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In this issue of the journal, Arsanjani et al.1 inves-

tigate if early revascularization can be predicted by

automatic integration of clinical data and image data

from myocardial perfusion SPECT (MPS). It has pre-

viously been shown that a normal or mildly abnormal

MPS is associated with a low frequency of referral for

coronary revascularization2 and that a normal MPS is

associated with a very low annual risk of cardiac death

and acute myocardial infarction.3-5

COMPUTER AID IN MPS

One of the problems with interpretation of MPS, as

well as other imaging modalities, is that it is dependent on

the knowledge of the interpreting physician, and is subject

to intra-observer variability.6 To, at least in part, over-

come this inconvenience, software packages for

automated quantification and also interpretation of MPS

have been developed. Measurements of ejection fraction

and cardiac volumes have been available since gatedMPS

was introduced. Semi-quantification of the perfusion data

has also been around for some time, e.g., summed stress

score, summed rest score, and summed difference score. It

is, however, known that these automated measurements

differ between different software packages.7-9 More

sophisticated methods for standardizing MPS include

computed-aided diagnosis (CAD). CAD systems are

common in certain areas of medicine, e.g., electrocardi-

ography,10 but are increasingly used also in nuclear

medicine. It could provide second opinion for inexperi-

enced physicians but could also serve to make

interpretations more objective and less user dependent.

A previous study11 has found improvements in the

average physician performance with regard to sensitivity,

specificity, and accuracy when using neural networks for

MPS interpretation. It was also found that although there

were significant differences between physicians’ inter-

pretations before the computer aid, these differences were

not present after CAD. Another study6 found that physi-

cians improve their consistency with a CAD system, even

among highly experienced physicians. Today, most soft-

ware tools for evaluating MPS studies use some sort of

CAD system, where the more advanced are based on

machine learning techniques such as artificial neural

networks. With the study by Arsanjani et al.1 in this issue

of the journal, prediction of treatment has now been

investigated with the help of another machine learning

technique.

GUIDELINES ON REVASCULARIZATION

There is a distinction between what treatment the

patient is likely to receive and what treatment the patient

should be given. The recommendations for when to refer

patients with stable angina pectoris to invasive coronary

angiography and revascularization after non-invasive

imaging, differ slightly between different European and

US guidelines, especially regarding the amount of ische-

mia and how it is calculated. In the European guidelines
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on management of stable coronary heart disease, patients

with high event risk (mortalityC3%/year) should undergo

invasive coronary angiography and revascularization

‘‘when appropriate.’’12 High risk after ischemia imaging

is defined as ‘‘area of ischemia[10%,’’ which for MPS

equals ‘‘C2 of 17 segments.’’ The guidelines state that

there are limited quantitative data for cardiovascular

magnetic resonance imaging—probably C2/16 segments

with perfusion defects or C3 dobutamine-induced dys-

functional segments, and C3 segments by stress echo. In

the European guidelines on myocardial revascularization,

there is a class 1B indication for revascularization of

patients with stable or silent angina pectoris with a ‘‘large

area of ischemia ([10% left ventricle).’’13 The recom-

mendation is based on studies performed by Shaw et al.14

and Hachamovitch et al.15,16 There are several problems

with the recommendation in the guidelines. First, ‘‘10%’’:

In the original studies, it was found that equipoise between

the strategies optimal medical therapy and revasculariza-

tion was present at *10-15% myocardium ischemic.

Second, the guidelines state ‘‘area,’’ but the studies by

Hachamovitch et al. used scoring system for assessing the

ischemic amount, thus integrating both extent (area), and

severity of perfusion defects. Third, the cut-off of 10-15%

was found only in patients without previous myocardial

infarction on MPS, which is not mentioned in the

guidelines. Fourth, the guidelines do not clearly state that

the studies were performed using MPS, and that it is not

yet known how this translates to other modalities, such as

cardiovascular magnetic resonance, computed tomogra-

phy, and invasive angiography.

In the US guidelines,17 it is stated that ‘‘percutaneous

coronary intervention reduces the incidence of angina, has

not been demonstrated to improve survival in stable

patients, may increase the short-term risk of myocardial

infarction, and does not lower the long-term risk of

myocardial infarction.’’ Regarding left main disease, it is

stated that ‘‘coronary artery bypass grafting to improve

survival is reasonable in patients with significant (C70%

diameter) stenoses in 2 major coronary arteries with

severe or extensive myocardial ischemia (e.g., high-risk

criteria on stress testing, abnormal intracoronary hemo-

dynamic evaluation, or [20% perfusion defect by

myocardial perfusion stress imaging.’’ According to the

US guidelines, reversible perfusion defects encompassing

[10% or the myocardium (determined either with

summed scores or quantitatively) are considered moder-

ately abnormal, and reversible perfusion defects[15%

are considered severely abnormal.

FUTURE DIRECTIONS

The article by Arsanjani et al.1 deals with if it is

possible to, in an automatic way, predict if a patient will

receive revascularization shortly after the MPS. The

clinical benefit of computer advice based on automatic

analysis could be reduced to the need for invasive

testing by reducing the number of angiographic proce-

dures not followed by revascularization. Especially less

experienced readers would benefit from this type of

advice. The study indicates the potential of such a

computer advice.

Future steps in the development of such computer

advice systems will include all patients admitted to

myocardial perfusion imaging. A system that could

separate patients that would benefit from revasculariza-

tion from those who would not in consecutive series of

patients would be of great value for the less experienced

reader. The present study was based on only 5% of all

patients who underwent MPS. The approach to include

only a fraction of patients referred for MPS in the

validation of quantitative methods has been used before.

Wolak et al.8 and Guner et al.7 included 12-13% of the

patients referred to MPS based on a selection of patients

with a low likelihood of coronary artery disease and

patients with a coronary angiogram after the MPS. The

need for advice for the less experienced reader is greatest

for borderline cases not included in these studies.
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