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Background: Delayed-enhancement magnetic resonance imaging (DE-MRI) is now a standard for the detec-
tion of myocardial scar and viability. Standard analysis needs expensive software.

Objective: To determine the accuracy of visual assessment in the detection and quantification of myocardial
scar by DE-MRI technique.

Material and Method: The authors enrolled 32 patients with coronary artery disease (CAD) as documented
by coronary angiography (CAG) and left ventricular dysfunction. All patients underwent cardiac magnetic
resonance imaging for the assessment of global and regional myocardial function and DE-MRI. The presence
and amount of scar in each myocardial segment was assessed by standard method. Visual assessment was
performed by two methods: 1) visual drawing of the boundary of the hyperenhancement region and calcula-
tion of percentages of scar in an individual segment 2) visual estimation of grading of hyperenhancement area
from 0 (no scar) to 4 (>75% scar). The agreement for scar detection and correlation of scar quantification for
individual segments were evaluated.

Results: Thirty-one of 32 patients in the present study had myocardial scar. One thousand four hundred athirty
two myocardial segments were analyzed. Visual detection of myocardial scar has an excellent level of agree-
ment with standard method of scar (Kappa = 0.963 and 0.952, p < 0.001 for visual method I and II). Visual
method I and II has an accuracy of 98.2% and 97.6% respectively in the detection of myocardial scar com-
pared to standard method. Percentages of myocardial scar in each myocardial segment by visual method [
correlate very well with standard method (Intraclass Correlation Coefficient = 0.885). Visual grading of
amount of myocardial scar also has an excellent correlation with standard method (Spearman rank correla-
tion coefficient = 0.934).

Conclusion: Visual assessment of myocardial scar is accurate for the detection and quantification of scar.
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Presence and amount of myocardial scar are
important data not only for diagnostic purposes but also
for providing prognosis and guiding therapy. Delayed-
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enhancement magnetic resonance imaging (DE-MRI)
is the gold standard for the detection of myocardial
scar and viability®. DE-MRI is very accurate in the
detection of myocardial scar compared to nuclear im-
aging both in the patients after myocardial infarction®
and in animal models compared to the gold standard of
myocardial scar by histopathology®. Magnetic reso-
nance imaging (MRI) can also provide other informa-



tion on global and regional myocardial function in the
same session. Combined information on cardiac func-
tion and myocardial viability is useful for guiding treat-
ment and determining whether revascularization will
have any beneficial effects on the improvement of
myocardial function in an individual patient®. Regional
and global improvement of myocardial function has
been shown to directly relate to the amount of viable
myocardium detected by DE-MRI. Recently, it has been
shown that presence of myocardial scar indicated by
DE-MRI is an independent prognostic data in patients
with symptom or sign of coronary artery disease
(CAD)®.

Standard assessment technique for myocar-
dial scar has been shown to be very accurate and
highly reproducible in many studies®”. However,
this technique needed special software to calculate
hyperenhancement area according to multiple of stan-
dard deviation of signal intensity above the normal
myocardium in remote regions. This software is very
expensive and therefore is of limited availability. It is
used mainly in research institutes and for research
purposes. Visual assessment of myocardial scar can be
performed by visual drawing of boundary of myocar-
dial scar and then calculation of ratio of scar to seg-
ment area in each myocardial segment. This technique
is time-consuming. Another method of visual estima-
tion can be performed by the grading of proportion of
scar area to segment area, which is much less time-
consuming. There has been no previous report on the
comparison of the visual estimation with the standard
method.

The objectives of the present study were to
determine accuracy of the two methods of visual esti-
mation in the detection and quantification of myocar-
dial scar for each myocardial segment as compared to
the standard technique.

Material and Method
Study population

Inclusion criteria of the present study were
male or female more than 30 years of age with coro-
nary artery disease documented by coronary angiogra-
phy (CAG) and left ventricular dysfunction defined as
left ventricular ejection fraction (LVEF) less than 50%.
Exclusion criteria were 1) contraindication to MRI such
as pacemaker or defibrillator implantation, intracranial
clips or ferromagnetic material implantation or history
of claustrophobia or allergy to gadolinium 2) requir-
ing urgent revascularization 3) unstable hemodynamic.
The present study was approved by the Ethics Com-
mittee of Siriraj Hospital. Informed consent was ob-
tained from all patients prior to participation.

Cardiac MRI

All patients underwent cardiac MRI. Cardiac
MRI was performed by the Gyroscan NT Intera 1.5
Tesla Philips scanner (Philips Medical System, Best,
the Netherlands). Cardiac MRI was started with gradi-
ent echo technique for the assessment of global and
regional myocardial function in long axis, 2-chamber,
4-chamber, and multiple slice short axis view for the
whole left ventricle. DE-MRI was then performed by
an injection of 0.2 mmol/kg of gadolinium (Magnevist,

Fig. 1 DE-MRIimages during analysis by standard method (1a), visual method I by visual drawing of boundary of scar and
segment area (1b) and visual method II by visual grading of proportion of myocardial scar in each segment (1c), white
arrow shows normal myocardium whereas black arrow shows scarred myocardium
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Table 1. Baseline characteristics

Characteristics Number (%)
or Mean + SD

Age (yrs) 62.7£8.7
Male gender 29 (90.6)
Diabetes mellitus 13 (40.6)
Systemic hypertension 19 (59.4)
Cigarette smoking 15 (46.9)
Hypercholesterolemia 29 (90.6)
History of myocardial infarction 20 (62.5)
History of heart failure 27 (84.4)
History of PCI 5(15.6)
Angina pectoris 27 (84.4)
NYHA functional class

I 2 (6.3)

11 21 (65.6)

111 9(28.1)
Q-wave from ECG 13 (40.6)

PCI = percutaneous coronary intervention, SD = standard
deviation

Schering AG, Berlin, Germany) followed by imaging of
hyperenhancement area 7-10 minutes after the injec-
tion. Inversion time was adjusted to null normal myo-
cardium so that normal myocardium appears black on
the image and scar myocardium appears white on the
image. DE-MRI images was assessed in multiple slice
short axis, 2-chamber and 4-chamber view. The same
levels of short-axis slice were acquired for functional
study and DE-MRI. The images were acquired with the
use of 3D segmented-gradient-echo inversion-recov-
ery sequence with TE 1.25, TR 4.1, 15 degree flip angle,
303x 384 mm field of view, 240 x 256 matrix, in-plane
resolution 1.26x1.5 mm, slice thickness of § mm and 1.5
SENSE factor. The whole procedure takes approximately
40 minutes.

Analysis of MRI images

Image analysis was performed on an indepen-
dent Easy Vision workstation. MRI images in short-
axis view were classified into the basal, mid or apical
part of the left ventricle. Segmentation of each slice
was performed according to recommendation of Ameri-
can Heart Association with the exclusion of segment
17 (most apical part)®. MRI images in the basal and
mid part of left ventricle were divided into 6 segments
per slice and those in the apical part were divided into
4 segments per slice. First segment of each slice started
at anterior insertion site of right ventricular wall to left
ventricular wall. Segments with suboptimal image qual-
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ity were excluded from analysis. Wall motion of each
myocardial segment before and after CABG was re-
corded as 5-grade system as follows: 1 =normal, 2 =
mild or moderate hypokinesia, 3 = severe hypokinesia,
4 = akinesia, or 5 = dyskinesia. Left ventricular ejection
fraction was assessed by using end-systolic and end-
diastolic volume calculated from the multiple slice short
axis images.

Epicardial, endocardial contours and
hyperenhancement areas in each of the short-axis im-
ages were manually delineated. Presence and amount
of scar in each myocardial segment was assessed by
standard techniques using a computer-assisted detec-
tion analysis, by defining a hyperenhancement area as
an increase in signal intensity more than 2 standard
deviations above the signal intensity of a remote myo-
cardial region (Fig. 1a). Visual assessment was per-
formed by two methods: 1) visual drawing of boundary
of hyperenhancement region and calculation of ratio
of hyperenhanced area to total myocardial area of
the individual myocardial segment (Fig. 1b) 2) visual
estimation of grading of hyperenhancement area
(Fig. lc) by classification of each myocardial segment
into 5 grade; 0 =no hyperenhancement area, grade 1-4
=hyperenhancement area 0.1-25%, 25.1-50%, 50.1-75%,
and 75.1-100% respectively. Each measurement was
performed by two interpreters and was performed
separately by each when unaware of the patient’s data
and results of other measurements.

Statistical analysis

Continuous variables were described as mean
+ standard deviation (SD) and categorical variables
were described as frequencies and percentages.

Presence of myocardial scar by two methods
of visual assessment was compared to standard tech-
nique and compared to each other by Kappa analysis.
Quantification of myocardial scar by two methods of
visual assessment was compared to the standard tech-
nique by Intraclass Correlation Coefficient and Bland-
Altman analysis for percentages of myocardial scar and
the Spearman rank analysis for grading of myocardial
scar.

In all tests, the criterion for statistical signifi-
cance was two-sided p <0.05.

Results

Thirty-two patients were enrolled. Baseline
characteristics are shown in Table 1. Coronary angio-
gram revealed double and triple vessel disease in six
(18.8%) and 26 (81.3%) respectively. Table 2 shows left



Table 2. Functional MRI parameters

Parameters Mean + SD
LVEDD (mm) 60.9+9.9
LVESD (mm) 499+11.4
LVEDV (mL) 179 £ 73.8
LVESV (mL) 113.3 £ 68.6
LV mass (gram) 122.6 + 38
LVSV (mL) 66.6 +£15.8
LVEF (%) 40.1+12.9

LVDD = left ventricular diastolic diameter, LVDS =left ven-
tricular systolic diameter, LVEDV = left ventricular end-di-
astolic volume, LVESV = left ventricular end-systolic vol-
ume, LVSV = left ventricular stroke volume, LVEF = left
ventricular ejection fraction

ventricular size and volume during end-diastole and
end-systole and ejection fraction.

Agreement between the two visual methods and stan-
dard method for the detection of myocardial scar (vi-
sual method I and II versus standard method)

Hyperenhancement was detected in 31 out of
32 patients (96.9%). After excluding 36 segments with
inadequate image quality, there were 1432 myocardial
segments. Hyperenhancement was detected in 646
segments (45.1%) by standard method and 662 (46.2%)
and 666 segments (46.5%) by visual method I and 11
respectively. Visual method I and II had an excellent
agreement with the standard method (Kappa=0.963, p
<0.001 for visual method I and Kappa=0.952, p<0.001
for visual method II). Sensitivity and specificity and
accuracy of visual method I and II in the detection of
scar compared to the standard method are shown in
Table 3.

Correlation between visual method and standard
method for quantitative analysis of percentages of
myocardial scar (visual method I versus standard
method)

Six hundred and forty-one myocardial
segments had evidence of hyperenhancement by both
standard method and visual method I. Intraclass
correlation coefficient analysis which analyzed both
correlation and precision of their nominal values
demonstrated a significant correlation between
standard method and visual method I for the
percentages of myocardial scar (ICC = 0.885, p <
0.001)(Fig. 2). However, Bland-Altman analysis showed

that visual method I tended to overestimate percentages
of scar by an average of 4 + 16%.

Correlation between visual method and standard
method for quantitative analysis of grading of myo-
cardial scar (visual method II versus standard
method)

Myocardial scar grade 0, 1, 2, 3, and 4 was
detected by visual method II in 766 (53.5%), 203
(14.2%), 202 (14.1%), 151 (10.5%), and 110 (7.7%)
myocardial segments respectively. For comparison
purpose, percentages of myocardial scar by standard
method were graded by the same rule. Results of analy-
sis demonstrated that 786 (54.9%), 121 (8.4%), 236
(16.5%), 170 (11.9%), and 119 (8.3%) myocardial seg-
ments were classified into grade 0, 1, 2, 3 and 4 re-
spectively. Spearman rank correlation analysis showed
an excellent correlation coefficient of 0.934 with a p
value <0.001 between myocardial scar grading by vi-
sual and standard method. If the authors grade
percentages of scar area by visual method I and make
correlation of scar grading by visual method I and I,
the authors will have a perfect correlation with the
Spearman rank correlation coefficient of 0.933, p <
0.0001.

Discussion

The authors have demonstrated that almost
all patients with CAD and significant left ventricular
systolic dysfunction have myocardial scaring when
imaged by DE-MRI method. Visual detection of myo-
cardial scar has an excellent level of agreement with
standard detection of scar. Percentages of myocardial
scar in each myocardial segment by visual drawing of
scar and segmental boundary correlate very well with
standard method. Visual grading of amount of myo-
cardial scar also has an excellent correlation with stan-
dard method.

There are several methods for the assessment
of myocardial viability. Nuclear study such as positron
emission tomography (PET) and thallium scan has been
used for many decades®?. Although PET scan has
been considered a gold standard, it has a very limited
availability due to its expensive cost. Thallium scan
can provide ischemia and viability information in the
same study. It has been shown that thallium reinjection
or 24-hour delayed image may be required in order to
have a better image quality of scar!”. However, it has a
suboptimal sensitivity for the detection of myocardial
scar, especially subendocardial scar, which is a very
common type of scar®®. Moreover, patients have to
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Table 3. Diagnostic accuracy of visual method I and II for the detection of myocardial scar compared to stan-

dard method
Visual Method 1 Visual Method II
True positive 641 639
True negative 765 759
False positive 21 27
False negative 7

Sensitivity (%)(95%CI)
Specificity (%)(95%CI)
Positive predictive value (%)
Negative predictive value (%)
Accuracy (%)

Prevalence (%)

99.2 (98.2-99.7)
97.3 (96-98.2)
96.8 (95.2-97.9)
99.4 (98.5-99.7)
98.2

45.1

98.9 (97.8-99.5)
96.6 (95-97.6)
95.9 (94.2-97.2)
99.1 (98.1-99.6)
97.6

45.1

100+

Percent scar by standard method

| I I
0 20 40

I [ |
60 80 100

Percent scar by visual method

Fig. 2 Correlation between percentages of scar in each segment by standard method and visual method I

be exposed to a significant amount of radiation with
this nuclear study. Other methods for the assessment
of myocardial viability are MRI or dobutamine
echocardiography. Dobutamine echocardiography can
give information of ischemia by the observation of new
or worsening wall motion during stress. By the use of
low dose dobutamine, the authors can also assess myo-
cardial viability of the dysfunctional myocardial seg-
ments'"Y, However, many patients such as obese pa-
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tients or those with chronic lung disease will have a
poor echocardiographic window resulting in poor im-
age resolution, which will compromise the accuracy of
the interpretation?.

MRI can assess myocardial viability by the
dobutamine stress MRI, which has a good chance of
having a better image resolution compared to
echocardiogram?. Another MRI method is by the use
of DE-MRI which is a more widely used method com-



pared to dobutamine MRI. After an injection of gado-
linium, the contrast will rapidly diffuse from the intra-
vascular to the extracellular space. Area with altered
sarcolemmal membrane integrity and expansion of
extracellular matrix structure will be enhanced when
the image was acquired 7-10 minutes after the injec-
tion, whereas gadolinium in the normal myocardial
area already washed out before that timeV. With this
method, myocardial scar can be clearly demonstrated.
Kim et al demonstrated that hyperenhancement area
discovered by DE-MRI matched with that of myocar-
dial scar from histopathological specimen in animal
model®. He also demonstrated that amount of scar
by DE-MRI can be used to predict improvement of
regional wall motion after revascularization®. DE-MRI
can therefore be used to select which patients will bene-
fit from revascularization and which vessel should be
revascularized. It has been reported, in animal models,
by the use of histopathology as the gold standard,
that DE-MRI can detect more than 90% of subendo-
cardial scar compared to approximately only half by
thallium scan®. Amount of scar detected by DE-MRI
has also been shown to be highly reproducible®.

Accurate quantification of myocardial scar by
DE-MRI requires special software that can adjust
threshold detection of scar that will be at least 2 stan-
dard deviations above nonenhanced myocardium®.
This type of software is very expensive. Percentages
of scar in each myocardial segment can be assessed by
visual drawing of the scar and segmental boundary
and calculation of percentages of scar in each individual
segment. This technique is time consuming. Therefore,
the authors attempted to make analysis by visual
grading of amount of scar by dividing it into 5 grades,
from 0 to 4, which is also a widely used classification
that has been reported in clinical trials*!>. This method
is less time consuming and if accurate will become an
casily used technique for the assessment of myocardial
viability without the need for special software. The
authors showed that visual method I and II has an
accuracy of 98.2% and 97.6% respectively in the
detection of myocardial scar compared to standard
method.

Although the authors demonstrated that per-
centages of scar by visual assessment correlate very
well with the standard method, the visual method tends
to overestimate amount of scar by an average of 4%.
This finding may be related to a discrepancy in defin-
ing area of scar around the transitional area between
scar and normal myocardial area. The authors also
found that visual grading of amount of scar had a sig-

nificant correlation with grading by standard method.
One point to be remembered for visual estimation is
that, although DE-MRI images can nicely demonstrate
area of scar, experience of image analysis may be re-
quired. In the present study, all interpretators had at
least 3 years experience in cardiac MRI.

In conclusion, visual assessment of myocar-
dial scar is accurate for the detection and quantifica-
tion of scar. Visual estimation of amount of scar can be
confidently performed in terms of scar percentages or
grading.
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