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Magnetic resonance myocardial perfusion imaging – 
still new or a routinely used tool in coronary artery 
disease diagnostics?
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A b s t r a c t

The article presents the newest data on magnetic resonance myocardial perfusion imaging in the diagnostics of coronary artery
disease. Studies completed in recent years demonstrate that this method is superior to some other routinely used non-invasive tech-
niques of myocardial ischemia assessment. Non-invasive coronary artery diagnostics consisting of anatomic assessment by means
of computed tomography and functional assessment by means of cardiovascular magnetic resonance reduce the frequency of required
coronary angiographies and hospitalizations related to them and therefore lowers the risk of invasive diagnostics and costs of treat-
ment.
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New methods in diagnostic and therapy

Introduction
According to current guidelines for clinical practice coro-

nary revascularization aimed at reduction of symptoms or
improvement of prognosis may be performed without addi-
tional examinations in patients with > 50% coronary artery
stenosis accompanied by angina or its equivalents which
cannot be controlled by means of optimal pharmacothera-
py and in patients with severe/critical stenosis of the coro-
nary artery (> 90% of the diameter) [1]. In all other situations
additional functional testing to assess myocardial ischemia
is required. The most frequently observed situations include:
1) the presence of significant, but not severe/critical steno-
sis of the coronary artery in asymptomatic patients or 
in patients with atypical symptoms, 2) the presence of bor-
derline diameter stenosis (approx. 50-70%) regardless
of the presence of symptoms, 3) the presence of multi-ves-
sel coronary artery disease regardless of symptoms where
additional assessment is necessary to plan the type and
extent of revascularization. 

In all of the presented situations noninvasive testing for
myocardial ischemia should be considered as the first choice.
Invasive diagnostics by means of fractional flow reserve (FFR)
should be reserved mainly for patients in whom noninvasive
tests are contraindicated or unobtainable, or the results

of those tests are not diagnostic, as well as for patients sub-
jected to percutaneous coronary intervention/coronary
angiography for other reasons. 

According to clinical practice guidelines published 2 years
ago, the noninvasive methods having the highest class of rec-
ommendations (class I) for the detection of myocardial
ischemia are stress echo and single-photon emission com-
puted tomography (SPECT). These recommendations were
based on the highest experience with the use of these meth-
ods measured also with the number and quality of publica-
tions including reports showing the relation between detec-
tion of myocardial ischemia and patient’s prognosis. Magnetic
resonance myocardial perfusion imaging (MRMPI) and
positron emission tomography (PET) obtained class II of rec-
ommendations. It is worth noting that class II of recom-
mendations means that the weight of evidence/opinion is in
favor of usefulness/efficacy of the assessed method of man-
agement [2, 3].

Several large studies in the field of MRMPI have been
presented since the publication of the cited guidelines.
The results are discussed below. They strengthen the posi-
tion of this method in the functional diagnostics of coro-
nary artery disease and will most likely cause an increase
of the class of recommendations for this examination in
the future guidelines. 
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Method description
The study is based on the assessment of the presence

of subendocardial perfusion defects observed during
the first pass of gadolinium-based contrast medium
through the myocardium at peak hyperemia stimulated by
adenosine (0.14 mg/kg/min i.v. for 3 min, short-lasting
effect) or dipyridamole infusion (0.57 mg/kg i.v. for 4 min,
longer-lasting effect). A new drug that may become useful
in the near future is regadenoson, administered in a 0.4 mg
i.v. bolus and leading to fast occurrence of hyperemia 
and its persistence for a longer time in comparison to
adenosine (half-life time of 2-3 min in comparison to 30 s
for adenosine). The test may be supplemented by
the assessment of the first pass of gadolinium-based con-
trast medium through the myocardium at rest (before drug
administration or after cessation of its effect), but it is not
mandatory. In routine practice the analysis of perfusion
defects is usually performed visually in each of the 17 seg-
ments of the left ventricle defined by the American Heart
Association (AHA), but methods of quantitative analysis
also exist. The latter are more laborious and require addi-
tional software, which together with the fact that these
methods were not shown to have higher diagnostic accu-
racy makes them less clinically useful. It should be noted
that visual assessment is sufficient to determine whether
the extent of ischemia exceeds 10% of the left ventricular
mass, which often impacts the decision to perform coro-
nary revascularization [4]. 

Advantages of MRMPI include the possibility of simul-
taneous assessment of myocardial contractility and myocar-
dial scars after previous myocardial infarctions (also silent),
which may have an additional diagnostic significance. 

To allow diagnostic assessment patients should refrain
from intake of beverages and food including caffeine, 
β-blockers, calcium channel blockers, nitrates and dipyri-
damole/theophylline for 24 h before the examination. 

Cardiovascular magnetic resonance is not free from lim-
itations. Patients cannot have some metallic foreign objects
in the body (such as a pacemaker, implanted cardioverter-
defibrillator, or clips after brain aneurysm surgery) and
the glomerular filtration rate should exceed 30 ml/min.
Gadolinium-based contrast media should not be adminis-
tered to patients with end-stage renal failure due to the risk
of nephrogenic systemic fibrosis. Registration of optimal
images may be impossible in case of atrial fibrillation or fre-
quent extrasystoles. Other limitations are limited to MRMPI
and include contraindications to adenosine or dipyridamole
administration such as hypersensitivity to these medica-
tions, 2nd or 3rd degree atrioventricular block, sick sinus syn-
drome, long QT syndrome, severe hypotension or the risk
of bronchospasm (mainly due to severe asthma).

Recent clinical research
MR-IMPACT was the first randomized study which on

a large scale (18 centers in Europe and USA, different scan-

ners with field strength of 1.5 T) analyzed the efficacy
of MRMPI (with adenosine infusion) in comparison to
SPECT in the detection of coronary artery disease verified
with coronary angiography [5]. The study was also set to
assess the optimal dose of gadolinium-based contrast
medium used for the assessment of perfusion. It was
found to be 0.1 mmol/kg. In patients who received an opti-
mal dose of gadolinium-based contrast medium MRMPI
had similar efficacy to SPECT. However, the analysis of all
patients randomized into the study showed superiority
of MRMPI over SPECT. This was the starting point for
the execution of the large, multicenter randomized study
MR-IMPACT II (33 centers in Europe and USA), the results
of which were announced this year [6]. 

The MR-IMPACT II study demonstrated that perfusion
assessment by means of magnetic resonance had higher
sensitivity and lower specificity in detection of > 50% diam-
eter stenosis on X-ray coronary angiography in compari-
son to SPECT (both gated and ungated). The superiority
of MRMPI in terms of sensitivity was also noted in patients
with multi-vessel coronary artery disease and in the female
and male populations analyzed separately. 

The results of this study correspond to the results
of the largest single center randomized study, CE-MARC,
which was published at the beginning of this year [7].
The study compared the multi-parametric magnetic reso-
nance protocol (including left ventricular systolic function
assessment, MRMPI at rest and after administration
of adenosine, coronary magnetic resonance angiography and
late gadolinium enhancement) with SPECT to detect signif-
icant coronary artery stenosis. MRMPI had higher sensitivi-
ty (86.5% vs. 66.5%) and similar specificity (83.4% vs. 82.6%)
to SPECT. The MRMPI was able to detect smaller areas
of ischemia in comparison to SPECT, which is related main-
ly to the better spatial resolution of magnetic resonance. 

The key element which strengthens the position
of a diagnostic test is the evidence of a relation between
abnormalities observed with that test and the patient’s
prognosis. Until recently only single reports of this type
were available for MRMPI [8]. For this reason it is worth
mentioning the article by Coelho-Filho et al. published
a year ago, which demonstrated the value of ischemia
observed with MRMPI in the prediction of clinical events
(cardiovascular death, myocardial infarction) [9]. 

In the era of searching for different means to limit
the rising costs of medical care, a cost-analysis of inclu-
sion of MRMPI in the diagnostic model of coronary artery
disease was performed. The cost of MRMPI (including cost
of control examinations) was compared to a strategy
of direct referral for coronary angiography in 2717 patients
from the European registry of cardiovascular magnetic 
resonance studies (EuroCMR Registry) [10]. The new diag-
nos tic scheme led to a 46-50% reduction of costs in the
case of hospitalized patients and to a 23-50% reduction
of costs in the case of outpatient coronary angiographies.
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Low and intermediate 
risk patients

High risk patients

Coronary angiography ± PCICTCA

Stenosis < 50%
High CCS and/or 
50-90% stenosis

Stenosis > 90%

Search for other causes 
of chest pain

OMT + observation MRMPI

Ischemia (–) Ischemia (+)

Coronary angiography ± PCI

Coronary angiography ± PCI

No changes

Fig. 1. The algorithm proposed for thecoronary artery disease diagnostics
MRMPI – magnetic resonance myocardial perfusion imaging, OMT – optimal medical treatment, CTCA – computed tomography coronary angiography,
CCS – coronary calcium score, PCI – percutaneous coronary intervention

The results were most likely driven by the fact that myocar-
dial ischemia was detected in only 21% of patients with
suspected coronary artery disease. This suggests that it is
worth performing MRMPI before coronary angiography and
to limit access to coronary angiography to patients with
confirmed presence of myocardial ischemia and/or post-
infarction scar (assessed simultaneously by means of late
gadolinium enhancement).

In another study the use of magnetic resonance
decreased the need for coronary angiography by over 62%
and led to reduction of diagnostic costs, especially in low-
risk patients [11]. The cost reduction was not observed only
in patients at the highest risk. The authors of the study
conclude that because of the very high negative predictive
value of MRMPI, which means that the lack of perfusion
defects suggests with a high probability that there are no
clinically significant lesions in coronary arteries, the study
may become a gatekeeper to coronary angiography, which
is often ordered too easily. 

The discussion presented above is supplemented in an
interesting way by the results of another study analyzing
execution of computed tomography coronary angiography
(CTCA) followed by MRMPI in the diagnosis of coronary
artery disease [12, 13]. Both noninvasive tests were suc-
cessfully performed in over 90% of patients. No perfusion
defects were detected in over 90% of patients without

changes in the coronary arteries on CTCA and in over 80%
with non-significant changes in coronary arteries on CTCA,
which shows that CTCA is an effective method to exclude
the presence of clinically significant coronary artery dis-
ease. On the other hand, perfusion defects on MRMPI were
observed in only 40% of patients with significant lesions
on CTCA, which confirms the limitation of an anatomical-
ly based approach to diagnosis of coronary artery disease.
Only the combination of both methods allows a compre-
hensive, noninvasive assessment of patients with sus-
pected coronary artery disease. Based on this approach,
a new algorithm of coronary artery disease diagnosis may
be proposed (Figure 1). 

Studies aimed to further strengthen the position
of MRMPI in the diagnosis of coronary artery disease are
ongoing. The MR-INFORM study uses FFR as a reference
for MRMPI, similarly to the CE-MARC II study, which is
based only on scanners with a field strength of 3T. The use
of cardiovascular magnetic resonance (along with SPECT
and echocardiography) is also an element of the ISCHEMIA
study, which is aimed at finding an optimal management
strategy (invasive approach vs. medical treatment only) for
patients with at least moderate myocardial ischemia. Fur-
ther improvement of the quality of MRMPI studies may be
possible with wider introduction of high-sensitivity meth-
ods of magnetic resonance perfusion detection [14].
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Summary
Successful results of the presented studies and an

increasing frequency of performed MRMPI tests in the ref-
erence centers suggests that this method may soon
become a routinely used tool for the functional assess-
ment of coronary artery disease. Other factors which
encourage the use of this test include its safety (lack
of exposure to ionizing radiation, lack of the need for
administration of catecholamines, extremely rare allergic
reactions to gadolinium-based contrast media), short time
of examination (approximately 30 min in experienced cen-
ters) and increasing availability of this study not only in
public, but also in private centers [15]. 

The combination of anatomic assessment by means
of computed tomography coronary angiography and func-
tional assessment by means of cardiovascular magnetic
resonance (including mainly the analysis of perfusion dur-
ing hyperemia, but also myocardial contractility and late
gadolinium enhancement) may in the next years become
a method of choice in most patients with suspected coro-
nary artery disease. This approach will allow the frequen-
cy of invasive examinations to be limited. 

Noninvasive tests performed before coronary angiog-
raphy create a possibility to gather information helpful in
planning the percutaneous coronary intervention (PCI). This
information includes assessment of the lesion anatomy
with computed tomography, which may improve the choice
of the right stent or localization of the artery responsible
for ischemia (culprit vessel) on cardiovascular magnetic res-
onance and/or the assessment of myocardial viability
of the area supplied by the narrowed coronary artery.
The new model of diagnostics may also help to choose oth-
er equipment (such as the type of guidewire or guiding
catheter) necessary for the optimal execution of a treat-
ment procedure during single cardiac catheterization. Data
obtained that way should increase the frequency of per-
cutaneous coronary interventions performed directly after
coronary angiography (ad hoc). Comprehensive noninva-
sive diagnostics before coronary angiography should also
permit the introduction of antiplatelet drugs only in patients
qualified for ad hoc PCI.
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