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Abstract

Although a combination of multiple strategies to prevent and treat coronary artery disease (CAD) has led to a relative reduction in
cardiovascular mortality over recent decades, CAD remains the greatest cause of morbidity and mortality worldwide. A variety of
individual factors and circumstances other than clinical presentation and treatment type contribute to determining the outcome of CAD.
It is increasingly understood that personalised medicine, by taking these factors into account, achieves better results than “one-size-fits-
all” approaches. In recent years, the multiplication of risk scoring systems for CAD has generated some degree of uncertainty regarding
whether, when and how predictive models should be adopted when making clinical decisions. Against this background, this article reviews
the most accepted risk models for patients with evidence of CAD to provide practical guidance within the current landscape of tools

developed for prognostic risk stratification.
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Although a combination of multiple strategies to prevent and treat
coronary artery disease (CAD) has led to a relative reduction in
cardiovascular mortality over recent decades, CAD remains the
greatest cause of morbidity and mortality worldwide." Based on clinical
presentation and prognosis, CAD spans from stable presentations (e.g.
chronic angina pectoris) to acute coronary syndromes (ACS), which
encompass a variety of clinical scenarios (e.g. unstable angina [UA],
non-ST-elevation MI [NSTEMI] and ST-elevation myocardial infarction
[STEMI]). Guideline-directed medical therapy and revascularisation
using percutaneous coronary intervention (PCl) or coronary artery
bypass grafting (CABG) are the main treatment strategies across the
spectrum of CAD.?

A variety of individual factors and circumstances other than clinical
presentation and treatment type contribute to determining the
outcome of CAD. It is increasingly understood that personalised
medicine that takes these factors into account achieves superior
results than "one-size-fits-all” approaches, which may ignore, for
example, individual risk of ischaemia or propensity to bleed with
antithrombotics. Directing appropriate treatment strategies to the
right individuals is a clinical challenge.

In making decisions when more than one treatment is available,
physicians may rely entirely on their judgement, use clinical
algorithms or be assisted by risk scores. Risk scores can be
diagnostic or prognostic, and the latter is more difficult to develop
and validate because of the stochastic and time-varying nature of
clinical outcomes.®
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An ideal prognostic risk score should satisfy different characteristics
(Figure 1). The ability to distinguish between high and low risk is called
"discrimination”, and this is mathematically represented by a measure
of concordance, the c-statistic (whose values range from 0.5 for
worst discrimination and 1.0 for perfect discrimination).* “Calibration”,
which illustrates the similarity between predicted and observed
risk, is identified by the Hosmer-Lemeshow goodness-of-fit test,
with a chi-squared distribution in which the lower the value, the
higher the calibration. The performance of a score, which concerns
its accuracy in term of prediction, is measured by the Brier score,
with values ranging from 0 (perfect prediction) to 1 (worst prediction).
Finally, a risk score should prove to be effective (‘valid’) in similar but
independent populations.

In recent years, the multiplication of risk scoring systems for CAD has
generated some degree of uncertainty regarding whether, when and
how predictive models should be adopted in driving clinical decisions.
This article aims to review the most accepted prognostic risk models
for patients with evidence of CAD.

For the sake of clarity, risk scores have been grouped according to
the following criteria: logical temporal sequence of CAD management
(i.e. pre-treatment, treatment, post-treatment/discharge and follow-
up); clinical presentation (stable CAD undergoing PCI versus ACS
presentation); and outcome prognostication (i.e. prediction of
ischaemic or bleeding risk) (Figure 2). Risk scores for ruling out the
presence of CAD have been discussed in detail elsewhere and are
beyond the scope of this article.¢
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Assessment of Risk Before Treatment

Stable Coronary Artery Disease

In patients with stable CAD, a shared multidisciplinary therapeutic
decision-making process looking at the identification of the best
treatment strategy — the local heart team discussion - is standard
of care in clinical practice. In contrast with ACS management,
where timely intervention is required and prognostically beneficial,
stable CAD allows for a detailed diagnostic and therapeutic workup.
Different risk scores can be useful aids to better inform the heart
team discussion.

SYNTAX and SYNTAX Il score

The SYNTAX score evaluates the anatomical burden and complexity
of CAD by using a multi-parametric quantification tool based on
coronary angiography (i.e. 12 questions ranging from anatomy to
characteristics of lesion subsets such as bifurcations or chronic
total occlusions). As endorsed by European guidelines, the SYNTAX
score should be implemented as a tool to inform the decision-
making processes between different revascularisation strategies (i.e.
percutaneous coronary intervention (PCI) or coronary artery bypass
grafting (CABG).

Based on the results of the landmark SYNTAX trial where a systematic
evaluation of its score was used for the first time,® SYNTAX scores of
>22 and >32 should contraindicate (class Ill) revascularisation by PCI
in patients with multivessel or left main disease, respectively.

However, the anatomical SYNTAX score has limitations, which result
mainly from the variability in assessing and rating complex anatomies
(leading to inter-observer variability) and the lack of clinical variables
that might affect prognosis. To partly overcome these limitations, the
SYNTAX Il score has been developed with the aim of integrating the
anatomical SYNTAX score with a small array of clinical variables (e.g.
unprotected left main coronary artery disease, female sex, chronic
obstructive pulmonary disease, age and left ventricular ejection
fraction), which differently affect 4-year mortality in patients treated
with PCI or CABG. By providing data on the expected mortality
for each revascularisation strategy, the SYNTAX Il score allows for
individualised decision making between CABG and PCIl. A user-
friendly online calculator of the SYNTAX I and Il score is available at
WWW.Syntaxscore.com.

In the recently published SYNTAX Il study, the SYNTAX Il score
was used to select a cohort of patients with similar predicted risk
of mortality for CABG and PCI treatment. In these patients, PCI
performed according to a state-of-the-art treatment strategy (i.e.
intravascular imaging guidance, functional evaluation of coronary
stenosis by fractional flow reserve and optimised secondary
prevention) had similar clinical outcomes at one year as a historical
and equipoise-derived cohort of patients undergoing CABG in the
SYNTAX trial.?

Functional SYNTAX score

Because the anatomical complexity of CAD is a major determinant
of prognosis but additional factors contribute to prognosis, a series
of iterations and refinements of the anatomical SYNTAX score have
recently been proposed.

Beyond the above-mentioned SYNTAX Il score, which clinically
refines the anatomical SYNTAX score, the functional SYNTAX score
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Figure 1: Metrics to Assess the Characteristics of a
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evaluates the impact on the total ischaemic burden of different
coronary stenoses by using information from fractional flow reserve
(FFR) measurements. In the calculation of the functional SYNTAX
score, only lesions leading to significant ischaemia are rated while
non-functionally relevant stenoses are ignored. This process is used
to refine the anatomical SYNTAX score with functional information.

The functional SYNTAX score outperformed the anatomical SYNTAX
score in patients with multivessel disease enrolled in the FAME trial
(n=497), with better discrimination for major cardiac adverse events
(MACE) at one year (c-statistic of 0.677 versus 0.630 for functional
versus anatomical SYNTAX score respectively; p=0.02).10

Advances in CT of coronary arteries have recently allowed functional
SYNTAX score to be assessed without the need for invasive cardiac
catheterisation. This approach might be useful to broaden the
clinical use of this combined approach looking at the simultaneous
assessment of the anatomical and functional relevance of
different coronary stenoses in patients with complex CAD. Further
studies providing robust validation of this non-invasive technique are
awaited.

European System for Cardiac Operative Risk Evaluation
(EuroSCORE) lI

The EUroSCORE Il is a prognostic tool to predict the risk of in-hospital
mortality in candidates for cardiac surgery. Anticipating the risk of
surgery might be helpful to customise heart team indications and
widen anatomical thresholds for percutaneous revascularisation
when the operative risk becomes clinically unacceptable.

The EUroSCORE Il encompasses 18 variables, including clinical,
laboratory, echocardiographic and planned procedural parameters.
Over recent decades, the score has been technically refined. The latest
developed version of the EuroSCORE Il showed better discrimination than
former versions, namely the additive and logistic EuroSCORE models.’
All versions of the EuroSCORE are provided in an online calculator for
clinical use, which is available at www.euroscore.org. The EuroSCORE I
has been extensively validated in the literature. A recent meta-analysis,
based on 22 studies and including 145,592 patients undergoing cardiac
surgery, showed a good overall good performance in terms of both
discrimination and accuracy.'
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Figure 2: Scores for Risk Stratification of Patients with
Coronary Artery Disease based on Timing of Assessment
and Predicted Risk
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Red dots: risk scores endorsed by current guidelines and/or supported by an
extensive, rigorous external validation process.

Society of Thoracic Surgeons Risk Score

The Society of Thoracic Surgeons (STS) calculator requires the
collection of a more extensive array of clinical parameters
(http://riskcalc.sts.org).

Mortality at 30 days is the primary outcome measure predicted
by the score, but the STS database has also been used to derive a
series of additional prognostic models for different clinical endpoints.#
The discrimination of the STS score for in-hospital mortality in the CABG-
only group is good (Table 1).4

Acute coronary syndromes

TIMI Risk Score

The TIMI risk score is intended to predict 30-day mortality in patients
with STEMI who are eligible for fibrinolytic therapy.™ The score was
derived from the 14,114 patients enrolled in the InTIME I trial and
validated in the TIMI 9 trial 3 The c-statistic values in the derivation and
validation cohorts were 0.779 and 0.746 respectively, consistent with
moderate discrimination.

However, fibrinolysis in Western countries has been largely replaced
by primary PCI use. which nowadays is the revascularisation modality
recommended by guidelines for patients with STEMI.

Nevertheless, the TIMI risk score still provides acceptable discrimination
for the prediction of 1-year mortality (c-statistic 0.725) in patients
treated with primary PCI.%617

SIMPLE Risk Index

The SIMPLE risk index is a pragmatic, user-friendly score to predict
the risk of 30-day mortality in patients with STEMI. The score is
calculated by using three clinical variables which are routinely
collected at the first medical contact, namely age, heart rate and
systolic blood pressure.

The SIMPLE risk index was derived using data of patients enrolled in
the INTIME 1l trial® and externally validated in the TIMI 9A/B trial. Of
note, the score is also a robust predictor of mortality occurring within
24 hours from symptoms onset (c-statistic=0.81).8
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GRACE Risk Score

The GRACE risk score was derived from a large, multinational registry
of patients with ACS (>20,000 patients). The score, which should be
calculated at hospital admission, predicts the risk of mortality at six
months. The c-statistics in the derivation and validation cohorts were
0.81 and 0.75 respectively (Table 1)."°

The use of the GRACE risk score is advocated by current practice
guidelines for the management of patients presenting with NSTEMI
to stratify their clinical risk and select the optimal timing for
revascularization.?® An online calculator of the score is available at
http://gracescore.org/WebSite/Default.aspx.

ACTION-GWTG Model

This model, based on the large ACTION Registry-GWTG database,
is intended to predict the risk of in-hospital mortality in patients
admitted with acute MI. Importantly, patients presenting with cardiac
arrest or cardiogenic shock, who have often been excluded during
the derivation of other risk scores, are included in this model.?" The
c-statistic value for the ACTION-GWTG model was remarkable in both
the derivation and the validation cohorts (0.88) (Table 1).

Risk Scores After Treatment

In patients with CAD, therapeutic strategies aimed at counteracting and
relieving ischaemia, the pathophysiological substrate of CAD, are key
to sizably improve clinical outcomes either in the early phases after
the index event and in the long term. Ignoring the benefits conveyed
by effective treatment, such as those of multi-targeted medical therapy
and revascularisation may lead to bias and inaccuracy in prediction
and risk stratification. Taking this into account, different risk scores
have been developed based on the treatment modality received during
the index hospitalisation and by incorporating parameters reflecting
the response to the treatment itself.

CADILLAC risk score

The CADILLAC risk score, which has been derived from patients
included in the CADILLAC trial,?? aims at stratifying the risk of death at
one year in patients with ACS undergoing revascularisation by PCI. The
external validation of the score was assesed in patients enrolled in the
Stent-PAMI trial® (Table 2). The score, which includes age >65 years
(2 points), Killip class 2/3 (3 points), baseline left ventricular ejection
fraction <40 % (4 points), anaemia (2 points), renal insufficiency (3
points), triple-vessel disease (2 points), and post-procedural TIMI flow
grade (2 points), has to be calculated in the immediate post-PCl setting.
It has three classes of risk: low risk, score 0-2; intermediate risk, score
3-5; and high risk, score >6. The score showed good discrimination for
predicting both 30-day and 1-year mortality with c-statistic values of
0.81 and 0.78 in the validation cohort, respectively.?*

The main limitation of the CADILLAC risk score is the non-contemporary
PCI strategy adopted in the trial. Patients in the CADILLAC trial were
treated with bare metal stents which are no longer the default strategy
during PCI. Therefore, the prognostic performance of the score may
be inaccurate since drug-eluting stents (DES), the current standard of
modern PCI practice, have demonstrated to significantly improve clinical
outcomes in patients undergoing PCI.%

PAMI Risk Score

The PAMI risk score has been derived from a pooled analysis of the
different PAMI trials, namely PAMI 1 and 2,227, AIR PAMI?® and STENT
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Table 1: Risk Score Before Treatment

Risk Score Clinical Time of Score Use Predicted Event Parameters C-statistic (derived/ Trials/Studies
setting external Validation) (Reference)
) MACCE at ) .
SYNTAX score SCAD Post-angiography 12 months Angiographic: 11 0.56/0.61 NCT00114972.
Clinical: 4
SYNTAX score I SCAD Post-angiograph 4-year mortalit Anglographic: 12 0.725/0.716 9
glograpny v Y Echocardiographic: 1 ’ ’
Laboratory: 1
Clinical: 15
EuroSCORE II SCAD Pre-surgery In-hospital mortality ~ Laboratory: 1 0.80/0.79 12,13
Echocardiographic: 2
Clinical: 25
In-hospital mortality ~ Echocardiographic: 6 .
) 0.81 (mortality for
STS score SCAD Pre-surgery and eight other Laboratory: 1 ¢ y 4,14
) - CABG only)
other outcomes Electrocardiographic: 1
Angiographic: 1
) . . ) Clinical: 7
TIMI risk score STEMI Hospital admission 30-day mortality ) . 0.779/0.746 15,16,17
Electrocardiographic: 2
Simple risk index STEMI First medical contact ~ 30-day mortality Clinical: 3 0.78/0.79 18
) Clinical: 5
) . In-hospital: 6 months
GRACE score NSTEMI Hospital admission p Laboratory: 2 0.81/0.75 19,2
mortality . e
Electrocardiographic: 1
Clinical: 4
ACTION-GWT! ) . . . . .
m%dgl GWTG ACS Hospital admission In-hospital mortality ~ Electrocardiographic: 1 0.88/0.88 21

Laboratory: 2

Abbreviations: SCAD = stable coronary artery disease; STEMI = ST-elevation Mi; NSTEMI = non-ST-elevation Mi; ACS = acute coronary syndrome; MACCE = major adverse cardiac and

cerebrovascular event; CABG = coronary artery bypass graft.

PAMIZ trials. The score has been designed to predict mortality at
six months in patients with acute myocardial infarction treated with
primary PCI. The discrimination ability of the score was fairly good
(c-statistic 0.78) 3 (Table 2). The same limitations as the CADILLAC
score (e.g. non-contemporary PCl practice) must be taken into
account when using this score in clinical practice.

ZWOLLE Risk Score

The ZWOLLE risk score is simple, based on six clinical and angiographic
variables (i.e. Killip class, post-procedural TIMI flow, age, three-vessel
disease, anterior infarction and ischaemia >4 hours), which identifies
STEMI patients treated by primary PCI at low risk (score <3) of 30-day
mortality. This score could be used to select patients who can be
safely discharged after 48-72 hours of having the procedure. In the
validation cohort, the score was robust at predicting 30-day mortality
(c-statistic=0.902).2° The predictive value of the ZWOLLE risk score
has been confirmed in three randomized controlled trials.30-32

GRACE Score at Hospital Discharge

The GRACE score evaluated at hospital discharge to predict long-term
mortality (i.e. beyond six months and up to four years) was validated
in 1,057 hospital survivors included in the GRACE registry. The GRACE
score was a robust predictor of all-cause mortality for all subsets of
patients with ACS (STEMI, NSTEMI and unstable angina) at all analysed
long-term follow-up time points (6 months, 1 year and yearly up to
4 years) with a c-index >0.75 at all evaluated time points.®

Dynamic TIMI risk score

The dynamic TIMI risk score estimates the risk of mortality at
1 year in STEMI patients at hospital discharge.®* The score was
derived from the EXTRACT-TIMI 25 trial® (c-statistic in the derivation
cohort of 0.76) and was subsequently validated in 3,534 patients
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with STEMI enrolled in the TRITON-TIMI 38 trial® (c-statistic in the
validation cohort of 0.81).

The strength of this score is that it reclassifies risk based on the
incidence of adverse events occurring during the index hospitalisation,
namely recurrent MI, stroke, major bleed, heart failure/shock,
arrhythmia or renal failure. The dynamic TIMI risk score is obtained
by adding to the baseline TIMI risk score a series of weighted integer
points related to the prognostic impact on mortality of each potential
in-hospital adverse event. Thus, this model updates the baseline
TIMI risk score with clinical determinants of subsequent prognosis.
This process statistically translates into an improved prognostic
performance of the dynamic TIMI risk score over the baseline TIMI
risk score.

RISK-PCI score

The RISK-PCI score has been derived from a large cohort of patients
treated with primary PCI (n=2,096) with the goal of predicting the risk
of MACE and mortality at 30 days. The score — alongside clinical and
laboratory parameters (i.e. age >75 years, prior infarction, anterior
infarction, complete atrioventricular block, new-onset bundle branch
block, left ventricular ejection fraction <40 %, high leucocytes
count, glucose >6.6 mmol/L, creatinine clearance, pre-procedural
TIMI flow = 0) — takes into account the results of the primary PCI
procedure (post-procedure TIMI flow <3, reference vessel diameter
<25 mm). It has shown good discrimination and calibration in the
derivation cohort (the c-statistics in the internal validation cohort
were 0.83 and 0.87 for MACE and mortality, respectively.?3

The EPICOR prognostic model

Pocock et al. proposed a web-based, user-friendly risk score to predict
the risk of two-year mortality in 23,489 consecutive hospital survivors
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Table 2: Risk Score After Treatment and at Follow-up

Time of Score Predicted Event

Use

Risk Score Clinical

Parameters C-statistic (Derived/ Trials/Studies

External Validation) (Reference)

Setting

CADILLAC risk

Clinical: 2
Echocardiographic: 1

score ACS Post-PCI 1-year mortality Laboratory: 2 0.79/0.78 22,23,24,25
Angiographic: 1
CTherapeutic: 1
. ) ) Clinical: 3
PAMI risk score ACS Post-primary PCI 6-month mortality . ) 0.78/NR 23,26,27,28
Electrocardiographic: 1
. . ) Clinical: 3
ZWOLLE risk score  STEMI Post-primary PCI 30-day mortality ) - 0.902/0.937 29,30,31,32
Angiographic: 3
GRACE hospital All subset of ﬁ!ﬁazsnion;?r:;a“m Clinical: 6
) b Pre-discharge Laboratory: 2 0.75/NR 33
discharge score ACS t0 4 years post- ) -
) Electrocardiographic: 1
discharge
Nine admission variables of TIMI
) ) risk score plus parameters during
Dynamic TIMI risk ) . ) N
scyore STEMI Pre-discharge 1-year mortality the index hospitalisation: 0.76/0.81 34,35,36
Clinical: 5
Electrocardiographic: 1
Clinical: 2 ) 0.83 (MACE-internal
30-day MACEang  Laboratory: 3 validation), 0.87
RISK-PCI score STEMI Post-primary PCI v ) Electrocardiographic: 3 o 37,38
30-day mortality ) o (mortality-internal
Echocardiographic: 1 o
) . validation)/NR
Angiographic: 3
) Clinical: 8
EPICOR prognostic ! )
model prog ACS Pre-discharge 1-year mortality Laboratory: 3 0.81/0.78 39
Echocardiographic: 1
) Clinical: 4
APEX-AMI risk ) ) ) )
score n STEMI Post-primary PCI 90-day mortality Electrocardiographic: 2 0.81/NR 40
Laboratory: 1
Resi | SYNTAX 1- II- )
esiaual s ACS After PCI year.a cause Same as baseline SYNTAX score 0.63/NR 41
score (rSS) mortality
All PCI |scha¢m|a and Clinical 5 0.70 (|§chaem|a), 0.68
) 12 months after bleeding between . (bleeding)/0.64 (for
DAPT score patients on Procedural: 3 ) ) 48
DAPT DAPT 12 and 30 months IUs CHE/LVEF<30% both ischaemia and
after PCI P ° bleeding)
. 0.75 and 0.79 (with and
30 days (event-free ) Clinical: 4 ) ) .
GUSTO score STEMI ys (ev ree) 1-year mortality n without angiographic 49

after STEMI

+1 angiographic and heart rate data)/NR

Abbreviations: STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; ACS, acute coronary syndrome; DAPT, dual antiplatelet therapy, MACE, major adverse

cardiac event; PCI, percutaneous coronary intervention

after an ACS event included in EPICOR and EPICOR Asia prospective
cohort studies.® Twelve independent predictors of mortality were
combined into the score, and a good discrimination was achieved
(c-statistic 0.81).

Consistent with the dynamic TIMI risk score, the EPICOR model also
accounts for the incidence of in-hospital adverse events, quality of
life before discharge, as assessed by the EQ-5D questionnaire, is also
used in the calculation of the score. An online web calculator of the
EPICOR prognostic model is available at www.acsrisk.org.

APEX-AMI risk score

This APEX-AMI risk score is a prognostic model predicting the risk
of mortality at 90 days in patients with STEMI undergoing primary
PCI. The model was derived using data from patients enrolled in the
APEX-AMI (Assessment of Pexelizumab in Acute Myocardial Infarction)
trial. The model had good performance (c-statistic 0.82) and was
internally validated, demonstrating a c-statistic value of 0.81.%
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Residual SYNTAX score

The residual SYNTAX score (rSS) — calculated by subtracting the score
of each successfully treated lesion from the baseline SYNTAX score
— was firstly proposed by Généreux et al. in patients with moderate-
or high-risk ACS undergoing PCI enrolled in the prospective ACUITY
trial.*" The rSS is useful to numerically quantify the burden and
complexity of residual CAD after PCl and a strong independent
predictor of ischaemic outcomes at 1 year, including all-cause
mortality, with a c-statistic 0.63.

The rSS has been extensively validated in the literature. Farooq et
al. found that the rSS was a robust predictor of 5-year mortality
in the SYNTAX trial (in eligible patients with 3-vessel or left main
coronary artery disease undergoing PCI)*> whereas the authors’ group
demonstrated the prognostic value of the rSS as an independent
predictor of 2-year cardiac mortality in the setting of unprotected left
main PCIL.* The rSS represented an independent predictor of major
adverse cardiac and cerebrovascular events (MACCE) at 1 year in
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patients with STEMI and multivessel disease.* In addition, the rSS
has been shown to be a predictor of short-term adverse clinical
outcomes (30-day and 6-month all-cause death) in patients with ACS
complicated by cardiogenic shock?®, while Khan et al. found that an
rSS>8 was a predictor of in-hospital death, congestive heart failure,
recurrent Ml and bleeding in patients treated with primary PCI.

Risk Scores During Follow-Up

Patients with CAD, despite effective treatment according to
current guideline recommendations, are at substantial risk of
experiencing recurrent ischaemic adverse events.” Tailored
management of patients during follow-up, based on individual risk
profiles, is advisable to customise clinical management strategies for
secondary prevention. The use of risk stratification tools might also be
useful in secondary prevention.

DAPT score

The DAPT score was derived from 11,648 patients enrolled in the DAPT
trial and externally validated in the PROTECT trial. The score should be
used after 12 months of uncomplicated DAPT, to assess more reliably
the benefit-to-risk ratio of prolonging DAPT treatment.*

The DAPT score simultaneously evaluates and weights factors associated
with increased risk of bleeding (moderate or severe bleeding according
to the GUSTO criteria) and recurrent ischaemic events (stent thrombosis
or myocardial infarction) at follow-up. The score ranges from -2 to 9
and patients with a DAPT score of >2 may most likely benefit from the
prolongation of DAPT.

In the derivation cohort, the model had c-statistic values of 0.70 and
0.68 for predicting ischaemic and bleeding risk respectively; in the
validation cohort, the c-statistic was 0.64 for both ischaemic and
bleeding risk. A user-friendly online calculator of the DAPT score is
available at http://tools.acc.org/DAPTriskapp.

The DAPT score has some limitations. In particular, stenting was mostly
performed with first-generation DES in the DAPT trial, so the risk of stent
thrombosis and/or ischaemic events may be overestimated by the DAPT
score in light of the high safety standards for the newer generation DES
used today.

GUSTO score

In the GUSTO ftrial, data of STEMI survivors was used to derive two
algorithms for predicting 1-year mortality after a 30-day event-
free period: one nomogram is based on only clinical parameters
and its c-statistic is 0.70; the other nomogram integrates clinical and
angiographic variables and it has a c-statistic value of 0.75.

However such models had poor validation in subsequent studies and
their use nowadays is generally limited due to the larger proportion of
patients treated with primary PCIL.*

Stratification of Bleeding Risk

The clinical implementation of potent anti-thrombotic therapies in
patients at heightened cardiovascular risk has come at the cost of
increasing the risk of bleeding.

Despite thrombotic recurrences being the most feared events in

patients with CAD, bleeding complications have a detrimental effect on
prognosis which, ultimately, may offset the benefits of more intensive/
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prolonged pharmacological strategies for secondary prevention.
Against this background, clinical research has been directed toward
the stratification of bleeding risk in patients with CAD and different
tools have been recently developed to support clinicians in the difficult
clinical task of pinpointing the optimal balance between ischaemic and
bleeding risk.

CRUSADE risk score

In patients with NSTEMI, the CRUSADE risk score is intended to
predict the risk of major bleeding during the index hospitalisation.
It was created by assigning a weighted integer value to each
independent predictor of in-hospital bleeding: baseline hematocrit;
glomerular filtration rate; sex; heart rate and systolic blood pressure
on admission; prior vascular disease; diabetes mellitus; and signs of
heart failure on admission.

The final score ranges from 1 to 100 points. Notably, the rate of major
bleeding increased by bleeding risk score quintiles are: 3.1 % for score
<20; 5.5 % for score 21-30; 8.6 % for score 31-40; 11.9 % for score
41-50; and 19.5 % for score >50. C-statistic values for the derivation
and validation cohorts were 0.71 and 0.70, respectively.® (Table 3).

PARIS risk score

The PARIS risk score is a simple and useful tool to predict the risk
of ischaemic and bleeding events at two years after PCI with DES. In
detail, the two separate scores were developed using data from the
PARIS (Patterns of Non-Adherence to Anti-Platelet Regimen in Stented
Patients) registry. The first model to predict ischaemic events includes
six clinical variables (diabetes mellitus, ACS presentation, current
smoking, creatinine clearance <60 ml/minute, prior PCI and prior
CABG) with a c-statistic value of 0.70; the second model, predicting
major bleeding, also has six clinical variables (age, body mass index,
current smoking, anaemia, creatinine clearance <60 ml/min, triple
antithrombotic therapy on discharge) with c-statistic of 0.72.

External validation was performed in the ADAPT-DES (Assessment
of Dual Antiplatelet Therapy With Drug-Eluting Stents) registry and
discrimination was moderate, with c-statistics of 0.65 and 0.64 for
ischaemic and bleeding risk scores respectively.’’

PRECISE-DAPT Score

The PRECISE-DAPT score was developed from a collaborative, individual
patient-level analysis including data from eight randomised controlled
trials (14,963 patients). The model predicts the risk of bleeding in
patients treated with dual antiplatelet therapy (c-statistic of 0.73 for
out-of-hospital TIMI major or minor bleeding and 0.71 for TIMI major
bleeding within 12 months).*

The following variables are included in the score: age; creatinine clearance;
hemoglobin; white blood cell count; and previous spontaneous
bleeding. Patients at high bleeding risk are identified by a score of
25 or greater.

In the external validation, obtained in two independent PCl-treated
populations from the PLATelet inhibition and patient Qutcomes (PLATO)
trial and the BernPCl Registry, the PRECISE-DAPT score showed
c-statistic values of 0.70 and 0.66 respectively. The PRECISE-DAPT
score showed improved integrated discrimination and reclassification
performance compared with the PARIS score in both validation cohorts
for TIMI major or minor bleeding.
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Table 3: Bleeding Risk Scores

Time of Score
Use

Risk Score

Clinical Setting

Predicted Event

Trials/Studies
(Reference)

Parameters C-Statistic (Derived/

External Validation)

CRUSADE risk score  NSTEMI Hospital admission

bleeding

In-hospital major

Clinical: 6

07.1/0.70 50
Laboratory: 2 /

Ischaemia and

All PCI patients on

Clinical: 6, for coronary
thrombosis risk

0.70 (for ischaemia),
0.72 (for bleeding) / 0.65

PARI r - i - ) ) ;
S score DAPT PostRCI gwlii(tjrllzga?ttezria Clinical: 6, for major (for ischaemia), 0.64 >
bleeding risk (for bleeding)
All PCI patients on Bleeding at 12 Clinical: 2 0.73/0.70 (PLATO trial),
PRECISE-DAPT score Post-PCI . 52,53
DAPT months after PCI Laboratory: 3 0.66 (BernPCl registry) '
BleeMACS bleedin, ) ) Clinical: 5
g ACS Pre-discharge 1-year bleeding 0.71/0.65 54,55

risk score

Laboratory: 2

Abbreviations: NSTEMI, non-ST-elevation myocardial infarction; ACS, acute coronary syndrome; DAPT, dual antiplatelet therapy, PCI, percutaneous coronary intervention.

The PRECISE-DAPT score, which can be easily calculated at
www.precisedaptscore.com, is endorsed by the 2017 European Society
of Cardiology guidelines on optimal DAPT duration in patients under-
going PCI.%

BleeMACS Bleeding Risk Score

The BleeMACS (Bleeding complications in a Multicenter registry of
patients discharged with diagnosis of Acute Coronary Syndrome)
registry is a multicentre retrospective registry that enrolled more than
15,000 patients with ACS who were treated with PCL.* The BleeMACS
bleeding risk score was derived and internally validated in this registry,
and demonstrated to be a simple tool for estimating the risk of post-
discharge serious bleeding events up to one year.

The score includes seven predictors: age; hypertension; vascular
disease; history of bleeding; malignancy; creatinine; and haemoglobin.
The BleeMACS risk score exhibited good performance in the derivation
(c-statistic: 0.71) and internal validation (c-statistic: 0.72) cohorts.
The c-statistic in the external validation cohort, performed in the
SWEDEHEART registry, was slightly lower (c-statistic of 0.65 for PCI-
treated patients and 0.63 for patients who did not undergo PCI).%

Selecting a Risk Scoring System in Daily

Clinical Practice

Undoubtedly, the marked increase in the number of risk scores
available to interventional cardiologists, as well as the presence of
overlapping risk scores in the same clinical scenarios, make it difficult
to select the best risk scoring system in daily clinical practice.

In the growing arena of risk assessment tools, however, only a limited
number of risk scoring systems have been extensively, rigorously and
externally validated. This is a central issue in guiding the selection and
supporting the rationale for the use of a specific risk score in daily
clinical practice (Figure 2, bottom panel).

In patients with stable CAD, the SYNTAX | and II,72% the Euroscore II,'2%
and STS score* have a central role in clinical decision making. Their
applicability is firmly supported by the consistent and reproducible
results regarding their overall performance and discrimination ability
(as reported in Table 1).

In patients with NSTEMI, the GRACE risk score is particularly useful

for the prediction of mid-term clinical outcomes and the identification
of the optimal timing of myocardial revascularisation.”# In this group of
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patients, the CRUSADE risk score is also robust at predicting the risk of
major in-hospital bleeding.®

The ACTION-GWTG model should be clinically implemented to assess
the risk of in-hospital mortality in patients admitted with acute Ml (it
has excellent discrimination — see Table 1).2" After treatment for STEMI,
the Zwolle risk score is instrumental at predicting the risk of early
(30-day) mortality, thus allowing the selection of patients at low risk
of adverse events who can be safely discharged within 72 hours of
revascularisation by primary PCI.2>=2

Finally, for the optimisation of medical therapy after PCI, the latest
European guidelines recommend the use of the PRECISE-DAPT and
DAPT scores (class of evidence IIb/A) to properly decide the optimal
duration of dual antiplatelet therapy after PCL.% Even though further
research is crucial in this setting, clinicians should take advantage of
these tools when facing the difficult clinical task of minimising the risk
of bleeding while giving secondary prevention from recurrent ischemic
events (Figure 2).

Advancing Risk Stratification in Patients with
CAD: a Glimpse into the Future

Bedside prognostication using simple and broadly accessible clinical
variables, coupled with experience, is the mainstay of risk stratification
in medicine. Over recent decades, medicine has drastically evolved
in parallel with the implementation and wider clinical use of more
advanced diagnostic and therapeutic techniques.

Specifically, practice in cardiovascular medicine has been permeated
by a large amount of additive information coming from more powerful
diagnostic tools (i.e. CT of coronary arteries and invasive coronary
diagnostic parameters), biomarker evaluation as well as proteomics
and genomics. These data are complementary to the clinical evaluation
and, undoubtedly, the integration of clinical and advanced diagnostic
data have been instrumental to advance medical practice.

Nevertheless, prognostication remains challenging in specific clinical
contexts such as cardiogenic shock. A complex interplay between
haemodynamic, metabolic and clinical factors increase the complexity
of risk stratification in these patients.

Recently, a promising risk score to predict 30-day mortality has been

developed in this clinical setting using data from the landmark IABP-
SHOCK Il (Intraaortic Balloon Pump in Cardiogenic Shock) trial.>
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Risk Scoring in Coronary Artery Disease

In a new era of individualisation and precision in medicine,
refinement of existing risk scores by newer diagnostic tools has

proven to be of clinical value. As an example, the evaluation

of the N-terminal pro-BNP was shown to improve the overall
predictive performance of different risk scores (the. Zwolle, TIMI
and GRACE risk scores) in patients with STEMI .%-¢° Similarly,
in patients with stable CAD, combining clinical variables and
biomarkers into a unifying risk score showed potential for improving
the stratification of risk for cardiovascular mortality.c Moreover,

conclusion

the use of genetic risk scoring in patients with CAD has been

recently proposed.¢?

Future studies will clarify if and how the use of these advanced
techniques will advance our understanding of risk stratification

in patients with CAD and if this process will finally translate into
improved quality of care for PCI and ACS patients.

Different tools for risk stratification have been developed and
validated in patients with CAD. A stepwise approach, considering
the characterisation of both ischaemic and bleeding risk is advisable
in these patients to better guide both the immediate and long-term
medical management strategies.

Further studies are needed to clarify whether further improvements
in risk stratification can be obtained by integrating the array of

existing clinical risk scores with complementary information coming
from more advanced diagnostic techniques. |

1. Perk J, De Backer G, Gohlke H, et al. European Guidelines
on cardiovascular disease prevention in clinical practice
(version 2012). Eur Heart 1 2012;33(13):1635-701. https://doi.
0rg/10.1093/eurheartj/ehs092. PMID: 22555213

2. Montalescot G, Sechtem U, Achenbach S, et al. 2013
ESC guidelines on the management of stable coronary
artery disease: the Task Force on the management of
stable coronary artery disease of the European Society of
Cardiology. Eur Heart J 2013;34(38):2949-3003. https://doi.
0rg/10.1093/eurheartj/eht296. PMID: 23996286.

3. Buccheri S, Capranzano P, Condorelli A, Scalia M, Tamburino
C, Capodanno D. Risk stratification after ST-segment
elevation myocardial infarction. Expert Rev Cardiovasc Ther
2016;14(12):1349-60. https://doi.org/10.1080/14779072.
2017.1256201. PMID: 2781721.

4. Granton J, Cheng D. Risk stratification models for cardiac
surgery. Semin Cardiothorac Vasc Anesth 2008;12(3):167-74.
https://doi.org/10.1177/1089253208323681. PMID: 18805851.

5. Capodanno D. Beyond the SYNTAX score — advantages and
limitations of other risk assessment systems in left main
percutaneous coronary intervention. Circ J 2013;77(5):1131-8.
https://doi.org/10.1253/circj.CJ-12-1613. PMID: 23546417,

6. Tay SY, Chang P-Y, Lao WT, Lin YC, Chung Y-H, Chan WP.

The proper use of coronary calcium score and coronary
computed tomography angiography for screening
asymptomatic patients with cardiovascular risk factors. Sci Rep
2017;7(1):17653. https://doi.org/10.1038/541598-017-17655-W.
PMID: 29247160; PMCID:PMC5732297.

7. Neumann FJ, Sousa-Uva M, Ahlsson A, et al. ESC Scientific
Document Group. 2018 ESC/EACTS Guidelines on myocardial
revascularization. Eur Heart J. 2018. doi: 10.1093/eurheartj/
ehy394. [Epub ahead of print]; No abstract available.

8. Mohr FW, Morice M-C, Kappetein AP, et al. Coronary
artery bypass graft surgery versus percutaneous coronary
intervention in patients with three-vessel disease and left
main coronary disease: 5-year follow-up of the randomised,
clinical SYNTAX trial. Lancet 2013;381(9867):629-38. https://doi.
0rg/10.1016/S0140-6736(13)60141-5, PMID: 23439102.

9. Escaned J, Collet C, Ryan N, et al. Clinical outcomes of
state-of-the-art percutaneous coronary revascularization in
patients with de novo three vessel disease: 1-year results of
the SYNTAX Il study. Eur Heart ] 2017,38(42):3124-34. https://
doi.org/10.1093/eurheartj/ehx512. PMID: 29020367.

10. Nam C-W, Mangiacapra F, Entjes R, et al. Functional SYNTAX
score for risk assessment in multivessel coronary artery
disease. J Am Coll Cardiol 2011,58(12):1211-8. https://doi.
0rg/10.1016/j.jacc.2011.06.020. PMID: 21903052.

11. Collet C, Onuma Y, Miyazaki Y, Morel M-A, Serruys PW.
Integration of non-invasive functional assessments with
anatomical risk stratification in complex coronary artery
disease: the non-invasive functional SYNTAX score. Cardiovasc
Diagn Ther 2017,7(2):151-8. https://doi.org/10.21037/
¢dt.2017.03.19. PMID: 28540210; PMCID:PMC5422844.

12. Nashef SAM, Roques F, Sharples LD, et al. EuroSCORE II. Eur
J Cardiothorac Surg 2012;41(4):734-4. https://doi.org/10.1093/
ejcts/ezs043. PMID: 22378855.

13. Guida P, Mastro F, Scrascia G, et ak. Performance of the
European System for Cardiac Operative Risk Evaluation II: a
meta-analysis of 22 studies involving 145,592 cardiac surgery
procedures. J Thorac Cardiovasc Surg 2014;148(6):3049-57.e1.
https://doi.org/10.1016/j.jtcvs.2014.07.039. PMID: 25161130.

14. Shahian DM, O'Brien SM, Filardo G, et al. The Society of
Thoracic Surgeons 2008 cardiac surgery risk models: part
1 - coronary artery bypass grafting surgery. Ann Thorac
Surg 2009;88(1 Suppl):S2-22. https://doi.org/10.1016/j.
athoracsur.2009.05.053. PMID: 19559822.

15. Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score
for unstable angina/non-ST elevation MI: a method for
prognostication and therapeutic decision making. JAMA
2000;284(7):835-42. https://doi.org/10.1001/jama.284.7.835.
PMID: 10938172.

16. Gevaert SA, De Bacquer D, Evrard P, et al. Gender, TIMI risk
score and in-hospital mortality in STEMI patients undergoing

INTERVENTIONAL CARDIOLOGY REVIEW

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

primary PCI: results from the Belgian STEMI registry.
Eurolntervention 2014,9(9):1095-101. https://doi.org/10.4244/
EVOI9A184. PMID: 24457280.

. Morrow DA, Antman EM, Charlesworth A, et al. TIMI risk

score for ST-elevation myocardial infarction: A convenient,
bedside, clinical score for risk assessment at presentation: an
intravenous nPA for treatment of infarcting myocardium early
Il trial substudy. Circulation 2000;102(17):2031-7. https://doi.
0rg/10.1161/01.CIR.102.17.2031. PMID: 11044416.

. Morrow DA, Antman EM, Giugliano RP, et al. A simple risk

index for rapid initial triage of patients with ST-elevation
myocardial infarction: an INTIME Il substudy. Lancet
2001,358(9293):1571-5. https://doi.org/10.1016/S0140-
6736(01)06649-1. PMID: 11716882.

. Eagle KA, Lim MJ, Dabbous OH, et al. A validated prediction

model for all forms of acute coronary syndrome estimating
the risk of 6-month postdischarge death in an international
registry. J Am Med Assoc 2004;291(22):2727-33. https://doi.
0rg/10.1001/jama.291.22.2727. PMID: 15187054.

Roffi M, Patrono C, Collet J-P, et al. 2015 ESC Guidelines for
the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation: Task
Force for the Management of Acute Coronary Syndromes in
Patients Presenting without Persistent ST-Segment Elevation
of the European Society of Cardiology (ESC). Eur Heart J
2016;37(3):267-315. https://doi.org/10.1093/eurheartj/ehv320.
PMID: 26320110.

McNamara RL, Kennedy KF, Cohen D), et al. Predicting
in-hospital mortality in patients with acute myocardial
infarction. J Am Coll Cardiol 2016;68(6):626-35. https://doi.
0rg/10.1016/j.jacc.2016.05.049. PMID: 27491907.

Tcheng JE, Kandzari DE, Grines CL, et al. Benefits and risks of
abciximab use in primary angioplasty for acute myocardial
infarction: the Controlled Abciximab and Device Investigation
to Lower Late Angioplasty Complications (CADILLAC) trial.
Circulation 2003;108(11):1316-23. https://doi.org/10.1161/01.
CIR.0000087601.45803.86. PMID: 12939213.

Grines CL, Cox DA, Stone GW, et al. Coronary angioplasty
with or without stent implantation for acute myocardial
infarction. Stent Primary Angioplasty in Myocardial Infarction
Study Group. N EnglJ Med 1999;341(26):1949-56. https://doi.
0rg/10.1056/NEIM199912233412601. PMID: 10607811.

Halkin A, Singh M, Nikolsky E, et al. Prediction of mortality
after primary percutaneous coronary intervention for

acute myocardial infarction: the CADILLAC risk score. J Am
Coll Cardiol 2005,45(9):1397-405. https://doi.org/10.1016/j.
jacc.2005.01.041. PMID: 15862409.

Sarno G, Lagerqvist B, Frobert O, et al. Lower risk of stent
thrombosis and restenosis with unrestricted use of ‘new-
generation’ drug-eluting stents: a report from the nationwide
Swedish Coronary Angiography and Angioplasty Registry
(SCAAR). Eur Heart J 2012;33(5):606-13. https://doi.org/10.1093/
eurheartj/ehrd79. PMID: 22232428.

Grines CL, Browne KF, Marco J, et al. A comparison of
immediate angioplasty with thrombolytic therapy for acute
myocardial infarction. The Primary Angioplasty in Myocardial
Infarction Study Group. N Engl J Med 1993;328(10):673-9. https://
doi.org/10.1056/NEIM199303113281001. PMID: 8433725.
Stone GW, Marsalese D, Brodie BR, et al. A prospective,
randomized evaluation of prophylactic intraaortic balloon
counterpulsation in high risk patients with acute myocardial
infarction treated with primary angioplasty. Second Primary
Angioplasty in Myocardial Infarction (PAMI-II) Trial Investig.
JAm Coll Cardiol 1997,29(7):1459-67. https://doi.org/10.1016/
S0735-1097(97)00088-0. PMID: 9180105.

Grines CL, Westerhausen DR, Grines LL, et al. A randomized
trial of transfer for primary angioplasty versus on-site
thrombolysis in patients with high-risk myocardial infarction:
the Air Primary Angioplasty in Myocardial Infarction study.
JAm Coll Cardiol 2002;39(11):1713-9. https://doi.org/10.1016/
S0735-1097(02)01870-3. PMID: 12039480.

De Luca G, Suryapranata H, van 't Hof AWJ, et al. Prognostic
assessment of patients with acute myocardial infarction treated

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

with primary angioplasty: implications for early discharge.
Circulation 2004,109(22):2737-43. https://doi.org/10.1161/01.
CIR.0000131765.73959.87. PMID: 15159293.

Azzalini L, Sole E, Sans J, et al. Feasibility and safety of an early
discharge strategy after low-risk acute myocardial infarction
treated with primary percutaneous coronary intervention:

the EDAMI pilot trial. Cardiology 2015;130(2):120-9. https://doi.
0rg/10.1159/000368890. PMID: 25612789.

Kotowycz MA, Cosman TL, Tartaglia C, Afzal R, Syal RP,
Natarajan MK. Safety and feasibility of early hospital
discharge in ST-segment elevation myocardial infarction-A
prospective and randomized trial in low-risk primary
percutaneous coronary intervention patients (the Safe-
Depart Trial). Am Heart J 2010;159(1). https://doi.org/10.1016/.
ahj.2009.10.024. PMID: 20102876.

Melberg T, Jargensen M, @rn S, Solli T, Edland U, Dickstein K.
Safety and health status following early discharge in patients
with acute myocardial infarction treated with primary PCI: a
randomized trial. Eur J Prev Cardiol 2015;22(11):1427-34. https://
doi.org/10.1177/2047487314559276. PMID: 25398704.

Tang EW, Wong CK, Herbison P. Global Registry of Acute
Coronary Events (GRACE) hospital discharge risk score
accurately predicts long-term mortality post acute coronary
syndrome. Am Heart J 2007;153(1):29-35. https://doi.
0rg/10.1016/).ahj.2006.10.004. PMID: 17174633.

Amin ST, Morrow DA, Braunwald E, et al. Dynamic TIMI risk
score for STEMI. J Am Heart Assoc 2013;2(1):€003269. https://
doi.org/10.1161/JAHA.112.003269. PMID: 23525425

Antman EM, Morrow DA, McCabe CH, et al. Enoxaparin
versus unfractionated heparin with fibrinolysis for
ST-elevation myocardial infarction. N Engl J Med 2006;
354(14):1477-88. https://doi.org/10.1056/NEJM0a060898.
PMID: 16537665.

Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus
clopidogrel in patients with acute coronary syndromes. N
Engl J Med 2007;357(20):2001-15. https://doi.org/10.1056/
NEJM0a0706482. PMID: 17982182.

Mrdovic I, Savic L, Perunicic J, et al. Development and
validation of a risk scoring model to predict net adverse
cardiovascular outcomes after primary percutaneous
coronary intervention in patients pretreated with 600 mg
clopidogrel: rationale and design of the RISK-PCI study. /
Interv Cardiol 2009;22(4):320-8. https://doi.org/10.1111/].1540-
8183.2009.00476.X. PMID: 19515084.

Mrdovic I, Savic L, Krljanac G, et al. Predicting 30-day

major adverse cardiovascular events after primary
percutaneous coronary intervention. The RISK-PCI score.
Int J Cardiol 2013;162(3):220-7. https://doi.org/10.1016/].
jjcard.2011.05.071. PMID: 21663982.

Pocock SJ, Huo' Y, Van de Werf F, et al. Predicting two-

year mortality from discharge after acute coronary
syndrome: an internationally-based risk score. Eur Hear J
Acute Cardiovasc Care 2017:204887261771963. https://doi.
0rg/10.1177/2048872617719638. PMID: 28777005.

Stebbins A, Mehta RH, Armstrong PW, et al. A model

for predicting mortality in acute ST-segment elevation
myocardial infarction treated with primary percutaneous
coronary intervention: results from the Assessment of
Pexelizumab in Acute Myocardial Infarction Trial. Circ
Cardiovasc Interv 2010;3(5):414-22. https://doi.org/10.1161/
CIRCINTERVENTIONS.109.925180. PMID: 20858863.
Généreux P, Palmerini T, Caixeta A, et al. Quantification

and impact of untreated coronary artery disease after
percutaneous coronary intervention: The residual SYNTAX
(Synergy between PCI with Taxus and Cardiac Surgery) score.
JAm Coll Cardiol 2012;59(24):2165-74. https://doi.org/10.1016/j.
jacc.2012.03.010. PMID: 22483327,

Farooq V, Serruys PW, Bourantas C V, et al. Quantification

of incomplete revascularization and its association with
five-year mortality in the synergy between percutaneous
coronary intervention with taxus and cardiac surgery
(SYNTAX) trial validation of the residual SYNTAX score.
Circulation 2013;128(2):141-51. https://doi.org/10.1161/

119



Coronary

43.

44.

45.

46.

47.

48.

49.

CIRCULATIONAHA.113.001803. PMID: 23766350.

Capodanno D, Chisari A, Giacoppo D, et al. Objectifying

the impact of incomplete revascularization by repeat
angiographic risk assessment with the residual SYNTAX
score after left main coronary artery percutaneous
coronary intervention. Catheter Cardiovasc Interv
2013;82(3):333-40. https://doi.org/10.1002/ccd.24642. PMID:
22936604.

Loutfi M, Ayad S, Sobhy M. Impact of the residual SYNTAX
score on outcomes of revascularization in patients

with ST-segment elevation myocardial infarction and
multivessel disease. Clin Med Insights Cardiol 2016;10:29-35.
https://doi.org/10.4137/CMC.S35730. PMID: 26997875;
PMCID:PMC4786097.

Adachi H, Yasuoka Y, Kume K, et al. The residual syntax
score for mortality risk assessment in acute coronary
syndrome with cardiogenic shock. J Am Coll Cardiol
2013;61(10 Supplement):E20. https://doi.org/10.1016/S0735-
1097(13)60021-2.

Khan R, Al-Hawwas M, Hatem R, et al. Prognostic impact

of the residual SYNTAX score on in-hospital outcomes

in patients undergoing primary percutaneous coronary
intervention. Catheter Cardiovasc Interv 2016;88(5):740-7. https://
doi.org/10.1002/ccd.26413. PMID: 26833916.

Varenhorst C, Hasvold P, Johansson S, et al. Culprit and
nonculprit recurrent ischemic events in patients with
myocardial infarction: Data from SWEDEHEART (Swedish Web
System for Enhancement and Development of Evidence-Based
Care in Heart Disease Evaluated According to Recommended
Therapies). J Am Heart Assoc 2018;7(1):e007174. https://doi.
0rg/10.1161/JAHA.117.007174. PMCID: PMC5778965.

Yeh RW, Secemsky EA, Kereiakes DJ, et al. Development
and validation of a prediction rule for benefit and harm of
dual antiplatelet therapy beyond 1 year after percutaneous
coronary intervention. JAMA 2016;315(16):1735. https://
doi.org/10.1001/jama.2016.3775. PMID: 27022822,
PMCID:PMC5408574.

Califf RM, Pieper KS, Kerry LL, et al. Prediction of

1-year survival after thrombolysis for acute myocardial

120

50.

51.

52.

53.

54.

55.

56.

infarction in the global utilization of streptokinase and
TPA for occluded coronary arteries trial. Circulation
2000;101(19):2231-8. https://doi.org/10.1161/01.
CIR.101.19.2231. PMID: 10811588.

Subherwal S, Bach RG, Chen AY, et al. Baseline risk of
major bleeding in non-ST-segment-elevation myocardial
infarction: the CRUSADE (Can Rapid risk stratification of
Unstable angina patients Suppress ADverse outcomes
with Early implementation of the ACC/AHA Guidelines)
bleeding score. Circulation 2009;119(14):1873-82. https://doi.
0rg/10.1161/CIRCULATIONAHA.108.828541. PMID: 19332461;
PMCID:PMC3767035.

Baber U, Mehran R, Giustino G, et al. Coronary thrombosis
and major bleeding after pci with drug-eluting stents risk
scores from PARIS. J Am Coll Cardiol 2016,67(19):2224-34.
https://doi.org/10.1016/j.jacc.2016.02.064. PMID: 27079334.
Costa F, van Klaveren D, James S, et al. Derivation and
validation of the predicting bleeding complications in
patients undergoing stent implantation and subsequent
dual antiplatelet therapy (PRECISE-DAPT) score: a pooled
analysis of individual-patient datasets from clinical trials.
Lancet 2017;389(10073):1025-34. https://doi.org/10.1016/
S0140-6736(17)30397-5. PMID: 28290994.

Valgimigli M, Bueno H, Byrne RA, et al. 2017 ESC focused
update on dual antiplatelet therapy in coronary artery
disease developed in collaboration with EACTS. Eur J
Cardiothorac Surg 2018;53(1):34-78. https://doi.org/10.1093/
ejcts/ezx334. PMID: 29045581.

D'Ascenzo F, Abu-Assi E, Raposeiras-Roubin S, et al.
BleeMACS: Rationale and design of the study. J Cardiovasc
Med 2016;17(10):744-9. https://doi.org/10.2459/
JCM.0000000000000362. PMID: 26825446.
Raposeiras-Roubin S, Faxén J, l-iguez-Romo A, et al.
Development and external validation of a post-discharge
bleeding risk score in patients with acute coronary
syndrome: the BleeMACS score. Int J Cardiol 2018;254:10-5.
https://doi.org/10.1016/j.ijcard.2017.10.103. PMID:
29407077.

Mohr FW, Morice M-C, Kappetein AP, et al. Coronary

57.

58.

59.

60.

61.

62.

artery bypass graft surgery versus percutaneous coronary
intervention in patients with three-vessel disease and

left main coronary disease: 5-year follow-up of the
randomised, clinical SYNTAX trial. Lancet 2013;381(9867):
629-38. https://doi.org/10.1016/50140-6736(13)60141-5.
PMID: 23439102.

Poss J, Koster J, Fuernau G, et al. Risk stratification for
patients in cardiogenic shock after acute myocardial
infarction. J Am Coll Cardiol 2017;69(15):1913-20. https://doi.
0rg/10.1016/j.jacc.2017.02.027. PMID: 28408020.

Mega JL, Morrow DA, De Lemos JA, et al. B-type natriuretic
peptide at presentation and prognosis in patients with
ST-segment elevation myocardial infarction: an ENTIRE-
TIMI-23 substudy. J Am Coll Cardiol 2004;44(2):335-9. https://
doi.org/10.1016/j.jacc.2004.04.033. PMID: 15261928.
Grabowski M, Filipiak KJ, Malek LA, et al. Admission

B-type natriuretic peptide assessment improves early risk
stratification by Killip classes and TIMI risk score in patients
with acute ST elevation myocardial infarction treated

with primary angioplasty. Int J Cardiol 2007;115(3):386-90.
https://doi.org/10.1016/j.ijcard.2006.04.038. PMID:
16860415.

Parenica J, Kala P, Pavkova MG, et al. Natriuretic peptides,
nitrite/nitrate and superoxide dismutase have additional
value on top of the GRACE score in prediction of one-year
mortality and rehospitalisation for heart failure in STEMI
patients — multiple biomarkers prospective cohort study.
Int J Cardiol 2016;211:96-104. https://doi.org/10.1016/j.
jjcard.2016.02.135. PMID: 26991556.

Lindholm D, Lindback J, Armstrong PW, et al. Biomarker-
based risk model to predict cardiovascular mortality in
patients with stable coronary disease. J Am Coll Cardiol
2017,;70(7):813-26. https://doi.org/10.1016/j.jacc.2017.06.030.
PMID: 28797349.

Svensson T, Kitlinski M, Engstrom G, Melander O. A

genetic risk score for CAD, psychological stress, and their
interaction as predictors of CAD, fatal MI, non-fatal MI and
cardiovascular death. PLoS One 2017;12(4):€0176029. https://
doi.org/10.1371/journal.pone.0176029. PMID: 28426714.

INTERVENTIONAL CARDIOLOGY REVIEW



