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ABSTRACT

Background Non-contrast computed tomography (CT) scan-
ning allows for reliable coronary calcium score (CCS) calculation
at a low radiation dose and has been well established as marker
to assess the future risk of coronary artery disease (CAD) events
in asymptomatic individuals. However, the diagnostic and prog-
nostic value in symptomatic patients remains a matter of
debate. This narrative review focuses on the available evidence
for CCS in patients with stable chest pain complaints.

Method PubMed, Embase, and Web of Science were searched
for literature using search terms related to three overarching
categories: CT, symptomatic chest pain patients, and coronary
calcium. The search resulted in 42 articles fulfilling the inclusion
and exclusion criteria: 27 articles (n =38 137 patients) focused on
diagnostic value and 23 articles (n =44 683 patients) on prognos-
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tic value of CCS. Of these, 10 articles (n=21208 patients)
focused on both the diagnostic and prognostic value of CCS.
Results Between 22 and 10037 patients were included in the
studies on the diagnostic and prognostic value of CCS, includ-
ing 43 % and 51 % patients with CCS 0. The most evidence is
available for patients with a low and intermediate pre-test
probability (PTP) of CAD. Overall, the prevalence of obstructive
CAD (OCAD, defined as a luminal stenosis of 250 % in any of the
coronary arteries) as determined with CT coronary angiogra-
phy in CCS 0 patients, was 4.4% (n=703/16 074) with a range
of 0-26 % in individual studies. The event rate for major adverse
cardiac events (MACE) ranged from 0 % to 2.1 % during a follow-
up of 1.6 to 6.8 years, resulting in a high negative predictive
value for MACE between 98 % and 100 % in CCS 0 patients. At
increasing CCS, the OCAD probability and MACE risk increased.
OCAD was present in 58.3% (n=617/1058) of CCS>400 pa-
tients with percentages ranging from 20 % to 94 % and MACE
occurred in 16.7 % (n=175/1048) of these patients with per-
centages ranging from 6.9 % to 50 %.

Conclusion Accumulating evidence shows that OCADis
unlikely and the MACE risk is very low in symptomatic patients
with CCS 0, especially in those with low and intermediate PTPs.
This suggests a role of CCS as a gatekeeper for additional
diagnostic testing. Increasing CCS is related to an increasing
probability of OCAD and risk of cardiac events. Additional
research is needed to assess the value of CCS in women and
patient management in a primary healthcare setting.

Key Points:

= A CCS of zero makes OCAD in patients at low-intermediate
PTP unlikely

= A CCS of zero is related to a very low risk of MACE

= Categories of increasing CCS are related to increasing rates
of OCAD and MACE

= Future studies should focus on the diagnostic and prognostic
value of CCS in symptomatic women and the role in primary
care
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ZUSAMMENFASSUNG

Hintergrund Die kontrastfreie Computertomografie (CT)
ermdglicht eine zuverldssige Berechnung des koronaren Kal-
ziumscores (KKS) bei niedriger Strahlendosis und hat sich als
Marker zur Beurteilung des Risikos fiir koronare Herzkrankhei-

ten (KHK) bei asymptomatischen Personen bewdhrt. Der
diagnostische und prognostische Wert bei symptomatischen
Patienten bleibt jedoch umstritten. Die vorliegende Uber-
sichtsarbeit befasst sich mit der verfiigbaren Evidenz des KKS
bei Patienten mit stabilen Brustschmerzbeschwerden.
Methode In PubMed, Embase und Web of Science wurde
eine Literaturrecherche mit Suchbegriffen zu drei Gibergeord-
neten Kategorien durchgefiihrt: CT, Patienten mit symptoma-
tischen Brustschmerzen und Koronarkalk. Die Suche ergab
42 Artikel, die die Ein- und Ausschlusskriterien erfillten:
27 Artikel (n=38 137 Patienten) konzentrierten sich auf den
diagnostischen Wert und 23 Artikel (n=44683 Patienten)
auf den prognostischen Wert des KKS. Davon befassten sich
10 Artikel (n=21 208 Patienten) mit dem diagnostischen und
dem prognostischen Wert des KKS.

Ergebnisse In die Studien zum diagnostischen und prognos-
tischen Wert des KKS wurden zwischen 22 und 10 037 Patien-
ten eingeschlossen, darunter 43 % bzw. 51 % Patienten mit
KKSO. Die meisten Erkenntnisse liegen flr Patienten mit einer
niedrigen und mittleren Pratestwahrscheinlichkeit (PTP) fiir
KHK vor. Insgesamt lag die Pravalenz der obstruktiven KHK
(OKHK, definiert als luminale Stenose von =250% in einer der
Koronararterien), die mittels CT-Koronarangiografie bei
KKSO-Patienten bestimmt wurde, bei 4,4% (n=703/16074)
mit einem Bereich von 0-26 % in einzelnen Studien. Die
Ereignisrate fiir schwerwiegende unerwiinschte kardiale
Ereignisse (,major adverse cardiac events“ MACE) reichte von
0% bis 2,1 % wahrend einer Nachbeobachtungszeit von 1,6 bis
6,8 Jahren, was bei KKS 0-Patienten zu einem hohen negati-
ven Vorhersagewert fiir MACE zwischen 98 % und 100 %
fihrte. Mit zunehmendem KKS stiegen die OKHK-Wahr-
scheinlichkeit und das MACE-Risiko. Bei 58,3% (n=617/
1058) der Patienten mit einem KKS >400 lag eine OKHK vor,
wobei die Spanne von 20% bis 94 % reichte. Bei 16,7 %
(n=175/1048) dieser Patienten trat ein MACE auf, mit einer
Spanne von 6,9 % bis 50 %.

Schlussfolgerung Es gibt zunehmend mehr Hinweise darauf,
dass bei symptomatischen Patienten mit KKSO eine OKHK un-
wahrscheinlich und das MACE-Risiko sehr gering ist, insbeson-
dere bei den Patienten mit niedriger und mittlerer PTP. Dies
weist auf eine ,Torwdchter“-Rolle des KKS hinsichtlich zusatz-
licher diagnostischer Tests hin. Mit zunehmendem KKS steigt
sowohl die Wahrscheinlichkeit einer OKHK als das Risiko fir
kardiale Ereignisse. Weitere Forschungsarbeiten sind erfor-
derlich, um den Wert des KKS bei Frauen und beim Patienten-
management im Rahmen der medizinischen Grundversor-
gung zu bewerten.

1. Background

Coronary artery calcification can be quantified based on non-con-
trast computed tomography (CT) scanning and is quantified using
a coronary calcium score (CCS) according to Agatston’s method

[1, 2]. Coronary calcium is a component of atherosclerosis and a
marker for the presence of (subclinical) coronary artery disease
(CAD). Multiple large-scale population-based studies with long-
term follow-up have shown the strong predictive power of the
CCS for major adverse cardiac events (MACE) [3-5]. Non-contrast
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CT scanning yields reliable CCS results at a low radiation dose
(0.5-1mSv) and low cost and is associated with low patient bur-
den (e.g., no intravenous line needed, no exposure to contrast
material, very short breath-hold, and short scan visit) [3-5]. How-
ever, in patients with stable chest pain, the diagnostic value of
CCS for obstructive CAD (OCAD, defined as luminal stenosis of
>50% in any coronary artery) and the prognostic value of CCS
for MACE remain unclear. The 2012 American Heart Association
and American College of Cardiology (AHA/ACC) guidelines
deemed CCS evaluation appropriate for patients with a low to
intermediate pre-test probability (PTP) of OCAD (based on age,
sex, and type of complaints). However, CCS was not included in
the latest update in 2014 [6, 7]. The National Institute for Health
and Care Excellence (NICE) guidelines (2010) also recommended
CCS as a gatekeeper in low PTP patients, but it was not included in
the latest version from 2016 [8, 9]. Recommendations in these
guidelines were based on the latest data, suggesting that CCS 0
cannot fully exclude OCAD in patients with new onset of chest
pain symptoms. However, new evidence with regard to CCS in
chest pain patients has emerged since the publication of these
guidelines. In the European Society of Cardiology guidelines of
2019, CCS is suggested to have a role as a PTP modifier in the
very low PTP group[10], showing that the role of the CCS in clini-
cal decision making remains a matter of debate. This review
describes the latest evidence on the diagnostic and prognostic
value of CCS in stable chest pain patients.

2. Method

A search was performed in PubMed, Embase, and Web of Science
with the latest update on April 20, 2021 using search terms related
to three overarching categories: CT, symptomatic chest pain
patients, and coronary calcium. An overview of the specific search
terms and a summary of the search can be found in the Supple-
ment. The flowchart (> Fig. 1) shows the result of the search and
the inclusion and exclusion criteria. Eventually, 42 articles were
included in this review. Of these, 19 articles described the diagnos-
tic value, 13 articles described the prognostic value and 10 articles
described both the diagnostic and prognostic value of the CCS.

3. Diagnostic Value of Coronary Calcium Score

Supplementary Table 1, 2 describe articles assessing the diag-
nostic value of the CCS to determine OCAD in stable chest pain
patients. In these studies, OCAD was based on coronary compu-
ted tomography angiography (cCTA, n=25) or invasive coronary
angiography (n=2). All studies were performed in secondary
care settings. The diagnostic value of CCS was determined in pa-
tients with stable chest pain. Per study the number of patients
ranged from 22 to 10037. 11 of the studies involved large cohorts
of >1000 patients [11-21]. In most studies (17/27, 64 %), the
majority of included patients were men, with the mean age
ranging from 53+ 11 to 65+ 11 years. The PTP estimation of
patients for OCAD was described in 19 studies, five studies
described the type of angina pectoris (AP) symptoms, and three
studies did not describe PTP or AP symptoms (Supplementary
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Table 1, 2). PTP is used to determine the probability of OCAD and
is based on age, sex, and chest pain complaints. The estimations
of OCAD probability were not consistently described in the inclu-
ded studies. In general, a low PTP indicates a probability of
OCAD of 5-15%, intermediate PTP indicates a probability of 15-
65 %, and a high PTP indicates a probability of over 65% [10]. To
determine the CCS, different CT systems were used: electron
beam CT (EBCT) was used in four studies, 64-slice multi-detector
CT (MDCT) in 15 studies, and dual-source CT (DSCT) scanners in
eight studies (Supplementary Table 1, 2). Also, different CCS
categories were used in the studies (Supplementary Table 2).
Below, to increase readability, we describe the diagnostic value
of CCS 0 and CCS >0 (evidence for the positive CCS categories
combined).

3.1. Coronary calcium score of zero and OCAD

27 studies focused on the potential value of CCS 0 in the work-up
of patients with stable chest pain, in particular to determine
whether the absence of coronary calcium safely rules out the
presence of OCAD. The percentage of patients with CCS 0
(n=16074/38 137, 42 %) ranged from 7.3 % to 89 % in individual
studies. Overall, 4.4 % of CCS 0 patients had OCAD (n=703/
16 074). In individual studies the prevalence ranged from 0%
to 26% [11-19, 22-36]. Studies using EBCT and 64-MDCT
(N =18 studies, 14554 patients) found OCADin 1.9% to 26 % of
CCS 0 patients (Supplementary Table 1) [11-16, 18, 23-26, 28-
31, 35]. In studies using newer CT technologies (N=9 studies,
n=4305) the OCAD prevalence was lower, and ranged from 0%
to 8.4 % (overall, 167/4861, 3.4%) [17-19, 27, 32-34, 36).

In the majority of studies (64 %), less than 5 % of CCS 0 patients
were diagnosed with OCAD [11-15, 17-19, 21, 25, 27, 28, 32-34,
36, 37]. Evidence is based on large cohort studies that included
relatively high numbers of patients with CCS 0 (n=92-5128).
The other studies showed higher percentages (5.3 %) of OCADin
CCS 0 patients, but most of these studies consisted of relatively
small cohorts that were scanned with older CT scanner genera-
tions [16, 23, 24, 26, 31]. Only one study with a higher OCAD pre-
valence (5.7 %) in CCS 0 patients consisted of a large cohort
(n=5515) [16].

An important issue is whether the negative predictive value
(NPV) of CCS for OCAD depends on the PTP and type of AP symp-
toms [10]. Four studies included a low PTP population, where
OCAD percentages ranged from 1.5% to 5.7 % in the CCS 0 sub-
group (Supplementary Table 1; » Fig. 2). Overall, 215 of 5349
CCS 0 patients had OCAD (4.0%) [12, 16, 18, 36]. In the study
with the most CCS 0 patients, 3.7 % of low PTP patients were diag-
nosed with OCAD (n=90/2406) [12]. In seven studies a low and
intermediate PTP population was included, and OCAD in CCS 0 pa-
tients ranged from 1.5% to 5.8 % (412/9139 OCAD, 4.5 %). Five of
these seven studies also described type of symptoms [13, 14, 17,
19, 21, 28, 31]. The largest cohort comprised n=10037 low and
intermediate PTP patients including 13 % with typical symptoms.
In this study, 5.1% of CCS 0 patients (n=244/5128) were diag-
nosed with OCAD [13]. In three small-scale intermediate PTP co-
horts, the percentage of OCAD ranged from 0% to 2% in CCS 0
(total size CCS 0: n=83, 121, 174) [15, 27, 32]. In the remaining
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» Fig. 1 Flowchart of inclusion and exclusion of articles.

four studies, with an intermediate and high PTP (n=2) and with a
high PTP (n=2), OCAD prevalence in CCS 0 patients was higher,
3.6% to 26 % (overall: 54/822 CCS 0 patients, 6.6 %) [23, 29, 30,
34]. With regard to type of symptoms, in five studies (Supple-
mentary Table 1) consisting mostly of patients with either atypi-
cal or typical AP symptoms, OCAD was present in 0% to 5.7 % of
the CCS 0 patients [11, 25, 26, 33, 37]. In summary, OCAD is un-
likely in CCS 0 patients, especially in patients with a low and inter-
mediate PTP.

3.2. Coronary calcium score of zero
and non-obstructive CAD

Two studies described the cCTA-based prevalence of non-calcified
plaques in patients with CCS 0. Non-calcified plaques were found
in16% (n=24/147) and 6.6 % (n=37/557) of CCS 0 patients (Sup-
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plementary Table 1) [17, 28]. In the largest study consisting of a
low and intermediate PTP population, 37 of 557 CCS 0 patients
(6.6 %) had non-calcified plaques, of whom 21% (n=8/37) were
diagnosed with OCAD [17]. Ten studies reported non-OCAD as
defined by luminal stenosis of <50% on cCTA in CCS 0 patients.
In total, 14 % of patients had non-OCAD (n=901/6702) with per-
centages ranging from 6.9% to 74 % (Supplementary Table 1)
[13, 15, 18, 21, 22, 24, 26, 28, 29, 35]. The two studies with
high percentages of non-OCAD (25 % and 74 %) had outlier results
due to the small number of patients in the CCS 0 category (n=38,
61) [22, 29]. In summary, non-OCAD can be present in CCS 0 pa-
tients.
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» Fig. 2 Prevalence of obstructive coronary artery disease (OCAD) per pre-test probability (PTP) category for coronary calcium score (CCS) 0 and
CCS>0; display of reported results in the studies with patient population in the indicated PTP category.

3.3. Positive coronary calcium score and OCAD

Patients with CCS>0 (n=20013/38 137, 52 %) were included in
27 studies. OCAD was diagnosed in 11-100 % of patients with
CCS>0 (Supplementary Table 2) [11, 14-18, 22, 23, 26]. Studies
including the CCS 1-100 category (n=7) showed that 8-63 % of
the patients had OCAD[12, 24, 25, 27, 28, 32, 33, 35]. This in-
creased to 8-76 % for the CCS 100-400 category (n=7) [12, 25,
27, 31-33, 35] and to 20-94 % for the CCS>400 category
(n=10)[12, 25, 27, 28, 31-33, 35-37].

In low PTP populations (Supplementary Table 2; » Fig. 2), 30—
40 % of patients with a CCS >0 were diagnosed with OCAD [12, 16,
18, 36]. In seven studies comprising low and intermediate PTP po-
pulations (Supplementary Table 2), the prevalence of OCAD in-
creased to 40-92 % in the case of a CCS >0 [13, 14, 17, 19, 21,
28, 31]. In the largest study (n=10037), 44 % of CCS>0 patients
(n=1825/4009) were diagnosed with OCAD [13, 17, 27, 31]. In
the four intermediate PTP studies, 40-48 % of CCS>0 patients
had OCAD[15, 20, 27, 32]. Finally, the prevalence of OCADin
CCS>0 patients with an intermediate and high PTP increased to
68 %-89% [23, 30]. Lastly, in the studies in which only type of
symptoms was included (Supplementary Table 2), comprising in
particular atypical and typical AP patients, 15-71 % of CCS>0 pa-
tients were diagnosed with OCAD[11, 25, 26, 33]. In summary,
CCS>0is related to a higher prevalence of OCAD than CCS 0. The
probability of OCAD increases with a higher PTP and higher CCS,
in particular in the case of CCS>400.

4. Prognostic Value of Coronary Calcium Score

The prognostic value of the CCS in stable chest pain patients was
studied in 23 articles, all performed in secondary care settings.
Supplementary Table 3, 4 describe the number of patients diag-
nosed with MACE per CCS category and during which follow-up
period. The number of patients ranged from 134 to 10037 per
study. 11 studies included large cohorts of >1000 patients [12-
15,18, 19, 21, 38-41]. In most studies, the majority of the included
patients were men (14/23, 61%). The mean age ranged from
53+ 11 to 65£10 years. EBCT scanners were used in 2 studies,
64-slice MDCT scanners in 18 studies, and dual-source CT scanners
in 3 studies. The PTP estimation of OCAD was described in 14 stud-
ies, while two studies only described the type of symptoms and the
remaining studies (n=7) did not describe PTP or type of symptoms
(Supplementary Table 3, 4). Different CCS categories were used in
the studies. To increase readability, the prognostic value is de-
scribed for CCS 0 and CCS>0 (evidence of the CCS>0 categories
together).

4.1. Coronary calcium score of zero and MACE

MACE rates in stable chest pain patients with CCS 0 were reported
in 19 studies (Supplementary Table 3). CCS 0 was present in 27-
100 % of the included cohorts [12-15, 18, 19, 28, 38-48]. Of the
CCS 0 patients, 0-2.1 % suffered from MACE during a follow-up
period from 1.6 to 6.8 years [12-15, 18, 19, 28, 38-43, 45, 46,
48]. In low PTP populations, MACE in CCS 0 patients ranged from
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calcium score (CCS) 0 and CCS>0; distribution based on results in the studies in the different PTP categories.

0.1% to 0.6% during a follow-up of 2.2 years (Supplementary
Table 3; » Fig.3) [12, 18]. Event rates increased slightly, up to
1.4 %, in low and intermediate PTP populations with CCS 0 (fol-
low-up of 2.1-6-8 years) [13, 14, 19, 21, 28, 40, 42, 46]. The
study including the largest cohort within this PTP category
(n=10037) reported an event rate of 0.9% (n=44/4738) in CCS
0 patients during a follow-up of 4.2 years [13]. In intermediate
PTP populations, event rates in CCS 0 patients were 0-0.5 % dur-
ing a follow-up of 1.9-2.4 years [15, 43, 45]. Within this category,
the largest study (n=1145) reported an event rate of 0.5 % in CCS
0 patients (n=2/483) [15]. Finally, in the intermediate and high
PTP study, the event rate was 1.4% (n=28/1978 patients) during
a follow-up of 5.2 years [41]. In summary, MACE rates in CCS 0 pa-
tients are very low even in higher PTP patients, during short to in-
termediate duration follow-up. However, most evidence is derived
from low and intermediate PTP populations.

4.2. Positive coronary calcium score (CCS>0) and MACE

21 studies reported the event rate of MACE in patients with
CCS >0 (Supplementary Table4) [12-15, 18, 19, 28, 38-47].
Event rates ranged from 0.6 % to 34 % during a follow-up of 1 to
6.8 years [12-15, 18, 19, 21, 28, 37-40, 42, 43, 45, 46]. Studies
including CCS 1-100 (n=5) showed event rates from 1.4-13%
during a follow-up of 2-3 years [28, 38, 39, 42, 43]. Event rates
increased to 3.7-34 % in the CCS 100-400 category (n =7 studies,
follow-up 1.7-3 years) [21, 28, 38, 39, 42, 43, 49] and t0 6.9-50 %
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in the CCS >400 category (n =38 studies, follow-up 1.7-7 years)
[21, 28, 37-39, 42, 43, 46].

In low PTP populations, 2.0-5.4 % of CCS>0 patients suffered
from MACE (Supplementary Table 4; » Fig.3) [12, 18]. In the low
and intermediate PTP populations, event rates increased to 4.7-
19%[13, 14, 19, 21, 28, 40, 42, 46]. The highest event rate of
19% (n=22/114) was reported in the smallest cohort (n=155)
with the longest follow-up (6.8 years) [46]. In comparison, the lar-
gest study (n=10037) reported a much lower event rate of 4.8%
in CCS>0 patients (n=19/4169 patients) during a follow-up of
4.1 years [13]. In intermediate PTP populations, the event rate in
CCS>0 patients ranged from 2.1 % to 34 % during a follow-up of
1.9-2.4 years [15, 43, 45]. In the largest intermediate PTP cohort
(n=1145), the MACE rate was 2.1% (n=14/622) during a follow-
up of 2.4 years [15]. Finally, in an intermediate and high PTP
cohort, the event rate of patients was 6.1% (n=119/1936) after
a follow-up of 5.2 years [41]. In summary, patients with
CCS>0 experience a higher MACE rate compared to CCS 0 pa-
tients, and this risk increases with increasing CCS category. The
highest MACE rates are seen in intermediate and high PTP popula-
tions, taking large cohorts (> 1000 patients) into account. How-
ever, these populations also had a higher distribution of CCS
results. Lastly, there are few studies with a follow-up period of
more than 5 years.
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5. Value of coronary calcium scoring
in stable chest pain

Current evidence shows that the large group of symptomatic
patients with CCS 0 have a low prevalence rate of OCAD (overall:
4.5%) and a very low risk of MACE (0-2.1 %). Evidence is mostly
derived from low and intermediate PTP populations. Importantly,
nearly half of the patients with stable chest pain, as included in
the studies, have no coronary calcium. A trend was seen towards
lower OCAD probability in CCS 0 patients in studies using newer
CT technology (overall OCAD prevalence, 3 %), indicating higher
sensitivity for coronary calcium detection. Thus, the possibility of
the exclusion of coronary calcium and the clinical value are likely
to become better with newer CT systems. For example, a first
study using a photon-counting detector system has shown better
calcium-soft tissue contrast in comparison with common energy-
integrating detector CT systems, improving the diagnostic image
quality of CCS, but research is still limited [50]. Thus, CCS 0 is a
reassuring finding, in which OCAD is unlikely, and initial wait-and-
see management may be considered, particularly since multiple
prognostic studies show a very high NPV of CCS 0 for MACE. In
contrast, patients with CCS>0 often have OCAD and are at
increased risk for MACE. Risk increases with increasing CCS, espe-
cially in patients with a CCS>400. Despite substantial evidence
supporting a role of CCS testing to make underlying OCAD unlike-
ly, the most recent guidelines on the management of stable chest
pain patients describe a limited role for the CCS. The AHA/ACC
and NICE guidelines previously recommended CCS as a gate-
keeper in low-intermediate PTP patients. However, this advice
was not maintained in the latest versions of these guidelines,
where CCS is not mentioned or not advised to be used as a stand-
alone test [6-9]. Recommendations in these guidelines were
based on data up to 2016. Additional reasoning was that CCS 0
alone cannot exclude OCAD and that cCTA is a more accurate
standard that can directly assess the severity of the degree of ste-
nosis, and thus should be used in those with new onset chest pain
[6-9]. However, in certain cases, cCTA can cause an overestima-
tion of the severity of CAD degree that may require additional
functional testing for disease management [51]. According to
the latest ECS guidelines (2019), the presence or absence of
coronary calcium on non-contrast cardiac CT can be used as a
decision aid in patients with a very low PTP, in order to establish
the need for further diagnostic workup [10]. In addition, in the
AHA/ACC guidelines (2019) on the management of cholesterol,
CCS is recommended in intermediate risk, asymptomatic patients
where the treatment decision based on risk-enhancing factors
(e.g., diabetes, smoking, gender) is unclear. Patients with a
CCS 0 can be classified in a lower risk category. In those with a
CCS>0, statin therapy is favored (CCS 1-99) or initiated
(CCS>100) [52]. Our systematic review results suggest that the
negative predictive value of the CCS 0 for the occurrence of
cardiovascular events in symptomatic patients is similar to the
described, very high negative predictive value in asymptomatic
populations (e.g., MESA cohort) [53, 54]. The results of this
review again confirm that CCS 0 is related to low OCAD probability
and very low MACE rate, also in symptomatic patients. This sup-
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ports a potential broader role as gatekeeper for additional testing
and initial wait-and-see management in cases of CCS 0 in stable
chest pain patients. The CRESCENT study compared CCS com-
bined with cCTA to functional testing. This study incorporated a
management strategy in which CCS 0 patients did not undergo
cCTA [51]. As a result, cCTA could be withheld in 39 % (n=98) of
patients without comprising outcome (OCAD and MACE). This
also reduced the mean radiation exposure from 4.1 mSv to
1.3mSv [51]. Furthermore, studies that directly compared
exercise electrocardiography to CCS determined that CCS is a
more reliable test to exclude OCAD [34, 37, 51]. The CAD consor-
tium (part of the European Network for the Assessment of
Imaging in Medicine) established prediction models for accurate
estimation of the PTP of OCAD in low prevalence populations.
These models include age, gender, chest pain complaints, and
cardiovascular risk factors [55]. Adding CCS to the PTP model
was recommended to improve the risk estimation (c-statistic
increased from 0.77-0.79 to 0.79-0.88) [55]. In conclusion,
CCS 0, which is present in up to 50 % of stable chest pain patients,
makes the presence of OCAD and the risk of MACE unlikely in low
and intermediate PTP cohorts, and may be an efficient gatekeeper
for additional testing, while categories of increasing CCS are
directly proportional to OCAD probability and to MACE rate.

6. Recommendations for future research

To determine the diagnostic value of CCS 0 in high PTP patients,
further research is needed, as potentially underlying non-OCAD
can be a predictor of MACE [56]. Further studies should determine
in which CCS 0 subgroups cCTA is indicated to evaluate the
presence and severity of non-OCAD, thus enabling early treat-
ment. One study in this review compared CCS 0 patients and an
ultra-low CCS score group (CCS 0.1-0.9) and found a higher pre-
valence of OCAD in ultra-low CCS [19]. Downgrading of ultra-low
CCS to the CCS 0 category could lead to possibly missed OCAD.
More research is needed to assess the impact of downgrading
ultra-low CCS in stable chest pain patients. So far, only three stu-
dies have addressed the long-term event rate based on CCS in
stable chest pain. Even though the results are promising, more
data based on longer-term outcomes are needed. Up to this point,
only a minority of cohorts have been comprised of more than 50 %
women. Future research should focus more on the diagnostic and
prognostic value of CCS in women and investigate whether diffe-
rential management is needed for symptomatic men and women.
Finally, research to date has focused on the diagnostic stratifica-
tion and prognostic value of CCS in secondary care settings. How-
ever, not one of the studies determined the diagnostic value of
CCSin a primary care setting. Using CCS as a diagnostic test could
be beneficial in primary health care. In the case of CCS 0, other
causes for chest pain complaints can be explored, whereas
patients with a positive CCS could benefit from (early) therapeutic
intervention and/or referral to the cardiologist for additional diag-
nostic evaluation.
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7. Conclusion

Accumulating evidence shows that OCADis unlikely and MACE

risk

is very low in stable chest pain patients with a CCS of zero,

especially in the case of low and intermediate PTP. This suggests
a role of CCS as a gatekeeper for additional diagnostic testing.
Increasing CCS is related to increasing probability of OCAD and
risk of cardiac events. Additional research is needed to assess the
value of CCS in women and in overall patient management in a
primary healthcare setting.
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