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Clinical Investigations
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Background: About 10% of patients admitted to a chest pain unit (CPU) exhibit atrial fibrillation (AF).
Hypothesis: To determine whether calcium scores (CS) are superior over common risk scores for coronary
artery disease (CAD) in patients presenting with atypical chest pain, newly diagnosed AF, and intermediate
pretest probability for CAD within the CPU.
Methods: In 73 subjects, CS was related to the following risk scores: Global Registry of Acute Coronary
Events (GRACE) score, including a new model of a frequency-normalized approach; Thrombolysis In Myocardial
Infarction score; European Society of Cardiology Systematic Coronary Risk Evaluation (SCORE); Framingham
risk score; and Prospective Cardiovascular Münster Study score. Revascularization rates during index stay
were assessed.
Results: Median CS was 77 (interquartile range, 1–270), with higher values in men and the left anterior
descending artery. Only the modified GRACE (ρ= 0.27; P = 0.02) and the SCORE (ρ = 0.39; P < 0.005) were
significantly correlated with CS, whereas the GRACE (τ= 0.21; P = 0.04) and modified GRACE (τ = 0.23; P
= 0.02) scores were significantly correlated with percentile groups. Only the CS significantly discriminated
between those with and without stenosis (P < 0.01).
Conclusions: Apart from modified GRACE score, overall correlations between risk scores and calcium burden,
as well as revascularization rates during index stay, were low. By contrast, the determination of CS may be
used as an additional surrogate marker in risk stratification in AF patients with intermediate pretest likelihood
for CAD admitted to a CPU.

Introduction
It has been shown that the admission of patients presenting
with acute chest pain of possible ischemic origin to
specialized units provides optimized care, lower hazard
ratios, cost-effectiveness, and higher patient satisfaction.1–3
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Especially in the United States and Germany, broad net-
works of chest pain units (CPUs) have been created during
the last decade targeting quality-of-care criteria for prompt
identification of low-risk patients and treatment of patients
with acute coronary syndromes (ACS).4 In addition to the
classical ACS as the principal diagnosis, more than 50% of
admissions to CPUs are also related to a variety of other
entities, including about 10% of patients with new-onset atrial
fibrillation (AF).5 Atrial fibrillation is a very common cardiac
arrhythmia, with as many as 2.3 million cases in the United
States; there are robust data suggesting a coincidence of
AF and coronary artery disease (CAD).6–8 By contrast,
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Table 1. Overview of Cohort Demographics Stratified by CAC Score

CAC Burden

Basic Demographics CS = 0 (n = 18) CS ≤ 400 (n = 40) CS > 400 (n = 15) P Across Groups

Male sex 39 30 73 0.01

Age, y 62 (57–69) 75 (64–81) 72 (68–76) 0.004

Smoking 11 10 — 0.61

HTN 72 78 87 0.64

Hyperlipidemia 50 58 47 0.73

BMI, kg/m2 28 (26–30) 26 (24–29) 29 (25–38) 0.20

DM 6 2 13 0.15

CAD family history 44 28 20 0.32

HR, bpm 122 (106–139) 124 (92–136) 101 (81–121) 0.24

SBP, mm Hg 125 (116–130) 135 (124–150) 130 (130–145) 0.17

Impaired LVEF (<55%) 11 20 13 0.77

CHA2DS2-VASc 3 (1–3) 3 (2–4) 2 (2–4) 0.25

Abbreviations: BMI, body mass index; CAC, coronary artery calcification; CAD, coronary artery disease; CHA2DS2-VASc, congestive heart failure, HTN, age
≥75 y, DM, stroke/TIA, vascular disease, age 65–74 y, sex category (women); CS, calcium score; DM, diabetes mellitus; HR, heart rate at admission; HTN,
hypertension; IQR, interquartile range; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure at admission; TIA, transient ischemic attack.
Data are presented as % or median (IQR).

there are only limited data regarding optimal diagnostic
strategies for patients with newly diagnosed AF and atypical
symptoms of an ACS.9 A relatively low risk for myocardial
ischemia of 2% to 5% has been assigned to patients admitted
to an emergency department with AF, without further
increase of the risk of acute myocardial infarction.10,11

Determining the utility of coronary artery calcification
(CAC) scanning for risk stratification in CAD has been
a subject of intensive investigation. Scanning of CAC has
emerged as a robust predictor for coronary events in
subjects with an intermediate pretest probability for CAD.
A higher CAC burden carries a greater risk for future
CAD events and all-cause mortality, thereby appropriately
reclassifying a majority of patients into low- and high-
risk categories.8,12–15 However, adequate determination of
pretest risk assessment of CAD is still a matter of discussion
within the CPU process, favoring additional pathways, at
least within the chest pain center accreditation process in
the United States and Germany.4,9,16,17 It is recommended
that scoring systems should be used to identify patients at
risk on the one hand, and patients at low risk, who can
be discharged quickly and safely, on the other hand. We
report here the first evaluation of several widely used risk-
assessment tools in the evaluation of patients presenting
with acute atypical chest pain and intermediate pretest
probability for CAD and newly diagnosed AF. The aim of
our study was to analyze the correlation of CAC burden
by cardiac computed tomography (CCT) with common risk
scores for CAD as an indicator for suspected ACS in this
subset of patients admitted to a German CPU.

Methods
This study was approved by the local institutional review
board. We retrospectively included patients who presented
to the CPU at our institution with a first diagnosis of
AF, acute atypical chest pain, and a clinical impression
of intermediate likelihood for CAD during a 2-year-period
(October 2012 to September 2014). Patients received CCT
imaging within the index stay. Atrial fibrillation was defined
according to the current European Society of Guidelines
(ESC) guidelines for the management of AF.18 At the time of
CT image acquisition, all eligible patients had sinus rhythm
following spontaneous, medical, or electrical cardioversion.
Major exclusion criteria were history of known CAD,
known AF, new diagnostic ischemic changes on the initial
electrocardiogram, and initial troponin in excess of 99th
percentile of the local assay with a relevant dynamic rise or
fall suggestive for ischemia.

Imaging

All scans were performed in supine position in mid-
inspiration breathhold. The CCT scans were performed
using a 128-slice scanner (Aquilion CX; Toshiba Medical
Systems, Tokyo, Japan). The CCTs were acquired in a
single-slice axial scan from the base to the apex with an
image acquisition time of 350 ms. Slice thickness was 3 mm.
Prospective electrocardiogram triggering was performed at
80% of the R-R interval. The reconstructed image data were
transferred to the computer workstation for postprocessing.
All analyses were performed by a single experienced reader
(F.B.) using a Vitrea workstation (Toshiba Medical Systems,
Tokyo, Japan). The CAC score was determined according to
the methods of Agatston et al5 and expressed in Hounsfield
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Figure 1. Bar diagram highlighting the distribution of (A) coronary calcium burden as well as (B) the distribution within the corresponding percentile
ranking by age and sex.

units. At least 4 contiguous pixels with a density of ≥130
Hounsfield units were used to define an area of CAC.19 Total
CAC scores comprising all calcified coronary lesions were
computed. Percentile ranking was performed on the basis of
the German population-based Heinz Nixdorf Recall (HNR)
study.20

Risk Scores

The following risk scores were retrospectively assessed as
previously described: Global Registry of Acute Coronary
Events (GRACE) in-hospital mortality score, Thrombolysis
In Myocardial Infarction (TIMI) risk score, the ESC Sys-
tematic Coronary Risk Evaluation (SCORE), Framingham
risk score, and Prospective Cardiovascular Münster Study
(PROCAM) score.21–27 Additionally, we also analyzed a
modified GRACE score excluding heart rate, as we antici-
pated that an increased heart rate in AF overestimates the
traditional GRACE score.

Major Adverse Cardiac and Cerebrovascular Events During
Index Stay

Additionally, major adverse cardiac and cerebrovascular
events as well as revascularization rates in terms of
percutaneous coronary intervention (PCI) or coronary
artery bypass graft placement (CABG) during index stay
were evaluated.

Statistical Analysis

Continuous variables were graphically assessed for normal-
ity. As the assumption of normality could not be maintained
for any variable, descriptive data are reported as percentage
or as median (interquartile range [IQR]). Percentile ranking
was performed on the basis of the German population-based

Table 2. Overview of Sex- and Territory-Specific CAC Burden

Sex

Territory Overall, N = 73 F, n = 43 M, n = 30

MS 0 (0–11) 0 (0–0) 2 (0–39)

LAD 44 (0–136) 34 (0–93) 78 (0–432)

LCX 0 (0–49) 0 (0–6) 0 (0–82)

RCA 0 (0–48) 0 (0–14) 4 (0–165)

Abbreviations: CAC, coronary artery calcification; F, female; IQR,
interquartile range; LAD, left anterior descending artery; LCX, left
circumflex artery; M, male; MS, main stem; RCA, right coronary artery.
Data are presented as median (IQR).

HNR study.20 Correlations were assessed using the Pearson
correlation on transformed Agatston scores using the trans-
formation f(x) = log(x + 1) or the nonparametric Kendall
rank correlation test on other variables; differences in CAC
scores were assessed using the Wilcoxon rank sum test;
and basic demographics were assessed using the Wilcoxon
rank-sum test or Fisher exact test where appropriate. P
values <0.05 were considered significant. Tests were not
corrected for multiple comparisons. All statistical analyses
were performed using the R Language and Environment for
Statistical Computing, version 3.1.2 (R Foundation, Vienna,
Austria).

Results

Patient Demographics

A total of 618 patients were screened for study participation.
Of those, 73 patients (41% male; median age, 71 years
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Figure 2. Correlations of the different scores tested, demonstrating (A) a good accordance between TIMI, GRACE, and modified GRACE scores. Deviations in
(B) the correlation of PROCAM, FRS, and ESC SCORE mainly result from different design of the ESC SCORE and the bimodal distribution of the PROCAM
score. Abbreviations: ESC SCORE, European Society of Cardiology Systematic Coronary Risk Evaluation; FRS, Framingham Risk Score; GRACE, Global
Registry of Acute Coronary Events in-hospital mortality score; HR, heart rate; PROCAM, Prospective Cardiovascular Münster score; TIMI, Thrombolysis In
Myocardial Infarction.

Table 3. Comparison of Patients’ Distribution to the Different Risk
Categories Depending on Risk Score Used

Risk Category

Score Low Intermediate High

TIMI 0–2, 93% 3–4, 7% >5, 0%

GRACE 1–108, 21% 109–140, 45% >140, 34%

Modified GRACE 1–94.6, 27% 94.7–122.7, 49% >122.7, 23%

PROCAM 0–37, 76% 38–53, 23% >53, 1%

FRS 0–12, 98% 13–15, 2% >16, 0%

ESC SCORE ≤1, 15% 2–4, 62% >5, 22%

Abbreviations: ESC SCORE, European Society of Cardiology Systematic
Coronary Risk Evaluation; FRS, Framingham Risk Score; GRACE, Global
Registry of Acute Coronary Events 6-month postdischarge score;
PROCAM, Prospective Cardiovascular Münster; TIMI, Thrombolysis In
Myocardial Infarction.

[IQR, 62–78 years]) fulfilled the inclusion criteria. Typical
symptoms at admission included atypical angina pectoris
(95%), palpitations (81%), dyspnea (55%), and/or agitation
(21%). Conventional risk factors were present as follows:
smoking, 8%; arterial hypertension, 78%; positive family
history, 30%; hyperlipidemia, 52%; diabetes, 5%; and body
mass index >25 kg/m2, 70%. Basic demographic data
stratified by CAC score are given in Table 1. Patients
without coronary calcification were significantly younger,
and those with high CAC burden were significantly more
often male.

Calcium Score

Agatston scores ranged between 0 and 2726 (median, 77;
IQR, 1–270). A CS of zero occurred in 24% of the patients
(Figure 1). Detailed data on sex- and territory-specific CAC
burden are shown in Table 2.

Risk Scoring

As visualized in Figure 2, TIMI risk scores, GRACE scores,
and modified GRACE scores as a measure of the risk of
short-term major adverse cardiac events in confirmed ACS
patients (Figure 2A) showed by trend a good correlation,
whereas correlations between PROCAM, Framingham, and
ESC SCORE scores as a measure of major adverse cardiac
events and/or overall CAD risk in suspected ACS patients
were low (Figure 2B). Table 3 illuminates the proportions
concerning the different risk categories within the different
scoring systems tested.

Correlation Between Calcium Scores and Risk Scores

Both absolute CS, as well as percentile ranking, were not
randomly distributed but showed low positive correlations
(correlations for absolute CS scores: TIMI score, ρ= 0.20;
GRACE score, ρ= 0.22; modified GRACE score, ρ= 0.27;
PROCAM score, ρ= 0.22; Framingham score, ρ= 0.08;
ESC SCORE, ρ= 0.39 [Figure 3A–F]). Of these, only
the correlations for the modified GRACE score and the
ESC SCORE were significant (P = 0.02 and P < 0.005,
respectively). Correlations for percentile groups (0–10th,
11th–25th, 26th–50th, 51st–75th, 76th–90th, 91st–95th,
96th–100th percentile; patients without CAC excluded)
were as follows: TIMI score, τ= 0.07; GRACE score,
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Figure 3. Visualization of the correlation between the CS and the (A) TIMI, (B) GRACE, (C) modified GRACE, (D) PROCAM, (E) FRS, and (F) ESC SCORE risk
scores. Abbreviations: CS, calcium score; ESC SCORE, European Society of Cardiology Systematic Coronary Risk Evaluation; FRS, Framingham Risk Score;
GRACE, Global Registry of Acute Coronary Events 6-month postdischarge score; HR, heart rate; PROCAM, Prospective Cardiovascular Münster score; TIMI,
Thrombolysis In Myocardial Infarction.
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Figure 4. Visualization of the correlation between the percentile ranking according to the HNR study and the different risk scores. Patients without CAC are
excluded from this analysis. CAC, coronary artery calcification; ESC SCORE, European Society of Cardiology Systematic Coronary Risk Evaluation; GRACE,
Global Registry of Acute Coronary Events 6-months post discharge score; HNR, Heinz Nixdorf Recall; HR, heart rate; PROCAM, Prospective Cardiovascular
Münster score; TIMI, Thrombolysis In Myocardial Infarction.

τ= 0.21; modified GRACE score, τ = 0.23; PROCAM score,
τ=−0.12; Framingham score, τ=−0.18; ESC SCORE,
τ= 0 (Figure 4). Only the GRACE score (P = 0.04) and
the modified GRACE score (P = 0.02) were significantly
correlated with the percentile groups in this subset.

Correlation Between Calcium Scores or Risk Scores
and Stenotic Coronary Artery Disease

There were no major adverse cardiac and cerebrovascular
events observed during index stay. Two individuals
underwent PCI, and in 3 cases a CABG was performed.
When comparing the different risk scores or CS with those
patients receiving coronary intervention (either PCI or
CABG), only the CS significantly discriminated between
those with and without stenosis (P < 0.01). There was
no significant association for the GRACE score (P = 0.90),
modified GRACE score (P = 0.23), TIMI score (P = 0.28),
ESC SCORE (P = 0.90), Framingham score (P = 0.31), or
PROCAM score (P = 0.23).

Discussion
The management of acute chest pain is still one of the
hallmark entities for emergency physicians worldwide. The
implementation of CPUs has improved the standard of care;
however, timely and correct risk stratification of potential

ACS patients remains challenging.9,27 Several professional
societies, including the German Cardiac Society (GCS)
and the Society of Cardiovascular Patient Care (SCPC),
recommend the regular use of risk scoring to identify
those patients where inpatient admission might not be
beneficial.4,9,16

In our study, common risk-scoring systems were tested
in patients with new-onset AF (paroxysmal or persistent),
atypical chest pain, and an intermediate pretest probability
for CAD evaluated at a specialized CPU. Scoring included
the TIMI risk score, GRACE score (including a modified
GRACE score normalized for heart rate), PROCAM score,
Framingham risk score, and ESC SCORE and was correlated
to CAC burden measured by CCT. The Agatston score has
been developed in an attempt to reflect a marker for the
quantity and location of CAC within the coronary-artery
circulation and has attracted a considerable body of research
and clinical attention with further imaging improvements
over recent years.8,12–14,19 In contrast to cardiac stress
testing, the determination of the CS aims to directly estimate
coronary-plaque severity, suggesting that increasing CS is
associated with an increasing likelihood for obstructive
lesions.28,29 A CS score of zero is thought to virtually
exclude relevant CAD, even in chest-pain patients with a
low to intermediate pretest probability demonstrating a high
negative predictive value for ACS in this population.30,31

162 Clin. Cardiol. 39, 3, 157–164 (2016)
F Breuckmann et al. AF within the CPU concept
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22506 © 2016 Wiley Periodicals, Inc.



Correlations between the different risk scores were low
and best between TIMI, GRACE, and modified GRACE
scores. Simultaneously, we found only limited correlations
between each of the scores tested and the CAC burden in
CCT. Only our model of a modified GRACE score showed
statistically significant correlations with the CAC burden
and percentile ranking. Prior studies investigating perfusion
deficits in atrial branches of the coronary-artery system
demonstrated that CAD is an independent predictor for the
development of AF, regardless of whether it originated from
the left or right coronary system.32 By looking at the in-
hospital revascularization rates in our cohort, only the CS
was found suitable to discriminate between those patients
with and without an obstructive lesion. As a result, when
proposing that CAC is a predictor for cardiac events and may
also serve as an indicator for obstructive CAD, one might
argue that the conventional risk scores may not be probate
and/or sufficient in this AF subset presenting to a CPU.
However, adequate scoring is crucial when looking at the
CAD prevalence of up to 1% in the general population and a
proportion of AF patients admitted to a CPU of up to 10%.7

So far, studies mainly focused on high-sensitivity tro-
ponins or C-reactive protein for optimizing risk stratifica-
tion beyond the common risk scores have shown limited
success.33–35 By contrast, our current data support the
assumption that additional CCT evaluation may be benefi-
cial and more accurate than conventional risk-assessment
tools and may improve the diagnostic workflow in this
cohort.36 Even though overall CS percentile distribution in
our cohort showed a relative accordance with the percentile
distribution resulting from the unselected population-based
HNR study population, the quantification of CAC burden is
particularly valuable in that respect that we found zero CS
in about a quarter of the patients and high to very high CS
in another quarter.20,37

Although in our study coronary angiography as gold
standard for determining obstructive CAD was not
performed, based on the available studies we propose that a
zero CS score may be useful to identify a subset of patients
with AF and symptoms suggestive of ACS who may not
require hospitalization or other advanced diagnostic testing.
In patients with high (>400) or very high (>1000) CAC
burden, the percentage of positive patients appears to be
higher than anticipated and higher than previously reported
within a population-based approach, thereby favoring
further inpatient care and potential invasive management
in this subgroup identified as on a higher risk level than
initially predicted.13 The fact that high CS was associated
with a higher revascularization rate strongly supports that
assumption. At the same time, patients may profit from
atherosclerotic disease quantification allowing more intense
risk-factor modification. On the other hand, ruling out
relevant CAD may also be helpful in choosing potential
drugs for antiarrhythmic therapy, particularly when the use
of class I antiarrhythmic drugs is considered.38,39

Study Limitations

Data are based on a retrospective, single-center, observa-
tional study without case–control matching with inherent
limitations only. The study struggles with small sample size

as a major limitation. Even though modern multislice volume
scanners can handle imaging in AF patients, most centers
with ‘‘common’’ CTs still struggle with a limited diagnostic
accuracy due to irregular R-R intervals. Therefore, we only
included patients with first onset of AF with spontaneous
or medical/electrical cardioversion, thus the large group
of patients with persisting AF was excluded. With respect
to scoring, retrospective assessment of the different scores
was performed on basis of the documentation at admission
only. It must be stressed that ultimately, regardless of the
risk-assessment tool used, risk stratification is a dynamic,
ongoing process and should be reassessed periodically from
initial presentation to discharge. With respect to revascular-
ization, the level of significance may be altered by selection
bias, as patients with high and very high CS were more
likely to undergo invasive diagnostics. For the same reason,
negative predictive values for a zero CS score cannot be
provided. Additionally and most notably, the current study
lacks long-term follow-up data, which would have provided
more conclusive information on outcomes.

Conclusion
All common risk scores used in the study showed relatively
low correlations with the CAC burden, with best perfor-
mance from a modified GRACE score with exclusion of
heart rate. Only the CS significantly discriminated between
patients with and without coronary stenosis. In that decisive
point, all common risk scores, including both the GRACE
and the modified GRACE score, failed in our cohort. In
scope of the potential ischemic trigger of AF in patients with
atypical chest pain and an intermediate pretest likelihood of
CAD, our data lead to the suggestion that the determination
of CAC burden serves as an independent surrogate marker
in risk stratification and should be considered within
routine diagnostic workup in this commonly encountered
subset within the CPU concept. However, as the role of CAC
screening is still a matter of debate and posthospitalization
outcome data are not available, this clinical implication
remains speculative at this time and may also be improved
by adjunct novel biomarker assessment.40
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