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"Accurate hospital statistics are much more rare than is generally imagined" 

(Florence Nightingale, 1863)



  

Risk stratification is defined as the ability to 
predict outcomes from a given intervention 
by arranging patients according to the 
severity of their illness



  

Uses of risk stratification and outcome 
assessment

The ultimate goal of risk stratification and 
outcome assessment is to account for 
differences in patient risk factors so that 

patient outcomes can be used as an indicator 
of quality of care



  

Uses of risk stratification and outcome assessment

• A vivid example of failure to adjust for severity of illness 

occurred when the leaders of the Health Care Financing 
Administration (HCFA) released hospital mortality figures 
in March of 1986

• At the facility with the most aberrant death rate, 87.6% of 
Medicare patients died compared to a Medicare average of 
22.5%. 

• What was not taken into account was that this particular 
facility was a hospice caring for terminally ill patients. The 
HCFA model had not adequately accounted for patient 
risks and co-morbidities.



  

Severity system Data source Classificat ion approach Outcomes measured

APACHE I I I 8 Values of 17 physiologic  parameters and 
other c linical informat ion

Integer scores from 0 to 299 measured w ithin 24 hours of 
ICU admission

In- hospital death

Pennsylvania6 Clinical findings collec ted at  t ime of 
admission

Probability of in- hospital death ranging from 0 to 1 based 
on logist ic  regression model and MediQual's At las admission 
severity score

In- hospital death and cost  of procedure

NY 1 7 5 ,1 8 9 ,2 6 6 Condit ion- spec ific  c linical variables from 
discharge record

Probability of in- hospital death ranging from 0 to 1 based 
on logist ic  regression model

In- hospital death

ST S 1 0 3 ,1 0 5 ,2 6 7 Condit ion- spec ific  c linical variables from 
discharge record

Bayesian algorithm used to assign pat ient  to risk interval 
(percent  mortality interval) ;  more recent ly converted to 
logist ic  regression model

In- hospital death and morbidity

VA1 8 1 ,2 6 8 ,2 6 9 Condit ion- spec ific  c linical variables measured 30 days after operat ion Logist ic  regression model used to assign pat ient  
to risk interval (percent  mortality interval)  In-
hospital death and morbidity

Parsonne2 7 0 – 2 7 3 Condit ion- spec ific  c linical variables from 
discharge record

Addit ive mult iple regression model w ith scores between 0 
and 158 based on 14 weighted risk fac tors

Death w ithin 30 days of operat ion

Canadian7 ,2 7 4 Condit ion- spec ific  c linical variables 
entered at  t ime of referral for cardiac  
surgery

Range of scores from 0 to 16 based on logist ic  regression 
odds rat io for 6 key risk fac tors

In- hospital mortality,  ICU stay,  and 
postoperat ive length of stay

New 

England1 3 8 ,1 9 3 ,2 7 5

Condit ion- spec ific  c linical variables and 
comorbidity index entered from 
discharge record

Scoring system based on logist ic  regression coeffi c ients 
used to calculate probability of operat ive mortality from 7 
c linical variables and 1 comorbidity index

In- hospital mortality

Cleveland2 7 6 Condit ion- spec ific  c linical variables from 
discharge record

Range of scores from 0 to 33 based on univariate odds 
rat io for each of 13 risk fac tors

In- hospital death or death w ithin 30 days of 
operat ion

Penn = Pennsylvania Cost  Containment  Commit tee for Cardiac  Surgery;  NY  = New Y ork S tate Department  of Health Cardiac  Surgery Report ing System;  ST S  = Soc iety of T horac ic  
Surgeons Risk S t rat ificat ion System;  VA = Veteran's Administ rat ion Cardiac  Surgery Ris

TABLE 6- 1  Exam ples of risk stratification system s used for patients undergoing cardiac surgical procedures



  

’Lies, damned lies, and statistics’
Mark Twain



  

Statistics

• Some people use statistics like a drunk uses 
a lamp post - for support rather than for 
illumination.

• Statistics are like a bikini.
What they reveal is suggestive, but what 
they conceal is vital.



  

Tools for Risk Stratification and Outcomes Analysis

• Databases

• Analytic Tools of Risk Stratification:

– Regression Analysis: statistical technique that is commonly used to describe how  one 
variable (the dependent or outcome variable) depends on or varies with a set of 
independent (or predictor) variables. Regression analysis means determining the 
relationship that describes how an outcome variable depends on (or is associated with) a 
set of independent predictor variables.

– Dependent or outcome variables can be:

• continuous (e.g., hospital cost or length of stay)

• discrete (e.g., mortality)

– dichotomous (two discrete values, such as alive or dead)

– nominal (multiple discrete values, such as improved, unimproved, or worse). 



  

Tools for Risk Stratification and Outcomes Analysis

• When the outcome variable of interest is a continuous variable , linear 
multivariate regression is often used to construct a model to predict outcome.

• It contains a set of independent variables that are linearly related to, and can be 
used to predict, an outcome variable

• These significant independent variables are termed risk factors, and knowledge 
of these risk factors allows separation of patients according to their degree of 
risk—i.e., risk stratification



  

Tools for Risk Stratification and Outcomes Analysis

• When the outcome variable of interest is a discrete variable (e.g., mortality), 
then non-linear regression analysis is used

• Logistic regression is the non-linear method most widely used to model 
dichotomous outcomes in the health sciences

• The significant independent variables identified by the logistic regression model 
are risk factors that allow risk stratification of patients according to their risk of 
experiencing the dichotomous outcome (e.g., survival versus death). 



  



  

Receiver Operator Characteristic 

• One commonly used parameter to evaluate the performance of logistic 
regression models is the c-statistic.

• The c-statistic is equal to the area under the receiver operator characteristic 

(ROC) curve and can be generated from the sensitivity and specificity of 
measurements of any dichotomous outcomes

Sensitivity measures the number of people who truly have the disease who test positive.

Specificity measures the number of people who do not have the disease who test negative.



  

Receiver Operator Characteristic

Receiver operating characteristic (ROC) curve demonstrating association of 
preoperative aspirin use in 2606 patients before CABG with postoperative blood 
transfusion. For this analysis, postoperative transfusion was considered a 
dichotomous variable (patients either received a transfusion or they did not). The 
area between the diagonal line and the upper curve represents the c-statistic.



  

Cox Proportional Hazards Regression Model

• When the outcome of interest is a time-dependent variable (e.g., hospital 
length of stay or survival after valve implantation), then regression modelling 
may be a more complex but still manageable process.

• With time-dependent outcome variables, the possibility exists that only a 
portion of the survival time is observed for some patients

• Thus the data available for analysis will consist of some outcomes that are 
incomplete or "censored"

• Cox's model overcomes these technical problems by assuming that the 

independent variables are related to survival time by a multiplicative effect on 
the hazard function—thus it is a "proportional hazards" model.



  



  



  

Bayesian Analysis

The probability of H conditional on E is defined as 
PE(H) = P(H & E)/P(E), 

provided that both terms of this ratio exist and P(E) > 0

• Using the Bayesian approach, three sets of probabilities are defined: 

– (1) the probability of an event before the presence of a new finding is revealed 
(prior probability); 

– (2) the probability that an event is observed given that an independent variable is 
positive (conditional probability); and 

– (3) the probability of an event occurring after the presence of a new finding is 
revealed (posterior probability). 

• The mathematical relationship between the three probabilities is Bayes' 
theorem

• Bayesian multivariate regression models are generated using computer-based 
iterative techniques



  

Use of a Bayesian Statistical Model for Risk Assessment in Coronary Artery Surgery 

As Originally Published in 1988: 

Updated in 1995 by Fred H. Edwards, MD, Richard J. Peterson,  MD, Charles Bridges, MD, and Eric L. Ceithaml, MD 

Predicted operative mortality compared with observed mortality, 1984 to 1990. The curved lines in 
the background show predicted mortality, whereas the bars reflect observed mortality in each 
subgroup



  

PARSONNET'S RISK 
STRATIFICATION SYSTEM

"Following univariate regression analysis of 3500 
consecutive operations, 14 risk factors were chosen that met 
these conditions. A few factors were excluded because they 
were insufficiently objective or not always available. An 
additive model was constructed, using the factors chosen, to 
calculate the probability of mortality within 30 days”
Parsonnet V., Dean D. and Bernstein A.D.

Sup. 1 Circ. Vol 79 No 6 - 1989,

 



  

In 1995 Parsonnet developed a new "Cardiac Risk Stratification Project". 

"Use of the modified system shows good correlation between expected 
and observed outcomes at our institution and in other cases reported 
to the New Jersey Department of Health. It has improved the results 
especially in high risk cases: in total, a group of 5.336 patients have 
been assessed by the modified system: the expected mortality overall 
was 7.2% and the observed mortality was 5.4%. In 1280 high-risk 
patients i.e. those with an expected mortality of greater than 11%, the 
expected mortality was 16.2% and observed mortality was 12.3%."



  



  



  



  

68 preoperative and 29 operative risk factors were 
selected and defined on the basis of credibility, 
objectivity, reliability and prevalence. The statistical 
model was multiple logistic regression.

All variables significant at the P < 0.2 level were 
entered into the model provided they were present in 
at least 2% of the sample.



  

Area under ROC curve 0.79



  



  



  



  



  

BMJ VOLUME 327 5 JULY 2003 bmj.com



  



  



  



  

Coming next...
Variable Life Adjusted Display (VLAD)

CUSUM (Cumulative Sum Techniques) 



  

Outcomes and Risk Stratification

• There are at least 4 outcomes of interest to surgeons 
dealing with cardiac surgical patients: mortality, serious 
non-fatal morbidity, resource utilisation, and patient 
satisfaction. Which patient characteristics constitute 
important risk factors may depend largely on the outcome 
of interest

• Operative mortality is an easily defined, readily measured 
outcome



  

Correlation and regression

Correlation and regression help us to understand the relation between variables and to 
predict patients' status in regard to a particular variable of interest. 

Correlation examines the strength of the relation between two variables, neither of 
which is considered the variable one is trying to predict (the target variable). 

Regression analysis examines the ability of one or more factors, called independent 
variables, to predict a patient's status in regard to the target or dependent variable. 

Independent and dependent variables may be continuous (taking a wide range of 
values) or binary (dichotomous, yielding yes-or-no results). 

Regression models can be used to construct clinical prediction rules that help to guide 
clinical decisions. In considering regression and correlation, clinicians should pay more 
attention to the magnitude of the correlation or the predictive power of the regression 

than to whether the relation is statistically significant. 

http://homepages.pathfinder.gr/nikgabi/stat04.htm



  

Regression

• Clinicians may be interested in making predictions or causal 
inferences than in understanding the relation between phenomena. 

• Which clinical features of patients with chest pain presenting to the 
emergency department predict whether they have a myocardial 
infarction? 

• Can we predict which critically ill patients will tolerate weaning from 
a ventilator and which will not? 

• We call the statistical techniques for exploring this issue — making a 
prediction or causal inference — "regression." 



  

Regression

• As surgeons, we are often interested in prediction: we wish to know 
which patient will fare well (survive a procedure) and which will fare 
poorly. Regression analysis is useful in addressing these sorts of 
issues. 

• We will use the walk test to illustrate the concepts involved in 

statistical regression. 



  

Regression

• The term "regression" refers to a mathematical equation 
that allows one variable (the target variable) to be predicted 
from another (the independent variable). 



  

Regression

Summary points 

• An association between two variables is likely to be causal if it is strong, consistent, 
specific, plausible, follows a logical time sequence, and shows a dose-response gradient 

• A P value of <0.05 means that this result would have arisen by chance on less than one 
occasion in 20 

• The confidence interval around a result in a clinical trial indicates the limits within which 
the "real" difference between the treatments is likely to lie, and hence the strength of the 
inference that can be drawn from the result 

• A statistically significant result may not be clinically significant. The results of 
intervention trials should be expressed in terms of the likely benefit an individual could 
expect (for example, the absolute risk reduction)

Look at!!!
http://bmj.bmjjournals.com/cgi/content/full/315/7105/422

J Thorac Cardiovasc Surg 2001;122:1063-1076



  

Regression

• The term "regression" refers to a mathematical equation 
that allows one variable (the target variable) to be predicted 
from another (the independent variable)

• Regression, then, implies a direction of influence, although 
it does not prove causality

• In the case of multiple regression, a far more complex 
mathematical equation (which, thankfully, usually remains 
the secret of the computer that calculated it) allows the 
target variable to be predicted from two or more 
independent variables (often known as covariables). 



  

Measures of Comorbidity

• Co-morbidities are coexisting diagnoses that are indirectly 
related to the principal surgical diagnosis but may alter the 
outcome of an operation

• In one series of patients with myocardial infarction, 26% 
also had diabetes, 30% had arthritis, 6% had chronic lung 
problems, and 12% had gastrointestinal disorders (Functional 
status and well-being of patients with chronic conditions: results from the Medical Outcomes Study. 
JAMA 1989; 262:907)



  

• BMJ 2003;327:13-17 (5 July), doi:10.1136/bmj.327.7405.13 
•



  

Risk stratification in heart surgery: comparison of six score systems 

Eur J Cardiothorac Surg 2000;17:400-406



  

Risk assessment serves many masters: 

the payer to justify expenditure and provide a tool for health policy

the hospital to defend itself in league tables

the surgeon to watch his back

the patient who has to decide whether or not to entrust his or her life into the 
hands of strangers. 

Intuitively, we might expect that the routine feedback of risk adjusted data on 
local performance in a cardiac surgical unit would heighten awareness and lead 
to self examination, which in turn would improve quality and outcome
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