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Figure 1. The DSA shows an absent DP artery, 
whereas the QISS MRI shows a patent DP being 
collateralized by the peroneal and providing 
branches to the digital arteries.  
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Figure 1: The setup for the in-vivo study. In panel
(a) top row correspondsto the ÒdarkÓacquisition and
bottom to the Òbright. Panel (b) equilibrium
magnetization (M!) image on the left and an example
of manually segmented muscle regions of interest
(ROIs) usedfor perfusion quantification on the right .
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Figure 2: Perfusion colormaps of
the foot from one of the study
participants at selectedinversion
times (TIs) . The top panel
shows results obtained using the
ÒdarkÓmethod, and the bottom
panel using the ÒbrightÓmethod.
Each row corresponds to
acquisitions with 1, 2, 3, or 4
sel-IR pulses. The displayed
perfusion maps are restricted to
the manually segmented muscle
regions of interest and are
overlaid onto the equilibrium
magnetization (M!) image.
Perfusion intensity is visualized
using a colormap that
transitions from transparent to a
more opaque and vivid red with
increasingperfusion!
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Figure 3: Signal IncreaseRatio (SIR) plots, samesubject as Figure 2. Each column correspondsto 1-4 sel-
IR pulse(s). Top row with plots (a-d) for ÒdarkÓTime-SLIP acquisition and bottom row with plots (e-h) for
ÒbrightÓ. Black curves indicate GKM fits, and red curves represent fits to the ! -variate function.
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Gadoquatrane at a 60% reduced gadolinium dose for MR -Angiography of 
intracranial vessels  

Authors: Giles Roditi1, Sophie Hodge2, Alex Liu3, Mark Klemens4, Birte M. Hofmann4, 
Petra Palkowitsch4, Genji Bai5, Christopher Hancock6, Seung Hong Choi7 

Affiliations: 1Department of Radiology, Glasgow Royal Infirmary, Glasgow, Great Britain, 2Clinical Data 
& Analytics, Bayer Pharma R&D, Reading, Great Britain, 3Clinical Data & Analytics, Bayer Pharma 
R&D, Whippany, NJ, USA; 4Bayer AG, Pharma, Radiology R&D, Berlin, Germany, 5Huai'an First 
People's Hospital, Huaiyin District,Huai'an city, Jiangsu province, China, 6HALO Diagnostics, Indian 
Wells, CA, USA, 7Seoul National University, Seoul, South Korea 

Purpose: To investigate efficacy of gadoquatrane, a low dose macrocyclic gadolinium-based 
contrast agent (GBCA) at a dose of 0.04 mmol gadolinium (Gd)/kg body weight (bw) 
compared to 0.1 mmol Gd/kg bw of standard of care (SoC) macrocyclic GBCAs (gadobutrol, 
gadoterate, gadoteridol) for CE-MR-Angiography of intracranial vessels in adults. 

Methods: QUANTI CNS is a multicenter, randomized, prospective double-blind, Phase 3 
cross-over study, conducted between July 2023 and May 2024. Adult patients with a known 
or suspected CNS pathology underwent two contrast-enhanced-MR-Angiographies (CE-
MRA), one with gadoquatrane and the other one with a comparator SoC GBCA in a random 
order. Combined (including pre- and post-contrast images) and pre-contrast MR image sets 
were assessed in a blinded independent central review using three visualization parameters 
adapted to MRA, i.e. vessel lumen contrast enhancement, vessel border delineation and 
vessel diameter/dimension (internal morphology), as endpoints.  

Results: Of 305 randomized patients, 14 underwent CE-MR-Angiography of intracranial 
vessels, 13 were evaluable for efficacy.  

For the comparison of combined pre- and post-gadoquatrane MR images sets and combined 
SoC comparator MR images sets, the mean visualization parameters show similar scores 
with a difference close to 0 for all 3 readers and all 3 visualization parameters. Most of the 
mean differences are slightly below 0, indicating a tendency to slightly higher scores for the 
gadoquatrane enhanced image sets.  

For the comparison of combined pre- and post-gadoquatrane vs pre-gadoquatrane MR 
image sets, the scores for the combined image sets showed a clear improvement for the 3 
visualization parameters. The difference in mean scores for combined pre- and post-
gadoquatrane vs pre-gadoquatrane MR image sets were close to or greater than 1 for all 
readers and all visualization parameters, showing clearly higher scores for gadoquatrane 
enhanced MRIs.  

Discussion: Gadoquatrane at a dose of 0.04 mmol Gd/kg bw, which correlates to a 60% 
reduced gadolinium dose compared to SoC comparator GBCAs, shows consistent results for 
CE-MR-Angiography of intracranial vessels with the overall study population which 
demonstrated non-inferior efficacy of gadoquatrane to SoC comparator MRA. The study did 
not investigate the application of gadoquatrane in specific imaging protocols due to design 
requirements of the study. How to optimize the application of gadoquatrane in CE-MR-
Angiography is to be investigated in future research.  
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Authors SH, AL, MK, BMH and PP are employees of Bayer AG, Berlin, Germany and have indirect or 
direct financial interest in some of the products under investigation or subject matter discussed in the 
manuscript.  
Authors GR, GB, CH, and SHC were investigators in the QUANTI CNS trial and received research 
funding from Bayer AG. 



MRI-histology identifies impenetrable plaques not seen in conventional imaging: an 
amputated limb model and protocol for device development to cross impenetrable lesions  

Alexander  B Crichton,  Eniko Pomozi, Judit Csore, Janak Lamichhane, Bright Benfor, Christof Karmonik, Alan B 
Lumsden, Trisha Roy - Houston Methodist Research Institute 

Introduction:  Immediate technical failure rates in randomized 
controlled trials of endovascular therapies range between 13-
20%. and is most commonly due to an inability to cross lesions 
with a guidewire. Non-contrast MRI characterizes plaque 
composition and may identify patients at high risk for failed 
endovascular crossing. By identifying plaque characteristics 
and combining this with an amputated limb model, a process 
for evaluating new devices that can cross different plaque 
morphologies can be tested. This study evaluates a novel 
combined UTE/SSFP MRI protocol in an amputated limb 
model to identify impenetrable plaques. It then introduces the 
concept of device testing using the PowerWire® 14 
Radiofrequency Guidewire (Baylis Medical Technologies, 
USA), which has an evidence basis in central venous disease 
in an amputated limb model to evaluate their ability to cross 
non-crossable arterial disease in chronic limb threatening 
ischemia (CLTI).  
Methods:  Patients with CLTI presenting to an academic 
vascular unit undergoing major limb amputation were included 
in the study. All patients underwent 3T non-contrast MRI. 
Lesions with >75% stenosis or occlusion in the below the knee 
arteries were evaluated and defined as either hard (>50% 
calcium/collagen) or soft (<50%). Hard lesions were further 
delineated into two groups: minimally calcific hard (<50% 
calcium) and significantly calcific hard lesions (>50% calcium). 
Lesions were also scored using TASC II and GLASS systems. Amputated 
limbs underwent percutaneous vascular intervention by a single board-certified 
vascular and endovascular surgeon in a hybrid operating room and an attempt 
was made to cross each lesion. The primary endpoint of this study was to 
compare crossing success in MRI-defined hard versus soft lesions. Secondary 
outcomes included comparing TASC C/D with TASC A/B lesions, GLASS III/IV 
and I/II lesion crossability, crossability in minimally versus significantly calcified 
hard lesions, stenotic versus total occlusions and demographic/medical risk 
factor predictors of crossing failure. In amputated limbs with impenetrable 
lesions, the 0.014 Powerwire was used to attempt vessel crossing and 
histological images outlining the effects of the wire are shown.  
Results:  The study included 27 patients with 46 below-knee arterial lesions, 
with end-stage CLTI. 12 (26%) lesions were defined as soft (<50% 
collagen/calcium) and 34 (74%) were hard (>50% collagen/calcium).  The 
overall crossing failure rate was 70% (32/46 lesions), a finding consistent 
with the terminal disease state of these patients, 63% and 26% of whom had 
undergone previous failed endovascular and open revascularization attempts 
respectively. MRI plaque characteristics demonstrated a strong predictive value: hard lesions were significantly less likely 
to be crossable compared to soft lesions (91% vs 8%, p<0.001). Traditional classification systems showed variable 
predictive value: TASC C/D lesions had significantly higher crossing failure rates compared to TASC A/B (77% vs 33% 
p=0.039), while GLASS III/IV lesions did not achieve statistical significance when compared to GLASS I/II (73% vs 44%, 
p=0.129). Among hard lesions, there was no significant difference in crossability between minimally calcific and 
significantly calcific lesions (92% vs 90%, p>0.99) (figure 1). This key finding suggests that dense collagen, undetectable 
on conventional imaging, was visualized with MRI and plays a critical role in crossing failure independent of calcium 
burden. There was also no significant difference in the ability to cross occluded versus stenotic lesions (67% vs 80%, 
p=0.70). The 0.014 Powerwire underwent crossing experiments in two amputated limbs in lesions that were non-crossable 
prior to amputation and for other lesions that were non-crossable in the amputated limb model. Histological evidence 
shows that the wire can cross non-crossable plaque such as dense collagen (figure 2). This is highly important, as these 
collagenic lesions would not be visualized with currently available imaging techniques.  
Conclusion:  Non-contrast MRI with UTE/SSFP identifies critical plaque components that predict crossing failure, 
including dense collagen that is not visible on conventional imaging. This protocol offers an evidence-based approach to 
procedural planning, potentially reducing endovascular failures and a route to ensuring advanced crossing tools are 
available during endovascular procedures.  

Figure 1. The UTE 240 sequence shows a hard 
lesion in the TPT artery, depicted by the black area. 
This is shown further with color enhancement, with 
purple identifying a significantly hard lesion. The 
UTE 40 sequence shows however that the 
predominant feature of this lesion is centrally 
minimally calcific, made up of collagenous tissue 
(yellow outline). This minimally calcific lesion was 
not crossable.  
 

�)�L�J�X�U�H���������0�R�Y�D�W�¶�V���V�W�D�L�Q�H�G���K�L�V�W�R�O�R�J�L�F�D�O��
�L�P�D�J�H�V���I�R�O�O�R�Z�L�Q�J���W�K�H���%�D�\�O�L�V��
�3�R�Z�H�U�Z�L�U�H. The image shows that the 
wire has successfully passed 
intraluminally through a mixed calcific 
and dense collagenous lesion. 
 



Generative MR Multitasking : Method and application to  
non -ECG, free-breathing, simultaneous multislice (SMS) cardiovascular T1 -T2 mapping  

Xinguo Fang1,2 and Anthony G. Christodoulou1,2 
1Department of Radiological Sciences, David Geffen School of Medicine at UCLA;  2Department of Bioengineering, UCLA 

Purpose:  MR Multitasking1 enables efÞcient multidimensional imaging for applications such as non-ECG, free-breathing 
T1 and T2 mapping. Conventional multitasking is built on low-rank tensor (LRT) models, which are scalable to many time 
dimensions but limited by motion binning and need for time-consuming spatial regularization. This work introduces a 
generative multidimensional model that is binning- and regularization-free, evaluated on 3-slice SMS T1-T2 mapping. 

Methods : Framework: Like multitasking, generative multitasking (gMT) is a subspace imaging model; however, rather 
than modeling a temporal basis as a discrete low-rank tensor, gMT leverages a conditional variational autoencoder 
(CVAE) framework to generate a continuous multidimensional temporal basis. The CVAE receives sequence timings and 
real-time basis functions from self-gating data; it learns continuous latent vectors corresponding to motion states, 
bypassing discrete cardiac and 
respiratory binning. Its learned decoder 
can directly generate temporal basis 
functions for arbitrary combinations of 
motion states and contrast weightings 
(Fig. 1). 

Experiments: We evaluated the 
framework in N=5 human volunteers 
using a 2D SMS dual-ßip-angle T1-T2 
Multitasking pulse sequence2 on a 3T 
scanner (MAGNETOM Vida, Siemens). 
Although conventional LRT Multitasking 
usually relies on nonlinear wavelet 
sparsity regularization for denoising, we 
performed both conventional Multitasking 
and generative Multitasking 
reconstructions without any spatial regularization here to evaluate intrinsic SNR and to avoid modiÞcation of noise 
properties by nonlinear regularization. SNR was measured as the ratio of the mean septal myocardial value to the 
standard deviation of air, both measured at the longest inversion time (closest to the GRE steady-state). 

Results:  We compared the reconstructions of conventional and generative Multitasking for T1-T2 mapping, displaying 
cardiac phase and respiratory dimensions as well as T1 and T2 maps (Fig. 2). The image SNRs are seen in Table 1. 

Discussion : The generative Multitasking framework demonstrated several 
workßow and advantages over conventional Multitasking, including qualitatively 
higher SNR in images and T1/T2 maps. Meanwhile, gMTÕs high performance 
without time-consuming wavelet regularization addresses reconstruction time 
barriers to clinical translation. Understanding and improvement of latent motion 
space regularization are a useful area of future research. 

Conclusion s: Generative MR Multitasking may be an useful replacement for low-
rank tensors, offering a new mechanism for multidimensional cardiovascular MR 
imaging. 

 

References : [1] Christodoulou AG et al., Nat Biomed Eng 2018. [2] Mao X et al. Front Cardiovasc Med 2022. 

Figure 2: A. Multitasking reconstruction images before wavelet regularization; B. Generative Multitasking reconstruction, also without wavelet 
regularization. From left to right are cardiac cine, respiratory cine, T1 maps of all three slices, T2 maps of all three slices. 
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Figure 1: A. Multitasking framework; B, Generative Multitasking framework 
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Table 1: Image SNR comparison 
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Purpose:  Cardiovascular magnetic resonance (CMR) is the gold standard for assessing heart volumes and function 
using 2D breath-hold cine imaging[1,2]. However, this technique requires multiple breath-holds and is time-consuming, 
which can reduce patient comfort and increase costs[3,4]. Researchers have introduced a novel ultrafast 3-dimensional 
(3D) cine sequence: Enhanced Sensitivity Encoding with Static Outer Volume Subtraction (ESSOS). While a study has 
been conducted at 3T MRI and with gadolinium[5], there is little evidence for its application at 1.5T MRI. This present 
study evaluated the ESSOS protocol at 1.5T MRI, using 3D cine imaging before gadolinium (pre-contrast) and after 
gadolinium (post-contrast) administration. The two ESSOS sequences were compared to standard 2D cine in terms of 
image quality and cardiac quantitative parameters. 

Methods:  31 patients (21 males, 10 females) were initially included; 9 were excluded due to artifacts (motion or metal-
related). Each patient underwent three sequences: standard 2D cine (pre-contrast), 3D cine ESSOS pre-contrast, and 
3D ESSOS cine post-contrast (~8 minutes after gadolinium injection, 0.1 mmol/kg). All CMR exams were performed on 
a 1.5 Tesla (Philips Ingenia) MRI system using a phased-array cardiac multi coil. The 2D cine images were acquired in 
short-axis views using a balanced turbo field echo (TFE) sequence, covering the entire left ventricle. Parameters were 
reconstructed using pixel size 0.95 × 0.95 mm, matrix size 512 × 512, slice thickness 8 mm with no gap, field of view 
486 × 486 mm, and 20 cardiac phases per slice. The 3D cine sequences used a fast coronal volume acquisition with 
high acceleration and ESSOS technology for ultrafast imaging. Post-processing allowed reconstruction into short-axis 
views. Image quality was rated on a 1�±4 scale. Cardiac function parameters ejection fraction, wall thickness, volumes, 
and ventricular masses were measured for both right and left ventricles and compared using statistical analysis. 

 Fig 1: Image 2D Cine SA         Fig 2: Image 3D Cine pre-contrast SA Fig 3: Image 3D Cine post-contrast SA 

Results: Whole-heart acquisition time with 3D Essos was ~19 seconds (single breath-hold), compared to 14 × 12sec 
for 2D cine (multiple breath-holds). The 3D reconstruction was fast (~1 minute) and worked with standard MRI 
equipment. 2D cine provided the highest image quality (mean score 3.4), followed by 3D cine post-contrast (mean score 
2.4). 3D cine pre-contrast had the poorest quality (mean score 1.7). Left ventricular ejection fraction (LVEF) from 3D 
cine post-contrast closely matched LVEF from 2D cine, with an intraclass correlation coefficient (ICC) of 0.959 [95% 
confidence interval (CI): 0.935�±0.974]. In contrast, the ICC between 2D cine and 3D cine pre-contrast was 0.931 [95% 
CI: 0.890�±0.956].Right ventricular ejection fraction (RVEF) from 3D cine post-contrast also showed better agreement 
with 2D cine (ICC 0.922 [95% CI: 0.879�±0.950]) than 3D cine pre-contrast (ICC 0.906 [95% CI: 0.854�±0.940]).  

Discussion:  Ultrafast 3D cine post-contrast at 1.5T is a rapid and practical method for cardiac functional imaging, 
providing clinically acceptable results. However, ultrafast 3D cine pre-contrast showed lower image quality, currently 
insufficient  for clinical use. Ultrafast 3D imaging improves patient comfort and reduces scan time, but further studies 
are needed to enhance image quality at lower field strengths without contrast.     
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Background and Purpose:  Intracranial 

atherosclerosis is a leading cause of 

strokes especially in Asian countries [1]. 

High-resolution MR imaging has shown to 

enable in-vivo assessment of intracranial 

atherosclerotic plaques [2, 3]. However, 

previous research primarily focused on 

metrics such as plaque burden and relative 

plaque enhancement [3, 4]. T1 mapping 

has the potential to surpass traditional T1w 

MR images as a quantitative biomarker for 

intracranial plaques. This study attempts to 

evaluate contrast-enhanced T1 mapping of 

intracranial plaques using 3D SNAP with 

golden angle radial k-space sampling (GOAL-SNAP) [5] sequence. This innovative approach  holds promise for 

advancing our understanding of intracranial atherosclerosis, with ongoing efforts to validate its efficacy.  

Methods: This IRB-approved study enrolled 14 patients with middle cerebral artery (MCA) plaques. MR imaging was 

performed on a 3T scanner (Ingenia CX, Philips Healthcare, Best, The Netherlands) with a 32-channel head coil. MCA 

stenosis was localized using axial 3D time-of-flight (TOF) MR angiography. Both pre- and post-gadolinium enhanced 

3D T1-weighted black-blood turbo-spin-echo sequences with variable flip angles with Delay alternating with nutation for 

tailored excitation (T1 DANTE-VISTA) and GOAL-SNAP images were acquired. The imaging parameters employed in 

this study are detailed in Table 1. Since plaques 

were less visible on post-contrast GOAL-SNAP, 

delineation was performed on post-contrast 

DANTE-VISTA images, which were then registered 

rigidly to align with post-contrast GOAL-SNAP 

images using SimpleITK [6]. Manual segmentation 

at the most stenotic site was conducted with 

CASCADE [7], and T1 values were extracted. 

Statistical analysis, including Mann-Whitney U tests, was performed in SPSS 24.0, with significance set at p<0.05. 
Results:  Among 14 patients (52.10±12.10 years; 12 males, 9 symptomatic), symptomatic plaques exhibited significantly 

lower post-contrast T1 values than asymptomatic plaques (804.20±211.06  vs.1176.45±267.35,  p=0.029). Figure 1 

demonstrates two plaques with comparable signal intensities on T1-VISTA images, yet the T1 values of the symptomatic 

plaque are significantly lower than those of the asymptomatic plaque, highlighting its potential for assessing intracranial 

plaques and improving stroke risk evaluation.  

Discussion  and Conclusion : The study demonstrates that contrast-enhanced T1 mapping can differentiate 

symptomatic from asymptomatic intracranial plaques, with symptomatic plaques exhibiting significantly lower T1 values. 

This novel imaging technique may enhance the assessment of plaque characteristics and stroke risk. While promising, 

further validation with a larger cohort is needed to confirm its clinical utility. 
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Figure 1. Symptomatic patients (A) showing lower intracranial plaque 
T1 values compared to asymptomatic patients (B) on T1 mapping 
despite having similar intensity enhancement on T1-VISTA. 

Table 1. Imaging Parameters used in this study 
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Purpose : �7���!���P�D�S�S�L�Q�J���L�V���D�Q���H�P�H�U�J�L�Q�J���Q�R�Q-contrast pulse sequence for detecting myocardial fibrosis that would provide 
enormous potential for assessing myocardial scar in pediatric and adult patients with poor renal function.1 While cardiac 
�7���!���P�D�S�S�L�Q�J has been examined in chronic myocardial infarction tissue, T1�! has not yet been well understood in regard to 
what it is measuring in vivo at different stages of myocardial disease.2  Additionally, using native T1 mapping in conjunction 
with T1�! mapping could be a way to further elucidate myocardial tissue characterization.3  Therefore, we aim to develop a 
robust Multitasking (MT) T1/T1�! sequence that can characterize myocardial tissue without the need for contrast. In this 
study we propose a MT T1/T1�! multitasking sequence that is being initially evaluated in baseline scans in a porcine 
myocardial infarction model. Methods : Pulse Sequence: We modified a previously described MT T1/T1�! sequence that 
was designed for imaging the brain at 3T.4 The sequence was updated to three spin locking times of 0, 28, and 56 ms. The 
sequence was imaged in a short axis view with field-of-view of 240 x 240 mm2 in-plane resolution of 1.0x1.0mm2, and slice 
thickness of 3.5 mm with a scan time was 3:06 minutes. Phantom: An ISMRM/NIST phantom (model 106, CaliberMRI, 
Boulder, Colorado) was scanned on a 3T scanner (Biograph mMR, Siemens). Reference protocols for phantom study 
included inversion recovery spin echo for T1 mapping and previously published T���!  values from the same phantom �I�R�U���7���!��
mapping.5  Animals: For this initial evaluation in vivo, this study included 3 pigs during their baseline scan prior to myocardial 
infarction. Scans were performed on a 3T scanner (MAGNETOM Vida, Siemens). The protocol included the proposed MT 
T1/T1�! mapping at base, mid, and apex slices. Image Reconstruction and Processing: �7���!���G�D�W�D���Z�H�U�H���U�H�F�R�Q�V�W�U�X�F�W�H�G���X�V�L�Q�J��
the multitasking reconstruction framework. The reconstructed images are represented as a sixteen-dimensional low-rank 
tensor consisting of spatial factor matrix and the temporal dimensions containing information of T1 and T1�! recovery. 
Multiparametric maps were fitted 
from reconstructed image series.6 
Results : Our phantom results 
demonstrate a strong correlation 
between MT T1 mapping and 
reference and MT T1�! with 
reference (Pearson correlation of 
0.99 and 0.96, respectively) (Fig. 
1). In vivo our T1 and �7���!��
mapping we demonstrate good 
image quality (Fig. 2,3). Average 
T1 was 1500 ± 36 ms T1�! was 
39.1 ± 1.1 ms. Discussion : This 
study demonstrates that our 
proposed MT T1/�7���! is a robust 
sequence that correlates strongly with reference protocols. Additionally, we can see excellent image quality in vivo at 3T 
(Figure 2,3).  Average T1 values were in the same range as previously published values.7 Average T1�! values were a bit 
lower than previously published values, but this could be due to our pigs being scanned baseline while previous research 
only scanned after chronic infarction.2  As this study has just begun, we could only test our sequence on healthy pigs but 
we will be following the animals after infarction to see changes in T1 and T1�! and comparisons to LGE over time. 
Furthermore, we will examine the myocardium ex vivo to compare the 

T1 and T1�! tissue 
characterization 

with histology. 
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Figure 1.  (A) ISMRM/NIST phantom. (B) Correlation of MT T1 and reference T1. 
(C) Correlation of MT T1�! and reference T1�!. 

 

Figure 2. Base, mid, and apex T1 maps for 
each animal with slice T1 measurements 

 

Figure 3. Base, mid, and apex T1�! maps for 
each animal with slice T1�! measurements  
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Simultaneous magnetic resonance imaging technique of carotid artery perivascular 
adipose tissue and vessel wall: A feasibility and repeatability study  

Shuwan Yu 1, Shuo Chen 2, Zihan Ning 1, Huiyu Qiao 1, Ning Xu 1, Xihai Zhao 1 
1 Center for Biomedical Imaging Research, Tsinghua University, Beijing, China  

2 Shanghai United Imaging Healthcare, Shanghai, China 

Background and Purpose:  Studies have demonstrated that 

both atherosclerotic (AS) plaque vulnerability and perivascular 

adipose tissue (PVAT) inflammation are independently 

associated with cerebrovascular symptoms1,2. Therefore, it is 

essential to conduct non-invasive joint assessment of carotid AS 

plaque and PVAT for better stratifying the risk of ischemic 

cerebrovascular events. This study aimed to develop a 

simultaneous magnetic resonance (MR) imaging technique for 

carotid artery PVAT and vessel wall. 

Methods: We proposed an integrated MR imaging protocol 

combining iMSDE with mDIXON, termed iMSDE-mDIXON 

(Figure 1). Seventeen healthy subjects and nine patients 

with carotid AS underwent MR imaging experiments, 

including five healthy subjects selected for repeatability 

testing. The iMSDE-mDIXON, MERGE, and mDIXON 

sequences were performed for bilateral carotid imaging. The 

reliability of iMSDE-mDIXON sequence was assessed by 

evaluating its agreement with MERGE sequence in 

measuring carotid wall morphology (lumen area [LA], wall 

area [WA], mean wall thickness [MWT], normalized wall 

index [NWI]) and with mDIXON sequence in quantifying 

carotid PVAT (PVAT area, PVAT area index [PVAT-AI], 

PVAT volume index [PVAT-VI], proton density fat fraction 

[PDFF]). The interclass correlation coefficient (ICC) and 

Bland-Altman plots were used for statistical analysis. 

Results: The example of MR imaging results is 

shown in Figure 2. The iMSDE-mDIXON technique 

exhibited high reliability in assessing carotid vessel 

wall morphology (ICC: healthy subjects, 0.903-

0.997; patients: 0.928-0.999) and PVAT morphology 

(ICC: healthy subjects: 0.906-0.988; patients: 0.957-

0.996) (Table 1). While the technique demonstrated 

potential for carotid AS assessment, it exhibited a 

substantial bias (>20%) in PDFF quantification. 

Notably, a moderate to excellent agreement was 

maintained between iMSDE-mDIXON and mDIXON 

in measuring PVAT PDFF in both healthy subjects (ICC: left, 0.782; right, 0.740) and AS patients (ICC: left, 0.790; right, 

0.628) (Table 1). In addition, the proposed sequence showed excellent agreement in quantifying carotid vessel wall 

(ICC = 0.845-0.999) and PVAT morphology (ICC = 0.841-0.989) between the repeated scans. 

Discussion  and Conclusion : This study proposed an iMSDE-mDIXON sequence which enables simultaneous imaging 

of the carotid vessel wall and PVAT in a single scan with high efficiency, reliability, and repeatability. This technique has 

considerable potential for joint characterization of the changes of PVAT and pathology of vessel wall in carotid artery. 

References:  [1] Bos D., J Am Coll Cardiol, 2021, 77(11):1426-1435. [2] Baradaran H., J Am Heart Assoc, 2018, 7(24): e010383.  

 Healthy subjects   AS patients  

 Left  Right  Left  Right  

LA, mm2 0.994 0.997  0.999 0.998 

WA, mm2 0.990 0.989  0.979 0.980 

MWT, mm 0.989 0.974  0.985 0.928 

NWI 0.903 0.934  0.940 0.950 

PVAT area, mm2 0.988 0.951  0.996 0.979 

PVAT-AI 0.974 0.929  0.990 0.957 

PVAT-VI 0.968 0.906  0.992 0.970 

PVAT PDFF, % 0.782 0.740  0.790 0.628 

Figure  1. iMSDE-mDIXON sequence design diagram. 
 

Figure  2. Comparison of iMSDE-mDIXON and reference 
sequences (MERGE and mDIXON). (A) iMSDE-mDIXON 
images of a carotid AS patient (male, 81 years); (B) 
reference images of the same carotid AS patient. 

Table 1. ICC between iMSDE-mDIXON and reference sequences. 
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PURPOSE: Over half of stroke survivors develop cognitive impairment within a year, with glymphatic dysfunction potentially 
contributing to neurodegeneration. pCSF flow, driven by arterial pulsation, is crucial for waste clearance1. Rodent studies 
show that arterial ligation reduces arterial pulsatility, leading to impaired glymphatic exchange2. However, how 
cerebrovascular abnormalities affect pCSF pulsation in humans remains unclear. This study aimed to investigate pCSF 
alterations in ischemic stroke patients with unilateral middle cerebral artery (MCA) stenosis, using the contralateral 
hemisphere as a control. Dynamic diffusion-weighted imaging (dynDWI) was used to assess pCSF pulsation around major 
cerebral arteries. 
METHODS: We recruited 97 ischemic stroke patients 
(age 58±13, 27 males, 70 females) with unilateral 
MCA-M1 atherosclerotic plaque from a tertiary 
hospital. Stenosis severity was classified as Uni50- 
(<50% narrowing), Uni50+ (>50% narrowing), and 
Bi50-50+ (bilateral stenosis with asymmetry). MRI 
was performed on a Siemens Skyra 3T scanner. 
DynDWI (b=150 s/mm²) was acquired along three 
diffusion directions (60 repetitions), with concurrent 
finger photoplethysmography recording. Data-driven 
segmentation identified pulsatile pCSF regions. 
Paired t-tests and Wilcoxon tests (if non-normal) 
compared pCSF volume between hemispheres, with 
false discovery rate correction. 

RESULTS: Significant reduction in pulsatile pCSF 
volume was observed on the lesion side (Figure 1) , 
both individually (Figure 1A ) and at the group level 
(Figure 1B ). The lesion side had a 12% volume 
reduction compared to the control side (p < 0.001, 
Cohen’s d = 0.52, Figure 1C ). 
Specific reductions along MCA: Among three main 
arteries, pCSF reduction was significant only along 
the MCA (p < 0.001, Cohen’s d = 0.43), but not along 
the PCA or ACA. Interestingly, PCA displayed a slight 
increase in pCSF volume, likely indicative of 
compensatory effects (p = 0.02, effect size = -0.28). MCA reductions were primarily in the m2 segment distal to the stenosis 
(p < 0.001, Cohen’s d = 0.65), with no reduction in MCA-m1 (p = 0.9).  
Greater stenosis, greater pCSF reduction (Figure 2 ): Patients with Uni50+ stenosis exhibited the largest between-
hemispheric pCSF reduction (14% reduction than control side, p < 0.001, Cohen’s d = 0.6), followed by Bi50-50+ (10%, p 
< 0.05, Cohen’s d = 0.43) and Uni50- (3%, p = 0.34, Cohen’s d = 0.3). On the control side, pCSF volumes ranked as follows: 
Uni50- > Uni50+ > Bi50-50+ (Figure 2B).  
DISCUSSION: These findings provide 
human evidence that arterial stenosis 
reduces pCSF pulsatility, consistent with 
animal studies linking reduced arterial 
pulsatility to impaired glymphatic flow. The 
most pronounced reductions occurred 
downstream in MCA-M2, indicating 
broader disruptions to CSF circulation and 
waste clearance. This diminished pCSF 
pulsation may contribute to the high 
incidence of neurodegeneration in stroke 
patients, highlighting the dual impact of 
cerebrovascular conditions on both blood 
flow and CSF dynamics.  
1. Mestre et al, Nat Commun 2018,
PMID: 30451853; 2. Iliff et al, J Neurosci
2013, PMID: 2422772.
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