Korean Journal of Radiology

".) Check for updates I(J R

Single-Dose Gadoterate Meglumine for 3T Late
Gadolinium Enhancement MRI for the Assessment of
Chronic Myocardial Infarction: Intra-Individual

Comparison with Conventional Double-Dose 1.5T MRI
Jiyeon Lim, MD, Eun-Ah Park, MD, PhD, Yong Sub Song, MD, Whal Lee, MD, PhD

All authors: Department of Radiology, Seoul National University Hospital, Seoul 03080, Korea

Original Article | Cardiovascular Imaging

https://doi.org/10.3348/kjr.2018.19.3.372
pISSN 1229-6929 - eISSN 2005-8330

Korean J Radiol 2018;19(3):372-380

Objective: To intra-individually compare 3T magnetic resonance (MR) images obtained with one dose gadoterate meglumine
to 1.5T MR using conventional double dose for assessment of chronic myocardial infarction.

Materials and Methods: Sixteen patients diagnosed with chronic myocardial infarctions were examined on single-dose 3T
MR within two weeks after undergoing double-dose 1.5T MR. Representative short-axis images were acquired at three points
after administration of gadoterate meglumine. Contrast-to-noise ratios between infarcted and normal myocardium (CNRinfarct-
nomal) and between infarct and left ventricular cavity (CNRinfactive) were calculated and compared intra-individually at each
temporal scan. Additionally, two independent readers assessed relative infarct size semi-automatically and inter-observer
reproducibility was evaluated using intraclass correlation coefficient.

Results: While higher CNRinfarct-normat Was revealed at single-dose 3T at only 10 minutes scan (p = 0.047), the CNRinarct-ve Was
higher at single-dose 3T MR at each temporal scan (all, p < 0.05). Measurement of relative infarct size was not significantly
different between both examinations for both observers (all, p > 0.05). However, inter-observer reproducibility was higher
at single-dose 3T MR (all, p < 0.05).

Conclusion: Single-dose 3T MR is as effective as double-dose 1.5T MR for delineation of infarcted myocardium while being
superior in detection of infarcted myocardium from the blood cavity, and provides better reproducibility for infarct size
quantification.
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INTRODUCTION

State-of-the-art cardiac magnetic resonance (CMR)
imaging with late gadolinium enhancement (LGE) allows
assessment of myocardial viability at high spatial resolution,
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critical in accurately predicting the patient’s prognosis

and in informing the need for revascularization therapy
(1-3). However, diagnostic performance of CMR imaging,
predominantly conducted at 1.5T, has been validated with a
double dose (0.2 mmol/kg) or more of gadolinium contrast,
exceeding the label-recommended dose (generally 0.1
mmol/kg) (4). Thus, in clinical practice, LGE imaging using
a double dose of gadolinium may lead to two concerns:
potential risk of nephrogenic systemic fibrosis (NSF) (5-7)
and difficulty in differentiating a subendocardial high signal
from the brightened left ventricular (LV) cavity (8).

In recent years, magnetic resonance (MR) systems with
higher magnetic field strength (3T) have become available
for clinical application and have demonstrated considerable
promise (9, 10). LGE imaging can benefit from higher
magnetic field strength owing to several points. First is
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improvement in signal-to-noise ratio (SNR). Theoretically,
a two-fold increase in SNR can be obtained by increasing
magnetic field strength from 1.5T to 3T (9). Second,
prolonged longitudinal relaxation time (T1) of normal
myocardium at 3T leads to maximization of absolute signal
difference between normal and infarcted myocardium (11,
12). Hence, even with reduced dose of gadolinium contrast,
3T MR with LGE is anticipated to provide comparable image
quality to 1.5T MR as well as decrease risk of NSF. However,
to the best of our knowledge, there has been no study
validating 3T LGE imaging using single-dose gadolinium
contrast in intra-individual comparison with 1.5T MR using
conventional double-dose gadolinium in patients with
myocardial infarction.

We hypothesized that 3T CMR imaging using single-dose
gadolinium contrast would provide comparable contrast-
to-noise ratio between infarcted and normal myocardium
(CNRinfarct-normat) @s well as better CNR between infarct and LV
cavity, and reveal higher reproducibility for quantification of
relative infarct size, compared to 1.5T MR using a double-
dose gadolinium. Thus, this prospective study was designed
to conduct an intra-individual comparison of 3T MR with use
of 0.1 mmol/kg of gadoterate meglumine to 1.5T MR using
0.2 mmol/kg of the same gadolinium agent for assessment
of myocardial infarction.

MATERIALS AND METHODS

The Institutional Review Board of our hospital approved
this prospective study and written informed consent was
obtained from all patients prior to enrollment in this study.

Patients

All patients diagnosed with chronic myocardial infarctions
at previous CMRs based on findings described in previous
studies (13, 14) and referred to the radiology department
of our hospital December 2013-July 2014 for follow-up
CMR were eligible for this prospective study. Exclusion
criteria included renal impairment (glomerular filtration
rate < 60 mL/min), known hypersensitivity to gadolinium
agents, and general contraindications to MR imaging. A
total of 16 patients (M:F = 12:4; mean age, 62.5 + 11.8;
age range, 44-77) that underwent 1.5T MR using a double
dosage of gadolinium contrast first, followed by imaging at
3T MR using single dosage of gadolinium within two weeks
comprised our study population.
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All MR examinations were conducted on a 1.5T MR
scanner (Magnetom Sonata; Siemens Medical Solutions,
Erlangen, Germany) using a 12-channel, phased-array body
surface coil and a 3T MR scanner (Trio; Siemens Medical
Solutions) using a 12-channel, phased-array body surface
coil. A dielectric pad was placed on the patient’s body to
improve image homogeneity. All MR images were acquired
during repeated end-expiratory breath-holds and were
retrospectively electrocardiographically gated.

After conducting scout images, LGE images were obtained
using an inversion recovery (IR) turbo fast low-angle shot
sequence at 1.5T and 3T MR scanners. We adjusted scan
parameters to be identical between the two examinations
for optimal comparison and parallel imaging technique was
not applied on either examination: for 1.5T MR, repetition
time (TR)/echo time (TE) of 8.3 msec/3.4 msec, a flip
angle of 25°, a receiver bandwidth of 140 Hz/pixel, a field
of view of 172 x 250 mm, an image matrix of 256 x 139,
and a slice thickness of 7 mm; for 3T MR, a TR/TE of 5.3
msec/2.0 msec, a flip angle of 13°, a receiver bandwidth
of 285 Hz/pixel, a field of view of 172 x 250 mm, an
image matrix of 256 x 139, and a slice thickness of 7 mm.
Parameters of gradient system are as follows: a maximum
gradient amplitude of 45 mT/m, a slew rate of 200T/m/sec,
a rise time of 200 psec; for 1.5T MR a maximum gradient
amplitude of 45 mT/m, a slew rate of 200T/m/sec, a rise
time of 225 psec; for 3T MR. A single dose (0.1 mmol/
kg) of a gadolinium agent (Uniray, gadoterate meglumine;
Dongkook Pharmaceutical Co., Ltd, Seoul, Korea) for 3T MR
and a double dose (0.2 mmol/kg) for 1.5T MR was injected
at a flow rate of 2.0 mL/s followed by a saline flush of 20
mL at the same rate. After reviewing each patient’s previous
CMRs, one radiologist selected a representative short-axis
slice that best presented the LGE of infarcted myocardium
in advance, and the selected short-axis slice was identically
conducted at both 3T and 1.5T MR systems at 10, 15, and
20 minutes after contrast administration. Optimal inversion
time (TI) was determined using a TI scout (for 1.5T MR, a
TR/TE of 28 msec/1.4 msec, a flip angle of 35°, a field of
view of 318 x 340 mm, an image matrix of 192 x 90, and a
slice thickness of 8 mm; for 3T MR, a TR/TE of 23 msec/1.1
msec, a flip angle of 30°, a field of view of 376 x 340 mm,
an image matrix of 192 x 78, and a slice thickness of 8
mm), adjusted to obtain the maximal contrast between the
viable and infarcted myocardium on each temporal scan
(TI range for 1.5T: 10 minutes, 250-290 msec; 15 minutes,
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250-310 msec; 20 minutes, 300-330 msec, and TI range for
3T: 10 minutes, 400-450 msec; 15 minutes, 420-470 msec;
20 minutes, 450-480 msec).

MR Image Analysis

Image Quality Assessment

Two independent, experienced observers (with 10
years and 4 years of experience in CMR interpretation,
respectively), blinded to field strength and dosage
of gadolinium contrast agent, measured mean signal
intensities (SIs) of circular regions of interest (ROIs) placed
in the infarcted myocardium, remote normal myocardium,
and LV cavity on single short-axis magnitude images. Noise
was derived from standard deviation (SD) of SI of a ROI with
an area of approximately 350 mm? in the background air (Fig.
1). The location of the ROIs was identical using copy-and-
paste tool on both 1.5T and 3T MR images. SNR was defined
as mean SI of each region divided by noise. The CNRinfarct-
nomat Was calculated using the following equation: CNRinarct-
normal = (Slinfarcted myocardium ~ SThormal myocardium) / noise. The CNR
between infarct and LV cavity (CNRisfarct-vc) Was calculated
using this following equation: CNRinarct-eve = (STinfarcted myocardium
- SLy) / noise). All measurements were conducted on a
picture archiving and communication system workstation
(PACS; Infinitt, Seoul, Korea).

Infarct Size Quantification

Two observers, blinded to field strength and dosage
of gadolinium contrast agent, measured the area of LGE
on magnitude images by means of the 6-SD threshold
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method using a dedicated semiautomatic analysis program
(CMR* Version 4.1; Circle Cardiovascular Imaging Inc.,
Calgary, Canada) (Fig. 1) (14, 15). Papillary muscles and
trabeculations were included into the LV cavity. Relative
infarct area was expressed as a percentage of the LV
myocardium area.

Statistical Analysis

Data are expressed as the mean + SD. Quantitative results
of the two examinations were compared using the paired
two-tailed Student ¢ test as the data revealed normal
distributions after the Kolmogorov-Smirnov test. Inter-
observer reproducibility for the measurement was evaluated
using intraclass correlation coefficients (ICCs) generated
by a two-way random-effects model with an absolute
agreement definition and by Bland-Altman analysis. In
accordance with Landis and Koch (16), the following ICC
interpretation scale was used: 0.00-0.20, slight; 0.41-0.60,
moderate; 0.61-0.80, substantial; and 0.81-1.00, almost
perfect. All statistical analyses were conducted using SPSS
version 17.0 (SPSS Inc., Chicago, IL, USA). Differences were
significant when the p value was less than 0.05.

RESULTS

Details of demographic and clinical characteristics of
all patients are listed in Table 1. Scanning at both field
strengths was well tolerated by all patients, and all images
were deemed of sufficient quality for analysis. Neither
a problem with breath-holding nor electrocardiographic
gating was encountered.

Fig. 1. Assessment of SIs, contrast-to-noise ratios and relative infarct area on magnitude images.

A, B. SIs were determined in circular ROIs placed in remote normal (blue circle) and infarcted myocardium (red circle), and LV cavity (yellow
circle). Noise was derived from ROI located in background air (white circle). C. Assessment of relative infarct area of LGE using semiautomatic
analysis software. Small blue circle indicates reference myocardium as normal remote myocardium. Green and red circles indicate outer and inner
contours of left ventricular myocardium, respectively. Relative infarct size was quantified by identifying myocardial area with LGE, overlaid with
yellow, by means of threshold of 6 SDs above mean SI of remote, non-enhanced myocardium. LGE = late gadolinium enhancement, LV = left
ventricular, ROIs = regions of interest, SDs = standard deviations, SIs = signal intensities
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Image Quality Assessment
There were no significant differences in mean values
between measurements of the two observers (p >
0.05, each) and correlation between two datasets was
excellent for each measurement (r = 0.817-0.967; p <
0.05) (Supplementary Table 1 in the online-only Data
Supplement). Thus mean values of both observers’
measurements were used for further calculations.
Despite usage of only single-dose gadolinium, mean
SIs of the three anatomical regions were higher at each
temporal scan at 3T MR than at 1.5T MR using a double
dose, albeit without statistical significance (all, p >

Table 1. Patient Characteristics (n = 16)

Age (years)* 62.5+11.8
Gender (M/F) 12/4
Risk factors

Hypertension 3

Diabetes mellitus 2

Hypercholesterolemia 1

Smoking 6
CAD classification

One vessel 1

Two vessel 4

Three vessel 11
Prior coronary artery bypass graft 13
Ejection fraction (%)* 38.1+8.6
End-diastolic volume (mL/m?)* 120.9 + 32.0
End-systolic volume (mL/m?)* 76.3 + 26.0
Average LV myocardial mass (g)* 138.0 £ 51.0

Unless otherwise indicated, data are numbers of patients. *Data
are mean + SD. CAD = coronary artery disease, LV = left ventricle,
SD = standard deviation

Table 2. Comparison of SNR between Double-Dose 1.5T and
Single-Dose 3T MR Images (n = 16)

1.5T Double Dose 3T Single Dose P
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0.05) (Supplementary Table 2 in the online-only Data
Supplement).

Table 2 revealed that there was no significant difference
in most SNRs of three different regions including the
infarcted and normal myocardium and LV cavity between
the two examinations at most temporal scans (all, p > 0.05,
except for SNRenhanced aNd SNRuorma at 10 minutes, and SNRyyc
at 20 minutes). In terms of the CNR between infarcted and
normal myocardium, a significant difference between the
two examinations was revealed only at 10-minute scans (p
= 0.047) (Table 3). Conversely, the CNR between infarcted
myocardium and LV cavity was significantly higher at single-
dose 3T MR at all temporal scans, compared to double-dose
1.5T MR (all, p < 0.05) (Table 3). Representative cases are
exhibited in Figures 2 and 3.

Relative Infarct Area Quantification

There were no differences in the relative infarct area
between double-dose 1.5T MR images and single-dose 3T
MR images (Table 4) for both observers. Table 5 summarizes
the ICC values between observers 1 and 2 regarding inter-
observer reproducibility for quantification of relative infarct
area. Inter-observer agreement for infarct quantification
at single-dose 3T images was significantly better than in
double-dose 1.5T images (all, p < 0.05) (Table 5). Bland-
Altman analysis (Fig. 4) revealed that both MR examinations
revealed good agreement in measuring relative infarct
area for observer 1 (mean bias, -0.5 + 10.8%, range
-19.0-18.1%) and observer 2 (mean bias, 4.0 + 9.2%, range
-14.2-22.2%).

DISCUSSION

Our study demonstrates the feasibility of single-dose
3T MR compared to double-dose 1.5T MR. The principal

SNRinfarct
10 minutes 38.6 + 9.8 48.1 £ 12.2 0.025
15 minutes 40.9 + 11.7 45.7 +10.5 0.188
20 minutes 43.0 + 14.0 44.6 + 9.3 0.712
SNRormat
10 minutes 5.1+ 1.1 6.8 +2.9 0.049
15 minutes 5.7+ 1.7 6.9 +£3.4 0.197
20 minutes 6.5+ 2.1 7.3+3.7 0.343
SNRuwc
10 minutes 31.6 + 8.9 28.9 + 14.3 0.383
15 minutes 29.1+10.5 249 £ 9.4 0.209
20 minutes 30.8 + 10.0 22.5+9.3 0.012

Table 3. Comparison of CNR between Double-Dose 1.5T and

Single-Dose 3T MR Images (n = 16)

1.5T Double Dose 3T Single Dose P

CNRinfarct-normat

10 minutes 33.5+9.38 41.3 + 11.1 0.047

15 minutes 35.2+10.9 38.8+9.5 0.315

20 minutes 36.5 + 13.2 37.3+£8.6 0.848
CN Rinfarct-LVC

10 minutes 7.03 £ 4.4 19.3+11.4 < 0.001

15 minutes 11.8 £ 6.9 20.8 £ 9.1 0.003

20 minutes 12.2+7.2 22.1+ 8.6 0.001

Data are presented as means + SDs. LVC = left ventricular cavity,
MR = magnetic resonance, SNR = signal-to-noise ratio
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Data are presented as means + SDs. CNR = contrast-to-noise ratio
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Double-dose gadolinium at 1.5 T

Single-dose gadolinium at 3 T
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Fig. 2. Subendocardial infarction observed in septal, inferior and lateral wall in 71-year-old man. LGE short axis images obtained
using double dosage of gadolinium at 1.5T (upper row) and single dosage of gadolinium at 3T (lower row). There was difficulty in delineating
border between subendocardial infarction and LV cavity as bright blood cavity obscures subendocardial infarction at 1.5T MR. To contrary,
visualization of hyper-enhancement in subendocardium was much more improved at 3T MR using single dose. MR = magnetic resonance

findings from our results can be summarized as follows:
1) CNR between infarcted and normal myocardium at 3T
using single-dose gadolinium contrast was comparable
to that of 1.5T using a double-dose gadolinium contrast.
2) CNR between infarcted myocardium and blood cavity
was significantly higher at all temporal scans of 3T MR
using single-dose contrast. Furthermore, 3) regarding the
quantitative assessment of relative infarct area, 3T MR
using single dose revealed nearly perfect ICC values with
significantly better inter-observer agreement than 1.5T MR
using a double dose.

It has been previously revealed that CMR with LGE
at higher magnetic field strength can be beneficial for
evaluation of myocardial viability, with notable improvement
in image quality over 1.5T (10). One of the most appealing
advantages of imaging at 3T MR is two-fold gain in SNR
(9). T1 shortening effect of gadolinium agents can become
more heightened owing to prolongation of T1 of the normal
myocardium at 3T (9). Accordingly, increased efficacy of
administrated gadolinium agents at 3T allows reduction in
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the amount of contrast agent that can be administered, in
theory, without deteriorating image quality.

Previously, MR studies using single-dose gadolinium at
3T have been validated in the field of angiography (17, 18)
but there have been no validated studies for evaluation of
myocardial infarction to date. Similar to the design of our
study, Herborn et al. (18) compared single-dose contrast-
enhanced MR angiography at 3T with double-dose contrast-
enhanced MR angiography at 1.5T intra-individually, and
they proved the difference in mean image quality was
statistically insignificant. Kramer et al. (17) demonstrated
the feasibility of single-dose, time-resolved contrast-
enhanced three-dimensional MR angiography in assessment
of abdominal aorta and its major branches at 3T.

Interestingly, according to our results, even though we
reduced the dose of gadolinium contrast agents by half
when conducting 3T MR imaging, all SIs of the infarcted
and normal myocardium and LV cavity at each temporal
scan were higher than those of 1.5T double-dose images.
This result can be attributed to increase in SNR at 3T (9),

Korean J Radiol 19(3), May/Jun 2018 kjronline.org
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Fig. 3. Subendocardial infarction observed in inferior and lateral wall in 59-year-old man. LGE short axis images obtained using double
dosage of gadolinium at 1.5T MR (upper row) and single dosage of gadolinium at 3T (lower row). Greater signal difference between LV cavity and
subendocardial infarcted region on 3T MR using single dosage enabled better delineation of infarcted myocardium compared to 1.5T MR using

double dosage.

and prolonged T1 relaxation time of the normal myocardium
with increase in efficacy of the T1 shortening effect
of gadolinium agents, thereby, maximizing the signal
difference between normal and infarcted myocardium (11,
12). However, MR imaging at 3T has disadvantages such
as inherently stronger off-resonance artifacts (B,-field
inhomogeneity) and dielectric shading artifacts (B;-field
inhomogeneity).

These factors result in significant dark band artifacts
and loss of tissue contrast on steady-state free precession
pulse (SSFP) sequences and signal loss on spin echo pulse
sequences that are unpredictable (9, 19). Conversely,
IR spoiled gradient echo sequences for late gadolinium
enhancement imaging with use of standard inversion pulses
is more sensitive to inhomogeneous B, fields than SSFP
sequences because non-uniform flip angles resulting from
dielectric effect lead to uneven myocardial nulling. To
overcome this limitation, we used a dielectric pad and it
enabled reducing the B; shading artifact at the conventional
3T system. In this study, IR spoiled gradient echo sequences

kjronline.org Korean J Radiol 19(3), May/Jun 2018

Table 4. Quantification of Relative Infarct Area (%) Measured
by Observers 1 and 2 (n = 16)

1.5T Double Dose

3T Single Dose P

Observer 1
10 minutes 26.8 + 14.4 26.6 + 11.7 0.909
15 minutes 27.2 + 14.6 28.6 + 14.4 0.620
20 minutes 27.9 + 10.7 28.2 +8.1 0.903
Observer 2
10 minutes 30.8 + 14.1 27.7 +11.6 0.123
15 minutes 32.7 £ 14.2 28.7 +12.8 0.060
20 minutes 31.8 + 14.0 27.1+10.1 0.137

Data are presented as means + SDs.

were used in both examinations, and significant dark band
artifacts and uneven myocardial nulling were not observed
in both image data sets.

Conventional use of a double dose of contrast agents
is used today as LGE was originally validated in animal
experimental studies using a double-dose gadolinium and
subsequent clinical studies were conducted using the same
dose, establishing substantially higher image quality and

377



Korean Journal of Radiology

KJR

Lim et al.

Table 5. Inter-Observer Reproducibility between 1.5T Double-Dose and 3T Single-Dose Exams

1CC (95% CI)

Comparison of

Dependent ICC
1.5T Double Dose P 3T Single Dose P P

10 minutes 0.897 (0.693-0.965) < 0.001 0.977 (0.935-0.992) < 0.001 0.021

15 minutes 0.844 (0.518-0.947) < 0.001 0.968 (0.943-0.993) 0.001 0.025

20 minutes 0.795 (0.462-0.931) 0.001 0.942 (0.837-0.980) < 0.001 0.029

(I = confidence interval, ICC = intraclass correlation coefficient
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A

Fig. 4. Bland-Altman analysis of relative infarct area measured by observers 1 (A) and 2 (B). Center line represents mean of
differences, top line shows upper 95% limit of agreement, and bottom line shows lower 95% limit of agreement, with mean difference between

long- and short-axis measurements (+ 1.96 times SD).

diagnostic accuracy (2, 3, 20). However, it is critical to
note that gadolinium-based contrast agents may trigger
development of an extremely rare but serious complication,
NSF. Many publications have proven the dose-related
association between gadolinium-based contrast agents and
NSF (5-7). In this regard, reduction of gadolinium provided
by single-dose 3T MR, yet with comparable or even superior
performance, is of clear clinical significance.

Of the various gadolinium-chelate contrast agents,
gadoterate meglumine (Gd-DOTA) has the highest
thermodynamic stability (logio Kinerm = 25.6), apparent
stability (logio Keond = 19.3), pharmacokinetic stability, and
decomplexation (21, 22). Uniray (gadoterate meglumine,
Dongkook Pharmaceutical Co., Ltd.), used 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 is safe even in high-
risk patients with impaired renal function and so far, no
validated cases of NSF have been documented, solely
attributed to Gd-DOTA (22, 23). In this study, none of the
study patients revealed signs of NSF or other adverse effects
until now. One comparative study between macrocyclic
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gadolinium-based agents revealed that gadobutrol
(Gadovist; Bayer Healthcare, Berlin, Germany) has better T1
relativities than Gd-DOTA, and provided significantly higher
CNR with one and half dosage, compared to double dosage
of Gd-DOTA (24).

There is another major concern in terms of usage of a
double-dose gadolinium contrast agents of brightened
blood cavity leading to obscuration of subendocardial
infarctions (1). This is a critical obstacle in the detection
of subendocardial infarctions and in estimation of exact
infarct size as some parts of subendocardial infarctions may
be misinterpreted as a part of the LV cavity. According to a
recent study reported by Kim et al. (25) that compared LGE
images using single-dose versus double-dose 1.5T MR, they
reported that the CNR between infarcted myocardium and
LV cavity exhibited a negative value when a double dose
of gadolinium was used, indicating that blood in the LV
cavity was much brighter than the infarcted myocardium.
Similarly, as we had initially hypothesized, the CNR between
the infarcted myocardium and LV cavity was significantly
and persistently higher at all temporal scans at 3T MR using
single dose than at 1.5T MR using a double-dose contrast.
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This improved contrast between the infarction and LV
cavity at single-dose 3T MR may have led to significantly
better inter-observer agreement we observed for infarct
quantification compared to double-dose 1.5T MR. Besides
reduction of contrast dosage, other technical approaches
have been made to improve contrast between infarct
and blood cavity with nulling of the blood signal: Flow-
Independent Dark-Blood Delayed Enhancement sequence (26)
and standard double-inversion dark-blood imaging (8, 27).

We recognize that this study has several limitations.

The major limitation of our study is that it is a single
center study with a relatively small population. However,
we believe that significant differences in CNR between
infarcted myocardium and LV cavity were successfully
observed between the two groups. Several prior reports
with similar design to ours revealed significant results
using a small population: 16 subjects for the comparison
between 1.5T and 3T LGE CMR using the same single-dose
contrast in both groups (13), 13 (28) and 20 subjects (15)
for the comparison between single-dose and a double-
dose gadolinium contrast at 1.5T LGE CMR, and 23 subjects
for comparison between single-dose 3T and a double-

dose 1.5T MR angiography (18). We found that only 13
patients were needed to establish a power of 82% and 16
patients, a power of 90%, based on data from the previous
study of Kim et al. (25). Considering our study design

of a prospective intra-individual comparison, a smaller
population could be needed. Second, to maintain the patent
cohort uniformly, we only included patients diagnosed
with chronic myocardial infarctions confirmed through
previous MR studies. Thus, as the pathologic condition and
patient statuses are different between acute and chronic
myocardial infarctions, our results cannot be extrapolated
to patients with acute myocardial infarctions. Third, we did
not evaluate diagnostic accuracy nor detectability of LGE,
as presence of LGE regions was confirmed on previous MR
examinations in all patients recruited in our study. Fourth,
magnitude images we analyzed for evaluation of image
quality are sensitive to TI values. Therefore, to minimize
error in selecting precise nulling time, we determined
optimal nulling time using TI scouts only a few seconds
prior to every temporal scan. Phase-sensitive inversion
recovery (PSIR) images could not be used as a solution
since PSIR reconstruction fundamentally implements

the process of spatial smoothing to reduce the noise of
reference images, and thus the value of noise on PSIR
images would not indicate true value (20). Fifth, signal,
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contrast, and image quality are heavily influenced by
contrast dosage and field strength itself as well as several
other parameters affected by change in field strength. The
latter includes longitudinal and transversal relaxation times
(T1 and T2) of tissues, artifacts from off-resonances and B,
field inhomogeneity, radiofrequency (RF) coil design, and
pulse sequence adjustments that may be required due to
safety constraints regarding allowable energy deposited into
the body from the RF pulses (9). For these reasons, a two-
fold increase in SNR at 3T may not be reproducible in human
studies. Last, we used MR parameters optimized for clinical
examinations in daily routine practice. In clinical setting, at
a 1.5T MR scanner, we use a higher receiver bandwidth than
3T machine. Thus, TR and TE at 1.5T is slightly longer than
3T machine and we used a larger flip angle to improve the
CNR. Different parameters including TR, TE and flip angle
may affect image quality. However, we believe that our data
are meaningful even though parameters for 1.5T are more
favorable to increase in SNR and CNR, CNRs are better at

3T with single dosage of contrast than 1.5T with a double
dosage of contrast.

In conclusion, LGE imaging at 3T MR using a single-dose
gadolinium provides better contrast between the infarct
and blood cavity without reduction of contrast between
infarcted and non-infarcted myocardium compared to 1.5T
MR using a conventional double dose in patients with
chronic myocardial infarction. LGE imaging at single-dose
3T MR revealed significantly better inter-observer agreement
for infarct quantification. Therefore, 3T LGE imaging using
single dose of gadolinium is expected to better delineate
subendocardial infarctions by reducing the signal of the LV
cavity.

Acknowledgments
We are indebted to M.Sc. MunYoung Paek, an employee in
Siemens Medical Solution for her help, support, and advice.

Supplementary Materials

The online-only Data Supplement is available with this
article at https://doi.org/10.3348/kjr.2018.19.3.372.

REFERENCES

1. Kim RJ, Shah DJ, Judd RM. How we perform delayed
enhancement imaging. J Cardiovasc Magn Reson 2003;5:505-
514

2. Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O, et

379



Korean Journal of Radiology

KJR

10.

11.

12.

13.

14.

15.

16.

380

al. The use of contrast-enhanced magnetic resonance imaging
to identify reversible myocardial dysfunction. N Engl J Med
2000;343:1445-1453

. Kim RJ, Fieno DS, Parrish TB, Harris K, Chen EL, Simonetti

0, et al. Relationship of MRI delayed contrast enhancement
to irreversible injury, infarct age, and contractile function.
Circulation 1999;100:1992-2002

. Nacif MS, Arai AE, Lima JA, Bluemke DA. Gadolinium-

enhanced cardiovascular magnetic resonance: administered
dose in relationship to United States Food and Drug
Administration (FDA) guidelines. J Cardiovasc Magn Reson
2012;14:18

. Cowper SE. Nephrogenic fibrosing dermopathy: the first 6

years. Curr Opin Rheumatol 2003;15:785-790

. Thomsen HS, Marckmann P, Logager VB. Nephrogenic

systemic fibrosis (NSF): a late adverse reaction to some
of the gadolinium based contrast agents. Cancer Imaging
2007;7:130-137

. Scheinfeld N. Nephrogenic fibrosing dermopathy: a

comprehensive review for the dermatologist. Am J Clin
Dermatol 2006;7:237-247

. Farrelly C, Rehwald W, Salerno M, Davarpanah A, Keeling AN,

Jacobson JT, et al. Improved detection of subendocardial
hyperenhancement in myocardial infarction using dark
blood-pool delayed enhancement MRI. AJR Am J Roentgenol
2011;196:339-348

. Wieben 0, Francois C, Reeder SB. Cardiac MRI of ischemic

heart disease at 3 T: potential and challenges. Eur J Radiol
2008;65:15-28

Klumpp B, Fenchel M, Hoevelborn T, Helber U, Scheule A,
Claussen C, et al. Assessment of myocardial viability using
delayed enhancement magnetic resonance imaging at 3.0
Tesla. Invest Radiol 2006;41:661-667

Haacke EM, Brown RW, Thompson MR, Venkatesan R. Magnetic
resonance imaging: physical principles and sequence design,
1st ed. New Jersey: John Wiley & Sons, 1999

Bottomley PA, Foster TH, Argersinger RE, Pfeifer LM. A

review of normal tissue hydrogen NMR relaxation times and
relaxation mechanisms from 1-100 MHz: dependence on tissue
type, NMR frequency, temperature, species, excision, and age.
Med Phys 1984;11:425-448

Cheng AS, Robson MD, Neubauer S, Selvanayagam JB.
Irreversible myocardial injury: assessment with cardiovascular
delayed-enhancement MR imaging and comparison of 1.5 and
3.0 T--initial experience. Radiology 2007;242:735-742

Flett AS, Hasleton J, Cook C, Hausenloy D, Quarta G, Ariti

C, et al. Evaluation of techniques for the quantification of
myocardial scar of differing etiology using cardiac magnetic
resonance. JACC Cardiovasc Imaging 2011;4:150-156

De Cobelli F, Esposito A, Perseghin G, Sallemi C, Belloni E,
Ravelli S, et al. Intraindividual comparison of gadobutrol

and gadopentetate dimeglumine for detection of myocardial
late enhancement in cardiac MRI. AJR Am J Roentgenol
2012;198:809-816

Landis JR, Koch GG. The measurement of observer agreement

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lim et al.

for categorical data. Biometrics 1977;33:159-174

Kramer U, Fenchel M, Laub G, Seeger A, Klumpp B,
Bretschneider C, et al. Low-dose, time-resolved, contrast-
enhanced 3D MR angiography in the assessment of the
abdominal aorta and its major branches at 3 Tesla. Acad
Radiol 2010;17:564-576

Herborn CU, Runge VM, Watkins DM, Gendron JM, Naul LG. MR
angiography of the renal arteries: intraindividual comparison
of double-dose contrast enhancement at 1.5 T with standard
dose at 3 T. AJR Am J Roentgenol 2008;190:173-177

Fratz S, Chung T, Greil GF, Samyn MM, Taylor AM,
Valsangiacomo Buechel ER, et al. Guidelines and protocols for
cardiovascular magnetic resonance in children and adults with
congenital heart disease: SCMR expert consensus group on
congenital heart disease. J Cardiovasc Magn Reson 2013;15:51
Kellman P, Arai AE, McVeigh ER, Aletras AH. Phase-sensitive
inversion recovery for detecting myocardial infarction using
gadolinium-delayed hyperenhancement. Magn Reson Med
2002;47:372-383

Idée JM, Port M, Raynal I, Schaefer M, Le Greneur S, Corot

C. Clinical and biological consequences of transmetallation
induced by contrast agents for magnetic resonance imaging: a
review. fundam Clin Pharmacol 2006;20:563-576

Ishiguchi T, Takahashi S. Safety of gadoterate meglumine (Gd-
DOTA) as a contrast agent for magnetic resonance imaging:
results of a post-marketing surveillance study in Japan. Drugs
R D 2010;10:133-145

Deray G, Rouviere 0, Bacigalupo L, Maes B, Hannedouche T,
Vrtovsnik F, et al. Safety of meglumine gadoterate (Gd-DOTA)-
enhanced MRI compared to unenhanced MRI in patients

with chronic kidney disease (RESCUE study). Eur Radiol
2013;23:1250-1259

Wagner M, Schilling R, Doeblin P, Huppertz A, Luhur R,
Schwenke C, et al. Macrocyclic contrast agents for magnetic
resonance imaging of chronic myocardial infarction:
intraindividual comparison of gadobutrol and gadoterate
meglumine. Eur Radiol 2013;23:108-114

Kim YK, Park EA, Lee W, Kim SY, Chung JW. Late gadolinium
enhancement magnetic resonance imaging for the assessment
of myocardial infarction: comparison of image quality
between single and double doses of contrast agents. Int J
Cardiovasc Imaging 2014;30 Suppl 2:129-135

Kim HW, Rehwald WG, Wendell DC, Jenista E, Assche LV,
Jensen CJ, et al. Flow-Independent Dark-blood Delayed
Enhancement (FIDDLE): validation of a novel black blood
technique for the diagnosis of myocardial infarction. J
Cardiovasc Magn Reson 2016;18(Suppl 1):055

Peel SA, Morton G, Chiribiri A, Schuster A, Nagel E, Botnar
RM. Dual inversion-recovery mr imaging sequence for

reduced blood signal on late gadolinium-enhanced images of
myocardial scar. Radiology 2012;264:242-249

Secchi F, Di Leo G, Papini GD, Giacomazzi F, Di Donato M,
Sardanelli F. Optimizing dose and administration regimen

of a high-relaxivity contrast agent for myocardial MRI late
gadolinium enhancement. Eur J Radiol 2011;80:96-102

Korean J Radiol 19(3), May/Jun 2018 kjronline.org





