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Abstract

Objectives: To investigate differences in tissue characteristics between UMI and recognized myocardial infarction (RMI) scars,
by assessing the signal intensity (SI) detected by DE-MRI.

Material and Methods: A randomized subgroup of 259 subjects from the Prospective Investigation of the Vasculature of
Uppsala Seniors (PIVUS) study was submitted to cardiac magnetic resonance imaging (MRI). DE-MRI-detected myocardial
scars were divided in two groups, UMI and RM], according to the hospital medical records. The scars detected by DE-MRI were
analyzed by measuring SI ratio of scar tissue to normal myocardium.

Results: The mean SI ratio in the UMI group (4.593.0, mean9SD) was lower than in the RMI group 8.995.1 (P-value0.001).
This difference was still significant (PB0.0001) after adjustment for gender, body mass index, time of image acquisition after
gadolinium administration, scar transmurality, or total myocardial infarction mass.

Conclusion: The difference in the SI ratio of the scars between the two groups most likely reflects a different contrast
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distribution volume of the tissues, which might indicate that UMI and RMI tissues diverge in tissue composition.

Introduction

Myocardial infarction (MI) is defined as necrosis of
myocytes caused by ischemia and is divided into five types
according to the new definition of MI by the Joint ESC/ACCF/
AHA/WHF Task Force [1]. Clinically, MI is classified as type
[ if related to a primary coronary event, as type II if due to
increased oxygen demand or decreased supply, type III if
there is sudden unexpected cardiac death, and type IV and V
are related to coronary interventional procedures. Delayed-
enhanced magnetic resonance imaging (DE-MRI) has proven,
since the studies from KIM [2], to be a valuable and accurate

The Imaging of Myocardial Scars on MRI: The Role of a Radiologist

diagnostic tool to detect MI [3].

Although the relationship of DE-MRI to the underlying
pathophysiology is not completely elucidated, it is thought
that delayed-enhancement of MI scars is due to an increased
extracellular space, allowing a larger distribution volume for
the extracellular contrast agent [4]. The contrast distribution
volume within a tissue has a direct correlation with the
longitudinal relaxation rate [5]. The higher the contrast
concentration, the shorter the longitudinal relaxation time of
the tissue will be. As a result, different tissues with different
contrast distribution volumes will also have different T1.
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After contrastinjection, the T1 values in normal and infarcted
myocardium tissues are distinct. This divergence allows,
with a non-selective 1808 inversion pulse and an adequate
inversion time, nulling the signal of normal myocardium
before image acquisition [6].

Different prevalence of unrecognized myocardial
infarctions (UMIs) have been published in epidemiologic
studies [7]. Traditionally, UMIs are defined as the appearance,
in a non-acute setting, of a new diagnostic Q wave. In a meta-
analysis done by AMMAR et al.,, the occurrence of UMI as a
proportion of all infarctions varied from 4 to 44% [8]. The
main reasons found for this high variation were the different
ECG criteria used in the different studies and the lack of a
gold standard for the diagnosis of UMI. In the 70-year-old
population in the Prospective Investigation of the Vasculature
of Uppsala Seniors (PIVUS) study, there was a prevalence
of MI scars detected by DE-MRI of 24.2%, in which UMI
represented 80% of those [9].

The aim of this study was to explore differences in
tissue characteristics between the previously found UMIs
and recognized myocardial infarctions (RMIs) [9], by further
assessing the signal intensity (SI) at DE-MRI.

Material and Method

Study Population

After approval from the local ethical committee, 259
unselected subjects from the PIVUS population [10] were
consecutively invited to additionally undergo cardiac
magnetic resonance imaging (MRI) directly after whole-
body magnetic resonance angiography (MRA). All the
participants in the PIVUS study answered a questionnaire
about their medical and drug histories. Furthermore, medical
records from Uppsala University Hospital were searched
retrospectively for cardiovascular diagnosis. Eleven cardiac
MRI examinations were excluded because of poor quality,
leaving a study population of 248 subjects (49.6% women).

Women gender 49.6
Body mass index kg/m? ,mean (SD) 26.9(4.0)
Hypertension, % 73
Hypercholesterolemia, % 54.4
Serum triglycerides, mmol/L, mean (SD) 1.3 (0.65)
Diabetes, % 12.5
Current smoking % 7.7

Table 1: Back ground characteristics of the study population
(n=248).
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MI scars were found in 60 subjects (24.2%), in whom 49
were UMIs (19.8%) (9). In the UMI group, 45% (n22 of 49)
of the subjects were women, while in the RMI group women
corresponded to 18% (n2 of 11). The mean age in this
population, at the time of image acquisition, was 71 years
and 6 months. The background characteristics of the study
population are summarized in Table 1.

Imaging Procedure

Imaging was performed using a 1.5T MRI scanner (Gyro
scan Intera; Philips Medical Systems, Best, The Netherlands)
with a 25 mT/m gradient system. Whole-body MRA was first
performed after injection of 40 ml of Gd-DTPA-BMA. Cardiac
MRI was then performed using a five-element phased array
cardiac coil (Philips Medical Systems, Best, The Netherlands)
with the patient in the supine position. Images were acquired
in end-diastole, during breath holding in expiration, and using
vector electro cardiography for retrospective gating. Survey
scans were followed by delayed-enhancement images using
a 3D inversion recovery gradient-echo sequence covering the
entire heart in the short and three long-axis views (2, 3, and
4-chamber views).

The mean post-contrast time was 33.7 min (maximum
64 min). The imaging parameters were as follows: TR and TE
shortest (4.0 and 1.2, respectively), flip angle 158, inversion
time adjusted individually to null normal myocardium (range
170-275 ms), gating factor 1, slice thickness 10 mm with a 5
mm overlap and an in-plane resolution of 1.56-2.81 mm.

Image Analysis

SI analysis was performed on a workstation (Philips
Medical Systems Nederland, Best, The Netherlands) using the
commercially available software (View Forum R 4.1 V1L2).
Nulled myocardium by the inversion pulse was considered
viable and assumed to represent normal myocardium tissue.

For each individual, the short axis slice with the biggest
brightest area of delayed enhancement was chosen as the
most representative of the infarct (Figures 1A & 2A). SI
analysis was performed in this slice. In two subjects, the
delayed enhancement was located in the left ventricle apex
and, although seen in the two different projections, it was
difficult to delineate the delayed-enhancement area in the
short-axis view. For this reason, these two subjects were not
included in the final analysis.

Aregion of interest (ROI) was drawn delineating the scar
area in the chosen short-axis slice. A ROI was also drawn to
delineate the normal myocardium (Figures 1B & 2B). The
ambition was to include as much normal.
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Figure 1: Example of an unrecognized myocardial infarction scar. (A) Delayed enhanced MRI in the short axis view showing
delayed enhancement involving the subendocardial myocardium in the anterior wall of the left ventricle. (B) Signal intensity
(SI) analysis of the myocardial scar. Two regions of interest (ROIs) were drawn to delineate the myocardial scar (ROI n.1) and
the normal myocardium (ROI n.2). The scar has a total area of 1169.5 mm3, corresponding to 4.38% of the total left ventricle
mass, and has a SI ratio of 3.38.

Figure 2: Example of a recognized myocardial infarction scar. (A) Delayed enhanced MRI in the short axis view showing
delayed enhancement involving the subendocardial myocardium in the anterior wall of the left ventricle. (B) Signal intensity
(SI) analysis of the myocardial scar. Two regions of interest (ROIs) were drawn to delineate the myocardial scar (ROI n.1) and
the normal myocardium (ROI n.2). The scar has a total area of 2781.2 mm3, corresponding to 7.67% of the total left ventricle
mass, and has a SI ratio of 7.58.

Myocardium as possible, free of artifacts and without
partial volumes effects. When necessary, two separate ROIs
were drawn in the normal myocardium, in order to exclude
those possible confounding areas.

For each ROI, the mean SI was calculated with the

computer-assisted software. Since no useful values of
background noise could be measured in the used images, a SI
ratio was calculated as the ratio between the mean SI in scar
tissue and the mean SI in normal myocardium.

The inversion time chosen to null normal myocardium
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was also registered. Scar transmurality was visually assessed
and classified in four different groups, according to the partial
extent of delayed-enhancement across the left ventricle
myocardial wall. Groups were divided in scar transmurality
from 1-25%, 26-50%, 51- 75%, and 76-100%. Total MI mass
was calculated assuming a myocardial density of 1.05g/ml
[11].

Statistical Methods

Statistical software, version 8.0 (StatSoft Inc., Tulsa,
Okla., USA) was used for statistical analyses. A paired t test
was used to test differences between the SI in the MI scars
and the SI in the normal myocardium. Inversion times were
compared between the UMI, RMI, and normal subjects
groups using the Kruskal-Wallis test. MI scars SI ratio was
compared between the two groups using a Mann Whitney
test. A multiple regression analysis was done to test the
influence of the variables gender, body mass index (BMI),
time of image acquisition after gadolinium injection, scar
transmurality, total myocardial infarction scar mass and
myocardial infarction group (UMI/RMI), on the SI ratio.
Statistical significance was set up at P50.05.

Results

In both groups, the mean SI of the scars was different
from the mean SI of the normal myocardium (UMI group,
P-valueB0.0001; RMI group, P-value 0.0003). The inversion
time chosen to null viable myocardium did not differ between
the UMI, RMI, and normal subjects groups (P-value 0.3852).
The mean SI ratio in the UMI group (4.593.0, mean 9SD)
was lower than in the RMI group (8.995.1) (P-value 0.001)
(Figure 3).
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Figure 3: Box-plot graph of the signal intensity (SI)
ratio. There was a difference in the SI ratio between the
unrecognized myocardial infraction (UMI) group and the
recognized myocardial infraction (RMI) group. The mean
SI ratio in the UMI group was 4.5+3.0 (mean #SD) and in
the RMI group (8.9 £ 5.1) (P=value=0.001).
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This difference was still significant (PB0.0001) after
adjustment for gender, BMI, time of image acquisition after
gadolinium injection, scar transmurality or total MI scar
mass (Table 2). The result was the same if weight was used
instead of BMI. An example of an UMI scar and a RMI scar are
shown in Figsures 1 and 2, respectively.

P-value
Gender 0.7790
BMI 0.3183
Gadolinium time (min) 0.4612
Transmurality 0.951
Total myocardial infraction scar mass (g) 0.2611
Myocardial infraction group (UMI/RMI) <0.0001

Table 2: Multiple regression model with signal intensity ratio
as the dependent variable and gender, BMI, time of image
acquisition after gadolinium injection, transmurality, total
myocardial infraction scar mass and myocardial infraction
group - UMI/RMI - as independent variables.

Discussion

The present study demonstrates that the UMIs found
in the PIVUS population have a different behavior from
RMIs in DE-MRI, as was elucidated by the difference in SI
ratio between the two groups. The SI ratio represents the
mean scar tissue SI normalized to the mean SI of normal
myocardium. One possible explanation for the difference in
SIratio could be based on potential partial volumes effects in
the UMIs, since some of them were small. The 3D acquisition
chosen to cover the whole left ventricle was comparable to
the sequence used on similar machines resulting in a slice
thickness of 10 mm [12]. The used slice thickness could
possibly introduce partial volume effects that could be
responsible for the decreased SI in the scar area in the UMI

group.

In this study, scar tissue volume was not found to have
any influence on the SI ratio. The result was the same when
relating the SI ratio to gender, BM], time after gadolinium
injection, and scar transmurality. The only parameter that
was significant in predicting the SI ratio was whether it
was an UMI scar or a RMI scar. A second explanation for
the disparity in SI ratio could be that the two groups would
primarily diverge in the SI of the normal myocardium, which
was used as a reference to normalize the SI of the infarction
area. Due to the study protocol, it was not possible to scan
the myocardium prior to contrast injection. Therefore, it was
not possible to test the underlying assumption of comparable
relaxation rates, of normal and infarcted myocardium, prior
to contrast injection. Nevertheless, the SI of the normal
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myocardium was normalized by different inversion times
after the inversion pulse. Differences in normal myocardium
could be detected by variation in the inversion times used in
the different groups.

For this reason, the inversion times were compared
and no difference was found between the groups. Having
excluded these possible confounding factors, the reason for
the result is likely to originate in the scar. The variable likely
to explain the differences in Sl is different amount of contrast
agent in the scar tissues and, consequently, different contrast
distribution volumes in the scar tissues. This study aimed
to do an ad hoc analysis to investigate whether the UMI
scars previously defined had the same SI as the RMI scars
in DE-MRI, in order to further explore differences between
these groups. Previous epidemiological studies reveal that
subjects with UMI have a similar mortality rate as the ones
with RMI [13,14]. In these studies, UMI diagnosis is based on
ECG criteria and there is a lack of consensus in the definition
of ECG-detected UMI. Nowadays, high resolution DE-MRI
provides a more sensitive method to detect MI scars [15],
some of which are small, such as the UMIs detected in our
PIVUS study, with a mean volume of 1.9% of the total left
ventricle mass [9]. Some of these scars might not have the
sufficient extent of necrosis to produce a significant Q wave
on ECG [16] and, therefore, their long-term cardiovascular
risk has never been evaluated in a population-based study.

However, some studies indicate that small myocardial
scars detected by DE-MRI have an important prognostic
value in the patients’ outcome. Kwong et al. report a seven-
fold increased risk of major adverse cardiac events in
patients with clinical suspicion of coronary artery disease
and without a previously known MI, who had a small (mean
1.4% of left ventricle mass) MI scars detected by DE-MRI
[17]. The present study had some drawbacks. The contrast
dose was not individually adapted, since cardiac-MRI was
performed after whole-body MRA, leading to a higher dose
of contrast than it is recommended for DE-MRI [6,12].

This implies that imaging acquisition should be
even more delayed to allow contrast wash-out from the
left ventricle cavity and to allow a better identification
and delineation of small subendocardial scars. A second
drawback was that the timing of imaging acquisition after
the contrast injection was not ideal. It has been established
that the best timing for DE MRI is between 25 and 30 min
[12], while normally a scan delay of 10 min is clinically used
[6]. The interval time in our study was 25 to 64 min. There
was only one subject scanned at 64 min and, in that subject,
there was an obvious enhancement. Excluding this subject,
the interval time of imaging acquisition was between 25 and
45 min. To some extent, the longer waiting time might have
compensated for the higher used dose. Additionally, these
problems were compensated by individually adjusting the
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inversion time [12].

It is also known that the MI scars evolve over time, with
infarction resorption occurring mainly in the first 8 weeks
after coronary artery occlusion [18]. In this study, the age
and evolution of the MI scars are not known. Nevertheless,
most of them are likely to be chronic, since if several were
acute or sub acute they would have occurred in a short time
span, which is unlikely. This means that the scars are most
probably old and that at the time of the study they were likely
to be stable in terms of evolvement.

Conclusion

In conclusion, this is the first study to compare SI
characteristics of UMIs and RMIs detected by DEMRI. The
difference found in SI ratio between these two groups most
likely reflects different contrast distribution volume of the
tissues, which might indicate that UMI and RMI tissues
diverge in composition.
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