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Perioperative risk estimation using survival epidemiology 

Summary 
• I describe how to estimate the chances of survival and death. 

• The aims are to help patients and clinicians decide whether to proceed with surgery and to 
help minimise risk. 

• I have described a step-by-step sequence to determine risk. 

• Information from a fitness test increases the precision of the survival estimate. 
 

Introduction 
What happens to my chances of survival (my risk of dying) if I have surgery? More specifically, 
what happens to my chances if I have this surgery? Researchers have tried to answer this 
question by looking at populations having surgery and recording who is alive and who is dead 
one month after surgery (outcome has usually been cardiac complication rather than death). 
Some people are more likely to die and some types of surgery are more likely to kill. Researchers 
recorded before surgery whether or not patients have a factor that they (the researchers) thought 
might influence the risk of dying, for instance whether the patient had had a heart attack. They 
also recorded what surgery the patient had. Then, usually one month after surgery, the 
researcher recorded whether or not the patient had experienced the outcome(s) of interest – 
usually ‘major cardiac complications’. In this way researchers could see whether or not the 
presence of a variable was associated with the outcome and by how much (using multivariate 
logistic and linear regression statistics). Different researchers have generally associated similar 
patient and surgical variables with the same (or similar) outcomes. I list later some of the scoring 
systems that have resulted from these associative studies. 
However, there are sources of survival data that until now preoperative services have not used. 
In this chapter I will describe how to use these sources of information. The benefits of using 
previously untapped information sources are:  
� the precision and reliability of risk estimates will be better (larger populations);  
� preoperative risk can be calculated, as well as postoperative risk; 
� preoperative risk can be calculated, and postoperative risk estimated, for anyone. 
Once a patient knows the likelihood for good and bad outcomes, before and after surgery, with 
and without surgery, he or she can decide what to do. We can plan how to make their hospital 
stay safe, using resources, like intensive care, efficiently. 
 

Assessing risk 
To make an informed decision whether or not to have surgery one needs to know: what the risk is 
for good and bad outcomes without surgery (see below); what the risk is for long-term (more than 
one month) good and bad outcomes after surgery. Most published scoring systems do not 
provide this information.  
I will provide you with a template for risk assessment for one outcome - death. This template is 
based upon a logical sequence of steps for risk calculation. You could use this sequence to 
determine the risks for other specific outcomes (such as myocardial infarction, cardiac arrest, 
cardiac death, deep vein thromboses). Start with the average risk of dying for a population with a 
given age and sex. Population risks, published by the United Kingdom government, are derived 
from all deaths in the UK and are therefore precise. Other scoring systems derive risk from 
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relatively small surgical populations, numbering in total a few thousand. These systems do not 
assess the preoperative risk. There are much larger survival studies of people not having 
surgery. These provide more precise estimates of the preoperative association of a variable, 
such as heart failure, and survival. The preoperative risk for an outcome such as death illustrates 
to patients and clinicians the likelihood of an outcome without surgery. The final step in my 
sequence is to estimate the effect of a particular operation on a person’s risk (of death) i.e. the 
postoperative risk. Once you have followed these steps and calculated the postoperative risk you 
can compare it with the risk quoted by published scoring systems. Be careful that the scoring 
system you are comparing with is for the same outcome (I am using death here – many scoring 
systems are for cardiovascular events). If the two estimates are particularly different you should 
recalculate and try and determine whether your patient is particularly different to the patients 
used to calculate the risks in the surgical scoring system. 
 

Calculating the risk of dying 

To predict survival as best you can you need to measure fitness as best you can. The four 
variables that together predict survival in people without disease are: age, sex, socioeconomic 
status and fitness. These variables also form the basis of survival prediction for people with 
systemic diseases: a few diseases independently increase risk above and beyond their effect on 
fitness (see below). If you assess fitness by history alone you will be unable to predict survival as 
well as you could if you measure fitness directly, no matter how many other variables you take 
into account.  
 

Calculating the preoperative risk of dying 
Four variables, described in ‘Step one’, ‘Step two’ and ‘Step three’, determine the risk of dying in 
the healthy. Five additional variables determine the risk of dying in patients with disease. Each 
variable is independent, so multiply the risk you have calculated in preceding Steps by the value 
in the next Step. 
 

Step one: age and sex (www.gad.gov.uk) 

In the United Kingdom all deaths are recorded and used to calculate age-specific and sex-
specific survival. These figures are updated every year. You can download Excel survival 
spreadsheets for men and women. Table 5.1 lists examples of mortality risk and median life 
expectancy for men and women. These data provide a precise but average risk of dying. The 
risk of death doubles about every seven years. For instance the risk that a 58 year-old woman 
will die in the next month is 1 in 2500, the risk that a 65 year-old woman will die is 1 in 1250. The 
risk that a man will die is 1.7 times the risk that a woman will die. Steps two onward 
determine how average a patient is. 
 
Table 5.1 Examples of UK monthly mortality and median years left 
Deaths per 

10 000 

Survivors per 

10 000 

One death in: Survivors per 

death 
Female age 

(years left) 

Male age 

(years left) 

1 in 10 000 9999 in 10000 10 000 9999 42 (40) 35 (36) 

2 in 10 000 9998 in 10000 5000 4999 49 (33) 45 (30) 

4 in 10 000 9996 in 10000 2500 2499 58 (25) 53 (22) 

8 in 10 000 9992 in 10000 1250 1249 65 (19) 60 (17) 

16 in 10 000 9984 in 10000 625 624 71 (15) 67 (12) 

32 in 10 000 9968 in 10000 313 312 77 (11) 73 (9) 

64 in 10 000 9936 in 10000 157 156 84 (7) 80 (6) 

128 in 10 000 9872 in 10000 79 78 90 (4) 87 (5) 

256 in 10 000 9744 in 10000 40 39 97 (3) 95 (3) 

http://www.gad.gov.uk/Demography_Data/Life_Tables/Interim_life_tables.asp 
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Step two: wealth  

The impoverished are twice as likely to die as the wealthy. This association is reasonably 
consistent using occupation, educational qualification or income as the measurement of wealth. 
Ethnicity is not an independent risk factor: poverty, and the risk factors listed below, account for 
differences in all-cause mortality between ethnic groups. Regional mortality rates account for 
some geographical variation in wealth. Multiply the average regional mortality rate by 1.5 for the 
impoverished and by 0.7 for the wealthy [1,2] 
 

Step three: aerobic fitness 

Fit people are more likely to survive than unfit people, for both healthy and diseased populations. 
Traditional assessment is based upon the maximum work (power) that someone says they can 
achieve, usually in terms of day-to-day activities, like walking or going upstairs. The approximate 
power required to achieve these activities is listed in tables as the number of METs (metabolic 
equivalents). One MET is the internal power used at rest. The MET scale of daily activities was 
not intended to be a prognostic measure and imprecisely stratifies risk. Fitness assessment by 
history, using the MET scale and others, is unreliable. 
Bodies are powered by oxidising food. Food oxidation at rest is often quoted as using 3.5 
millilitres of oxygen every minute for every kilogram of body mass (3.5 ml O2/kg per min). This is 
the value most MET scales assume as one MET and the value used by treadmill studies of 
fitness and survival. When fitness is tested by observation, rather than relying upon how fit 
people say they are, the following relationships apply between fitness and survival for men and 
women: 
� The expected peak power (in METs) for men is 18.4 – (0.16 x age) [3]; 
� The expected peak power (in METs) for women is 14.7 – (0.13 x age) [4]; 
�  The risk of dying is more for unfit people – multiply the risk (from Step one and Step two) by 

1.19 for every MET short of the expected peak power (for age). The risk of dying is less for fit 
people – multiply the average risk by 0.84 for every MET in excess of the expected peak 
power [5-11].  

 
Incidentally the value used in the MET scale for oxygen consumption at rest is incorrect. The 
correct average adult resting oxygen consumption is 2.6 ml O2/kg per min, with 95% of adults 
consuming between 2.0 and 3.4 ml O2/kg per min [12].  
Fitness testing provides precise prognostic information and replaces risk based upon historical 
factors, such as hypertension and diabetes (see below). However historical risk factors can help 
one decide which test to do: the incremental shuttle walk test (ISWT) or cardiopulmonary 
exercise testing (CPX). CPX is more complex than the ISWT. In the CPX test peak oxygen 
consumption (and therefore METs) are measured directly, whereas the ISWT estimates peak 
METs (and oxygen consumption). CPX testing provides the most precise prognostic information, 
but it is too labour-intensive a method to use in every preoperative patient, unlike the ISWT. 
 
Measuring fitness, part one: incremental shuttle walk test (ISWT) 
The ISWT is better than many other fitness tests, such as the distance walked in 6 or 12 minutes, 
or the number of stair flights ascended, because it requires the participant to increase power 
throughout the test. The ISWT is a slower version of the ‘shuttle’ or ‘bleep’ test used in sport. In 
the ISWT you have to keep travelling to and fro 10 metres, around two cones 9.5 m apart (Figure 
5.1). In the first minute of the ISWT participants are usually asked to complete three 10m lengths, 
four lengths in the next minute and so on [13-16]. In Table 5.2 I have illustrated the power levels 
that men and women of different ages are expected to achieve, using the relationships between 
age and expected peak power that I have described above. I have added two levels, so that if 
you started at level one you would have to complete one length in the first minute and two in the 
second minute. These two (new) levels allow the elderly and infirm to start very slowly. I have 
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suggested faster starting levels for fitter and younger men and women. I have assumed that 
people start to jog above a speed of 130 m/min (level 13) when I calculated oxygen 
consumptions and METs: the relationship between speed and work is different for walking and 
running [17-23]. 
Looking at Table 5.2, a 60 year-old man of average fitness would start at new level five and 
would be expected to reach level 17 (indicated by a black box). A 60 year-old man who continued 
to level 24 (indicated by an unshaded box) would have half the average risk of dying. A 60 year-
old man with double the average risk of dying would stop at level 11 (indicated by a bracketed 
box) having also started at level five. A 60 year-old man with four times the average risk would 
not exceed level 3 (another unshaded box). You may need to start patients at a lower level than I 
have indicated if you think they are particularly unfit, so that they walk at least five minutes before 
stopping. 
 
Figure 5.1 Incremental Shuttle Walk Test course 
 

 
 
Measuring fitness, part two: cardiopulmonary exercise testing (CPX)  
Only the distance (and time) walked (or run) is recorded by the ISWT. This is used to estimate 
the peak power and oxygen consumption achieved. How well someone’s body copes up to the 
time they stop is not measured: with the ISWT this information cannot be used to improve 
prognostication. 
Cardiopulmonary exercise testing (CPX or CPET), unlike the ISWT, directly measures the 
aerobic capacity of someone whilst they exercise, usually either on a treadmill or bicycle [24]. 
The CPX test measures the breath volume, oxygen consumption and carbon dioxide production 
during exercise. An ECG with ST segment analysis and pulse oximetry is recorded throughout, 
along with intermittent non-invasive blood pressures. Rarely arterial blood gases are sampled. As 
in the ISWT power increases throughout the CPX test until the person stops, by increased 
braking on the bicycle and by increased speed and gradient on the treadmill. Incremental 
exercise should last at least five minutes, and preferably ten minutes, to accurately gauge 
prognosis. 
The expected peak powers (and related peak oxygen consumptions) for men and women of 
different ages, are the same for CPX as for ISWT. Combinations of CPX variables that improve 

prognostic precision include: the amount of breathing needed to get oxygen in (V& E/V& O2) and 

carbon dioxide out (V& E/V& CO2); the amount of oxygen used to fuel increasing power (V& O2/W); and 
the threshold above which aerobic respiration alone cannot meet metabolic demand – the 
‘anaerobic threshold’ (AT) [25-31]. Heart rate during exercise and recovery also supply additional 
prognostic information [32]. Changes in the ECG complex, for instance ST depression or 
elevation, do not usually increase prognostic precision. Patients with hip and knee osteoarthritis 
or claudication who find walking painful may prefer bicycle CPX to either the ISWT or treadmill 
CPX. 

10 metre length around cones 9.5 m apart 
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Table 5.2a Predicted fitness for men 

 
 

Table 5.2b Predicted fitness for women 

New level: number of lengths each minute in the ISWT. Distance: cumulative distance if one started at level 1. Old MET: multiples of resting oxygen consumption estimated 
as 3.5 ml O2/kg per min. New MET: multiples of resting oxygen consumption estimated as 2.6 ml O2/kg per min. VO2: oxygen consumption. 
 
 

AGE (years)                             

30                                               

40                                              

50                                             

60                                            

70                                           

80                                         

90                                      

Peak for age:        90   80   70   60   50    40   30  

New level 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Speed (m/min) 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 

Distance x 100m 0.1 0.3 0.6 1 1.5 2.1 2.8 3.6 4.7 5.7 6.8 7.9 9.2 10.6 12.1 13.7 15.4 17.2 19.1 21.1 23.2 25.4 27.7 30.1 32.6 35.2 37.9 41.7 

Old METs 1.2 1.6 2.0 2.4 2.8 3.3 3.7 4.1 4.6 5.0 5.6 6.1 6.6 7.1 7.6 8.0 8.6 9.1 9.6 10.0 10.6 11.1 11.6 12.0 12.6 13.1 13.6 14.1 

New METs 1.6 2.2 2.7 3.2 3.8 4.4 5.0 5.5 6.2 6.7 7.5 8.2 8.9 9.6 10.2 10.8 11.6 12.3 12.9 13.5 14.3 14.9 15.6 16.2 17.0 17.6 18.3 19.0 

VO2 (ml/kg/min) 4 6 7 8 10 12 13 14 16 18 20 22 23 25 27 28 30 32 34 35 37 39 41 42 44 46 48 50 

AGE (years)                             

20                                             

30                                             

40                                            

50                                              

60                                            

70                                           

80                                        

90                                    

Peak for age:      90   80  70   60  50   40  30   20     

New level 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Speed (m/min) 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 

Distance x 100m 0.1 0.3 0.6 1 1.5 2.1 2.8 3.6 4.7 5.7 6.8 7.9 9.2 10.6 12.1 13.7 15.4 17.2 19.1 21.1 23.2 25.4 27.7 30.1 32.6 35.2 37.9 41.7 

Old METs 1.2 1.6 2.0 2.4 2.8 3.3 3.7 4.1 4.6 5.0 5.6 6.1 6.6 7.1 7.6 8.0 8.6 9.1 9.6 10.0 10.6 11.1 11.6 12.0 12.6 13.1 13.6 14.1 

New METs 1.6 2.2 2.7 3.2 3.8 4.4 5.0 5.5 6.2 6.7 7.5 8.2 8.9 9.6 10.2 10.8 11.6 12.3 12.9 13.5 14.3 14.9 15.6 16.2 17.0 17.6 18.3 19.0 

VO2 (ml/kg/min) 4 6 7 8 10 12 13 14 16 18 20 22 23 25 27 28 30 32 34 35 37 39 41 42 44 46 48 50 
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The more complete prognostic information provided by CPX tests is probably of use if it: 

• Helps clinicians determine whether surgery is more likely to harm or benefit a patient; 

• Helps patients determine whether to have surgery; 

• Helps determine the efficient use of scarce resources (critical care, transplants); 

• Helps determine the likelihood that interventions could improve outcomes. 
Readers interested in using CPX results should refer to specialist texts. 
 

Heart, brain, kidneys and legs 

Steps one, two and three calculate the preoperative risk of dying in someone without disease. 
Five diagnoses independently increase the risk already calculated using age, sex, wealth and 
fitness.  
Histories of peripheral vascular disease (PVD), stroke, heart failure, myocardial infarction or renal 
failure (creatinine concentration more than 150 µmol/L) each independently increase the risk of 
dying by about 1.5. Temporary ischaemia, instead of tissue infarction, in the heart (angina) or 
brain (TIAs) increases the risk of dying by 1.2 rather than 1.5. The elevated risk following 
infarction is maintained over decades, whilst the lesser risk from stable temporary ischaemia falls 
over time [1,2, 33-44]. 
 

How to use steps one to four 
Step one: determine baseline risk with age and sex; 
Step two: multiply baseline risk from step one by 1.5 for poorest, 0.7 for wealthiest; 
Step three: multiply risk from step two by the relative risk associated with the peak power 
achieved in the ISWT or CPX test; 
Step four: multiply risk from step three for a history of each of the following – myocardial 
infarction (1.5); heart failure (1.5); stroke (1.5); peripheral vascular disease (1.5); creatinine 
concentration more than 150 µmol/L (1.5). 
 
‘What is the (preoperative) risk that a 54 year-old woman will die in the next month, who smokes 
and is treated for hypertension and type II diabetes, who had a heart attack four years ago, and 
who can reach new level 10 in the ISWT’ 
Step one: average risk of dying for a 54 year-old woman is 1 in 3418. 
Step two: estimate unchanged as no socioeconomic information. 
Step three: estimate multiplied by relative fitness. Average peak power (in old METs) expected 
for a 54 year-old woman is 14.7 – (0.13 x 54) = 7.7 old METs. This is new level 15 (or old level 
13) in the ISWT. She reached new level 10, or about 5.6 old METs. The difference is 7.7 – 5.6 = 
2.1 METs. The relative risk is 1.19 x 2.1 = 2.5. So the new estimate is 2.5 in 3418. 
Step four: estimate multiplied for previous heart attack (1.5) = 1.5 x 2.5 = 3.75 in 3418. 
In other words, her approximate risk of dying in the next month is 1 in 910, and her approximate 
chance of survival is 909 in 910. 
 

Smoking, diabetes, blood pressure and cholesterol  

These risk factors for cardiovascular disease do not alter risk if fitness has been measured. 
Calculation of the preoperative risk of dying is complete with Steps one through four using nine 
variables: age, sex, wealth, fitness, five diseases. The effect on survival of the background risk 
factors that I discuss here, and that occupy the time of primary care, is detected through these 
nine variables. These variables are only independent risk factors if fitness has not been 
measured [1,2, 33-44]. Smoking, diabetes, hypertension and hypercholesterolaemia increase the 
risk of death, mainly through atherosclerotic disease. I have simplified the relationship between 
these variables and death. There is no blood pressure, cholesterol ‘threshold’ or smoke exposure 
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for which the risk of death suddenly increases. The relationship is a gradual increase in risk with 
higher values, or a decrease in risk with lower values. 
Smoking 
About 1 in 4 adults smoke in the United Kingdom. Someone who smokes (or who has stopped in 
the last 5 years) is about 1.5 as likely to die as average. Someone who has not smoked in the 
last 5 years is about 0.8 times as likely to die as average. The risk of dying increases by 1.2 for 
every 10 pack-years. One pack-year is smoking 20 cigarettes each day for one year or ten 
cigarettes each day for two years (and so on). 
Diabetes 
About 1 in 20 adults in the UK have a diagnosis of diabetes, of whom 10% have type one 
diabetes and 90% have type two diabetes. Type one diabetes increases the risk of dying 3 times, 
type two diabetes increases the risk of dying 2 times. Non-diabetics have about an average risk 
of dying. 
Hypertension 
About 1 in 3 adults are either already treated for hypertension, or consistently have a systolic 
blood pressure (SBP) above 140 mmHg when it is measured in primary care. Adults treated for 
hypertension, or who have a SBP in primary care above 160 mmHg, are about 1.5 times as likely 
to die as average. Untreated adults with systolic blood pressures in primary care below 130 
mmHg are about 0.7 times as likely to die as average. Adults with SBP between 130 mmHg and 
160 mmHg have an average risk of dying. Use the blood pressure recorded in primary care to 
guide your risk calculations. Do not use blood pressure measured in hospital to calculate risk. 
Blood pressures measured in hospital clinics are usually higher and do not correlate with 
outcome as well as those measured in primary care. 
Hypercholesterolaemia 
The average adult cholesterol level is about 5.5 mmol/L (220 mg/dL). Lipidaemic atherosclerotic 
risk is also measured as the ratio of total cholesterol to high density cholesterol, the average of 
which is about 4.5. People with total cholesterol concentrations at least 8 mmol/L (350 mg/dL), or 
total:HDL ratios at least 7, are 1.25 times as likely to die as average. People with total cholesterol 
concentrations less than 4.1 mmol/L (150 mg/dL), or total:HDL ratios less than 3.1, are 0.8 times 
as likely to die as average. The risk of dying is about average for values in between these. 
Lipidaemic atherosclerotic risk is calculated on more than one blood sample. So, as with blood 
pressures, prognosis should use serum lipid measurements taken in primary care. 
 

How to use Steps one, two and four without fitness 
If you do not measure fitness (Step three) you have to calculate risk of dying using histories of 
smoking, diabetes, blood pressure, and cholesterol concentration. This risk estimation will be less 
accurate than risk estimate using results from the ISWT or CPX. 
Step one: determine baseline risk with age and sex; 
Step two: multiply baseline risk from step one by 1.5 for poorest, 0.7 for wealthiest; 
Smoking, diabetes, blood pressure, cholesterol: multiply risk from step two for smoking (1.5) or 
non-smoking (0.8), diabetes (3 for type one or 2 for type two), treated hypertension or SBP more 
than 160 mmHg (1.5) or SBP less than 130 mmHg (0.7), and cholesterol high (1.25) or low (0.8); 
Step four: multiply this risk for a history of each of the following – myocardial infarction (1.5); 
heart failure (1.5); stroke (1.5); peripheral vascular disease (1.5); creatinine concentration more 
than 150 µmol/L (1.5). 
 
‘What is the (preoperative) risk that a 54 year-old man will die in the next month, who smokes 
and is treated for hypertension and type II diabetes, and who had a heart attack four years ago?’ 
Step one: average risk of dying for a 54 year-old man is 1 in 2235. 
Step two: estimate unchanged as no socioeconomic information. 
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Smoking, diabetes, blood pressure, cholesterol: estimate multiplied for smoking (1.5), type two 
diabetes (2) and hypertension (1.5) = 2 x 1.5 x 1.5 = 4.5 in 2235. 
Step four: estimate multiplied for previous heart attack (1.5) = 4.5 x 1.5 = 6.75 in 2235. 
In other words, his approximate risk of dying in the next month is 1 in 330, and his approximate 
chance of survival is 329 in 330. 
 

Step five: the effect of surgery 
In the preceding steps you have calculated the preoperative risk of dying per month, using a 
measure of fitness and 8 other variables, or 12 variables and no fitness measurement. To 
calculate the postoperative risk of dying (in the month after surgery) we need to estimate what 
effect, if any, surgery has upon the risk of dying.  
Because information is scarce for most operations the risk estimate we calculate for dying in the 
month after surgery will be more uncertain than the estimate of the preoperative risk of dying. 
Most people feel worse for some time after surgery than they did before surgery. Similarly most 
people are probably more likely to die in the month after elective surgery than if they had not had 
surgery. Elective operations are performed to prolong life, and make it better, but these effects 
can only be detected when patients are followed up for longer than one month. How much 
surgery extends life and improves its quality remains unknown for most operations. Although 
longer-term quality of life has been assessed in some postoperative patients, particularly after 
operations for cancer, randomized controlled trials that can determine benefit and harm are 
largely confined to surgery for coronary artery disease. 
The risk of dying is increased more by major surgery than by minor surgery. Major surgery 
includes operations on arteries and intra-abdominal and intrathoracic viscera. Postoperative 
inflammatory responses increase oxygen demand, acid production and blood coagulability. This 
response peaks about two days after surgery and, in uncomplicated cases, gradually diminishes 
over subsequent days and weeks. The risk of dying parallels these changes, although there are 
additional risks that may not parallel the postoperative inflammatory response, for instance drug 
administration errors and hospital-acquired infections. The risk of dying should be the same as 
being at home if the body’s physiological state is unchanged by surgery, as long as 
miscellaneous risks from being hospitalized are minimal. Indeed, home is not a risk-free 
environment and it is easy to imagine someone whose risk of dying may be less having elective 
surgery than pursuing their normal activities. On average the risk of dying will be unchanged by 
minor surgery, such as cystoscopy. The risk of dying increases most, about 12 times, in the 
month following open abdominal aortic aneurysm repair [45]. Other major surgeries, such as 
anterior resections, may increase the risk about 5 times. The risk following elective knee or hip 
replacement may increase about 3 times. 
Calculate the risk of dying in the month following surgery by multiplying the figure you have 
calculated (in Steps one to four) by the relative risk associated with the proposed surgery. It is 
possible that this risk estimation could be made more accurate by factoring additional anaesthetic 
or surgical factors, and perhaps some residual patient factors, but it is unclear what factors to 
include and whether they increase or decrease the relative risk of surgery (see below). 
 

Other Scoring Systems 
The “American College of Cardiology / American Heart Association (ACC/AHA) guideline on 
perioperative cardiovascular evaluation and care for noncardiac surgery” references 12 scoring 
systems [46]. I discuss this guideline in more detail in the chapter ‘Cardiovascular disease – 
assessment and management’. The ACC/AHA guideline is extensive and well-referenced but it 
does not provide a template for calculating risk. It is primarily concerned with determining what 
perioperative interventions to use, such as beta-blockade and coronary artery bypass grafting, 
when and in whom. In this section I will concentrate on the risk score published in 1999 that the 
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ACC/AHA recommends and that is currently most popular – the revised cardiac risk index (RCRI) 
[47], a revision of the original Goldman score published 22 years previously [48]. 

 
Revised Cardiac Risk Index (RCRI) 
You could use the RCRI in addition to the risk calculation tool I have described. When you use 
the RCRI remember the following.  
� The RCRI cannot be used to estimate preoperative risk – it is a tool for estimating 

postoperative risks. The RCRI was derived from a population older than 49 with planned 
admissions of at least two days. 

� The RCRI cannot be used to estimate risk in populations having minor or moderate surgery.  
� The RCRI cannot be used to estimate the risk of postoperative death – it is a tool for 

estimating the risk that a patient will experience one or more of four ‘major cardiac 
complications’: myocardial infarction (MI); complete heart block; ventricular fibrillation or 
primary cardiac arrest; pulmonary oedema.  

� The RCRI estimates the risk of one of these outcomes occurring within 5 days of surgery and 
would estimate less well the risk during a longer period (such as a month). As I have 
mentioned the RCRI cannot be used to estimate risk of dying: the RCRI was not designed to 
predict the two thirds of the deaths (31/43) that the authors categorised as not associated with 
a ‘major cardiac complication’. 

� The RCRI assigned the same risk – one point – to each factor. The authors reported that the 
odds ratios for the six factors ranged from 1.9 to 3.0 in the multivariate analysis. The authors 
justified using one point instead of the odds ratios for each factor because the areas under the 
receiver operating characteric (ROC) curves were similar. There are two general problems. 
Comparison of the ROC curves of 6 factors cannot be relied upon to detect important 
differences between the two scoring systems. The second problem is that values of odds 
ratios (as opposed to risk ratios) are sensitive to the pretest probability: factors that affect the 
rate of postoperative complications but were not assessed by the authors (or could not be 
assessed by the authors). Odds ratios cannot be used for other patients unless the effects of 
these factors are the same, unlike risk ratios. 

� The number of participants that contributed to the derivation and validation of the RCRI are far 
fewer than the populations used to calculate the preoperative risk sequence I have described 
(above). For instance the RCRI was developed from 108 major cardiac complications that 
occurred in 92 patients in a surgical population of 4315 participants. The national life tables 
(www.gad.gov.uk) that form Step one in the risk calculation I have described used 1.72 million 
deaths that occurred over a three-year period (2004-6) in the UK population of 62.3 million. 

Keeping in mind these limitations, the RCRI identified that ‘major postoperative cardiac 
complications’ were associated with 4 preoperative factors: 
� Ischaemic heart disease, defined as; previous MI (including Q waves on ECG), positive ECG 

exercise test, angina, GTN use. 
� Heart failure, defined as; previous history, nocturnal dyspnoea, third heart sound gallop, 

bilateral crackles or CXR pulmonary oedema. 
� Cerebrovascular disease, defined as transient ischaemic attack or stroke. 
� High-risk elective surgery, defined as; abdominal aortic aneurysm repair, intrathoracic 

surgery, intraperitoneal surgery. 
Two other variables associated with major cardiac complications in the derivation cohort (2893 
participants) were not associated with major cardiac complications in the validation cohort (1422 
participants).  
� Renal impairment, defined as creatinine concentration greater than 177 µmol/L. 
� Insulin therapy for diabetes. 
It is unclear whether one should use these two risk factors to estimate the postoperative risk of a 
major cardiac complication, but most subsequent researchers have applied the six derivation 
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RCRI variables, not the four validation RCRI variables. The rate of postoperative major cardiac 
complications was associated with the number of risk factors. The complication rate was 1/200 
for participants with no risk factor; 1/100 with one risk factor; 1/20 with two risk factors; 1/10 with 
more than two risk factors. If you want to use the RCRI you need to remember that this is a score 
for cardiac complications after major surgery.  

Modified Cardiac Risk Index (MCRI) 

The starting point for this 1986 score, like the RCRI, was Goldman’s original 1977 score and was 
incorporated into the 1997 American College of Cardiology’s guideline for assessing and 
managing perioperative risk from coronary artery disease [49,50]. The MCRI authors added 
some risk factors and removed others. The MCRI also changed the values assigned to risk 
factors common to the 1977 score, as the RCRI was to do 13 years later. The MCRI has similar 
shortcomings to the RCRI and uses a more complicated scoring system. One attractive aspect of 
the MCRI’s bayesian methodology is that the risk is calculated by multiplying the pretest 
(average) probability for a postoperative complication by the MCRI score (or more exactly the 
likelihood ratio). Unfortunately, ironically, the ‘pretest’ probability in the MCRI is not a 
preoperative probability. It cannot help the patient put into context the risk. 

Customized Risk Index 

This risk index used the RCRI as the starting point and was derived for patients undergoing 
vascular surgeries [51]. This risk score was developed using total mortality within 30 days of 
surgery (153/2310) as the outcome, instead of cardiac complications, which I think is more 
useful. This scoring system identified similar mortality risk factors to the other risk indices, but 
gives more detail of the absolute and relative risks associated with different types of vascular 
surgeries, from carotid endarterectomy to ruptured aortic aneurysm. 
 

Reducing the risk of dying 

Reducing the relative operative mortality risk 
Most research has tried to reduce the relative risk of a given operation by preoperative, 
intraoperative and postoperative monitoring, fluid and drugs. These intervention attempt to 
reduce the risk calculated in Step 5. Although most research only measured survival up to one 
month following surgery, it seems reasonable to suppose that the measured reductions in 
mortality would have persisted. The preoperative assessment of risk as I’ve described above can 
help to identify which patients are more or less likely to benefit from such perioperative 
interventions. 
 

Reducing the preoperative mortality risk 
Reducing the relative risk of operations with intensive methods of risk-reduction uses critical care 
resources that are scarce and expensive. So they will only be used for the highest-risk cases. 
There are more low-risk than high-risk surgical patients. Although their individual risks of dying 
are less, the total burden of postoperative low-risk death is substantial. Lives can be saved more 
by making patients fitter before their operations. So what can one do to reduce preoperative and 
long-term risk? Long-term survival is increased mainly by reducing the risk of atherosclerotic 
ischaemic disease. 
1. Stopping smoking 
Preoperative risk is less for non-smokers, although it may take months or years before the risk of 
dying falls after stopping smoking.  
2. Getting fitter 
Fitter people live longer. Fitter people have lower blood pressure and lower cholesterol. People 
who exercise are have less ‘sticky’ blood and are less stressed than people who do not. 
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3. Take drugs if you’re healthy 
Drugs can further reduce blood coagulability, blood pressure and cholesterol, such as aspirin, 
‘statins’, diuretics, beta-blockers, calcium-channel blockers and ACE (angiotensin converting 
enzyme) inhibitors. Survival is probably slightly prolonged in any population that take these 
drugs. Prescription of these drugs has only traditionally been considered worthwhile in 
populations that have a risk of a cardiovascular event above 1 in 10 over the next 10 years (a 
cardiovascular event is stroke, acute coronary syndrome or death due to either). More recently a 
proposal has been made to prescribe a concoction of six drugs to everyone older than 54 years.  
4. Take drugs if you’re unhealthy 
People who have had strokes and acute coronary syndromes are much more likely to experience 
a(nother) cardiovascular event in the next 10 years than people who have not – which is why 
they are prescribed the drugs I’ve listed above. But kidney failure, heart failure and some cancers 
may also be made less likely by drugs (and fitness).  
 
It is not clear how long these interventions – stopping smoking, exercise, drugs – take to reduce 
the preoperative risk of dying. After myocardial infarction (or other acute coronary syndromes) the 
risk of dying falls within days and is further reduced within days of starting protective drugs. But 
drugs further reduce risk (compared to placebo) over the following weeks and months. It makes 
sense to use as much available time preoperatively to get people fitter and to optimize their 
preoperative, long-term, survival in order to reduce postoperative mortality.  
 

Conclusion 

Postoperative risk of death and morbidity is most effectively prevented by reducing the 
preoperative risk of death and morbidity. Postoperative risk is best estimated by precisely 
calculating the preoperative risk, then multiplying by a factor that reflects the severity of the 
operation. Preoperative mortality risk is most accurately assessed by incorporating a measure of 
fitness – either the ISWT or a CPX test. 
Preoperative services can help primary care practitioners ensure that patients are offered the 
most effective current drug combination. The risk of dying will be least for patients who have had 
the longest preoperative time getting fitter, not smoking and taking the best drugs. 
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