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SYNOPSIS (SUMMARY) 

Chief Investigator: PD Dr. Giovanna Lurati Buse, MSc 
University Hospital Düsseldorf 
Anaesthesiology Department  
Moorenstr. 5 
40225 Düsseldorf, Germany 

Project Title: MET: REevaluation for Perioperative cArdIac Risk (MET-REPAIR): a 
prospective, multi–centre cohort study 

Short Title : MET-REPAIR 

CTGOV ID NCT03016936 

Protocol Version and 
Date: 

Version 2.0. 21 Jun 2017 

Project design: International, multicentre, prospective cohort study 

Background and 
Rationale: 

In Europe, inhospital mortality exceeded 7% in patients with coronary 
artery disease and in those with congestive heart failure [1]. Within 30 
days of noncardiac surgery procedures, 8% of patients will suffer a 
major cardiovascular event [2]. Considering this impressive burden, 
joint guidelines on cardiovascular assessment prior to noncardiac 
surgery are regularly issued by the European Society of Anaesthesiology 
and the European Society of Cardiology [3, 4]. Despite scarce and non-
conclusive evidence on the prognostic value of functional capacity 
estimated by questionnaire for perioperative cardiovascular events, a 
core question in the preoperative cardiac risk assessment 
recommendations is the questionnaire-based estimation of 
cardiovascular functional capacity in metabolic equivalents (METs) [3-
5]. As such, anaesthesiologists all over Europe are currently forced to 
decide on the preoperative work-up and perioperative management of 
round 10 million European patients every year [3, 6] based on limited 
evidence. 
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Objective(s): Main objective:  
To answer the question: “In patients undergoing elevated risk 
noncardiac surgery, are METs estimated by questionnaire associated 
with perioperative major adverse cardiovascular events or 
cardiovascular mortality?” If so:  
1) What is the optimal cut-off for METs estimated by questionnaire 

to predict perioperative major adverse cardiovascular events or 
cardiovascular mortality?  

2) How does the optimal cut-off compare with the currently 
guideline-endorsed 4-MET cut-off?  
 

Secondary objectives: 
To assess the predictive ability for perioperative cardiovascular events 
or cardiovascular mortality of the following: 1) “How many floors can you 

continuously climb without having to stop to rest?”; 2)”How do you rate your 
cardiorespiratory fitness compared to your peers?”[7]; 3) Self-reported 
daily/weekly physical activity [8].  
 

NTproBNP (N-Terminal PROhormone of Brain Natriuretic Peptide)-
substudy:  
To address the question: Does the addition of NTproBNP improve 
prediction of perioperative cardiovascular events and cardiovascular 
mortality when added to clinical data and estimated MET? 

Outcomes(s): Primary endpoint: composite of intra- or postoperative inhospital 
cardiovascular mortality, nonfatal cardiac arrest, acute myocardial 
infarction, stroke, and congestive heart failure requiring transfer to a 
higher unit of care or prolonging stay on ICU/intermediate care (≥24h).  
Secondary endpoints: the composite endpoint at 30days after surgery; 
single items of the primary composite endpoint, inhospital all-cause 
mortality, complications ≥ 3 in Clavien Dindo Classification [30], length 
of stay, length of ICU stay, and myocardial injury after noncardiac 
surgery (MINS) for centres implementing a perioperative troponin 
screening. 

Inclusion / Exclusion 
criteria: 

Included are inpatients, 45 years of age or older, undergoing elective 
elevated-risk noncardiac surgery as defined by either a Revised Cardiac 
Risk Index ≥ 2 [9] OR NSQIP MICA >1% [10] OR aged ≥65 years and 
undergoing intermediate or high-risk procedures [3], signed written 
informed consent form. For the NTproBNP substudy the inclusion 
criteria are as above plus the participation of the centre to the 
substudy.  
Exclusion criteria are: Non-elective surgery; acute coronary syndrome or 
uncontrolled congestive heart failure within the last 30 days; stroke 
within the last 7 days of planned day of surgery ; patients unable to 
perform ambulation due to congenital or longstanding illnesses/states 
(e.g. paraplegics, polio, etc; but explicitly not patients with fractures, 
needing hip replacement, etc.); patients unable or unwilling to 
participate; previous enrollment in MET-REPAIR (in case of repeated 
surgery) 

)Project assessments, 
procedures: 

Patients are requested to complete a questionnaire to estimate their 
exercise capacity prior to surgery. Intra- and postoperative outcomes 
are registered until discharge or 30 days after surgery based on medical 
charts and standardised definitions. In the NTproBNP substudy, 
NTproBNP will be measured preoperatively. 
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Number of 
Participants: 

N=15,000 

Project Duration, 
schedule: 

Recruitment during  a minimum of 8 consecutive weeks for each centre 
during a study period of a minimum of 12 months across centres and 
until recruitment of the planned sample size. Follow-up duration up to 
30 days. 

Project Centre(s): Multicentre, international study currently recruiting additional centres 

Statistical 
Considerations: 

Main objective  
The primary analysis is a hierarchical logistic regression model with 
questionnaire-based estimation of preoperative exercise capacity as 
main independent variable. The main multivariable model will include 
the dichotomised, optimal METs cut-off determined by Youden’s J 
statistic and a set of predefined independent variables (e.g. 
cardiovascular history and type of surgery, as detailed in the protocol) 
(Main objective 1). This approach will be repeated for the secondary 
outcomes, with the exception of length of stay (linear regression). 
Additionally, the study will compare model characteristics (AIC, ORs), 
area under the ROC curve (de Long), and net reclassification 
improvement of the main model and of a model based on the cut-off at 
4 METs currently endorsed by guidelines (Main objective 2). We will 
also calculate the net reclassification improvement by the addition of 
METS to established preoperative risk score, such as the Revised 
Cardiac Risk Index [9] and the NSQIP MICA[10]. In case of mismatching 
answers with regard to maximal functional capacity, the lowest 
reported MET value will be used in the main analysis. In a sensitivity 
analysis, we will re-run the model based on the highest reported MET. 
Secondary objectives 
We will calculate hierarchical logistic regression models substituting 
METs by the single alternative approaches to functional capacity 
estimation (1. ability to climb stairs; 2. self-assessed functional capacity 
compared to peers; 3. Self-reported daily/weekly physical activity) while 
keeping the same set of predefined independent variables. We will then 
compare model characteristics (AIC, ORs), area under the ROC curve (de 
Long), and net reclassification improvement of the main model and the 
alternative models. 
NTproBNP substudy 
We will add NTproBNP to the main model and compare model 
characteristics (AIC, ORs), area under the ROC curve (de Long), and 
calculate the net reclassification improvement. 

Other methodological 
Considerations: 

We will conduct sensitivity analyses of 1) the main model using the 
maximal rather than the minimal reported MET in case of mismatching 
answers; 2) of the dataset after imputation of missing values if 
applicable (details in the protocol) and 3) of the main model without 
ASA class as independent variable. We plan subgroup analyses in 
patients undergoing thoracic, vascular, orthopedic surgery, and in 
patients aged ≥65 years with a RCRI <2 and a NSQIP MICA <1%. 

Risk-Benefit 
statement: 

Risk is limited to filling out a questionnaire for the main study. For the 
NTproBNP substudy, the sampling of 5 mL of blood once preoperatively 
is added to the completion of the questionnaire. Although there is no 
direct benefit for individual participants, the potential benefit for 
assessing perioperative cardiac risk in non-cardiac surgery for future 
patients is considerable.  
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Abbreviations 

ACC American College of Cardiology 

AHA American Heart Association 

AIC Akaike Information Criterion 

ASA American Society of Anesthesiologists 

ASR Annual Safety Report 

AUC Area under the curve 

BNP Brain natriuretic peptide 

CA Competent Authorities 

CAD Coronary artery disease 

CHF Congestive heart failure 

CI Confidence interval(s) 

COPD Chronic obstructive pulmonary disease 

CRF Case report Form 

eCRF Electronic Case Report Form 

ESA European Society of Anaesthesiology 

ESC European Society of Cardiologists 

GFR Glomerular filtration rate 

HR Hazard Ratio 

Hx History 

ICF Informed consent form 

ICH-GCP  Good Clinical Practice 

ICU Intensive care unit 

ID Identification 

IRB Institutional Review Board 

MACE Major adverse cardiac events 

MET Metabolic equivalent 

MI Myocardial infarction 

MINS Myocardial injury in non-cardiac surgery 

NSQIP National Surgical Quality Improvement Program  

NSQIP MICA 
National Surgical Quality Improvement Program, Risk calculator for myocardial 

infarction and cardiac arrest 

NTproBNP N-Terminal PROhormone of Brain Natriuretic Peptide 

O2 Oxygen 
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OR Odds ratio 

PI Principal Investigator 

PVD Peripheral vascular disease 

RCRI Revised Cardiac Risk Index (Lee-Index) 

ROC Receiver operating characteristics (curve) 

RR Relative risk 

SAE Serious adverse event 

SC Steering Committee 

SOP Standard operating procedure 

VO2 max Maximum oxygen uptake 
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1. ADMINISTRATIVE STRUCTURE  

1.1. Steering Committee (SC) 

 

PD Dr. Giovanna Lurati Buse, MSc, Chief- 
Investigator 
University Hospital Düsseldorf 
Anesthesiology Department  
Moorenstr. 5 
40225 Düsseldorf, Germany 
Giovanna.Luratibuse@med.uni-duesseldorf.de 
giovanna.lurati@usb.ch 
Phone +49 211 81 17828 

Prof. Daniela Ionescu  
University of Medicine and Pharmacy  
Department of Anaesthesiology & Intensive 
Care 
Str. Croitorilor Nr. 19-21 
400162 Cluj-Napoca, Romania 
dionescuati@yahoo.com 
daniela_ionescu@umfcluj.ro 
Phone +40 64433969 

Prof. Beatrice Beck-Schimmer 
University Hospital,  
Department of Anaesthesiology 
Raemistrasse 100 
8091 Zurich, Switzerland 
beatrice.beck@usz.ch 
Phone + 41 442552032 

Dr. Eckhard Mauermann 
University Hospital Basel,  
Department of Anesthesiology 
Spitalstrasse 21 
4031 Basel, Switzerland 
Eckhard.Mauermann@usb.ch 
Phone+41 612652525 

Prof. Stefan De Hert 
University Hospital 
Department of Anaesthesiology 
De Pintelaan 185 
9000 Ghent, Belgium 
Stefan.Dehert@UGent.be 

Prof. Manfred Seeberger 
Hirslanden Clinic 
Dept. of Anaesthesiology & Intensive Care 
Witellikerstrasse  
8032 Zürich, Switzerland / 
University of Basel, Basel, Switzerland 
manfred.seeberger@hirslanden.ch 
Phone +41 44 387 21 61 

Prof. Miodrag Filipovic 
Cantonal Hospital,  
Department of Anaesthesiology & Intensive 
Care 
Rorschacher Strasse 95 
9007 St. Gallen, Switzerland 
miodrag.filipovic@kssg.ch 
Phone +41 714941505 

Prof. Dr. Wojciech Szczeklik  
Jagiellonian University Medical College 
Department of Intensive Care and Perioperative 
Medicine 
Skawinska 8, 31-066 Kraków, Poland 
wojciech.szczeklik@uj.edu.pl 
Phone +48 501426864 

Prof.  Simon Howell 
Leeds Institute of Biomedical & Clinical Sciences 
Level 7, Clinical Sciences Building 
St James's University Hospital 
Leeds, LS9 7TF 
S.Howell@leeds.ac.uk 
Phone:  
Phone: + 44 1132064516 

Study Statistician 
Dr. Salome Dell-Kuster, MSc Med Stats 
Basel Institute for Clinical Epidemiology and 
Biostatistics and 
Department of Anaesthesiology 
University Hospital Basel 
4031 Basel, Switzerland 
Salome.dell-kuster@usb.ch 
+41 61 328 64 74 

 

1.2 Sponsorship 

MET-REPAIR is sponsored by a grant from the European Society of Anaesthesiology Clinical Trial 

Network (ESA CTN). The aim of the European Society of Anaesthesiology Clinical Trial Network is to 

mailto:Giovanna.Luratibuse@med.uni-duesseldorf.de
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provide an infrastructure for clinical research in the fields of Anaesthesia, Pain, Intensive Care and 

Emergency Medicine by transnational European collaborative studies. 

No other institution or industrial company is or will be involved in planning or conducting the MET-

REPAIR study. The Clinical Trial Network of the European Society of Anaesthesiology can be contacted 

via: 

Pierre Harlet and Benoit Plichon, study coordinators 

ESA Research Department 

European Society of Anaesthesiology 

Rue des Comédiens 24 

1000 Brussels, Belgium 

Tel: +32 2 743 32 91  

Fax: +32 2 743 32 98 

E-mail: research@esahq.org; met-repair@esahq.org 
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2. ETHICAL AND REGULATORY ASPECTS  

2.1 Ethical Conduct of Study 

The research project will be carried out in accordance to the research plan and the principles 

enunciated in the current version of the Declaration of Helsinki (amendment 2013) by the World 

Medical Association and the ICH-GCP Guidelines E6(R2). Specific national and local regulatory 

authority’s requirements will be followed as applicable.  

 

2.2 Risk categorisation  

MET-REPAIR is a prospective cohort study asking patients to complete a questionnaire on their exercise 

capacity prior to surgery. No research related interventions are anticipated and all patients will receive 

routine care according to the standards laid out in each institution.  

For the NT-proBNP substudy, the risks are limited to the drawing of approximately 5 mL of blood once. 

The blood sampling will be mostly feasible at the time of preoperative blood sampling for clinical 

purposes (i.e. regardless of the patient’s participation in the NT-proBNP substudy). Information and 

consent to participation to the NT-proBNP substudy will be conditional to signing an informed consent 

form (ICF) (Appendix 1C-D) additional to the one of the main study. Should the local Institutional 

Review Board waive the requirement of informed consent for the main study in centres participating 

in the NTproBNP substudy, then information and consent to participation to the NT-proBNP substudy 

will be conditional to signing the stand-alone ICF (Appendix 1E-F).  

 

2.3 Institutional Review Board (IRB) and Competent Authorities (CA) 

In all cases, prior to study initiation, the local Principal Investigator (PI) at each centre must submit the 

study documents to the responsible IRB for ethical judgment and obtain document of proof that the 

study has been subject to IRB review and given approval/favorable opinion and/or exemption of 

patient consent. If informed consent is not required by the local IRB, an explicit, written exemption 

must be obtained from the IRB. No substantial changes will be made to the protocol without prior IRB 

approval, except where necessary to eliminate apparent immediate hazards to study participants. 

In the unlikely event of premature study end or interruption of the study, a report will be sent to the 

IRB within 15 days. The regular end of the study is reported to the IRB within 90 days, the final study 

report shall be submitted within one year after study end. Amendments are reported according to 

chapter 2.7. 
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2.4 Participant Information and Informed Consent 

Written, informed consent, using the approved Informed Consent Form (ICF), will be sought from each 

patient prior to inclusion unless an explicit, written exemption by the responsible IRB is provided. ICF 

and any other written information to be provided to the patients as well as advertisement for subject 

recruitment (if used) must be subject to IRB review and given approval/ favourable opinion.  

If applicable, patients´consent will be sought as follows: prior to surgery, the patients will be presented 

with the IRB-approved ICF providing sufficient time and information for participant to make an 

informed decision about their participation in the study, i.e. explaining the nature of the study, its 

purpose, the procedures involved, the expected duration, the potential risks and benefits and any 

discomfort participation may entail. Each participant will be informed that the participation in the 

study is voluntary and that he/she may withdraw from the study at any time and without explanation, 

that withdrawal of consent will not affect his/her subsequent medical assistance and treatment and 

that no further data will be collected, while already collected, encoded data will be anonymised and 

analysis may be performed up to the point of data collection. 

The participant will be informed that his/her medical records will be examined by authorised 

individuals other than their treating physician. The participant will read and consider the statement 

and will have the opportunity to ask questions before signing and dating the ICF, and will be given a 

copy of the signed document. Patients will confirm that they were given adequate time to reach a 

decision. The ICF must also be signed and dated by the investigator (or designee) and it will be retained 

as part of the study records. 

 

The sponsor provides templates of Patient Information Sheet and Participant’s ICF for the main study 

and for the NTproBNP substudy in English (see Appendix 1A-1F). All translations and adaptation of the 

Appendices should be sent to ESA (the sponsor) for validation. SOP and guidance published by the 

Sponsor should be followed in this regard. 

2.5 Participant privacy  

The investigator affirms and upholds the principle of the participant's right to privacy and shall comply 

with applicable privacy laws. Specifically, anonymity of the participants shall be guaranteed when 

presenting the data at scientific meetings or publishing them in scientific journals.  

Individual subject medical information obtained as a result of this study is considered confidential and 

disclosure to third parties is prohibited. Subject confidentiality will be further ensured by utilising 

subject identification code numbers and only anonymised data will be recorded in the central database. 

For data verification purposes, authorised representatives of the sponsor or an ethics committee may 

require direct access to parts of the medical records relevant to the study, including participants’ 

medical history. 
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2.6 Early termination of project 

MET-REPAIR is an observational cohort study. Therefore, premature termination of the study resulting 

from ethical or safety concerns is most unlikely. In case of insufficient participant recruitment, the 

study period may be extended to reach the calculated sample size of 15,000 patients.  

2.7 Amendments, Changes 

Only the SC or persons delegated by the SC are entitled to amend the protocol. National Coordinating 

Investigators and Local Principal Investigators (PI) will receive timely notification of changes and will 

be required to submit amendments locally. Written documentation of the amendments approval will 

be provided to the sponsor and substantial amendments of the protocol will be only implemented 

after approval of the responsible IRB. In consideration of the observational nature of the study, the 

necessity of protocol deviations to protect the rights, safety and well-being of human subjects without 

prior approval of the sponsor and the IRB appears remote. Such deviations must be documented and 

reported to the sponsor and the IRB as soon as possible. 

Administrative changes and all non-substantial amendments will be communicated to the IRB within 

the Annual Safety Report (ASR) should an ASR be requested by the local IRB.  
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INTRODUCTION  

2.8 Background  

Recent estimates of surgical volume exceed 310 million procedures worldwide every year. [11]. For 

Europe, the estimated need for surgical interventions based on the burden of disease amounts to 

annually 5,000-5,500 procedures/100,000 [6] or 37-40 million procedures per year. It has been 

assumed that approximately one third of these will consist of major procedures in patients with 

elevated cardiovascular risk [3]. In adults undergoing noncardiac surgery in Europe, inhospital 

mortality amounted to 4% [1]. This figure exceeded 7% in patients with coronary artery disease and in 

those with congestive heart failure [1]. In a cohort of 10,000 patients undergoing noncardiac surgery, 

30-day major adverse cardiac events including cardiac mortality, myocardial infarction (MI), congestive 

heart failure, nonfatal cardiac arrest and cardiac revascularization were reported in over 8% of patients 

[2].  

Considering this impressive burden, anesthesiologists and cardiologists are keenly interested in 

cardiovascular assessment prior to noncardiac surgery and guidelines are regularly issued by the 

European Society of Anesthesiology and the European Cardiology Society [3, 4] and the corresponding 

American Societies [5]. According to those guidelines, a core question in the preoperative cardiac risk 

assessment for patients undergoing noncardiac surgery with elevated risk is the estimation of 

cardiovascular functional capacity expressed as metabolic equivalents (METs) [3-5].  

The physiological response to increased oxygen (O2) demand includes an increase in cardiac output 

and in peripheral O2 extraction (arteriovenous O2 difference), i.e. the maximal O2 uptake (VO2 max) 

is the product of maximal cardiac output and maximal arteriovenous O2 difference. At maximal effort, 

arteriovenous O2 difference reaches its physiological limit; therefore, VO2 max reflects maximal 

cardiac oxygen delivery. VO2 max is considered the most reliable measure of cardiovascular functional 

capacity. It is common practice to report O2 uptake during exercise relative to the O2 consumption at 

rest, i.e. to express it in metabolic equivalents (METs) with 1 MET being the O2 uptake during quietly 

sitting (3.5 ml/kg.min for a 70-kg adult) [12]. Anaerobic threshold refers to „the point during 

progressive exercise beyond which muscles cannot derive all required energy from oxygen utilization“ 

[12]. 

Cardiovascular functional capacity and outcome in the long-term, nonoperative setting 

The association between cardiovascular functional capacity expressed in METs and adverse 

cardiovascular events has been extensively explored in the non-operative setting. In a meta-analysis 

including more than 100,000 healthy adults, cardiovascular functional capacity <7.9 MET was 

associated with increased all-cause long-term mortality (RR 1.70 [95% CI 1.51-1.92]) and with 
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cardiovascular events (RR 1.56 [95% CI 1.39-1.75]). Even the study’s definition of an „intermediate” 

cardiovascular functional capacity (7.9-10.8 MET) was significantly associated with poorer outcome 

[13]. The strength of the association between cardiovascular fitness and cardiovascular death did not 

differ between young individuals and the elderly (≥ 65 years)[14]. Low cardiovascular fitness was 

associated with cardiovascular events and mortality also in patients with known cardiovascular disease 

or with a high cardiovascular risk factor burden [15-17]. 

In addition to measurement during exercise testing, MET can be estimated using self-reported activity 

and reference values [18]. MET estimation using questionnaires not only performed well in terms of 

criterion validity with values measured using exercise testing [19-22], but questionnaire-based METs 

quantification was also demonstrated to predict long-term cardiovascular adverse events in the non-

operative setting [15, 23]. The association between cardiovascular capacity and long-term adverse 

events (here cardiac mortality) persisted even when using very simple assessment tools („How do you 

rate your cardiorespiratory fitness compared to your peers?”) [7]. In addition to confirming the 

association between functional capacity in METs and long-term cardiovascular outcome, the work by 

Stomatakis [8] and coworkers, highlighted some interesting aspects: their algorithms to estimate METs 

based on self-reported weekly physical activity level, i.e. they did not only quantified maximal exercise 

capacity per se but they also added another dimension in their assessment of exercise, i.e. amount of 

regularly undertaken exercise.  

Cardiovascular functional capacity and outcome in the noncardiac, nonthoracic surgery setting 

A recent systematic review (search up to May 2015) summarised the evidence for the association 

between cardiovascular capacity measured using exercise testing and outcome after noncardiac, 

nonthoracic surgery [24]. The authors retrieved 37 studies, addressing a total of 7,852 patients 

undergoing mostly major abdominal surgery and abdominal aortic aneurysm repair. The vast majority 

of these studies detected a significant association between various measures derived from the exercise 

testing (mostly VO2 max and/or anaerobic threshold) with adverse events including all-cause 

mortality, postoperative complications, and length of stay in hospital and ICU. The wide heterogeneity 

of populations, endpoints and measures for functional capacity prevented a meta-analytic approach. 

In summary, there is evidence supporting the prognostic value of VO2 max or other exercise testing 

measures in noncardiac, nonthoracic surgery. However, the data mostly addressed all kind of 

complications or all-cause mortality, i.e. they did not focus cardiovascular adverse events. These 

cardiovascular adverse events  would have been preferable for a measure used to guide cardiac 

testing. Therefore, within the body of available evidence, the cohort study by James and coworkers 

[25] stands out in spite of its limited sample size (n=83 in the final analysis) as it focused on 

perioperative major adverse cardiac events (MACE) and included BNP concentrations, an established 
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cardiac biomarker prior to and after noncardiac surgery [26, 27]. Eleven percent (9/83) of patients 

developed a MACE within 28 days. The AUC (Area Under the Curve) for MACE prediction was 0.83 

(95%CI 0.69-0.96) for anaerobic threshold, 0.81 (95%CI 0.68-0.93) for VO2 max, and 0.75 (0.59-0.92) 

for BNP, respectively [25]. Further, they determined the optimal cut-off for the anaerobic threshold at 

10.6 ml/ min.kg and for VO2 peak at 14 ml/ min.kg corresponding to 3 and 4 MET. 

On the basis of clinical practicability, actual exercise testing is reserved for a few high-risk patients 

while in all other patients, METs are estimated using self-reported activity and reference values [18]. 

Struthers and coworkers [28] described a significant correlation between the Duke Activity Status 

Index questionnaire and measured VO2max and anaerobic threshold in patients older >65 years or 

presenting cardiovascular symptoms and scheduled for abdominal surgery. The AUC of the ROC curve 

of the Duke Activity Status Index to predict a VO2 max > 15 mL/kgmin amounted to 0.77 (95% CI 0.63–

0.99). In contrast to measured METs [24], the evidence on questionnaire-estimated METs and outcome 

after noncardiac surgery is limited and not conclusive. Wiklund and coworkers [29] estimated MET in 

over 5,900 patients undergoing inhospital noncardiac surgery and extracted inhospital cardiac 

complications from financial and medical records. Major cardiovascular events or cardiac mortality 

occurred in 1.6% (94/5939). The AUC for adverse cardiac events of MET amounted to 0.664 and MET 

was not independently associated with cardiac events. Limitations of this study included the potential 

for misclassification resulting from event extraction from administrative data and the inclusion of 

patients undergoing low risk procedures and at lower cardiovascular risk as indicated by the low event 

rate. Reilly and coworkers asked 600 patients undergoing major noncardiac surgery to estimate the 

number of blocks and the number of stairs they were able to walk. Patients unable to walk 4 blocks or 

2 flights of stairs were considered to have low exercise tolerance. This definition resulted in a likelihood 

ratio of 1.3 for any perioperative complications. Poor exercise tolerance was independently associated 

with any complication (adj OR 1.94[95%CI 1.19-3.17]) but not with cardiovascular complications (age-

adj. OR 1.81[0.94-3.46]) [30].  

Girish and coworkers reported on 83 patients that were asked to climb stairs „as far as possible“ prior 

to thoracic and major abdominal surgery and the attending personnel recorded the number of 

completed flights. [31]. The inability to climb 2 flights of stairs showed of a sensitivity of 0.4 and 

specificity of 0.97 for 30-day complications, in most cases pulmonary events. In contrast, the evidence 

on the association between the inability to climb one flight of stairs and perioperative complications 

was inconclusive (OR 1.8 [95% CI 0.7-4.6]) in a small cohort (n=79) addressing patients undergoing 

either thoracic or abdominal surgery [32].  

Methodological limitations, e.g. sample size and choice of the target population, may explain the 

unsatisfactory predictive value of reported stair climbing ability and perioperative cardiovascular 



 

MET-REPAIR protocol, Final Version 2.0 dated 21 Jun 2017                               page 18 of 39 

events. However, it has also been postulated that asking for the ability to climb stairs might be the 

wrong approach in noncardiac, nonthoracic surgery because 1) stair climbing reflects maximal 

ventilatory capacity, a crucial point for survival after pulmonary resection but not as much in 

nonthoracic surgery; 2) the workload resulting from stair climbing may include oxygen-independent 

metabolism components [33] and therefore overestimate aerobic capacity [34]. 

2.9 Rationale for the research project 

In spite of scarce and non-conclusive evidence on the prognostic value of self-reported functional 

capacity for perioperative cardiovascular events, the estimation of cardiovascular functional capacity 

in metabolic equivalents (METs) based on a questionnaire represent the core question in the 

preoperative cardiac risk assessment in patients undergoing elevated risk noncardiac surgery endorsed 

by ESA, the ESC, and the ACC/AHA [3-5]. MET-REPAIR will examine the ability of MET estimated using 

a questionnaire to predict perioperative cardiovascular events correcting for preoperative risk factors, 

(e.g. comorbidity and type of surgery) and calculate the effect on risk stratification (net reclassification 

improvement) by the addition of METs estimated by questionnaire to established risk scores, such as 

the Revised Cardiac Risk Score (Lee-index) [9] and the NSQIP MICA [10]. Further, we will address 

alternative approaches to functional capacity estimation (1. ability to climb stairs; 2. self-assessed 

functional capacity compared to peers; 3. Daily/weekly physical activity) and their predictive value for 

perioperative cardiovascular events.  

The association between elevated natriuretic peptides prior to noncardiac surgery and perioperative 

cardiovascular events is well established [26, 27, 35]. However, a direct comparison of the predictive 

ability of biomarkers vs. self-reported MET is lacking. Therefore, in a substudy (NTproBNP substudy), 

we will evaluate how far the addition of NTproBNP improves prediction of perioperative cardiovascular 

events and cardiovascular mortality when added to clinical data and estimated METs.  

2.10 Risk-Benefit Assessment  

MET-REPAIR is a prospective cohort study based on a formal questionnaire to assess exercise capacity. 

During the anesthetic preoperative assessment patients are usually asked in general terms about 

exercise capacity. The study will not interfere with this aspect of clinical assessment. Therefore, risks 

are limited to data protection. Data protection will be guaranteed through encoding and the use of a 

secured database with restricted access by individual log-in and gradated user rights. Further, only 

anonymised data will be stored centrally. The database will be hosted on servers physically located in 

the European Union and data can only be transferred to servers located in member States of the 

European Union or in third countries which level of personal data protection has been determined as 

adequate by the European Commission on the basis of Article 25(6) of Directive 95/46/EC. 
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For the NTproBNP substudy, the drawing of 5 mL of blood is required once preoperatively and we 

expect that blood drawing will occur simultaneously to routine preoperative blood sampling in the vast 

majority of patients. NTproBNP does not form part of routine preoperative laboratory assessment. 

Should the attending physicians nevertheless order an NTproBNP measurement based on clinical 

judgement, the study will not interfere. Therefore, we consider the risks related to the NTproBNP 

substudy to be minimal. 

There is no direct benefit for participating patients because the value of formal questionnaires 

regarding exercise capacity and of NTproBNP prior to noncardiac surgery is not established. However, 

the potential benefit for assessing perioperative cardiac risk in non-cardiac surgery for future patients 

is considerable. 

  

3. OBJECTIVES, ENDPOINTS/OUTCOMES AND OTHER STUDY VARIABLES 

3.1 Objectives  

Main objective:  

To answer the question: “In patients undergoing elevated risk noncardiac surgery, are METs estimated 

by questionnaire predictive of perioperative major adverse cardiovascular events or cardiovascular 

mortality?” If so:  

1) What is the optimal cut-off for METs estimated by questionnaire to predict perioperative major 

adverse cardiovascular events or cardiovascular mortality?  

2) How does the optimal cut-off compare with the currently guideline-endorsed 4-MET cut-off?  

 

Secondary objectives: 

To assess the predictive ability for perioperative cardiovascular events or cardiovascular mortality of 

the following:  

1) “How many floors can you continuously climb without having to stop to rest?” 

2) ”How do you rate your cardiorespiratory fitness compared to your peers?”[7] 

3) Daily/weekly physical activity [8].  

 

NTproBNP-substudy:  
 
To address the question: Does the addition of NTproBNP improve prediction of perioperative 

cardiovascular events and cardiovascular mortality when added to clinical data and estimated MET?  
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3.2 Primary and secondary endpoint/outcome(s) 

The primary endpoint is the composite of intra- or postoperative inhospital cardiovascular mortality, 

nonfatal cardiac arrest, acute MI, stroke and congestive heart failure requiring transfer to a higher unit 

of care or prolonging stay on ICU/intermediate care (≥24h).  

Secondary endpoints will include the composite endpoint at 30 days after surgery for patients 

recruited in the centres conducting also 30-day follow up, the single items of the primary composite 

endpoint, inhospital all-cause mortality and and 30-day all-cause mortality for patients recruited in the 

centres conducting also 30-day follow up, complications ≥ 3 in Clavien Dindo Classification [30], length 

of in-hospital stay, length of ICU stay, and myocardial injury after noncardiac surgery (MINS) for centres 

routinely implementing a perioperative troponin screening [31].  

Outcomes will be adjudicated by the local PI based on in-hospital documentation and standardised 

definitions (Appendix 3). 

3.3 Other study variables 

 

Self-reported METs estimated using a questionnaire (Appendix 2) are the main independent variable. 

MET estimates for single activities are extracted from the Compendium of Physical Activities [18]. We 

did not opt for the Duke Activity Score Index [20], a previously validated questionnaire, because of its 

inclusion of leisure time activities not as common in Europe as in the USA (e.g. golfing, bowling, ….). In 

a subgroup of patients, we will measure NT-proBNP preoperatively. 

4. PROJECT DESIGN  

4.1 Type of research and general project design  

MET-REPAIR is a prospective, international, multicentre cohort study. A subset of centres will also 

enroll patient in a substudy addressing the predictive value of preoperative NT-proBNP. 

4.2 Study centres and role of national and local PIs 

Any hospital in Europe (as defined by the World Health Organisation) is welcome to participate as a 

study centre. Non-European centres may be accepted upon request to the SC. Centres will be asked to 

enroll a minimum of 50 patients (up to 500) over a recruitment period of a minimum of 8 consecutive 

weeks. Study centre registration occurs online via the dedicated “Call for Centres form” on the ESA 

website. Within the period of recruitment planned for MET-REPAIR (at least 12 months), the start of 

recruitment for individual centres (at least 8 consecutive weeks ) is at the discretion of the local PI, 

provided that there is a prior IRB approval. Upon request by the centre prior to recruitment start, the 
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recruitment period (at centre level) may be split in 2 periods of time. Recruitment will continue until 

enrollment of the planned sample size (n=15,000). 

National coordinating investigators are anaesthesiologists appointed by ESA and the Steering 

Committee to lead the project within individual countries and their responsibility includes: 

• Identify participating centres in their country and recruit local PIs in participating hospitals; 

• Assist in the translation of study documents; 

• Ensure that all necessary national or regional regulatory approvals are in place prior to start of 

patient inclusion; 

• Assist and train the Local PI and monitor the conduct of the study according to GCP;  

• Ensure good communication with ESA headquarters and the participating sites in his/her 

countries during all study steps including data cleaning.  

 

Local PI are anesthesiologists, surgeons, or internal medicine or other specialists working in 

perioperative medicine in each participating institution who will have the following responsibilities: 

 Provide leadership for the study in their institution;  

 Ensure all relevant regulatory/ethical approvals are in place for their institution; 

 Ensure adequate training of all relevant staff prior to data collection;  

 Supervise enrollment, daily data collection, and assist with problem solving;  

 Adjudicate events 

 Ensure timely completion of eCRF, follow-up assessments, and data cleaning queries. The Local 

PI is the main responsible for ensuring integrity of data collection. By signing the data on eCRF 

Local PI confirms the data integrity´; 

 Communicate with ESA headquarter and the relevant National Coordinating Investigator 

during all study steps including data cleaning.  

 

4.3 Procedures 

At screening day (“day -31” to “day -1”, has to be within 1 month prior to planned surgery), patients 

will be screened and informed. Patients will be given adequate time to reach a decision, and asked for 

consent (details see 2.4). Patients will then be asked to complete a questionnaire (Appendix 2) and, if 

applicable, blood samples for NTproBNP measurement will be drawn. These data will be augmented 

by relevant clinical data (history of illness, planned operation, etc.).  

At discharge after surgery or at Day 30 after surgery (if hospital stay exceeds 30 days), data will be 

collected regarding surgical data and adverse in-hospital outcomes. In selected centres, patients will 

be also contacted by phone or by mail at Day 30 for outcome assessment. Figure 1 details the flow of 

study procedures. 
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Figure 1. Flow of study procedures 

 

4.4 Recruitment and Screening 

Principal Investigators will screen the surgical schedule of the next days for eligible patients. Patients 

may be also screened during their visit in the preoperative clinic if the surgery is planned within 1 

month. Considering the risk of non-responder bias, every effort to include all eligible patients is of 

crucial importance for MET-REPAIR; therefore, in high-volume centres, local Principal Investigators 

may request limiting the population to be recruited. This will occur based on a randomised selection 

process, i.e. the population to be recruited will be defined using the month of birth. Centres will be 

asked to recruit patients born in at least 3 months of births (i.e. at least 1/4 of maximal population). 

The sponsor will randomly allocate the months of birth to the centres prior to recruitment start. In 

case of insufficient recruitment or a population to be recruited exceeding local personnel resource, 

the number of months might be amended. This might be initiated by the sponsor or by the local 

Principal Investigators but not before 4 weeks of active recruitment.  

 

D 0 

Follow up 
    D30 
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4.5 Methods of minimising bias  

As mentioned in section 5.3., the risk of non-responder bias is inherent to MET-REPAIR. Therefore, 

maximal effort will be put into including the vast majority of eligible patients, including containment 

of the population to be recruited in selected high-volume centres. 

All patients will be assessed by the same questionnaire; as such, reporting bias can be expected to be 

non-differential. The choice of hard endpoints and event adjudication based on standardised definition 

by investigators will reduce misclassification bias in terms of outcome. We are aware of the potential 

misclassification resulting from the asymptomatic presentation of perioperative myocardial 

infarction/ischemia [36-38], and the lack of a study-mandated systematic screening for it; however, 

first, this bias will be non-differential; second, we will address this issue in a sub-analysis with MINS as 

endpoint. Finally, if the attending anaesthesiologists adhere to the current guidelines [3, 5], 

preoperative cardiological work-up and perioperative management in patients performing ≤ or > 4 

METs may differ. Although the effectiveness of such measures on outcome is not well established, the 

risk of performance bias is inherent to the study question. Therefore, we are limited to a stringent 

documentation of preoperative cardiological diagnostic workup and initiation of cardiovascular 

treatments for explanatory purposes. 
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5. PROJECT POPULATION  

The target population consists of patients undergoing elective, elevated-risk noncardiac surgery. The 

planned sample size is 15,000 patients (see sample size calculation, section 8.1.). Eligibility criteria are 

as follows. 

5.1 Inclusion criteria  

 Planned as Inpatients after surgery 

 45 years of age or older AND undergoing elective elevated-risk noncardiac surgery as defined 

by either a Revised Cardiac Risk Index ≥ 2 [9] OR NSQIP MICA>1% [10] (Appendix 4) 

 65 years of age or older AND undergoing intermediate or high-risk procedures [3] (Appendix 

6) 

 Signed written informed consent  

 

For the NTproBNP substudy the inclusion criteria are as above plus the participation of the centre to 

the substudy. In substudy centres, patients unwilling to participate in the NTproBNP subcohort but 

agreeing to be enrolled in main cohort (MET questionnaire and outcome assessment only) may also 

be recruited. Considering the minimal burden associated with participation in MET-REPAIR (only 

questionnaire), participation in other studies does not preclude inclusion, provided the patient is 

consenting and the potentially concomitant inclusion is approved by the local IRB.  

5.2 Exclusion criteria  

 Non-elective surgery, i.e. planned to occur ≤ 72 hours after diagnosis of the condition that 

makes the procedure necessary  

 Acute coronary syndrome or uncontrolled congestive heart failure within 30 days prior to the 

planned day of surgery 

 Stroke within the last 7 days of planned day of surgery 

 Outpatients 

 Patients unable to perform ambulation due to congenital or longstanding illnesses/states (e.g. 

paraplegics, polio, etc; but explicitly not patients undergoing orthopedic surgery or patients 

needing joint arthroplasty, etc.)  

 Unable to complete the questionnaire (e.g. language problems) 

 Unable to consent or unwilling to participate 

 Previous enrollment in MET-REPAIR (in case of repeated surgery) 
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5.3 Criteria for withdrawal / discontinuation of participants  

Due to the observational nature of the study, the protocol does not define any 

withdrawal/discontinuation criteria. Patients electing to withdraw from the study may do so at any 

point. In this case, no further data will be collected, while already collected, encoded data will be 

anonymised and analysis may be performed up to the point of data collection. Withdrawing 

participants will not be replaced provided that their number does not exceed 5% of the projected 

sample size one month prior to the end of the planned recruitment period. Under such unlikely 

conditions, the SC will decide upon potential replacement by extension of the recruitment period, 

under consideration (among other) of the number of events already registered in the database at the 

relevant time point.  

6. PROJECT ASSESSMENTS  

6.1 Project flow chart(s) / table of procedures and assessments 

Please see Figure 1. 

6.2 Assessments of primary endpoint outcome  

The local Principal Investigators will determine whether or not the patient died from a cardiovascular 

cause or experienced nonfatal cardiac arrest, acute MI, stroke, congestive heart failure requiring 

transfer to a higher unit of care or prolonging stay on ICU/intermediate care (≥24h) in hospital after 

surgery (by and including the 30th postoperative day) based on review of inhospital charts and other 

relevant documents. Appendix 3 gives the definitions of the study endpoints. 

6.3 Assessment of secondary endpoint/outcome(s) 

The same principles guide the assessment of secondary outcomes (specifically the composite endpoint 

at 30 days after surgery, the single items of the primary composite endpoint, inhospital and 30-day all-

cause mortality, and complications ≥ 3 in Clavien Dindo Classification[39, 40]). MINS is determined 

based on the troponin cut-offs used by the local laboratory and as defined in Appendix 3. Length of 

inhospital stay and of ICU stay after surgery is calculated from the start day of surgery to the day of 

discharge and from the day of ICU admission to ICU discharge, respectively. 

 

6.4 Assessment of other study variables 

The following data will be extracted from clinical charts: age, gender, weight, height, variables for 

NSQIP MICA calculation, variables for RCRI calculation, ASA classification, relevant medical history, 

preoperative cardiac testing and results, preoperative cardiac medication (substance classes only), 

type of anesthesia, date, type, and location of surgery, procedure duration, type and date if ICU 
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admission, date of discharge from ICU and from hospital. For details, please see CRFs (Appendix 5). 

METs, the ability to climb stairs, the perceived cardiovascular fitness compared to their peers [7], and 

daily/weekly physical activity pattern will be assessed by self-report based on a questionnaire 

(Appendix 2). The time window between answering the questionnaire and surgery cannot exceed 31 

days. Enrolled patients, whose surgery is unexpectedly delayed more than 31 days after the 

preoperative visit, will be asked to complete the questionnaire again and METs derived from this more 

recent questionnaire will be used for analyses.  

For the NT-proBNP substudy, blood will be collected preoperatively (no longer than 31 days prior to 

surgery) and analysed locally using an NTproBNP immune assay (Roche Diagnostics). The decision to 

conduct the measurements daily or in batches is at the discretion of the local Principal Investigator 

and local laboratory. In case of sample storage, storage temperature at –20°C is recommended. MET-

REPAIR does not plan storage of biological samples after NTproBNP measurement. The local laboratory 

will be responsible for sample destruction as per local practice after NTproBNP concentration has been 

measured and valid results have been obtained and authorization has been received from Sponsor. 

At the end of the study period each center will provide an “end of study reporting form” (see appendix 

8) to report the number of patients meeting the inclusion criteria during the study period and the total 

number of screening failure patients. Furthermore each center will provide two Screening Failure 

Tracking Form (Appendix 7) giving the reasons for screening failures after two month of recruitment 

and another one at the end of the study period. Using this form it will be possible to analyse what are 

the reasons for exclusion from study (e.g. subject refused to sign informed consent, subject is already 

participating in other clinical trial, subject language cognitive difficulties, etc). 

6.5 Assessment of safety and reporting 

The only study-related procedure in MET-REPAIR is the completion of a questionnaire on functional 

capacity. As such, the potential for serious events appears too remote to require their definition, 

assessment, or documentation. With regard to the NTproBNP substudy, serious adverse events will be 

defined and documented as follows.  

6.5.1 Definition of Serious Adverse Events (SAEs) 

A serious adverse event is any unfavourable health event for which a causal relationship to 

preoperative blood sampling mandated from participation in the NTproBNP substudy cannot be ruled 

out, and which:   

 requires hospitalisation or prolongation of an inpatients’ hospitalisation, 

 results in persistent or significant disability or incapacity, or 

 is life-threatening or results in death. 
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6.5.2 Assessment and Documentation of SAEs 

The NTproBNP substudy of MET-REPAIR will not set in place any specific approach for SAE assessment. 

SAE will be assessed based upon report by the patients or by the attending health-care professionals. 

The Chief Investigator will assess whether or not a SAE is related to a study-specific blood sampling or 

unrelated. 

Unrelated SAEs (i.e. the occurrence of the event has no temporal relationship to the project-specific 

measures applied and can be explained by the underlying disease or other factors, including blood 

sampling occurring simultaneously for routine preoperative sampling) will not be documented as SAEs.  

However, in the event there should be related SAEs (i.e. there is a plausible temporal relationship 

between the occurrence of the event and a project-specific measure or step and this cannot be 

explained by the underlying disease or other factors), these will be documented in the participants’ 

file and on the SAE report form. 

 

6.5.3 Reporting of SAEs, Safety and Protective Measures 

In the event of an SAE related to a study specific step, the local PI Chief Investigator will report this to 

the Sponsor and to the responsible IRB within 7 days She/he will also submit a report which evaluates 

the relationship between the event reported and the study procedures in addition to a proposal on 

how to proceed with the project. The IRB will be notified within 7 days of any immediate other, which 

have to be taken during the conduct of the research project.  

The Chief investigator and the Sponsor will decide upon the need and the type of (other than 

immediate) safety and protective measures and notify the investigators. Notification to the IRB will 

occur at local level.  
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7. STATISTICAL METHODOLOGY  

7.1 Determination of Sample Size  

The proposed analytical approach (multivariable logistic regression) will require 15,000 patients. 

Recent large cohorts described in-hospital all-cause mortality rates between 1.9 and 4% with 

substantial variation [6, 31]. Assuming a cardiovascular cause for 40% these deaths [31], inhospital 

cardiovascular mortality will range between 0.8 and 1.6%. Symptomatic perioperative MIs were 

reported in 1.7%, nonfatal cardiac arrest 0.3%, stroke in 0.7%, and congestive heart failure in 2.2% of 

patients within 30 days after non-cardiac surgery [32]. In consideration of the shorter follow-up 

duration and the requirement for congestive heart failure to results in transfer to a higher level of care 

to fulfill the definition of MET-REPAIR, we expect 1% major adverse cardiovascular events. As such, 

taking into account multiple events occurring in some patients but only one event per patient 

contributing to analysis, we plan our sample based on a conservative incidence of 2% for the primary 

endpoint or 300 events in 15,000 patients. Based on the rule of thumb that (10-)12 events are required 

per variable to be examined [33], we will be able to examine 25 estimators.  

 

7.2 Data processing 

Self-reported METs will be modelled continuously , dichotomised according to receiver operating 

characteristics (ROC) curves employing Youden’s J-statistic, and dichotomised based on the published 

cut-off at 4 MET [3, 5].  

For the NTproBNP subcohort, we will model NTproBNP continuously, classified by quartiles, and 

dichtomomised according to receiver operating characteristics (ROC) curves employing Youden’s J-

statistic. The appropriateness of modelling continuous variables as linear terms will be investigated 

and dealt with accordingly (i.e. adding polynomial term, or using splines or transformation). 

 

7.3 Planned analyses 

7.3.1 Main analysis 

 

The primary endpoint will be analysed using a multivariable hierarchical logistic regression model to 

take into account potential clustering within the centres. We will apply a context-based selection of 

independent variables; as such independent variables of the basic model will include: age, sex, ASA 

functional class, functional dependency in activities of daily living, estimated glomerular filtration rate 

(GFR), presence of active cancer, history (Hx) of diabetes mellitus, Hx of hypertension, Hx of congestive 

heart failure (CHF), Hx of coronary artery disease (CAD), Hx of chronic obstructive pulmonary disease 

(COPD), Hx of peripheral vascular disease (PVD), Hx of stroke, and type of surgery (low-, moderate-, 
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high-risk procedure as classified by the 2014 ESA guidelines[3] [Appendix 6]). The dichotomised, 

optimal METs cut-off determined by Youden’s J statistic will then be added (main model, Main 

objective 1). The net reclassification improvement resulting from the addition of METs to the basic 

model will be calculated. We will also calculate the net reclassification improvement by the addition 

of METs to established preoperative risk score, such as the Revised Cardiac Risk Index [9] and the 

NSQIP MICA [10]. 

We will approach the secondary outcomes using a hierarchical multivariable logistic model with the 

same independent variables, with the exception of length of stay (linear regression). 

Additionally, the study will compare model characteristics (AIC, ORs), area under the ROC curve (de 

Long) of the main model and of a model based on the cut-off at 4 METs currently endorsed by current 

guidelines [4, 5] (Main objective 2). The net reclassification improvement using the 4-MET cut-off will 

be also calculated. 

In case of mismatching answers with regard to maximal functional capacity, the lowest reported MET 

value will be used in the main analysis (see also sensitivity analyses). Statistical significance will be 

shown if the two-tailed P-value is ≤ 0.05. All analyses will be conducted in Stata (latest version at the 

time of the analysis). 

7.3.2 Datasets to be analysed 

In the main analyses, all participating patients will be analysed as far as complete covariables data are 

available. All patients enrolled in the NTproBNP substudy with available preoperative NTproBNP 

concentrations, will be included in the in the NTproBNP analysis. 

 

7.3.3 Handling of missing data 

Missing data might include missing questionnaire answers, missing co-variables for the logistic 

regressions and missing follow-ups. We will impute missing values and re-run the main model as a 

sensitivity analysis provided that data aremissing at random and the percentage of missing values 

exceed 10 %. the,. In case of partially completed questionnaire, the highest available answers will be 

considered to represent the actual functional capacity (e.g. if answered with YES only to questions 

referring to 2 and 6 METs and if all other questions remain incomplete, then the patient´s maximal 

functional ability will be assumed to be 6 METs). 

7.3.4 Ancillary analysis 

 

Sensitivity and subgroup analyses of the main model (main objectives 1 and 2) 

In sensitivity analyses, we will run the model based on maximal reported METs in case of mismatching 

answers to the questionnaire. In case of data missing (completely) at random exceeding 10%, we will 
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re-run the main model after data imputation (see above). We will run a sensitivity analysis omitting 

the ASA functional class from the model. 

Subgroup analyses will be conducted in patients undergoing major orthopedic surgery and in patients 

undergoing major vascular surgery as their functional capacity might be impaired by muscular/bone 

discomfort and lower limb ischemia, respectively. A further subgroup analysis will focus on patients 

undergoing thoracic surgery where outcome may depend more on maximal ventilatory capacity. 

Finally, we will assess the subgroup of patients aged 65 years or older with a RCRI < 2 and a NSQIP <1%.  

 

Secondary objectives 

We will calculate hierarchical logistic regression models substituting METs by the single alternative 

approaches to functional capacity estimation (1. ability to climb stairs; 2. self-assessed functional 

capacity compared to peers; 3. Daily/weekly physical activity) while keeping the same set of predefined 

independent variables (basic model). We will then compare model characteristics (AIC, ORs) and area 

under the ROC curve (de Long) of the main model and these alternative models. The net reclassification 

improvement resulting from the addition of the single approaches to functional capacity estimation to 

the basic model will be calculated. 

 

NTproBNP substudy 

In the NTproBNP substudy, we will compare model characteristics (AIC, ORs) and the area under the 

ROC curves after addition of NTproBNP to the main model (i.e. basic model+MET) and we will calculate 

the resulting net reclassification improvement.  

 

7.3.5 Deviations from the original statistical plan 

We will state and justify any potential deviation from this initial analysis plan in the manuscript. 

8. DATA AND QUALITY MANAGEMENT  

8.1 Data quality 

The sponsor is responsible for implementing and maintaining quality assurance and quality control 

systems with written SOPs to ensure that the study is conducted and data are generated, 

documented (recorded), and reported in compliance with the protocol, GCP, and the applicable 

regulatory requirements. Quality control measures will be applied to each stage of data handling to 

ensure that all data are reliable and have been processed correctly, including written SOP (in English 

for all countries) for data collection and entry, automated consistency checks, and training of 

National Coordinating Investigator and local PI. It will be responsibility of the National Coordinating 
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Investigator, with support by the study coordinating office, to train local PI. Local PI will ensure that 

the data in the eCRF is carefully entered and verified regularly. It will be the responsibility of local PIs 

to conduct periodic and random checks to ensure data quality in her/his centre. It will be the final 

The sponsor will make random assessments of centres in order to confirm that there is no improper 

and incorrect data entered into the eCRF. On-site monitoring visits by the sponsor are not planned. 

The sponsor is responsible for securing agreement from all involved parties to ensure direct access to 

all trial related sites, source data/documents and reports for the purpose of monitoring and auditing 

by the sponsor, and inspection by domestic and foreign regulatory authorities. Any agreements, 

made by the sponsor with the investigator/institution and any other parties involved with the study, 

will be in writing, as part of the protocol or in a separate agreement. No fee or financial 

compensation is given to PI and/or participating institution for patient recruitment 

8.2 Data handling and record keeping / archiving  

Data will be entered into a secure on-line database protected by personalised and confidential 

usernames and passwords and documenting the time and individual entering the data. The language 

of the online database, eCRF, and the relative SOPs is English and will not be translated in the national 

languages. Data will be collected directly from source documents into the encoded paper CRF and 

secondarily entered into the eCRF. A copy of the original source documents will be stored within a 

locked cabinet/office accessible to authorised personnel only in accordance with local and national 

regulations. An identifiable patient data page reporting the assigned patient identification code will be 

stored separately also in a locked cabinet/office (accessible to authorised personnel only) in order to 

record inhospital outcomes, supply missing data points, and to allow potential monitoring visits by 

National Coordinating Investigators, Sponsor, IRB, or regulatory authorities. Signed ICF to document 

that written informed consent was obtained prior to enrollment will be stored as described above. All 

study documents will be archived as required by local legislation. Blood samples (NTproBNP substudy) 

will not be stored after measurement of NTproBNP and will be destroyed locally as per local practice 

by the laboratory. 

Sponsor and centres will maintain and update their trial master files according to the recommendation 

of the ICH-GCP Guidelines E6(R2).  

 

8.3 Confidentiality, Data Protection  

To safeguard patients' confidentiality, a patient identification code will be assigned to encode data. 

The confidential log linking patient identification code and identifiable patient data will be stored 

separately in a locked cabinet accessible to authorised personnel only and corresponding electronic 

files will be protected by personalised and confidential usernames and passwords. eCRF are identified 
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through the patient identification code and will not include any names, initials, date of birth or local 

hospital patient numbers; therefore, no patient identifiable data will be directly accessible from the 

eCRF. Open direct access to all relevant trial information as well as source data/documents will be 

permitted for purposes of monitoring, audits or inspections to the sponsor, national coordinators, IRB, 

or regulatory authorities. All handling of personal data will comply with the GCP Guidelines and follow 

strictly the legal and national requirements for data protection. 
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9. PUBLICATION AND DISSEMINATION POLICY  

9.1 Publication of results 

The main results of MET-REPAIR and its substudies will be published in peer–reviewed international 

medical journals and presented at Euroanaesthesia and at national meetings. As recommended by 

the International Committee of Medical Journal Editors (http://www.icmje.org/ 

recommendations/browse/roles-and-responsibilities/ defining-the-role-of-authors-and-

contributors.html; accessed August 30th 2016), authorship will be considered based on contributions 

to recruitment of patients, data acquisition and cleaning, analysis and interpretation of the data, 

manuscript writing, and submission of national/local grants AND final approval of the version to be 

published AND agreement to be accountable for all aspects of the work in ensuring that questions 

related to the accuracy or integrity of any part of the work are appropriately investigated and 

resolved. Members of the SC and other particularly committed investigators (see below) that fulfill 

those criteria will be part of the Writing Group. The members of the Writing group and the “MET-

REPAIR Investigators” will be authors of the publications derived from MET-REPAIR. When submitting 

a manuscript, the corresponding author will specify the group name as “MET-REPAIR Investigators”. 

According to the recommendations issued by the International Committee of Medical Journal 

Editors, the byline of the article identifies who is directly responsible for the manuscript, and 

MEDLINE lists as authors whichever names appear on the byline. To ensure that MEDLINE will list the 

names of individual group members who are authors, there will be a note associated with the byline 

clearly stating that the individual names are elsewhere in the paper and that those names are 

authors. Each participating centre including at least 50 patients can designate one investigator to be 

mentioned in the publication. The enrollment of ≥ 200 and ≥ 350 will entitle to two and three 

mentioned investigators, respectively. Centres enrolling ≥450 patients or obtaining peer-reviewed 

grants (at national level) will designate one member of the writing committee and three 

investigators. If the number of recruited patients from a centre is too low to justify sufficient active 

involvement, the SC may decide on the legitimacy of authorship based on other contributions. The 

final decision will be left to the SC in consultation with the ESA. The local PI will be asked to submit 

names of staff actively involved from their institution in the End of Study Reporting Form (App. 8). 

Presentation at international meetings will be restricted to the members of the SC or their delegates. 

National Coordinators will qualify for presentation at national meetings after approval by the SC and 

the sponsor.  ESA Clinical Trial Network will be acknowledged in all publications and presentations.  

9.2 Secondary analyses, nested substudies, and data sharing 

After publication of the pooled results, centres will be allowed to use their own anonymised data for 

local presentation and publication. Duplicate data publication is not permitted. 

http://www.icmje.org/%20recommendations/browse/roles-and-responsibilities/%20defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/%20recommendations/browse/roles-and-responsibilities/%20defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/%20recommendations/browse/roles-and-responsibilities/%20defining-the-role-of-authors-and-contributors.html
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The anonymised pooled dataset may be available for secondary analyses upon specific request in form 

of a detailed study proposal (including authorship rules) to the SC. The final approval of these potential 

secondary analyses rests with the SC. Prior to journal submission, any paper originating from the 

pooled data will be reviewed by the SC that is also entitled to require revisions. Authorship of any 

publication derived from the pooled data set will include the group name “MET-REPAIR Investigators” 

with a byline clearly stating that the individual names are elsewhere in the paper and specifying whose 

individual names refer to authors and to collaborators, respectively. For transparency, the original 

paper has to be referenced to in all articles of secondary analyses. 

Local or national nested cohorts addressing additional questions, i.e. question not addressed in MET-

REPAIR and its substudy, and collecting additional data while sharing part of the variables collected for 

MET-REPAIR, are allowed under the following conditions: nomination of a separate sponsor (i.e., other 

than the ESA), separate ethical approval, separate informed consent, independent data management, 

and approval of a detailed study proposal by the SC. The Sponsor and the SC have the right to veto the 

nesting of a study into MET-REPAIR. The publication of any study nested within MET-REPAIR will occur 

after publication of the main results of MET-REPAIR (main objectives 1 and 2). For transparency, the 

original paper should be referenced to in all articles of nested analyses. Authorship rules for potential 

publications derived from such nested cohort studies are to be submitted to the Sponsor and SC 

together with the study proposal. 

Requests for data sharing for individual-level meta-analyses are to be addressed to the Sponsor and 

SC. 

The sponsor of the study (ESA CTN) can use anonymised pooled data for internal analyses and 

educational purposes. 

10. FUNDING AND SUPPORT  

MET-REPAIR is sponsored by a grant from the European Society of Anaesthesiology Clinical Trial 

Network (ESA CTN). The submission for national or local peer-reviewed grants to fund national or local 

implementation of the study is allowed conditional on prior written authorization from the sponsor 

and the SC. In-kind donations in form of laboratory kits (including shipment to / from local sites) from 

industrial companies may be accepted conditional on prior written authorization from the sponsor and 

the SC. The SC members declare not to have any conflicts of interest (a declaration of conflict of 

interest will be signed by each SC member and kept by the Sponsor). . 
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11. INSURANCE  

MET-REPAIR is a minimal-risk, observational study. Insurance might be required based upon individual 

agreement between local Principal Investigator and the relevant institutional legal department. The 

ESA has Public Liability insurance in place to cover the legal liability of the ESA as Sponsor in the 

eventuality of harm to a research participant arising from management of the research by the ESA. 

This does not in any way affect the responsibility of a Centre for any clinical negligence on the part of 

its staff.  
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13. LIST OF APPENDICES 

 

1. Patient Information and Consent 
 1.A. Patient Information Sheet (Main Cohort) Final Version 1.0 dated 07 Feb 2017 
 1.B. Patient Informed Consent Form (Main Cohort) Final Version 1.0 dated 07 Feb 2017 
 1.C. Patient Information Sheet (NTproBNP substudy) Final Version 1.0 dated 07 Feb 2017 
 1.D. Patient Informed Consent Form (NTproBNP substudy) Final Version 1.0 dated 07 Feb 
2017 
 1.E. Patient Information Sheet (NTproBNP substudy- stand-alone version for centres with IRB 
waiver for main study) Final Version 1.0 dated 07 Feb 2017 
1.F. Patient Informed Consent Form (NTproBNP substudy-stand-alone version for centres with IRB 
waiver for main study) Final Version 1.0 dated 07 Feb 2017 
2. Questionnaire Final Version ( English) 1.0 dated 07 Feb 2017 
3. Outcome definitions Final Version 1.0 dated 07 Feb 2017 
4. 4 - RCRI_NSQIP_Definitions Final Version 1.0 dated 07 Feb 2017 
5. Case Report Form 
 5A Screening - Inclusion Form Final Version 1.0 dated 07 Feb 2017 
 5B Patient Confidential Identification CRF Coversheet Final Version 1.0 dated 07 Feb 2017 
 5C Case Report Form Final Version 1.0 dated 07 Feb 2017 
 5D CRF Instructions Final Version 1.0 dated 07 Feb 2017 
6. Definition of type of surgery (low, intermediate- and high-risk procedures [3]) and of procedure 
site [10] Final Version 1.0 dated 07 Feb 2017 
7. Confidential Patient Log Sheet Final Version 1.0 dated 07 Feb 2017 
8. End of Study reporting form Final Version 1.0 dated 07 Feb 2017 
9 Screening Failure Tracking form Final Version 1.0 dated 07 Feb 2017 
10 Pre-study survey Final Version 1.0 dated 07 Feb 2017 

14. PROTOCOL CHANGES HISTORY 

Version 
Number  

Change 
# 

Page  Section Description of changes 

2.0 1 7 Synopsis,  
Project Duration, 
schedule: 

“Recruitment during 16 consecutive weeks for each centre 
during a study period of a 9. Follow-up duration up to 30 
days.” 
Changed to :  
“Recruitment during  a minimum of 8 consecutive weeks for 
each centre during a study period of a minimum of 12 
months across centres and until recruitment of the planned 
sample size. Follow-up duration up to 30 days.” 
 

2.0 2 20 4.2 “Centres will be asked to enroll a minimum of 50 patients (up 

to 500) over a recruitment period of 16 consecutive weeks. 

Study centre registration occurs online via the dedicated “Call 

for Centres form” on the ESA website. Within the 9-month 

period of recruitment planned for MET-REPAIR, the start of 

recruitment for individual centres (i.e. which 16 consecutive 

weeks within the 9 months) is at the discretion of the local PI, 

provided that there is a prior IRB approval. Upon request by 

the centre prior to recruitment start, the 16 weeks of 

recruitment may be split in 2 periods of time.” 
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Changed to  
“Centres will be asked to enroll a minimum of 50 patients (up 

to 500) over a recruitment period of a minimum of 8 

consecutive weeks. Study centre registration occurs online via 

the dedicated “Call for Centres form” on the ESA website. 

Within the period of recruitment planned for MET-REPAIR (at 

least 12 months), the start of recruitment for individual 

centres ( at least 8 consecutive weeks ) is at the discretion of 

the local PI, provided that there is a prior IRB approval. Upon 

request by the centre prior to recruitment start, the 

recruitment period (at centre level) may be split in 2 periods 

of time. Recruitment will continue until enrollment of the 

planned sample size (n=15,000).” 

 

 


