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Calculators of revascularization risk: 
peering into the crystal ball

  special report

Revascularization risk-assessment tools guide optimal management of patients with coronary disease. 
However, until recently, percutaneous coronary intervention risk-prediction models had lagged behind 
surgical risk-prediction tools. Validated percutaneous coronary intervention risk calculators are now available, 
which allow the comparison of predicted 30-day mortality with coronary artery bypass graft surgical data, 
facilitating optimal treatment selection by both physicians and patients, insuring valid, informed consent 
to potentially high-risk procedures.
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The clinical importance of an accurate coro-
nary revascularization risk assessment cannot 
be overemphasized and is manifold. Foremost, 
it guides the treating physician to the optimal 
treatment strategy for the individual patient 
and allows patients to make informed deci-
sions regarding their healthcare. The recent 
emergence of percutaneous coronary interven-
tion (PCI) risk calculators that provide 30-day 
predicted mortality data have been instrumen-
tal in facilitating optimal treatment selection, 
enabling the direct comparison of PCI and 
surgical risk. In addition, accurate risk predic-
tion models can ‘level the playing field’ of per-
formance metrics to accurately audit clinical 
results and are of particular use in the current 
climate of increased medical scrutiny. They can 
also be used to facilitate the interpretation of 
observational research data.

Risk model performance metrics
The utility of a risk model is assessed by two 
features: calibration and discrimination. 
Calibration is the accuracy of the model for 
predicting risk in a group of patients and is 
assessed by comparing average observed and pre-
dicted values within ten equal-sized subgroups 
arranged in increasing order of patient risk, and 
then applying the Hosmer–Lemeshow statistical 
test to assess ‘goodness of fit’. Discrimination 
refers to the model’s ability to distinguish 
between low- and high-risk patients, and is mea-
sured using the c-index, which represents the 
‘area under the receiver-operating characteristic 
curve’. If the area under the receiver-operating 
characteristic curve is 0.5, the model does not 
discriminate at all; good discrimination begins 

at 0.7 and if the area is 1.0, the model is no lon-
ger a risk- prediction model but acts as a crystal 
ball, always correctly predicting future events.

Surgical risk models
Registries and statistical models have been 
available for many years to predict adverse 
cardio thoracic surgical outcomes, such as mor-
tality [1–5]. These scoring systems often assess 
30-day mortality, rather than in-hospital mor-
tality, to meaningfully estimate overall surgical 
mortality related to the revascularization pro-
cedure. The first surgical risk-prediction tool 
was the Parsonnet score [1], but this was sub-
jective and often overestimated surgical risk [6]. 
The most widely used risk calculators available 
today to assess surgical revascularization risk 
are the European System for Cardiac Operative 
Risk Evaluation (EuroSCORE and logistic 
EuroSCORE) and the North American Society 
of Thoracic Surgeons (STS) score, although a 
shortcoming may be their longevity.

 n European perspective: EuroSCORE 
& logistic EuroSCORE
The EuroSCORE was developed to improve the 
prediction of early mortality following cardio-
thoracic surgery. In a developmental subset of 
13,302 patients from the EuroSCORE database 
(circa 1995), several objective, credible, obtain-
able and difficult to falsify variables linked 
with surgical outcome were weighted accord-
ing to multiple regression analysis in order to 
construct an additive score. The overall 30-day 
mortality rate for the cohort was 4.7%, and the 
EuroSCORE achieved a 30-day mortality dis-
crimination c-index of 0.79 for the developmental 
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subset and 0.76 for the subsequent 1479-patient 
validation group [3]. Although the simple, addi-
tive EuroSCORE enabled risk calculation at the 
bedside with excellent predictive ability across 
different populations [7,8], it was noted that it 
underestimated risk in high-risk patients and, 
therefore, the full, logistic regression version of 
the score was published to improve its predictive 
accuracy (available at [101]) [9,10]. Recent evidence 
from national databases has called into ques-
tion the accuracy of the logistic EuroSCORE 
[11]. Technological advances and improvements 
in surgical technique have resulted in a 50% 
decrease in actual surgical mortality, despite 
gradual worsening of the risk profile of patients, 
resulting in an overestimation of the predicted 
risk by the logistic EuroSCORE [12]. Therefore, 
the logistic EuroSCORE requires recalibration 
from a new, contemporaneous patient database in 
order to improve the accuracy of the model. In the 
meantime, the predicted risk should be corrected 
for local surgical performance.

 n North American perspective: Society 
of Thoracic Surgeons score
Similarly, on the other side of the Atlantic, data 
entered from 503,478 coronary artery bypass 
graft (CABG) procedures performed between 
1997 and 1999 in the STS National Adult 
Cardiac Surgical Database were used to develop 
a risk-adjusted mortality and morbidity model 
(available at [102]) [13]. The overall 30-day mor-
tality in this database was 3.05% and the STS 
score had a discrimination c-index of 0.78 and 
was accurate. 

PCI risk models
In recent years, the acceptance of PCI as a viable 
alternative to established surgical revasculariza-
tion has required supportive data, particularly 
in the setting of complex anatomical and clini-
cal cases. In addition, similar to cardiothoracic 
surgery, procedural risk is required to mean-
ingfully audit individual center and operator 
results for clinical governance. The development 
of PCI risk calculators, now available online, 
focus on either anatomical parameters alone 
(SYNTAX – SX score [14]) or anatomical and 
clinical parameters together (British Columbia 
[BC] PCI score [15] and National Cardiovascular 
Data Registry [NCDR] score [16]) to predict risk. 
The limited SX score only predicts repeat revas-
cularization rates, whereas the more comprehen-
sive BC PCI and NCDR scores provide a more 
robust prediction of 30-day mortality. The lat-
ter enables the direct comparison with surgical 

30-day mortality, enabling physicians to easily 
select the optimal revascularization strategy for 
their patients.

 n Coronary anatomy assessment:  
SX score
This widely publicized SX scoring system was 
developed as part of the SYNTAX trial, which 
compared surgical treatment and PCI for mul-
tivessel and left main stem disease [17]. The SX 
score (available at [103]) was designed to predict 
PCI outcomes from coronary stenosis and anat-
omy characteristics derived from the diagnostic 
coronary angiogram alone [14]. The trial dem-
onstrated that in the 903 patients randomized 
to the PCI arm of the study, the raw SX score 
was predictive of major adverse cardiac and 
cerebrovascular events at 1 year, although this 
was driven primarily by repeat revasculariza-
tion. In only the subgroup with the highest SX 
score (>33) was there a significant increase in 
1-year major adverse cardiac and cerebrovascular 
events compared with surgical revascularization 
(23.4 vs 10.9%; p < 0.0001). There was only a 
modestly increased trend in the incidence of the 
more robust combined end point of death, stroke 
and myocardial infarction in this high SX score 
group compared with CABG (11.9 vs 7.6%; 
p = 0.08). In those with a low or intermediate SX 
score, both surgical and PCI revascularization 
had comparable outcomes and, therefore, the SX 
score did not inform regarding revascularization 
choice in these patient groups. The intra- and 
inter-observer variability of the SX score calucu-
lated by both clinicians and core laboratory is 
modest at best, which further limits its predictive 
value [18,19].

To adequately compare CABG and PCI 
results, more robust PCI risk-assessment models 
that include both anatomical and clinical data, 
validated in large, diverse populations, predict-
ing clinically meaningful end points such as 
mortality, are required to provide data for direct 
comparison with those of surgical risk.

 n Clinical & anatomical assessment: 
BC PCI & NCDR scores
A major limitation of several early clinical 
PCI risk scores was that they did not account 
for mortality beyond hospital discharge and, 
therefore, ignored important late clinical 
events such as subacute stent thrombosis [20–22]. 
Comparison with the extensively validated risk 
scores for surgical revascularization that pre-
dict 30-day postoperative mortality was also 
not possible. Furthermore, the earlier risk scores 
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predate the routine use of stents and adjuvant 
antithrombotic therapy, and do not necessarily 
reflect contemporary clinical practice.

The BC PCI score (available at [104]) was 
the first contemporary PCI risk calculator to 
predict 30-day mortality [15]. It was developed 
from the BC Cardiac Registry database, which 
recorded the outcome and clinical details of 
32,899 patients undergoing PCI in British 
Columbia (Canada). The cohort included 
26,350 PCI procedures between 2000 and 
2004 (the training cohort), and after mul-
tivariate logistic regression analysis to select 
variables associated with mortality, a statisti-
cal model (risk calculator) was designed and 
validated in 6549 PCI procedures performed 
in 2005. A number of univariate anatomical 
and clinical predictors of mortality were dis-
covered, but only parameters that were available 
to the physician before PCI were included in 
the risk calculator (Figure 1). The actual 30-day 
mortality for the overall population was 1.5%. 
The BC PCI score was highly accurate and 
discriminative, predicting 30-day mortality 
with a c-index of 0.90 in the training dataset 
and 0.91 in the validation dataset. Subsequent 
external validation by the Massachusetts Data 
Analysis Center (Mass-DAC) confirmed the 
discriminative power of the BC PCI score 
(c-index: 0.87) in predicting 30-day mortality 
in 35,937 patients undergoing emergent and 
elective PCI in Massachusetts (USA) [23].

The NCDR similarly developed and pro-
spectively validated an updated risk score 
in 588,398 contemporaneously PCI-treated 
patients observed between 2004 and 2007 [16]. 
They confirmed the importance of clinical vari-
ables in calculating PCI risk by identifying eight 
preprocedural clinical factors that were associ-
ated with in-hospital mortality: age, shock, 
prior congestive heart failure, peripheral vascu-
lar disease, chronic lung disease, renal impair-
ment, New York Heart Association functional 
class 4 and PCI status. Angiographic variables 
provided only modest incremental informa-
tion. The overall NCDR model and simplified 
NCDR risk score (based on the eight clinical 
factors alone) demonstrated excellent discrimi-
nation of in-hospital mortality (c-index: 0.93 
and 0.91, respectively). The robustness of the 
NCDR model to predict 30-day mortality was 
confirmed in a large Medicare population with 
highly respectable c-index values of 0.86 and 
0.83, respectively.

The clinical utility and superiority of com-
paring the predicted 30-day mortalities of PCI 
(BC PCI score) and surgical revascularization 
(logistic EuroSCORE) in the same patient to 
guide optimal therapy with a strategy guided 
by anatomical assessment (SX score) alone have 
recently been highlighted [24]. Comparing the 
BC PCI score and logistic EuroSCORE provided 
the most expedient assessment of revasculariza-
tion risk, largely owing to simple, less subjective 

Figure 1. British Columbia percutaneous coronary intervention calculator.  
Available at [104].
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Executive summary

Importance of predicting revascularization risk
 � Predicting revascularization risk enables the correct treatment decisions to be made, allows valid informed consent and accurate patient 

counseling, as well as improving performance metric ana lysis and the auditing of results. 

Risk performance metrics
 � The key measure of risk calculation performance is calibration (accuracy) – comparing observed versus predicted 30-day mortality over a 

range of values and discrimination – in identifying high- and low-risk groups. 

Surgical risk models
 � The logistic EuroSCORE and Society of Thoracic Surgeons scores are well-established and extensively validated risk-prediction tools that 

predict 30-day surgical mortality.

Percutaneous coronary intervention risk models
 � Initially, percutaneous coronary intervention (PCI) risk was limited to short-term event prediction that ignored important late events and 

prevented direct comparison with surgical risk-prediction tools.
 � The British Columbia (BC) PCI score was the first developed PCI-risk calculator to accurately predict 30-day mortality risk, and it was later 

followed by the large National Cardiovascular Data Registry risk calculator.
 � Both the BC PCI and National Cardiovascular Data Registry risk models confirmed that both anatomical and clinical data are required to 

provide accurate and discriminatory 30-day mortality risk prediction.

Future
 � Validated PCI-risk calculators, such as the BC PCI score, are now available that allow the comparison of predicted 30-day mortality with 

coronary artery bypass graft surgical data, to guide optimal revascularization.

binary data entry into online calculators. The 
SX score incorrectly or incompletely assigned the 
optimal revascularization strategy in a significant 
proportion of patients (27%), again confirming 
the inferiority of revascularization guided by 
anatomical considerations alone.

Future perspective
We are now entering an era in which well- 
validated revascularization risk scores that cal-
culate 30-day mortality can be easily compared 
to determine the optimal coronary revascu-
larization strategy. This obviates the need for 
complex, subjective, labor-intense anatomical 
risk-assessment tools. Regular revalidation 
and recalibration of the currently available 
risk score calculators will be needed in the 
future (as is being performed for the logistic 

EuroSCORE) to ensure that they accurately 
reflect the risk of contemporaneous revascular-
ization practices applied to future and almost 
certainly older and higher risk patient popula-
tions. This will ensure the optimal treatment 
selection of future patients with coronary 
artery disease.
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