia (Hospital Universitario Virgen Del Rocio, Seville, Spain); F.
Oliva Mompean, J. Gomez-Rosado®, J. Reguera-Rosal, J. Valdes-
Hernandez, L. Capitan-Morales, M. D. del Toro Lopez (Hospital
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Universitario Virgen Macarena, Seville, Spain); M. Achalandabaso
Boira®, R. Memba Tkuga, M. Abellan, R. Sales, C. Olona, R. Jorba
(Hospital Universitari De Tarragona Joan XXIII, Tarragona,
Spain); J. Hernandez Gutierrez, A. Tébar Zamora* (Complejo
Hospitalario De Toledo, Toledo, Spain); J. Sancho-Muriel*, H.
Cholewa, M. Frasson (Hospital Universitario Y Politécnico La Fe,
Valencia, Spain); J. Domenech, A. Rosellé Anén*, M. J. Sangliesa
(Hospital Arnau De Vilanova, Valencia, Spain); D. Moro-
Valdezate®, M. Garcés-Albir*, F. Lopez® (Hospital Clinico
Universitario de Valencia, Valencia, Spain); J. C. Bernal-
Sprekelsen®, J. C. Catald Bauset, P. Renovell Ferrer, C. Martinez
Pérez, O. Gil-Albarova, J. Gilabert Estellés, K. Aghababyan
(Consorcio Hospital General Universitario, Valencia, Spain); B. De
Andrés-Asenjo*, J. Beltran de Heredia, A. Vdzquez-Fernandez, F. J.
Ortiz de Solorzano-Aurusa, J. Trujillo-Diaz, M. Ruiz-Soriano, C.
Jezieniecki, T. Gémez-Sanz, H. Nunez-Del Barrio, A. Romero-De
Diego, V. Garcia-Virto, H. J. Aguado (Hospital Clinico Universitario
De Valladolid, Valladolid, Spain); M. T. Ferndndez Martin*
(Hospital Medina Del Campo, Valladolid, Spain); F. J. Tejero-
Pintor*, B. Pérez-Saborido, E. Choolani Bhojwani, F. Acebes Garcia,
P. Marcos-Santos, A.D. Bueno Canones, J. Sanchez Gonzalez, M.
Toledano, M. Bailén, D. Pacheco Sanchez (Hospital Universitario
Rio Hortega, Valladolid, Spain); M. Paniagua Garcia Senorans®, R.
Sanchez-Santos (Alvaro Cunqueiro Hospital, Vigo, Spain); A.
Vazquez Melero®, D. Garcia, E. Diez, I. Herrero, I. M. Soeda, M.
Camuera, M. Balluerca, M. Sanchez-Rubio, P. Paunero Vazquez
(Hospital Universitario Araba, Araba, Spain); A. Martinez-
German, C. Gracia-Roche, I. Gascon-Ferrer, V. Duque-Mallen®, M.
D. C. De Miguel-Ardevines, N. Sanchez-Fuentes, M. S. Santero-
Ramirez, M. Matute-Najarro, M. Herrero-Lopez, M. Sanchez-
Rubio, M. Cantalejo-Diaz, M. T. Gonzalez-Nicolas-Trebol, S.
Saudi-Moro, U. M. Jariod-Ferrer (Hospital Universitario Miguel
Servet, Zaragoza, Spain); R. Rivas, F. Rivas (Hospital Clinico
Universitario Zaragoza, Zaragoza, Spain); J. Escartin®, J. L. Blas
Laina, A. Nogués, B. Cros, I. Talal El-Abur, J. Garcia Egea, C. Yanez
(Hospital Royo Villanova, Zaragoza, Spain); U. Jayarajah®, S.
Ravindrakumar, V. S. D. Rodrigo, A. Arulanantham, G. B. K. D.
Bandara (District General Hospital Chilaw, Chilaw, Sri Lanka);
H. K. S. Hamid, E. E. Ali, A. B. H. Widatalla, I. Bakheit*, M.
Awadelkarim (Ibrahim Malik Teaching Hospital, Khartoum,
Sudan); A. A. Ali Karar (Al-Rajhi, Sudan); M. Saleh (University of
Gezira Hospital, Wad Madani, Sudan); H. Taflin* (Sahlgrenska
University Hospital, Sahlgrenska, Sweden); P. Myrelid*, L. Amorim
Braz (Linkdping University Hospital, Linkoping, Sweden); L.
Hagander®, M. Hambraeus, E. Omling, M. Sal¢ (Lund University,
Skdane University Hospital, Lund, Sweden); S. Arkani*, J.
Freedman* (Danderyds Hospital, Danderyd, Sweden); C. Montan,
E. K. Lindqvist’, P. Elbe, R. Hultgren (Karolinska University
Hospital, Solna, Sweden); A, Algd*, M, Nordberg, G, Sandblom
(South General Hospital, Stockholm, Sweden); M. Rutegard®, F.
Holmner, M. Sund*, N. Léfgren (Umea University Hospital, Umed,
Sweden); A. Tampakis, O. Kollmar, M. von Fluee (University
Hospital Basel, Basel, Switzerland); A. Balaphas*, C. Toso, N.
Colucci, S. G. Popeskou (Geneva University Hospitals, Geneva,
Switzerland); M, Gass*, A, Scheiwiller, ], Metzger (Luzerner
Kantonsspital, Lucerne, Switzerland); E. Gialamas, M. Chevallay,
M. Sauvain®, O. Dwidar (Pourtales Neuchdtel Hospital, Neuchéatel,
Switzerland); S. Y. Kiessling, S. J. Stoeckli* (Kantonsspital
St. Gallen, St. Gallen, Switzerland); F. Mongelli, M. Bernasconi, M.
Di Giuseppe, D. Christoforidis*, D. La Regina, M. Arigoni (Ente
Ospedaliero Cantonale, Bellinzona, Switzerland); M. Adamina®, G.
Peros, L. Guglielmetti, F. Solimene, M. Giardini, T. Bdchler, A. S.
Crugnale (Kantonsspital Winterthur, Winterthur, Switzerland);

C. A. Gutschow®, M. Turina (Universitdtsspital Zirich, Zirich,
Switzerland); O. Ersen (Ankara University Medical School,
Ankara, Turkey); M. A. Onan*, R. Kozan (Gazi University Medical
Faculty Hospital, Ankara, Turkey); T. Erol*, H. A. Dincer
(Hacettepe University Hospital, Ankara, Turkey); A. Yildiz*
(Yildirim Beyazit University Yenimahalle Training and Research
Hospital, Ankara, Turkey); N. Iflazoglu, O. Yalkin (Bursa City
Hospital, Bursa, Turkey); A. Isik* (Erzincan University Hospital,
Erzincan, Turkey); V. Ozben*, E. Aytac, Z. Aliyeva, E. Akaydin, B. B.
Ozmen, B. Baca (Acibadem Atakent Hospital, Istanbul, Turkey);
Y. Altinel*, F. Calikoglu, M. Tokocin, N. A. Hacim, A. Akbas, S.
Meric, T. Vartanoglu, H. Yigitbas, C. Ercetin, G. Ercan (Bagcilar
Research and Training Hospital, Istanbul, Turkey); I. Ozgur®, M.
Keskin (Istanbul University Faculty of Medicine, Istanbul,
Turkey); K. T. Saracoglu®, B. Cimenoglu, R. Demirhan, A. Kale, T.
Simsek, E. C. Gundogdu (Kartal Dr Lutfi Kirdar Training and
Research Hospital, Istanbul, Turkey); A. Abbasov* (Liv Hospital
Ulus, Ulus, Turkey); M. Tanal®, B. Citgez, E. Bozkurt, S. G. Yetkin,
M. Mihmanli (University of Health Sciences Sisli Hamidiye Etfal
Training and Research Hospital, Sisli, Turkey); A. Alhamed, S.
Ergun®, A. N. Sanli, M. Velidedeoglu, M. F. OZcelik, S. S. Uludag®,
A. K. Zengin, S. Cebi, F. Demirkiran, T. Bese, A. S. Acikgoz, B.
Kayan, Y. Aykanat, D. Mutlu (Cerrahpasa Medical Faculty,
Istanbul. Turkey); B. Goksoy* (Sehit Prof. Dr ilhan Varank
Training and Research Hospital, Sancaktepe, Turkey); Y. Kara®,
M. A. Bozkurt, A. Kocatas (Kanuni Sultan Suleyman Training and
Research Hospital, Istanbul, Turkey); H. Ogiicii, G. Uslu, C.
Arican, C. Tugmen, C. Aydin, D. Yesilyurt, E. K. Avci, E. Kebapcy,
G. Kilinc, 1. Sert, K. Tuncer, M. Akalin, M. Emiroglu, S. Demirli
Atici*, S. Salimoglu, T. Kaya*, Y. Kirmizi (University of Health
Sciences Tepecik Training and Research Hospital, Istanbul,
Turkey); O. C. Tatar", E. Yiksel, S. A. Gller, A. Yildirim, N. Z.
Utkan, K. Gozal, H. Koken, A. Yabas (Kocaeli University Teaching
Hospital, Kocaeli, Turkey); E. Gonullu, F. Altintoprak, E. Akin, B.
Kamburoglu, R. Capoglu, F. Kucuk, H. Demir, G. Cakmak, N. Firat,
F. Celebi, B. Kocer, B. Mantoglu, Z. Bayhan, E. Dikicier (Sakarya
University Faculty of Medicine, Sakarya, Turkey); E. Colak®, G. O.
Kucuk (Samsun Training and Research Hospital, Sakarya,
Turkey); E. Karaman®, A. Kolusab, O. Karaaslan (Van Yuzuncu Yil
University, Medical Faculty, Van, Turkey); I. Majid, S. Alshryda*
(Al Jalila Children’s Speciality Hospital, Dubai, United Arab
Emirates); F. Abbas*, F. M. A. Abbas (Dubai Hospital, Dubai,
United Arab Emirates); D. Mohammed*, M. A. Tahlak* (Latifa
Women and Children Hospital, Dubai, United Arab Emirates); A.
Yammahi, A. A. Albaroudi, B. Elyafawi, A. Saber, H. Khansaheb,
H. Alsaadi®, N. Alzarooni* (Rashid Hospital, Dubai, United Arab
Emirates); M. Bekheit*, B. S. Kamera, M. Elhusseini, P. Sharma, A.
Ahmeidat, G. Gradinariu, W. Cymes, A. Hannah, G. Mignot, S.
Shaikh*, J. Agilinko (Aberdeen Royal Infirmary, Aberdeen, UK); D.
Angelou, D. Neely*, A. McCanny, B. McAree (Antrim Area
Hospital, Northern Health and Social Care Trust, Antrim, UK); A.
J. Baldwin, R. West*, E. Gammeri, A. Catton, Marinos S. Kouris
(Stoke Mandeville, Wycombe General, High Wycombe, UK);
J. Pereca®, J. Singh (University Hospital Ayr, Ayr, UK); Z. Seymour®,
R. Jones®, S. Leeson, R. Peevor, A. K. Lala, C. Houlden (Ysbyty
Gwynedd, Bangor, UK); J. Kahiu*, N. Hossain, S. Hosny (Barnet
General Hospital, Barnet, UK); P. Patel®, S. Handa, M. Kaushal, A.
Kler, V. Reghuram, S. Tezas (Furness General Hospital, Barrow-
in-Furness, UK); K. Fairhurst®, C. Yates, S. Mitchell, J. Bunni, S.
Richards, R. George, S. M. Lee, J. Phull, J. Frost®, S. Burnard, R.
Crowley, A. Airey (Royal United Hospitals Bath, Bath,UK); K.
Bevan®, R. Makin-Taylor, C. S. Ong, R. Callan, O. Bloom (Bedford
Hospital, Bedford, UK); F. Aljanadi, N. Moawad, M. Jones*, A.
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Gregg, R. Jeganathan® (Royal Victoria Hospital, Belfast, UK); M.
Pachl’, B. Martin (Birmingham Children’s Hospital, Birmingham,
UK); J. E. Archer, A. Odeh, N. Siddaiah (Royal Orthopaedic
Hospital, Bristol, UK); R. Singhal®, D. N. Naumann, S. Karandikar®,
A. Syed*, O. N. Tucker, R. Alam, M. Kalkat* (Heartlands Hospital,
Birmingham, UK); J. K. C. Mak, R. Kulkarni, N. Sharma, P.
Nankivell, F. Tirotta, A. Parente, O. Breik, A. Kisiel, L. D. Cato, S.
Saeed, A. Bhangu*, E. Griffiths*, A. M. Pathanki, S. Ford®, A. Desai",
M. Almond*, M. Kamal (Queen Elizabeth Hospital, Birmingham,
UK); S. Sundar®, E. Y. L. Leung®, R. Kaur, C. Brett-Miller, F. E.
Buruiana (Pan-Birmingham Gynaecological Cancer Centre,
Birmingham, UK); G. Markose, A. De Gea Rico, A. Taib*, D. Myatt,
A. Sulaiman Khaled, F. Younis* (East Lancashire Hospitals NHS
Trust, Blackburn, UK); A. Sultana*, M. Taggarsi, L. Vitone*, J.
Lambert, O. P. Vaz, I. Sarantitis, D. Shrestha, S. Timbrell, A.
Shugaba (Royal Blackburn Hospital, Blackburn, UK); B. Quddus, J.
Law, M. N. Bittar*, M. Creanga, M. Elniel, M. Youssef*, S. Alj, S. T.
Qadri (Blackpool Victoria Hospital, Blackpool, UK); G. Brixton, L.
Findlay, T. Klatte, A. Majkowska, J. Manson*, R. Potter (Royal
Bournemouth Hospital, Bournemouth, UK); V. Oktseloglou®, F.
Mosley*, M. F. I. De La Cruz Monroy, P. Bobak, I. Omar, S. Ahad, F.
Langlands, V. Brown, M. Hashem (Bradford Royal Infirmary,
Bradford, UK); L. Kennedy®*, S. Jaunoo, E. Coomber, O. Williams
(Royal Sussex County Hospital, Brighton, UK); M. Shalaby*, H. L.
Rhodes (Bristol Royal Hospital for Children, Bristol, UK); A.
Williams, A. Ridgway, D. Pournaras, E. Britton, E. Lostis, G. K.
Ambler, H. Chu, J. Hopkins*, J. Manara, M. Chan, M. Doe, R. D. C.
Moon, S. Lawday, T. Jichi, W. Singleton (Southmead Hospital,
Bristol, UK); B. Main, T. Maccabe, C. Newton*, N. S. Blencowe, D. P.
Fudulu, D. Bhojwani, M. Baquedano, M. Caputo®, F. Rapetto, O.
Flannery, A. Hassan (University Hospitals Bristol and Weston
NHS Foundation Trust, Bristol, UK); A. Coonar, G. Aresu, C.
Smith, D. Gearon, J. Hogan, I. S. Pradeep, H. Durio Yates, A. Peryt,
Z. M. Barrett-Brown, M. King, N. Ahmadi, D. Jenkins*, N. Moorjani,
F. Taghavi, F. Wells (Royal Papworth Hospital, Cambridge, UK); J.
Hardie, S. Page, F. Anazor, S. D. King, J. Luck, S. Kazzaz* (Frimley
Park, Frimley Health NHS FT, Camberley, UK); R. Mannion, G. D.
Stewart, J. Ramzi, M. Mohan, A. A. Singh, J. Ashcroft, O. J. Baker,
P. Coughlin®, R. J. Davies®, A. Z. E. D. Durst, A. Abood, A. Habeeb,
V. E. Hudson, A. Kolias, B. Lamb, L. Luke, S. Mitrasinovic, S.
Murphy, A. W. T. Ngu, J. R. O'Neill*, S. Waseem, K. Wong, F.
Georgiades, P. J. Hutchinson®, X. S. Tan, J. Pushpa-rajah, A.
Colquhoun, L. Masterson, I Abu-Nayla, C. Walker, A.
Balakrishnan®, S. Rooney, E. Irune, M. H. V. Byrne, A. Durrani
(Addenbrooke’s Hospital, Cambridge, UK); A. Simoes, B. Eddy, E.
Streeter, I. Ahmed, M. Yao*, W. Wang, A. Djouani, J. Tait-Bailey,
M. Thomas, F. Hassan, S. Kommu (Kent and Canterbury Hospital,
Canterbury, UK); S. Chopra (University Hospital Llandough,
Penarth, UK); T. Richards®, A. Sethuraman Venkatesan, T.
Combellack*, J. Williams, G. Tahhan, M. Mohammed, M.
Kornaszewska, V. Valtzoglou, I. Deglurkar®, M. Rahman, U. Von
Oppell, D. Mehta, M. Koutentakis, S. A. H. Syed Nong Chek, G.
Hill, C. Morris*, M. Shinkwin, J. Torkington, J. Cornish (University
Hospital of Wales, Cardiff, UK); R. Houston, S. Mannan®, F. Ayeni,
H. Tustin, M. Bordenave, A. Robson (Cumberland Infirmary,
Carlisle, UK); G. Dovell, R. Preece, P. Rolland® (Cheltenham
General Hospital, Cheltenham, UK); B. H. Miranda* (St Andrew’s
Centre for Plastic Surgery and Burns, Chelmsford, UK); A. Sobti,
A. Khaleel*, A. Unnithan, K. Memon, R. R. Pala Bhaskar, F.
Magboul, F. Kamel, A. Al-Samaraee, R. Madani*, L. Kumar, P.
Nisar, S. Agrawal® (Ashford and St Peter’s Hospital, Chertsey, UK);
D. Vimalachandran®*, N. Manu, N. Eardley, E. Krishnan, O. L.
Serevina, E. Martin, C. Smith, A. Jones, S. Roy Mahapatra, R.

Clifford (Countess of Chester Hospital, Chester, UK); G. P. Jones,
A. Gardner, S. S. Tripathi*, M. S. Greenhalgh (Lancashire Teaching
Hospitals NHS Foundation Trust, Preston, UK); W. Matthews, K.
Mohankumar, I. Khawaja, A. Palepa, T. Doulias (Colchester
University Hospital, Colchester, UK); C. Gill, N. Dunne, D. R.
Sarma, C. Godbole, W. Carlos, N. Tewari*, D. Jeevan, P. Naredla,
A. Khajuria, H. Connolly, S. Robertson, C. Sweeney, G. Di Taranto,
S. Shanbhag, K. Dickson, K. McEvoy, J. Skillman, M. Sait, H. Al-
Omishy, M. Baig, B. Heer (University Hospitals Coventry and
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