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Abstract 

Risk assessment in cardiac surgery traditionally consists of medical and physiological parameters. 

However, non-physiological factors have also been found to be predictive of poor outcomes 

following cardiac surgery. Therefore, the isolated focus on physiological parameters is 

questionable. This paper describes the emotional, behavioural, social and functional factors that 

have been established to play a role in outcomes following cardiac surgery. This forms a basis for 

future research, testing the value of these factors above and beyond the physiological parameters. 

By including such non-physiological factors, the accuracy of the existing risk scoring systems could 

potentially be improved. 
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Background 

Cardiac surgery is common in the modern western world. The number of individuals undergoing 

cardiac surgery has grown over the past decades as a consequence of an increasingly aging 

population. With surgical advancement, more complex and high-risk patients than before are being 

offered surgical procedures. Irrespective of its prevalence, cardiac surgery is still considered to be a 

high risk procedure. Thirty-day mortality rates after cardiac surgery range from 1-3%, increasing to 

5-6% at one year (1–5). Readmission rates are about 15% at 30 days after discharge (6–8), but 

varies greatly after 30 days from 19 to 56% (8,9). Since patients differ in their level of surgical 

complexity and risk, and because surgeons differ in their technical performance skills, efforts to 

reduce poor outcomes such as mortality and readmission have been implemented. This frequently 

includes risk assessment of patients. In some countries report-card programs are implemented, 

publicly comparing hospital and surgeon performance. One of the original aims for the development 

of cardiac risk models was risk adjustment, allowing fair comparison of treatment outcomes among 

different institutions or surgeons. Subsequently, risk models were also applied in clinical decision 

making, advising individual patients of their operative risk (10,11). 

Several risk scoring systems exist. The Society of Thoracic Surgeons (STS) risk score and 

the European System for Cardiac Operative Risk Evaluation (EuroSCORE) are two widely used 

risk assessment models that ascertain a patient’s magnitude of risk for complications such as 

mortality after cardiac surgery. The STS risk score was first established in 1989 to assess mortality 

after cardiac surgery in adults. This risk stratification model has been widely used in North America 

and comprises over 40 clinical parameters. In addition to mortality, an updated version of the STS 

score provides risk prediction of major post-operative morbidities. The STS risk score is limited to 

risk prediction for surgical cases of isolated coronary artery bypass grafting (CABG), valve surgery, 

and combined procedures (12). 
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EuroSCORE was developed between 1995 and 1999. As cardiac surgery advanced over 

time, the original model was found to overestimate the risk of mortality for certain subgroups and 

was therefore updated in 2012 to EuroSCORE II. This latter risk scoring system comprises 18 

clinical parameters (supplementary Table 1) and is applicable to all major cardiac surgical 

procedures (except transplants). EuroSCORE II is the preferred risk score model used in most of 

Europe (13,14). 

Both the STS risk score and EuroSCORE II only include medical and physiological 

factors. Furthermore, a meta-analysis showed that the existing scoring systems have a summary 

area under the receiver operating curve of 0.76 (95% confidence interval (CI) 0.73-0.79) for the 

STS score and 0.77 (0.75-0.79) for EuroSCORE II for predicting in-hospital mortality (15). This 

shows that there is still room for improvement in order to make the risk assessment models more 

predictive and discriminatory. Indeed, there is mounting evidence that non-physiological factors, 

such as emotional (16–18), behavioural (19–21), social (22–29) and functional (30,31) factors are 

also predictive of poor outcomes following cardiac surgery. With the present paper, we want to 

raise awareness about the partiality of the existing risk evaluation in cardiac surgery, as well as, 

discuss selected non-physiological variables that have been shown to predict poor outcomes after 

cardiac surgery. Such non-physiological variables potentially could add accuracy and meaning to 

the existing scoring models if they are included above and beyond the traditional physiological 

parameters.  

 

Methods 

We applied the methodology of a state-of-the-art review (32). State-of-the-art reviews aim to offer 

new perspectives on an issue or highlight an area in need of further research. They address more 

current matters in contrast to other methods of literature reviews. In this respect, state-of-the-art 
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reviews are of considerable value for those seeking to identify potential opportunities for 

contemporary research (32) According to the SALSA (Search; AppraisaL; Synthesis; Analysis) 

framework, the typical methodology of a state-of-the-art review is a comprehensive search of the 

current literature; no formal quality assessment; narrative reporting sometimes with tabular 

accompaniment; and providing the current state of knowledge and priorities for future investigation 

and research (32). Literature searches for each factor included were performed in the PubMed 

database always consisting of ‘cardiac surgery’ combined with relevant terms for each factor as 

MeSH term and as free-text. Reviews and new literature were preferred. For the initial, general 

search strategy, please see Supplementary Table 2. 

 

Emotional factors 

In patients undergoing cardiac surgery the knowledge of prevalence and influence of emotional 

factors is lagging behind the evidence documented in other heart conditions. Indeed, the paucity of 

research in this group of patients regarding the influence of emotional factors on outcomes is 

striking. In cardiac surgery the emphasis has been on preserving cognitive function rather than 

mental health per se (33). 

Depression 

There is a high prevalence of depression among patients awaiting cardiac surgery with 20-40% of 

patients meeting criteria for major depressive disorder (16). Connerney and colleagues found that 

depression experienced after CABG was an independent risk factor of adverse outcomes, including 

mortality [risk ratio, 2.3; 95% CI, 1.17–4.56] (34). In a meta-analysis from 2016, a positive 

association between preoperative depression and all-cause mortality was observed in patients 

undergoing cardiac surgery [pooled hazard ratio (HR), 1.46; 95% CI, 1.23–1.73] (35). Depressive 

symptoms have furthermore been found to be associated with having an emergency admission 
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following CABG [OR, 1.088; 95% CI, 1.010–1.171] (36), a higher risk of major adverse cardiac 

and cerebrovascular event including death among cardiac surgery patients [HR, 1.12; 95% CI, 1.07-

1.12] (37), and a lack of improvement in physical function six months after cardiac surgery (38). 

Anxiety 

The prevalence of preoperative anxiety has been found to be as much as 32%, increasing up to 45% 

following cardiac surgery (39). Preoperative anxiety is an independent predictor of hospital 

readmission and carries a three-fold increase in readmission risk [HR, 3.14; 95% CI, 1.66–5.94] 

after cardiac surgery (39). Some patients appear to suffer from severe anxiety for extended periods 

of time after surgery, which is often associated with substantial depression (40). A recent review 

identified that preoperative anxiety increased the risk of poor postoperative outcomes after CABG 

including atrial fibrillation, acute myocardial infarction, increased risk of readmission, morbidity 

and mortality, and increased health care utilisation (41). 

Health-related Quality of Life 

With declining mortality and major morbidity rates after cardiac surgery over the past decades, 

investigating self-perceived health status and quality of life (QoL) is a key aspect to evaluate the 

success of surgery, since it quantifies the impact on functional status and the emotional and mental 

well-being, as well as, social functioning of patients. Measurements of self-perceived health status 

and QoL can be used to evaluate the broad impact of a disease on a patient and extend the 

assessment process beyond traditional clinical parameters and tracking the multidimensional impact 

of surgery over time (42). Rumsfeld and colleagues found health-related quality of life to be an 

independent risk factor for mortality following CABG surgery [OR 1.39; 95% CI, 1.11-1.77] (43) 
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Social factors 

Socioeconomic position (SEP) is usually measured by determining education, income, occupation, 

or a composite measure thereof. These have been found to influence disease incidence, treatment 

and health outcomes. Those with lower income, lower education or working in lower status 

occupations experience increased mortality and morbidity (22,25,26,28,44,45). 

Living alone has been linked with poor health outcomes in earlier studies. There seem 

to be a number of reasons for this. Patients who are socially isolated are more likely to smoke and 

drink alcohol heavily (46,47), delay in seeking treatment (48) and demonstrate non-compliance with 

medical regimens (49). Others have found this simply to be due to lack of emotional or practical 

support gained through living with another person (50). 

Educational level 

Low educational level has been found related to a higher risk profile and poorer treatment in 

patients with myocardial infarction (23,24,51). Mortality risk has been found to be considerably 

higher for less educated (<12 years) patients [HR, 2.64; 95% CI, 1.92–3.63] than for more educated 

(≥12 years) patients [1.53; 95% CI, 1.02–2.29] (52). 

Income/poverty 

An inverse relation between income and mortality at one year after invasive cardiac procedures, 

including CABG, has been documented. In a cohort of 51,591 patients, each $10,000 increase in the 

median income was associated with a 10 percent reduction in the risk of death [HR, 0.90; 95% CI, 

0.86-0.94] (29). Furthermore, waiting time for heart surgery has been found to be significantly 

influenced by economic status (P = 0.037) (53). This confirms the findings by Pell et al. that the 

mean waiting time for cardiac surgery increased across deprivation categories, with the most 

deprived patients waiting the longest [mean difference, 24 days; 95% CI, 15 to 32] (54). 
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Cohabitation 

Generally, morbidity and mortality outcomes are better among cohabitating persons. Married status 

has been found to be independently associated with improved outcome in patients undergoing 

elective or urgent coronary revascularisation [HR, 0.7; 95% CI, 0.6-0.9] (55) and women living 

alone have been found to have a significantly increased all-cause mortality rate after acute 

myocardial infarction [HR, 6.24; 95% CI, 2.68-14.51] compared to women living with someone 

(56). The improving value of cohabitation has been confirmed in patients undergoing CABG 

surgery, with patients living alone being over three times more likely to be readmitted to hospital 

[OR, 3.42; 95% CI, 1.38–8.48] than those living with others (50). 

 

Functional factors 

The physiological factors included in EuroSCORE comprise a range of comorbidities. However, 

functional status as an independent predictor is not included in the score. Improved functional status 

and return to pre-morbid lifestyle is a major goal for most patients undergoing cardiac surgery. 

Physical functioning 

Afilalo et al. demonstrate that disability, specifically the presence of 3 or more impairments are 

incrementally predictive for mortality or major morbidity following cardiac surgery (OR, 2.66; 95% 

CI, 1.18–5.96 and 2.17; 95% CI, 0.93–5.04) (57). These authors argue that impairments are additive 

to existing risk scores and that inclusion of them in the risk assessment improves the discrimination 

(57). Furthermore, functional decline in patients undergoing cardiac surgery has been found to be 

associated with complications like pressure ulcers (58), delirium (59), and depression (60). 

Frailty 

Patients being referred for cardiac surgery are increasingly older. Rather than chronological age, 

frailty has been found to be associated with an almost three-fold increase of post-operative mortality 



8 

 

and severe morbidity following cardiac surgery [OR, 2.98; 95% CI, 1.35–6.56] in a group of older 

patients (30). In a systematic review from 2014, frailty has been found to have a strong positive 

relationship with poor postoperative outcomes such as major adverse cardiac and cerebrovascular 

events [OR, 4.89; 95% confidence interval, 1.64-14.60] (31). 

Afilalo et al. found that when adding scores of frailty and disability to the STS risk score 

discrimination improved by yielding an area under the curve of 0.73, compared with 0.68 for the 

STS alone in a cohort of elderly patients undergoing cardiac surgery (57). 

Cognition 

Up to one-third of elective cardiac surgical patients enter surgery with some degree of pre-existing 

cognitive impairment. Preoperative cognitive impairment has been identified in patients presenting 

for coronary artery surgery (33%-37%), which may predispose to postoperative delirium and 

accelerate clinical deterioration (61). Furthermore, low preoperative cognitive functioning has been 

found to be associated with a more negative pattern of biological response to surgery, indicative of 

poorer physical recovery after cardiac surgery (62) 

 

Behavioural factors 

Several longitudinal and cross-sectional studies demonstrate that health-risk behaviours such as 

smoking, alcohol consumption, a sedentary lifestyle, and obesity are associated with a variety of 

health-risks and mortality (63). 

Alcohol 

Evidence concerning alcohol consumption has been ambiguous since alcohol consumption is 

associated with both harmful and beneficial health effects. Heavy drinking has been found to be 

significantly associated with an increased mortality rate among patients undergoing CABG [HR, 

2.44; 95% CI, 1.47–4.04] (64). 
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Smoking 

Smoking is a well-known risk factor for complications after surgery (65,66). Being a current 

smoker has been found to predict increased operative mortality after cardiac surgery among patients 

over the age of 70 years [14.8 vs. 2.1%, P 0.0001] (67). Pagano and colleagues found that there was 

a 29% additional risk of death after cardiac surgery among patients smoking [HR 1.29; 95% CI 

1.191-1.407] and 25% for ex-smokers compared to patients who had never smoked (68). 

Furthermore, there is evidence that preoperative smoking cessation may reduce postoperative 

morbidity (69,70). 

Obesity 

The relation between body mass index (BMI) and survival after cardiac surgery has previously been 

found to be non-linear, with a U-shaped relationship in which the minimum risk occurs near a BMI 

of 30 kg/m2 and lower and higher BMIs are associated with higher risk (71). Severe obesity with 

BMI ≥ 40 has been found to be associated with increased risk of early complications and extended 

length of stay and it was established as an independent predictor of adverse outcomes following 

CABG surgery (19,72). An increased BMI has furthermore been found to be associated with a 

higher likelihood of readmission to hospital within 30 days of discharge following cardiac surgery 

[9.3 vs. 13.4%, P 0.025]  (73). 

 

Discussion 

Cardiac surgery remains an established procedure for several heart conditions and as a consequence 

of an increasingly older population, cardiac surgery is being performed on more complex and high-

risk populations than before. Adequate risk assessment to guide the clinical decision-making is 

therefore of rising importance. 
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Several of the above mentioned factors rely on patient-reported measures. 

Traditionally, clinical health factors, such as blood pressure control, has been proclaimed as valid 

measures of cardiovascular health (74). Although important, these measures alone are insufficient 

according to the World’s Health Organization’s definition of health “… a state of complete 

physical, mental and social well-being.” (75). Associations between self-reported health and 

morbidity and mortality has been confirmed in previous studies, where patient reported measures 

has been found to predict prolonged hospital stay, labour market affiliation, morbidity and mortality 

in cardiac patients (76–79). 

For the application of patient-reported outcomes in risk assessment, it is of paramount 

importance to choose measures that provide valid and reliable responses. On the other hand, 

feasibility and practicality of collection, scoring, and interpretation of patient health status data have 

to be taken into consideration. Comprehensive testing, using extensive research instruments, is not 

an option when used in risk assessment schemes. Such questionnaires are typically too lengthy to be 

used in clinical practice. Indeed, in risk evaluation, each factor ought to be assessed in the shortest 

possible way, to warrant that the overall risk assessment is doable in day-to-day clinical practice. 

Short-form versions are likely most suitable. Furthermore, computer adaptive testing may be a 

promising approach, since the answer to a certain question determines what questions are 

subsequently asked. Such adaptive testing procedures can substantially reduce the questionnaire 

burden in respondents. 

 As described in this paper, several emotional, social, functional, and behavioural 

factors impact on mortality, readmission and complications following cardiac surgery. However, 

there is still some uncertainty about the true predictive value of these factors. Furthermore, it is not 

known what their added value would be above and beyond the physiological factors. Therefore, 

future research in this matter is imperative. 
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In Denmark, a comprehensive research project is ongoing in which we are developing 

a risk stratification model as a supplement to EuroSCORE. Emotional, social, functional and 

behavioural factors will be included through national administrative registers, clinical databases and 

surveys to predict mortality, readmissions and complications in patients within three months after 

cardiac surgery. 

In conclusion, conventional risk assessment focuses on medical and physiological 

factors, but do not contain other relevant risk factors associated with increased risk of poor 

outcomes following cardiac surgery. Evidence has been established that also non-physiological 

factors are predictive of poor outcomes following cardiac surgery and need to be considered for 

inclusion in current risk evaluation models. 
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Supplementary Table 1. Risk factors included in EuroSCORE II 

Age 

Female 

Renal impairment 

CC 50-85 

CC ≤ 50 

On dialysis 

Extracardiac arteriopathy 

Poor mobility 

Previous cardiac surgery 

Chronic lung disease 

Active endocarditis 

Critical preoperative state 

Diabetes on insulin 

NYHA 

II 

III 

IV 

CCS class 4 angina 

LV function 

Moderate (LVEF 31%-50%) 

Poor (LVEF 21%-30%) 

Very poor (LVEF 20% or less) 

Recent MI 

Pulmonary hypertension 

31-55 mmHG 

≥ 55 

Urgency 

Urgent 

Emergency 

Salvage 

Weight of procedure 

Single non-CABG 

2 procedures 

3 or more procedures 

Surgery on thoracic aorta 



Supplementary Table 2. Initial, general search strategy in the PubMed database for each included factor. All searches included ‘Cardiac surgery’. 

Factor 

Type of search 

terms Search terms Full search 

Cardiac 

surgery 

MeSH Cardiac Surgical Procedures 

Coronary Artery Bypass 

Cardiac Valve Annuloplasty 

((((""Cardiac Surgical Procedures""[Mesh]) OR (((heart 

surgery) OR cardiac surgery) OR cardiac surgical 

procedures))) OR ((""Coronary Artery 

Bypass""[Mesh]) OR (((coronary artery bypass graft) 

OR CABG) OR coronary artery bypass surgery))) OR 

((""Cardiac Valve Annuloplasty""[Mesh]) OR ((((heart 

valve surgery) OR heart valve annuloplasty) OR heart 

valve replacement) OR heart valve repair)) 

Free-text heart surgery / cardiac surgery / cardiac surgical 

procedures 

coronary artery bypass graft / CABG / coronary 

artery bypass surgery 

heart valve surgery / heart valve annuloplasty / 

heart valve replacement / heart valve repair 

Depression MeSH Depressive Disorder 

Depression 

((((""Depressive Disorder""[Mesh]) OR 

""Depression""[Mesh]) OR depression) OR depressive 

disorder) OR depressed mood Free-text Depression / depressive disorder / depressed mood 

Anxiety MeSH Anxiety Disorders 

Anxiety 

((((""Anxiety Disorders""[Mesh]) OR 

""Anxiety""[Mesh]) OR Anxiety) OR anxiety disorder) 

OR anxiety symptoms Free-text Anxiety / anxiety disorder / anxiety symptoms 

Health-related 

quality of life 

MeSH Quality of Life ((""Quality of Life""[Mesh]) OR quality of life) OR 

health-related quality of life Free-text Quality of life / health-related quality of life 

Education MeSH Educational Status 

Education 

(((""Educational Status""[Mesh]) OR 

""Education""[Mesh]) OR educational status) OR 

educational level Free-text Educational status / educational level 

Income MeSH Socioeconomic Factors 

Health Status Disparities 

(((((((""Socioeconomic Factors""[Mesh]) AND 

income)) OR ""Health Status Disparities""[Mesh]) OR 

income) OR health disparities) OR health inequality) 

OR health inequity 
Free-text Income / health disparities / health inequality / 

health inequity 

Cohabitation MeSH Marital Status ((((""Marital Status""[Mesh]) OR cohabitation status) 

OR cohabitation) OR marital status) OR living alone Free-text Cohabitation status /cohabitation / marital status / 

living alone 

Physical 

functioning 

MeSH Physical Fitness (((""Physical Fitness""[Mesh]) OR physical functioning) 
OR physical activity) OR functional status Free-text physical functioning / physical activity / functional 

status 

Frailty MeSH Frailty 
Frail Elderly 

((((""Frailty""[Mesh]) OR ""Frail Elderly""[Mesh]) OR 
frail) OR frailty) OR functional decline 

Free-text Frail / frailty / functional decline 



1 

 

Cognition MeSH Cognitive Dysfunction ((((""Cognitive Dysfunction""[Mesh]) OR cognitive 
dysfunction) OR cognitive impairment) OR cognitive 
functioning) OR cognitive performance 

Free-text Cognitive dysfunction / cognitive impairment / 
cognitive functioning / cognitive performance 

Alcohol MeSH Alcoholism 
Alcoholics 

(((((""Alcoholism""[Mesh]) OR ""Alcoholics""[Mesh]) 
OR alcohol) OR alcoholism) OR alcoholics) OR alcohol 
consumption Free-text Alcohol / alcoholism / alcoholics / alcohol 

consumption 

Smoking MeSH Smoking 
Tobacco Smoking 
Cigarette Smoking 

(((((""Smoking""[Mesh]) OR ""Tobacco 
Smoking""[Mesh]) OR ""Cigarette Smoking""[Mesh]) 
OR smoking) OR tobacco smoking) OR cigarette 
smoking Free-text Smoking / tobacco smoking / cigarette smoking 

Obesity MeSH Obesity 
Overweight 
Body Mass Index 
Adiposity 

(((((((((""Obesity""[Mesh])) OR ""Overweight""[Mesh])) 
OR ""Body Mass Index""[Mesh]) OR 
""Adiposity""[Mesh]) OR obesity) OR overweight) OR 
BMI) OR adiposity 

Free-text Obesity / overweight / BMI / adiposity 

 


