CLINICS ARTICLE TITLE PAGE
ARTICLE TITLE 
Perioperative risk - Stratification and modification
AUTHOR NAMES AND DEGREES
· Doctor Lewis Matthews1,2, BM FRCA FFICM
· Professor Denny Levett1,2, BM BCh PhD MRCP FRCA FFICM
· Professor Michael Patrick William Grocott1,2, BSc MBBS MD FRCA FRCP FFICM
AUTHOR AFFILIATIONS
1. Perioperative and Critical Care Theme, NIHR Southampton Biomedical Research Centre, University Hospital Southampton / University of Southampton, Southampton, UK
2. Integrative Physiology and Critical Illness Group, Clinical and Experimental Sciences, Faculty of Medicine, University of Southampton, Southampton, UK
AUTHOR CONTACT INFORMATION
· Doctor Lewis Matthews
· Shackleton Department of Anaesthesia, University Hospital Southampton NHS Foundation Trust, Tremona Road, Southampton, SO16 6YD, UK
· L.Matthews@soton.ac.uk
· Professor Denny Levett
· Perioperative and Critical Care Theme, NIHR Southampton Biomedical Research Centre, University Hospital Southampton / University of Southampton, Tremona Road, Southampton, SO16 6YD, UK
· D.Levett@soton.ac.uk
· Professor Michael Patrick William Grocott, BSc MBBS MD FRCA FRCP FFICM
· Perioperative and Critical Care Theme, NIHR Southampton Biomedical Research Centre, University Hospital Southampton / University of Southampton, Tremona Road, Southampton, SO16 6YD, UK
· Mike.Grocott@soton.ac.uk
· Twitter: @mike_grocott
CORRESPONDING AUTHOR
Doctor Lewis Matthews.
DISCLOSURE STATEMENT
LM has nothing to disclose. DL has an unrestricted educational grant from Pharmacosmos Ltd. DL is President of the Perioperative Exercise Testing and Training Society. MPWG has received funding from the NIHR Senior Investigator Scheme and the NIHR Southampton Biomedical Research Centre. MPWG has received honoraria for speaking from Astra-Zeneca Ltd and for contributing to a medical advisory board from Edwards Lifesciences Ltd.
KEY WORDS

· Perioperative medicine
· Perioperative care
· Risk stratification
· Risk prediction
· Prehabilitation 
· Shared decision making
· Comorbidity
· Multimorbidity
KEY POINTS

· Identifying patients at high risk of post-operative morbidity using individualized risk assessment is essential to help inform decision-making, facilitate preparation for surgery, and guide post-operative care.
· Empowering patients through collaborative shared decision making improves their understanding of treatment options, adherence to therapy, and reduces decision regret.
· Risk can be mitigated by using appropriate interventions to address pre-operative multimorbidity, including diabetes, anaemia, and cardio-respiratory disease.
· The complex interaction between physical, nutritional, and psychological health may be best addressed using multi-modal prehabilitation.
· Future advances in risk stratification and modification are likely to involve the integration of clinical judgement with data from wearable devices, machine learning, and artificial intelligence.
SYNOPSIS
This chapter discusses the important topic of perioperative risk stratification and the interventions which can be used in the perioperative period for risk modification. It begins with a brief overview of the commonly used scoring systems, risk prediction models, and assessments of functional capacity, and discusses some of the evidence behind each. It then moves on to examine how perioperative risk can be modified through the use of shared decision making, management of multimorbidity, and prehabilitation programs, before considering what the future of risk stratification and modification may hold.


Perioperative risk - Stratification and modification
L Matthews, D Levett, MPW Grocott
Introduction
Personalised risk assessment can be a defining step in a patient’s perioperative journey. It lays the foundations for shared decision making and is key to outlining the road map with which patients and clinicians can work collaboratively to navigate the route from the anticipation of surgery to recovery thereafter. It facilitates preparation for surgery, choice of procedure (or alternative), informed consent, and guides the use of post-operative enhanced and critical care facilities and the pathway to recovery. 
Risk assessment is pivotal to identifying those patients at higher risk of complications and death as a result of modifiable co-morbidities or behaviours (e.g. smoking, inactivity). Whilst the increased financial cost of post-operative complications is well documented, the clear association between complications and reduced long-term survival is less well recognised and has significant implications.1,2 Perioperative morbidity casts a long shadow, and it is imperative that clinicians exploit the early part of the perioperative pathway to identify and modify key risk factors in order to maximise patient resilience prior to surgery and thereby minimise post-operative harm.3,4 
In first part of this chapter we discuss how risk can be assessed using prediction models, clinical judgement, and assessments of functional capacity. In the second part we examine how risk can be modified through shared decision making, managing multimorbidity, and prehabilitation, before finally looking at what the future may bring.


Risk stratification – Scores and models
Risk stratification tools can be classified as those that use a cumulative scoring system to stratify risk and those that use risk prediction models. Both are normally developed using multivariable analysis of risk factors for the outcome of interest, in this case perioperative morbidity and death. Risk scores are simple to use, but do not provide a numerical estimate of individual patient risk. Prediction models are more complicated in their execution, but do provide an individualised risk estimate.5
The Anesthesiologists Physical Status (ASA-PS) is the best example of a commonly used scoring system. The Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity (POSSUM), Surgical Outcome Risk Tool (SORT) calculator, and the American College of Surgeons National Service Quality Improvement Program (ACS NSQIP) calculator are all examples of prediction models. Scores and models can be further divided into those that give an assessment of overall surgical risk, for example SORT, and those that estimate risk of an adverse outcome for a particular organ system, such as the Revised Cardiac Risk Index (RCRI).
Assessment of overall perioperative risk
American Society of Anesthesiologists Physical Status 
The ASA-PS classification was originally described in 1941 and was developed to recognise the importance of a patient’s physical state to operative risk.6 It was adopted into practice in 1962 and has evolved into the current iteration which subjectively classifies a patient’s physical status from I to V, on a scale of increasing severity of disease. An ASA classification of I denotes a “normal healthy patient”, whereas an ASA V patient would “not be expected to survive without the operation”. The suffix “E” is added in the setting of emergency surgery and there is an additional ASA VI classification in the context of organ donation. (Table 1) It is simple to use and intuitive, with a higher value being associated with a higher likelihood of post-operative morbidity and mortality across multiple surgical specialties. In a meta-analysis of over 165,000 patients ASA-PS was found to have a sensitivity comparable to other commonly used scores, such as Lee’s RCRI and POSSUM, for predicting post-operative mortality.7 
Despite its ease of use and reasonable predictive characteristics, ASA-PS has a number of limitations. It does not take into account the planned surgery, objective observations, nor attempts to improve modifiable co-morbidities, and has been shown to be a poor predictor of risk of complications for individual patients.8 This makes it less useful than other tools, for example the SORT and American College of Surgeons National Service Quality Improvement Program (ACS NSQIP) calculators, for personalised risk discussions during a shared decision making consultation. Furthermore, a high level of inter-observer variability is observed due to the subjective nature of the classification.9,10 
	ASA-PS Classification
	Definition

	I
	A normal healthy patient

	II
	A patient with mild systemic disease

	III
	A patient with severe systemic disease

	IV
	A patient with severe systemic disease that is a constant threat to life

	V
	A moribund patient who is not expected to survive without the operation

	VI
	A brain-dead patient whose organs are being removed for donor purposes


Table 1. ASA-PS classification definitions
Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity (POSSUM)
The POSSUM was developed in 1991 using multivariable analysis to establish 12 physiological and six surgical variables that best predicted 30-day morbidity and mortality following elective and emergency surgery.11 (Table 2) The model was updated in 1998 by Prytherch and colleagues because of concerns that the initial model over-estimated post-operative mortality. The adapted model, called the Portsmouth-Possum (P-POSSUM), predicts post-operative survival more accurately than the original model.12 However, the P-POSSUM does not provide an estimate of morbidity.
Variations of the POSSUM model are available for the prediction of post-operative mortality in both colorectal (CR-POSSUM) and oesophago-gastric (O-POSSUM) surgery.13,14 These comprise 10 and 16 variables, respectively, many of which are common to the original POSSUM. Although reasonably accurate, both P-POSSUM and its subsequent variations have been shown to consistently over-predict post-operative mortality.15,16,17 Furthermore, whilst P-POSSUM may be used to generate an individualised assessment of risk of mortality, error is introduced by the requirement to make assumptions about likely operative findings, and then revise them post hoc.
	Physiological parameters
	Operative parameters

	Age
	Haemoglobin
	Operative type

	Cardiac disease
	White cell count
	Number of procedures

	Respiratory disease
	Urea
	Blood loss

	ECG findings
	Sodium
	Peritoneal contamination

	Systolic blood pressure
	Potassium
	Malignancy

	Heart rate
	Glasgow coma score
	Urgency of surgery


Table 2. P-POSSUM physiological and operative parameters
The Surgical Outcome Risk Tool
The first iteration of the SORT calculator was developed in 2014 using data from patients having surgery in the United Kingdom (UK), and estimated the risk of in-hospital mortality following elective surgery using information about the planned procedure and six pre-operative variables (ASA-PS classification, urgency of surgery, high-risk surgical specialty, surgical severity, cancer and age).18 It is validated for use in non-neurological and non-cardiac surgery. 
Unlike other risk prediction models, such as P-POSSUM, it does not require any pre-operative investigations and is therefore easier to use early in the perioperative pathway to support shared decision making and plan post-operative care. It is accurate across a wide range of surgical specialties and was recently reported to be a better predictor of 30-day post-operative mortality than P-POSSUM in a large, international, observational study.19 The discrimination of SORT appears to be improved by the addition of clinical judgment, resulting in the inclusion of a clinical risk assessment in version 2 of the SORT calculator. Both are available at http://www.sortsurgery.com/. Version 2 of the calculator is recommended for use when the opinion of an experienced clinician or multi-disciplinary team is available. If this is not possible then use of SORT version 1 is recommended.20 (Table3)
	Surgical Outcome Risk Tool variables

	Planned surgical procedure

	Severity of planned procedure (Minor/Intermediate/Major/Complex)

	ASA-PS

	Urgency of surgery

	Thoracic, Gastrointestinal or Vascular surgery

	Cancer

	Age

	Clinical risk assessment (SORT version 2 only)


Table 3.Surgical Outcome Risk Tool variables
American College of Surgeons National Service Quality Improvement Program Surgical Risk Calculator
The ACS NSQIP Surgical Risk Calculator uses 20 patient specific variables in addition to the “Current Procedural Terminology” (a billing code for the operative procedure) to estimate the risk of 18 different post-operative outcomes within 30 days of surgery. These include death, complications, return to theatre and discharge to nursing or rehabilitation facilities. It is available at https://riskcalculator.facs.org/RiskCalculator/index.jsp.
NSQIP was first described in 1998 and the ACS surgical risk calculator was launched in 2013.21 It was developed and validated using data from over 1.4 million patients from 393 hospitals in the United States, the first version predicted nine adverse outcomes.22,23 The most recent version uses data collected from over 5 million procedures and 874 hospitals across North America. Similar to SORT, the ACS NSQIP calculator also has the option to include clinical judgement, in this case the “surgeon adjustment of risks”. This adjusts the predicted risk using the standard deviation of the risk of the planned procedure, depending on perceived risk.
Cardiac specific risk prediction models
Cardiac events account for a significant proportion of deaths following non-cardiac surgery. Historically, the term Major Adverse Cardiac Events (MACE) has been used to describe a range of post-operative cardiac complications associated with increased morbidity and death. More recently, the term Myocardial Injury after Non-cardiac Surgery (MINS) has evolved to describe post-operative troponin elevations associated with increased 30-day mortality.24
The purpose of perioperative cardiac risk assessment is to identify those at risk of MACE and MINS in order to inform patient choice, surgical options, and decide if additional investigations and interventions are warranted to reduce post-operative morbidity. The risk of a particular procedure is defined as low (<1%), intermediate (1-5%) or high (>5%) with regards to the risk of myocardial infarction (MI) or cardiac death within 30 days of surgery).25 (Table 4) This information is combined with patient specific variables in the commonly used cardiac risk prediction models.
	Low risk (<1%)
	Intermediate risk (1-5%)
	High risk (>5%)

	Superficial surgery
Dental surgery
Eye
Minor gynaecology, urology and orthopaedic
	Symptomatic carotid
Endovascular aneurysm repair
Head and neck
Major gynaecology and urology
	Aortic and major vascular
Major hepato-biliary
Oesophagectomy
Repair of perforated bowel
Pneumonectomy


Table 4. Procedural risk of myocardial infarction or cardiac death within 30 days
The Revised Cardiac Risk Index
A number of tools have been developed over the last 35 years for the assessment of cardiac risk in non-cardiac surgery, most notably those by Goldman,26 Detsky,27 and Lee and colleagues.28 Lee’s RCRI is the most contemporary of these, published in 1999, and is a modification of the earlier work by Goldman et al. It was developed and validated in patients aged over 50 undergoing major non-cardiac surgery, and uses six variables to predict post-operative MI, pulmonary oedema, ventricular fibrillation, cardiac arrest, and complete heart block. (Table 5) It is a cumulative score, with each additional point conferring additional risk of a major cardiac event. For example, an RCRI score of 1 is associated with a 6% risk of MI, cardiac arrest or death, whereas a score of 3 or more increases this to 15%.29
Since its’s initial development the RCRI has been criticised for under-estimating the risk of post-operative cardiac morbidity in non-cardiac surgery.29,30 However, this is likely in part due to the evolution of the definitions of MACE and changes in the cardiac biomarkers used to assess cardiac injury. Lee’s 1999 paper used Creatinine Kinase Muscle and Brain isoenzyme as a biomarker for myocardial injury whereas more recent studies use troponin, resulting in increased diagnosis of post-operative myocardial injury, albeit likely of less certain clinical significance. 
The Myocardial infarction or Cardiac Arrest model
More recently, Gupta et al. described the Myocardial Infarction or Cardiac Arrest (MICA) model. It was developed using data from over 200,000 patients from the 2007 NSQIP database, and subsequently validated in over 250,000 patients from the 2008 database.31 It is available at http://www.surgicalriskcalculator.com/miorcardiacarrest.
The MICA uses five variables to predict intra- or post-operative MI or cardiac arrest within 30 days of surgery and demonstrates a high degree of discrimination (AUROC 0.874) (Table 5). Although superior to the RCRI for this particular outcome (AUROC 0.747), the RCRI gives additional estimates for the risk of pulmonary oedema, ventricular fibrillation and heart block. Depending on the particular outcome of interest, both are therefore recommended for use by the European Society of Cardiology.32 A comparison of the two is described in Table 5. 
	Lee’s Revised Cardiac Risk Index
	Myocardial Infarction or Cardiac Arrest model

	Type of surgery
	Type of surgery

	History of ischaemic heart disease
	Dependent functional status

	History of congestive heart failure
	ASA-PS classification

	History of cerebrovascular disease
	Age

	Creatinine >170μmol/L
	Creatinine > 133μmol/L

	Insulin therapy
	-


Table 5. Comparison of the Revised Cardiac Risk Index and the Myocardial Infarction or Cardiac Arrest model
Assessment of functional capacity
Functional capacity is a term used to describe the ability of an individual to perform activities of daily living during sustained aerobic metabolism.33 This ability is determined by the integrated working of the pulmonary, cardiovascular, musculoskeletal and metabolic systems. By combining an objective assessment of functional capacity with information about co-morbidities and the planned surgical procedure a more individualised assessment of risk can be achieved.

In this section we discuss the principal methods of perioperative functional capacity assessment. Cardio-pulmonary exercise testing (CPET) is considered the gold standard in the perioperative setting, as it mimics the physiological impact of surgery on the pulmonary, cardiovascular, musculoskeletal and metabolic systems. However, CPET requires specific equipment, personnel, and expertise, which may not be available or appropriate for particular patients. In this situation simpler assessments should be used, such as the six minute walk test (6MWT), appreciating that these are unable to accurately assess aerobic capacity.34
Cardiopulmonary exercise testing
Cardiopulmonary exercise testing is a non-invasive, objective, assessment of a patient’s functional capacity that produces dynamic integrated evaluation of physiology that cannot be obtained by testing organ systems in isolation or at rest.35,36 Consensus guidelines recommend CPET be used to estimate pre-operative risk, inform shared decision-making, and guide post-operative levels of care.37 
The earliest description of CPET for perioperative risk prediction in non-cardiothoracic surgery was by Older and colleagues, who demonstrated that an anaerobic threshold (AT) <11 ml.kg−1.min−1 was associated with increased post-operative mortality in patients aged over 60 having major abdominal surgery.38 Since then the use of perioperative CPET has expanded significantly and has been shown to predict post-operative morbidity and mortality in bariatric, colorectal, hepatobiliary, thoracic, upper gastro-intestinal, urology, and vascular cohorts.39,40 
The majority of tests are performed using cycle ergometry, a safe procedure with a low complication rate (< 5 per 100,000 tests).41,34 Breath-by-breath expired gas analysis is combined with continuous ECG and SpO2 monitoring during incremental exercise. The measurements taken enable the calculation of key cardio-pulmonary and gas exchange variables, of which the most commonly described in the perioperative literature are the peak oxygen uptake (VO2peak), AT, and the Ventilatory Equivalent for CO2 (VE/VCO2). (Table 6) 
The risk thresholds associated with these variables depend on numerous patient, surgical, and healthcare system factors and some have decreased over time as perioperative care has improved.42 The contribution of other CPET variables to risk assessment is increasingly being explored. Examples include the oxygen pulse, an indirect assessment of dynamic stroke volume and oxygen consumption.39
	CPET variable
	Definition

	Peak oxygen uptake (VO2peak)
	Highest oxygen uptake achieved on a rapid incremental exercise test

	Anaerobic threshold (AT)
	Oxygen uptake above which there is a metabolic transition to increased glycolysis and lactate begins to rise with an associated metabolic acidosis

	Ventilatory equivalent for carbon dioxide (VE/VCO2)
	The ratio of minute ventilation to carbon dioxide production, reported at the anaerobic threshold or as the gradient of the VE/VCO2 slope


Table 6. Definition of commonly reported CPET variables

Cardio-pulmonary exercise testing as a predictor of perioperative risk was recently assessed in the Measurement of Exercise Tolerance before Surgery (METS) study, described in more detail in the “Clinical Judgement” section below.43 Although CPET was not predictive of the death or MI within 30 days of surgery, it was the only method that predicted complications after surgery. Of note, the METS participants had a higher mean VO2peak compared to non-selected studies, which may suggest a bias towards healthier participants and limit generalisability to higher risk populations.44
Alternative assessments of functional capacity
Where CPET is unavailable simpler functional capacity assessment should be considered. The 6MWT is the most commonly used walking test amongst those that assess cardio-pulmonary function.45 It measures the distance that a patient can quickly walk on a flat, hard, surface in six minutes.46 Evidence for its use is mixed with some studies demonstrating differences in outcomes and others not.47 It appears to be an adequate discriminator between a high and low AT, and in a secondary analysis of a sub-group of the METS cohort Ramos et al. found the 6MWT to moderately correlate with CPET variables.48,49
Other options include the incremental shuttle walk test (ISWT) and the timed up and go (TUG) test. The ISWT is a maximal exercise test controlled by a series of pre-recorded signals, and was found to be a better predictor of post-operative outcomes than the 6MWT in patients having abdominal surgery in a review by Moran et al.47,50 Participants must cover 10 metres between signals, the interval between which decreases as the test proceeds. The test is finished when the participant fails to keep up with the signals. The ISWT shows a strong relationship with VO2peak in general surgical patients and good discriminatory ability between patients with a high or low AT.51 The TUG test was originally designed to assess mobility in frail older people.52 It assesses the time taken to out of a chair, walk three meters, and return to the seated position. It is associated with major post-operative complications in cancer surgery.53
Clinical judgement
Subjective assessment of perioperative risk remains a contentious area. In recent years two large studies have assessed subjective clinical judgement compared to risk stratification tools and objective assessments of functional capacity.
In the 2018 METS study Wijeysundera and colleagues compared four methods of functional capacity assessment in the prediction of a composite primary outcome of death or MI within 30 days of surgery.43 These methods evaluated were: (i) subjective assessment of metabolic equivalents; (ii) CPET; (iii) Duke Activity Status Index (DASI) questionnaire; and (iv) serum NT pro-BNP (BNP). METS was conducted in 25 hospitals in Canada, UK, and Australasia, and enrolled patients aged 40 and over having elective non-cardiac surgery. 1,401 participants were included in the final analysis and at 30 days 0.4% had died and 2% had had an MI. The DASI questionnaire and BNP were both associated with the primary outcome. CPET was not, but was uniquely associated with complications. Subjective assessment was associated with neither and the authors concluded that it should not be used to assess functional capacity in clinical practice.
In SNAP-2: EpiCCS (SNAP-2), published in 2020, Wong and colleagues compared three risk assessment models (P-POSSUM, SORT, and the Surgical Risk Scale) with subjective assessment and investigated whether these models improved risk prediction.19 SNAP-2 was conducted in 274 hospitals in the UK and Australasia and included patients aged 18 and over whose procedure required an anaesthetist. Clinicians were asked to estimate the risk of 30 day post-operative mortality and to detail how they came to this estimate. 21,325 cases were included for analysis and a 30-day mortality of 1.4% was observed. Nearly 80% of clinicians reported using subjective assessment alone to inform their risk assessment. Of the three risk assessment models the SORT calculator performed best (AUROC 0.90). Subjective assessment alone demonstrated good discrimination (AUROC 0.89). The model providing the best discrimination was a combination of SORT and subjective assessment (AUROC 0.92). The authors concluded that combining subjective and objective risk assessment provided a more accurate estimate of 30-day postoperative mortality than subjective assessment alone.
Both publications were multicentre, international, studies run in high-income countries with comparable healthcare systems. Both described the observed mortality to be similar to previously published large cohort studies. However, they differ is in what was “subjectively assessed”. In the METS study clinicians were asked to assess functional capacity in metabolic equivalents, graded as poor (<4), moderate (4–10), or good (>10). This assessment was then used in the analysis of the primary outcome. In SNAP-2 clinicians were asked to estimate the percentage risk of death in six pre-defined categories ranging from <1% to >50% as part of their completion of the case report form. In relation to the perioperative utility of clinical judgement, the conclusion that should perhaps be drawn is that clinicians appear good at subjectively assessing the risk of post-operative mortality, but not functional capacity. However, it is notable that other studies of clinical judgement have not been as supportive of this approach.


Modification of perioperative risk
Having assessed the risk of morbidity it is incumbent on clinicians to mitigate that risk where possible. This begins by ensuring patients have made an informed decision about the options available to them, which can be achieved through shared decision making. The impact of multimorbidity, including diabetes, anaemia, and cardio-respiratory disease should also be addressed and appropriate interventions put in place. Finally, resilience to the insult of surgery may be maximised through the use of multi-modal prehabilitation.
Shared decision making
Reducing the risk of poor outcome is not simply about prescribing a new anti-hypertensive or advising a patient to exercise more. Approximately one in seven patients report decision regret following surgery and there is a moral obligation to ensure patients are aware of the material risks of the planned operation before proceeding.54 The process by which patients and clinicians work collaboratively to make evidence-based decisions centred on the patient’s preferences and values is termed shared decision making (SDM).55 Empowering patients in decisions about their care improves their understanding of the available treatments, adherence to therapy, and results in less decision regret.56 A central part of the SDM process is helping the patient weigh up the risks and benefits of each available treatment option, including that of not having surgery. This can be supported by the patient asking four “BRAN” questions of healthcare professionals: (i) What are the Benefits?; (ii) What are the Risks?; (iii) What are the Alternatives?; (iv) What happens if I do Nothing?56
One commonly used SDM method is the three-stage model.57 The first step in this approach is the “Team talk”, where patients and clinicians work together to discuss choices and explore goals. This is followed by the “Option talk”, where alternative treatment options are compared, before moving on to a “Decision talk” where the informed patient arrives at a final choice. This process is iterative and under-pinned by collaborative deliberation.58 Whichever model is used, clear communication of risk is key and this is can be achieved with the use of decision aids. These provide easy to interpret depictions of the, sometimes nebulous, concept of individual risk and help patients consider their own personal preferences and values.59,60 In a 2017 Cochrane review the use of decision aids was found to reduce the number of people choosing major elective invasive surgery, in favour of more conservative options (RR 0.86; 95% CI 0.75 - 1.00).61
Shared decision making shifts the focus from historical paternalism to putting the patient at the centre of decisions about their care. It’s significance is highlighted by its position as a central pillar in the long term plans of large healthcare systems, such as the UK National Health Service.62 Although not a novel idea in healthcare, first described in the early 1980’s, the literature regarding perioperative SDM is currently limited to a handful of studies. Research programmes, such as Optimising Shared decision makIng for high RIsk major Surgery (OSIRIS)63 are underway and should help inform future SDM practice.64
Multimorbidity
Multimorbidity is defined as the presence of two or more chronic conditions.65 Prevalence increases with age and it is associated with perioperative morbidity and death. A comprehensive review of all conditions is beyond the scope of this chapter. This section therefore focuses on those which are commonly encountered and may be amenable to intervention in the perioperative period.
Diabetes
More than half a billion of the world’s population are diabetic. In Europe over a third of people with diabetes are unaware of their condition, and in the UK diabetic patients account for 15% of all surgeries undertaken.66,67 It is a chronic, multisystem, disease associated with increased post-operative length of stay, complications, and death.68,69,70 Outcomes are worse for patients in patients for whom the condition is unrecognised prior to surgery, highlighting the importance of addressing this modifiable condition across the continuum of primary and secondary care.71,72
World Health Organisation (WHO) guidance recommends the use of one of four diagnostic tests to diagnose diabetes. These are fasting plasma glucose; the oral glucose tolerance test; random glucose in a person with signs and symptoms; and HbA1c.73 HbA1c is the average erythrocyte glycation over three months and the most commonly used test in recent perioperative guidance, with a level ≥ 48mmol/mol being diagnostic for diabetes.73 Despite the increased risk of harm from undiagnosed diabetes routine pre-operative screening is not currently recommended, which some argue is a missed opportunity to improve outcomes.74,75 For a detailed review of management the reader is directed towards guidelines recently published by the UK Centre for Perioperative Care.76
There is limited literature exploring pre-operative diabetic interventions, in part because most would consider the possibility of randomising a known diabetic patient to no treatment unethical. Given the strength of observational data, most guidelines promote the pre-operative optimisation of HbA1c.77 Current National Institute for Health and Care Excellence guidance recommends that a known diabetic patient should have their HbA1c checked within three months of surgery and commence treatment if it is ≥ 58mmol/mol.74,78 In the UK an HbA1c ≥ 69mmol/mol should prompt specialist referral for optimisation and consideration of surgical delay.76 Similar practice is observed internationally, though precise HbA1c thresholds vary.77 
Anaemia
Approximately 40% of patients having major surgery are anaemic.79 Perioperative anaemia is associated with increased morbidity and mortality, possibly through the risk of allogeneic blood transfusion.80,81 The WHO currently recommend haemoglobin thresholds of < 130g/L in men and < 120g/L in women be used to define anaemia.79,82 The use of these values has faced criticism for putting women at greater risk during major surgery, as they may be more likely to require blood transfusion due to a smaller circulating blood volume.83,84
Patients having major surgery should have a haemoglobin checked at least 14 days pre-operatively and if < 130g/L further investigations should be undertaken to establish cause. These include full blood count, haematinics, transferrin saturation, CRP, and renal function.85,86 In the majority of cases the cause is iron deficiency and, if so, international guidelines currently recommend iron therapy.86,87 Iron can be given orally or intravenously, however if the time between diagnosing anaemia and surgery is less than six weeks intra-venous preparations may be preferred due to the slower onset of oral iron. 
The iron therapy literature has evolved since these guidelines were published. Although early observational studies appeared to suggest a benefit in reducing transfusion rates, a 2019 Cochrane review not find a significant benefit for the use of iron compared to placebo for the reduction of blood transfusion (RR 1.21, 95% CI 0.87-1.70).88 More recently, the Preoperative intravenous iron to treat anaemia before major abdominal surgery trial (PREVENTT) found no difference in blood transfusion or death in 487 patients undergoing major elective abdominal surgery randomised to either intravenous iron or placebo.89 However, some have questioned the generalisability of PREVENTT as routine iron studies were not stipulated in the trial design prior to receiving treatment.
Frailty
Frailty is a complex condition with numerous definitions. The British Geriatric Society describe it as a “distinctive health state related to the ageing process in which multiple body systems gradually lose their in-built reserves”.90 It is associated with increased perioperative morbidity, mortality, and length-of-stay.91,92 It is also associated with post-operative functional decline and discharge to institutional care.93,94 Managing frailty was recently identified as one of the three top priorities in Perioperative Medicine. It ranked higher than predicting perioperative risk, management of co-morbidities, and pre-operative exercise therapy.95 
The two most commonly described models of frailty are the phenotype model and the deficit accumulation model. The phenotype model describes a combination of three or more of: unintentional weight loss; self-reported exhaustion; weakness; slow walking speed; and low physical activity.96 The deficit accumulation model details 70 different deficits, with the likelihood of being frail increasing as deficits accumulate.97 Both models are time-consuming to assess and, in the case of the phenotype model, require specialist equipment. Simpler alternatives include the Clinical Frailty Scale (CFS) and Edmonton Frail Scale (EFS). The CFS is a nine-point scale grading patients from very fit to terminally ill, and is designed for use in the outpatient setting. The EFS is a 17-point scale assessing 10 different cognitive, functional and medical domains. It is validated for use by non-Geriatricians and takes less than five minutes to complete.98
Those identified as being frail should ideally be referred onto a perioperative team with expertise in comprehensive geriatric assessment (CGA).99 The CGA is a multidimensional, holistic, assessment which is considered the gold standard for managing frailty.100 This may involve a clinician with expertise in geriatric medicine. In the last decade there has been a significant increase in geriatric medicine services being integrated into perioperative pathways, with geriatrician-led services becoming more common.101 The Pro-active care of Older People undergoing Surgery is one example of such a service.102 There is observational data to support these shared care models in combination with CGA in reducing complications, length-of-stay, healthcare costs, and enabling a quicker return to function.103,104,105
Prehabilitation
Prehabilitation is a term which describes the process by which patients improve their physiological, metabolic, and psychological fitness before surgery to withstand the stress of the operation. The overall the aim is to improve resilience to physiological stress and thereby reduce morbidity and accelerate recovery.106 In contrast to the medical management of co-morbidities and multimorbidity which typically involve pharmacological or procedural interventions, prehabilitation is characterised by behavioural changes by the patient, encouraged and supported by healthcare professionals. This is achieved through physical and psychological screening and assessment and then prescription of appropriate interventions. Screening and assessment evaluate baseline functional capacity, nutritional status, and harmful behaviours (smoking, alcohol, drugs) as well as identifying co-morbidities that may be barriers to prehabilitation interventions. Interventions including exercise, dietary modification, and behavioural change support are targeted at improving improve physical and psychological health and thereby maximising resilience.107. In relation to surgery, this approach was originally described by Carli et al. in the elderly surgical population, with promotion of a combination of aerobic exercise, resistance training, and nutritional interventions. It has since been applied across a wide variety of perioperative settings, particularly surgery for cancer where much of the literature currently resides.
Prehabilitation can be a uni-modal or multi-modal intervention. The commonest modes are those that target functional capacity, nutritional health, and psychological wellbeing. Much of the literature focuses on the first of these domains. In a randomised controlled trial in 2018, Barberan-Garcia and colleagues found exercise focused prehabilitation to reduce post-operative complications in high-risk patients having intra-abdominal surgery.108 The proposed mechanism for this reduction was through improved aerobic capacity. Improved functional capacity has also been observed in small trials of prehabilitation in a number of surgical oncology cohorts.109,110,111. However, improved functional capacity may not universally translate into better clinical outcomes. Two recent systematic reviews of patients having surgery for intra-abdominal and gastro-intestinal cancers found that prehabilitation improves functional capacity and reduces length of stay, but did not affect post-operative complications.112,113
The interaction between physical, nutritional, and psychological health is complex, hence a multi-modal approach may be the best way of maximising individual patient benefit.114,115 With regards to nutrition, prehabilitation programmes combining nutrition and exercise interventions have been shown to reduce length of stay in patients having colorectal cancer surgery.116 Furthermore, in a recent systematic review of multi-modal prehabilitation in patients having surgery for lung cancer, only nutritional prehabilitation was found to reduce complications.117 Addressing psychological wellbeing is also important in a multi-modal approach, as anxiety and depression are known to affect post-operative outcomes.118 Interventions rooted in behavioural change science may improve outcomes and there is evidence for the use of psychological interventions in patients having surgery for breast, colon, and prostate cancer.119 To further support a multi-modal approach two recent studies have shown psychological and nutritional interventions, in combination with exercise, to improve treatment adherence, fitness, and post-operative recovery.120,121
One of the main difficulties in drawing strong conclusions from the prehabilitation literature is the heterogeneity of interventions and the cohorts in which they are studied. There does, however, appear to be an overall signal for benefit and prehabilitation has already become a key recommendation for people living with cancer.122 Key questions for perioperative medicine, such as timing, combination, location, and “dosing” of therapies in individual cohorts will hopefully be addressed through a number of randomised controlled trials currently in progress.
Smoking and alcohol cessation 
Despite the pathological effects of smoking tobacco being well documented it remains the leading cause of premature death in the UK and USA.123,124 Every patient interaction can be a teachable moment and there is a responsibility for perioperative clinicians to intervene from the perspective of surgical risk, as well as the larger picture of long-term patient and public health.125 There is a clear association between smoking and increased post-operative morbidity.126,127 This risk can be significantly reduced by pre-operative smoking cessation interventions.128 These include behavioural change techniques, nicotine-replacement therapy (NRT), and the nicotine receptor agonist varencicline. 
In a 2014 Cochrane review examining interventions for pre-operative smoking cessation high-intensity behavioural interventions were shown to increase abstinence at one-year and were associated with a reduction in post-operative complications (RR 0.42, 95% CI 0.27–0.65).129 There is limited data for the pharmacological interventions, such as NRT and varencicline, having an impact on post-operative morbidity, however they do demonstrate an improvement in smoking cessation rates and should therefore be considered in appropriate patients.130,131
Excess alcohol consumption is also a major cause of premature and preventable death, and causes over 5% of the global burden of disease.132 In the UK the health, social, and economic costs are estimated to be between £21 and £52 billion a year.133 Alcohol misuse is associated with worse outcomes following surgery and efforts should be made to reduce consumption to within “safe” limits.134,135 A 2018 Cochrane review assessing the effectiveness of perioperative alcohol cessation interventions on rates of complications and alcohol consumption found intensive interventions increased the number of people quitting alcohol and reduced post-operative complications.136 The Alcohol Use Disorders Identification Test (AUDIT-C) is a quick screening test which can be used for identifying at-risk drinkers. It is a modification of an original 10 question AUDIT tool developed by the WHO and comprises three questions with a maximum of four points available for each question.137 Scores ≥ 4 in men and ≥ 3 in women suggest alcohol misuse, with higher scores suggesting greater severity of misuse.
The future: wearable technology, artificial intelligence, and machine learning
It has been over 80 years since the ASA-PS classification was first described.6 Risk stratification has come a long way since 1941 and it is likely that the next advance is going to be greater integration of clinical acumen with information generated by wearable devices and analysed by artificial intelligence (AI). Machine learning is one example of how AI can be used in clinical practice. Machine learning involves programming a computer to behave in a way that would be described as “learning” if undertaken by humans.138 It is a necessary part of predictive analytics and uses large data-sets to develop systems, identify patterns, and make decisions.139 Much of machine learning is built on neural networks, which underpin deep learning algorithms. Neural networks are named such as they are designed to mimic human neuronal signalling.140
Machine learning and neural networks have already shown promise for intra-operative care, such as predicting intra-operative hypotension using arterial waveform analysis and using deep neural networks to predict levels of sedation during total intravenous anaesthesia.141,142 But what about risk prediction? Assessment of pre-operative functional capacity may be enriched by the global expansion in wearable technology.143 Data produced from wearables in combination with machine learning has already been applied in predicting outcomes and functional recovery for patients undergoing colorectal, hepato-biliary, and major joint replacement surgery.144,145,146 Furthermore, Jones and colleagues recently demonstrated that data output from wearables were moderately associated with a number of CPET variables, suggesting they could play a larger role in pre-operative functional capacity assessment in the future.147 
Artificial intelligence may also enhance risk prediction of poor outcomes, both pre-operatively and in the operating theatre. In 2018 Fritz and colleagues described a neural network model for predicting 30-day post-operative mortality, with an AUROC of 0.867.148 The model included pre-operative and intra-operative data, enabling it to give a “real-time” estimate of the risk of post-operative death. An interesting proposition when considering how this might aid decisions around whether or not a patient requires post-operative critical care. In similar work, Hill et al. were able to use machine learning and electronic patient record data to construct an automated score that was a better predictor of in-hospital mortality than some conventional scores, such as the ASA-PS.149 Most recently, machine learning has been applied to answer previously unanticipated perioperative questions, such as predicting the risk of mortality in patients undergoing surgery with concurrent SARS-Cov-2 infection.150
Conclusion
[bookmark: _GoBack]Personalised risk assessment underpins all elements of perioperative care from shared decision making, prehabilitation, and management of comorbidity/multimorbidity to choice of post-operative care environment and application of enhanced recovery. A variety of increasingly sophisticated approaches have evolved over the last half-century leading to a current position where reasonable estimates of overall, and disease specific, risk can be obtained when clinicians apply the available techniques. Looking forward, developments in data inputs (e.g. wearables) and analysis techniques (e.g. AI) are likely to result in more accurate and specific prediction of risk throughout the perioperative journey.


References

1. 	Healy MA, Mullard AJ, Campbell DA Jr, Dimick JB. Hospital and Payer Costs Associated With Surgical Complications. JAMA Surg. 2016;151(9):823-830.
2. 	Moonesinghe SR, Harris S, Mythen MG, et al. Survival after postoperative morbidity: a longitudinal observational cohort study. Br J Anaesth. 2014;113(6):977-984.
3. 	Grocott MPW, Plumb JOM, Edwards M, Fecher-Jones I, Levett DZH. Re-designing the pathway to surgery: better care and added value. Perioper Med (Lond). 2017;6:9. 
4. 	Horowitz M, Neeman E, Sharon E, Ben-Eliyahu S. Exploiting the critical perioperative period to improve long-term cancer outcomes. Nat Rev Clin Oncol. 2015;12(4):213-226.
5. 	Moonesinghe SR, Mythen MG, Das P, Rowan KM, Grocott MP. Risk stratification tools for predicting morbidity and mortality in adult patients undergoing major surgery: qualitative systematic review. Anesthesiology. 2013;119(4):959-981.
6. 	Saklad M. Grading of patients for surgical procedures. Anesthesiology. 1941;2(3):281-284.
7. 	Koo CY, Hyder JA, Wanderer JP, Eikermann M, Ramachandran SK. A meta-analysis of the predictive accuracy of postoperative mortality using the American Society of Anesthesiologists' physical status classification system. World J Surg. 2015;39(1):88-103.
8. 	Wolters U, Wolf T, Stützer H, Schröder T, Pichlmaier H. Risk factors, complications, and outcome in surgery: a multivariate analysis. Eur J Surg. 1997;163(8):563-568.
9. 	Haynes SR, Lawler PG. An assessment of the consistency of ASA physical status classification allocation. Anaesthesia. 1995;50(3):195-199.
10. 	Grocott MP, Levett DZ, Matejowsky C, Emberton M, Mythen MG. ASA scores in the preoperative patient: feedback to clinicians can improve data quality. J Eval Clin Pract. 2007;13(2):318-319.
11. 	Copeland GP, Jones D, Walters M. POSSUM: a scoring system for surgical audit. Br J Surg. 1991;78(3):355-360.
12. 	Prytherch DR, Whiteley MS, Higgins B, Weaver PC, Prout WG, Powell SJ. POSSUM and Portsmouth POSSUM for predicting mortality. Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity. Br J Surg. 1998;85(9):1217-20.
13. 	Tekkis PP, Prytherch DR, Kocher HM et al. Development of a dedicated risk-adjustment scoring system for colorectal surgery (colorectal POSSUM). Br J Surg. 2004;91(9):1174-82.
14. 	Tekkis PP, McCulloch P, Poloniecki JD, Prytherch DR, Kessaris N, Steger AC. Risk-adjusted prediction of operative mortality in oesophagogastric surgery with O-POSSUM. Br J Surg. 2004;91(3):288-95.
15. 	Lagarde SM, Maris AK, de Castro SM, Busch OR, Obertop H, van Lanschot JJ. Evaluation of O-POSSUM in predicting in-hospital mortality after resection for oesophageal cancer. Br J Surg. 2007;94(12):1521-6.
16. 	Bosch DJ, Pultrum BB, de Bock GH, Oosterhuis JK, Rodgers MG, Plukker JT. Comparison of different risk-adjustment models in assessing short-term surgical outcome after transthoracic esophagectomy in patients with esophageal cancer. Am J Surg. 2011;202(3):303-9.
17. 	Lai F, Kwan TL, Yuen WC, Wai A, Siu YC, Shung E. Evaluation of various POSSUM models for predicting mortality in patients undergoing elective oesophagectomy for carcinoma. Br J Surg. 2007;94(9):1172-8.
18. 	Protopapa KL, Simpson JC, Smith NC, Moonesinghe SR. Development and validation of the Surgical Outcome Risk Tool (SORT). Br J Surg. 2014;101(13):1774-83.
19. 	Wong DJN, Harris S, Sahni A, et al. Developing and validating subjective and objective risk-assessment measures for predicting mortality after major surgery: An international prospective cohort study. PLoS Med. 2020;17(10):e1003253. 
20. 	Preoperative Assessment and Optimisation for Adult Surgery including consideration of COVID-19 and its implications. https://cpoc.org.uk/guidance-preoperative-assessment-and-optimisation-adult-surgery-published. Published June, 2021. Accessed November 12, 2021.
21. 	Khuri SF, Daley J, Henderson W et al. The Department of Veterans Affairs' NSQIP: the first national, validated, outcome-based, risk-adjusted, and peer-controlled program for the measurement and enhancement of the quality of surgical care. National VA Surgical Quality Improvement Program. Ann Surg. 1998;228(4):491-507.
22. 	Bilimoria KY, Liu Y, Paruch JL et al. Development and evaluation of the universal ACS NSQIP surgical risk calculator: a decision aid and informed consent tool for patients and surgeons. J Am Coll Surg. 2013;217(5):833-42.e1-3.
23. 	Ingraham AM, Richards KE, Hall BL, Ko CY. Quality improvement in surgery: the American College of Surgeons National Surgical Quality Improvement Program approach. Adv Surg. 2010;44:251-67.
24. 	Botto F, Alonso-Coello P, Chan MT et al. Myocardial injury after noncardiac surgery: a large, international, prospective cohort study establishing diagnostic criteria, characteristics, predictors, and 30-day outcomes. Anesthesiology. 2014;120(3):564-78.
25. 	Glance LG, Lustik SJ, Hannan EL et al. The Surgical Mortality Probability Model: derivation and validation of a simple risk prediction rule for noncardiac surgery. Ann Surg. 2012;255(4):696-702.
26. 	Goldman L, Caldera DL, Nussbaum SR, et al. Multifactorial index of cardiac risk in noncardiac surgical procedures. N Engl J Med. 1977;297(16):845-850.
27. 	Detsky AS, Abrams HB, McLaughlin JR et al. Predicting cardiac complications in patients undergoing non-cardiac surgery. J Gen Intern Med. 1986;1(4):211-9.
28. 	Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and prospective validation of a simple index for prediction of cardiac risk of major noncardiac surgery. Circulation. 1999;100(10):1043-1049.
29. 	Duceppe E, Parlow J, MacDonald P et al. Canadian Cardiovascular Society Guidelines on Perioperative Cardiac Risk Assessment and Management for Patients Who Undergo Noncardiac Surgery. Can J Cardiol. 2017;33(1):17-32.
30. 	VISION Pilot Study Investigators, Devereaux PJ, Bradley D et al. An international prospective cohort study evaluating major vascular complications among patients undergoing noncardiac surgery: the VISION Pilot Study. Open Med. 2011;5(4):e193-200.
31. 	Gupta PK, Gupta H, Sundaram A, et al. Development and validation of a risk calculator for prediction of cardiac risk after surgery. Circulation. 2011;124(4):381-387.
32. 	Kristensen SD, Knuuti J. New ESC/ESA Guidelines on non-cardiac surgery: cardiovascular assessment and management. Eur Heart J. 2014;35(35):2344-2345.
33. 	Arena R, Myers J, Williams MA, et al. Assessment of functional capacity in clinical and research settings: a scientific statement from the American Heart Association Committee on Exercise, Rehabilitation, and Prevention of the Council on Clinical Cardiology and the Council on Cardiovascular Nursing. Circulation. 2007;116(3):329-343. 
34. 	Pritchard A, Burns P, Correia J et al. ARTP statement on cardiopulmonary exercise testing 2021. BMJ Open Respir Res. 2021;8(1):e001121.
35. 	Goodyear SJ, Yow H, Saedon M, et al. Risk stratification by pre-operative cardiopulmonary exercise testing improves outcomes following elective abdominal aortic aneurysm surgery: a cohort study. Perioper Med (Lond). 2013;2(1):10.
36. 	American Thoracic Society; American College of Chest Physicians. ATS/ACCP Statement on cardiopulmonary exercise testing. Am J Respir Crit Care Med. 2003 Jan 15;167(2):211-77.
37. 	Levett DZH, Jack S, Swart M et al. Perioperative Exercise Testing and Training Society (POETTS). Perioperative cardiopulmonary exercise testing (CPET): consensus clinical guidelines on indications, organization, conduct, and physiological interpretation. Br J Anaesth. 2018;120(3):484-500.
38. 	Older P, Smith R, Courtney P, Hone R. Preoperative evaluation of cardiac failure and ischemia in elderly patients by cardiopulmonary exercise testing. Chest. 1993;104(3):701-4.
39. 	Otto JM, Levett DZH, Grocott MPW. Cardiopulmonary Exercise Testing for Preoperative Evaluation: What Does the Future Hold? Curr Anesthesiol Rep. 2020;10(1):1-11.
40. 	Older PO, Levett DZH. Cardiopulmonary Exercise Testing and Surgery. Ann Am Thorac Soc. 2017;14(Supplement_1):S74-S83.
41. 	Reeves T, Bates S, Sharp T et al. Perioperative Exercise Testing and Training Society (POETTS). Cardiopulmonary exercise testing (CPET) in the United Kingdom-a national survey of the structure, conduct, interpretation and funding. Perioper Med (Lond). 2018 Jan 26;7:2. 
42. 	Snowden CP, Prentis JM, Anderson HL et al. Subbmaximal cardiopulmonary exercise testing predicts complications and hospital length of stay in patients undergoing major elective surgery. Ann Surg. 2010;251(3):535-41.
43. 	Wijeysundera DN, Pearse RM, Shulman MA, et al. Assessment of functional capacity before major non-cardiac surgery: an international, prospective cohort study. Lancet. 2018;391(10140):2631-2640.
44. 	de Souto Barreto P, Ferrandez AM, Saliba-Serre B. Are older adults who volunteer to participate in an exercise study fitter and healthier than nonvolunteers? The participation bias of the study population. J Phys Act Health. 2013;10(3):359-67.
45. 	Solway S, Brooks D, Lacasse Y, Thomas S. A qualitative systematic overview of the measurement properties of functional walk tests used in the cardiorespiratory domain. Chest. 2001;119(1):256-70.
46. 	ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS statement: guidelines for the six-minute walk test. Am J Respir Crit Care Med. 2002;166(1):111-117.
47. 	Moran J, Wilson F, Guinan E, McCormick P, Hussey J, Moriarty J. The preoperative use of field tests of exercise tolerance to predict postoperative outcome in intra-abdominal surgery: a systematic review. J Clin Anesth. 2016;35:446-455.
48. 	Sinclair RC, Batterham AM, Davies S, Cawthorn L, Danjoux GR. Validity of the 6 min walk test in prediction of the anaerobic threshold before major non-cardiac surgery. Br J Anaesth. 2012;108(1):30-5.
49. 	Ramos RJ, Ladha KS, Cuthbertson BH et al. Association of six-minute walk test distance with postoperative complications in non-cardiac surgery: a secondary analysis of a multicentre prospective cohort study. Can J Anaesth. 2021;68(4):514-529.
50. 	Holland AE, Spruit MA, Troosters T et al. An official European Respiratory Society/American Thoracic Society technical standard: field walking tests in chronic respiratory disease. Eur Respir J. 2014;44(6):1428-46. 
51. 	Struthers R, Erasmus P, Holmes K, Warman P, Collingwood A, Sneyd JR. Assessing fitness for surgery: a comparison of questionnaire, incremental shuttle walk, and cardiopulmonary exercise testing in general surgical patients. Br J Anaesth. 2008;101(6):774-80.
52. 	Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142-8.
53. 	Huisman MG, van Leeuwen BL, Ugolini G et al. "Timed Up & Go": a screening tool for predicting 30-day morbidity in onco-geriatric surgical patients? A multicenter cohort study. PLoS One. 2014 Jan 24;9(1):e86863. 63
54. 	Wilson A, Ronnekleiv-Kelly SM, Pawlik TM. Regret in Surgical Decision Making: A Systematic Review of Patient and Physician Perspectives. World J Surg. 2017;41(6):1454-1465.
55. 	Centre for Perioperative Care. Shared Decision Making. https://cpoc.org.uk/shared-decision-making. Accessed November 29, 2021.
56. 	Santhirapala R, Fleisher LA, Grocott MPW. Choosing Wisely: just because we can, does it mean we should? Br J Anaesth. 2019;122(3):306-310.
57. 	Elwyn G, Durand MA, Song J, et al. A three-talk model for shared decision making: multistage consultation process. BMJ. 2017;359:j4891.
58. 	Elwyn G, Lloyd A, May C et al. Collaborative deliberation: a model for patient care. Patient Educ Couns. 2014;97(2):158-64.
59. 	Drug and Therapeutics Bulletin. An introduction to patient decision aids. BMJ. 2013;347:f4147..
60. 	International Patient Decision Aid Standards (IPDAS). What are patient decision aids? http://ipdas.ohri.ca/what.html. Updated September 11th, 2017. Accessed November 29, 2021.
61. 	Stacey D, Légaré F, Lewis K, et al. Decision aids for people facing health treatment or screening decisions. Cochrane Database Syst Rev. 2017;4(4):CD001431.
62. 	NHS England and NHS Improvement. Shared Decision Making Summary Guide. https://www.england.nhs.uk/wp-content/uploads/2019/01/shared-decision-making-summary-guide-v1.pdf. Published February, 2019. Accessed December 12, 2021.
63. 	OSIRIS. Optimising Shared decision-makIng for high-RIsk major Surgery. https://osiris-programme.org/. Accessed December 15, 2021.
64. 	Shaw S, Hughes G, Stephens T, et al. Understanding decision making about major surgery: protocol for a qualitative study of shared decision making by high-risk patients and their clinical teams. BMJ Open. 2020;10(5):e033703.
65. 	Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of multimorbidity and implications for health care, research, and medical education: a cross-sectional study. Lancet. 2012;380(9836):37-43.
66. 	International Diabetes Federation.IDF Diabetes Atlas. https://diabetesatlas.org/. Accessed December 7, 2021.
67. 	Rotruck LS, Suszan LL, Vigersky R, et al. Should Continuous Subcutaneous Insulin Infusion (CSII) Pumps Be Used During the Perioperative Period? Development of a Clinical Decision Algorithm. AANA J. 2018;86(3):194-200.
68. 	Sampson MJ, Dozio N, Ferguson B, Dhatariya K. Total and excess bed occupancy by age, specialty and insulin use for nearly one million diabetes patients discharged from all English Acute Hospitals. Diabetes Res Clin Pract. 2007;77(1):92-98.
69. 	Holman N, Hillson R, Young RJ. Excess mortality during hospital stays among patients with recorded diabetes compared with those without diabetes. Diabet Med. 2013;30(12):1393-1402.
70. 	Yong PH, Weinberg L, Torkamani N, et al. The Presence of Diabetes and Higher HbA1c Are Independently Associated With Adverse Outcomes After Surgery. Diabetes Care. 2018;41(6):1172-1179.
71. 	Frisch A, Chandra P, Smiley D, et al. Prevalence and clinical outcome of hyperglycemia in the perioperative period in noncardiac surgery. Diabetes Care. 2010;33(8):1783-1788.
72. 	Kotagal M, Symons RG, Hirsch IB, et al. Perioperative hyperglycemia and risk of adverse events among patients with and without diabetes. Ann Surg. 2015;261(1):97-103.
73. 	World Health Organization. Classification of diabetes mellitus. https://www.who.int/publications/i/item/classification-of-diabetes-mellitus. Published April 2019. Accessed December 7, 2021.
74. 	National Institute for Health and Care Excellence. Routine preoperative tests for elective surgery. www.nice.org.uk/guidance/ng45. Published April 2016. Accessed December 8, 2021.
75. 	Dhatariya KK, Wiles MD. Pre-operative testing guidelines: a NICE try but not enough. Anaesthesia. 2016;71(12):1403-1407.
76. 	Guideline for Perioperative Care for People with Diabetes Mellitus Undergoing Elective and Emergency Surgery Guideline for Perioperative Care for People with Diabetes Mellitus Undergoing Elective and Emergency Surgery. https://www.cpoc.org.uk/sites/cpoc/files/documents/2021-03/CPOC-Guideline%20for%20Perioperative%20Care%20for%20People%20with%20Diabetes%20Mellitus%20Undergoing%20Elective%20and%20Emergency%20Surgery.pdf. Published March 2021. Accessed December 8, 2021.
77. 	Dhatariya K, Levy N, Kilvert A, et al. NHS Diabetes guideline for the perioperative management of the adult patient with diabetes. Diabet Med. 2012;29(4):420-433.
78. 	National Institute for Health and Care Excellence. Type 2 diabetes in adults: management. www.nice.org.uk/guidance/ng28. Published December, 2015. Updated November, 2021. Accessed December 7, 2021.
79. 	Fowler AJ, Ahmad T, Phull MK, Allard S, Gillies MA, Pearse RM. Meta-analysis of the association between preoperative anaemia and mortality after surgery. Br J Surg. 2015;102(11):1314-1324.
80. 	Musallam KM, Tamim HM, Richards T, et al. Preoperative anaemia and postoperative outcomes in non-cardiac surgery: a retrospective cohort study. Lancet. 2011;378(9800):1396-1407.
81. 	Baron DM, Hochrieser H, Posch M, et al. Preoperative anaemia is associated with poor clinical outcome in non-cardiac surgery patients. Br J Anaesth. 2014;113(3):416-423.
82. 	World Health Organization. Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity. https://www.who.int/vmnis/indicators/haemoglobin.pdf. Accessed December 8, 2021.
83. 	Butcher A, Richards T, Stanworth SJ, Klein AA. Diagnostic criteria for pre-operative anaemia-time to end sex discrimination. Anaesthesia. 2017;72(7):811-814.
84. 	Munting KE, Klein AA. Optimisation of pre-operative anaemia in patients before elective major surgery - why, who, when and how?. Anaesthesia. 2019;74 Suppl 1:49-57.
85. 	National Institute for Health and Care Excellence. Blood transfusion Quality standard. www.nice.org.uk/guidance/qs138. Published December 2016. Accessed December 2, 2021.
86. 	Muñoz M, Acheson AG, Auerbach M, et al. International consensus statement on the peri-operative management of anaemia and iron deficiency. Anaesthesia. 2017;72(2):233-247.
87. 	National Institute for Health and Care Excellence. Blood transfusion. www.nice.org.uk/guidance/ng24. Published November 2015. Accessed December 2, 2021.
88. 	Ng O, Keeler BD, Mishra A, et al. Iron therapy for preoperative anaemia. Cochrane Database Syst Rev. 2019;12(12):CD011588.
89. 	Richards T, Baikady RR, Clevenger B, et al. Preoperative intravenous iron to treat anaemia before major abdominal surgery (PREVENTT): a randomised, double-blind, controlled trial. Lancet. 2020;396(10259):1353-1361.
90. 	British Geriatric Society. Introduction to Frailty, Fit for Frailty Part 1. https://www.bgs.org.uk/resources/introduction-to-frailty. Published June, 2014. Accessed December 9, 2021.
91. 	Lin HS, Watts JN, Peel NM, Hubbard RE. Frailty and post-operative outcomes in older surgical patients: a systematic review. BMC Geriatr. 2016;16(1):157. 
92. 	Simon HL, Reif de Paula T, Profeta da Luz MM, Nemeth SK, Moug SJ, Keller DS. Frailty in older patients undergoing emergency colorectal surgery: USA National Surgical Quality Improvement Program analysis. Br J Surg. 2020;107(10):1363-1371.
93. 	Oakland K, Nadler R, Cresswell L, Jackson D, Coughlin PA. Systematic review and meta-analysis of the association between frailty and outcome in surgical patients. Ann R Coll Surg Engl. 2016;98(2):80-85.
94. 	Makary MA, Segev DL, Pronovost PJ, et al. Frailty as a predictor of surgical outcomes in older patients. J Am Coll Surg. 2010;210(6):901-908
95. 	Bougeard AM, Brent A, Swart M, Snowden C. A survey of UK peri-operative medicine: pre-operative care. Anaesthesia. 2017;72(8):1010-1015. 
96. 	Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56(3):M146-M156.
97. 	Rockwood K, Song X, MacKnight C, et al. A global clinical measure of fitness and frailty in elderly people. CMAJ. 2005;173(5):489-495.
98. 	Rolfson DB, Majumdar SR, Tsuyuki RT, Tahir A, Rockwood K. Validity and reliability of the Edmonton Frail Scale. Age Ageing. 2006;35(5):526-529.
99. 	Guideline for Perioperative Care for People Living with Frailty Undergoing Elective and Emergency Surgery. https://www.cpoc.org.uk/sites/cpoc/files/documents/2021-09/CPOC-BGS-Frailty-Guideline-2021.pdf. Published September, 2021. Accessed December 9, 2021.
100. 	British Geriatric Society. Comprehensive Geriatric Assessment Toolkit for Primary Care Practitioners. https://www.bgs.org.uk/resources/resource-series/comprehensive-geriatric-assessment-toolkit-for-primary-care-practitioners. Published January, 2019. Accessed December 9, 2021.
101. 	Joughin AL, Partridge JSL, O'Halloran T, Dhesi JK. Where are we now in perioperative medicine? Results from a repeated UK survey of geriatric medicine delivered services for older people. Age Ageing. 2019;48(3):458-462.
102. 	Partridge J, Sbai M, Dhesi J. Proactive care of older people undergoing surgery. Aging Clin Exp Res. 2018;30(3):253-257.
103. 	Thu K, Nguyen HPT, Gogulan T, et al. Care of Older People in Surgery for general surgery: a single centre experience. ANZ J Surg. 2021;91(5):890-895.
104. 	Shipway D, Koizia L, Winterkorn N, Fertleman M, Ziprin P, Moorthy K. Embedded geriatric surgical liaison is associated with reduced inpatient length of stay in older patients admitted for gastrointestinal surgery. Future Healthc J. 2018;5(2):108-116.
105. 	Eamer G, Saravana-Bawan B, van der Westhuizen B, Chambers T, Ohinmaa A, Khadaroo RG. Economic evaluations of comprehensive geriatric assessment in surgical patients: a systematic review. J Surg Res. 2017;218:9-17.
106. 	Carli F, Zavorsky GS. Optimizing functional exercise capacity in the elderly surgical population. Curr Opin Clin Nutr Metab Care. 2005;8(1):23-32.
107. 	Silver JK, Baima J. Cancer prehabilitation: an opportunity to decrease treatment-related morbidity, increase cancer treatment options, and improve physical and psychological health outcomes. Am J Phys Med Rehabil. 2013;92(8):715-727.
108. 	Barberan-Garcia A, Ubré M, Roca J, et al. Personalised Prehabilitation in High-risk Patients Undergoing Elective Major Abdominal Surgery: A Randomized Blinded Controlled Trial. Ann Surg. 2018;267(1):50-56.
109. 	Gillis C, Li C, Lee L, et al. Prehabilitation versus rehabilitation: a randomized control trial in patients undergoing colorectal resection for cancer. Anesthesiology. 2014;121(5):937-947.
110. 	Dunne DF, Jack S, Jones RP, et al. Randomized clinical trial of prehabilitation before planned liver resection. Br J Surg. 2016;103(5):504-512.
111. 	Minnella EM, Awasthi R, Loiselle SE, Agnihotram RV, Ferri LE, Carli F. Effect of Exercise and Nutrition Prehabilitation on Functional Capacity in Esophagogastric Cancer Surgery: A Randomized Clinical Trial. JAMA Surg. 2018;153(12):1081-1089.
112. 	Waterland JL, McCourt O, Edbrooke L, et al. Efficacy of Prehabilitation Including Exercise on Postoperative Outcomes Following Abdominal Cancer Surgery: A Systematic Review and Meta-Analysis. Front Surg. 2021;8:628848.
113. 	Lambert JE, Hayes LD, Keegan TJ, Subar DA, Gaffney CJ. The Impact of Prehabilitation on Patient Outcomes in Hepatobiliary, Colorectal, and Upper Gastrointestinal Cancer Surgery: A PRISMA-Accordant Meta-analysis. Ann Surg. 2021;274(1):70-77.
114. 	West MA, Wischmeyer PE, Grocott MPW. Prehabilitation and Nutritional Support to Improve Perioperative Outcomes. Curr Anesthesiol Rep. 2017;7(4):340-349.
115. 	Carli F, Scheede-Bergdahl C. Prehabilitation to enhance perioperative care. Anesthesiol Clin. 2015;33(1):17-33.
116. 	Gillis C, Buhler K, Bresee L, et al. Effects of Nutritional Prehabilitation, With and Without Exercise, on Outcomes of Patients Who Undergo Colorectal Surgery: A Systematic Review and Meta-analysis. Gastroenterology. 2018;155(2):391-410.
117. 	Ferreira V, Lawson C, Ekmekjian T, Carli F, Scheede-Bergdahl C, Chevalier S. Effects of preoperative nutrition and multimodal prehabilitation on functional capacity and postoperative complications in surgical lung cancer patients: a systematic review. Support Care Cancer. 2021;29(10):5597-5610.
118. 	Levett DZH, Grimmett C. Psychological factors, prehabilitation and surgical outcomes: evidence and future directions. Anaesthesia. 2019;74 Suppl 1:36-42.
119. 	Tsimopoulou I, Pasquali S, Howard R, et al. Psychological Prehabilitation Before Cancer Surgery: A Systematic Review. Ann Surg Oncol. 2015;22(13):4117-4123.
120. 	Li C, Carli F, Lee L, et al. Impact of a trimodal prehabilitation program on functional recovery after colorectal cancer surgery: a pilot study. Surg Endosc. 2013;27(4):1072-1082.
121. 	Bousquet-Dion G, Awasthi R, Loiselle SÈ, et al. Evaluation of supervised multimodal prehabilitation programme in cancer patients undergoing colorectal resection: a randomized control trial. Acta Oncol. 2018;57(6):849-859.
122. 	Macmillan cancer support. Prehabilitation for People with Cancer. https://www.macmillan.org.uk/healthcare-professionals/news-and-resources/guides/principles-and-guidance-for-prehabilitation. Published November, 2020. Accessed December 6, 2021.
123. 	UK Government, Smoking and tobacco: applying All Our Health. https://www.gov.uk/government/publications/smoking-and-tobacco-applying-all-our-health/smoking-and-tobacco-applying-all-our-health. Updated October, 2021. Accessed December 9, 2021.
124. 	Center for Disease Control and Prevention. Smoking & Tobacco Use. Fast Facts. https://www.cdc.gov/tobacco/data_statistics/fact_sheets/fast_facts/index.htm. Accessed December 9, 2021.
125. 	Shi Y, Warner DO. Surgery as a teachable moment for smoking cessation. Anesthesiology. 2010;112(1):102-107.
126. 	Møller A, Tønnesen H. Risk reduction: perioperative smoking intervention. Best Pract Res Clin Anaesthesiol. 2006;20(2):237-248.
127. 	Grønkjær M, Eliasen M, Skov-Ettrup LS, et al. Preoperative smoking status and postoperative complications: a systematic review and meta-analysis. Ann Surg. 2014;259(1):52-71.
128. 	Zaki A, Abrishami A, Wong J, Chung FF. Interventions in the preoperative clinic for long term smoking cessation: a quantitative systematic review. Can J Anaesth. 2008;55(1):11-21.
129. 	Thomsen T, Villebro N, Møller AM. Interventions for preoperative smoking cessation. Cochrane Database Syst Rev. 2014;2014(3):CD002294.
130. 	Nolan MB, Warner DO. Safety and Efficacy of Nicotine Replacement Therapy in the Perioperative Period: A Narrative Review. Mayo Clin Proc. 2015;90(11):1553-1561.
131. 	Wong J, Abrishami A, Yang Y, et al. A perioperative smoking cessation intervention with varenicline: a double-blind, randomized, placebo-controlled trial. Anesthesiology. 2012;117(4):755-764.
132. 	World Health Organization. Alcohol. https://www.who.int/news-room/fact-sheets/detail/alcohol. Published September, 2018. Accessed December 10, 2021.
133. 	UK Government. The public health burden of alcohol: evidence review. https://www.gov.uk/government/publications/the-public-health-burden-of-alcohol-evidence-review. Published December, 2016. Updated August, 2018. Accessed December 10, 2021.
134. 	Nath B, Li Y, Carroll JE, Szabo G, Tseng JF, Shah SA. Alcohol exposure as a risk factor for adverse outcomes in elective surgery. J Gastrointest Surg. 2010;14(11):1732-1741.
135. 	UK Department of Health. UK Chief Medical Officers’ Low Risk Drinking Guidelines. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/545937/UK_CMOs__report.pdf . Published August, 2016. Accessed December 10, 2021.
136. 	Egholm JW, Pedersen B, Møller AM, Adami J, Juhl CB, Tønnesen H. Perioperative alcohol cessation intervention for postoperative complications. Cochrane Database Syst Rev. 2018;11(11):CD008343.
137. 	Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT alcohol consumption questions (AUDIT-C): an effective brief screening test for problem drinking. Ambulatory Care Quality Improvement Project (ACQUIP). Alcohol Use Disorders Identification Test. Arch Intern Med. 1998;158(16):1789-1795.
138. 	Gambus P, Shafer SL. Artificial Intelligence for Everyone. Anesthesiology. 2018;128(3):431-433.
139. 	Char DS, Burgart A. Machine-Learning Implementation in Clinical Anesthesia: Opportunities and Challenges. Anesth Analg. 2020;130(6):1709-1712.
140. 	IBM Cloud Learn Hubs. What are Neural Networks? https://www.ibm.com/uk-en/cloud/learn/neural-networks. Published August, 2020. Accessed December 10, 2021.
141. 	Davies SJ, Vistisen ST, Jian Z, Hatib F, Scheeren TWL. Ability of an Arterial Waveform Analysis-Derived Hypotension Prediction Index to Predict Future Hypotensive Events in Surgical Patients. Anesth Analg. 2020;130(2):352-359.
142. 	Lee HC, Ryu HG, Chung EJ, Jung CW. Prediction of Bispectral Index during Target-controlled Infusion of Propofol and Remifentanil: A Deep Learning Approach. Anesthesiology. 2018;128(3):492-501.
143. 	Mück JE, Ünal B, Butt H, Yetisen AK. Market and Patent Analyses of Wearables in Medicine. Trends Biotechnol. 2019;37(6):563-566.
144. 	Hedrick TL, Hassinger TE, Myers E, et al. Wearable Technology in the Perioperative Period: Predicting Risk of Postoperative Complications in Patients Undergoing Elective Colorectal Surgery. Dis Colon Rectum. 2020;63(4):538-544.
145. 	Cos H, Li D, Williams G, et al. Predicting Outcomes in Patients Undergoing Pancreatectomy Using Wearable Technology and Machine Learning: Prospective Cohort Study. J Med Internet Res. 2021;23(3):e23595.
146. 	Bloomfield RA, Broberg JS, Williams HA, Lanting BA, McIsaac KA, Teeter MG. Machine learning and wearable sensors at preoperative assessments: Functional recovery prediction to set realistic expectations for knee replacements. Med Eng Phys. 2021;89:14-21.
147. 	Jones L, Tan L, Carey-Jones S, et al. Can wearable technology be used to approximate cardiopulmonary exercise testing metrics?. Perioper Med (Lond). 2021;10(1):9.
148. 	Fritz BA, Cui Z, Zhang M, et al. Deep-learning model for predicting 30-day postoperative mortality. Br J Anaesth. 2019;123(5):688-695.
149. 	Hill BL, Brown R, Gabel E, et al. An automated machine learning-based model predicts postoperative mortality using readily-extractable preoperative electronic health record data. Br J Anaesth. 2019;123(6):877-886.
150. 	COVIDSurg Collaborative . Machine learning risk prediction of mortality for patients undergoing surgery with perioperative SARS-CoV-2: the COVIDSurg mortality score. Br J Surg. 2021;108(11):1274-1292.
