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About Us The cardiology department of the
Heidelberg University Hospital is a tertiary refer-
ral center covering a population of 500,000
inhabitants with almost 12,000 hospitalized cases
per year and more than annual 68,000 outpatient
visits.

The Chest Pain Unit, part of the internal medi-
cine Emergency Department, is visited by almost
9000 patients/year, with 1300 undergoing an
evaluation for suspected acute coronary syn-
drome (ACS).

The department provides interventional and
noninvasive services. The interventional spec-
trum includes more than 9000 coronary angiog-
raphies, >4000 PCI, >350 TAVI, 100 MitraClip,
and >400 peripheral interventions of arteries and
veins.

Noninvasive imaging includes cardiac MRI
including stress MRI and contrast MR angi-
ography, cardiac CT, and full spectrum of
2/3-D echocardiography and transoesophageal
echocardiography.

Other services provided include implantations
of pacemaker, ICD, CRT-P/D, complex EP stud-
ies, RF, and cryoablation procedures.

There are several active research groups with
a focus on molecular genetics, epigenetics, and
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omics-based technologies, with a particular inter-
est on genetic cardiomyopathies. Research activi-
ties are also on diagnosis and management of
ACS, and cardiac imaging with MRI/CT.

Introduction

e The number of patients presenting with chest
pain to emergency departments is increasing
exponentially whereas numbers of patients
with unstable angina or confirmed myocardial
infarction (MI) remain stable or are even
declining over the past two decades [1]. The
rush to emergency departments of patients
who present with chest pain leads to crowding
and dissatisfaction of both medical staff and
patients [2, 3].

e In order to provide an accurate diagnosis
ensuring timely and appropriate treatment or
discharge to avoid unnecessary hospitaliza-
tion, clinical assessment to establish a work-
ing diagnosis is paramount.

* However, in patients presenting with suspected
MI to the emergency department, the diagnos-
tic performance of chest pain characteristics
for MI is limited [4-7]. Atypical complaints
are more often observed in the elderly, in
women, and in patients with diabetes, chronic
renal disease, or dementia. Atypical presenta-
tions include epigastric pain, indigestion-like
symptoms, and isolated dyspnea.
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For this reason the 2015 European Society of
Cardiology (ESC) guidelines [8] recommend
that in patients with suspected non ST-
elevation-acute coronary syndromes (NSTE-
ACS), diagnosis of ACS should be based on a
combination of clinical history, symptoms,
physical findings, ECG, and biomarkers, pref-
erentially cardiac troponin I or T.

Although diagnostic algorithms are based on
biomarker measurements, ECG, and clinical
assessment, guidelines can vary widely across
continents and even within Europe.

Chest Pain Assessment

The dilemma starts with the limited ability of
chest pain characteristics alone to predict the
presence of obstructive coronary artery dis-
ease (CAD). Therefore, classical prediction
rules or more refined rules, such as the modi-
fied Diamond Forrest rule [9] recommended
by the ESC [8], include age, gender, and other
risk factors for assessment of pretest
probability.

The classification of angina into typical
angina, atypical angina, or non-anginal chest
pain is old and standardized to an insensitive
reference for MI (World Health Organization—
WHO—definition). At that time, chest pain
duration of 20 min or more at rest was found
to be associated with NSTEMI [10].

Typical angina was diagnosed in the pres-
ence of substernal chest pain, occurring dur-
ing exercise and relieved following rest. If
only two criteria are applied the chest pain
was labeled as atypical, and in the presence
of one or none of the three criteria symp-
toms were classified as non-anginal chest
pain.

Historically, unstable angina was further
subclassified using the Braunwald classifi-
cation scheme that had been prospectively
validated for short-term outcomes [11]. In

the troponin era, atypical features do not
exclude ACS [12].

The relief of chest pain with nitroglycerin is
not predictive of ACS [13]. Conversely the
relief of chest pain by antacids, anticholiner-
gic drugs, or lidocaine-containing agents does
not predict the absence of ACS [14].

Using cardiac troponins in the context of a
Universal MI definition instead of the WHO
definition of MI changed the spectrum of ACS
with increasing numbers of NSTEMI while
numbers of unstable angina declined [15].
Using more sensitive and cardio-specific tro-
ponins improved detection of patients with
atypical presentations.

Women, elderly, younger patients, and patients
with diabetes mellitus have been reported to
present with atypical presentations. Chest pain
is decreasing with increasing age and dyspnea
becomes more prevalent in the elderly [16].
Dyspnea is associated with acute heart failure
and indicates a higher mortality rate [17].
More recent data suggest that at least five
chest pain characteristics are very similar
between men and women [18]. Rubini-
Gimenez et al. [18] evaluated the predictive
ability of 34 chest pain characteristics to pre-
dict the likelihood for an adjudicated diagno-
sis of MI in 2475 consecutive patients with
suspected ACS. Interestingly, chest pain char-
acteristics were not very helpful to predict
final MI. In particular, there were only five
chest pain characteristics that significantly
decreased the likelihood of the diagnosis of
AMI, with similar likelihood in women and
men. These characteristics included stabbing
pain; aggravation of the pain by breathing,
movement, or palpation; pain located in the
left side of the chest and infra-mammillary
pain; pain without radiation; and pain duration
of less than 2 min.

An updated definition of angina and classifi-
cation of chest pain established from findings
of numerous trials is shown in Table 2.1.
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Table 2.1 Definition of angina and classification of chest

pain [4]
Finding Definition
Typical Substernal discomfort
angina Precipitated by exertion

Improved with rest or nitroglycerin (or
both) in less than 10 min (many patients
also report radiation to shoulders, jaw,
or inner arm)

Atypical Substernal discomfort with atypical
angina features

Nitroglycerin not always effective
Inconsistent precipitating factors
Relieved after 15-20 min of rest

Non- Pain unrelated to activity

anginal Unrelieved by nitroglycerin

chest pain | Otherwise not suggestive of angina

Differential Diagnoses of Chest Pain

* Assessment and interpretation of clinical
symptoms require clinical expertise as some
differential diagnoses of chest pain may be
life threatening.

e The “Big Five” include:

— Acute myocardial infarction (AMI)

— Aortic dissection

— Pulmonary embolism

— Tension pneumothorax

— Boerhaave syndrome (mediastinitis follow-
ing esophageal rupture)

* A multitude of benign differential diagnoses
have to be considered as well. These differen-
tial diagnoses include:

— Cardiac

— Vascular

— Gastrointestinal

— Orthopedic causes [8]

* In some cases the clinical picture may be
straightforward but sometimes symptoms and
clinical signs are equivocal or absent.

Therefore, cardiac imaging and testing for

noncardiac acute conditions have been recom-

mended for the workup and differential diag-

noses of chest pain patients (see Table 2.2).

These imaging modalities include:

— Cardiac computed tomography (CT)

— Echocardiography

— X-ray

— Cardiac magnetic resonance (CMR)

— Various stress imaging tests

— Laboratory testing [8, 19, 20]

In order to differentiate an acute from a

chronic troponin elevation, serial troponin

measurements are mandatory, with few excep-

tions, to disclose a rise and/or fall of troponin.

In addition, the diagnosis of MI according to

the 3rd version of the Universal MI defini-

tion [21] requires the presence of myocardial

ischemia as the reason of myocardial necrosis.

Therefore, interpretation of troponin values

cannot be made in isolations, and elevated tro-

ponin in the absence of a significant obstruc-

tion should not be labeled false positive but

should be interpreted in the appropriate clini-

cal context.

Differential diagnoses with regard to elevated

troponin include an almost endless list of car-

diac, noncoronary but also extra-cardiac dis-

orders [22].

Reasons for acute troponin elevations should

also include:

— Acute myocarditis

— Aortic dissection

— Acute pulmonary embolism

— Stress cardiomyopathy (Tako Tsubo)

— Heart failure

— Structural heart disease, e.g., aortic
stenosis

— Hypertensive emergencies and atrial
tachyarrhythmias [22]
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Table 2.2 Overview of selected guideline recommendations

Variable NICE 2014 [19] ACC/AHA 2014 [20] ESC 2015 [8]

ECG 12-lead immediately 12-lead immediately 12-lead immediately
Preferred Cardiac troponin Cardiac troponin Cardiac troponin
biomarker At presentation At presentation At presentation

Baseline

measurement

Standard protocol | 10-12 h after onset of 3-6 h after symptom onset | 3 h after admission if hsTn
for repeat symptoms available

measurement

Serial change
criteria

At least one value above the
99th percentile

If ¢Tn below or close to
99th percentile:

Change >3 standard
deviations

If ¢Tn >99th percentile:
increase or decrease >20%

If hsTn <99th percentile:
increase by >50% of ULN
(e.g., 7 ng/L for hsTnT)

If ¢Tn >99th percentile:
increase or decrease >20%

Early rule-out
protocols:

Recommended

Not recommended

Recommended (except in
patients presenting very early,
i.e., within 1 h from chest
pain onset, then second
cardiac troponin level should
be obtained at 3 h

Option A

Presentation and 3 h if hsTnT
or hsTnl (Abbott architect)
available

hsTn not available

1-h rule-out if hsTnT or
hsTnl (Abbott Architect)
available

Option B

2 h ADP together with TIMI
score and ECG

Option C

Instant if normal cTn (<99th
percentile but >limit of
detection) and copeptin <95%
percentile

Specific
recommendations
with hsTn cutoff:
hsTnT

99th percentile cutoff, i.e.,
14 ng/LL

99th percentile cutoff

99th percentile cutoff, for 1-h
rule-out <12 ng/L and delta
<3 ng/L

hsTnl (Abbott

99th percentile 26.2 ng/L

99th percentile, for 1-h

Architect) Sex-specific cutoff: rule-out <5 ng/L and delta
34.2 ng/L for men and 0-1h <2 ng/L
15.6 ng/L for women

Clinical risk score | General: Undifferentiated chest General:

recommendation

Prediction of 6-month
mortality such as GRACE
score

pain (including
discomfort, pressure, and
squeezing):

TIMI risk score
PURSUIT score
GRACE score
NCDR-ACTION
Chest pain:

Sanchis score
Vancouver rule
HEART score
HEARTS; score
Hess prediction rule

GRACE score, preferentially
over TIMI risk score
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Table 2.2 (continued)

Variable NICE 2014 [19] ACC/AHA 2014 [20] ESC 2015 [8]

Management General: Stabilized high-risk General:

Invasive: Offer coronary angiography patient: Immediate invasive strategy
(with follow-on PCI if Early invasive strategy (<2 h): Paralleling the
indicated) within 96 h of first within 24 h of admission STEMI pathway, this strategy
admission to hospital to (preferred) or delayed should be undertaken for
patients who have an invasive strategy within patients with ongoing
intermediate or higher risk of 25-72h ischemia, characterized by at
adverse cardiovascular events Not high/intermediate risk: | least one very-high-risk
(predicted 6-month mortality delayed invasive approach | criterion
above 3.0%) is reasonable Early invasive strategy

(<24 h): patients qualify if
they have at least one
high-risk criterion

Invasive strategy (<72 h):
maximal delay for coronary
angiography in patients
without recurrence of
symptoms but with at least
one intermediate-risk
criterion

Conservative: Offer conservative Extensive comorbidities In low-risk patients, a
management without early Acute chest pain and a low | noninvasive stress test
coronary angiography to likelihood of ACS who are | (preferably with imaging) for
patients with a low risk of troponin negative, inducible ischemia is
adverse cardiovascular events | especially women recommended before
(predicted 6-month mortality deciding on an invasive
3.0% or less) strategy

Selective: Offer coronary angiography Ischemia-guided strategy Patients with no recurrence of
(with follow-on PCI if may be considered for chest pain, no signs of heart
indicated) to patients initially patients with NSTE-ACS failure, no abnormalities in
assessed to be at low risk of (without serious the initial or subsequent
adverse cardiovascular events comorbidities or ECG, and no increase in
(predicted 6-month mortality contraindications to this (preferably high-sensitivity)
3.0% or less) if ischemia is approach) who have an cardiac troponin level are at
subsequently experienced or is | elevated risk for clinical low risk of subsequent CV
demonstrated by ischemia events events
testing In this setting, a noninvasive

stress test (preferably with
imaging) for inducible
ischemia is recommended
before deciding on an
invasive strategy

Discharge Non-high risk: Possible ACS who have Unstable angina: Regular

recommendations | To detect and quantify normal serial ECGs and ward or discharge, no rhythm

inducible ischemia, consider
ischemia testing before
discharge for patients whose
condition has been managed
conservatively and who have
not had coronary angiography

cardiac troponins:
Treadmill ECG, stress
myocardial perfusion
imaging, or stress
echocardiography before
discharge or within 72 h
after discharge

monitoring

(continued)
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Table 2.2 (continued)

Variable

NICE 2014 [19]

ACC/AHA 2014 [20]

ESC 2015 [8]

Cardiac imaging

Echocardiography and
coronary CT

Possible ACS and a
normal ECG, normal
cardiac troponins, and no
history of CAD:

Coronary CT angiography
to assess coronary artery

Echocardiography, X-ray, CT,

CMR

Stress imaging is preferred
over exercise ECG due to its
greater diagnostic accuracy

anatomy, or rest
myocardial perfusion
imaging with technetium-
99m to assess coronary
artery anatomy, or to
exclude myocardial
ischemia

Key: ¢Tn cardiac troponin, hsTn high-sensitivity troponin, AsTnT high-sensitivity troponin T, AsTnl high-sensitivity
troponin I, ULN upper limit of normal, ADP adenosine diphosphate, 7/MI thrombolysis in myocardial infarction, ACS
acute coronary syndrome, CT computed tomography, ECG electrocardiogram, NSTE non-ST elevation, CV cardiovas-
cular, CMR cardiac magnetic resonance, CAD coronary artery disease

Clinical Scores
Acute Coronary Syndrome

* A number of risk-scoring systems have been
developed to predict short- and medium-term
outcome in patients with acute coronary
syndromes [23-25]. Many of these risk-scor-
ing systems were derived from clinical trial
populations, which generally excluded the
highest risk patients.

e Other risk scores were derived from large
patient databases in an attempt to model a
more representative ACS population with a
broader spectrum of risk.

* Most of the risk scores include ECG signs of
myocardial ischemia and cardiac biomarkers
of necrosis, as well as other clinical features at
presentation.

e In NSTE-ACS, quantitative assessment of isch-
emic risk by means of scores is superior to the
clinical assessment. There are numerous clinical
scores that have been established in different
populations. Endpoints and duration of follow-up
as well as performance of the scores vary widely.

e The GRACE risk score [26] provides the most
accurate stratification of risk both on admis-
sion and at discharge, and has been validated
in prospective registries on patients with acute
coronary syndrome [8, 27].

The TIMI risk score is simple to use and has
also been validated in several clinical trials
[28, 29]. Its discriminative accuracy is inferior
to that of the GRACE risk score and the
GRACE 2.0 risk calculation [8].

More recently the HEART score has been
established and validated prospectively [30,
31]. An overview on the different multivari-
able clinical scores is given in Table 2.2.

The usefulness of clinical scores is to estimate
increased individual risk and accordingly
guide need and timing of coronary angiogra-
phy and coronary intervention [27], or as a
tool to identify a low-risk patient who might
be safely discharged after rule-out of MI [24].

Prediction of Cardiovascular
Disease Risk in Individuals Without
Known CVD

In all individuals without known cardiovascu-
lar disease (CVD), several risk scores have
been developed to estimate the risk of CVD
including the Framingham score(s), the
PROCAM score, and more recently the ESC-
score [32-41].

There are several review articles providing a
critical overview of an incomplete number of
available risk scores with advantages and limi-
tations [32, 33].
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e Briefly, the Framingham Risk Score is a

gender-specific algorithm used to estimate the

10-year cardiovascular risk of an individual

[34]. The Framingham Risk Score was first

developed based on the data obtained from the

Framingham Heart Study, to estimate the

10-year risk of developing coronary heart

disease.

The ESC-SCORE is a cardiovascular disease

risk assessment and management tool devel-

oped by the European Society of Cardiology,
using data from 12 European cohort studies

(N = 205,178) covering a wide geographic

spread of countries at different levels of car-

diovascular risks [35]. The score includes gen-
der, age, smoking, systolic blood pressure,
and total cholesterol as risk factors, and esti-
mates fatal cardiovascular disease events over

a 10-year period.

The SCORE data contains some three million

person-years of observation and 7934 fatal

cardiovascular events. Three different formats
have been developed including:

— A Web-based version, offering graphical
display of absolute CVD risk, including
relative risk for younger patients, patient
data history, and progress monitoring

— A downloadable PC version since 2008

— A quick calculator

In the USA, the American Heart Association

(AHA) and the American College of

Cardiology (ACC) introduced a new athero-

sclerotic cardiovascular disease (ASCVD)

risk score in the year 2013 to guide ASCVD

risk-reducing therapy [36].

The ideal target populations to estimate the

10-year risk of ASCVD events are non-

Hispanic African-American and non-His-

panic white men and women from 40 to

79 years of age.

10-year risk was defined as the risk of develop-

ing a first ASCVD event, defined as nonfatal

myocardial infarction or coronary heart dis-
ease (CHD) death or fatal or nonfatal stroke.

The recommendation to calculate 30-year or

lifetime risk for ASCVD events is weak [36].

The Joint British Societies rather recommend

use of the JBS3 score as a risk calculator pro-

vided conveniently on an smartphone “app”
that intends to help healthcare practitioners
to better illustrate the risk of CVD and the
gains that can be made from interventions
such as reducing blood pressure, or stopping
smoking [37].

In contrast to other scores, the JBS3 score
extends estimation of CVD risk over a lifetime
and considers death from competing diseases
such as cancer.

This risk calculator is based on the concept
that early lifestyle interventions and drug
treatment can decrease or slow down CVD
and thereby the risk of future CVD events.
Therefore, it is recommended to estimate both
10-year risk and lifetime risk of CVD in all
individuals, except for those with existing
CVD or certain high-risk diseases, i.e., diabe-
tes age >40 years, patients with chronic kid-
ney disease (CKD) stages 3-5, or familial
hypercholesterolemia.

Although this score is still relatively new for
the medical community, particularly outside
the UK, it has been applied by the insurance
industry for many years to determine appro-
priate levels of insurance premium risk over a
lifetime to help inform prevention strategies
with lifestyle changes (interventions) and,
where necessary, drug therapy.

JBS3 includes estimation of the widely used
10-year risk estimation, as previously recom-
mended in JBS2, but now extends this to
include CVD risk over a lifetime.

Another risk score for estimation of CVD that
is recommended in the UK by the National
Institute for Health and Care Excellence
(NICE) guidelines instead of the Framingham
Risk Score [38] is the QRISK?2 [39].

The most recent version of QRISK is a predic-
tion algorithm for cardiovascular disease
(CVD) that—in analogy to the Framingham
Risk Score—includes traditional risk factors
(age, systolic blood pressure, smoking status,
and ratio of total serum cholesterol to high-
density lipoprotein cholesterol).

However, the QRISK also includes body mass
index, family history of cardiovascular dis-
ease, chronic kidney failure, rheumatoid
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arthritis, atrial fibrillation, social deprivation
(Townsend score), and use of antihypertensive
treatment.

QRISK excludes patients with a preexisting
diagnosis of diabetes and does not include
electrocardiogram assessment of left ventricu-
lar hypertrophy. The second version also
accounts for statin use and a method to adjust
for missing data. The algorithm has been vali-
dated using an external dataset [40, 41].
QRISK has also been developed further to
estimate individualized lifetime risk of cardio-
vascular disease [42].

High-Sensitivity Troponins

Several years ago manufacturers started to
develop novel high-sensitivity generations of
cardiac troponin (cTn) assays in order to com-
ply with the precision criteria of the 2000
ESC/ACC consensus document on the redefi-
nition of myocardial infarction [43].

It has been proposed that a ¢Tn assay should
be designated as a “high-sensitivity” assay if
cTn can be measured in at least 50% of healthy
individuals, in order to ensure a high clinical
sensitivity [44].

These high-sensitivity assays are character-
ized by a substantially higher analytical sensi-
tivity than conventional sensitive assays,
allowing the measurement of c¢Tn in ng/L,
rather than microgram/L [45].

The more sensitive high-sensitivity troponin
(hsTn) assays differ regarding their analytical
characteristics. In direct comparison, 19 cTn
assays were found to show very heterogenous
analytical characteristics regarding the 99th
percentile value and their analytical sensitiv-
ity, as reflected by the proportion of detectable
cTn concentrations in a healthy reference pop-
ulation [46].

Whether the clinical performance of the dif-
ferent hsTn assays is similar is unsettled as
yet only a few studies have directly com-
pared hscTn assays head to head for the
detection of reversible ischemia, diagnosis,
and prognosis.

* The key differentiating feature of hsTn assays,

when compared to the conventional sensitive
c¢Tn assays, is not apparent at higher values
but is restricted to the area around the 99th
percentile cutoff.

The clinical interpretation of hsTn concentra-
tions in this range is challenging, but impor-
tant, as most of the increased sensitivity for
the detection of myocardial injury is at the low
concentration level.

In clinical routine, there is substantial evi-
dence that the use of more sensitive cTn assays
enables more accurate and earlier detection of
myocardial  infarction  (MI) [47-50].
Numerous trials [49, 50] and a recent meta-
analysis [51] now provide substantial evi-
dence that high-sensitivity assays, using the
99th percentile as the threshold for positivity,
can achieve sensitivity at presentation of 90%
or more.

A higher analytical sensitivity changes the
spectrum of ACS, as hsTn assays used at lower
thresholds increase the incidence of non-ST-
segment elevation myocardial infarction
(NSTEMI), particularly small MI, that would
have been mislabeled as unstable angina (UA)
[52, 53].

Maximizing early sensitivity results in some loss
of clinical specificity [22]. Thus, lowering the
diagnostic cutoff increases the number of patients
with analytically true cTn elevations that are
related to myocardial injury, but not to ML
Compared to conventional sensitive assays,
the prevalence of detectable and elevated cTn
values increases with the use of hsTn assays in
various study populations, including patients
with acute [54] or chronic heart failure [55—
57], and stable CAD [58], and in general pop-
ulations of middle-aged individuals [59-61],
and patients with structural heart disease are
identified at earlier clinical stages [55, 62].
Not uncommonly, patients with suspected
ACS may present with symptoms other than
typical chest pain. Therefore, the diagnosis
may be uncertain in many patients who require
strategies to overcome the loss of clinical
specificity. Such strategies to increase the
clinical specificity without a loss of sensitivity
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include a strict adherence to the Universal MI
definition, use of recommended cutoffs, and
relevant concentration change in serial
testing.

A working group of the ESC [45] recom-
mends, by consensus, an increase of >50% of
the 99th percentile value if the baseline value
lies below the 99th percentile and the second
value exceeds the 99th percentile.

In cases where the initial cTn value is already
above the 99th percentile value, an increase of
only 20% on the second sample is necessary
to diagnose NSTEMI [45].

The most recent achievement with biomarker
testing is the implementation of hsTn assays,
instead of the conventional, less sensitive tropo-
nin assays, in patients with suspected ACS [8].
The higher analytical sensitivity and precision
of the more sensitive assays have facilitated an
earlier and more accurate detection of
NSTEMI [47-50]. Accordingly, recent ESC
guidelines [8] recommend the use of hsTn
assays with a second sample after 3 h, or
optionally after 6 h, in order to rule out
NSTEMI earlier than with standard cardiac
troponin (cTn) assays.

As an alternative, a 1-h diagnostic protocol
can be used if validated hsTn assays are avail-
able, a 2-h accelerated diagnostic protocol
with ¢Tn, or an instant rule-out using a single
hsTn with a cutoff at the limit of detection
(LoD), or a combination of a normal ¢cTn or
hsTn together with a normal copeptin.

An overview on differences regarding diagno-
sis, risk estimation, and management of ACS
without ST-segment elevation across guide-
lines, i.e., NICE 2014 [19] versus ACC/AHA
2014 [20] versus ESC 2015 [8], is provided in
Table 2.2.
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