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The business of risk
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Predictions about the future feature prominently in all aspects 
of human endeavour from weather to economics to politics and, 
increasingly, to medicine. In cardiovascular disease where scien-
tists often deal with strategies of care, the design of clinical tri-
als is greatly influenced by consideration of risk in the patients 
to be treated; in this case, issues of patient population, baseline 
demographics and predicted event rates are used to design sample 
size and power calculations. For patients, risk prediction is less 
ethereal, instead being very concrete and of the utmost importance 
because the potential endpoints to be predicted are often hard ones 
and once they occur they cannot be taken back, such as stroke, 
myocardial infarction or mortality.

In the field of structural heart disease, transcatheter aortic 
valve replacement (TAVR) occupies a positon of great impor-
tance by virtue of treating what had been an unmet clinical need, 
the number of patients who have actually been treated, the fact 
that there are alternative treatments available, namely surgical 
aortic valve replacement (SAVR), the potential for further expan-
sion of the instructions for use (IFU), and the fact that associated 
patient comorbidities greatly increase risk so that hard points, 
such as mortality and stroke, are of significant concern and more 
than rare.

In this issue of EuroIntervention, Arsalan et al1 provide impor-
tant information for the field by using their unique data set of 946 
consecutive patients undergoing TAVR to validate the recently 
developed STS/ACC TAVI risk score for in-hospital TAVR mor-
tality and compare its ability to predict 30-day mortality with that 
of four other established risk models, including EuroSCORE I2, 
EuroSCORE II3, STS-PROM4, and the German AV Score5.

Article, see page 1520

Although EuroSCORE I and II and STS-PROM are widely 
used, they were designed and tested in patients undergoing con-
ventional cardiac surgery, whereas the German Registry included 
both TAVR and SAVR. Accordingly, since many TAVR patients are 
felt to be at either high or even prohibitive risk, the relevance of 
these risk scores to TAVR has been uncertain. There are other risk 
scores which have been developed which have focused on TAVR 
patients, including the TAVI2-SCORe6, the FRANCE-2 score7, and 
the GARY risk score8. There have been issues with each of these, 
including limited sample sizes, and lack of validation on a differ-
ent data set. This increasing number of risk scores attests to the 
importance of the development of improved scores to help optimise 
patient selection, and to providing education for patients and their 
families about the risk/benefit considerations of TAVR.
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Comparative analyses of risk scores are complex, as patient 
populations used for development may vary, techniques of deploy-
ment may vary, and technology continues to evolve. The baseline 
characteristics of patients in this German registry were similar to 
those seen in other registries9. The median age was 82.1 years, 
approximately 50% were female, 20.4% had COPD and 14.6% 
had a prior history of stroke. The median predicted baseline risk 
score varied from as low as 3.7 with the German AV Score, to 5.0 
seen with both STS-PROM and the EuroSCORE II, and 21.1% 
with the EuroSCORE I. The majority of patients were felt to be 
at high or intermediate risk by the German team and were repre-
sentative of current clinical practice in Germany. During the initial 
hospitalisation, 48 patients (4.9%) died, while at 30 days the mor-
tality rate was 6.3% (60/946).

When assessing the numerical qualities of a risk score, there are 
generally two concepts to keep in mind – “calibration” and “dis-
crimination”. Calibration refers to whether the expected number of 
events tends to be equal to the actual number of observed events. 
Discrimination refers to whether patients with a higher predicted 
risk are actually more likely to suffer events than patients with 
a lower predicted risk, regardless of whether those predictions are 
accurate. As an analogy, consider three different meteorologists 
attempting to predict rain in a city that gets rain every Monday 
and Friday, but never on any other day. The first meteorologist 
notices that it rains two days out of every week, and thus predicts 
a 28% chance of rain every day. This meteorologist is properly 
calibrated, but has no discriminatory ability. The second meteor-
ologist notices the pattern but is nervous that the viewers might 
be caught without an umbrella if the pattern changes, and thus 
predicts 100% chance of rain for every Monday and Friday, and 
a 60% chance of rain for the other five days of the week. This 
meteorologist has perfect discrimination, since the rainy days are 
always accompanied by a higher predicted risk, but is not well 
calibrated, since their predictions average to five days of rain per 
week. Only the third meteorologist, who predicts 100% chance of 
rain for Mondays and Fridays, and 0% chance of rain every other 
day, has perfect calibration and discrimination.

For a patient and physician who are assessing risk in the hope 
of making a treatment decision, calibration would be of primary 
importance. Even if the score cannot give a very individualised 
estimate, one would hope that the predicted risk is generally unbi-
ased. Table 2 of the paper demonstrates that the estimated risks 
from the EuroSCORE I (median risk of 21%) are not suitable for 
the study population which had an observed 30-day mortality of 
6.3%. The other scores seem quite reasonable with median risks of 
3.7% to 5.0%. We would expect the median to be slightly below 
the observed mortality rate, since there will be some very large pre-
dicted risks which would raise the mean predicted risk above the 
median. Additionally, the Hosmer-Lemeshow plots in the paper 
(Figure 3) are also helpful for this assessment. Unfortunately, the 
authors re-calibrated all the scores before this analysis, so that read-
ers cannot assess the accuracy of the actual published risk estimates, 
but rather only the revised estimates. The plot for the STS/ACC 

score in Figure 3 shows some issues with the score, even when 
using re-calibrated estimates. Consider the two right-most points 
on the plot. These indicate that there are two sets of patients with 
a similar predicted risk (about 12%), yet the actual observed mortal-
ity rate was about 10% for one group, and approximately 17% for 
the other. Patients and physicians might not agree that 17% and 10% 
are similar groups of risk, and would certainly prefer a risk score 
that assigns differential levels of risk to those two groups. Similarly, 
the left-most point indicates a set of patients who had a median pre-
dicted risk around 3%, which is higher than two other groups, yet 
had no events at all. Thus, while the plot indicated a general agree-
ment between observed and predicted 30-day mortality, room for 
improvement with regard to calibration remains.

The primary measure of discrimination in the paper by Arsalan 
et al1 is the C-statistic, which can be interpreted as follows. 
Suppose two patients are randomly selected from the sample, one 
of whom died within 30 days and the other survived to 30 days. 
The C-statistic is the probability that the risk score appropriately 
assigned a higher risk to the patient who died. A flipped coin will 
succeed 50% of the time (a C-statistic of 0.50). The STS/ACC score 
achieved a C-statistic of 68%, which is certainly better than a coin 
flip, and was substantially better than the EuroSCORE I (0.55) and 
EuroSCORE II (0.58). It was slightly better than the German AV 
Score (0.62), though apparently not reaching statistical significance, 
and was similar to the STS-PROM score (0.68). When considering 
whether a C-statistic of 0.68 represents acceptable performance, it 
may be worthwhile to speculate how an experienced cardiovascular 
interventionalist might perform if asked to identify which of two 
random patients is truly at higher risk. Some authors have consid-
ered that the C-statistic should exceed 0.7 to be satisfactory.

A third important property of any risk score is the concept of 
parsimony. An extensive list of candidate variables is available 
for formulation of any specific risk score. Exhaustive lists render 
scores too cumbersome and would result in limited use in clini-
cal practice. While the STS-PROM and the STS/ACC TAVI risk 
scores had similar performance, the former requires 28 variables 
and the latter only 12. This may potentially result in more wide-
spread adoption of the STS/ACC score, with no apparent loss in 
model performance relative to the other available scores.

The development and successful practice of TAVR remains 
a significant achievement for cardiovascular medicine, by provid-
ing treatment for patients previously deemed to be too high risk for 
conventional surgery. Now, 15 years after the initial clinical expe-
rience, the task of identifying the highest risk of these high-risk 
patients remains a challenge. Future work should seek to improve 
on the discriminatory ability of current risk scores, as well as inves-
tigate the accuracy of the published risk estimates in various pop-
ulations. Until then, physicians should continue to assist patients 
with decision making using the best available data, while remain-
ing aware of the limitations of these statistical models.
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