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A femae, 43-year-old patient
weighting 95 kg, with 152 cm in
height, cardiac frequency of 80 bpm,
blood pressure of 100 X 70 mmHg,
presenting with atypical precordial
pain and increase in troponin levels.
The patient reported diarrhea72 hours Figure 1. ECG-gating acquisitiqns _of cine-MRI in two-chamber, three-cham-

] ) Lo ber, four-chamber and short axis views.

previously to the episode. The initia

suspicion of myocarditis was consid-
ered. The patient was referred to the
Division of Radiology and Imaging
Diagnosis at Hospital de Clinicas de
Niteréi, for cardiac magnetic reso-
nance imaging (CMRI).

Figure 2. ECG-gating acquisitions, delayed enhancement in four-chamber,
three-chamber and two-chamber views.

Figure 3. ECG-gating acquisitions, short axis delayed enhancement.
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Images description

Figure 1. ECG-gating acquisitions of
cine-MRI in two-chamber, three-chamber,
four-chamber and short axis views demon-
strate global systolic dysfunction, with es-
timated gjection fraction of 41% (Simp-
son), middle and apical hypokinesia with
thinning of the apex and apical akinesis.
Estimated left ventricular mass was 125
grams (+ 11).

Figure 2. ECG-gating acquisitions, de-
layed enhancement in four-chamber, three-
chamber and two-chamber views demon-
strate the delayed myocardial enhance-
ment, transmural enhancement (> 70% of
the segmental areq) in the media and api-
cal antero-septal segments, in the septal and
lower apical segments, and in the apex,
characterizing the presence of infarct.
There is a delayed myocardial, non-trans-
mural enhancement (< 50% of the segmen-
tal area) inthe mid-infero-septal and latero-
apical segments.

Figure3. ECG-gating acquisitions, shot
axis delayed enhancement more clearly
demonstrating the myocardial segmenta-
tion and delayed enhancement in theregion
of the anterior descending coronary. The
segmental infarcted massweights approxi-
mately 30 grams, with the percentage of
infarcted mass corresponding to 22%.

Diagnosis; Transmural myocardial in-
farction, representing 22% of the left ven-
tricular mass.

COMMENTS

Heart disease and stroke are the leading
causes of death or disability in the United
States, significantly contributing to thein-
crease in public health costs in this coun-
try. Coronary artery disease accounts for
the highest rate of heart diseases affect-
ing as many 12 million inhabitants in the
United States™?.

According to Datasus, in Brazil, cardio-
vascular diseases account for up to 30% of
deaths, with a 22% increase in prevalence
in the last 19 years®.

Acutemyocardial infarctionistherapid
development of myocardial necrosis be-
cause of an imbalance between the oxygen
supply and the cardiac muscle demand. A
total coronary occlusion for a four-to-six-
hour period resultsin irreversible myocar-

VIl

Chart 1 Ischemia time versus infarct size and transmurality.*

Coronary occlusion
Tipe of lesion Up to 20 minutes 20 to 60 minutes 1-3 hours > 3 hours
Reversible Myocardial
stunning
Progressively Subendocardial Lesion involving  Lesion involving
irreversible lesion the myocardium the epicardium
(transmural

* Source: Arai®,

dial necrosis(Chart 1). Reperfusion within
this period can salvage the myocardium,
reducing morbidity and mortality™®24),
The most frequent cause of acute myo-
cardial infarction is the narrowing of the
epicardial arterial vesselsdueto atheroma-
tous plaques. Plague rupture with subse-
quent exposure of the subendothelial tissue
resultsin platel et aggregation, formation of
thrombi, fibrin accumulation and vasos-
pasm. This may result in a partial or com-
plete occlusion of the vessel, ischemiaand
consequential myocardial infarction®9,

Myocar dial viability

The myocardia viability testing has
shown to be a quite useful method for as-
sessing patients with coronary artery dis-
ease and severe left ventricular dysfunc-
tion, considering that the conduct to be
adopted — revascularization/angioplasty
(with or without stent) or clinical treatment
— isdirectly influenced by the presence or
not of viable tissue.

Theterm “viablemyocardium” refersto
myocardial tissue with regional dysfunc-
tion potentially reversible after revasculari-
zation, and coversdifferent tissue subtypes:
hibernating myocardium and stunned myo-
cardium (Chart 2)©.

Hibernating myocardium results from
chronic and persistent ischemia, where the
oxygen consumption isdecreased resulting
in ventricular dysfunction.

Stunned myocardium occurs after an
acute and short episode of severeischemia,
resulting in ultra-structural and biochemi-
cal alterationswith consequential ventricu-
lar dysfunction.

Coronary revascularization in patients
with myocardial viability hasimproved the
left ventricular wall contractility, eection
fraction, functional classification and prog-
nosis. The major challenge isto determine

which patients will benefit from the inter-
vention, hence the significance of the myo-
cardial viability testing®®,

Cardiac magnetic resonance imaging

CMRI ishighly accuratein the detection
of myocardial necrosis, which in some
cases is subdiagnosed by clinical and elec-
trocardiographic datal’.

Besides functional and contractility al-
terationsidentified on cine-MRI studies, an
inversion recovery sequence with high
resolution performed about ten minutes
after intravenous gadolinium injection is
the main technique utilized in the diagno-
sisof myocardial infarction andiscurrently
known as delayed myocardia enhancement
technique*®9,

This method is based on the character-
istics of gadolinium distribution through-
out the different tissues such asthe normal
myocardium, the recently infarcted myo-
cardium and fibrotic myocardium. Gado-
linium is a contrast agent specific for ex-
tracellular spacesimaging, that isto say, it
does not diffuse within normal cells. So, a
normal myocardium presents|ess extracel-
lular space than infarction and fibrosis,
considering that, in these tissues, the myo-
cyte membrane rupture connects the intra-
and extracellular compartments®1+19),

Delayed myocardial enhancement al-
lowsan accurate delimitation of necrotic or
fibrotic areasinthe myocardium of patients
with previous infarct. On delayed-en-
hanced images, infarct areas present high
signal intensity as compared with the nor-
mal myocardium. The high contrast be-
tween fibrotic or necrotic tissue and intact
myocardial tissue where gadolinium does
not remain for along time represents about
ten-fold the signal intensity, allowing an
accurate evaluation of the infarcted terri-
tory(lo-ls)_
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Chart 2 Comparison between conditions which may cause regional myocardial dysfunction.*

Delayed enhancement

Non-ischemic Perfusion
cardiomyopathies
Function
Metabolism
Histology

Delayed enhancement

Infarcted Perfusion Normal or reduced, depending on the perfusion appropriateness or the presence of microvascular
myocardium obstruction
Function Reduced
Metabolism Reduced (low FDG uptake)
Histology Replaced by fibrosis
Delayed enhancement  Subendocardial, may extend to the epicardial surface, respecting the coronary distribution, except in
the presence of multiple infarcts or previous revascularization surgery
Stunned Perfusion Normal, by definition
myocardium Function Reduced, but reversible with perfusion restoration (hours or weeks)
Metabolism Non-reduced (high FDG uptake)
Histology Normal
Delayed enhancement  Negative
Hibernating Perfusion Reduced, by definition
myocardium Function Reduced, but reversible with perfusion restoration (it may delay months)
Metabolism Non-reduced (high FDG uptake — poor combination between metabolism and perfusion)
Histology It may be normal, but frequently demonstrates differentiated cardiomyocytes, including loss or disarray
of contraction elements in the cell
Delayed enhancement  Negative
Post-infarct Perfusion Normal
remodelling Function Reduced
Metabolism Probably normal
Histology Hipertrophy, dilatation, adverse fiber orientation

Negative

Normal or reduced, depending on the reperfusion appropriateness or the presence of microvascular
obstruction

Reduced

Reduced (low FDG uptake)

Replaced by fibrosis

Variable, better recognized as mesocardial, epicardial, diffuse or patchy. In some cases it may be absent

* Source: Arai®.

Additionally to myocyte injury (necro-
sig/infarct), destruction of the microcircu-
lation may occur, depending on the time of
myocardia exposure to low or absent per-
fusion, and, even in the case of segmental
reperfusion, the injured tissue cannot be
perfunded again, determining the severity
of thelesion. These are the no-reflow zones
or, more precisely, regions of microvascu-
lar obstructions which can be identified as
hypoenhanced areas within the infarct, re-
affirming the non-viability of that coronary
segment territory. Thisisdueto the absence
of gadolinium in these areas*®919,

The study developed by Wu et a.®? in
1998 demonstrated that the infarct size,
expressed as a percentage of the left ven-
tricular mass, has a significant prognostic
value for patients with acute myocardial
infarct. Additionally, other two recent stud-
ies have demonstrated that the assessment
of the infarcted mass was a predictor of
recovery of the segmental and globa sys-
tolic function®19,

Radiol Bras. 2008 Mar/Abr;41(2):VII-X

The evaluation of myocardial viability
by MRI has made a high impact in the lit-
erature, particularly after the study devel-
oped by Kim et al.™, demonstrating that
the presence of myocardial viability, defined
as regiona functional recovery following
revascularization, can be determined by the
quantification of infarct transmurdity. This
same study has also demonstrated that the
greater the dysfunctional myocardial mass
viable prior to the intervention, the greater
theoveral recovery of the gjection fraction
following the revascul arization™2),

Figure 4 demonstratesthe measurement
of the infarcted mass analyzed in conjunc-
tion with the total left ventricular mass at
diastole, resulting in a percentage of inf-
arcted mass which, in the present study
corresponded to 22%.

Therefore, the determination of the in-
farcted mass by means of CMRI can pro-
vide significant and extremely useful infor-
mation for the management of patientswith
previous acute myocardia infarction.

Final consideration

Currently, CMRI is considered as the
method of choice in the detection of myo-
cardial infarction, viability, and evaluation
of left ventricular infarcted mass, surpass-
ing PET-CT in the detection of subendocar-
dial defects.

Improvement in contractility and re-
giona thickening, level of heart failure,
increasein surviva and improvement inthe
patient’s quality of life after procedures of
myocardia reperfusion justify theincreas-
inginterestinthe utilization of cardiac MRI
for detecting myocardial viability.
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