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ABSTRACT

Single Dose Gadolinium Contrast for 3 T
Late Gadolinium Enhancement MRI
－Intra-individual Comparison with Conventional
Double Dose at 1.5 T MRI－
Jiyeon Lim
Medical Science (Major in Radiology)
Seoul National University College of Medicine

Purpose: 3 T late gadolinium enhancement (LGE) imaging is expected to provide
comparable image quality to 1.5 T even with reduction of gadolinium contrast,
thanks to superior signal to noise ratio and longer T1 relaxation time of normal
myocardium. This prospective study was designed to perform intra-individual
comparison of 3 T MR with use of 0.1 mmol/kg of gadoterate meglumine to 1.5 T
MR with use of 0.2 mmol/kg of the same gadolinium contrast for the assessment of
myocardial infarction.
Materials and Methods: In this prospective study, a total of ten patients (M:F =
8:2; mean age, 62.5 ± 11.8 years) diagnosed as old myocardial infarction were
examined at 3 T MR with single dose within two weeks after 1.5 T conventional
double dose MR. A single representative short-axis image was acquired at threetime point temporal scans (10 minute, 15 minute and 20 minute) after
i

administration of gadolinium agent (Uniray, gadoterate meglumine, Dongkook
Pharmaceutical Co., Ltd). Two contrast to noise ratios (CNRs) between infarcted
and normal myocardium and between infarcted and left ventricular (LV) cavity
were calculated and compared intra-individually at each temporal scan. Two
independent readers assessed infarct size semiautomatically by using a threshold of
6 standard deviations above the mean signal intensity of the remote myocardium.
The interobserver reproducibility was also evaluated using intraclass correlation
coefficient (ICC).
Results: Despite the usage of single dose of gadolinium, the mean values of infarcted
myocardium tended to be higher at 3 T MR than 1.5 T MR with double dose at each
time scan. 3 T LGE images with the single dose of gadolinium showed no significant
difference in CNR between infarcted and normal myocardium at each time scan (all,
p > 0.05). The CNR between infarcted myocardium and LV cavity was significantly
better at 10 minute scan, compared to that of 1.5 T double dose (12.4 ± 8.2 vs. 7.6 ±
4.5, p = 0.049) but there were no differences at 15 and 20 minute scan. The
measurement of relative infarct size was not significantly different between 1.5 T
and 3 T MR by both observers 1 and 2 (all, p > 0.05). Interobserver reproducibility
was excellent at 3 T single-dose MR (ICC range: 0.962-0.968) and good or excellent
at 1.5 T double-dose MR (ICC range: 0.769-0.866).
Conclusions: LGE imaging at 3 T with single-dose contrast is as effective as 1.5 T
conventional double-dose MR for the delineation of infarcted myocardium from
non-infarcted myocardium and is superior for detection of infarcted myocardium
from blood cavity at 10 minute scan. Therefore, 3 T LGE imaging using a single
dose of gadolinium is expected to not only reduce risk of nephrogenic systemic
fibrosis but also help to delineate subendocardial infarction.
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INTRODUCTION

Cardiac magnetic resonance (CMR) imaging with late gadolinium enhancement
(LGE) is widely considered as a gold standard for assessment of myocardial
viability with high spatial resolution and has been proven to accurate correlation in
comparison to the histopathologic results by triphenyltetrazolium chloride (TTC)
stain in animal experiments (1-7). Recovery of contractibility of the hypokinetic
segments of the ischemic myocardium can be predicted by CMR imaging by
estimating transmurality of myocardial infarction, which is critical to guide
revascularization therapy and prognostic prediction. Gadolinium-based agents have
been generally used for delayed enhancement images of CMR. In acute or chronic
condition of myocardial infarction, extracellular space is relatively increased and
therefore, nonspecific extracellular gadolinium chelates could be more
accumulated within the extracellular space, compared to the intact normal
myocardial area. While the concentration of gadolinium in normal myocardium is
washed out earlier, greater amount of gadolinium stays longer in the infarcted
tissue. Consequently, it provides an opportunity for optimal visualization of the
infarcted areas (1, 8-10). Up to now, CMR imaging has been predominantly
performed at 1.5 Tesla (T), yielding clinically acceptable image quality. However,
all of those studies with LGE were validated at 1.5 T MR with a conventional
double-dose (0.2 mmol/kg) or more of gadolinium contrast agents, which exceeded
the label-recommended dose (11). Unfortunately, the free gadolinium ions, released
from gadolinium complexes, are known to have a high level of potential toxicity.
Many current publications have proven dose-related association between
1

gadolinium-based contrast agents and nephrogenic systemic fibrosis (NSF) (1217).
In recent years, commercially available MR systems with a higher
magnetic ﬁeld strength (3 T) and dedicated multi-element coils have become
available for clinical applications. CMR imaging with LGE aided by the
advantages of high-ﬁeld strength imaging is expected to provide the capability to
distinguish between the viable, hibernating and infarcted myocardium with high
sensitivity and with strong pathophysiologic correlation (7). Although the problems
derived from high field strength exist at 3 T, concerning amplified susceptibility
artifacts, increased radiofrequency ﬁeld inhomogeneity, dielectric resonance effects
and higher specific absorption rate (SAR), 3 T CMR is currently considered as a
promising tool for many clinical applications (18-20). Most of all, the major
advantage in imaging at a higher field strength is attributed to an improvement in
signal to noise (SNR). The signal intensity (SI) of MR generally shows quadratic
increase as the static magnetic field strength (B0) increases, while the noise exhibits
the linear B0 dependence. Therefore, a gain of doubled SNR would be expected
when increasing the main magnetic field strength from 1.5 T to 3 T (18, 21). With
an increase in the field strength from 1.5 T to 3 T, the longitudinal relaxation time
(T1) of most tissues increases with the third root of the field strength (22). As
normal myocardium at 3 T recovers more slowly, requiring longer TI, particularly
on LGE imaging, the absolute signal difference between normal and infarcted
myocardium can be maximized (22, 23). Hence, even with the reduced dose of
gadolinium contrast 3 T MR with LGE is anticipated to provide comparable image
quality to 1.5 T as well as to decrease the risk of NSF.
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Many prior studies assessing image quality of LGE imaging at 1.5 T MR
with the reduced dosage (0.1 mmol/kg or 0.15 mmol/kg) have achieved
comparable image quality, owing to better delineation between the LV cavity and
the infarcted myocardium compared to that with conventional double dose (11, 2431). Until now, however, there has been very few study with 3 T MR using a single
dose to evaluate either image quality or even infarct area quantification (32). In
previous animal and human studies with 3 T CMR, various dosage of gadolinium
contrast agents (ranging from 0.05 mmol/kg to 0.2 mmol/kg) (19, 32-35) have been
empirically used. Feasibility of single dose of gadolinium at 3 T has not been
validated yet.
Therefore, we hypothesized that 3 T CMR imaging with single-dose
gadolinium agents would provide comparable CNR between infarcted and normal
myocardium and better CNR between LV cavity and normal myocardium, and also
the quantification of infarcted area would present high reproducibility subsequently
due to better CNR between LV cavity and normal myocardium.
This prospective study was designed to perform intra-individual
comparison of 3 T MR with use of 0.1 mmol/kg of gadoterate meglumine to 1.5 T
MR with use of 0.2 mmol/kg of the same gadolinium contrast agent for assessment
of myocardial infarction.
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MATERIALS AND METHODS

The institutional review board of our hospital approved this prospective study and
written informed consent was obtained from all patients before enrolment in the
study.

Patients
All patients who were diagnosed as old myocardial infarction proven by the
previous CMRs (32, 36) and referred to the Department of Radiology of our
hospital for CMR were eligible for recruitment into this prospective study.
Exclusion criteria were any renal impairment (glomerular ﬁltration rate under 60
mL/min), known hypersensitivity to gadolinium agents, and general
contraindications to MR imaging, including cardiac pacemaker, metal clips, and
claustrophobia. A total of ten patients (M:F = 8:2; mean age, 62.5 ± 11.8 years; age
range, 44-77 years) have been successfully enrolled, who underwent imaging at 1.5
T MR with conventional double dose first, followed by imaging at 3 T with single
dose within two weeks.

MRI Protocol
All MR examinations were performed in both 1.5-Tesla MR scanner (Magnetom
Sonata; Siemens Medical solutions, Erlangen, Germany) and 3-Tesla MR scanner
(Trio; Siemens Medical Solutions, Erlangen, Germany) for all patients. All MR
images were acquired during repeated end-expiratory breath-holds and were
electrocardiographically retrospective gated.
4

After performing the scout images, LGE images were obtained with an
inversion recovery (IR) turbo fast low-angle shot (FLASH) sequence that produces
both magnitude-reconstructed and phase-sensitive images in both 1.5 T and 3 T
MR scanners. We adjusted the scan parameters to be identical between two
examinations for optimal comparison and the parallel imaging technique was not
applied on both scans. The detailed scan parameters are listed in the Table 1. A
single dose (0.1 mmol/kg) of gadolinium agent (Uniray, gadoterate meglumine,
Dongkook Pharmaceutical Co., Ltd) for 3 T MR and double dose (0.2 mmol/kg) of
for 1.5 T MR were injected at a flow rate of 2.0 ml/s followed by a saline flush of
20 ml at the same flow rate. After reviewing the each patient’s previous CMRs, one
radiologist (J.Y.L) selected the single representative short axis slice that best
presented LGE of the infarcted myocardium in advance, and the selected short axis
slice was identically performed at both 3 T and 1.5 T MR at 10, 15 and 20 minutes
after contrast administration. The optimal inversion time (TI) was determined using
a TI scout (TR/TE, 25/1.1 msec; flip angle, 50°; slice thickness, 8 mm; matrix: 192
 72; in-plane resolution 4.8-1.4 mm2; different TIs from 80-804 msec, 31 images
for 1.5 T, TR/TE, 29/1.5 msec; flip angle, 35°; slice thickness, 8 mm; matrix: 192 
78; in-plane resolution 3.8-1.2 mm2; different TIs from 100-1007 msec, 26 images
for 3 T), adjusted to obtain the maximal contrast between viable and infarcted
myocardium at each temporal scan (TI range, 10 minute: 250-290 msec, 15 minute
250-310 msec, 20 minute: 300-330 msec for 1.5 T, 10 minute: 400-450, 15 minute:
420-470 msec, 20 minute: 450-480 msec for 3 T).

MR Image Analysis
5

Image Quality Assessment
On the short axis magnitude images, circular regions of interest (ROIs) were
defined by one observer (J.Y.L) within the infarcted myocardium, remote normal
myocardium and LV cavity. The mean values of SI values were measured within
these regions. Noise was derived from the standard deviation (SD) of the SI of an
ROI located in the background air (Figure 1). These ROIs were placed at the
corresponding locations on the representative short axis images of both MR
examinations. The CNR between the infarcted myocardium and normal
myocardium (CNRinfarct-normal) was calculated using the following equation:
CNRinfarct-normal = SIinfarcted myocardium - SInormal myocardium / noise. The CNR between the
infarcted myocardium and LV cavity (CNRinfarct-LVC) was calculated using this
following equation: CNRinfarct-LVC = SIinfarcted myocardium - SILV cavity / noise), in which SI
indicates the mean SI of an ROI located in each anatomic region. All processes
were performed on a picture archiving and communication system (PACS; Infinitt,
Seoul, Korea) workstation.

Infarct Quantification
Two experienced observers (E.A.P. and J.Y.L with 10 and 4 years of experience in
CMR interpretation, respectively), blind to the field strength and the dosage of
gadolinium contrast agent independently measured the area of LGE on the
magnitude images in a random order by using the dedicated semiautomatic analysis
program (CMR42 Version 4.1, Circle Cardiovascular Imaging Inc., Calgary,
Canada). As Figure 1 depicted, epicardial and endocardial contours and a ROI
placed in remote, unenhanced myocardium were outlined manually twice by two
observers, and the LGE area are defined by means of a threshold of 6 SD above the
mean SI of remote, non-enhanced myocardium according to the previous studies
6

(26, 36-38). The papillary muscles and trabeculations were equally excluded on all
ROIs. Based on the LGE measurements, the software program calculated the
relative infarct size, which was expressed as percentage of the total left ventricular
myocardium.

Statistical Analysis
The quantitative results of the two examinations were compared with each other
using paired two-tailed Student t test after data distributions were examined for
normality using the Kolmogorov-Smirnov test. Normally distributed data were
expressed as the mean ± standard deviation. Interobserver reproducibility for the
measurement of relative infarct size was evaluated by intraclass correlation
coefficient (ICC) generated by a two-way random-effects model with an absolute
agreement definition (0.0-0.40, poor; 0.41-0.60, moderate; 0.61-0.80, good; and
0.81-1.00, excellent correlation) (39) and Bland-Altman analysis. All statistical
analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, IL).
Differences were considered significant when the p value was less than 0.05.
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RESULTS

Details of demographic and clinical characteristics of all patients are listed in the
Table 2. Scanning at both ﬁeld strengths was well tolerated by all patients, and all
images were acquired of sufﬁcient quality for analysis. No problems with breath
holding nor electrocardiographic gating were encountered.

Image Quality Assessment
The results of SI of the infarcted and normal myocardium and LV cavity are
demonstrated in Table 3 in detail. Despite the usage of single dose of gadolinium,
mean values of SIs of infarcted regions tended to be twice higher at each time scan
at 3 T MR than 1.5 T MR with double dose but the statistical significance did not
reach (all, p > 0.05). Also, all of the SIs of normal myocardium and LV cavity
tended to be higher at 3 T than 1.5 T MR (Table 3 and Figure 2).
3 T LGE images with the single dose of gadolinium showed no significant
difference in CNR between infarcted and normal myocardium at each time scan
(all, p > 0.05). At 3 T MR with the single dose of gadolinium, the CNR between
infarcted myocardium and LV cavity was significantly better at 10 minute scan,
compared to double-dose 1.5 T MR. Even though they were statistically
insignificant, 3 T LGE images also showed a tendency toward higher CNR
between infarcted myocardium and LV cavity at both 15 minute and 20 minute
(Table 4 and Figure 2). The representative two cases are exhibited in Figures 3 and
4.

8

Infarct Quantification
There was no difference in relative infarct size between 1.5 T with double-dose and
3 T with single-dose images (Table 5). Bland-Altman analysis (Figure 5) indicated
that both MR exams had good agreement in measuring relative infarct size by
observer 1 (mean bias, -0.8% ± 10.8, range -21.9 to 20.3%) and observer 2 (mean
bias, 5.8% ± 10.0, range -13.9 to 25.5%). Table 6 summarized the ICC values
between observers 1 and 2 regarding interobserver reproducibility for the
quantification of relative infarct size. Interobserver agreement was excellent in all
three time point scans at 3 T single-dose MR with statistical significance. On the
other hand, interobserver reproducibility at 1.5 T with double-dose MR, was good
or excellent.

9

Table 1. Scan parameters of MR

1.5 T

3T

FOV (mm)

271 x 300

271 x 300

Pixel size (mm)

1.2 x 1.8

1.2 x 1.8

Section thickness (mm)

6

6

Repetition time (msec)

8.8

5.3

Echo time (msec)

4.2

2

Flip angle (degree)

25

13

Scan time (sec)

12-17

7-13

Parallel imaging

Not applied

Not applied
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Table 2. Patient characteristics
Patient characteristics

n = 10
62.5 ± 11.8

Age (years)
Gender (M/F)

8/2

Risk factors
Hypertension

3

Diabetes mellitus

2

Hypercholesterolemia

1

Smoking

6

Coronary artery disease classification
One vessel

1

Two vessels

2

Three vessels

7
9

Prior coronary artery bypass graft

38.1 ± 8.6

Ejection fraction (%)
End-diastolic volume (ml/m2)

120.9 ± 32.0

End-systolic volume (ml/m2)

76.3 ± 26.0

Average LV myocardial mass (g)

138.0 ± 51.0

Note. LV = left ventricle
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Table 3. Signal intensity of 1.5 T double-dose and 3 T single-dose images (n =
10)
1.5 T Double-dose

3 T Single-dose

p value

10 minute

47.9 ± 15.8

82.5 ± 29.0

0.992

15 minute

45.1 ± 14.8

88.3 ± 36.0

0.459

20 minute

48.1 ± 17.2

85.9 ± 30.4

0.469

10 minute

6.6 ± 1.7

12.8 ± 7.4

0.084

15 minute

6.6 ± 1.4

11.5 ± 5.9

0.523

20 minute

6.9 ± 1.8

12.2 ± 7.3

0.368

10 minute

39.0 ± 13.4

59.6 ± 31.2

0.223

15 minute

32.1 ± 13.2

56.3 ± 28.4

0.598

20 minute

34.4 ± 14.4

50.2 ± 26.1

0.858

SIinfarct

SInormal

SILVC

Note. Data are presented as means ± standard deviations.
SI = Signal intensity
LVC = Left ventricular cavity
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Table 4. Comparison of CNR between 1.5 T double-dose and 3 T single-dose
images (n = 10）
1.5 T Double-dose

3 T Single-dose

p value

10 minute

35.4 ± 12.1

37.7 ± 10.9

0.592

15 minute

36.9 ± 12.2

37.6 ± 12.4

0.898

20 minute

40.6 ± 14.5

34.1 ± 11.0

0.187

10 minute

7.6 ± 4.5

12.4 ± 8.2

0.049

15 minute

12.4 ± 5.9

16.1 ± 9.2

0.244

20 minute

14.3 ± 7.3

17.3 ± 8.3

0.257

CNRinfarct-normal

CNRinfarct-LVC

Note. Data are presented as means ± standard deviations.
CNR = Contrast to noise ratio
LVC = Left ventricular cavity
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Table 5. Quantification of relative infarct size (%) measured by observer 1 and
2 (n = 10)
1.5 T double-dose

3 T single-dose

p value

Observer 1
10 minute

27.7 ± 10.4

27.1 ± 11.7

0.820

15 minute

28.5 ± 13.2

30.9 ± 14.4

0.609

20 minute

28.1 ± 8.1

28.8 ± 8.1

0.838

10 minute

33.8 ±10.7

29.0 ± 11.6

0.095

15 minute

37.2 ± 10.5

31.2 ± 12.8

0.069

20 minute

36.1 ± 12.0

29.5 ± 10.1

0.149

Observer 2

Note. Data are presented as means ± standard deviations.
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Table 6. Interobserver reproducibility between 1.5 T double-dose and 3 T singledose exams
Intraclass correlation coefficient (95% CI)
1.5 T double-dose

p value

3 T single-dose

p value

10 minute

0.866 (0.473-0.966)

0.003

0.962 (0.962-0.990)

< 0.001

15 minute

0.769 (0.024-0.943)

0.024

0.968 (0.873-0.992)

< 0.001

20 minute

0.796 (0.256-0.948)

0.010

0.967 (0.875-0.991)

< 0.001

Note. CI = Confidence interval

15

(A)

(B)

(C)

16

Figure 1. Assessment of SIs, CNR and infarct size on magnitude images. (A, B)
SIs were determined in circular ROIs placed in remote normal and infarcted
myocardium, and LV cavity. Noise was derived from the ROI located in the
background air. (C) Assessment of infarct size of LGE by using the semiautomatic
analysis software. A small blue circle indicates reference myocardium as normal
remote myocardium. The infarct size was quantified by identifying myocardial
areas with LGE, overlaid with yellow color, by means of a threshold of 6 SD above
the mean SI of the remote, non-enhanced myocardium.
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(A)

P = 0.459
P = 0.469
P = 0.992

(B)

P = 0.523

P = 0.368

P = 0.084
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(C)
P = 0.223
P = 0.598
P = 0.858

(D)

P = 0.898

P = 0.187

P = 0.592

19

(E)

P = 0.244
P = 0.049

P = 0.257

Figure 2. Box and Whisker plot shows the SIs of infarcted myocardium (A),
remote unenhanced myocardium (B), LV cavity (C), CNRinfarct-normal (D) and
CNRinfarct-LVC (E), comparing 1.5 T double-dose with 3 T single-dose images.
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Figure 3. 71-year-old man. Delineation of the subendocardial infarction on LGE
images with a 1.5 T double dose (A, B, C) and 3 T single dose (D, E, F) of
gadolinium contrast agent. It is hard to delineate the border between
subendocardial infarction and LV cavity because the bright blood cavity obscures
subendocardial infarction at 1.5 T. On the other hand, delineation of endocardial
border of infarction was much more improved at 3 T with single dose.
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Figure 4. 59-year-old man. Delineation of the subendocardial infarction on LGE
images with a 1.5 T double dose (A, B, C) and 3 T single dose (D, E, F) of
gadolinium contrast agent. The greater signal difference between LV cavity and the
subendocardial infarcted region on 3 T MR (D, E, F) enables to better delineation
the infarcted myocardium, compared to 1.5 T MR (A, B, C).
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(A)
30
+1.96 SD
20.3

20
10

Mean
-0.8

0
-10

-1.96 SD
-21.9

-20
-30
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Mean of relative infarct by observer 1

50

(B)
30

+1.96 SD
25.5

20
10

Mean
5.8

0
-10

-1.96 SD
-13.9

-20
10

20
30
40
50
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Figure 5. Bland-Altman analysis of relative infarct size measured by observer 1
and 2. Solid line = mean difference. Dashed lines = upper and lower limits of
agreement.
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DISCUSSION

This study is the first to demonstrate the feasibility of single dose 3 T MR,
compared to double dose 1.5 T MR. The principal findings from our results can be
summarized as follows: (a) CNR between the infarcted and normal myocardium at
3 T with single dose MR was comparable to that of 1.5 T. (b) CNR between
infarcted myocardium and blood cavity was significantly higher at 10 minute scan
of 3 T with single dose contrast than 1.5 T with double dose. (c) Regarding
quantitatitive assessment of relative infarct size, 3 T MR showed excellent ICC
values, while ICC values were good or excellent at 1.5 T MR.
Currently, technical advances that enhance the ability of MRI after
administration of gadolinium based contrast agents have allowed to visualize
pathological changes in the heart with enhanced spatial and temporal resolution
and can improve the diagnostic capability of this modality for the diagnosis and
characterization of myocardial infarction (1). Furthermore, CMR with LGE at
higher magnetic field strength is a promising tool, which is beneficial for
evaluation of myocardial viability, with a growing number of 3 T MR scanners
being installed worldwide. In fact, recent studies have demonstrated notable
improvement in image quality, SNR and CNR of LGE MR imaging at 3 T over 1.5
T (19, 40). One of the most appealing advantage of imaging at 3 T MR is a
substantial gain in SNR (18), which may also be interpreted into an improvement
in CNR between enhancing blood pool and non-enhancing background (41).
As the longitudinal relaxation time of unenhanced blood or background
tissue substantially increases with field strength the signal recovery of those tissue
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occurs more slowly at higher magnetization field, the T1 shortening effect of
gadolinium agents may become more heightened, because the relaxivity of those
contrast agents is only minorly affected between 1.5 T and 3 T magnetic fields.
Accordingly, the increased efficacy of administrated gadolinium agents at 3 T
allows to reduce the amount contrast agents without deteriorating the image
quality, in theory. MR studies using single-dose gadolinium at 3 T have been
validated in the field of angiography but there was no validation study for the
evaluation of myocardial infarction to date. Similar to the design of our study,
Herborn et al. (42) compared between single-dose contrast-enhanced MR renal
angiography at 3 T and double-dose MR angiography at 1.5 T intraindividually and
they proved that the difference in mean image quality was not statistically
significant. Also, Kramer et al. (43) also demonstrated the feasibility of singledose, time-resolved contrast-enhanced 3D MR angiography in assessment of the
abdominal aorta and its major branches at 3 T. In particular, of our results, even
though we reduced the dose of gadolinium contrast agent by half when performing
3 T MR imaging, all of the SIs of the infarcted and normal myocardium and the LV
cavity in each time scan tended to be higher than those of 1.5 T double dose
images. The major elements affecting these results can be explained as follows; (a)
a gain of doubled SNR at 3 T (18), and (b) prolonged T1 relaxation time of the
normal myocardium and increase in the efficacy of T1 shortening effect of
gadolinium agents may result in maximizing the signal difference between the
normal and infarcted myocardium (22, 23).
Conventionally, a double dose of contrast agent has been used because
LGE was originally validated by animal experimental studies using a double dose
of gadolinium contrast agent and the subsequent clinical studies were performed
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using the same dose establishing substantially high image quality and diagnostic
accuracy (1, 7, 10, 31, 44-47). However, it is an important issue in fact that
gadolinium-based contrast agents may trigger the development of an extremely rare
but serious complication, nephrogenic systemic fibrosis (NSF). In 2010, the U.S.
FDA announced that label-recommended dose of the conventional gadolinium
based-contrast agent (generally 0.1 mmol/kg) should not be exceeded in any
patients (11). As gadolinium has to be chelated with appropriate ligands to be
allowed to clinical use, these gadolinium complexes are linear or macrocyclic. Of
various gadolinium-based contrast agents, gadoterate meglumine (Gd-DOTA) has
the highest thermodynamic stability (log10 KTHERM = 25.6), apparent stability
(log10Kcond = 19.3), pharmacokinetic stability, and decomplexation of all available
gadolinium-chelate agents (48, 49). Uniray (gadoterate meglumine, Dongkook
Pharmaceutical Co., Ltd.), used for LGE in our study, is a macrocyclic ionic
gadolinium-based contrast agent as well as a generic agent of Dotarem (gadoterate
meglumine, Guerbet, Roissy CdG, France). It has been proven very safe even in
the high-risk patients with impaired renal function and so far, to our knowledge, no
validated cases of NSF have been documented yet, solely attributed to Gd-DOTA
(48, 50-51). In this study, none of all patients have shown any sign of NSF and
other adverse effects up to now.
There is another major concern in terms of the usage of a double dose of
gadolinium contrast agents: brightened blood cavity may lead to obscure
subendocardial infarction (8). This is a critical obstacle in detection of
subendocardial infarction and in estimation of the exact infarct size some parts of
subendocardial infarction may be misinterpreted as the LV cavity. According to a
recent study reported by Kim et al. (24), they compared LGE images at 1.5 T MR
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with single dose versus double dose, and found that CNR between the infarcted
myocardium and LV cavity exhibited negative value when a double dose of
gadolinium agent was used, which indicated that the LV cavity blood was much
brighter than the infarcted myocardium. Also in our results, as we initially
hypothesized, the CNR between the infarcted myocardium and the LV cavity was
significantly higher at 10 minute exam at 3 T with single dose than at 1.5 T with a
double dose of contrast agent. On the other hand, at 15 and 20 minute scans, CNR
between the infarcted myocardium and the LV cavity was not significantly
different, even though it showed a tendency to be higher at 3 T MR than 1.5 T MR.
It suggests that bright blood cavity could be overcome by more delayed scan at
double-dose 1.5 T but this can be a disadvantage due to longer scan time in clinical
practice. Our results from the measurement of relative infarct size did not show any
significant difference between two observers at both field strengths. Particularly,
using 3 T MR, the quantification of infarcted area presented excellent interobserver
agreement at each temporal scan. We suggested that it is because the more decrease
in brightness of the LV cavity at 3 T MR with single dose than 1.5 T with double
dose allowed accurate demarcation of the endocardial contour of infarcted area.
Therefore, we finally suggest that the 3 T CMR imaging with single dose
gadolinium agents can be feasible in clinical practice and has sufficient capability
of the detection and precise quantitative measurement of myocardial infarction.
We recognize that the present study has several limitations. Major
limitation is a small number of population for an adequate statistical work-up.
Second, this study is a single center study. Third, to maintain the patent cohort
uniformly, we only included the patients who diagnosed as old myocardial
infarction confirmed by previous MR studies. Because the pathologic and patient
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status are different between acute and chronic myocardial infarction, our results
cannot be extrapolated in a group of acute myocardial infarction. Fourth, we did
not evaluated diagnostic accuracy and detectability of LGE, because in all patients
recruited in our study the presence of LGE regions was already confirmed on
previous MR exams. Lastly, we only analyzed the magnitude images for the
evaluation of the image quality. As the magnitude-reconstructed image is highly
sensitive to the inversion recovery time, an error in selecting the precise nulling
time can lead to a reduction in contrast between normal myocardium and
enhancing tissue. Therefore, we determined the optimal nulling time of normal
myocardium according to the TI scout performed only a few seconds before every
temporal scan. We believe that optimal adjustment of TI could avoid any
significant bias on the contrast of the magnitude images. In addition, since the
phase-sensitive inversion recovery (PSIR) reconstruction fundamentally
implements the process of spatial smoothing, applied to reduce the noise of
reference image, the value of noise on PSIR images is known to not to indicate the
true value (45).
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CONCLUSION

LGE imaging at 3 T with single dose contrast is as effective as 1.5 T conventional
double dose MR for delineation of the infarcted myocardium from the noninfarcted myocardium and is superior for detection of the infarcted myocardium
from the blood cavity. Therefore, 3 T LGE imaging using a single dose of
gadolinium is expected to not only reduce the risk of NSF but also might help to
delineate subendocardial infarction by reducing the SI of the blood cavity.
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국 문 초 록

목적: 3 T 자기공명 영상 장치는 1.5 T 와 비교하여 우월한 신호 대
잡음 비와 더 길어진 정상 심근의 T1 이완 시간 덕분에 조영제의 양을
줄이더라도 고식적인 이중 용량을 쓴 1.5 T 자기공명 지연 조영 영상과
대등한 정도의 영상의 질을 제공할 수 있을 것이라는 예상이 되고 있다.
그러므로 이 연구에서는 단일 용량의 조영제를 사용하여 시행한 3 T
자기공명 지연 조영 영상을 고식적 이중 용량 조영제를 사용하여 시행한
1.5 T 자기공명 지연 조영 영상과 영상의 질을 비교하였다.
방법: 이 전향적 연구에서는 만성 심근 경색으로 진단 받은 총 10명의
환자 (남:여= 8:2; 평균연령, 62.5 ± 11.8 세) 를 대상으로 이중 용량의
조영제를 쓴 1.5 T 자기공명 영상을 획득한 후 이주일 이내에 단일
용량의 조영제를 사용한 3 T 자기공명 영상 검사를 시행하였다.
가돌리늄 조영제 (유니레이, 동국제약) 를 주입한 후 대표적인 한 개의
단축면

영상에

대해서

세

시점에서

(10분,

15분,

20분)

영상을

획득하였다. 경색 심근과 정상 심근의 대조 잡음 비와 경색 심근과
좌심실 내강 사이의 대조 잡음 비를 각각의 촬영 시점에서 개인 내에
비교를 하여 산출 하였다. 또한 두 관찰자가 각각 반자동 정량분석
프로그램으로 정상

심근과

6-표준편차

기준으로

심근경색

크기를

정량화 하였고, 급내 상관 계수 측정을 통하여 관찰자 간의 재현성을
평가하였다.
결과: 3 T 자기공명 영상에서 단일 조영제만을 사용하였음에도 모든
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정상 또는 경색 심근과 심실 내강의 신호 강도가 이중 용량의 조영제를
사용하였을 때 보다 두 배 가량 높은 신호 강도를 보였다. 3 T 단일
조영제를 사용한 지연 조영 증강 영상에서 경색 심근과 정상 심근 간의
대조 잡음 비는 모든 촬영 시간 대에서 유의한 차이가 없었다. (모두, p >
0.05). 경색 심근과 좌심실 내강 사이의 대조 잡은 비는 10분 촬영에서
3 T 자기공명 지연 영상이 이중 용량을 사용한 1.5 T 영상 보다
유의하게 높은 결과를 보여주었으나(12.4 ± 8.2 대 7.6 ± 4.5, p = 0.049)
15분과 20분 촬영 영상에서는 유의한 차이가 없었다. 경색 크기의
정량화 결과는 두 관찰자 간에 1.5 T 와 3 T 에서 유의한 차이가
없었다 (모두, p > 0.05). 관찰자 간의 재현성은 3 T 단일 용량 조영제
급내 상관계수 범위: 0.962-0.968) 를 사용하였을 때 통계적으로
유의하게 모든 시간 대에서 이중용량을 사용한 1.5 T MR (급내
상관계수 범위: 0.769-0.866) 에 비해 우수하였다.
결론: 단일 용량의 조영제를 사용하여 시행한 3 T 자기공명 지연 조영
영상은 좌심실 내강 또는 정상 심근으로부터 경색 심근의 윤곽을
구분하는 데에는 이중 용량 조영제를 사용하여 시행한 1.5 T 자기공명
지연 조영 영상보다 우월하다는 결과를 보여주었다. 그러므로 3 T
자기공명 지연 조영 영상은 신원성 전신 섬유증의 위험을 감소시킬 뿐만
아니라 경색 심근의 감별에 도움을 줄 수 있을 것으로 기대한다.
---------------------------------------주요어: 심근경색, 자기공명 영상, 3 테슬라, 조영제, 가돌리늄, 영상의 질,
경색 크기
39

학 번: 2013-21695

40

