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Male, 66-year old patient with dia-
betes and hypertension, weighting
55 kg, 1.72 m in height, body surface
area (BSA) = 1.65, presented at the
emergency service with precordial
pain, and was referred to the Depart-
ment of Radiology and Imaging Di-
agnosis of Hospital de Clínicas de
Niterói to be submitted to pharmaco-
logical stress cardiac magnetic reso-
nance imaging (MRI).

Figure 1. ECG-gating acquisition for studying

the myocardial perfusion during pharmacologi-

cal stress.

Figure 2. ECG-gating acquisition for studying

left ventricular contraction and relaxation dur-

ing pharmacological stress by magnetic reso-

nance myocardial tagging.
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Images description

Figure 1. ECG-gating acquisition for
studying the myocardial perfusion dur-
ing pharmacological stress. In this case,
transmural perfusion deficits can be ob-
served in the anteroseptal, inferoseptal
and anteromedial segments, besides
nontransmural, subendocardial perfu-
sion deficits in the anterolateral, medial,
septal and apical-lateral segments.

Figure 2. ECG-gating acquisition for
studying left ventricular contraction and
relaxation during pharmacological stress
by magnetic resonance myocardial tag-
ging. This aspect demonstrates the pres-
ence of hypokinesia in the anteroseptal
medial segment, with dipyridamole-in-
duced stress, defining the perfusional
deficit severity.

Diagnosis: Myocardial ischemia with
anteroseptal medial stress-induced hy-
pokinesia.

COMMENTS

Myocardial ischemia is a cardiac dis-
order caused by insufficient blood sup-
ply to the myocardium. The decreased
blood flow may be due to luminal narrow-
ing of coronary arteries (coronary arte-
riosclerosis), to obstruction by a throm-
bus (coronary thrombosis), or, most fre-
quently, to a generalized narrowing of
arterioles and other small vessels inside
the heart (microcirculation disease). An-
other factor may be the chronic progres-
sion of coronary stenosis with formation
of collateral vessels resulting from the
slow and persistent reduction in the
myocardial blood flow. On the other
hand, a prolonged interruption of the
blood flow may result in cardiac muscle
necrosis (myocardial infarction)(1,2).

Myocardial perfusion

The measurement of myocardial per-
fusion plays a significant role as guid-
ance for the surgical treatment or hemo-
dynamic intervention in cases of coro-
nary stenosis. Catheterization may accu-
rately define the coronary caliber, but
cannot detect the perfusion effect on the
cardiac muscle. Stratification of patients
should be performed at early stages of
the disease, before the symptoms be-

come significant, previously to the angio-
graphic study(1,3).

Scintigraphy represented the first step
in the approach of the myocardial perfu-
sion early in the seventies, when the first
studies were performed, and, presently,
is focused on the study with thallium or
sestamibi-99mTc single-photon emission
tomography (SPECT) and positron-emis-
sion tomography (PET). Both these tech-
niques are already recognized as effec-
tive in the daily medical practice, how-
ever, besides utilizing ionizing radiation
and taking 24 hours for the completion
of the stress and rest study, these meth-
ods present low spatial resolution and
high rate of false-positive because of
artifacts, when compared with other im-
aging modalities such as MRI and echo-
cardiography(2,4).

Coronary stenosis effect on the coronary
blood flow reserve

Induction of variable degrees of coro-
nary stenosis in animal models demon-
strated that the levels of resting coro-
nary blood flow were maintained until a
stenosis with 80-90% in diameter was
achieved. As the stenosis severity in-
creases, the capacity of arteriolar vasodi-
latation to maintain the flow decreases,
and so does the resting coronary blood
flow(1,4,5).

By contrast, the maximum coronary
blood flow reserve starts decreasing as
the upstream coronary stenosis reaches
50% in diameter.

There are three levels of resistance
influencing the coronary blood flow: the
resistance of the large epicardial conduc-
tance vessels, the coronary arteriolar re-
sistance, and the subendocardial resis-
tance by parietal tension originating from
the ventricular chamber. Under normal
conditions, most of this resting resis-
tance is supplied by the coronary arteri-
olar resistance, and, as the demand in-
creases, most of this increase in the coro-
nary blood flow occurs by means of the
decrease in the resistance at this level,
potentially increasing up to four times
the flow as the demand increases.

Therefore, in a moderately stenosed
vessel, the coronary blood flow reserve
is decreased, and will be detectable dur-

ing the perfusion study with coronary
vasodilators(1,5,6).

Hemodynamic effects of stress
with vasodilators

Stimulation with Adenosine A2a re-
ceptors on the smooth muscular cells
produces vascular relaxation, with maxi-
mum arteriolar vasodilation (maximum
coronary resistance decrease), allowing
the coronary blood flow to reach maxi-
mum levels(7,8).

Note: Adenosine has A1, A2a, A2b and
A3 receptors. A1 receptors are present in
the sinusal and atrioventricular nodes and
mediate the decrease in the heart rate and
atrioventricular nodal conduction. A2b re-
ceptors are present in bronchioli and pe-
ripheral vasculature, and the stimulation
may result in bronchoconstriction and pe-
ripheral vasodilation. On the other hand,
the A3 receptors are responsible for the
preconditioning response(7,8).

So, after the initiation of an adenosine
intravenous infusion, the maximum coro-
nary blood flow is achieved, on average,
in 84 seconds, with a variation of up to
125 seconds. Dipyridamole blocks the
cellular reuptake of endogenous adenos-
ine and inhibits the adenosine-deaminase
responsible for the intracellular adenos-
ine degradation. Therefore, the dipyrida-
mole acts as an indirect coronary vasodi-
lator, increasing the adenosine intracel-
lular and interstitial concentration(4,7,8).

Dipyridamole and adenosine produce
vasodilation mediated by both the sys-
temic and coronary adenosine receptor,
leading to a mean 8–10 mmHg reduction
in the systolic and diastolic arterial pres-
sure, nearly always associated with a re-
flexive increase in the heart rate. The mag-
nitude of the increase in heart rate is vari-
able, usually ranging between 10 and 20
beats/min. A decrease may be observed
in the heart rate response in patients tak-
ing beta-blockers, or diabetic patients
with underlying autonomic failure(6–8).

Coronary steal

With dipyridamole or adenosine ad-
ministration, the resistance vessels in the
area supplied by a normal epicardial ves-
sel dilate, reducing the coronary resis-
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tance and resulting in an increment in the
blood flow (about five times the normal
flow) (myocardial hyperemia). The coro-
nary resistance in a vascular bed supplied
by a stenotic epicardial vessel is de-
creased on rest (coronary reserve already
utilized), and little or no vasodilation de-
velops. In other words, the myocardial
blood flow in this area does not change
or may even slightly decrease because of
the peripheral dilation and decrease in
the diastolic arterial pressure typical of
the pharmacological stress. The result of
this process is the coronary steal in the
non-stenotic area that remains well or
better supplied than the stenotic coro-
nary territory(3,8).

Cardiac magnetic resonance imaging
– multimodal

Cardiac MRI has increasingly been
utilized in the clinical practice because of
multiple techniques such as cine-MRI,
myocardial tagging, perfusion technique,
flow study, and delayed enhancement
already validated for evaluation of the
heart, and mainly, of myocardial ischemia
and myocardial infarction (delayed en-
hancement).

A consensus is still to be reached on
the ideal combination of techniques to be
utilized for assessment of coronary artery
disease, but it is known that accuracy,
comfort of the patient, images acquisition
time and mainly safety constitute relevant
factors to be considered.

Currently, cardiac MRI is performed in
our institution according to the following
protocol:

I) Pre-examination (5–15 min): Mea-
surement of arterial pressure, heart rate,
weight and height. Cardiac monitoring
(ECG) and venous puncture at right with
a Jelco 18 gauge catheter. Guidance for
correct breath hold and positioning dur-
ing the study. II) First phase (5 min): Im-
aging for localizing the heart axes. III)
Second phase (10–15 min): Dipyridamole
is injected for four minutes and, at its peak
of action, perfusion imaging is performed
during the gadolinium injection and cine-
MRI for function under stress. IV) Third
phase (15–30 min): The dipyridamole ef-
fect is reversed by aminophylline infu-
sion and cardiac images acquisition is

performed in all planes by cine-MRI and
aortic and pulmonary flow study. V)
Fourth phase (30–35 min): Rest perfu-
sion images are acquired with a new ga-
dolinium injection. VI) Fifth phase (45–
60 min): After few minutes, areas of inf-
arction or myocardial fibrosis can be de-
tected with the delayed enhancement
technique, complementing the informa-
tion already obtained.

In this way we could, with a feasible
study for clinical investigation, perform
a stress examination in at least 45 min-
utes, and one hour at maximum, by means
of a study with high spatial resolution,
extremely accurate for different cardiac
quantitative and qualitative determina-
tions, with cine-MRI, for example, allow-

ing the calculation of left ventricular func-
tion, left ventricular mass, and valvular
study with the stress and resting perfu-
sion technique (Figure 3), allowing detec-
tion of areas of ischemia or reversible or
non-reversible perfusional deficit; with
the myocardial tagging technique (Figure
4), allowing the segmental analysis of left
ventricular contraction and relaxation;
and with the delayed enhancement tech-
nique, allowing determining the myocar-
dial infarction extent. Some protocols may
be performed with angio-MRI for evalu-
ation of the large thoracic vessels, com-
pleting the cardiovascular study.

Coronarygraphy (Figure 5) still remains
as a standard method in the coronary ar-
teries evaluation, however, coronary MRI

Figure 3. ECG-gated acquisition for evaluation of myocardial perfusion during pharmacological stress. Note

the myocardial perfusion deficit (arrows), black images on the normoperfused myocardium (light gray). Note

that the gadolinium uptake occurs as usually by the right atrium / right ventricle, and when it passes through

the pulmonary artery and returns into the left atrium / left ventricle, delay or signs suggesting right/left shunt

or vice-versa cannot be observed. With the filling of the aorta at coronary diastole, we could detect the

myocardial perfusion that typically occurs from the endocardium towards the epicardium.

Figure 4. ECG-gated acquisition for evaluation of left ventricular contraction and relaxation during pharma-

cological stress by the myocardial tagging technique. Note that there is a distortion of the crosshatch pattern

on the lateral, inferior and anterior walls, and that, in the septum, more precisely on the medial antero-septal

segment (arrows) there is no distortion of the crosshatch pattern.
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is already a reality in some institutions
that may validate the evaluation of ath-
erosclerotic plaques vulnerability, yield-
ing significant information about the
coronary artery disease, besides diagnos-
ing luminal reduction.

It may be concluded that cardiac MRI
will constitute the sole complete method
for evaluating the myocardium and re-
spective blood supply, with the potential
to change the reality of the present car-
diological practice.
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Figure 5. Coronary arteriography – same patient. Coronary artery disease, triarterial lesions. Occlusion of the

anterior descending artery (middle third) with distal retrograde filling through the collaterals network originat-

ing from the posterior descending artery.


