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Abstract

Background: The European Society of Cardiology issued guidelines in 2019 and 2024 to help clinicians determine whether patients with
stable chest pain (SCP) require advanced cardiovascular imaging testing (CIT). This study aimed to compare the safety and effectiveness
of these evaluation strategies. Methods: A total of 17,612 symptomatic patients referred for coronary computed tomography angiography
(CCTA) were included and followed over time. Each patient was classified into a deferral or referral group according to the 2019 and
2024 strategies, respectively. Obstructive coronary artery disease (CAD) was primarily defined as a lesion with >50% diameter stenosis
on CCTA. Associations between major adverse cardiovascular events (MACEs) and the deferral and referral groups were evaluated using
hazard ratios (HRs). Net reclassification improvement (NRI) and the number needed to test (NNT) to prevent unnecessary CIT were used
to compare the two strategies. Results: Under the 2019 and 2024 strategies, 40% and 46% of patients, respectively, were categorized
into deferral groups. These groups demonstrated a low prevalence of obstructive CAD (9.8% and 9.4%) and MACE (3.9% and 3.9%),
suggesting that only limited intensive clinical follow-up was needed. Compared with the 2019 strategy, the 2024 strategy revealed a
stronger association with MACEs (HR: 3.64 vs. 3.28) and a positive NRI (6.11%; p < 0.001), resulting in an NNT of 17. Conclusions:
The 2024 strategy maintained a safety profile comparable to that of the 2019 strategy while potentially reducing unnecessary CIT in
patients presenting with SCP suggestive of chronic coronary syndrome (CCS).

Keywords: risk assessment strategies; European Society of Cardiology guidelines; stable chest pain; coronary computed tomography
angiography; chronic coronary syndrome

is <5% and is indicated when the ESC-PTP is >15%. To bet-
ter assess patients in the borderline risk range (5-15%), the
guidelines introduced the metric of clinical likelihood (CL)
[7]. Subsequently, using data from 41,177 symptomatic pa-
tients undergoing coronary computed tomography angiog-
raphy (CCTA), Winther et al. [9] proposed the risk factor-
weighted CL (RF-CL) model to estimate CL. Since then,
the RF-CL model has been externally validated and com-
pared to ESC-PTP in different CCTA-based cohorts of pa-
tients with SCP [10,11,12,13], as well as in our earlier work
using the CCTA Improves Clinical Management of SCP
(CICM-SCP) registry [14,15]. To ensure safe and effec-
tive risk assessment, the 2024 ESC guidelines notably re-
placed the ESC-PTP model with the RF-CL model [2]. Un-

1. Introduction

Stable chest pain (SCP) is highly prevalent, with a life-
time risk approaching 40%, driving millions of evaluations
for chronic coronary syndrome (CCS) annually [1,2]. The
use of cardiovascular imaging testing (CIT) to confirm or
exclude obstructive coronary artery disease (CAD) in the
assessment of SCP has risen sharply over the last decade
[3,4,5]. Moreover, newer diagnostic perspectives, such as
epicardial adipose tissue, provide more information beyond
stenosis assessment [6]. Consequently, establishing criteria
for which patients with CCS necessitate further CIT versus
those who can be safely deferred remains a cornerstone of
guideline-directed management [1,2].

To better identify patients for CIT, the 2019 European
Society of Cardiology (ESC) CCS guidelines incorporated
the concept of pretest probability (PTP) of obstructive CAD
[7], specifically endorsing the updated ESC-PTP model [8].
In this framework, CIT may be deferred when the ESC-PTP

der these guidelines, further CIT—such as CCTA—is rec-
ommended exclusively for patients with a CL >5% [2].
Currently, there is a lack of research comparing car-
diovascular risk assessment strategies outlined in the 2019
and 2024 ESC guidelines, particularly in the Chinese popu-
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lation. Using data from the CICM-SCP registry, this study
systematically compared the safety and effectiveness of
the two risk-stratification strategies for patients with SCP
suggestive of CCS who are unlikely to benefit from CIT.
Specifically, it compared the 2019 strategy—which applied
the RF-CL model solely to patients with borderline ESC-
PTP—against the 2024 strategy, which applied the model
universally to all patients.

2. Methods
2.1 Study Population

This study was a post hoc analysis of the CICM-SCP
registry, which is an ongoing, prospective, multicenter co-
hort of patients who were referred for CCTA as first-line
CIT for the assessment of SCP suggestive of CCS (Clini-
calTrials.gov Identifier: NCT04691037). Details about this
cohort have been previously described [14,15,16]. A total
of 17,612 patients undergoing CCTA between August 2016
and August 2018 were analyzed after sequential exclusion
of individuals with acute coronary syndrome, pre-existing
CAD, structural heart disease, or heart failure. Missing
baseline records, and patients over 90 years old or those
with non-sinus rhythm were also excluded (Fig. 1). All pa-
tients were followed up until August 2023. This observa-
tional study complied with the Declaration of Helsinki and
was approved by the ethics committees of local institutions.

2.2 Baseline Characteristics

Baseline demographic and clinical characteristics—
including age, sex, diabetes, hypertension, hyperlipidemia,
smoking, family history of CAD, and symptom type (typ-
ical angina, atypical angina, or nonanginal chest pain)—
were collected and defined in accordance with previous
publications [14,15,16]. Smoking was defined as current
smoking or smoking within the previous 6 months. A fam-
ily history of CAD was considered positive if a first-degree
male relative had been diagnosed before age 55, or a first-
degree female relative before age 65. Typical angina is de-
fined by the presence of all three classic features [7]: (1)
substernal discomfort of characteristic quality, (2) triggers
like physical exertion or emotion, and (3) relief with rest or
nitroglycerin within 10 min. Atypical angina requires two
of these features, while nonanginal chest pain meets only
one or none.

2.3 Risk Assessment Strategies

For each patient, ESC-PTP was calculated based on
age, sex, and symptoms [7], while RF-CL was determined
using age, sex, symptoms, hypertension, dyslipidemia, dia-
betes, smoking, and a family history of CAD [2]. Based on
their risk assessment, patients were classified into a defer-
ral group (no further CIT) or a referral group (further CIT).
In accordance with current guidelines [1,2,7] and emerging
evidence [10,11,12,13,14,15], details of the two risk assess-
ment strategies are presented below and in Fig. 1.

According to the 2019 strategy, patients with ESC-
PTP <5% were classified as the deferral group, and patients
with ESC-PTP >15% were classified as the referral group.
For patients with a borderline ESC-PTP score (5—15%), an
RF-CL >15% indicates referral for evaluation, while an RF-
CL <15% qualifies for deferral. Among patients with bor-
derline ESC-PTP, previous studies have shown that RF-CL
<15% indicates a very low risk of obstructive CAD and fu-
ture clinical events [10,11,12,13,14,15]. Therefore, we se-
lected a 15% RF-CL cutoff to optimally balance safety and
effectiveness when deferring CIT. According to the 2024
strategy, patients with RF-CL <5% were assigned to the
deferral group; all other patients were assigned to the refer-
ral group.

2.4 Coronary Computed Tomography Angiography
(CCT4)

The CCTA scans and interpretations were performed
following established guidelines [17] and local protocols as
previously described [14,15,16]. CCTA images were ac-
quired using a CT scanner with >64 detector rows. All
scans were independently analyzed by three experienced
observers, two radiologists, and one cardiologist, who were
blinded to the data. All interobserver disagreements were
resolved by consensus. According to the Coronary Artery
Disease—Reporting and Data System [17], all segments
>2 mm in diameter were identified and analyzed. Lu-
minal stenosis was categorized as 0%, 1-49%, 50—69%,
and >70%. Obstructive CAD was primarily defined by the
presence of >50% diameter stenosis in at least one lesion,
whereas nonobstructive CAD was defined as 1-49% diam-
eter stenosis in the absence of any >50% lesion. Similarly,
obstructive CAD was defined as the presence of at least one
lesion with >70% diameter stenosis, whereas nonobstruc-
tive CAD was defined as having at least one lesion with 1—
69% diameter stenosis with no lesion reaching >70%. Pa-
tients were classified as having no CAD if they showed 0%
diameter stenosis in all lesions. An unnecessary CIT was
defined as a CCTA revealing <50% diameter stenosis, as
both the ESC-PTP [8] and RF-CL [9] models were mainly
developed using a >50% stenosis threshold to assess risk in
patients with SCP suggestive of CCS. Conversely, clinical
interventions like revascularization are typically guided by
a threshold of >50% stenosis. While a >0% cutoff is highly
sensitive, it generally indicates subclinical atherosclerosis
seen in primary prevention.

2.5 Follow-up and Endpoints

As previously described [14,15,16], patients were
tracked through physician visits, mail, or phone, unless they
were deceased or lost to follow-up. An independent clin-
ical event committee, blinded to all other data, evaluated
all endpoints. The primary endpoint was a major adverse
cardiovascular event (MACE), defined as the combination
of all-cause mortality and nonfatal myocardial infarction
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Fig. 1. Flow diagram. CCTA, coronary computed tomography angiography; ACS, acute coronary syndrome; CAD, coronary artery

disease; ESC, European Society of Cardiology; PTP, pretest probability; RF-CL, risk factor-weighted clinical likelihood; 2019 strategy,

risk assessment strategy recommended by 2019 European Society of Cardiology guidelines; 2024 strategy, risk assessment strategy

recommended by 2024 European Society of Cardiology guidelines.

(MI). All-cause death was chosen over cardiac death to
avoid difficult cause-of-death adjudications—particularly
since mortality rates were low—although specific causes of
death in the registry were still investigated. MI was defined
according to the Fourth Universal Definition of Myocardial
Infarction [18]. Cardiovascular death included death result-
ing from MI, sudden cardiac death, heart failure, stroke,
cardiovascular procedures, cardiovascular hemorrhage, and
other cardiovascular causes [19]. Unwitnessed deaths or
those lacking a clear cause were classified as cardiovascu-
lar mortality.
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For each patient, we captured increases in sec-
ondary prevention medications for CAD (antiplatelet,
anti-ischemic, lipid-lowering, and renin-angiotensin-
aldosterone system blockers), invasive coronary angiog-
raphy (ICA), and revascularization procedures performed
within 60 days of the index CCTA [14,16]. This 60-day
cutoff was chosen based on local practices, the natural his-
tory of CCS [20,21,22], and our previous studies [14,16] to
identify downstream diagnostic and therapeutic decisions
likely triggered by the index CCTA. Unplanned revascu-
larization, which is usually driven by unanticipated disease
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Fig. 2. Distribution of CAD in the deferral and referral groups determined by the 2019 and 2024 strategies. Obstructive CAD
was defined based on =50% (A) or =70% (B) diameter stenosis. CAD, coronary artery disease; 2019 strategy, risk assessment strat-

egy recommended by 2019 European Society of Cardiology guidelines; 2024 strategy, risk assessment strategy recommended by 2024

European Society of Cardiology guidelines.

progression or inadequate symptom control, was not
attributed to the index CCTA. However, due to the nature
of the data sources, we were unable to reliably distinguish
planned from unplanned revascularization. Therefore,
revascularization occurring >60 days after the index
CCTA was defined as unplanned to minimize verification
bias. The secondary endpoints included all-cause death,
cardiovascular death, nonfatal MI, downstream diagnostic,
and therapeutic decisions attributable to index CCTA (e.g.,
medication increase, ICA, and revascularization), and late
revascularization.

2.6 Statistical Analyses

All statistical analyses were performed by R (ver-
sion 4.0.3; R Foundation for Statistical Computing, Vienna,
Austria) or MedCalc (version 15.2.2; MedCalc Software,
Mariakerke, Belgium). Two-tailed p <0.05 was considered
statistically significant. Kaplan-Meier curves were gener-
ated for cumulative event-free estimated survival from the
primary endpoint and were compared using the log-rank
test. Cox proportional hazard regression models were used
to calculate hazard ratios (HRs) and 95% confidence in-
tervals (Cls), which allowed assessments of how different
strategy-based groups were associated with the time to first
endpoint. Using the methods outlined by Altman etal. [23],
the HRs and associated p values for the two strategies were
compared. The powerSurvEpi R package was used to es-
timate the sample size for the observational cohort study
investigating the association between groups and time to
MACE. Based on an expected HR of 2 (referral vs. deferral
group) and a referral group proportion of 40%, we set the
5-year event-free survival in the deferral group at 4%. To
achieve 80% power with a two-sided significance level of
a = 0.05, the required number of events was estimated to be
68.

The Student’s ¢-test was used to compare normally dis-
tributed continuous data, and the Mann-Whitney U test was
used to compare nonnormally distributed continuous data.
Differences in the percentages were compared using the 2
test or Fisher’s exact test as appropriate. To further validate
the effectiveness of our risk assessment strategy, we evalu-
ated the diagnostic yield, which was defined as the propor-
tion of patients who had positive findings on their CCTA.
A reclassification table was used to calculate the net reclas-
sification improvement (NRI), measuring how effectively
one strategy reclassified patients into risk groups compared
to another [24]. According to the reclassification table, the
number needed to test (NNT) was defined as the number of
patients needed to undergo testing in order to reclassify one
patient from one group to another [12]. Due to the absence
of controls in the present study, the NNT was calculated as
the inverse function of the difference between the correct
and incorrect reclassification rates. Thus, the NNT mea-
sures a strategy’s absolute impact by factoring in baseline
risk. This prevents the exaggerated effects often seen when
only relative measures are reported in real-world settings.

3. Results
3.1 Study Population and Baseline Characteristics

As shown in Fig. 1, under the 2024 strategy, 46%
(8159/17,612) of patients included in the final analysis were
assigned to the deferral group. Among the 7196 patients
with an ESC-PTP between 5% and 15%, 4283 had an RF-
CL <15%. Together with patients with an ESC-PTP <5%,
the 2019 strategy classified 40% (7011/17,612) of patients
into the deferral group. Table 1 shows the baseline char-
acteristics by deferral and referral group based on the two
strategies. Baseline characteristics significantly differed (p
<0.001) between the groups defined by the 2019 and 2024
strategies.
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Table 1. Baseline characteristics of patients based on the 2019 and 2024 strategies.

2019 strategy

2024 strategy

Characteristics Total (n=17,612) Referral group Deferral group 2 Referral group Deferral group p
n=10,601 n=7011 n=9453 n= 8159
Age? 58.27+7.94 61.25+8.15 53.76 £8.49 <0.001 60.73 +8.03 5542 +8.63 <0.001
Male 9510 (54) 6679 (63) 2831 (40)  <0.001 5861 (62) 3649 (45)  <0.001
Diabetes 2149 (12) 1781 (17) 368(52)  <0.001 1692 (18) 457(5.6)  <0.001
Hypertension 8137 (46) 5216 (49) 2021 (42)  <0.001 4849 (51) 3828 (40)  <0.001
Hyperlipidemia 5125 (29) 3477 (33) 1648 (24)  <0.001 3280 (35) 1845(23)  <0.001
Smoking 5970 (34) 3848 (36) 2122 (30) <0.001 3611 (38) 2359 (29) <0.001
Family history of CAD 3734 21) 2555 (24) 1179 (17)  <0.001 2524 (27) 1210 (15)  <0.001
Symptom <0.001 <0.001
Nonanginal chest pain 7239 (41) 3350 (31) 3889 (56) 3290 (35) 3949 (48)
Atypical angina 6657 (38) 4325 (41) 2332 (33) 3705 (39) 2952 (36)
Typical angina 3716 21) 2926 (28) 790 (1) 2458 (26) 1258 (16)

CAD, coronary artery disease; 2019 strategy, risk assessment strategy recommended by 2019 European Society of Cardiology guidelines;

2024 strategy, risk assessment strategy recommended by 2024 European Society of Cardiology guidelines.

Values are presented as n (%) unless stated otherwise.

2 years, mean + standard deviation.

3.2 CAD on CCTA

The associations between CAD and risk groups identi-
fied in the 2019 and 2024 strategies are presented in Fig. 2.
When defining obstructive CAD as >50% diameter stenosis
(Fig. 2A), CCTA results showed obstructive, nonobstruc-
tive, and no CAD identified in 4086 (23%), 6583 (37%),
and 6943 (40%) patients, respectively. Compared to pa-
tients in the deferral group, patients in the referral group had
a higher prevalence of obstructive CAD and a lower preva-
lence of no CAD. Under both the 2019 and 2024 strategies,
respectively, obstructive CAD was more common in the re-
ferral group (32% vs. 9.8% and 35% vs. 9.4%), while hav-
ing no CAD was less common (29% vs. 55% and 26% vs.
56%) (p <0.001 for all). As illustrated in Fig. 2B, similar
trends were also observed when defining obstructive CAD
based on >70% diameter stenosis. Compared to the 2019
strategy, the 2024 approach delivered a significantly higher
diagnostic yield across all stenosis thresholds (>0%, >50%,
and >70%), showing respective increases of 74% versus
71%, 35% versus 32%, and 19% versus 17% (p < 0.001 for
all).

3.3 Follow-up and Subsequent Clinical Management

Patients were followed up for a median of 69 (in-
terquartile range: 62 to 77) months, and 1922 (11%) pa-
tients were lost to follow-up. As shown in Table 2, 9.0%
(1592/17,612) of patients experienced MACE, which con-
sisted of a 3.9% mortality rate and nonfatal MI in 5.5%
of patients. Fig. 3 shows the Kaplan—-Meier estimates
for MACE-free survival. Referral groups under both the
2019 and 2024 strategies faced a significantly elevated risk
of MACE (log-rank p < 0.001), with HRs of 3.28 (95%
CI: 2.98-3.63) and 3.64 (95% CI: 3.29—4.03), respectively.
Similar results were also found when only considering
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death and nonfatal MI, respectively, as well as cardiovascu-
lar death and late revascularization (Table 2). The HRs for
these endpoints were not significantly (p > 0.05) different
between the 2019 and 2024 strategies, with the exception of
late revascularization (Table 2). As baseline characteristics
were similar between patients who were and were not lost
to follow-up (Table 3), we assumed loss to follow-up was
completely random. A sensitivity analysis excluding these
patients yielded HRs of 3.50 (95% CI: 3.04-3.98) and 3.83
(95% CI: 3.41-4.29).

The associations between secondary endpoints and
groups according to the 2019 and 2024 strategies are shown
in Fig. 4. Compared with patients in the deferral group, pa-
tients in the referral group had higher rates of medication
increases (2019 strategy: 30% vs. 5.3%; 2024 strategy:
33% vs. 4.9%), ICA (2019 strategy: 28% vs. 4.0%; 2024
strategy: 31% vs. 4.0%), and revascularization procedures
(2019 strategy: 8.4% vs. 0.9%; 2024 strategy: 9.3% vs.
0.9%) (p < 0.001 for all).

3.4 Comparison of the Two Strategies by NRI

Tables 4,5,6 are the reclassification tables comparing
the 2024 and 2019 strategies based on different definitions
of positive patients. Based on >50% diameter stenosis (Ta-
ble 4), the 2024 strategy correctly reclassified 1110 patients
from the referral to the deferral group compared to the 2019
strategy. However, it incorrectly reclassified 37 of 13,526
negative patients from the deferral to the referral group. Of
the 4086 positive patients, 2 were correctly assigned to the
referral group, but 77 were incorrectly assigned to the defer-
ral group. Thus, when comparing the 2024 and 2019 strate-
gies for the RF-CL model, the NRI was 6.11% in all (p <
0.001), consisting of a negative NRI of 7.94 and a posi-
tive NRI of 1.83. Similar results were found for patients
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Table 2. Association between study endpoints and groups according to the 2019 and 2024 strategies.

2019 strategy 2024 strategy p for comparison
Total (n = 17,612)
Deferral group ~ Referral group HR® (95% CT) Deferral group ~ Referral group HR® (95% CI) between two HRs
(n=7011) (n=10,601) (n=8159) (n=9453)
Primary endpoint* 1592 (9.0) 274 (3.9) 1318 (12) 3.28 (2.98 t0 3.63) 316 (3.9) 1276 (13) 3.64 (3.29 to 4.03) 0.149
Secondary endpoints

All-cause death 683 (3.9) 136 (1.9) 547 (5.2) 2.70 (2.29 to 3.16) 154 (1.9) 529 (5.6) 3.02 (2.59 to 3.47) 0.313
Nonfatal MI 972 (5.5) 149 (2.1) 823 (7.8) 3.83(3.41t04.27) 169 (2.1) 803 (8.5) 4.25 (3.71 to 4.83) 0.240
Cardiovascular death 325(1.8) 58 (0.8) 267 (2.5) 3.11 (2.45t0 3.85) 61 (0.7) 264 (2.8) 3.84 (3.04 to 4.81) 0.202
Late revascularization 2074 (12) 392 (5.6) 1682 (16) 3.07 (2.91 to 3.24) 401 (4.9) 1673 (18) 3.81 (3.52 to 4.12) <0.001

Values are presented as n (%) unless stated otherwise.
MI, Myocardial infarction; HR, hazard ratio; CI, confidence interval; 2019 strategy, risk assessment strategy recommended by 2019 European Society of Cardiology guidelines; 2024 strategy,

risk assessment strategy recommended by 2024 European Society of Cardiology guidelines.
2 Primary endpoint is defined as the composite of death and nonfatal MI.
b Cox proportional hazards regression model is used to estimate HR comparing referral to deferral group.
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Fig. 3. Kaplan—Meier curves for major adverse cardiovascular event-free survival. (A) 2019 strategy, log-rank p <0.001. (B) 2024
strategy, log-rank p < 0.001. CCTA, coronary computed tomography angiography; 2019 strategy, risk assessment strategy recommended
by 2019 European Society of Cardiology guidelines; 2024 strategy, risk assessment strategy recommended by 2024 European Society of
Cardiology guidelines.

Table 3. Baseline characteristics of patients based on loss to follow-up.

Loss to follow-up

Characteristics Total (n=17,612) Yes No P
n=1922 n=15,690
Age? 58.27+7.94 58.43+839 5825+7.98 0.353
Male 9510 (54) 1055 (55) 8455 (54) 0.419
Diabetes 2149 (12) 252 (13) 1897 (12) 0.210
Hypertension 8137 (46) 919 (48) 7218 (46) 0.139
Hyperlipidemia 5125 (29) 582 (30) 4543 (29) 0.237
Smoking 5970 (34) 669 (35) 5301 (34) 0.386
Family history of CAD 3734 (21) 436 (23) 3298 (21) 0.098
Symptom 0.117
Nonanginal chest pain 7239 (41) 805 (42) 6434 (41)
Atypical angina 6657 (38) 746 (39) 5911 (38)
Typical angina 3716 (21) 371 (19) 3345 (21)

CAD, coronary artery disease; 2019 strategy, risk assessment strategy recommended by 2019

European Society of Cardiology guidelines; 2024 strategy, risk assessment strategy recom-

mended by 2024 European Society of Cardiology guidelines.

Values are presented as n (%) unless stated otherwise.

a years, mean + standard deviation.

with a diameter stenosis of 70% (Table 5, NRI = 6.66%; p
<0.001) and those with 0% stenosis (Table 6, NRI=5.29%;
p<0.001).

Based on Fig. 2A and Table 4, we evaluated how each
strategy defers CITs. Among the 17,612 patients evaluated
by the 2019 strategy, 6322 were correctly assigned to the
deferral group, and 689 were incorrectly assigned. There-
fore, the 2019 strategy achieved a correct deferral rate of
([6322 — 689]/17,612), which equates to 32.0%. This per-
formance improved with the 2024 strategy, which resulted
in a deferral rate of 38% ([7395 — 764] / 17,612). Based
on data from Table 4, to avoid unnecessary CIT, the NNT
comparing the 2024 to 2019 strategy was 17,612 / (1110 —
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37), which equals ~17. According to the information in Fig.
1, adopting the 2024 instead of the 2019 strategy required
collecting one additional set of risk factors for every 1.7 pa-
tients. Taking these factors into account, updating the 2019
strategy to the 2024 version prevented an unnecessary CIT,
requiring only about 9 (17/2) additional risk factor collec-
tions.

Of the 4283 patients with an RF-CL <15% and an
ESC-PTP between 5% and 15%, lowering the RF-CL to
<5% reclassified 2075 patients to the referral group. Within
this reclassified subgroup, only 14% (294/2075) had ob-
structive CAD (=50% stenosis) and 4.4% (91/2075) expe-
rienced MACE.
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Table 4. Reclassification table comparing the 2019 and 2024 strategies.

2024 strategy Reclassification®
Total —— "~ NRP p
Deferral group  Referral group Up Down
2019 strategy
Negative patients 0.27% 821% 6.11%  <0.001
Deferral group 6285 37 6322
Referral group 1110 6094 7204
Total 7395 6131 13,526
Positive patients® 0.05%  1.88%
Deferral group 687 2 689
Referral group 77 3320 3397
Total 764 3322 4086

2019 strategy, risk assessment strategy recommended by 2019 European Society of Cardiology guidelines;

2024 strategy, risk assessment strategy recommended by 2024 European Society of Cardiology guidelines.

2 The classification of patients by the 2024 strategy was compared to that by the 2019 strategy.
b NRI = [P(Up | Positive) — P(Down | Positive)] — [ P(Up | Negative) — P(Down | Negative)].
¢ A positive patient was defined as a patient had at least one lesion with >50% diameter stenosis.

4. Discussion

In this large-scale, CCTA-based cohort of Chinese
patients with SCP suggestive of CCS, we demonstrated
that under two current ESC guideline-recommended risk-
stratification strategies, the deferral groups consistently
showed lower rates of obstructive CAD, fewer clinical
events, and less escalation of downstream management than
their corresponding referral groups. Compared with the
2019 strategy, which applied the RF-CL model solely to pa-
tients with borderline ESC-PTP, the 2024 strategy applied it
universally. This broader application proved more effective
at safely deferring unnecessary CIT in low-risk patients.
The superiority of the 2024 strategy may be primarily ex-
plained by its ability to identify a larger deferral group while
maintaining a low prevalence of CAD, improving clinical
care, and ensuring good patient outcomes.

SCP is a common manifestation of CCS; however, its
underlying etiology spans a broad spectrum, from minimal
myocardial damage to severe coronary anatomy, or even
non-cardiac issues, with distinctly different management
strategies and unique prognostic implications [1,2,7,25].
While CITs play a critical role in the management of pa-
tients with SCP suggestive of CCS, their increasing use—
often with low diagnostic yields—strains healthcare sys-
tems. This highlights a critical need to better identify pa-
tients who can safely forgo further CIT [13]. To maxi-
mize the yield from limited resources, the ESC-PTP and
RF-CL models have been developed [8,9], externally vali-
dated [10,11,12,13,14,15], and recommended by recent in-
ternational guidelines [1,2,7].

While the ESC-PTP model has demonstrated very
good calibration, with only minor overestimation of the
prevalence of obstructive CAD [26], several comparative
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Table 5. Reclassification table comparing the 2019 and 2024 strategies.

2024 strategy Reclassification®
Total ——————— NRI’ p
Deferral group Referral group Up Down
2019 strategy
Negative patients 0.85% 8.15% 6.66%  <0.001
Deferral group 6637 133 6770
Referral group 1268 7524 8792
Total 7905 7657 15,562
Positive patients® 0.63% 1.27%
Deferral group 228 13 241
Referral group 26 1783 1809
Total 254 1796 2050

2019 strategy, risk assessment strategy recommended by 2019 European Society of Cardiology guide-

lines; 2024 strategy, risk assessment strategy recommended by 2024 European Society of Cardiology

guidelines.

2 The classification of patients by the 2024 strategy was compared to that by the 2019 strategy.
Y NRI = [P(Up | Positive) — P(Down | Positive)] — [ P(Up | Negative) — P(Down | Negative)].
¢ A positive patient was defined as a patient had at least one lesion with >70% diameter stenosis.

Table 6. Reclassification table comparing the 2019 and 2024 strategies.

2024 strategy Reclassification®
Total ——— — — NRI® P
Deferral group Referral group Up Down
2019 strategy
Negative patients 0.43% 10.15% 5.29% <0.001
Deferral group 3827 30 3857
Referral group 705 2381 3086
Total 4532 2411 6943
Positive patients® 0.04% 4.47%
Deferral group 3150 4 3154
Referral group 477 7038 7515
Total 3627 7042 10,669

2019 strategy, risk assessment strategy recommended by 2019 European Society of Cardiology guide-

lines; 2024 strategy, risk assessment strategy recommended by 2024 European Society of Cardiology

guidelines.

2 The classification of patients by the 2024 strategy was compared to that by the 2019 strategy.
® NRI = [P(Up | Positive) — P(Down | Positive)] — [ P(Up | Negative) — P(Down | Negative)].

¢ A positive patient was defined as a patient had at least one lesion with >0% diameter stenosis.

studies have shown that the RF-CL model offers better dis-
crimination, calibration, and reclassification [10,12,13,14].
In line with these studies, the present study found that both
the 2019 and 2024 strategies successfully identified patient
groups with a low prevalence of CAD, clinical events, and
downstream changes. However, the 2024 strategy, which
applied the RF-CL model to all patients, safely and cor-
rectly deferred more CITs than the 2019 strategy, which
only applied the RF-CL model to patients with borderline
ESC-PTP. Additionally, the 2024 strategy demonstrated
stronger links between patient groups and clinical out-
comes, required more intensive follow-up care, and yielded
positive NRIs according to various definitions of positive
patients.

&% IMR Press

Based on recommendations from updated guidelines,
further CITs are needed for all patients in the referral group,
rather than the deferral group [1,2]. If applied in real clin-
ical practice, the 2024 strategy would likely yield a higher
diagnostic rate than the 2019 strategy. Comprehensive ap-
praisal and synthesis of the available evidence is important,
as the RF-CL model (based on symptoms and risk factors)
is readily accessible in daily clinical practice [9]. Thus, by
avoiding nine unnecessary requests for CIT-related risk fac-
tor information, replacing the 2019 strategy with the 2024
approach proved more efficient [12]. Collecting informa-
tion on risk factors is a critical component of CCS manage-
ment and is highly recommended by both the 2019 and 2024
guidelines; nonetheless, its integration into routine clinical
practice can be hindered by variability and practical chal-
lenges.
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Taken together, the findings of this study support the
adoption of the 2024 strategy as a safe and effective ap-
proach for identifying patients with SCP suggestive of CCS
who are unlikely to derive meaningful benefit from further
CIT.

5. Strengths and Limitations

One of the major strengths of this study was its anal-
ysis of a large, long-term Chinese registry of CCTA data,
enabling the evaluation of risk assessment strategies in real-
world settings with substantial statistical power. In ad-
dition, our comprehensive analytic approach enabled us
to evaluate the effectiveness and safety of risk assess-
ment strategies through multiple parameters and endpoints.
However, the findings of this study must be interpreted
within the context of its design and accompanying limi-
tations. First, this was an observational study. The clin-
ical management of patients before and after CCTA was
not protocol-driven and relied on local physicians, which
could systematically inflate the association between referral
group and events. Thus, whether the 2024 strategy trans-
lates into more appropriate downstream management de-
cisions and better clinical outcomes remains to be deter-
mined in future studies, preferably randomized controlled
trials (RCTs). Second, a formal cost effectiveness analysis
(e.g., dollars per correctly deferred patient or per MACE
avoided) is needed to justify the 2024 strategy of prevent-
ing unnecessary CIT in real-world resource-constrained set-
tings. Third, the data were limited to a single Chinese
registry, which restricts the generalizability of the results
to other populations in different healthcare environments.
Consequently, external validation in multi-ethnic cohorts is
required prior to adopting these findings into clinical guide-
lines. Fourth, while recent guidelines [1,2] endorse the
coronary artery calcium score (CACS)-weighted CL model
for refining cardiac risk estimates [9], this approach has
notable drawbacks. Incorporating CACS requires an extra
imaging test, which entails additional radiation exposure,
increased healthcare costs, and diagnostic delays. These
factors ultimately contradict the primary goal of safely iden-
tifying low-risk patients who can forgo further CIT [17].
Finally, the present analysis focused on CAD detected by
CCTA. Because CCTA has a well-documented high nega-
tive predictive value, it reliably rules out obstructive CAD
as well as invasive coronary angiography [17]. Consis-
tent results were achieved across various diameter stenosis
thresholds (e.g., =50%, =70%, and >0%) used to define
positive cases.

6. Conclusions

For patients with SCP suspected of CCS, both the
2019 and 2024 strategies identified patient groups with a
lower risk of CAD, MACE, and the need for intensive clin-
ical management. The 2024 strategy shows greater promise
for avoiding unnecessary CIT safely compared to the 2019
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approach. However, future RCTs are required to evaluate
the cost-effectiveness of these strategies for deferring CIT
in patients presenting with SCP related to obstructive CAD.
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