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Abstract

PURPOSE
The purpose of this study was to systematically compare the intra-individual image quality, signal
parameters, and aortic dimensions between equal doses of gadobutrol (GB) and gadoterate meglumine
(GM) in patients undergoing contrast-enhanced MRA of the thoracic aorta.

METHODS
33 patients (50 ± 12 years, 30M) with aortic disease who underwent GB-enhanced thoracic aortic MRA
were prospectively recruited to undergo a GM-enhanced MRA within 8 weeks. MRAs were obtained after
administration of 0.2mL/kg of 1.0M GB and 0.4mL/kg of 0.5M GM at �ow rate of 2mL/s. Aortic luminal
signal intensities (SI) and contrast ratios (CR) with respect to trapezius were measured at three regions.
Aortic orthogonal diameters were measured at six regions. Overall image quality, vessel wall conspicuity,
and artifacts were scored by two radiologists.

RESULTS
GB demonstrated signi�cantly higher SI at all regions when compared to GM (AAo: 234 ± 97 vs. 116 ± 29,
p < 0.001; Arch: 206 ± 92 vs. 99 ± 24, p < 0.001; DAo: 265 ± 132 vs. 102 ± 28, p < 0.001). CR at all regions
(AAo: 3.0 ± 1.1 vs. 2.7 ± 1.0, p = 0.503; Arch: 2.7 ± 1.0 vs. 2.8 ± 1.1, p = 0.599; DAo: 3.3 ± 1.5 vs. 3.0 ± 1.1, p 
= 0.099) and aortic diameters at all regions did not show any signi�cant difference between GB and GM.
Overall image quality, vessel wall conspicuity, and artifact scores did not signi�cantly differ between GB
and GM.

CONCLUSION
This intra-individual study found that for contrast-enhanced MRA of the thoracic aorta, CR, aortic
diameter measurements, overall image quality, vessel wall conspicuity, and artifact scores were
comparable between equal doses of GB and GM. However, GB showed signi�cantly higher aortic luminal
SI when compared to GM.

Introduction
Three-dimensional contrast-enhanced magnetic resonance angiography (CE-MRA) is routinely used for
the assessment of a wide range of congenital and acquired diseases of the thoracic aorta (1–5). In the
majority of cases, CE-MRA is optimally performed as a breath-hold, ECG-triggered �rst-pass MRA (FP-
MRA) after intravascular injection of gadolinium-based contrast agents (GBCA) (6, 7). CE-MRAs have a
higher contrast-to‐background ratio when compared to non-contrast MRAs allowing for higher quality 3D
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reconstructions. However, for effective CE-MRA of the thoracic aorta, imaging should be performed during
peak contrast enhancement of aorta when the overlapping structures and background tissue are not
enhanced. Several factors including the timing of the acquisition determined by the MRA protocol and
vascular bolus geometry (i.e., the bolus width and peak height) determined by the GBCA formulation (8),
contrast protocol, patient-speci�c parameters (e.g., cardiac function) (9), plays a major role in the
intraluminal contrast enhancement with GBCAs.

The GBCA used for CE-MRA can be broadly classi�ed into linear or macrocyclic agents according to their
chemical structure, with macrocyclic GBCAs showing a more favorable safety pro�le and higher complex
stability (10, 11). Of the available macrocyclic GBCAs, gadobutrol and gadoterate meglumine are the
most widely used in the US. Previous studies have shown that these two agents differ in their ability to
shorten T1 relaxation times, with non-ionic gadobutrol having a higher T1 relaxivity (1.5 times) when
compared to ionic gadoterate meglumine (12). In addition, gadobutrol is administered at half the volume
of gadoterate meglumine, even while they have the same amount of gadolinium, due to differences in
formulation (gadobutrol is formulated at a concentration of 1 mmol/mL while gadoterate meglumine at
0.5 mmol/mL). Despite these differences in relaxivity and in formulated drug concentration, previous
studies on CE-MRA for various vascular regions have failed to conclusively demonstrate differences in
diagnostic performance of one agent over the other (13–20). Therefore, the purpose of this study was to
systematically compare the intra-individual qualitative image quality as well as quantitative aortic
dimensions and signal parameters between equal doses of gadobutrol and gadoterate meglumine for
static 3D CE-MRA in patients with thoracic aortic disease.

Materials And Methods

Study Population
This single center, blinded, prospective, intra-individual comparison study was approved by the
institutional review board and written informed consent was obtained from all study subjects. A total of
33 adult patients (mean age: 50 ± 12 years, range: 27–66 years, 30 males) who underwent a standard-of-
care gadobutrol-enhanced clinical MRA of the thoracic aorta between 01/04/2017 and 09/01/2019 were
recruited. Patients were excluded from research participation for the following reasons: known allergy to
GBCA, history of acute or chronic kidney disease, history of kidney or liver transplant within 8 weeks of
their clinical MRA, pregnant or breastfeeding women, any implanted device contraindicated for MRI, and
claustrophobia. Subjects who developed any adverse effects during or after the clinical MRA (e.g., allergic
reaction to GBCA) were also excluded. The recruited patients underwent a second gadoterate meglumine-
enhanced research MRA within eight weeks after their clinical exam (average interval between the scans:
4.67 ± 1.99 weeks). All subjects had a glomerular �ltration rate ≥ 60 mL/min/1.73m2, as measured within
24 hours of the clinical as well as research MRA. Clinical indications for the thoracic aorta CE-MRA exam
included patients with bicuspid aortic valve undergoing follow-ups, thoracic aortic aneurysms, aortic
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insu�ciency, Marfan syndrome, and non-rheumatic mitral valve prolapse. Demographic information is
provided in detail in Table 1.

Table 1
Patient characteristics and indication for CMR

Age (years) 50 ± 12

Male (%) 30 (91%)

Reason for CMR referral (%) BAV 17 (52%)

Thoracic aortic aneurysm 7 (21%)

BAV with thoracic aortic aneurysm 3 (9%)

Dilated thoracic aorta 3 (9%)

Aortic insu�ciency 1 (3%)

Marfan syndrome 1 (3%)

Nonrheumatic mitral valve prolapse 1 (3%)

Data are shown as mean ± SD for age and number (%) for the categorical variables. BAV; Bicuspid
Aortic valve, CMR; Cardiac Magnetic resonance imaging.

Magnetic Resonance Imaging protocol
All MRI examinations were performed on 1.5 Tesla whole-body MR systems (MAGNETOM
Avanto/Aera/Espree, Siemens Healthcare). A six-element body matrix and a six-element spine matrix coil
were used for signal reception and the body coil for transmission.

The MRA protocol consisted of localizer acquisitions in axial, coronal, and sagittal orientation, followed
by a standard 3D MRA of the thoracic aorta using a breath-hold ECG gated 3D Gradient Recalled Echo
(GRE) pulse sequences. At �rst, an unenhanced mask was acquired for the �nal subtraction to eliminate
background signals. This was followed by the GBCA injection and CE-MRA acquisition in a sagittal-
oblique plane. The imaging parameters were as follows: repetition time, 2.73ms; echo time, 1.01ms; �ip
angle, 40°; spatial resolution, 1.0×1.0×1.5mm3, �eld-of-view, 400 x 400mm2; slice thickness, 1.5mm (no
interpolation); voxel size 1.0 × 1.0 × 1.5 mm3; bandwidth, 590 Hz/Px; parallel imaging using GeneRalized
Autocalibrating Partial Parallel Acquisition (GRAPPA) with acceleration factor, R = 3. All subjects
underwent a comprehensive cardiac functional assessment during their standard-of-care clinical scan
including balanced steady-state free-precession (bSSFP) cardiac cine and/or 2D and/or 3D phase-
contrast �ow imaging.

Contrast protocol
Following the unenhanced MRA acquisition, a test bolus of contrast agent (amount: 2 mL; �ow rate: 2.0
mL/s), followed by a saline �ush (20 mL; 2.0 mL/s), was given using an automatic infusion pump
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(Spectris Solaris, Medrad, Bayer) to de�ne the optimal acquisition time. The CE-MRA was obtained after
intravenous administration of 0.2 mmol/kg body weight contrast media (amount: 10–28 mL for
gadobutrol and 20–54 mL for gadoterate meglumine; �ow rate: 2.0 mL/s) followed by a saline �ush (20
mL; 2.0 mL/s). A double dose of GBCA is the clinical standard for comprehensive cardiac examination (of
which the GB-enhanced MRA was part of) at our institution. We matched the dose for the research GM-
enhanced MRA. For the clinical CE-MRA, 0.2 mL/kg of 1.0 M gadobutrol was used (Gadovist, Bayer AG).
For the research CE-MRA, 0.4 mL/kg of 0.5 M gadoterate meglumine was used (Dotarem, Guerbet).

Image Analysis

Quantitative Analysis
The source images of the CE-MRA were used for quantitative evaluation of the two GBCA. Quantitative
assessments were performed using a commercial software (Vitrea; Vital Images Inc.) by one observer
(XX) with 1 year of experience in cardiovascular MRI. The observer was blinded to the type of GBCA and
the patient’s clinical and imaging history. The analysis was performed in a random order. Clinical and
research MRA images from eleven subjects (1/3rd of our subjects; 22 studies) were evaluated by a
second observer (XX) with 3 years of experience in cardiovascular imaging to evaluate interobserver
reliability of quantitative analysis.

Signal intensity calculations: Aortic luminal signal intensity (SI) measurements were obtained by
manually drawing circular regions of interest (ROIs) at the following aortic regions: mid-ascending aorta
(MAAo) at the level of the pulmonary artery bifurcation, aortic arch (AArch) between the common carotid
artery and the left subclavian artery, and descending aorta (DAo) mid-way between the left subclavian
artery and the diaphragm. Additional ROIs were drawn at the trapezius muscle to calculate the lumen-to-
muscle contrast ratios (CR) at each aortic region.

 Eq. 1

Figure 1A shows the regions at which ROIs were drawn for SI and CR quanti�cation.

Thoracic aortic orthogonal diameters

The diameter of the thoracic aorta was measured according to American Heart Association guidelines (7)
at six levels as shown in the Fig. 1B. Three orthogonal measurements were taken at the sinus of Valsalva
from sinus to sinus and two orthogonal diameter measurements were taken at the sinotubular junction
(STJ), MAAo at the level of the pulmonary artery bifurcation), proximal AArch (at the level of the right
brachiocephalic trunk), distal AArch (2 cm distal of the left subclavian artery) and middle DAo (middle
between the left subclavian artery and the diaphragm). The diameters were measured after excluding the
external wall (inner to inner). The maximum diameter measurement (instead of averaged measurements)
at each orthogonal plane was compared between the two scans because many of our subjects were
patients with signi�cant aortic dilatation.

CR =
SIatthelumen

SIatthetrapeziusmuscle
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Qualitative analysis
Image quality analysis was performed independently by two radiologists (XX and XX) with 5 years of
experience in cardiovascular imaging. The readers were blinded to the clinical symptoms, contrast agent
used, and the results of other diagnostic procedures. The images were evaluated at the aortic root, MAAo,
AArch, and the DAo for the following criteria: overall image quality, vessel wall conspicuity, and the
presence of artifacts.

The images were scored for overall image quality using a 5-point Likert scale: 1 = very poor quality, non-
diagnostic images; 2 = poor image quality, diagnosis suspected but not established, signi�cant blurring
and/or artifacts; 3 = fair image quality with diagnosis, moderate blurring and/or artifacts; 4 = good image
quality, minimal blurring and/or artifacts; 5 = excellent image quality, sharply de�ned borders and no
blurring or artifacts. Vessel wall conspicuity was scored using a 4-point Likert scale: 1 = non-diagnostic,
vessel border unidenti�able; 2 = poorly seen, severe blurring of the vessel border; 3 = fairly seen, some
vessel blurring; 4 = seen completely, good delineation of the vessel border. Artifacts (motion, susceptibility,
aliasing) and their effect on con�dent evaluation of each segment were scored using a 4-point likert
scale: 1 = severe artifact undermining con�dent evaluation; 2 = moderate artifact degrading con�dent
evaluation; 3 = minimal artifact not interfering with evaluation; 4 = no artifacts. The qualitative scores
from the two readers were averaged before statistical comparisons between the clinical and research
scans.

Statistical Analysis
All continuous variables were tested using the Lilliefors test for normality and are presented as mean ± 
standard deviation (normal distribution) or median [25th percentile, 75th percentile] (non-normal
distribution). Categorical variables are expressed as counts and percentages. Quantitative measurements
derived from the clinical and research CE-MRA were compared using two-tailed paired student t-tests
(normal distribution) or Wilcoxon signed-rank tests (non-normal distribution). Inter observer variability of
the SI, CR, and thoracic aortic diameters were evaluated by calculating Intraclass Correlation Coe�cients
(ICC, two-way mixed, single measures, absolute agreement). An ICC > 0.9 was considered excellent
agreement (21). Wilcoxon signed-rank tests were used to evaluate for qualitative differences in overall
image quality, vessel wall conspicuity, and artifact scores between the standard of care and research
scans. Inter observer variability for qualitative scores was calculated using weighted Cohen’s kappa (κ)
coe�cient (poor agreement, κ = 0; slight agreement, κ = 0.01–0.20; fair agreement, κ = 0.21–0.40;
moderate agreement, κ = 0.41–0.60; good agreement, κ = 0.61–0.80; and excellent agreement, κ = 0.81–
1.00) (22). Bland-Altman analyses and Pearson correlation analyses were performed to compare the SI,
CR, and aortic diameters derived from the two scans. All statistical analyses were conducted in SPSS
(Version 23.0; IBM Corp). P-values less than 0.05 were considered statistically signi�cant.

Results
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All CE-MRA examinations were completed successfully, and all contrast agent administrations were
performed without complications. None of the CE-MRA studies had poor image quality due to sub-
optimal ECG-gating or poor breath-hold. Figure 2 presents representative images obtained from three
different subjects using gadobutrol and gadoterate meglumine for contrast enhancement.

Quantitative Analysis
Gadobutrol demonstrated signi�cantly higher SI at the MAAo, AArch, and DAo when compared to
gadoterate meglumine (MAAo: gadobutrol 234 ± 97 vs. gadoterate meglumine 116 ± 29, p < 0.001; AArch:
gadobutrol 206 ± 92 vs. gadoterate meglumine 99 ± 24, p < 0.001; DAo: gadobutrol 265 ± 132 vs.
gadoterate meglumine 102 ± 28, p < 0.001). CR with respect to trapezius muscle did not show any
signi�cant difference between gadobutrol and gadoterate meglumine (MAAo: gadobutrol 3.0 ± 1.1 vs.
gadoterate meglumine 2.7 ± 1.0, p = 0.503; AArch: gadobutrol 2.7 ± 1.0 vs. gadoterate meglumine 2.8 ± 
1.1, p = 0.599; DAo: gadobutrol 3.3 ± 1.5 vs. gadoterate meglumine 3.0 ± 1.1, p = 0.099). The distribution
of the SI and CR measurements are shown in detail in Fig. 3.

The vessel-lumen diameters derived from gadobutrol-enhanced MRA and gadoterate meglumine-
enhanced MRA did not show signi�cant differences at the sinus of Valsalva (gadobutrol: 4.2 ± 0.4 vs.
gadoterate meglumine: 4.3 ± 0.4, p = 0.571), sinotubular junction (gadobutrol: 3.5 ± 0.5 vs. gadoterate
meglumine: 3.5 ± 0.4, p = 0.221), MAAo (gadobutrol: 3.7 ± 0.6 vs. gadoterate meglumine: 3.7 ± 0.6, p = 
0.563), proximal AArch (gadobutrol: 3.3 ± 0.5 vs. gadoterate meglumine: 3.2 ± 0.5, p = 0.151), distal AArch
(gadobutrol: 2.6 ± 0.3 vs. gadoterate meglumine: 2.6 ± 0.3, p = 0.088), or distal DAo (gadobutrol: 2.4 ± 0.3
vs. gadoterate meglumine: 2.4 ± 0.3, p = 0.821). The distribution of the measurements is shown in detail
in Fig. 4.

Figure 5A shows scatter plots from linear regression analysis illustrating weak correlation between the SI
(r = 0.18), moderate correlation between the CR (r = 0.40), and strong correlations between the diameters
(r = 0.98) derived from the two GBCAs. Figure 5B shows Bland-Altman plots illustrating poor agreement
between the SI (mean difference = -130; the upper and lower limits of agreement = -130 ± 210), moderate
agreement between the CR (mean difference = 0.02; the upper and lower limits of agreement = 0.02 ± 2.6),
and good agreement between the diameters (mean difference = -0.2mm; the upper and lower limits of
agreement = -0.2 ± 3.2mm).

Tables 2A and 2B shows the interobserver variability of the quantitative measurements derived from
gadobutrol-enhanced MRA and gadoterate meglumine-enhanced MRA, respectively.

Table 2. Interobserver variability analysis of quantitative measurements
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Gadobutrol Reader 1 Reader 2 ICC

Signal Intensity      

Mid-ascending Aorta 229 ± 74 228 ± 71 1.00

Aortic Arch 203 ± 65 201 ± 64 1.00

Distal Descending Aorta 275 ± 118 276 ± 121 1.00

Contrast Ratio with respect to muscle    

Mid-ascending Aorta 3.3 ± 1.4 3.6 ± 1.6 0.98

Aortic Arch 2.9 ± 1.3 3.1 ± 1.4 0.98

Distal Descending Aorta 3.8 ± 1.8 3.3 ± 1.5 0.98

Luminal diameters      

Sinus of Vasalva 4.0 ± 0.4 4.1 ± 0.4 0.79

Sinotubular Junction 3.5 ± 0.6 3.5 ± 0.6 0.99

Mid-ascending Aorta 3.7 ± 0.7 3.8 ± 0.6 0.98

Proximal Arch 3.2 ± 0.6 3.2 ± 0.5 0.99

Distal Arch 2.6 ± 0.3 2.5 ± 0.3 0.95

Distal Descending Aorta 2.5 ± 0.3 2.4 ± 0.3 0.99
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Gatoterate meglumine Reader 1 Reader 2 ICC

Signal Intensity      

Mid-ascending Aorta 125 ± 32 121 ± 31 0.98

Aortic Arch 106 ± 26 115 ± 27 0.98

Distal Descending Aorta 112 ± 24 115 ± 24 0.99

Contrast Ratio with respect to muscle    

Mid-ascending Aorta 3.6 ± 1.5 3.3 ± 1.2 0.98

Aortic Arch 3.1 ± 1.3 3.1 ± 1.1 0.98

Distal Descending Aorta 3.3 ± 1.4 3.1 ± 1.0 0.98

Luminal diameters      

Sinus of Vasalva 4.1 ± 0.4 4.3 ± 0.4 0.82

Sinotubular Junction 3.5 ± 0.5 3.8 ± 0.6 0.96

Mid-ascending Aorta 3.7 ± 0.6 3.9 ± 0.6 0.95

Proximal Arch 3.1 ± 0.5 3.2 ± 0.6 0.98

Distal Arch 2.5 ± 0.3 2.6 ± 0.3 0.97

Distal Descending Aorta 2.5 ± 0.3 2.6 ± 0.4 0.95

Qualitative Analysis
As shown in Table 3 and Fig. 6, qualitative image grading revealed good to excellent overall image
quality, wall conspicuity, and artifact scores for both gadobutrol and gadoterate meglumine-enhanced
MRAs at the aortic root, MAAo, AArch, and DAo. In addition, we found no signi�cant differences between
the two GBCAs for the overall image quality, wall conspicuity, and artifact scores at any region.  
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Table 3
Comparison of qualitative scores between gadobutrol and gadoterate meglumine

  Gadobutrol Gadoterate Meglumine p-value

Overall Image Quality (1–5)      

Aortic Root 3.9 ± 0.8 3.8 ± 0.3 0.266

Mid-ascending Aorta 4.3 ± 0.6 4.2 ± 0.5 0.499

Aortic Arch 4.3 ± 0.7 4.2 ± 0.5 0.535

Distal Descending Aorta 4.5 ± 0.6 4.5 ± 0.5 0.622

Wall Conspicuity (0–4)

Aortic Root 3.4 ± 0.5 3.3 ± 0.6 0.528

Mid-ascending Aorta 3.8 ± 0.3 3.8 ± 0.3 0.531

Aortic Arch 3.8 ± 0.4 3.8 ± 0.4 1.00

Distal Descending Aorta 3.8 ± 0.4 3.9 ± 0.2 0.909

Artifact (0–4)      

Aortic Root 3.1 ± 0.6 3.1 ± 0.6 0.937

Mid-ascending Aorta 3.7 ± 0.4 3.7 ± 0.4 0.771

Aortic Arch 3.6 ± 0.5 3.6 ± 0.5 0.909

Distal Descending Aorta 3.8 ± 0.3 3.9 ± 0.2 0.528

Table 4. Interobserver variability analysis of qualitative measurements 
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Gadobutrol Reader 1 Reader 2 Cohen’s Kappa

Overall Image Quality (1–5)      

Aortic Root 3.9 ± 0.9 4.0 ± 1.0 0.132

Mid-ascending Aorta 4.4 ± 0.7 4.2 ± 0.8 0.405

Aortic Arch 4.3 ± 0.8 4.2 ± 0.8 0.334

Distal Descending Aorta 4.5 ± 0.7 4.5 ± 0.6 0.385

Wall Conspicuity (0–4)

Aortic Root 3.2 ± 0.8 3.5 ± 0.7 0.151

Mid-ascending Aorta 3.8 ± 0.4 3.8 ± 0.4 0.338

Aortic Arch 3.8 ± 0.4 3.7 ± 0.5 0.496

Distal Descending Aorta 3.8 ± 0.4 3.8 ± 0.4 0.496

Artifact (0–4)      

Aortic Root 3.2 ± 0.8 3.0 ± 0.7 0.117

Mid-ascending Aorta 3.8 ± 0.5 3.7 ± 0.5 0.325

Aortic Arch 3.8 ± 0.4 3.5 ± 0.7 0.427

Distal Descending Aorta 3.9 ± 0.4 3.8 ± 0.4 0.217
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Gadoterate meglumine Reader 1 Reader 2 Cohen’s Kappa

Overall Image Quality (1–5)      

Aortic Root 3.6 ± 0.7 3.8 ± 0.8 0.217

Mid-ascending Aorta 4.2 ± 0.7 4.3 ± 0.6 0.263

Aortic Arch 4.1 ± 0.7 4.4 ± 0.6 0.124

Distal Descending Aorta 4.4 ± 0.6 4.5 ± 0.6 0.342

Wall Conspicuity (0–4)

Aortic Root 3.2 ± 0.8 3.4 ± 0.8 0.151

Mid-ascending Aorta 3.9 ± 0.3 3.8 ± 0.5 -0.012

Aortic Arch 3.8 ± 0.5 3.8 ± 0.4 0.494

Distal Descending Aorta 3.9 ± 0.3 3.9 ± 0.3 0.203

Artifact (0–4)      

Aortic Root 3.2 ± 0.8 3.1 ± 0.7 0.219

Mid-ascending Aorta 3.7 ± 0.5 3.7 ± 0.5 0.349

Aortic Arch 3.7 ± 0.5 3.6 ± 0.6 0.413

Distal Descending Aorta 3.9 ± 0.3 3.9 ± 0.3 0.203

Discussion
The �ndings from our study demonstrate that: 1) gadobutrol has signi�cantly higher SI than gadoterate
meglumine at the MAAo, AArch, and DAo; 2) CRs with respect to the trapezius muscle between gadobutrol
and gadoterate meglumine were not signi�cantly different at the MAAo, AArch, and DAo; 3) the maximal
intraluminal orthogonal diameter measurements were not signi�cantly different at different planes
measured; 4) evaluation of overall image quality, wall conspicuity, and artifacts did not show any
signi�cant difference between the two GBCAs at the aortic root, MAAo, AArch, or the DAo.

Previous studies have compared the performance of gadobutrol and gadoterate meglumine for CE-MRA
demonstrating variable results at other body regions (13–20). Wuesten et al. found that, for low-dose,
high temporal resolution CE‐MRA of carotid artery aneurysms at 3T, gadobutrol was superior to
gadoterate meglumine in terms of contrast-to-noise ratios (CNR) and depiction of morphological details
(13). Similar observations were made by Morelli et al., who found that for renal artery stenosis
assessment at 3T, low-dose gadobutrol (0.05 mmoL/kg) CE-MRA resulted in improved accuracy relative
to equivalently dosed gadoterate meglumine (14). Kramer et al. found that, at equimolar doses,
gadobutrol demonstrated higher signal-to-noise ratios (SNR), CNR, and superior image quality than
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gadoterate meglumine for dynamic and static carotid CE-MRA at 3T (15). Hansmann et al. found that, for
equimolar, low-dose, time-resolved CE-MRA protocol of the calves, the signi�cantly better SNR and CNR
provided by gadobutrol compared to gadoterate meglumine did not translate into substantial differences
in image quality (16). Using digital subtraction angiography (DSA) as the reference standard, Loewe et al.
found that gadoterate meglumine was not inferior to gadobutrol in terms of diagnostic performance in
patients with peripheral arterial occlusive disease undergoing CE-MRA at equimolar dose at 3T (17).
Haneder et al. found that, at equimolar doses, gadobutrol yielded signi�cantly higher SNR and CNR while
gadoterate was better rated in terms of overall image quality and diagnostic con�dence for the evaluation
of peripheral arterial occlusive disease (18). Hoelter et al. found that, gadobutrol resulted in a signi�cantly
higher SNR/CNR and better delineation of the intracranial vasculature when compared to gadoterate
meglumine for cervical and cerebral CE-MRA at 1.5T (19). Lee et al. found that, at equimolar doses,
increased gadolinium delivery over time using gadobutrol provides higher relative enhancement
parameters in benign prostatic hyperplasia nodules compared with gadoterate meglumine but does not
translate into improved SNR or CNR (20). However, results from CE-MRA studies of certain anatomical
areas are not transferable to other areas without careful interrogation because the injection volume,
injection rate, and the contrast agent travel time in�uence the concentration of GBCA in the region of
interest signi�cantly.

Due to their paramagnetic nature, GBCAs shorten the tissue relaxation time, resulting in increased tissue
signal intensity on T1-weighted images (23). A higher relaxivity would amplify the T1 shortening effects,
enabling CE-MRA to be performed at lower doses with a potential reduction of the risk of GBCA-induced
toxicity. Previously, numerous studies in adult patients have shown that gadobutrol, due to its relatively
higher r1 relaxivity (5.3 L mmol− 1s− 1 in blood at 37°C/1.5 T) (24), results in signi�cantly improved image
quality and diagnostic performance relative to that achieved with comparator GBCAs at equivalent dose.
When compared to gadobutrol, gadoterate meglumine has a lower r1 relaxivity (4.2 L mmol− 1s− 1 in blood
at 37°C/1.5 T) (24). The higher SI of gadobutrol when compared to gadoterate meglumine as
demonstrated in the current study is likely due to these differences in relaxivities. This may also be more
marked in the thoracic aorta as the contrast bolus is not signi�cantly dispersed since it is close to the
heart, unlike other more peripheral vascular regions, where the contrast bolus is more dispersed. However,
the CR of the intravascular compartment with respect to the trapezius muscle showed no signi�cant
difference between the contrast agents in our study. This may re�ect that part of the difference in the SI
between the two exams maybe related to technical and/or patient-related differences as the two exams
were done on separate days and separate machines. Another factor to consider for �rst-pass CE-MRA is
edge blurring. Theoretically, edge blurring occurs if only the center parts of k-space are sampled during
the presence of contrast agent in the region of interest and could be enhanced while using gadobutrol
due to the smaller injected volume when compared to gadoterate meglumine. However, this was neither
quantitatively measured nor re�ected as impaired qualitative scores in our study. This suggests that 0.2
mmol/kg bodyweight of a 1.0 molar GBCA injected at 2.0 mL/sec has a su�ciently long contrast agent
bolus to avoid disturbing edge blurring, i.e., contrast agent is present in the vascular territory of interest
during the entire k-space sampling to an adequate degree.
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In our study, a double dose of GBCAs was used for intraluminal contrast enhancement. This was because
the standard-of-care clinical MRA was always performed in conjunction with a comprehensive cardiac
MRI protocol. For research MRA, we matched the GBCA dose to the clinical MRA. Previous studies have
demonstrated the safety (25) and superior signal-to-noise (26, 27) on higher dosing of GBCAs, but its
effects on clinical practice may be negligible. Furthermore, in our study, we matched the �ow rate of the
two GBCA (2.0 mL/s). This may have led to a higher peak concentration of GB when compared to GM,
in�uencing the SI measurements. Future studies matching the gadolinium injection rates have to be
performed to evaluate the impact of �ow rates on SI and image quality.

This study had some limitations. First, the size of our study population is relatively small. Prospective
patient acquisition was di�cult as they had to ful�ll inclusion criteria as mentioned above. Second, we
were not able to randomize patients to the order in which they received the two different GBCAs, as
patient enrollment occurred after their standard-of-care gadobutrol-enhanced MRA. Our institution uses
gadobutrol for clinical CE-MRA of the thoracic aorta. Third, although all the examinations were performed
on 1.5-Tesla MR scanners, for some subjects, the clinical CE-MRA were performed on a different model
(Avanto or Aera) than the research CE-MRA (always Aera).

In conclusion, this prospective intraindividual study comparing equal doses of gadobutrol and gadoterate
meglumine demonstrates that for CE-MRA of the thoracic aorta, the CR with respect to muscle, aortic
luminal diameter measurements, and qualitative assessment including overall image quality, vessel-wall
conspicuity, and artifacts are comparable between the two GBCA. However, gadobutrol demonstrated a
signi�cantly higher aortic luminal SI when compared to gadobuterol meglumine. Future studies are
warranted to evaluate the clinical impact of improved SI of gadobutrol for the assessment of the thoracic
aorta.

Abbreviations
CE-MRA        Contrast-Enhanced Magnetic Resonance Angiography

FP-MRA         First-Pass Magnetic Resonance Angiography

GBCA             Gadolinium-Based Contrast Agent

GRE               Gradient Recalled Echo

GRAPPA       GeneRalized Autocalibrating Partial Parallel Acquisition 

bSSFP           Balanced Steady-State Free-Precession

SI                    Signal Intensity

ROIs               Regions of Interest

MAAo             Mid-Ascending Aorta



Page 16/24

AArch             Aortic Arch

DAo                Descending Aorta

CR                  Contrast Ratios

STJ                 Sinotubular Junction

ICC                 Intraclass Correlation Coe�cients

CNR               Contrast-to-Noise Ratios

SNR                Signal-to-Noise Ratios

DSA                Digital Subtraction Angiography
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Figure 1

A. CE-MRA with ROIs drawn at the mid-ascending aorta (MAAo), aortic arch (AArch), descending aorta
(DAo), and the trapezius muscle. B. CE-MRA with lines representing levels at which the luminal diameters
were measured. 
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Figure 2

Representative thoracic aortic CE-MRA images of three different patients using gadobutrol (1a, 2a, 3a)
and gadoterate meglumine (1b, 2b, 3b). 
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Figure 3

Comparison of the signal intensities and contrast ratios with respect to the muscle derived using
gadobutrol and gadoterate meglumine. Each color represents measurements from one patient. Mean ±
standard deviation and p-values are shown. 
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Figure 4

Comparison of the aortic diameters (in mm) derived using gadobutrol and gadoterate meglumine. Each
color represents measurements from one patient. Mean ± standard deviation and p-values are shown. 
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Figure 5

Linear regression and Bland-Altman plots comparing the Signal Intensity (panel A), Contrast Ratio (panel
B), and aortic diameters (Panel C) derived from the gadobutrol-enhanced and gadoterate meglumine-
enhanced MRAs. 
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Figure 6

Diagrammatic representation of the distribution of qualitative scores from the two GBCAs. 


