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Abstract: Risk scores are widely used in patients with acute coronary syndrome (ACS) prior to
treatment decision-making at different points in time. At initial hospital presentation, risk scores
are used to assess the risk for developing major adverse cardiac events (MACE) and can guide
clinicians in either discharging the patients at low risk or swiftly admitting and treating the patients
at high risk for MACE. During hospital admission, risk assessment is performed to estimate mortality,
residual ischemic and bleeding risk to guide further in-hospital management (e.g., timing of coronary
angiography) and post-discharge management (e.g., duration of dual antiplatelet therapy). In the
months and years following ACS, long term risk can also be assessed to evaluate current treatment
strategies (e.g., intensify or reduce pharmaceutical treatment options). As multiple risk scores have
been developed over the last decades, this review summarizes the most relevant risk scores used in
ACS patients.
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1. Introduction

Acute coronary syndrome (ACS), including unstable angina (UA), non-ST-segment elevation
myocardial infarction (NSTEMI) and ST-segment elevation myocardial infarction (STEMI), is one of
the most frequent reasons for cardiac hospital admission [1]. For every ACS patient, a risk assessment
is performed prior to treatment decision-making at different points along the ACS pathway [2-5].
Based on clinical parameters, multiple risk scores have been developed to aid physicians in risk
stratification in complement to clinical judgement. Though no score is perfect, risk scores are still
considered as valuable tools in clinical decision-making.

Since the widely used Framingham risk score was published as a prediction model for incident
cardiovascular disease, numerous risk prediction models used in cardiovascular medicine have been
developed over the last few decades [6]. Risk models are often developed from predictors identified
from large datasets and afterwards are simplified into risk scores, where numerical weights (points)
are assigned to each risk factor, which reflects the risk of a certain outcome. This allows the risk scores
to be easily calculated and interpreted, and some risk scores are also used as decision rules to aid
physicians in daily clinical practice.

At different moments in the timeline of ACS, risk scores can be used for risk stratification.
At initial presentation, risk scores are used in patients with acute chest pain and possible ACS to,
first, identify patients at low risk for major adverse cardiac events (MACE) and second, as a decision
rule to swiftly discharge these patients without additional invasive testing. At admission, risk scores
are used to estimate the in-hospital or short-term risk of mortality and/or bleeding and to guide
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further in-hospital management (e.g., timing of coronary angiography). Individual risk of mortality,
myocardial infarction (MI) or bleeding may be re-evaluated before hospital discharge to determine
the outpatient treatment strategy. In the months or years following ACS, risk scores are available
to calculate ischemic-bleeding trade-off risk for optimal antithrombotic management or to estimate
long term risk for future cardiovascular events. Using this ACS timeline, the most relevant risk scores
used for patients with ACS will be discussed in this review using general performance metrics, model
discrimination and calibration, and if available, results of both internal and external validation studies.
An overview of all risk scores and pathways with their components are found in the Supplementary
data (I-1II).

2. Risk Scores Used at Presentation

The initial differentiation between non-ST-segment elevation ACS (NSTE-ACS), i.e., UA and
NSTEMI, and other (benign) causes of chest pain is not always clear. Therefore, most practices
perform adequate risk assessment based on objective parameters, clinical judgement and risk scores.
The risk scores most commonly used for patients with suspected NSTE-ACS are found in Table 1 and
Supplementary data I.

The history, electrocardiogram, age, risk factors, troponin (HEART)-score is a simple five-item
risk score consisting of variables that were chosen based on clinical experience (“common sense”)
and medical literature [7,8]. The HEART-score stratifies patients into low, moderate or high risk for
developing major adverse cardiac events (MACE) up to six weeks after ACS and is also used as a
decision aid to early discharge patients at low risk [9]. The HEART-score has shown to outperform
risk scores such as the Global Registry of Acute Coronary Events (GRACE) and the Thrombolysis
in Myocardial Infarction (TIMI) risk score for UA/NSTEMI in terms of the prediction of MACE [9],
but has shown limitations since the score is based on older generation troponin testing and does not
account for serial troponin measurements [10]. Attempts to modify the HEART-score complement the
shortcomings of the original HEART-score and have shown good results in prospective trials [11,12].

Other risk scores or decision rules, such as the Emergency Department Assessment of Chest pain
Score (EDACS) [13,14] or the Troponin-only Manchester Acute Coronary Syndromes (T-MACS) decision
aids [15,16] have shown positive results and similar to even better performance than the HEART-score
(Table 1). All of these scores show high sensitivity and negative predictive values (NPV) at the cost of
specificity and positive predictive values (PPV) for their outcome, and all outperform a troponin-only
strategy to rule-out ACS [17]. Combining these risk scores with serial troponin measurements (e.g.,
HEART pathway [11,18], A 2-h Accelerated Diagnostic Protocol to Assess Patients With Chest Pain
Symptoms Using Contemporary Troponins as the Only Biomarker (ADAPT-ADP)) [19,20]) improves
their performance and are also used in clinical practice as decision rules (Table 1). In fact, the European
Society of Cardiology (ESC) guidelines for NSTE-ACS state that a rapid rule-out and rule-in protocol
should be considered, if high-sensitivity troponins and a valid algorithm is available (class Ila, level of
evidence (LoE) B) [5]. Numerous novel risk scores and accelerated diagnostic pathways have been
developed and validated since the publication of these guidelines. The ESC Task Force on Chest Pain
recommends the use of the HEART-score for patients with suspected ACS, stating that it most closely
follows the clinical reasoning process in the diagnosis of acute chest pain [21]. However, it is still
unclear which risk score or pathway might be considered best in ruling out low risk patients, and
physicians are often inclined to practice their risk assessment strategy based on personal preference
and clinical experience.
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Table 1. Risk scores used at presentation for suspected non-ST-segment elevation acute coronary syndrome (NSTE-ACS).

3o0f16

Derivation Cohort

Validation Studies

Risk Scores Population Out Evi“(to/R)ate’ Sens. Spec. NPV PPV No. of Total % MACE Sens. Spec. NPV PPV
(n)/Period Hicome ’ ©5%CD  (95%CD  (95%CD  (95%CD  Studies  Sample  inLow 95%CD) 95%CD) (95%CD) 95%CD)
Total Low Risk Size Risk
n =880 MACE <6 158 98.1 416 99.0 26.9 B 097 0.38 098 0.22
HEART-score 2006 wks as0) 209 46996) (37.9452) (97.1-998) (233-307) 16 ~ n=21323 24 (094-098)  (0.33-043)  (097-099)  (0.18-0.27)
n=1974 305 99.0 52.8 B
EDACS Worz0r0  MACE<30d % 309 (066.997)  (506.550) 99.6 265 6 n=6774  03-112  655t099.0 23810626  889t099.7  16.6t018.7
n =703 157 98.7 476 99.3 34.0 B
T-MACS W06o00y  MACE<30d 70 2029 (g53008 (134519 (72999 (296-387) 2 n=1864 07-07 95210100  444t047.0 99310100  23.9t029.1
Risk score pathways
HEART n=1070* 100 83.1 100 63 _
pathway Yoo6onoy  MACE<30d  12(L1)  0(0.00) 72-100) (@1.85) 99.100) Ga11) 7 n=12844  00-12 92810100  387t0535  983t0100  10.7to27.6
n=1974 305 99.0 499 B
EDACS-ADP -0l MACE<30d o2 309 (966997 (47.4.923) 99.6 265 6 n=9136 0.0-1.1 882t0100 26210702  989t0100  16.0t035.2
n=1975 302 99.7 234 99.7 19.0 B
ADAPTADP 0% MACE<30d % 102)  og1901) (La255 GBEI0) (172.210) 5 n = 5808 0.0-09 92810100  48t0691  991t0100  7.5t023.0

* Low risk for ACS: TIMI-score < 2. Diagnostic performance results are provided for risk scores only and risk score pathways for major adverse cardiac events (MACE) within 30 days or
six weeks. Results from the derivation cohorts and validation cohorts are displayed separately. Results from the systematic review from Laureano et al. are used for the validation studies
of the history, electrocardiogram, age, risk factors, troponin- (HEART)-score. Lowest and highest reported values measured in validation studies are reported of all other risk scores. All
articles used in Table 1 can be found in the Supplementary data. In all studies, MACE was defined as the composite of death, myocardial infarction or revascularization. Abbreviations:
ACS: acute coronary syndrome. ADP: accelerated diagnostic pathway. D: days. MACE: major adverse cardiac events. NPV: negative predictive value. NSTE-ACS: non-ST-elevation acute
coronary syndrome. Sens.: sensitivity. Spec.: specificity. PPV: positive predictive value. Wks: weeks.
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3. Risk Scores during ACS Admission

3.1. Mortality/Ischemic Risk

In both American and European guidelines, it is advised to use risk scores for the prognosis
assessment for early risk stratification, i.e., ischemic and bleeding risk assessment at the start of
hospital admission (Table 2) [2,5]. Both guidelines recommend the use of the GRACE score for this
purpose [2,4,5]. Multiple GRACE risk models have been developed from the international GRACE
registry [22,23], but the simplified GRACE risk score has been extensively evaluated and predominantly
used in clinical practice [24,25]. The GRACE score estimates the in-hospital and the admission to six
months risk for mortality alone and for mortality and MI combined. In addition, the updated GRACE
2.0 risk score predicts the one to three year risk for the same end points [26]. Compared to the TIMI
risk score for UA/NSTEMI, the GRACE score has shown to be superior in terms of discrimination
for predicting both in-hospital and long-term cardiovascular events [25]. Additionally, GRACE score
outcome can guide the optimal timing of invasive strategy in patients with NSTE-ACS [27]. For example,
patients with high mortality risk (GRACE score > 140) should undergo coronary angiography within
24 h of initial presentation [5]. The GRACE score for mortality from admission to six months is most
often used for this end. Assessment of the GRACE score can also be used as a quality indicator for
quality improvement initiatives [4], and GRACE-score guided strategies have also shown to reduce
MACE rates compared to standard strategies [28].

Developed by the TIMI study group in the early 2000s, two separate risk scores were made from
two different cohorts, the TIMI risk score for UA/NSTEMI predicted the risk of a combined end point
of death, MI or urgent revascularization within two weeks after presentation and the TIMI risk score
for STEMI predicted the 30 day mortality risk (Table 2) [29,30]. While outperformed by other risk
scores in terms of predictive performance, the TIMI risk score for UA/NSTEMI has been modified into
a validated clinical decision rule for patients with suspected NSTE-ACS (i.e., ADAPT-ADP) [19,25].
The TIMI risk score for STEMI shows overall similar performance as compared to the GRACE score;
however, the use of the GRACE score might be favored in routine clinical practice due to its applicability
across the entire spectrum of ACS [31].

From The Patterns of Nonadherence to Antiplatelet Regimens in Stented Patients (PARIS)
registry [32], a prospective, multicentre, observational study of patients receiving percutaneous
coronary intervention (PCI) with stent placement, the eponymous PARIS risk scores for major bleeding
and for coronary thrombotic events (CTE) were created [33]. The PARIS CTE risk score predicts the
risk of stent thrombosis and myocardial infarction for up to two years after PCI. The score showed
acceptable results in both the derivation and validation cohort, but external validation studies showed
limited to poor discrimination thus far [34,35]. As the simplicity of the CTE score might be favorable
for clinical use, its value above other ischemic scores is yet to be established.

As the majority of ACS patients receive PCI or coronary artery bypass grafting, the residual ischemic
risk in these patients is largely influenced by the complexity of the procedure [36]. Reassessment of
residual ischemic risk before discharge may aid in choosing the optimal antithrombotic treatment
strategy in terms of drug type, number of anticoagulant drugs (mono, dual or triple therapy) and
duration of antiplatelet therapy. Intensified antithrombotic strategies should be considered in patients
at high risk of recurrent MI or stent thrombosis but should always be weighed against individual
bleeding risk.
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Table 2. Risk scores used during admission for patients with ACS.

50f 16

Risk Score

Derivation Cohort

Validation Studies

. o . AUC . . No of Total o Events Reported
Population (n) ACS (%) Period Outcome (95%CI) Calibration Studies Sample Size ACS (%) %) AUCs
Mortality/Ischemic Risk—During Admission
TIMI UA/NSTEMI Death, MI or urgent . _

(UA/NSTEMI) (n = 1957) 100 1996-1998 revascularisation < 14 d 0.65 [NA] HL(p): 0.89 19 n = 27,986 11.1-100.0 54-425 0.59 to 0.88
TIMI (STEMI)  STEMI (n = 14,114) 100 1997-1998 Death <30 d 0.78 [NA] CC: 0.99 16 n =96,151 100 3.6-32.0 0.62 to 0.87
ACS (n =13,708) 100 1999-2001 In-hospital death 0.83 [NA] VA: Good, 17 n = 84,655 100 2.4-18.5 0.64 to 0.95

GRACE - i ‘ HL(p): 0.52 =84 A-18. 64 t0 0.
ACS (n =43,810) 100 1999-2005 Death < 6 mo 0.82 [NA] HL(p): 0.89 7 n = 20,676 100 6.4-11.2 0.66 to 0.85
PARIS CTE PCI + DAPT 37.8 2009-2010 MI + ST 0.70 [NA] VA: 6 n = 35,736 51.7-100 1.0-3.4 0.57 to 0.65

(n =4190) Adequate
Bleeding Risk—During Admission
CRUSADE (1:1831;;1—;%8) 100 2003-2006 In-hospital bleeding 0.72 [NA] NA 8 n = 31,365 100.0 2.1-9.8 0.71 t0 0.88
PCI + DAPT Non-CABG related major VA: _
PARIS MB (n = 4190) 37.8 2009-2010 bleeding <2 yrs 0.72 [NA] Adequate 7 n = 35,775 44.1-100 0.54.0 0.56 to 0.74
Major bleeding < 1yr * 071 6 n=34692 344100 1070  0.65t0 081
PCI + DAPT (0.57-085) VA:

PRECISE-DAPT (n =1963) 55.6 2007-2014 Minor or major bleeding 0.73 Adeqtiate 3 17735 34.4-100 1.5-13.2 0.61 t0 0.70

<lyr* (0.61-0.85) n=2s : DT oL
BLEEMACS ACS (n =15,401) 100 2003-2014 Serious bleed <1 yr 071 VA: 2 n > 94,000 100 4.0 0.65to 0.77

! - (0.68-0.74) Excellent ! ’ ’ ’

Predictive performances are provided for scores predicting mortality or ischemic risk and for bleeding risk. Results from the derivation cohorts and validation cohorts are displayed
separately. The lowest and highest reported discrimination values measured in validation studies are reported. Only those studies that validated the same (or similar) outcome are taken
into account. All articles used in Table 2 can be found in the Supplementary data. Abbreviations: ACS: acute coronary syndrome. AUC: area under the receiver operating characteristic
(ROC) curve. CABG: coronary artery bypass grafting. CC: correlation coefficient. DAPT: dual antiplatelet therapy. HL(p): p-value of the Hosmer-Lemeshow test. MI: myocardial infarction.
Mo: months. NSTE-ACS: non-ST-elevation acute coronary syndrome. PCI: percutaneous coronary intervention. ROC: receiver operating characteristic. STEMI: ST-elevation MI. VA: visual

assessment. Yr: year. *: Bleeding at 7 days post-PCI or later.
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3.2. Bleeding Risk

Similar to ischemic risk assessment, evaluation of bleeding risk should also be evaluated at
initial hospital admission as recommended by the guidelines [5]. As the majority of ACS patients are
discharged with dual antiplatelet therapy (DAPT), bleeding risk reassessment before discharge is often
applied to guide DAPT duration. The importance of bleeding risk assessment is best characterized
by the significant comorbidity and high rates of mortality in those who have suffered from major
bleeding [37]. The most relevant risk scores used during ACS hospital admission are summarized in
Table 2.

The Can Rapid Risk Stratification of Unstable Angina Pectoris Suppress Adverse Outcomes with
Early Implementation of the ACC/AHA guidelines Quality Improvement Initiative (CRUSADE) was
developed from a large retrospective database of high-risk patients with NSTE-ACS and estimates
the patient’s likelihood of a major bleeding event during admission [38]. External validation showed
acceptable to good discrimination for the prediction of in-hospital major bleeding and the score was
overall well calibrated across different study populations [39-41]. The CRUSADE score outperformed
other scores in terms of predicting in-hospital major bleeding events [40]. The ESC guideline on
NSTE-ACS states that the use of the CRUSADE score may be considered in NSTE-ACS patients
undergoing coronary angiography to quantify bleeding risk (class IIb, level of evidence B) [5,42].
A combined GRACE and CRUSADE-score strategy to guide the choice of P2Y12-inhibitor (clopidogrel
vs. ticagrelor) significantly lowered the rates of MACE but without a difference in major bleeding [28].
An almost three-fold greater risk of major bleeding was found in patients with high CRUSADE scores
when treated with 24 months versus six months DAPT (9.7% vs. 3.7%; p = 0.04), while no significant
differences were found in those with low or intermediate bleeding risk [43]. These results may imply
that the CRUSADE can also be used to guide DAPT duration.

The PARIS risk score for major bleeding was developed from the same previously mentioned
PARIS registry, in which also patients on oral anticoagulation were included [33]. This six-item risk
score showed reasonable, but also poor discrimination for major bleeding up to two years post-PCI
across different validation cohorts [44-46]. Though external validation of both PARIS risk scores
showed mixed results, combining these risk scores to estimate an ischemic-haemorrhagic balance
allows physicians to choose the optimal antithrombotic strategy (e.g., duration of DAPT) after ACS
and/or PCI.

The Predicting Bleeding Complications in Patients Undergoing Stent Implantation and Subsequent
Dual AntiPlatelet Therapy (PRECISE-DAPT) risk score was developed from eight randomized controls
trials (RCT) of PCI patients receiving DAPT, in which the majority of these RCTs patients were
randomized to different DAPT durations (from 3 to 24 months) [47]. Five bleeding variables were
identified as important predictors for major or minor bleeding at 12 months, but bleeding events to
seven days post-PCI were excluded (Table 2). Overall, the PRECISE-DAPT score has shown acceptable
discrimination for the prediction of major bleeding and was adequately calibrated across the validation
cohorts [35,46-48]. Furthermore, the PRECISE-DAPT score was also evaluated in patients who were
randomized to either ‘short’ (three or six months) or ‘longer” (12 to 24 months) DAPT. This analysis
showed that patients at high risk for bleeding with prolonged DAPT as compared to short DAPT had
increased bleeding rates without any differences in ischemic events, while patients at low or moderate
bleeding risk who have had longer DAPT showed similar bleeding rates and a significant reduction
in ischemic events compared to those with short DAPT [47]. This effect was even more prominent
in a subgroup of ACS patients with prolonged DAPT, with a number needed to harm of 38 in the
high bleeding risk group, and a number needed to treat of 24 in patients without high bleeding risk.
Therefore, the PRECISE-DAPT score is addressed in the ESC focused update on DAPT and the use of
this score can be considered in determining optimal DAPT duration [3]. An important limitation of
this score is that patients with an indication for oral anticoagulation (OAC) have been excluded from
the derivation cohort, leaving uncertainty for its applicability in this subgroup.
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Specifically designed for ACS patients, the (Bleeding Complications in a Multicenter Registry
of Patients Discharged with Diagnosis of Acute Coronary Syndrome (BleeMACS) risk score was
developed from a large international registry (over 15,000 patients) and validated in a nationwide
Swedish registry (>90,000 patients), and identifies those patients at high risk for serious spontaneous
bleeding post-discharge [49]. With promising results in terms of discrimination over the entire spectrum
of ACS (including conservatively managed patients and patients with oral anticoagulation), this novel
risk score might be also useful in tailoring antithrombotic therapy.

Multiple risk scores have been developed over the last decade, and a recently conducted
meta-analysis on bleeding risk scores showed an aggregated c-statistic of 0.68 [95% confidence interval
0.65-0.72] [50]. While most risk scores are able to assess individual bleeding risk adequately, close to
none have been prospectively validated to date as decision tools with the intent to reduce bleeding.
This gap in current literature has previously been addressed in the guidelines, whereas ongoing trials
might strengthen the evidence on the clinical value of these risk scores [3,51].

4. Long Term Risk Post-ACS

Patients with ACS have shown to be at higher risk for mortality, subsequent ischemic and bleeding
events than patients with stable coronary artery disease (CAD). As risk is not static, it may be wise to
consider reassessing the risks in the months or years following ACS. A risk score designed specifically
to assess long term risk is the Dual AntiPlatelet Therapy (DAPT)-score (Table 3) [52]. The DAPT-score
is one of few that combines individual ischemic and bleeding risk into one simple score. The score
was developed from the randomized DAPT study [53], in which PCI patients after 12 months DAPT
were randomized to either aspirin with a P2Y12-inhibitor or to aspirin with placebo for an additional
18 months. In this study, longer DAPT significantly reduced MI and stent thrombosis (ST) at the cost
of major bleeding. From this cohort (n = 11,648), separate prediction models were created for MI or
ST and for moderate or severe bleeding. Both internal and external validation showed moderate to
acceptable discrimination for the separate models [52]. These models were combined to calculate the
net clinical benefit (ischemic versus bleeding risk) and identify those who would benefit or be at harm
from an extended DAPT duration. External validation of the final DAPT-score showed acceptable
to poor discrimination for both bleeding and ischemic events, but conventional validation methods
may not be suitable for this combined score [52,54]. In fact, a pooled meta-analysis of the DAPT-score
showed that patients at relatively higher risk for ischemic events would benefit from extended DAPT
duration without increased bleeding, and those at higher risk for bleeding showed no benefit in MI
or ST rates and more bleeding events when DAPT was extended [55]. No specific sub-analyses have
been performed on ACS patients; however, the majority of patients in the validation studies were
ACS patients [55]. Moreover, given the recommended default DAPT duration of six months after
elective PCI in chronic coronary syndromes (CCS), it is less likely that the DAPT-score will be applied
in these patients [3]. Nevertheless, the ESC focused update on DAPT states that the DAPT-score can be
considered to determine optimal DAPT duration, similar to the PRECISE-DAPT score.
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Table 3. Risk scores used post-ACS.

8 of 16

Risk Scores Used Post-ACS

Derivation Cohort

Validation Studies

Risk Score
Population o . -, AUC . . No of Total o Events Reported
@) ACS (%) Period Prediction Model 95%CI) Calibration Studies Sample Size ACS (%) (%) AUCs
DAPT ..
. Definite/probable ST 0.70 . _
SCORE—Ischemic or MI at 30 mo (0.68-0.73) ND: 0.81 2 n = 49,237 44.7-64.7 1.0-3.1 0.64 to 0.67
model
DAPT n=11,648 73.8 2009-2014 Moderate or T 0.68
SCORE—Bleeding = : B oderate or severe ' ND: 0.34 2 n=49237  447-647 0.7-1.8 0.64 t0 0.67
bleeding at 30 mo (0.65-0.72)
model
DAPT SCORE—Final Ischemic end point * NA NA 6 n = 61,263 40.1-100 1.3-17.0* 0.53 to 0.71
risk score Bleeding end point * NA NA 6 n = 61,263 40.1-100 0.5-4.8* 0.46 to 0.79

Predictive performances for the DAPT-score are shown for the ischemic model, bleeding model and the final risk score as a whole. Results from the derivation cohorts and validation
cohorts are displayed separately. The lowest and highest reported discrimination values measured in validation studies are reported. Only those studies that validated the same (or similar)
outcome are taken into account. All articles used in Table 3 can be found in the Supplementary data. Abbreviations: ACS: acute coronary syndrome. AUC: area under the receiver
operating characteristic curve. DAPT: dual antiplatelet therapy. MI: myocardial infarction. mo: months. ND: Nam and D’Agostino. NSTE-ACS: non-ST-elevation acute coronary syndrome.
PCI: percutaneous coronary intervention. STEMI: ST-elevation MI. * Different end point definitions are used across the validation studies.
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Long-term risk scores for primary cardiovascular disease prevention, such as Systematic Coronary
Risk Evaluation (SCORE), are widely used and recommended by prevention guidelines [56,57]. In the
latest ESC guideline on CCS, secondary prevention measures should be taken according to individual
risk of residual cardiac mortality in patients with established CCS [58]. High event risk is defined as a
cardiac mortality rate of 3% or more per year, and low event risk as less than 1% per year, and can
be assessed using different modalities (e.g., electrocardiogram stress testing, single photon emission
computed tomography (SPECT) or cardiac magnetic resonance imaging (CMR)). However, these
modalities are not all routinely performed in patients who have already endured ACS. In this guideline,
risk score assessment is advised in a proposed algorithm for patients with CCS (both “stable” CAD
and post-ACS) and can be applied in the months and years following ACS. No specific risk scores are
recommended, but a biomarker-based risk score (ABC-CHD) is mentioned with promising results [59].
Other high potential tools for long-term risk assessment are the Secondary Manifestations of ARTerial
disease (SMART) and SMART-Reduction of Atherothrombosis for Continued Health (SMART-REACH)
risk scores, which estimates the 10-year risk and lifetime risk of mortality in patients with established
CAD [60-62]. A unique aspect of these tools is the option to include treatment options or lifestyle
changes that alter your long-term risk for ischemic events. A visual assessment of the risk is made
using graphs, making it accessible to the patient and is most suitable for shared decision-making.

5. Discussion

Risk scores used for patients with ACS are widely used and often available on online calculators.
The most optimal risk score should be easily accessible, simple to interpret, adequately assess the
risk of the outcome interested and provide treatment advice based on individually calculated risk.
Its use should complement clinical judgement and contribute to primary or secondary prevention. It is
implausible that one utopic risk model will become available for every risk and every situation, as
it is also impractical to have separate risk scores for all risks and outcomes. The large heterogeneity
(in demographic and clinical characteristics, definitions used for predictors and outcomes) in study
cohorts in which risk scores or models are evaluated will in most cases explain why discrimination and
calibration measures often perform less well in external validation studies. Nevertheless, even risk
scores with moderate or limited discriminative values are recommended by international guidelines
and used worldwide in clinical practice (e.g., CHA, DS, VASc risk score) [63].

If a risk score is used in clinical practice, it is important to know its specific limitations. For example,
the PRECISE-DAPT and DAPT scores were developed from large PCI cohorts in patients treated with
DAPT, but those with a long-term indication for OAC were excluded in these cohorts. These scores are
also not validated in conservatively treated ACS patients, which make up for 10-30% of all NSTE-ACS
patients [5]. Though it might still be helpful to calculate these scores for global risk estimation, it may
not be wise to solely depend on score outcome in these specific patient groups. Apart from score
limitations, it may be even more helpful to know the ‘strengths’ of a risk score and to know which
score should be used in which situation. The most important risk scores and their strengths with level
of evidence have been addressed by the ESC Guidelines.

A short overview of risk scores recommended by the current guidelines for ACS patients are
summarized in Figure 1. The GRACE score is currently the only risk score with a class Ila and class
I recommendation in the NSTE-ACS guidelines. A possible hazard of GRACE score assessment is
that physicians might not know which GRACE score should be used for the timing of early invasive
strategy, as multiple GRACE score outcomes are provided by the online calculators. Additionally,
these recommendations may change over time as the first RCTs investigating the GRACE score in
NSTE-ACS patients are still ongoing [64,65]. The CRUSADE, PRECISE-DAPT and DAPT scores are
all mentioned in the ESC guidelines with a class IIb recommendations, mainly due to the lack of
prospective, randomized studies investigating these risk scores. Nevertheless, their simplicity allows
physicians to easily and frequently apply them in clinical practice.
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Risk scores GRACE-score CRUSADE-score PRECISE-DAPT-score DAPT-score
Age inyears Heart rate per min Hemoglobin mmaol/L or g/dL Age in years
. . ) . Cigarette smoking
Heart rate per min Systolic BP inmmHg Age inyears within last two years yes/no
Systolic BP in mmHg Hematocrit in % ‘White blood cells in 10%/L or ufmcl Diabetes mellitus yesno
Creatinine umol/L or mg/dL Creatinine clearance in mL/min Creatinine clearance in mL/min MI at presentation yesno
Variables
Cardiac arrest at . . . .
S ves/no Sex male/female Previous bleeding yes/no Prior PCl or prior MI yes/no
admission
ST- t deviati . .
éegm;nEnga o yesfno CHF at presentation yesno Stent diameter <3mm yes/no
Ab I cardi. Hist f |
ko ves/no ' orvl st ol ves/no CHF or LVEF <30% yesno
enzymes disease
- History of diabetes .
Killip Class LAA ry . yes/no Vein graft stent yes/no
mellitus
0 to >300 pts 0 to 96 pis 0 to 100 pts -2 to 10 pts
Score range High mortality risk: =140 High bleeding risk: 231 pts High bleeding risk: 225 Net benefit for longer DAPT: =2
[=10% risk) [=11.9% risk) [21.8% risk) [=1.5% absolute reduction of MI/5T)
1. Mortality " i MI or ST at 30 months
: In-hospital bleeding risk : i i .
Qutcome . .2. Mortality + MI: defined as CRUSADE major bleeding Major or minor TIMI bleeding at 1 year Moderate or severe GUSTO bleeding at 30
in-hospital, at 6 mo, 1 yr and 3 yrs months
ESC 2020 NSTE-ACS: ESC 2015 NSTE-ACS: ESC 2017 Focus update on DAPT: ESC 2017 Focus update on DAPT:
- "GRACE risk score models should be
Guideline considered for estimating prognosis" - "CRUSADE for patients undergoing CAG to - "Use of risk scores designed to evaluate - "Use of risk scores designed to evaluate
recommendation (Class lla, LOE: B) quantify bleeding risk” (Class lib, LOE B) benefits and risks of different DAPT duration benefits and risks of different DAPT duration
- "Early invasive strategy [<24h) for GRACE may be considered” (Class llb, LOE A) may be considered” (Class llb, LOE A)
=140" [Class |, LOE: A) *PRECISE-DAPT fulfills requirement *DAPT-score fulfills requirement

Figure 1. Risk scores endorsed by the guidelines of the European Society of Cardiology. Abbreviations: BP: blood pressure. CHF: congestive heart failure. DAPT: dual

antiplatelet therapy. ESC: European Society of Cardiology. LVEF: left ventricular ejection fraction. LOE: level of evidence. MI: myocardial infarction. mo: months

NSTE-ACS: non-ST elevation acute coronary syndrome. PCI: percutaneous coronary intervention. ST: stent thrombosis.
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Alternatives to traditional risk scores have been proposed. The Academic Research Consortium
(ARC) have published a consensus-based definition on high bleeding risk (ARC-HBR) criteria [66].
Rather than identifying these criteria using large datasets and regression analysis, the ARC-HBR
criteria consist of variables or conditions known to cause an increased risk for bleeding based on
previous literature. Thus far, the ARC-HBR-criteria adequately identify those at high bleeding risk in
post-hoc analyses [46,67]. Furthermore, 35-40% of patients were identified as HBR, with relatively high
sensitivity and NPV at the expense of specificity and PPV compared to other bleeding risk scores [46].
A recurrent issue in these post-hoc analyses is that multiple variables of the ARC-HBR criteria were
either not available (e.g., chronic bleeding diathesis, liver cirrhosis with portal hypertension) or needed
to be modified in the analyzed cohorts [46,67]. As we await prospective validation, it is still unclear
whether the ARC-HBR criteria outperform current bleeding risk scores in terms of bleeding prediction
and as clinical decision tools.

Another impressive alternative is the use of machine learning to create and validate models
based on large datasets or even electronic hospital records. In over 11,000 patients with suspected MI,
machine learning was applied to create a model with the variables age, sex, paired cardiac troponin I
concentrations (including time and rate of change), which could stratify patients into low, moderate
or intermediate risk for MI [68]. Excellent calibration and discrimination were found with reported
c-statistics of 0.96, and outperformed the 0/3 and 0/1 h troponin decision rules in terms of sensitivity,
specificity, NPV and PPV for MI. As machine learning is becoming increasingly more popular, it is
very likely that such models will find their way into clinical practice. Nevertheless, clinicians should
always rely on their own clinical judgement with the accompanying aid of risk scores or decision rules
to support them in decision-making.

6. Conclusions

Risk scores can be of value in prognosis assessment and decision-making management in patients
with ACS. Physicians should meticulously choose the optimal risk score per situation and at different
points in time along the ACS pathway [9,52].

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/9/3039/s1,
Supplementary data I: Risk scores/pathways for suspected NSTE-ACS, Supplementary data II: Risk scores during
ACS admission, Supplementary data III: Risk scores used post-ACS, Supplementary data IV: References used in
Tables S1-S3.
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