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About Us The Robert Bosch Hospital is a chari-
table hospital in Stuttgart, Germany. It was
founded by Robert Bosch in 1936. The hospital is
supported by the Robert Bosch Foundation. The
Department of Cardiology is part of the Center of
Cardiovascular Medicine, which also includes
the Department of Cardiac and Vascular Surgery.
Noninvasive imaging is an essential aspect
of managing cardiac patients and nuclear medi-
cine examinations, echocardiography, magnetic
resonance imaging, and computed tomography
are performed frequently in the department.
Treatment of stable and unstable coronary heart
disease is frequently performed (800 PCI and
more than 900 bypass operations per year).
Indications for revascularization in stable patients
with coronary heart disease are based on the
results of ischemia testing.

Why Noninvasive Imaging
in Coronary Heart Disease?

e Coronary heart disease (CHD) continues to be
the most frequent cause of death in Western
countries and attempts at reducing the death
toll lead to high expenses for healthcare
systems.
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e Testing including noninvasive imaging is fre-
quently performed in order to detect the presence
of stenotic atherosclerotic disease of the coro-
nary arteries which is thought to be the harbinger
of doom. Early noninvasive detection is felt to be
the optimal way of selecting patients who might
benefit from subsequent coronary angiography.

e Ultimately, the aim is early intervention in the
form of coronary revascularization in addition
to medical therapy, with the expectation of
relieving suffering and improving prognosis.
Current European and US guidelines support
this approach [1-3].

Do All Patients with Angina Have
to Undergo Some Form

of Preselection Testing Before
Invasive Coronary Angiography?

e Some form of preselection testing in patients
with stable coronary artery disease before
invasive coronary angiography (ICA) makes
sense in order to keep the number of normal
coronary angiograms low.

* However, patients with severe angina and a high
clinical likelihood of severe disease (clustering
of risk factors, reduced ejection fraction) may
and should undergo invasive coronary angiogra-
phy without hesitation. This is certainly also
true for patients with known coronary artery
disease and such clinical features [1, 2].
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Patients with angina who have acute coronary
syndromes (ACS) are usually sent for ICA
based on current guidelines [4, 5]. However,
stress imaging is also recommended before
ICA in low-risk ACS patients (no troponin, no
ECG changes) in order to confirm the diagno-
sis and perform risk stratification. In such
patients stress imaging is preferred over stress
ECG due to its better diagnostic performance.
High-risk patients are sent to ICA [4].

Is the Stress ECG Completely
Useless?

In many situations the stress ECG is still an

easy, cheap, and appropriate way of excluding

relevant CHD. The following requirements

need to be fulfilled:

— Pretest probability for the presence of ste-
notic CHD should be reasonably low

(below 50-60%). This excludes male
patients and female patients older than
60 years with typical (retrosternal, elicited
by exercise, stopped by rest or nitroglyc-
erin) angina (see Table 3.1).

— The 12-lead resting ECG should be inter-
pretable (no ST-segment depression
>1 mm, no bundle branch block, no pace-
maker ECG).

— Patients should be able to exercise ade-
quately and reach 85% of target heart rate
during exercise (i.e., 220 — age).

e These points pertain only to the diagnostic

qualities of the exercise ECG not to its prog-
nostic capabilities: irrespective of pretest
probability and findings on the resting ECG,
prognosis is generally good in a patient who is
able to exercise to a high level of metabolic
equivalents of task (METs) without angina
(Duke treadmill score [6]).

Table 3.1 Clinical pretest probabilities in patients with stable chest pain symptoms

Typical angina Atypical angina Non-anginal pain
Age Men Women Men Women Men Women
30-39 59 28 29 10 18 5
40-49 69 37 38 14 25 8
50-59 77 47 49 20 34 12
60-69 84 58 58 28 44 17
70-79 68 69 37 54 24
>80 76 78 47 65 32

ECG electrocardiogram, PTP pretest probability, SCAD stable coronary artery disease
 Probabilities of obstructive coronary disease shown reflect the estimates for patients aged 35, 45, 55, 65, 75, and

85 years

e Groups in white boxes have a PTP <15% and hence can be managed without further testing

* Groups in blue boxes have a PTP of 15-65%. They could have an exercise ECG if feasible as the initial test. However,
if local expertise and availability permit a noninvasive imaging-based test for ischemia this would be preferable given
the superior diagnostic capabilities of such tests. In young patients radiation issues should be considered

* Groups in light red boxes have PTPs between 66 and 85% and hence should have a noninvasive imaging functional

test for making a diagnosis of SCAD

e In groups in dark red boxes the PTP is >85% and one can assume that SCAD is present. They need risk stratification

only

Eur Heart J 2013;34:2949-3003 with permission of the publisher

Reproduced from Montalescot G et al. - 2013 ESC guidelines on the management of stable coronary artery disease.
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How to Select Patients
for Noninvasive Stress Imaging?

would miss many patients who might profit
from an invasive procedure.

Irrespective of pretest probability, stress imag-
ing has a higher diagnostic accuracy than the
stress ECG. The main difference is the higher
sensitivity of stress imaging.

However, there is one caveat: the low sen-
sitivity of the stress ECG was reported in
studies compensating for referral bias (this
is the effect of preferentially including
patients with abnormal stress ECGs into
angiographic verification studies and under-
representation of patients with normal stress
ECGs in such studies which leads to overes-
timation of sensitivity and underestimation
of specificity) [7].

In contrast to the stress ECG, some stress
imaging studies may not be entirely free from
referral bias (at least it is often not mentioned
that referral bias was systematically excluded),
which would also lead to overestimation of
sensitivity of these tests at the cost of
specificity.

However, a recent cardiac magnetic resonance
(CMR) study in which all patients irrespective
of the result of CMR were rigorously also
studied by coronary angiography (exclusion
of referral bias) confirmed the high sensitivity
of this imaging technique while specificity
was maintained above 80% [8].
Single-photon-emission computed tomogra-
phy (SPECT) perfusion imaging which was
used for comparison in this study showed a
sensitivity of only 67% (still above the sensi-
tivity of the stress ECG) but specificity was at
83% similar to CMR. The low sensitivity of
SPECT in this study without referral bias
would support the argument that some of the
stress imaging studies reported somewhat too
high sensitivity values.

The higher sensitivity of stress imaging is the
argument for selecting one of these diagnostic
procedures in patients who have an intermedi-
ate to high pretest probability [1, 2]. If the
probability of having a flow-limiting coronary
stenosis is already high based on sex, age, and
angina typicality a low-sensitivity technique

Other advantages of stress imaging as com-
pared to the exercise ECG are the ability to
quantify and localize areas of ischemia and
the ability to provide diagnostic information
even in the presence of resting ECG
abnormalities.

Another important clinical reason for select-
ing stress imaging is the high diagnostic accu-
racy of pharmacologic stress testing. This
makes this form of stress imaging ideally
suited for patients who are too old or physi-
cally incapable of performing physical stress
up to an adequate level.

However, exercise testing better reflects the
physical capacities of the patient and higher
levels of stress can be achieved in many
patients when exercise is used to provoke
ischemia. One also gets a better impression
about the level of exercise that provokes
angina in daily life plus additional informa-
tion from the ECG that is always registered
simultaneously.

Therefore, exercise stress testing in combina-
tion with imaging is preferred (if possible)
over pharmacological stress testing alone
although the reported sensitivities and speci-
ficities are similar.

Finally, stress imaging is the first choice in
patients with previous percutaneous coronary
intervention (PCI) or coronary artery bypass
grafting (CABG), who often have preexisting
ECG abnormalities and in whom the diagno-
sis of CAD is already known.

On a more general note, the superior ability of
stress imaging, compared with the exercise
ECG, to localize and quantify ischemia also
translates into more effective risk stratifica-
tion, thus avoiding unnecessary invasive pro-
cedures [9]. This is why the 2013 ESC
guidelines on the management of patients
with stable coronary artery disease [1] recom-
mend stress imaging as the first-line technique
and the stress ECG only if imaging techniques
are not available or too expensive.

Stress imaging is also ideally suited to confirm
or exclude ischemia in the perfusion bed of
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angiographically seen intermediate coronary
lesions (if fractional flow reserve—FFR—was
not performed immediately). Ischemia associ-
ated with such lesions may be predictive of
future events whereas the absence of ischemia
can be used to define—and reassure—patients
with a low cardiac risk [10].

Stress Imaging Versus Anatomic
Imaging

Noninvasive anatomic imaging of the coro-
nary arteries has now become possible using
advanced computed tomography (CT) tech-
nology [11]. The main advantages of coronary

CT angiography are the following:

— It has a superb capability of ruling out rel-
evant CAD (sensitivity 98-99% [12]).

— It can be quickly performed.

— It provides additional information on the
presence of coronary plaques which pro-
vides the indication for starting preventive
medication [13].

There are also downsides to the use of coro-

nary CT angiography:

— Specificity is not perfect and becomes
rather low in patients who have a high pre-
test probability of disease [1]. The reason
for this is that such patients frequently har-
bor coronary calcifications and these may
lead to the false impression that the lumen
is obstructed [14] (Fig. 3.1).

— Coronary CT angiography exposes the
patient to radiation and contrast media,
which may be a problem in young patients,
in the elderly, and those with renal dys-
function overall.

— Coronary CT angiography does not pro-
vide adequate image quality in obese
patients, those with irregular heart rhythms,
or patients at a high heart rate (unless rela-
tively high doses of radiation are applied).
Table 3.2 lists factors to be considered
when selecting patients for coronary CT
angiography.

Current guidelines still favor stress testing [2]
(stress imaging [1]) over coronary CT angiog-
raphy but this may soon change with the
advent of the 2017 National Institute for
Health and Care Excellence (NICE) guide-
lines on stable angina. Recent randomized
data prove that outcomes are similar irrespec-
tive of whether functional or anatomic testing
is the initial test in the workup of intermediate-
risk patients with stable CHD [15]. However,
patients in the CT arm had ICA more often
and more revascularization procedures in this
study [14].

Is CT Calcium Scoring Useful
in Symptomatic Patients?

The use of calcium scoring by CT in symp-
tomatic patients has been intensely debated. A
recent study in 868 patients with low- to
intermediate-risk stable angina and a calcium
score of zero showed ischemia in only 3%
[16]. None of these patients had obstructive
disease at angiography.

This suggests that state-of-the-art calcium
scoring which can be done at a very low radia-
tion dose of 0.2 mSV should be performed
before coronary CT angiography.

This would allow skipping subsequent coro-
nary CT angiography in 25% of patients and
saving additional radiation [16].

Which Kind of Stress Imaging?

There is no ideal stress imaging techniques
suitable for all patients. Table 3.3 lists the
advantages and disadvantages of the available
techniques and Table 3.4 gives the values for
sensitivity and specificity of these techniques
as listed in the 2013 ESC guidelines on the
management of stable coronary artery
disease.

The references on which the values in Table 3.4
are based can be found in the full text of the
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Fig. 3.1 Effect of a focal calcified plaque on the interpreta-
tion of coronary CT angiography examination. This 57-year-
old woman had dyspnea when climbing three flights of stairs.
She also had occasional mild resting chest pain. An exercise
stress ECG was mildly abnormal (0. mV ST-segment
depression). Her 64-line coronary CT angiogram showed
focal calcification in the left anterior descending (LAD) cor-
onary artery (Panel A with magnification inset) and was read
as diagnostic of a significant stenosis in the LAD. Invasive
coronary angiography was advised (Panel B). The grey
shadow of linear calcification next to the LAD (yellow
arrow) can be seen on the X-ray image without application of

intracoronary contrast material (Panel B, left). It is evident
that there is no LAD stenosis when contrast is injected (Panel
B, right). Intracoronary acetylcholine testing (Panel C) dem-
onstrated diffuse distal occlusive LAD spasm (left) associ-
ated with her usual chest oppression which, however, was
now more intense. This indicates an enhanced reaction to the
substance, which is often associated with clinical symptoms
of microvascular dysfunction. LAD after intracoronary nitro-
glycerine is shown on the right (Panel C). Reproduced from
Sechtem U et al. - Testing in patients with stable coronary
artery disease — the debate continues. Circ J 2016;80:802—
810 with permission of the publisher
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Table 3.2 Patient factors considered important for optimal image quality of coronary CT angiography

No known CHD

Intermediate pretest probability up to 50%

Age <70 years

Regular heart rhythm

Low heart rate (e.g., <65 bpm), in some patients only after administration of beta-blockers

BMI <40 kg/m?

Creatinine clearance >30 mL/kg/1.73 m?

No known contrast allergy

BMI body mass index, CHD coronary heart disease, CT computed tomography

Table 3.3 Advantages and disadvantages of stress imaging techniques and coronary CT angiography

Technique Advantages Disadvantages
Echocardiography | Wide access Echo contrast needed in patients with poor ultrasound
windows
Portability
No radiation Dependent on operator skills
Low cost
SPECT Wide access Radiation
Extensive data
PET Flow quantitation Radiation
Limited access
High cost
CMR High soft-tissue contrast including Limited access in cardiology
precise imaging of myocardial scar
Contraindications
No radiation Functional analysis limited in arrhythmias
Limited 3D quantification of ischemia
High cost
Coronary CTA High NPV in pts. with low PTP Limited availability
Radiation
Assessment limited with extensive coronary
calcification or previous stent implantation
Image quality limited with arrhythmias and high heart
rates that cannot be lowered beyond 60-65/min
Low NPV in patients with high PTP

3D three-dimensional, CMR, cardiac magnetic resonance, CTA computed tomography angiography, NPV negative pre-
dictive value, PET positron-emission tomography, PTP pretest probability, pts. patients, SPECT single-photon-emission
computed tomography

Reproduced from Montalescot G et al. - 2013 ESC guidelines on the management of stable coronary artery disease —
web addenda to 2013 ESC guidelines under “Related Materials” http://www.escardio.org/Guidelines-&-Education/

Clinical-Practice-Guidelines/Stable-Coronary-Artery-Disease-Management-of). With permission of the publisher

ESC guideline (in Table 12 of the guideline).
It is obvious that the range of these values is
very similar between stress echocardiogra-
phy, stress SPECT, and stress CMR. Stress
PET plays a minor role because this tech-

nique is even less broadly available than stress
CMR. The major players worldwide are stress
echocardiography and stress SPECT.

Stress echocardiography is the obvious choice
for patients with adequate anatomy, as well as


http://www.escardio.org/Guidelines-&-Education/Clinical-Practice-Guidelines/Stable-Coronary-Artery-Disease-Management-of
http://www.escardio.org/Guidelines-&-Education/Clinical-Practice-Guidelines/Stable-Coronary-Artery-Disease-Management-of

3 Noninvasive Imaging Assessment of Coronary Heart Disease 31

Table 3.4 Characteristics of tests commonly used to
diagnose the presence of coronary heart disease

Diagnosis of CAD
Sensitivity | Specificity
(%) (%)
Exercise ECG* 45-50 85-90
Exercise stress 80-85 80-88
echocardiography
Exercise stress SPECT 73-92 63-87
Dobutamine stress 79-83 82-86
echocardiography
Dobutamine stress MRI® | 79-88 81-91
Vasodilator stress 72-79 92-95
echocardiography
Vasodilator stress SPECT | 90-91 75-84
Vasodilator stress MRI® 67-94 61-85
Coronary CTA® 95-99 64-83
Vasodilator stress PET 81-97 74-91

CAD coronary artery disease, CTA computed tomography
angiography, ECG electrocardiogram, MRI magnetic res-
onance imaging, PET positron-emission tomography,
SPECT single-photon-emission computed tomography
“Results without/with minimal referral bias

"Results obtained in populations with medium-to-high
prevalence of disease without compensation for referral
bias

‘Results obtained in populations with low-to-medium prev-
alence of disease

Reproduced from Montalescot G et al. - 2013 ESC guide-
lines on the management of stable coronary artery disease.
Eur Heart J 2013;34:2949-3003 with permission of the
publisher

due to the availability of an experienced echo-
cardiographer and sufficient space and man-
power to perform this complex procedure in
larger numbers of patients. This technique is
cheap, does not expose the patient to ionizing
radiation, and can be performed in many
patients as an exercise stress test.

* However, interpretation of stress-induced wall
motion abnormalities can be difficult, espe-
cially in the presence of preexisting wall
motion abnormalities. Therefore, the use of
contrast agents is advised when two or more
contiguous segments in the 17 segment LV
model are not well visualized at rest [17].

e The use of contrast during stress echocardiog-
raphy not only enhances image quality, but

also improves reader confidence and enhances
accuracy for the detection of CHD.
Myocardial perfusion scintigraphy (SPECT)
is most commonly used in conjunction with
technetium-99m  radiopharmaceuticals  as
tracers. Symptom-limited physical exercise is
the stress of choice.

New SPECT cameras reduce radiation and/
or acquisition times significantly [18]. In
the US SPECT perfusion imaging is the
most commonly used stress imaging modal-
ity whereas stress echocardiography is more
prevalent in Europe. In the hands of experi-
enced examiners both techniques yield simi-
lar results.

Myocardial  perfusion imaging using
positron-emission tomography (PET) is
superior to SPECT imaging for the detec-
tion of stable CHD in terms of image quality,
interpretative certainty, and diagnostic accu-
racy [19]. It also has the unique ability to
quantify blood flow in mL/min/g of myocar-
dium, which allows detection of microvascu-
lar disease [20]. Nevertheless, PET scanners
and especially cyclotron-produced radiotrac-
ers are more expensive than SPECT equip-
ment, which limits their use in daily clinical
practice.

Stress CMR imaging is not performed with
physical exercise but with pharmacological
stress. If dobutamine is used as a stressor
induction of wall motion abnormalities is the
target. If adenosine is the stressor imbalances
of perfusion are sought for.

Stress CMR is an alternative to stress echocar-
diography in patients with suboptimal acous-
tic windows [21] or an alternative to stress
SPECT for patients in whom radiation should
be avoided [21].

In a head-to-head comparison with SPECT,
adenosine CMR was found to have a signifi-
cantly better sensitivity in diagnosing obstruc-
tive coronary artery disease in women but
specificities were similar for both techniques
(both >80%) [22].
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How Should Imaging Be Employed
in a Patient with Suspected Stable
Coronary Artery Disease?

The guidelines of the ESC [1], the AHA
guidelines [2], and the NICE guidelines [23]
differ in their recommendations on the use of
stress imaging in such patients. All three rec-
ommend stress testing in patients who have an
intermediate pretest probability of obstructive
disease.

However, intermediate is defined in the NICE
guidelines on “chest pain of recent onset” [23]
as 10-90%, the ESC feel that the appropriate
level is 15-85%, and the US guidelines set the
level from 20 to 70%.

All three guidelines recommend omitting test-
ing in patients with a pretest probability below
these levels. The reason is that the imperfect
test characteristics of the main test employed
(stress ECG, stress echocardiogram, stress
SPECT) lead to a higher number of false posi-
tives than true positives at this low level of
pretest probability.

Guidelines differ in their recommendations on
what to do with patients who have a pretest
probability above the intermediate level.
Whereas the ESC and the NICE guidelines
consider the diagnosis of obstructive CHD is
based just on the high pretest probability, fur-
ther testing is recommended in the US guide-
lines. However, testing at such high pretest
probabilities with the characteristics of the
imperfect tests available may lead to more
false negatives than true negatives with the
obvious problem of underestimation of
disease.

Stress imaging is the preferred test mode in
the ESC guidelines and the only recommended
ischemia test in patients in the higher interme-
diate range of pretest probabilities. No differ-
ential recommendations are made with respect
to the use of specific imaging techniques.

In contrast to the ESC guidelines, the US
guidelines restrict the use of stress imaging to

patients whose resting ECG is not interpreta-
ble and those with a high pretest probability of
obstructive CHD. They also favor stress echo-
cardiography and stress SPECT over stress
CMR.

The US guidelines feel that coronary CT angi-
ography is appropriate in patients with inter-
mediate to high pretest probabilities.

In contrast, the ESC guidelines advise specifi-
cally against the use of coronary CTA in
patients with a pretest probability above 50%
due to the frequent presence of severe
calcifications.

The only other patients in whom the US
guidelines recommend coronary CT angiogra-
phy are those who have contraindications to
stress testing.

In contrast, the ESC guidelines suggest coro-
nary CT angiography as a second-line choice
behind stress testing in patients with a pretest
probability in the lower intermediate range.
The ESC guidelines specifically add that coro-
nary CT scans showing high global or focal
calcifications should be read as “not interpre-
table” with respect to lesion quantification.
The NICE guidelines chose to use cardiac CT
calcium scoring as a first-line investigation in
patients with a low pretest probability between
10 and 30%. In these patients, the NICE
guideline advises that the absence of calcium
makes obstructive CHD likely not the reason
for the patient’s symptoms.

Intermediate calcium scores in these low pre-
test probability patients between 1 and 400 are
recommended to be followed by coronary CT
angiography whereas patients with high cal-
cium scores (>400) are recommended to
undergo ICA.

Thus, the largest disparities among the three
guidelines with respect to imaging for testing
for the presence of obstructive CAD are in their
recommendations pertaining to coronary CT.
The flowchart of testing in patients with inter-
mediate pretest probability as described in the
ESC guidelines is shown in Fig. 3.2.
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Patients with suspected SCAD and
intermediate PTP of 15% - 85%

\ 2nd Coronary ICA
Consider: (imaging) | CTAin | (with FFR
« Patient criteria?/suitability for given test stress test sun-abled when
« Availability (if not patient necessary)
« Local expertise done (if not done
before)f | | before)®
Exercise ECG if feasible - stress f % %
Stress testing PTP 15-65% imaging testing? preferred
| » | forischaemia |_, LVE?:’;% - (echoP, CMRC, SPRCTP, PET?) Unclear | — Determine patient
- if local expertise and characteristics smd
availability permit preferences
Ischaemia —
Stress imaging? (echo®, CMRS,
PTP 66-85% or SPECTP, PETP); ECG exercise _ _
LVEF <50% without ——» stress testing possible if No ischaemia
i i resources for stress imagini
typical angina not available ang Consider functional CAD
Investigate other causes
No stenosis
Coronary CTA? in patients at low intermediate PTP (15% - 50%
o If suitat\:le candidzted ‘ J Diagnosis SCAD established
- . ’ Stenosis —> further risk stratification
« If adequate technology and local expertise available N
(see Fig. 3)
Unclear __» | Ischaemia testing using stress

Fig. 3.2 Noninvasive testing in patients with suspected
stable coronary artery disease (SCAD) and an intermedi-
ate pretest probability. CAD coronary artery disease, CTA
computed tomography angiography, CMR cardiac mag-
netic resonance, ECG electrocardiogram, /CA invasive
coronary angiography, LVEF left ventricular ejection frac-
tion, PET positron-emission tomography, PTP pretest
probability, SCAD stable coronary artery disease, SPECT
single-photon-emission computed tomography. (1)
Consider the age of patient versus radiation exposure. (2)
In patients unable to exercise use echo or SPECT/PET
with pharmacologic stress instead. (3) CMR is only per-
formed using pharmacologic stress. (4) Patient character-
istics should make a fully diagnostic coronary CTA scan
highly probable. Consider result to be unclear in patients
with severe diffuse or focal calcification. (5) Proceed as in
lower left coronary CTA box. (6) Proceed as in stress test-
ing for ischemia box. (7) It is not uncommon that the clini-
cian could consider a stress test indeterminate or unclear
as seen in the upper right-hand corner. In such a circum-

What to Do with the Result
of Noninvasive Imaging
Assessment?

e Improving symptoms in patients with
obstructive coronary disease can be achieved
by medication and/or coronary revasculariza-

imaging if not done before

stance there are three possibilities and the decision on how
to proceed further should be made together with the
patient: it is justified to push for a diagnosis by using ICA
but one needs to be careful to not fall victim to the oculo-
stenotic reflex and perform PCI on any lesion of question-
able significance but instead employ FFR measurements
and only place a stent if this measurement is clearly
abnormal. One may also switch from stress testing to
coronary CT angiography in suitable patients. (8) Finally
it is also a possibility to perform a second imaging stress
test although this is conceptually the least attractive
choice. On the other hand if the patient had coronary CT
angiography as the first test and calcifications obscure the
image to a degree that no judgement can be made to the
degree of stenosis at this position then stress imaging is a
valid potential second test (see lower right-hand corner).
Reproduced from Montalescot G et al. - 2013 ESC guide-
lines on the management of stable coronary artery disease.
Eur Heart J. 2013;34:2949-3003 with permission of the
publisher

tion. The latter produces the desired result
immediately. However, in the long term
(3 years) both forms of therapy achieve simi-
lar symptomatic results (although there is
approximately one-third of patients crossing
over from the initially chosen medical arm to
the revascularization arm) [24].
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Table 3.5 Definitions of risk for various test modalities

Exercise | High risk CV mortality >3%/year
stress
ECG*
Intermediate risk | CV mortality between 1 and 3%/year
Low risk CV mortality <1%/year
Ischemia | High risk Area of ischemia >10% (>10% for SPECT; limited quantitative data for CMR—
imaging probably >2/16 segments with new perfusion defects or >3 dobutamine-induced
dysfunctional segments; >3 segments of LV by stress echo)
Intermediate risk | Area of ischemia between 1 and 10% or any ischemia less than high risk by CMR
or stress echo
Low risk No ischemia
Coronary | High risk Significant lesions of high-risk category (three-vessel disease with proximal
CTA® stenoses, LM, and proximal anterior descending CAD)
Intermediate rick | Significant lesion(s) in large and proximal coronary artery(ies) but not high-risk
category
Low risk Normal coronary artery or plaques only

CAD coronary artery disease, CMR cardiac magnetic resonance, CTA computed tomography angiography, CV cardio-
vascular, ECG electrocardiogram, /CA invasive coronary angiography, LM left main, PTP pretest probability, SPECT
single-photon-emission computed tomography
2 From nomogram (see web addenda of the 2013 ESC guidelines on the management of stable coronary artery disease,

Figure W1) or http://www.cardiology.org/tools/medcalc/duke/

b See Fig. 3.2; consider possible overestimation of the presence of significant multivessel disease by coronary CTA in
patients with high intermediate PTP (>50%) and/or severe diffuse or focal coronary calcifications and consider per-
forming additional stress testing in patients without severe symptoms before ICA

Reproduced from Montalescot G et al. - 2013 ESC guidelines on the management of stable coronary artery disease. Eur

Heart J 2013;34:2949-3003 with permission of the publisher

Thus, it is largely the choice of the patient and
the physician whether to choose drugs or
revascularization when it comes to improve-
ment of symptoms.

The matter is more complicated when
it comes to improvement of prognosis.
However, in the absence of randomized data
results from registries indicate that larger
extents of ischemia or severe proximal coro-
nary obstructions are required functionally or
anatomically in order to demonstrate positive
prognostic effects of revascularization [25,
26]. Death rates in patients with such large
areas of ischemia or such severe proximal
coronary obstructions, receiving previously

suboptimal medical treatment in the 1980s
and 1990s, were more than 3% annually.
Only in these patients it could be shown that
revascularization may improve prognosis
[25, 26].

The ESC guidelines indicate how the results
of stress testing and coronary CT angiogra-
phy can be translated into risk groups with
different annual mortalities (Table 3.5).
Consequently, they recommend revasculariza-
tion for prognostic purposes only in those in
the highest risk group but an invasive strategy
can be chosen by the patient and the physi-
cian in patients in the intermediate-risk group
(Fig. 3.3).
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Confirmed diagnosis SCAD

l

« PTP 15-85%—> test information will already be available

« PTP >85% —» additional testing for risk stratification only in patients who have
mild symptoms with medical management but following
adequate information wish to proceed to revascularization
in case of high risk

—

Low event risk
(mortality <1%/year)

Intermediate event risk
(mortality >1% but <3%/year)

High event risk
(mortality >3%/year)

l

l

and patient preferences)

OMT and consider ICA ICA (+ FFR when required)
(based on co-morbilities (+ revascularization when
appropriate) + OMT

Trial of
OMT

|

Fig. 3.3 Management based on risk determination for
prognosis in patients with chest pain and suspected SCAD
(for choice of test see Fig. 3.2, for definitions of event risk
see Table 3.5). ICA invasive coronary angiography, OMT

Yes No
Continue OMT - Symptoms improved?
Intensify medical
treatment
Yes Symptoms
improved?

optimal medical therapy, PTP pretest probability, SCAD

No

stable coronary artery disease.
Montalescot G et al. - 2013 ESC guidelines on the man-
agement of stable coronary artery disease. Eur Heart J
2013;34:2949-3003 with permission of the publisher

Reproduced from
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Critique of Imaging in Patients
with Suspected CHD

The recent PROMISE trial randomized
patients with an intermediate mean pretest
probability of 50% (according to the Diamond-
Forrester tables) to stress imaging or coronary
CT angiography [15]. In both arms pathology
was only found in about 10% of patients
despite the expectation (based on pretest prob-
ability) that 50% of those should have either
ischemia or anatomic stenosis. Moreover,
only about 2% of these patients in both arms
experienced hard events (death or myocardial
infarction) during a follow-up of 2 years.
Other findings of a similar kind [27] led to
concerns about over-testing in patients with
chest pain especially with respect to inap-
propriate use and overuse of imaging tech-
niques [28].

Patients who are unlikely to have high-risk
CAD, clinical events, or revascularization will
derive minimal benefit and value from nonin-
vasive testing. Efforts are made to design clin-
ical tools in order to identify such minimal
risk patients for whom deferred testing may be
considered [29].

Conclusion

e Preselection of patients with chest pain
who are likely to derive any benefit from an
invasive management strategy is highly
desirable in order to avoid even more inva-
sive coronary angiograms showing the
absence of stenoses.

e The purpose of excluding relevant CHD is
most elegantly served by coronary CT angi-
ography but this approach might also lead to
some overuse of imaging (if employed in
patients with very low pretest probabilities).

e Stress imaging techniques are most useful
in patients with known diffuse CAD in
whom a normal stress test confers a good
prognosis.

 In patients with an abnormal stress test who
are sent to invasive coronary angiography,
the angiographer has some important clues
as to where to direct special attention.

Reproduced from Montalescot G et al. -
2013 ESC guidelines on the management of
stable coronary artery disease. Eur Heart J
2013;34:2949-3003 with permission of the
publisher.
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