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Abstract

Purpose Late gadolinium enhancement cardiac MR (LGE-CMR) and extracellular volume fraction (ECV-CMR) are widely used

to evaluate macroscopic and microscopic myocardial fibrosis. Macrocyclic contrast media are increasingly used off-label for

myocardial scar assessment, given the superior safety profile of these agents. We aimed to assess the performance of two

macrocyclic contrast agents, gadoterate meglumine and gadobutrol, for the evaluation of myocardial scar.

Material and methods Forty subjects (61 £ 11 years, 67.5% men) who underwent LGE-CMR using gadobutrol were prospec-

tively recruited for a research CMR scan using same-dose gadoterate meglumine (0.2 mmol/kg) at 1.5 T. Myocardial scar

quantification was performed using a short-axis phase-sensitive inversion recovery (PSIR) Turbo-FLASH and steady-state free

precession (SSFP) images. Pre- and post-contrast T 1-mapping was employed to assess myocardial ECV. An intraclass correlation

coefficient (ICC) was used to check for reliability between the two contrast agents.

Results Using manual thresholding on PSIR Turbo-FLASH images, mean LGE scar percentage (LGE%) was 9.9 +£9.7% and 9.4

+9.7% for gadobutrol and gadoterate meglumine, respectively (p > 0.05) (ICC: 0.99, 95% CI: 0.97-0.99). Using the PSIR SSFP

technique and manual thresholding, LGE% averaged 7.5+9.0% and 7.1 +8.6% for gadobutrol and gadoterate meglumine,

respectively (p > 0.05) (ICC: 0.99, 95% CI: 0.98-0.99). Average ECV with gadobutrol and gadoterate meglumine were similar

at 28.40 £4.88 and 28.46 +4.73 (p > 0.05) with a strong correlation (ICC: 0.98, 95% CI: 0.94-0.99).

Conclusion We found LGE- and ECV-CMR values derived from gadoterate meglumine comparable to values derived from

gadobutrol. Gadoterate meglumine has a comparable performance to gadobutrol in identifying LGE-derived myocardial scar

both qualitatively and quantitatively.

Key Points

* Late gadolinium-enhancement cardiac MR (LGE-MR) and extracellular volume (ECV) fraction are widely used to evaluate
macroscopic and microscopic myocardial fibrosis.

* Macrocyclic contrast media are increasingly used off-label for myocardial scar assessment, given the presumed superior safety
profile of these agents.

* LGE- and ECV-CMR values derived from gadoterate meglumine are comparable to values derived from gadobutrol.
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LV Left ventricle Patients and methods

MOLLI Modified Look-Locker inversion recovery

PSIR Phase-sensitive inversion recovery Study population

SI Signal intensity

SNR Signal-to-noise ratio
SSFP Steady-state free precession
Introduction

Cardiac MRI provides high tissue contrast and spatial resolu-
tion and is the reference standard for evaluation of myocardial
structure [1]. Late gadolinium enhancement cardiac magnetic
resonance (LGE-CMR) imaging is a reference standard for
myocardial scar evaluation [2, 3] and can help to identify
and characterize scar in both non-ischemic and ischemic car-
diomyopathies [4, 5], enabling risk stratification and clinical
management.

While LGE can effectively detect dense focal myocardial
fibrosis at the macroscopic level, it is ineffective in the iden-
tification of diffuse interstitial fibrosis [6]. In cardiomyopa-
thies with infiltrative and reactive interstitial fibrosis, T1-
mapping has proven to be useful to accurately detect diffuse
myocardial fibrosis [7]. Moreover, post-gadolinium contrast
T1 times, along with native (pre-contrast) T1 times, are used
to derive the myocardial extracellular volume (ECV) [8]. ECV
is calculated using pre-and post-contrast T1 values, the left
ventricular (LV) blood pool, and the patient’s hematocrit.
The application of T1-mapping and ECV has shown promise
in the identification of different disease processes related to
the development of myocardial fibrosis [9].

Gadolinium-based contrast agents (GBCA) used for LGE-
and ECV-CMR evaluation are subdivided into linear and mac-
rocyclic chelates based on their chemical structure. LGE-
CMR was originally described using linear GBCAs, but re-
cent reports have demonstrated that serial application of linear
GBCAs is associated with increased gadolinium deposition in
extravascular tissues, most notably cerebral tissue, indepen-
dent of renal function [10-12], causing a gradual shift in prac-
tice towards increased use of macrocyclic GBCAs due to their
presumed superior safety profiles. As previously reviewed
[13], a higher kinetic stability of macrocyclic structure in com-
bination with a high thermodynamic stability can decrease the
amount of free gadolinium released in the body. However, it is
not clear that all macrocyclic agents with their slightly differ-
ent chemical structures and characteristics, such as relaxivity,
act in exactly the same way and can be used interchangeably.
Due to the recent introduction of gadoterate meglumine to the
US market, and the crucial role of myocardial fibrosis detec-
tion by CMR, we aimed to assess LGE- and ECV-CMR using
the recently introduced macrocyclic GBCA, gadoterate
meglumine (Dotarem, Guerbet), and compare it to gadobutrol
(Gadavist [US name]/Gadovist [European name], Bayer).
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More than 500 subjects who were referred for LGE-CMR
using standard of care 0.2 mmol/kg gadobutrol to evaluate
for cardiomyopathy and were suspicious of having myocardi-
al scar were approached and invited to participate in the study.
Out of these 500 patients, 40 were prospectively recruited to
undergo an additional research CMR scan using 0.2 mmol/kg
gadoterate meglumine. All research scans were scheduled
within 8 weeks (range 2—-8 weeks) of the original clinically
indicated CMR using gadobutrol. All subjects aged between
18 and 89 years and had a glomerular filtration rate (GFR)
> 60 mL/min/1.73 m?, as measured within 24 h of each scan.
Subjects who developed any contraindication to MRI (e.g.,
new implantable device) between the clinical and research
exams were excluded. This study was approved by an institu-
tional review board, and written informed consent was obtain-
ed from all subjects. Immediately assessable adverse events
were included.

Magnetic resonance imaging protocol

All scans were performed on 1.5-Tesla MR scanners
(MAGNETOM Avanto/Aera, Siemens Healthcare). Images
were acquired in sequential short-axis slices from the atrio-
ventricular annulus to the LV apex. At 7-10 min following
0.2 mmol/kg contrast injection, a series of free-breathing
short-axis and long-axis (2-, 3-, and 4-chamber) images were
acquired using an SSFP-based phase-sensitive inversion re-
covery (PSIR) pulse sequence (PSIR SSFP) (slice thickness:
6 mm, gap 2 mm, pixel spacing=2-2.2 x 2-2.2 mm?, TE
1.2 ms, TR 960 ms). Following the PSIR SSFP image acqui-
sition, breath-held LGE imaging was performed using a seg-
mented PSIR Turbo-FLASH pulse sequence (pixel spacing =
1.3-1.6 x 1.3—1.6 mm?, slice thickness 6 mm, and gap 4 mm,
TE 3.3 ms, TR 500-860 ms). Parallel imaging with GRAPPA
was used for both SSFP and Turbo-FLASH techniques. For
both LGE sequences, the inversion time was selected carefully
to optimally null normal myocardium, (typical values 260—
340 ms) [14]. Image resolution, as well as the time interval
between contrast injection and SSFP and Turbo-FLASH im-
age acquisition, was matched between the first and second
scans. Each CMR study may have included SSFP and/or
Turbo-FLASH images per the institutional imaging protocol
customized for each type of CMR studies, and thus, not all
subjects had a complete set of SSFP and Turbo-FLASH im-
ages. T1-mapping was performed using a modified Look-
Locker inversion recovery (MOLLI) technique as described
previously [15]. Base, mid, and apical slices were acquired
during breath-hold before and 15-25 min following the
intravenous administration of the contrast agent bolus.
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T1-mapping parameters were as follows: spatial resolution
(pixel size) 1-1.4 x 1-1.4 mm?, slice thickness 8 mm, TE/TR
1.0-1.3 ms/2.0-2.2 ms; flip angle 35°. Patient hematocrit was
collected immediately before the cardiac MRI exam.

Image analysis
Quantitative analysis of scar burden

Quantitative assessment of myocardial scar was performed on
LGE-CMR data on short-axis images using Circle post-
processing software version 5.3 [16]. Quantitative assessment
was performed by two physicians (A.A.R. and K.S.) with
more than 5 years of experience in CMR image post process-
ing. All images were anonymized and read in a blinded fash-
ion and a random order. Epi- and endocardial LV contours
were manually traced on SSFP and Turbo-FLASH images.
The papillary muscles and trabeculations were considered part
of'the LV cavity and were excluded from LV mass calculation
(Fig. 1) [17]. To avoid any bias due to windowing, a default
auto-windowing setting (type I) defined by the software was
used for all images for visual assessment.

Visual assessment by an experienced physician is consid-
ered the gold standard for scar evaluation [17, 18]. Areas with
delayed enhancement were manually traced for each slice.
Areas of microvascular obstruction were manually traced
and included in the total LGE mass. Results were reported

LGE

Manual

as the percentage of LGE mass to the total myocardial LV
mass. In addition to manual thresholding, we also measured
the scar burden using a semi-automated thresholding method.
Based on our experience and as reported by others [17],
thresholds of 2SD and 3SD may overestimate LGE mass,
and 5SD may underestimate the LGE mass. Therefore, we
applied a threshold of 4SD above the mean SI of the normal
remote myocardium on the SSFP and Turbo-FLASH LGE
images with the previously drawn epi- and endocardial LV
contours. A region of interest of visually normal remote myo-
cardium was drawn for each slice. Subgroup analysis was
performed to compare the LGE% between the two contrast
agents in subjects with and without scar. Scar-positive subjects
were also divided into two groups of ischemic and non-
ischemic scar, and LGE% was compared between these two
subgroups as well.

Qualitative analysis of scar burden

Two experienced physicians with 8 (A.R.G.) and 15 (M.L.S.)
years of experience in diagnostic imaging independently per-
formed blinded qualitative analysis. All images were
anonymized, and all readings were performed in a random
order. For both SSFP and Turbo-FLASH images, reader con-
fidence in visualizing myocardial scar tissue was recorded on
a 5-point scale for each CMR study (1 =poor, 2 = fair, 3=
good, 4 =very good, 5=-excellent). Hyper-enhanced

Fig. 1 Short-axis PSIR Turbo-FLASH images of a patient with
myocardial infarction using gadobutrol (top) and gadoterate meglumine
(bottom) performed 8 weeks apart. For each slice, epicardial (green) and
endocardial (red) myocardial contours were delineated manually. Scar
measurements were performed using two methods of (1) manual of raw

late gadolinium-enhanced (LGE) area tracing and (2) thresholds of 4SD
above the mean signal intensity of the normal remote myocardium (blue
contours). Areas with microvascular obstruction, characterized by dense
scarring with complete vascular blockage, were included manually (cyan
contours)
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myocardial scar area was qualitatively scored using the 16-
segment AHA model based on the percent area (size) of scar
per segment (0 =none, 1 =1-25%, 2 =26-50%, 3 =51-75%,
4 =76-100%). Segmental ratings were summed across all 16
segments to derive a global scar score for each scan (maximum
possible score, 64) [1]. Additionally, the hyper-enhanced myo-
cardial scar regions within the segment were also classified
based on the scar location (no lesion, sub-endocardial,
mid-myocardial, sub-epicardial, and transmural). Qualitative
ratings for both readers were averaged and then compared
between first and second scans.

LV scar/blood pool enhancement ratio

Parallel imaging with GRAPPA was used for image recon-
struction during SSFP and Turbo-FLASH image acquisition.
In parallel imaging with GRAPPA, noise does not follow a
normal distribution function and varies spatially, resulting in
inaccurate signal-to-noise (SNR) ratio values [19]. As an al-
ternative method, we measured the LV blood pool and post-
contrast scar tissue SI in both SSFP and Turbo-FLASH im-
ages. A ratio of scar enhancement was then calculated as [(LV
blood pool SI — post-contrast scar SI)/(LV blood pool SI)].
This ratio was compared between the scans with gadobutrol
and gadoterate meglumine as a surrogate of enhancement ratio
induced by each contrast agent.

T1 and ECV measurements

Epi- and endocardial LV contours in the base, mid, and apical
slices were manually delineated in the pre- and post-contrast
T1 maps using Circle version 5.3. Additionally, pre- and post-
contrast regions of interest were drawn in the LV blood pool
cavity (excluding papillary muscles) for each of the three
slices. Based on the 16-segment AHA model [20], pre- and
post-contrast T1 values were determined and ECV was sub-
sequently calculated using the following equation [8]:

ECV =(A[1/T1myo]/A[1/T1blood]) x [1-hematocrit]).
Global ECV was calculated as the average of all 16 segmental
ECV values. Segments demonstrating LGE were excluded
from the averaged ECV value as previously recommended
[21].

Statistical analysis

Continuous and categorical variables were expressed as
means + SD and numbers (%), respectively. Qualitative rat-
ings were expressed as median (interquartile range [1Q]).
Intraclass correlation coefficients (ICC) and their 95% confi-
dence interval (CI) were calculated using two-way mixed-effect
models to evaluate absolute agreement of LGE% and ECV
between both CMR examinations. An ICC >0.8 was
considered an excellent agreement. Bland—Altman plots were
also performed to compare the quantitative measures. Inter-
and intra-observer variability of LGE% and ECV measure-
ment was evaluated using ICC for 16 randomly selected scans
(8 baselines and 8 follow-ups). Paired ¢ tests and Wilcoxon
signed-rank tests were used to compare normally and non-
normally distributed data between two scans, respectively.
P values <0.05 were considered statistically significant.
Statistical analysis was performed using SPSS 16 statistical
software.

Results
All CMR examinations yielded diagnostic image quality.

Patient characteristics and indication for CMR study are sum-
marized in Table 1.

Scar measurements

Per the institutional imaging protocol for CMR, each CMR
study can have both or either of SSFP or Turbo-FLASH

Table 1 Patient characteristics
and indication for CMR study Age (years)

Male (%)

Smoker (%)

Diabetes mellitus (%)
Hypertension (%)
Dyslipidemia (%)

Reason for CMR referral (%)

61+11
27 (67.5%)
2 (5%)
5 (12.5%)
32 (80%)
27 (67.5%)
Suspected cardiomyopathy 15 (37.5%)
Arrhythmia 6 (15%)
AV disease or aortic dilation 15 (37.5%)
Myopericarditis 3 (7.5%)
Congenital cardiac disease 1(2.5%)

Data are shown as mean + SD for age and number (%) for the categorical variables. AV aortic valve, CMR cardiac

magnetic resonance imaging
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images. Of the 40 patients, 29 patients had Turbo-FLASH
images on both first and second scans, and 36 had SSFP for
both scans. Using the Turbo-FLASH technique and manual
thresholding, LGE% was 9.9 +9.7% and 9.4 +9.7% for gad-
obutrol and gadoterate meglumine, respectively (p =0.232)
(ICC: 0.99, 95% CI: 0.97-0.99). Using a 4SD threshold, sim-
ilar results were seen, with LGE% of 9.5+9.7 and 9.2+9.3
for gadobutrol and gadoterate meglumine, respectively (p =
0.337) (ICC: 0.98, 95% CI: 0.95-0.99). Using the SSFP tech-
nique and manual thresholding, LGE% averaged 7.5 +9.0%
and 7.1 £ 8.6% for gadobutrol and gadoterate meglumine, re-
spectively, using the SSFP technique (p =0.052) (ICC: 0.99,
95% CI: 0.98-0.99). Again, for a 4SD threshold with the
SSFP technique, comparable values were observed, with
LGE% of 9.2+8.5 and 8.87£7.50 for gadobutrol and
gadoterate meglumine, respectively (p =0.736) (ICC: 0.98,
95% CI: 0.95-0.99) (Table 2, Fig. 2).

Additionally, by using Turbo-FLASH and SSFP tech-
niques, the same analysis was performed in subjects with scar.
The scar-positive subjects were stratified by ischemic versus
non-ischemic scar. The analysis did not reveal any difference
between the two contrast agents (p > 0.05) and the agreement

remained excellent (Table 2). Segmental analysis using
manual/4SD thresholding with either Turbo-Flash or SSFP
techniques revealed no difference in LGE% measured be-
tween two contrast agents (Fig. 3).

Qualitative analysis

Reader confidence, and total scar score for Turbo-FLASH
and SSFP images were assessed by both readers. For
Turbo-FLASH images, the median (IQ) confidence rating
for scar detection was 4.5 (4-5) for both gadobutrol and
gadoterate meglumine. For SSFP images, the median (IQ)
confidence rating for scar detection was 4.5 (4-5) for
gadobutrol and 4 (4-5) for gadoterate meglumine.
Median (IQ) summed segmental ratings for scar area with
Turbo-FLASH images were 2 (0-9) and 2 (0-6.25) for
gadobutrol and gadoterate meglumine, respectively (p =
0.059). With SSFP technique, median (IQ) summed seg-
mental ratings for scar area were 1.25 (0-5) and 2 (0—
7.25) for gadobutrol and gadoterate meglumine, respec-
tively (p=0.781).

Table 2 Level of agreement
between gadobutrol and
gadoterate meglumine for Turbo-

FLASH and PSIR SSFP images
using manual and 4SD
thresholding methods

Gadobutrol Gadoterate ICC (95% CI)
meglumine

Turbo-FLASH (%) (all subjects) Manual 99+9.7 94+£9.7 0.99 (0.97-0.99)

4SD 95+9.7 92+93 0.98 (0.95-0.99)

Turbo-FLASH (%) (scar + subjects) ~ Manual 12.8 £ 10.3 12.8 £ 10.1 0.99 (0.97-0.99)

4SD 12.2 +10.9 12.3 £ 10 0.98 (0.94-0.99)

Turbo-FLASH (%) (ischemic scar) ~ Manual 14.7 £ 12.7 154+114 0.98 (0.93-0.99)

4SD 16.5+12.3 17.1 £ 11.6 0.97 (0.87-0.99)

Turbo-FLASH (%) (non-ischemic Manual 11+7.5 10.2 £ 8.3 0.99 (0.96-0.99)

scars) 4SD 8.7 +8.7 84 +6.9 0.97 (0.89-0.99)

PSIR SSFP (%) (all subjects) Manual 75+9.0 7.1+8.6 0.99 (0.98-0.99)

4SD 92+85 88+ 7.5 0.98 (0.95-0.99)

PSIR SSFP (%) (scar + subjects) Manual 11.2 £10.2 109 £ 9.6 0.99 (0.97-0.99)

4SD 12.6 £ 9.8 11.7 £ 8.6 0.98 (0.94-0.99)

PSIR SSFP (%) (ischemic scars) Manual 15.7 £ 129 155119 0.99 (0.97-0.99)

4SD 16.7 £12.1 154 +£11.2 0.99 (0.93-0.99)

PSIR SSFP (%) (non-ischemic Manual 72+4.6 6.7+4.1 0.96 (0.85-0.99)

scars) 4SD 88 +52 85+3.1 0.89 (0.57-0.97)

Myocardial native T1 (ms) 1004.2 + 78 1017.2 £ 55 0.81 (0.47-0.93)

Blood pool native T1 (ms) 1633 = 62 1647 = 72 0.84 (0.54-0.95)
Myocardial CE T1 (ms) 361.7 £ 41 491.9 & 47%xx 0.23 (= 0.07-0.64)
Blood pool CE T1 (ms) 230.5 + 38.5 363.8 £ 52.2%%* 0.22 (= 0.08-0.63)

ECV (%) 28.40 + 4.88 28.46 £ 4.73 0.98 (0.94-0.99)

CE contrast-enhanced, ECVextracellular volume, /CC intraclass correlation. Data are presented as mean + SD. In
this table, the difference and agreement between the two contrast agents have been evaluated using two different
techniques of Turbo-FLASH and SSFP in all subjects (with and without scars), subjects with scar (ischemic and
non-ischemic), subjects with only ischemic scars only, and subjects with non-ischemic scars. ***means p < 0.001
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Fig. 2 LGE late gadolinium enhancement. In these Bland—Altman plots,
results were shown as mean difference (lower limit of agreement, upper
limit of agreement). Bland—Altman comparison of LGE% between gad-
obutrol and gadoterate meglumine. LGE% was compared between 2

LV scar/blood pool enhancement ratio

The mean scar enhancement ratio for Turbo-FLASH images
post-contrast injection was slightly higher in images acquired
with gadobutrol vs. gadoterate meglumine (0.065 + 0.086 vs.
0.057 £ 0.067), but this difference was not significantly differ-
ent (p =0.462). However, the scar enhancement ratios for
SSFP images acquired post gadobutrol and gadoterate
meglumine injection were 0.123 +0.087 and 0.098 +0.078,
respectively, with a statistically significant difference between
the two contrast agents (p = 0.023).

T1 and ECV measurements

Native and contrast-enhanced T1 values (myocardial and blood
pool) and ECV values measured for both gadobutrol and
gadoterate meglumine are shown in Table 2. Global native T1
values were comparable between the first and second scan; how-
ever, contrast-enhanced T1 values were significantly different
(p<0.001). Intraclass correlation between measured global
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contrast agents using PSIR Turbo-FLASH (top) and PSIR SSFP images
(bottom). For each image, manual and 4SD thresholds were used to cal-
culate LGE%

ECV reached unity, and the values were highly comparable
(Fig. 4). No difference in segmental analysis was observed be-
tween the two contrast agents for native T1 and ECV; however,
contrast-enhanced T1 values were significantly different between
the two contrast agents for all 16 segments (p <0.001) (Fig. 5).

Inter- and intra-observer agreement

Sixteen scans (8 baselines and 8 follow-ups) were randomly
selected. In addition to native-T1 and ECV values, measured
scar percentage for SSFP and Turbo-FLASH images using
manual and 4SD thresholding were obtained for each of the
two readers. ICC showed excellent inter-observer and intra-
observer agreement (data not shown).

Discussion

The purpose of this study was to compare the clinical perfor-
mance of two macrocyclic contrast agents, gadobutrol and
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Fig. 3 Segmental LGE% Gadobutrol Gadoterate Meglumine
measurements between two —

contrast agents using Turbo-Flash
and SSFP images. No significant

difference for any segments was
observed for segmental analysis

Fig. 4 ECV extracellular volume.

In these Bland—Altman plots,
results were shown as mean
difference (lower limit of
agreement, upper limit of
agreement). Bland—Altman
comparison of ECV between
gadobutrol and gadoterate
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measurements using the
gadobutrol and gadoterate
meglumine
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Fig. 5 Segmental native-, post-
contrast T1, and ECV for
gadobutrol and gadoterate
meglumine. ECV extracellular
volume fraction. No difference in
segmental analysis was observed

between two contrast agents for Native T1
native T1 and ECV; however, )
contrast-enhanced T1 values were
significantly different between the
two contrast agents for all 16
segments (p <0.001)
Post-contrast
T1
ECV

gadoterate meglumine, for LGE- and ECV-CMR imaging of
patients with suspected cardiomyopathies. The measured
LGE% was highly correlated between gadobutrol and
gadoterate meglumine scans, which was confirmed by quali-
tative analysis. Both readers reported similar confidence
scores to identify LGE between scans. Intraclass correlation
for ECV calculation reached unity and the results revealed no
difference between calculated ECV derived from the scan
with either gadobutrol or gadoterate meglumine. Moreover,
segmental analysis revealed no difference in LGE% and
ECV measurements between two contrast agents.

Accurate detection of myocardial fibrosis by LGE-CMR is
of high importance for risk stratification and therapy guidance
in cardiomyopathy [22, 23]. Due to the high spatial resolution
of CMR, small sub-endocardial lesions can be identified that
might otherwise be missed by single-photon emission com-
puted tomography (SPECT) [24]. To date, gadopentetate
dimeglumine is the most widely studied and well-
characterized GBCA [1-5, 22, 23]; however, a number of
studies have shown that it may be associated with increased
risk of gadolinium deposition independent of renal function
[10—12]. Greater stability is particularly important in the set-
ting of clinical CMR studies, where a double dose of contrast
agent is the current standard of care for the identification of
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LGE lesions in patients with a GFR > 60 mL/min/1.73 m”. As
patients undergoing CMR are exposed to higher concentra-
tions of gadolinium in relation to other types of MR studies,
the type of contrast agent selected (linear/macrocyclic) should
be carefully considered. In the absence of longitudinal studies
comparing linear and macrocyclic GBCAs or any clinical im-
pact of gadolinium retention, migrating towards the use of
contrast agents with a higher safety profile (like macrocyclic
GBCAs) appears to be a reasonable precaution.

To our knowledge, only one study has compared LGE de-
tection between gadobutrol and gadoterate meglumine. In that
study [25], the efficacy of 0.15 mmol/kg gadobutrol was com-
pared to a relaxivity-adjusted dose of gadoterate meglumine
(0.22 mmol/kg) to measure LGE in 17 subjects with chronic
myocardial infarction. In 14 subjects who had LGE, infarct
sizes determined after administration of gadobutrol and
gadoterate meglumine were not significantly different, in
keeping with the findings of the present study. In clinical
practice, the recommended dose of gadobutrol and gadoterate
meglumine for adult and pediatric patients is 0.1 mmol/kg, but
for CMR studies standard of care is to use 0.2 mmol/kg if GFR
is > 60 mL/min/1.73 m>. Therefore, both CMR examinations
in our study were performed using standard of care 0.2 mmol/kg
gadobutrol and gadoterate meglumine. In addition, we
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found lower LGE% using SSFP compared to Turbo-FLASH
technique, which can be attributed to higher contrast-to-noise
(CNR) and resolution with Turbo-FLASH compared to the
SSFP technique, for differentiation of viable from nonviable
myocardium as previously reported in patients with myocar-
dial infarction [26].

High SNR and CNR ratios play a pivotal role in accurate
determination of areas of scarring using LGE-CMR. Wagner
et al [25] found that CNR between infarcted myocardium and
remote myocardium did not differ significantly between gad-
obutrol vs. gadoterate meglumine. However, gadobutrol had
greater contrast between infarcted myocardium and LV lumen
in comparison with gadoterate meglumine. Because SNR
measurements in parallel imaging with GRAPPA result in
inaccurate values [19], SNR could not be conventionally mea-
sured in the current study. Instead, we calculated scar enhance-
ment ratio between gadobutrol and gadoterate meglumine as
an alternative: the difference between the LV blood pool SI
and post-contrast scar SI divided by the LV blood pool SI.
This ratio for Turbo-FLASH images post-contrast injection
was slightly but not significantly higher in images acquired
with gadobutrol vs. gadoterate meglumine. For SSFP images
acquired with gadobutrol, this ratio was statistically higher in
comparison with gadoterate meglumine. This difference in
scar enhancement ratio explains why during qualitative eval-
uation of images, in some of the CMR studies performed with
gadobutrol readers reported transmural scar while in the CMR
examination done with gadoterate meglumine, sub-
endocardial scar type was reported. This could be due to either
overestimation of scar burden by gadobutrol or underestima-
tion of scar burden by gadoterate meglumine. Our study was
not designed to determine which agent is considered more
accurate in the determination of scar burden. Further evalua-
tion and correlation with animal studies (as a reference stan-
dard) is warranted to determine the correlation between the
scar burden determined by pathology vs. scar burden visual-
ized during CMR examination. This is important clinically in
patients with ischemic heart disease as CMR can identify re-
versible vs. non-reversible myocardial lesions [5] and accurate
identification of scar burden is crucial to decide whether pa-
tient will benefit from revascularization. In addition, we found
that the right ventricular strain scars detected with gadobutrol
were not observed in studies performed with gadoterate
meglumine.

In our study, quantitative assessment of myocardial scar
was performed on LGE-CMR data on short-axis images using
manual thresholding and threshold of 4SD above the mean SI
of the normal remote myocardium on the SSFP and Turbo-
FLASH LGE images. The measured LGE% was highly cor-
related between gadobutrol and gadoterate meglumine scans
using both techniques; however, confidence interval of man-
ually traced LGE was narrower than that of 4SD-based semi-
automatic measurement, both in Turbo-FLASH and SSFP.

This difference is likely due to the fact that these semi-
automated methods are highly dependent on the manual def-
inition of remote (normal) myocardium [17] and thus may
detect areas of LGE, which when assessed visually can be
seen to represent artifact or noise. Moreover, the edges of
the scar tissues such as gray zones play an important role in
determination of scar mass. The 4SD thresholding technique
tends to calculate a greater scar mass as it includes more of the
gray zones than the manual approach. This is less prominent
for Turbo-FLASH LGE images as they are less susceptible
because of its higher spatial resolution and thus less gray
zones.

T1 and ECV can be used to identify interstitial diffuse
fibrosis and distinguish different disease processes [9].
Unlike native T1 relaxation times, contrast-enhanced T1
values are dependent and sensitive to the type of contrast
agent, dosing, and renal clearance [7, 27]. On the other hand,
ECV is a reproducible ratio derived from changes in pre- and
post-contrast T1 relaxation times and is corrected for the he-
matocrit [21]. As expected, pre-contrast native T1 values were
excellently associated intra-individually, but we observed sig-
nificantly different contrast-enhanced T1 values. Results
showed that contrast-enhanced T1 values were about 130 ms
longer for gadoterate meglumine compared with gadobutrol.
Lower post-contrast T1 with gadobutrol was likely due to
higher relaxivity. Since post-contrast blood pool was also low-
er, ECV ratio remained the same, and we found a perfect
correlation from the administration of the same dose of gado-
linium injection from gadobutrol and gadoterate meglumine.

In a study by Kawel et al [28], authors found different intra-
individual ECV values in 24 healthy subjects who underwent
3-T CMR using a bolus of 0.15 mmol/kg gadopentetate
dimeglumine (Gd-DTPA; Magnevist) and 0.1 mmol/kg
gadobenate dimeglumine (Gd-BOPTA; Multihance). The au-
thors found that mean ECV values were slightly higher (by
1%, p<0.05) for Gd-DTPA compared to Gd-BOPTA.
However, this slight but significant difference could be sec-
ondary to the use of different doses of GBCA as they needed
to be consistent with their institutional protocol. In addition,
they found that following contrast injection, mean ECV in-
creases linearly with time for both contrast agents [28]. In
order to control for possible confounding variables between
the two CMR examinations, we strictly matched the amount
of gadolinium injected, image resolution, and time interval
between contrast administration and image acquisition for
SSFP, Turbo-FLASH, and MOLLI images.

Limitations
This study was subject to some limitations. First, we were not

able to randomize patients to two groups, as patient enrollment
occurred after undergoing the first CMR examination, which
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was performed as part of the routine standard of care. Due to
institutional policy, all clinical MR examinations had to be
done by gadobutrol, so all patients received gadobutrol in
the first CMR study and gadoterate meglumine in the second
CMR research scan. Second, these two contrast agents may
not have fully equivalent performance in identifying different
types of scar (transmural, sub-endocardial, mid-myocardial,
sub-epicardial). Since patients with different types of scar
were enrolled in this study, subgroup analysis of scar tissues
between two contrast agents for different scar types was not
statistically powered to have a meaningful comparison. Third,
although all the examinations were performed on 1.5-Tesla
Siemens MR scanners, Avanto and Aera scanners were used
during the first and second examinations respectively.

Conclusion

Our results indicate gadoterate meglumine has equivalent per-
formance to gadobutrol in identifying LV myocardial scar at
LGE-CMR qualitatively and quantitatively and can detect
LGE with the same confidence level as gadobutrol. LGE-
and ECV-CMR values derived from gadoterate meglumine
were comparable with values derived from gadobutrol. Both
macrocyclic GBCAs used in this study are well suited for
CMR studies, with a lack of clinically relevant difference be-
tween gadobutrol and gadoterate meglumine and the contrast
agents can be used interchangeably. Larger studies are war-
ranted to explore the difference in scar classification and bur-
den using different macrocyclic contrast agents.
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