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Introduction

In our daily practice, time-of-flight magnetic resonance
angiography (TOF-MRA) has become one of the most
commonly used non-contrast techniques for cerebro-
vascular screening. It is fast, widely available, and well
accepted by patients, especially in routine health exam-
inations and follow-up of suspected vascular disease. Yet
every radiologist knows the challenge: Small intracranial
aneurysms may be subtle, may arise at complex arterial
bifurcations, and may be overlooked when the reading
workload is high or image quality varies. Because a missed
aneurysm can have serious clinical consequences, we
continuously look for tools that can help us read more
consistently and with greater confidence.

From clinical need to Al support

To address this clinical need, Siemens Healthineers
developed a deep learning solution for automated intra-
cranial aneurysm detection and segmentation on 3D
TOF-MRA." The prototype of the aneurysm detection tool
is implemented as an add-in attached to the TOF sequence.
Once the TOF scan is completed, the add-in automatically
launches image analysis to identify potential aneurysms,
eliminating the need for a separate post-processing step
and making the workflow highly convenient.

From a physician’s point of view, the goal is not to
replace expert interpretation, but to provide a second set
of eyes directly within the imaging workflow. For screening
examinations, where sensitivity is particularly important,
this kind of inline support could be valuable if it performs
reliably across scanners, sites, and patient populations.

"Work in progress. The application is currently under development and is not for sale in the U.S. and in other countries. Its future availability cannot be ensured.
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n A novel 3D deep learning framework with brain vessel constraints [1]. The pipeline consists of three major stages: (1) brain vessel
segmentation, (2) aneurysm detection, and (3) false-positive (FP) suppression using vessel priors.
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How the model was developed and evaluated

The aneurysm detection model (Fig. 1) was trained using
1,916 3D TOF-MRA scans from patients with at least one
unruptured intracranial aneurysm confirmed by experi-
enced radiologists. The development dataset combined
images from three clinical sites and public datasets, includ-
ing ADAM, INSTED2024, and Lausanne, and was divided
into training and internal validation sets. All annotations
were performed by radiologists with more than five years
of TOF-MRA interpretation experience and blinded to
patient information. In addition, an internal test cohort
from Changhai Hospital included 39 examinations with
intracranial aneurysms and 232 examinations without
aneurysms, and an external test cohort from RSNA includ-
ed 555 examinations with intracranial aneurysms and

697 examinations without aneurysms, allowing evaluation
in a clinically relevant population with both positive and
negative cases.

Validation data

Internal test data

SMRA 2026

For us as clinicians, the key question is whether the
algorithm can maintain high sensitivity while keeping
false positives at a manageable level. In the validation
dataset, the model achieved a sensitivity of 96% at two
false positives per scan. In the internal test set from
Changhai Hospital, it maintained a sensitivity of 95%
at two false positives per scan. On the external dataset,
the positive predictive value reached 90%, an encour-
aging result given the screening-oriented setting and
the expected challenge of false-positive findings in
populations with relatively low disease prevalence.
Representative results of aneurysm detection from the
validation, internal test, and external test sets are shown
in Figure 2. More detailed results can be found in the
published ISMRM abstract [1].

External test data

Example results of aneurysm detection from the algorithm on validation dataset, internal test dataset, and external test dataset [1]. All six cases
are confirmed intracranial aneurysm patients, and the algorithm successfully identified the aneurysmal lesions (marked in red) in each case.

4 magnetomworld.siemens-healthineers.com
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Clinical relevance in routine reading

In a busy reading room, an Al-based aneurysm detection
tool may be most helpful when it is integrated seamlessly
into the routine TOF-MRA workflow. By highlighting
suspicious aneurysm candidates and providing segmen-
tation information, it can draw attention to small or
difficult-to-see lesions before the final report is signed.
This may be particularly useful for screening examinations,
follow-up studies, and cases with complex vascular
anatomy. The current results suggest that the prototype
has the potential to support radiologists by improving
vigilance, reducing oversights, and helping to standardize
detection performance across different clinical settings.

Vascular Imaging

Outlook

The next step will be prospective evaluation in real-world
clinical workflows. Beyond algorithm performance metrics,
future studies should assess reading efficiency, radiologist
confidence, case-level decision making, and the practical
handling of false-positive findings. For Al to become truly
useful in neuroradiology, it must fit naturally into the clini-
cal pathway and provide clear value at the point of care.
From this perspective, automated aneurysm detection on
TOF-MRA is a promising example of how deep learning can
move from technical innovation toward meaningful clinical
assistance.
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Introduction

Cerebral small vessel disease (cSVD) is the most common,
chronic, and progressive vascular disease [1]. cSVD causes
acute symptoms, such as lacunar infarct and intracranial
hemorrhage, accounting for 20% of symptomatic strokes.
The patients also experience chronic insidious onset, for
example, the high prevalence of cSVD in the elderly popu-
lation was proven to be associated with an increased risk
for dementia [2]. Previously, the STandards for Reporting
Vascular changes on nEuroimaging (STRIVE) was proposed
to guide the scientific reporting of changes related to
cSVD on neuroimaging [3]. It manifests as recent small
subcortical infarct, lacune of presumed vascular origin,
white matter hyperintensity of presumed vascular origin,

perivascular space, cerebral microbleed, and brain atrophy.

However, these imaging features were summarized from
clinically available 3T and 1.5T MRI scanners. The structure
and function of cerebral small vessels, which are directly
related to cSVD, could so far not be fully characterized at
3T and lower field strengths. Tiny parenchymal lesions
such as cortical microinfarcts are also more difficult to
detect at 3T and lower field strength, as spatial resolution

can only be pushed to a certain extent in clinical scan times.

Healthy control

In recent years, ultra-high-field (UHF) MRI at 7T has been
shown to be effective in diagnosing various neurovascular
diseases. Since the signal-to-noise ratio (SNR) of MRl is
approximately proportional to the field strength, 7T MRI
provides an intrinsic signal-to-noise ratio (SNR) of approxi-
mately 2.3 times that of 3T and 4.7 times that of 1.5T, if a
linear dependency of SNR to the field strength is assumed.
However, literature indicates a supralinear correlation,
proportional to B, 1.65 [4]. Higher SNR supports using
higher spatial resolution in the acquisition and enabling
the visualization of small vessels and tiny lesions on the
brain. On the other hand, relaxation times change as

the field strength increases (T1 gets longer and T2 gets
shorter), which allows MRI techniques such as angiography
based on flow-related enhancement to achieve higher
contrast-to-noise ratios (CNRs). Additionally, sequences
sensitive to susceptibility effects, such as T2*-weighted
imaging and quantitative susceptibility mapping (QSM)’,
benefit from increased susceptibility at 7T, enabling better
visualization of venules and microbleeds. These advantag-
es of 7T MRI provide an opportunity to directly evaluate
the structure and function of cerebral small vessels.

CADASIL patient
‘\

n Coronal maximum intensity projection of 7T TOF-MRA of a healthy control and a CADASIL patient. The arrowheads point to flow deficits in the

lenticulostriate arteries.

"Work in progress. The application is currently under development and is not for sale in the U.S. and in other countries. Its future availability cannot be ensured.
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Angiography

The CNR of TOF-MRA was reported 83% higher at 7T
compared to that obtained at 3T [5]. The improved CNR
highlighted smaller peripheral vessels, which can be clearly
seen at images with high resolution. This in turn allows
to e.g. detect stenosis and occlusion in rather small vessels
like the lenticulostriate artery (LSA) using 7T TOF-MRA.
This finding is a prone cause of cSVD in deep cerebral
infarction [6]. On the other hand, the angiography of
LSA can be used to assess the establishment of collateral
circulation [7]. The vascular density of LSA visualized by
7T TOF-MRA was reported to be comparable to DSA, and
significantly superior to 3T TOF-MRA [8].

The visualization of intracranial perforating arteries
such as LSA by 7T TOF-MRA expands the horizon for
in vivo imaging studies of cSVD. In patients with hyper-
tension, the number of stems and branches of LSAs was
significantly lower than that in healthy controls, while no
difference was found in the curvature and tortuosity of
LSA. In a genetic cSVD, called CADASIL (cerebral autosomal
dominant arteriopathy with subcortical infarcts and leuko-
encephalopathy), the correlation between the number
of LSA branches and the Mini-Mental State Examination
(MMSE) score was confirmed. Meanwhile, an increased
proportion of discontinuous flow of LSAs was reported
in CADASIL patients [9]. LSAs are also a frequent source
of lacunar infarcts. With segmentation and modeling,
the culprit LSAs that may cause the lacunar infarct can
be identified [10]. In addition, morphological changes in
LSA were observed in the early progression of subcortical
vascular dementia (SVaD). Lower number of branches and
enlarged radius of LSA were found in SVaD patients [11].
These studies confirm that 7T TOF-MRA is an effective
and non-invasive method to evaluate the morphological
changes of perforating arteries in cSVD.

CADASIL patient

Vi, =8.39 cmis
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Flow velocity

By using velocity encoding (VENC) gradients, the flow
velocity of blood vessels can be quantified by phase-
contrast (PC) MRI. Time-resolved PC-MRI has been validated
in measuring blood flow velocity of the aorta, carotid arter-
ies and the circle of Willis (CoW) [12]. Due to the available
SNR at 3T, the spatial resolution of PC-MRI cannot measure
the flow velocity of arterioles very well. Another reason is
that the partial volume effects lead to an underestimation
of the flow velocity and miscalculate the flow direction
[13]. The increased SNR and flow-related enhancement

at 7T breaks down the barrier to measuring the velocity

of perforating arteries. The velocity mapping of cerebral
small vessels was firstly obtained with a non-time-resolved
PC-MRA [14]. A VENC value of 15 cm/s was used to
measure the velocity and direction of small arteries on

the CoW, including LSA, posterior communicating artery
and anterior choroidal artery. In patients with CADASIL,
the flow velocity of LSA can be measured in the proximal
segments [15]. The velocity was found to be decreasing
with progression of the disease and correlated with aging,
functional dependence, cognitive impairment and mood
disturbance.

When scanned with a single slice technique, the
time-resolved PC MRI enables dynamic assessment of flow
pulsatility in perforating arteries. The temporal resolution
can be set to 57-156 ms with an in-plane resolution of
0.3 mm [16]. In this manner, the flow velocities of LSAs
can be measured at two planes: the basal ganglia (BG)
and centrum semiovale (CSO). The range of changes in
flow velocity within a cardiac cycle can be calculated as the
pulsatility index (PI) [17], which represented the arteriole
hemodynamics. In patients with cSVD-related stroke, the
Pls of LSAs were found to be elevated in both BG and CSO
[18]. Nevertheless, a higher Pl was also correlated with age

The flow velocities of proximal
lenticulostriate arteries measured by
7T PC-MRA. The velocity decreased
with the progression of cerebral small
vessel disease. CADASIL is a form
of hereditary stroke disorder and is
thought to be caused by mutations
in the NOTCH3 gene.

25 cmls
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in healthy individuals. The boundary between pathological
and physiological changes of Pl in cerebral small vessels
remains to be clarified in future studies.

Susceptibility imaging

Susceptibility refers to the extent to which a substance
becomes magnetized when it is placed in an external
magnetic field. Susceptibility weighted imaging (SWI) is

a commonly used imaging method reflecting susceptibility
contrast, while quantitative susceptibility mapping (QSM)
serves as the quantification method. The susceptibility-
induced field inhomogeneity is more prone to be detected
at UHF, which makes it an ideal choice for SWI and QSM
[19]. Deoxyhemoglobin, hemosiderin, and ferritin are

rich in iron, which makes the signal of venous blood,
cerebral microbleeds, and subcortical nuclei prominent
on susceptibility imaging.

Cerebral veins with small calibers can be clearly
displayed by 7T SWI, such as the deep medullary veins
(DMVs). An automated algorithm to segment and quantify
the DMV on 7T SWI was developed [20]. Using this meth-
od, the morphology of the DMV was analyzed in dementia
likely caused by cSVD [21]. The number and vascular
density were similar between patients and healthy con-
trols, while more tortuous DMVs were found in the patient
group. The curved DMVs were also more frequently to be
found in sporadic cSVD [22]. The impaired integrity of the
DMV was reported in CADASIL patients, which may occur
before the appearance of white matter hyperintensities
(WMH) [23]. The morphology of DMV on 7T SWI may play
an important role in the diagnosis and research of cSVD.

Magnitude

Ay
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The enhanced susceptibility effects at 7T makes QSM
highly sensitive to magnetic susceptibility differences
between components. Along with the increased SNR,

the spatial resolution of QSM can be boosted at 7T.

For instance, the higher susceptibility of superficial veins
associated with disease progression was reported in
CADASIL patients [24]. This increased susceptibility likely
reflected decreased venous oxygen saturation. It was also
related to the clinical phenotype and the STRIVE imaging
features of cSVD.

Cerebral microbleeds (CMBs) are one of the conven-
tional neuroimaging markers of cSVD. It can be detected
with a higher sensitivity at 7T than at lower field strengths
[25]. Considering the high detection rate of CMBs by 7T
MRI, an automated postprocessing tool is needed for a
reliable and reproducible detection. The increased CMBs
and iron deposits caused by the dysfunction of blood-brain
barrier in cSVD can be quantified using 7T QSM [26, 27].

Perivascular space

Perivascular spaces (PVS) are fluid-filled spaces that sur-
round small arterioles, capillaries and venules in the brain.
Enlarged PVS are considered one of the MR imaging hall-
marks of cSVD and are associated with older age as well as
the presence of lacunar infarcts and white matter lesions
[28]. Using the increased CNR and spatial resolution,
T2-weighted images at 7T were able to show not only the
enlarged PVS, but also the physiological PVS in normal
states [29]. The feasibility of imaging and quantifying PVS
at 7T was first demonstrated in patients with Alzheimer’s
disease (AD). PVS was spatially correlated to LSA in BG

Cerebral microbleeds on susceptibility weighted imaging of a CADASIL patient. Arrowheads indicate the microbleeds in the thalamus.
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and CSO, but not with veins [30]. Another study described
the characteristics of PVS in BG, thalamus, midbrain, and
white matter regions in 45 healthy subjects [31]. The
number and volume fraction of PVS at BG were shown

to increase with age, and largely varied among individuals.
Interestingly, the study reported that inhalation of carbon
dioxide significantly increased the volume fraction of

PVS at BG and white matter, suggesting an association
between vasodilation and PVS. The correlation between
PVS and other imaging markers related to cSVD was then
investigated in 50 community-dwelling individuals over
40 years old [32]. The number of PVS was found to
corelate with the presence of CMBs, rather than age or
vascular risk factors. Advanced post-processing methods
were also developed to improve the visualization and
quantification of PVS based on filtering and neural
networks [33, 34]. In summary, PVS could be used as

an imaging marker to reflect the progression of cSVD.
However, the discrimination between physiological and
pathological PVS must be answered by cohort studies in
larger populations.

Cortical microinfarcts

Cerebral cortical microinfarcts (CMI) are a novel MRI
marker of vascular brain injury and need a high spatial
resolution to be detected. Using 7T MRI and histopathology
on ex vivo tissue, cerebral microinfarcts greater than

1-2 mm in the cortical gray matter can be detected by

7T FLAIR with 0.80 mm isotropic resolution [35-37].

In another study, CMIs were also visible on 3T images,

but the detection rate of these lesions was only 2% that

of 7T [38]. Apart from the field strength, the sensitivity

of CMI detection also depends on the imaging parameters
and analysis methods: images should be acquired using
3D T1-weighted and 3D FLAIR (or T2-weighted) sequences

Vascular Imaging

with isotropic voxels less than 1 mm to avoid missing tiny
lesions, preferably with additional T2*-weighted or
hemorrhage-sensitive sequences such as SWI to rule out
confounding imaging features such as CMBs. Most clinical
in vivo studies have focused on the detection of intracorti-
cal microinfarcts, i.e., CMI, because it has been difficult to
distinguish microinfarcts from other lesions in subcortical
regions (e.g., WMH, lacunar infarcts, and enlarged PVS).
For example, histopathologic examination of juxtacortical
regions demonstrated that lesions suspected to be micro-
infarcts were usually enlarged PVS [36]. Therefore, the
consensus was reached that punctate subcortical lesions
cannot be classified as cerebral microinfarcts without
confirmation by DWI [39].

The high detection rate of CMIs using high resolution
structural imaging at 7T should have theoretically
promoted the study of CMIs. However, controversy still
exists on the prevalence of CMI due to the limited sample
size of existing studies. For instance, a higher number
of CMIs was found in 14 patients with AD compared with
18 healthy controls, while the incidence of CMI was similar
between the two groups [40]. In another study, no differ-
ence in the incidence and number of CMI was found
between 29 patients with early AD and 22 healthy controls
[41]. Further multicenter clinical trials with large popula-
tions and definitive diagnosis of cSVD could provide more
convincing results on the incidence, etiology, and role
of CMlIs in cSVD.

Future directions

Technical development

Both the hardware and software of 7T MRI were signifi-
cantly improved over the recent years. The use of parallel
transmitter coils (pTx)! has improved the field homogeneity
significantly while still allowing simultaneous multiple slice

n Perivascular spaces on a 7T T2-weighted image of a patient with
subcortical vascular dementia.

Reprinted from MAGNETOM Flash (84) 2/2023

The cortical microinfarct on the T1-weighed and FLAIR images of
a CADASIL patient.
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(SMS) acquisition. The development of new receive coils'
including combined head and neck coils will allow neuro-
vascular imaging with head-and-neck coverage with higher
SNR. The use of compressed sensing, machine learning’
and Wave-CAIPI acceleration techniques will reduce the
scan time or increase resolution further at 7T.

Broader clinical application

With more and more 7T human MRI scanners installed
each year in both research centers and hospitals, and
more 7T scanners released for clinical use, it is expected
that an increasing number of clinical and research studies
will be performed at 7T. So far, there were only a few small
sampled studies directly comparing between 3T and 7T
for different neurovascular diseases. In the near future,

it is critical to perform larger scale comparison studies

to demonstrate the unique advantage of 7T over 3T.

To demonstrate the clinical value of 7T MRI, future large
scale multi-center studies are required. Strong collabora-
tion between 7T sites and standardization of techniques
across sites and scanners using phantoms are needed to
enable such multi center studies.

Conclusion

UHF MRI, especially 7T MRI, has demonstrated its great
value in the diagnosis and research of cSVD. Benefiting
from the higher SNR and contrast, multi-modality high-
resolution imaging methods at 7T, especially those based
on the angiography and susceptibility contrasts, reveal
various structural and functional changes of cerebral small
vessels in cSVD. In the future, large cohort studies are
needed to verify the diagnostic power of these imaging
features, and determine the thresholds differentiating the
physiological and pathological states. Nevertheless, the
relative scarcity of 7T MRI scanners, as well as the physical
challenges of UHF imaging, still hinder the broad applica-
tion of 7T MRI in clinical environments. The combination
of technology development and clinical research will bring
new advances of 7T MRI to neurologists.

"Work in progress. The application is currently under development and is not for
sale in the U.S. and in other countries. Its future availability cannot be ensured.
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Introduction: The resolution revolution

Magnetic resonance angiography (MRA) is a mainstay of
vascular imaging. Among its techniques, time-of-flight
MRA (TOF-MRA) offers particular advantages: It needs no
contrast agents, has no ionizing radiation, and uses the
natural inflow of blood to map vessel architecture [1, 2].
It is a workhorse for screening, diagnosing, and monitoring
cerebrovascular disease in MRI.

At 1.5T and 3T, the voxel size is typically capped at
the hundred-nanoliter range (cubes of 0.5-0.8 mm) [3].
This leaves critical small vessels — perforating arteries,
collateral networks, and distal branches — blurred or
beyond reach. Their signal is diluted across volumes
far larger than the structures themselves, and lesions
or occlusions that could flag early stroke often risk going
unseen.

The arrival of 7T MRI has changed the equation. The
jump in signal-to-noise ratio (SNR) and the prolonged T1
relaxation time at 7T enable TOF-MRA to push the voxel
size deeper into the 10-nanoliter range (down to 0.3 mm
isotropic or even further). The vessel that once had to
share its voxel with neighbors now gets one of its own [4].
At the PLA General Hospital (PLAGH), one of China’s
first centers to bring 7T MRI into clinical use, we have been
continuously exploring and maximizing its clinical value
since its deployment in 2021. Over the past several years,
we have applied TOF-MRA across a spectrum of cerebro-
vascular conditions, including intracranial atherosclerotic
stenosis, small vessel disease, and moyamoya disease,
focusing on the brain’s most vulnerable small vessels.
Here, we present some of our findings.

/

n Comparison between 7T TOF-MRA (1A) and 3T TOF-MRA (1B) in the visualization of the anterior choroidal artery and posterior communicating
artery. The 7T TOF-MRA demonstrated superior performance to 3T and provided comparable visualization of both the anterior choroidal artery
(blue arrows) and posterior communicating artery (green arrows). TOF-MRA = time-of-flight magnetic resonance angiography.
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Imaging small vessels in moyamoya disease

Moyamoya disease (MMD) is a chronic, progressive
cerebrovascular disorder characterized by steno-occlusion
at the terminal internal carotid artery and by the sprouting
of abnormal collateral networks. It is a leading cause of
stroke in children and young adults. Digital subtraction
angiography (DSA) is the gold standard, but its invasive-
ness and radiation burden make it impractical for repeated
monitoring — especially for younger patients.

Two small vessels hold particular prognostic value
in MMD: the anterior choroidal artery (AChA) and the
posterior communicating artery (PComA) [5]. Dilation
and branching of these arteries are strongly associated
with hemorrhagic risk. Visualizing them with precision
is essential for early risk stratification.

At the PLA General Hospital, we compared 7T
TOF-MRA against 3T TOF-MRA in a head-to-head study
of 180 patients. The finer spatial precision of 7T allowed
more accurate identification of these hemorrhage-risk
features. Notably, 42% of the AChA anomalies and 28%
of the PComA anomalies detected on 7T were invisible
on 3T. In a DSA-validated subset of 37 patients, 7T
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further demonstrated high concordance with the gold
standard [6].

The practical meaning is clear: A completely non-
invasive, radiation-free scan can now deliver reliable
hemorrhage risk assessment for MMD patients, offering
a safer pathway for long-term follow-up.

Imaging small vessels in middle
cerebral artery stenosis

The lenticulostriate arteries (LSAs) are slender perforating
arteries arising from the middle cerebral artery (MCA)
and supplying the basal ganglia. This region lacks robust
collateral circulation; when LSAs fail, basal ganglia
infarction follows, often with severe neurological conse-
quences. With diameters ranging from 0.08 to 1.5 mm,
LSAs have long been among the most elusive targets
in neuroimaging, reliably visible only through invasive
DSA or in post-mortem anatomy. Even at 3T, their distal
branches remain beyond reach.

In a large-sample quantitative study of 161 patients,
we found that proximal location, rather than the stenosis

r

mV t

-
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Representative images of a 46-year-old man with asymptomatic mild-to-moderate stenosis in the M1 segment of the right MCA (2A-2C)
and a 30-year-old woman with asymptomatic severe right MCA M1-segment stenosis (2D-2F). Compared to those on the contralateral side,
the number of LSA branches on the stenosis side and their length do not decrease (2B vs. 2C; 2E vs. 2F). MCA = middle cerebral artery;

LSA = lenticulostriate artery.
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severity, of the MCA M1-segment stenosis was the pre-
dominant determinant of LSA morphology — a finding
established in asymptomatic subgroups and confirmed by

multivariable regression [7]. Symptomatic patients showed
significantly fewer LSA branches and shorter lengths on the

affected side, while asymptomatic patients with proximal
MCA M1-segment stenosis similarly exhibited diminished
branching compared to those with distal stenosis.

This shifts the clinical approach to risk assessment
for basal ganglia stroke. It means that a noninvasive scan,
done at sufficient resolution, can now read the anatomical

signature that predicts vulnerability — something previously

only possible through catheter angiography or autopsy.

Conclusion

The transition from 3T to 7T is not just an improvement
in image quality, but a shift in what clinicians can see and
therefore in what they can act upon. At the PLA General
Hospital, our work with TOF-MRA at 7T has demonstrated
that hemorrhage risk stratification in moyamoya disease
and morphological assessment of lenticulostriate arteries
in MCA stenosis can now be performed noninvasively,
reliably, and with high fidelity to the gold standard of DSA.
For physicians, this means earlier and more precise risk
stratification without exposing patients to radiation or
invasive procedures. For patients, particularly children
and young adults who face repeated follow-up, it means
a safer diagnostic journey.

SMRA 2026
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Introduction

Ascending aortic aneurysms are characterized by dilation
of the ascending aorta that progressively develops over
several years and may ultimately result in aortic dissection
or aortic rupture. The only curative treatment is surgical,
involving replacement of the aneurysmal segment with
a Dacron prosthetic graft. Currently, surgical recommen-
dations are based on the maximum diameter of the
ascending aorta (between 45 and 55 mm depending on
the presence of potential associated risk factors for rupture,
such as connective tissue disease, bicuspid aortic valve,
or rapid aneurysm progression) [1]. However, this criterion
is imperfect, and for personalized management of this
disease, the generation of new biomarkers (including
aorta shape, movement, and constrain flow) that allow
personalized treatment of thoracic aortic aneurysms (TAA)
is essential. These new biomarkers can be obtained from
ex vivo biomechanical tests [2], angiography from MRI,
or 4D flow MRI. In this context, MRI of the aorta done
at 3T is a cornerstone for assessing these parameters.
This is the objective of the MECATHOR project [3] (regis-
tered on clinicaltrials.gov under NCT03746964), which
is studying 200 patients presenting with an ascending
aorta aneurysm.

In addition, aortic dissection is a serious condition
in which a tear occurs within the inner layers of the aorta.
This allows blood to enter the aortic wall and leads to
the formation of a true lumen and a false lumen, with
the main risk being aortic wall rupture. According to
the Stanford classification, there are two types of aortic
dissections depending on the region of the aorta where
the tear occurs [1, 4]. In this classification, Type A corre-
sponds to a dissection involving the ascending aorta
(immediately after the heart), whereas Type B refers
to a dissection affecting the descending aorta. Type A

dissections are a surgical emergency. Type B dissections
are a medical emergency requiring regular follow-up and
are considered to be a chronic aortic dissection. Type A
could be present as a residual Type B aortic dissection to
the descending aorta. It is now recognized that anatomy,
and particularly diameter alone, does not allow prediction
of the progression of chronic aortic dissection toward an
aneurysm that requires surgical management [5]. The
objective of the ADEPT project (registered on clinicaltrials.gov
under NCT07315178) is to develop a patient-specific
digital twin that enables multifactorial modeling of high-
risk regions and prediction of the aneurysmal evolution
of chronic aortic dissection. This digital twin will be based
on 3D modeling of the aorta from MRI data and will
integrate all parameters obtained from biomechanics,
histology, imaging, and blood biomarkers.

In these two projects (MECATHOR and ADEPT), the MRI
protocol incorporates two key sequences: angiography of
the aorta and 4D flow MRI. Angiography is used to obtain
basic anatomical information and a precise shape of the
aorta, with excellent contrast between the vessel lumen
and wall. Flow imaging is used to characterize blood flow
and its interaction with the aortic wall (such as wall shear
stress (WSS)). However, both techniques are inherently
time-consuming and remain sensitive to motion artifacts,
particularly due to respiratory variability and prolonged
acquisition times, which may lead to heterogeneous image
quality in clinical practice. These limitations represent
a major barrier, especially in patients requiring repeated
longitudinal follow-up. In this context, the compressed
sensing (CS) technique is applied to both MR angiography
(MRA) and 4D flow imaging to offer a promising solution
[6]. By enabling highly accelerated acquisitions, CS has
the potential to reduce scan duration, improve robustness
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to motion, and increase overall workflow efficiency.
Furthermore, CS-based approaches make it feasible to
implement the multi-velocity encoding (VENC) acquisition
in a clinically acceptable duration. This allows accurate
depiction of a broader range of flow velocities, from high-
velocity jets to slow recirculating flow, which is particularly
relevant in complex aortic pathologies, such as the flow

in false lumen in cases of dissection. This paper therefore
evaluates the clinical relevance and added value of these
advanced CS-accelerated MRA and 4D flow MRI techniques
in the initial assessment and longitudinal follow-up of
patients with severe aortic diseases and therefore complex
anatomy.

Methods and protocols

MRI acquisitions and study population

All examinations were performed on a clinical 3T scanner
(MAGNETOM Vida Fit, Siemens Healthineers, Erlangen,
Germany) equipped with multi-channel cardiac and
thoracic coils (18-channel body coil), allowing extended
coverage of the thoracic and abdominal aorta. Acquisitions
of the sequences with CS were conducted during free
breathing with electrocardiographic (ECG) gating and
respiratory motion synchronization.

SMRA 2026

The overall imaging protocol was designed to enable

a comprehensive assessment of both vascular morphology
and aortic hemodynamics within a single examination,
relying on two research sequences: an advanced MRA
sequence (non-CE MRA and CE-MRA)* and an advanced 4D
flow MRI acquisition*. Complementary sequences such as
3D T1 SPACE (also called blackblood in cases of dissection)
and 2D phase-contrast sequence were included in the
protocol. The detailed protocol is illustrated in Figure 1.

To date, over 80 exams for patients with aortic
aneurysm (from the total of 200 exams involved in the
MERCATHOR project) and 15 exams for patients with
aortic dissection (the ADEPT project has just started)
have been performed with these sequences.

MR angiography (Advanced MRA*)

Morphological assessment of the aorta was based on

a three-dimensional native MRA sequence (non-CE MRA),
relying on a T2-prepared gradient-echo acquisition with
fat suppression.

To reduce acquisition time and motion-related arti-
facts, a CS acceleration strategy was implemented. This
approach relies on the undersampling of k-space combined
with iterative reconstruction, enabling high spatial resolu-
tion with significantly reduced scan times.

*Work in progress. The application is still under development and not commercially available. Its future availability cannot be ensured.

Adv MRA*
«native»

HASTE HASTE
thorax abdo

Adv Flow*
CS 4D Flow

2D PC

Pulm. Trunk Sinus

T1 SPACE

Contrast

Flow quantification

n Overview of the
proposed imaging
workflow and sequence
acquisition order.
When contrast agent
administration was
indicated, CE-MRA
was performed first,
followed by CS 4D flow
MRI and native MRA
acquisitions. This
acquisition strategy
was designed to take
advantage of the
residual intravascular
contrast enhancement,
thereby improving
SNR for both native
angiographic imaging
and subsequent 4D flow
analysis.

Adv MRA*

Cine Flash
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Fat—water separation was achieved using a two-point
Dixon technique, which provides improved robustness
to magnetic field (BO) inhomogeneities compared to
conventional fat saturation methods.
Native MRA was acquired in two steps to cover
both the thoracic and abdominal aorta for Type B aortic
dissection while limiting off-center induced artifacts. To
reduce overall examination time, abdominal native MRA
was acquired without respiratory triggering (ECG gating),
as motion artifacts in this region were considered less
critical than in the thoracic aorta, where respiratory motion
plays a more significant role in image quality degradation.
For patients eligible for contrast material administra-
tion, and particularly in the context of initial evaluation
of aortic aneurysm or dissection, a CE-MRA acquisition
was incorporated into the protocol. The administration
of a gadolinium-based contrast agent was leveraged to
both improve morphological assessment and enhance the
signal characteristics of subsequent native angiographic
sequences and 4D flow MRI acquisitions. Although breath-
holding would have led to better image quality, CE-MRA
was deliberately performed with free-breathing for patient
comfort. Acquisition of CE-MRA took between 8 and
12 seconds on average.

Thoracic and Abdominal MRA

4D flow MRI (Advanced Flow*)
Hemodynamic analysis was performed using a time-
resolved three-dimensional phase-contrast MRI acquisition,
referred to as 4D flow MRI. This technique enables both
visualization and quantification of blood flow velocities
throughout the entire volume of interest, providing
a comprehensive characterization of flow patterns within
the aorta and its true and false lumens.

To overcome the conventional limitations of 4D flow
MRI — particularly the prolonged acquisition times and
restricted velocity sensitivity — a combined strategy using
CS and multi-VENC acquisition was implemented. This
approach enables simultaneous encoding of multiple
velocity ranges (dual VENC in our case), allowing accurate
depiction of both high-velocity flow (e.g., in the true
lumen or entry jets) and low-velocity flow (e.g., within
the false lumen), which may otherwise be underestimated
with a single VENC setting.

Sequence parameters for both Advanced MRA and
Advanced 4D Flow sequences can be found in Table 1.

*Work in progress. The application is still under development and not
commercially available. Its future availability cannot be ensured.

Sequences CE-MRA Native MRA 4D Flow
FOV (readout x phase) 350 x 263 mm 350 x 295 mm 450 x 313 mm
In-plane spatial resolution 1.4 x 1.4 mm (recon. 0.7 mm) 1.0x 1.0 mm 2.0x2.0mm
Slice thickness 1T mm 1 mm 2mm
Slice resolution 50% 100% 68%
Phase resolution 100% 100% 75%
Acceleration factor cS-9 cS-7 CS-[7.5-7.8]
Bandwidth 781 Hzlpx 799 Hzl/px 531 Hz/px
Flip angle 30° 15° 10°
TRITE 492.8 ms/1.78 ms 219.2 ms/1.48 ms/3.07 ms 45.5 ms/2.41 ms
Segments 128 25 2

Specific parameters -

Flow mode: Free
VENC: 4

Vit. 1 =250 cmls

Vit. 2 =250 cm/s

Vit. 3 =250 cm/s

Vit. 4 = 100 cml/s

Dir. 1 through plane

Dir. 2A>>P
Dir.3F>>H
Dir.4 F>>H

Prep. T2 35 ms (2 x MLEV4)
Dixon fat saturation

Table 1: 3T sequence parameters for Advanced MRA* and Advanced 4D Flow*.
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Results

Aortic dissection

An example of Type A aortic dissection (male patient,

77 years old) is shown in Figure 2 with results from T1
SPACE (2A), CE-MRA (2B), and native angiography
(acquired after contrast agent, 2C). On CE-MRA, the
resulting contrast between perfused and non-perfused
regions facilitates more accurate identification of true and
false channels, thereby improving diagnostic confidence.

In addition, T1 SPACE imaging provides complementary
information to further refine morphological assessment.
The arrowhead shows the area of stagnant flow in the false
lumen. These findings are consistent with observations
from computed tomography angiography (CTA, 2D),
supporting the robustness and clinical reliability of CE-MRA
and non-CE MRA for initial assessment. The longitudinal
follow-up of this patient after surgery is shown in Figure 2E.
False lumen is no longer visible.

SMRA 2026

Another example of residual Type B aortic dissection after
surgery for Type A (male patient, 55 years old, ascending
aorta replacement) is reported in Figure 3, showing T1
SPACE (3A), CE-MRA (3B and 3C, maximum intensity
projection (MIP)), native MRA (3D, acquired after contrast
injection), and CS 4D flow (3E). Here again, the combina-
tion of angiographic imaging and blackblood acquisition
strengthens the anatomical characterization of aortic
dissections and contributes to a more accurate evaluation
of disease extent and morphology. Of note, T1 SPACE
demonstrates areas of incomplete blood signal suppression
within the false lumen (arrowheads), corresponding to
stagnant flow and resulting in a heterogeneous or partially
blurred appearance. In addition, the use of contrast agent
contributes to increased signal-to-noise ratio (SNR) in 4D
flow MRI acquisitions, which may be advantageous for the
analysis of complex flow patterns. A fused reconstruction
combining native MRA of the thoracic and abdominal

Example of aortic dissection of Type A before surgery (2A-2D) and after surgery (2E).
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True channel

¢ Fa|se channel

= 5:14 min

= 2:02 min

Example of residual Type B aortic dissection after surgery for Type A. T1 SPACE (3A), CE-MRA (3B and 3C MIP), and native MRA (3D) acquired
after contrast injection and CS 4D flow (3E) are displayed. The two-step native MRA (thoracic and abdominal aorta (3F)) was acquired in
approximately 7 minutes.
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aorta (3F) highlights the full extent and longitudinal
propagation of the dissection in this patient, along with
the acquisition time of each step.

A third example of dissection is provided in Figure 4,
which illustrates the case of a 41-year-old male patient
with a de novo acute Stanford Type B aortic dissection and
pathogenic MYH11 gene mutation [7]. The acceleration
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provided by CS allowed acquisition of thoraco-abdominal
native MRA within a scan time of approximately 5 minutes,
while maintaining sufficient image quality. Such coverage
is particularly valuable in patients with extensive aortic
dissections, where accurate visualization of the longitu-
dinal propagation of the disease is essential for diagnosis
and follow-up.

VENC F>>H 100

n Example of a 41-year-old male patient with a de novo acute
Stanford Type B aortic dissection and pathogenic MYH11 gene
mutation. T1 SPACE (4A), native MRA (4B) acquired after
contrast injection, and CS 4D flow (magnitude (4C) and phase
venc 100 ms F>>H (4D)) are displayed. The two-step native MRA
(thoracic and abdominal aorta) was acquired in approximately
5 minutes (4E). White arrows indicate the location of the
dissection flap on native MRA.



SMRA 2026 Thoracic and Abdominal MRA

Thoracic aortic aneurysm automatically done on the native angiography and on
Figure 5 illustrates a patient (female, 82 years old) with the CS 4D flow MRI. It clearly depicts the strength of the
an aneurysm of 51 mm, a bicuspid valve (seen on the 2D native angiography with CS. In addition, our method for
phase-contrast image in 5E) and a Grade 1 aortic insuffi- automatic segmentation of the aorta, which is based on
ciency. The exam was performed the day before surgery. deep learning, allows for a precise segmentation of the
This figure shows native angiography (non-CE MRA with- aorta on this sequence (Fig. 6) but also on the magnitude
out contrast agent, 5A), CE-MRA (5B), CS 4D flow MRI images of the CS 4D flow MRI [8] (6B). Figure 7 displays

(magnitude and phase, 5C and 5D), with the segmentation  the resulting blood velocity at peak systole (7A) as the wall

An 82-year-old female patient with an aneurysm of 51 mm, a bicuspid valve (seen on the 2D phase-contrast image, 5E) and a Grade 1 aortic
insufficiency.

n Automatic segmentation
of the aorta on native
angiography (6A) and
on magnitude images
of 4D flow MRI (6B)
in the same patient
as in Figure 5 (female,
82 years old, aneurysm
with bicuspid valve).
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Velocity
(cm/s)
J330.
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Display of the blood velocity at peak systole (7A, scale [0-330] cm/s) as the wall shear stress (7B, pressure scale [0-0.2] Pa), in the same
patient as in Figure 5 (female, 82 years old, aneurysm with bicuspid valve).

shear stress (7B) computed from the CS 4D flow series.
Figure 8 illustrates the reduction in acquisition time (almost
50%) that was achieved with the CS 4D Flow* (6:31 min vs
12:46 min) while maintaining satisfactory image quality.

A further example of aortic root aneurysm is presented
in Figure 9, in a patient with associated aortic regurgitation
and Grade 2 aortic insufficiency. CE-MRA (9A) and native
MRA with contrast material (9B and 9E) demonstrate the
aneurysmal dilatation and provide comprehensive anatom-
ical assessment of the thoracic aorta. Aortic dimensions
could be measured on axial cine flash images (9D), although
this sequence is used for aortic compliance assessment,
while flow images magnitude (9F) and phase, venc 250
in-plane (9G) clearly depict the regurgitant jet associated
with aortic valve insufficiency. Beyond conventional flow
visualization, advanced hemodynamic biomarkers can
also be derived from CS 4D flow MRI. Figures 9G and 9l
illustrate the peak velocity distribution and WSS, respec-
tively, providing complementary information on the
interaction between blood flow and the aortic wall that
may contribute to a more comprehensive assessment of
aneurysmal disease.

Clinical value of Compressed Sensing

The application of CS to both MRA and 4D flow MRI rep-
resents a significant advancement in aortic imaging. By
enabling substantial acceleration of data acquisition
through undersampling of k-space combined with iterative
reconstruction, CS effectively reduces scan duration, which
is a critical limitation of conventional techniques. This

22 magnetomworld.siemens-healthineers.com

n Difference between the 4D flow sequence without CS (8A,
acquisition time 12:46 min) and with CS (8B, acquisition time
6:31 min) in the same patient during the same examination.

reduction in acquisition time not only improves patient
comfort and workflow efficiency but also mitigates the
impact of respiratory variability and motion artifacts, which
are common sources of image degradation in aortic imag-
ing. Although acquisition time remains dependent on the
patient’s physiological condition, particularly their heart
rate and respiratory pattern, in our experience the mean
acquisition time for both MRA and 4D flow imaging was
approximately 7 minutes, with the shortest acquisitions
around 5 minutes. In addition, the intrinsic regularization
associated with CS reconstruction contributes to improved
image consistency and robustness, particularly in patients
with complex or tortuous aortic anatomy. As a result,
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n A 72-year-old male patient with an aneurysm of 46 mm and an aortic insufficiency. CE-MRA (9A), native MRA (9B and 9E) acquired after
contrast material, CS 4D flow venc 250 F>>H (9C), transversal cine flash (9D), 2D flow phase contrast (PC) (magnitude 9F and phase venc
250 in-plane 9G), peak velocity (9H, scale [0-108] cmls), and wall shear stress (91, scale [0-0.1] Pa). White arrow on native MRA (9E) depicts
the regurgitant jet associated with aortic valve insufficiency.
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high-quality morphological and hemodynamic datasets
can be obtained even in challenging clinical scenarios.

Combination of native MRA and 4D flow

The isotropic resolution of the native angiographic
sequence makes it easy to perform registration with 4D
flow images (considering the diastolic phase). This may
be relevant for evaluating parameters such as wall shear
stress or for computational fluid dynamics (CFD) applica-
tions. Indeed, for the latter, the 3D modelling could be
obtained from the native angiographic sequence, and
the inlet as outlet conditions from 4D flow MRI. Plus,

the advent of artificial intelligence (Al) should make it
possible to automatically segment different structures
(non-dissected aorta with or without aneurysm, true and
false lumen), but it requires a sufficiently large database
with the corresponding annotations to train a deep learn-
ing model. Our experience shows very good results [9]
(Fig. 6).

Conclusion

The combination of CS-accelerated MRA and 4D flow MRI
represents a major step forward in the comprehensive
imaging of complex aortic diseases, both for initial assess-
ment and longitudinal follow-up. Compared to conventional
contrast-enhanced MRA, the native angiographic sequence
offers several key advantages: high signal-to-noise ratio,
excellent lumen-to-wall contrast, no requirement for gado-
linium-based contrast agents, free-breathing acquisition,
and high isotropic spatial resolution. The addition of 4D
flow MRI with multi-VENC acquisition further extends

the diagnostic value of the examination. Beyond flow
visualization, this sequence supports the quantification

of biomechanical parameters such as wall shear stress —
key biomarkers for predicting aneurysmal progression

and guiding personalized surgical decision-making. The
complementarity between these two sequences, combined
with deep learning-based automatic segmentation, opens
the door to a fully integrated workflow, from morpho-
logical assessment to hemodynamic quantification and
wall-shear-stress mapping, within a single, clinically
feasible examination. This dual-sequence approach has
consistently demonstrated its clinical relevance across

a broad spectrum of pathological presentations.
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From a practical standpoint, the use of CS reduces mean
acquisition time to approximately 5 to 7 minutes per
sequence, improving both patient comfort and robustness
to motion. Beyond their value in the MECATHOR and ADEPT
research projects, these techniques are mature enough

to be considered for broader clinical deployment, both

at 1.5T and 3T, offering a reproducible, patient-friendly,
and information-rich alternative to CT angiography-based
follow-up in patients with severe aortic pathology.
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Introduction

Undersampled 3D whole-heart inversion recovery (IR)
Dixon gradient echo (GRE) accelerated by variable-density
spiral-like Cartesian trajectory (VD-CASPR) with image-
based navigators (iNAVs) for motion estimation and
nonrigid motion-corrected iterative sensitivity-encoding
(SENSE) reconstruction with 100% respiratory scan
efficiency has the potential for integration into workflows
for left atrial and left ventricular delayed enhancement [1].
Our initial aim was to develop an iNAV-compatible method
to provide complementary contrast-enhanced (CE) pulmo-
nary vein magnetic resonance angiography (MRA) for
registration with delayed enhancement and high-quality
left atrial segmentation, while being insensitive to flow
and off-resonance artifacts. The need was compounded

by the shortage of iohexol and iodixanol intravenous
contrast media products for computed tomography angi-
ography (CTA) from May to June 2022. Single-contrast
saturation-recovery (SR) and IR GRE have been widely

used for this purpose with excellent results [2, 3], although
experience is relegated to diaphragmatic navigator pro-
spective motion correction. Widespread clinical adoption
has been constrained by commonly recognized limitations
to this approach, including an unpredictable scan duration,
and residual respiratory motion due to the inaccurately
assumed slab tracking ratio. As a solution, we collaborated
with our partners at Siemens Healthineers, at Pontificia

Universidad Catélica de Chile, and at King's College London
to configure both SR and IR GRE for iNAV pulmonary vein
CE-MRA, later adapting the IR GRE method for whole-chest
angiography (iNAV CE-MRA) [4].

For the majority of patients, 3D non-contrast-enhanced
T2-prepared balanced steady-state free precession (bSSFP)
provides highly diagnostic image quality. However, iNAV
CE-MRA has several key advantages that warrant consid-
eration for use. These include a lack of dependency on
chemically selective fat saturation preparatory pulses,
which may inadvertently saturate the water signal in the
aortic arch and proximal descending aorta [5]; and demon-
strably superior blood pool signal uniformity, allowing
performance consistency of threshold-based anatomical
segmentation used to generate centerline semi-automated
aortic measurements (CSAMs). iNAV CE-MRA can also be
combined with time-resolved angiography with interleaved
stochastic trajectories (TWIST) for comprehensive dynamic
4D angiography. Given the rapidly shifting landscape of
modern MR imaging, referral patterns, provider needs, and
the increase in patient complexity, it is also increasingly im-
portant to have techniques that are robust to susceptibility
artifacts from sources such as internal cardiac defibrillators
(ICDs)/pacemakers’, thoracic endovascular aortic repairs
(TEVAR)', and hybrid aortic repairs. That being said, the
technical downside to iNAV CE-MRA is variation in image

"The MRI restrictions (if any) of the metal implant must be considered prior to patient undergoing MRI exam. MR imaging of patients with metallic implants brings
specific risks. However, certain implants are approved by the governing regulatory bodies to be MR conditionally safe. For such implants, the previously mentioned
warning may not be applicable. Please contact the implant manufacturer for the specific conditional information. The conditions for MR safety are the responsibility
of the implant manufacturer, not of Siemens Healthineers.

Reprinted from MAGNETOM Flash (96) 1/2026 magnetomworld.siemens-healthineers.com 25



Thoracic and Abdominal MRA

contrast with irregular rhythms (which can degrade image
quality), more elaborate MRA planning, and risk of MR
acquisition mistiming in relation to the delivery of gado-
linium-based contrast agent (GBCA). To partially alleviate
these shortcomings, the artificial intelligence cardiac scan
companion (AICSC)? WIP and auto resting-phase detection
[6] are promising tools to reduce efficiency overhead, and
can be used for automated whole-chest slab placement,
navigator placement, and alignment of the data window
duration. We also favor the use of a simplified injection
scheme that is practical for everyday clinical use without
contrast dilution, manipulation of extra tubing, syringes,
and/or stopcocks. Lastly, it is feasible to monitor GBCA
arrival using the low-resolution 2D iNAV images to mini-
mize the possibility of sequence mistiming error.

Protocols

Exams are performed on a MAGNETOM Sola or MAGNETOM
Aera 1.5-Tesla scanner (Siemens Healthineers, Erlangen,
Germany) with a dedicated 32-channel spine coil and an
18-channel phased array torso coil. In order to minimize
confusion and simplify communication across multiple sites
where remote scanning is used, a minimal number of core
protocols were developed for use regardless of patient
complexity.

SMRA 2026

To date, we have performed over 300 iNAV CE-MRA exams,
over 250 of which were whole-chest or whole-aorta imag-
ing. We have three core protocols for whole-chest and
whole-aorta MRA imaging:
1) TWIST followed by iNAV CE-MRA: Appropriate for pa-
tients with aortic disease limited to the thoracic aorta.
2) First-pass abdominopelvic MRA followed by iNAV
CE-MRA: Used in patients with extensive thoracic
and abdominal aortic dissection and surgical repair.
3) TWIST followed by iNAV CE-MRA, then first-pass
abdominopelvic MRA: Appropriate for patients with
extensive thoracic and abdominal aortic dissection,
but with TEVAR or hybrid repairs.

Sequence parameters for TWIST and iNAV CE-MRA can

be found in Table 1. Before administering GBCA, we test
the fidelity of the vectorcardiogram (VCG) gaiting and
perform prescan adjustments to be copied to subsequent
iNAV scans by running a copy of the sequence for several
seconds.

Separate from the test scan, we create identical pairs
of iNAV CE-MRA program steps to be run roughly 10 sec-
onds after TWIST completes, which is enough time to
give the patient instructions. As our experience matured,
we found it was no longer necessary to insert an injector
pause between the bolus and continuous GBCA infusion.

2Work in progress. The application is currently under development and is not for sale in the U.S. and in other countries. Its future availability cannot be ensured.

MRA sequence TWIST

iNAV CE-MRA

Isotropic

iNAV CE-MRA

FOV (coronal) 400 x 300 x 160 mm

380 x 380 x 157 mm 360 x 360 x 153 mm

In-plane spatial resolution 1.13 x 1.62 mm 1.31x1.31 mm 1.25x 1.25 mm
Phase oversampling 50% 30% 30%

Slice thickness 2mm 1.4-1.5mm 1.2 mm
Slice resolution 54% 90% 100%
Acceleration factor GRAPPA 3 3.2* 4.1*

Elliptical scanning

Sampling distribution 15% (region A), 20% (region B)

Elliptical scanning Elliptical scanning

Bandwidth 676 Hzlpx 755 HxIpx 755 HxIpx
Flip angle 23° 18° 18°
Inversion time N/A 200-290 ms 200-290 ms
TE/TR .9 ms/2.4 ms 1.1 ms/3.34 ms 1.17 ms/3.44 ms
Data window duration N/A 130 ms** 130 ms**

Table 1: Imaging parameters for whole-chest TWIST and iNAV CE-MRA.

*Acceleration factor is increased as needed to fit an acquisition duration of =5 minutes.
**Data window duration is adjusted as needed according to the optimal cardiac rest period.
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The first program step is run to completion if continuous
infusion peaking is already evident on the low-resolution
inline-display 2D images (this makes the second program
step unnecessary). Otherwise, the second program step
is run to completion and will need to be triggered at the
peak of the continuous infusion via the stop-and-continue
function on the inline display (Fig. 1).

iNAV CE-MRA can also be acquired without TWIST
for single-station whole-chest angiography. It is the

Thoracic and Abdominal MRA

experience of others and our own intuition that

0.075 mmolikg bolus of a 1-molar agent at 1 mL/s,
followed by 0.075 mmolikg at 0.10 mL/s, and 20-30 mL/
saline at 0.10 mL/s provides excellent results [3]. In this
case, the first program step is used only for testing the VCG
gating fidelity, making pre-scan adjustments, and monitor-
ing the passage of contrast with the image navigator.

The second program step, which will run to completion,

is triggered at the peak of the continuous infusion.

Option 1: TWIST MRA: 0.05 mmol/kg
at 2 ml/s of 1 molar GBCA
followed by 30 ml saline

or

Option 2: First pass MRA abdomen and pelvis:
0.1 mmollkg at 2 ml/s of 1 molar GBCA
followed by 20-30 ml saline

Continuous infusion:
0.16 ml/sec GBCA, 20-30 ml saline

n iNAV CE-MRA

1 molar GBCA dose:
0.1 mmol/kg

n Method for whole-chest image-based navigator contrast-enhanced magnetic resonance angiography (iNAV CE-MRA). Two identical 3D
whole-chest program steps are created in the workflow. (1) Following TWIST (Option 1) or first-pass CE-MRA (Option 2), a continuous infusion
of gadolinium-based contrast agent (GBCA) begins (2). The first iNAV program step (3) commences afterwards and is run to completion only
if the continuous infusion arrival is evident on 2D low-resolution images. Otherwise, the required second program step is triggered as the
continuous infusion peaks. If TWIST was performed initially (Option 1), first-pass abdominopelvic MRA can be added after iNAV CE-MRA using

0.05 mmoll/kg of 1-molar GBCA.

Reprinted from MAGNETOM Flash (96) 1/2026
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Use of iINAV CE-MRA in challenging patients
Obesity

From 1990 to 2022, obesity rates more than doubled
among women and nearly tripled in men. It is estimated
that over 1 billion people worldwide are obese, including
159 million children [7].

In the United States alone, obesity-related healthcare
expenditures are estimated to be more than $385 billion
in 2024 [8].

High-quality MR imaging in this population poses
challenges, such as decreased signal-to-noise ratio (SNR)
from reduced radiofrequency penetration, larger acquired
voxel dimensions, and increased patient-specific field
inhomogeneity as magnetic bore sizes are pushed to the
limit. The latter directly contributes to phase incoherency
artifacts from T2 and fat saturation preparatory pulses,
with large-volume shimming having reduced effectiveness
across the whole-chest 3D field of view.

Other modalities are also negatively impacted: Echo-
cardiography with poor acoustic windows and inadequate
ultrasound penetration depth, and CT with increased beam
attenuation resulting in photon starvation and low SNR.

Although GRE generally has an overall lower SNR in
several applications, Tandon et al. demonstrated higher
intravascular SNR for gadofosveset-enhanced IR GRE
compared to 3D T2-prepared bSSFP [9]. It is yet to be
determined if this observation translates to weak albumin-
binding GBCAs.

In a single-center study consisting of 65 patients
with atrial fibrillation referred for CMRI, mean BMI was
30 + 6 kg/m2. However, good or excellent quality pulmo-
nary-vein iNAV CE-MRA was obtained in 95% of exams.
Additionally, good or excellent left atrial segmentation
was seen in 97% of exams [10].

This helps support the use of MRA in a population that
is vulnerable to higher effective radiation doses needed for
routine medical imaging [11].

High-quality whole-chest iNAV CE-MRA may also be
realized in this patient population. Figure 2 demonstrates
two examples where iINAV CE-MRA produced high-quality
imaging despite body habitus.

SMRA 2026

Endografts and implantable cardiac devices'

TEVAR is considered first-line therapy for the treatment

of complicated Type B aortic dissection (TBAD) and
descending thoracic aortic aneurysms [12]. Although the
metallic frame structure is readily visible on CT imaging,
time-resolved MRA has higher sensitivity for the detection
of endoleaks [13]. It is common to encounter intravascular
dephasing within the TEVAR using iNAV CE-MRA, but not
with TWIST. This signal loss is related to metallic artifact,
non-laminar flow, and thus intravoxel velocity heteroge-
neity. Therefore, TWIST and iNAV CE-MRA are combined for
arterial, venous, and delayed phase imaging (Figs. 3, 4).
While a TEVAR nitinol exoskeleton composition produces
relatively small susceptibility artifacts, the opposite is true
regarding ICDs and pacemakers.

Over 200,000 ICDs and 1 million cardiac pacemakers
are implanted every year worldwide [14]. Approximately
200,000 cardiac pacemakers are implanted in the United
States alone [15], posing a challenge to conventional CMR
imaging.

MRA imaging in device patients has historically been
an underexplored topic of interest, possibly due to many
existing systems containing non-MR-conditional genera-
tors or leads. As a consequence, this population may be
exposed to recurring doses of ionized radiation (i.e., for
annual aortic surveillance).

For these patients, a modified wideband IR pulse with
a spectral bandwidth of 2—6 kHz has shown benefit for
3D delayed enhancement, and may have a role in whole-
chest angiography [16]. An IR frequency offset may be
helpful in shifting artifacts away from pertinent anatomical
structures, at the cost of IR efficiency and loss of image
contrast. Examples of iNAV CE-MRA with and without
wideband IR are found in figures 5, 6, and 7. In contrast,
TWIST is more robust due to lack of IR pulse and shorter
repetition time, and can provide diagnostic information
in areas affected by artifacts on iNAV CE-MRA.

"The MRI restrictions (if any) of the metal implant must be considered prior to patient undergoing MRI exam. MR imaging of patients with metallic implants brings
specific risks. However, certain implants are approved by the governing regulatory bodies to be MR conditionally safe. For such implants, the previously mentioned
warning may not be applicable. Please contact the implant manufacturer for the specific conditional information. The conditions for MR safety are the responsibility

of the implant manufacturer, not of Siemens Healthineers.
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Whole-chest iNAV CE-MRA
in patients with obesity.
(2A) Patient 1 with Sievers
Type 1 bicuspid aortic valve
and thoracic ascending aortic
aneurysm, BMI 51 kg/m?2.
(2B) CTA images for
comparison. (2C) Patient 2,
status post-thoracic
endovascular aortic repair
(TEVAR), BMI of 45 kg/m>.
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A 57-year-old male, Type A aortic dissection, status post-hybrid repair with debranching of the supra-aortic vessels, left common carotid to left
subclavian bypass. (3A) Composite volume rendering (VRT) of the iNAV and first-pass CE-MRA. (3B) The left anterior descending (LAD) artery,
right coronary artery (RCA), and left circumflex coronary artery (LCX) are free from dissection. (3C) An interposition graft (Gr) is present in the
ascending aorta with composite reconstructed arch vessel (AV). The thoracic endovascular aortic repair (TEVAR) graft spanning 131 mm is
present in the thoracic descending aorta. Loss of intravascular signal intensity is appreciated within the TEVAR graft. Residual aortic dissection
is present in the abdominal aorta, where the true lumen (TL) and false lumen (FL) containing thrombus (Th) can be identified. (3D) Compared
to iINAV CE-MRA, there is no appreciable signal loss within the TEVAR graft (black asterisk) on arterial phase TWIST. First-pass abdominopelvic
CE-MRA redemonstrates the true lumen, false lumen, thrombus, and dissection extension to the level of the common iliac artery. (3E) TWIST
demonstrates patent left common carotid to left subclavian bypass (white arrowhead). iNAV CE-MRA depicts residual dissection in the
brachiocephalic and left common carotid arteries (white arrows). In contrast, balanced steady-state free precession (bSSFP) images are
affected by dephasing artifacts in the supra-aortic vessels.
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n iNAV CE-MRA in a patient status post-thoracic endovascular
aortic repair (TEVAR). (4A) Composite volume rendering (VRT)
of iNAV and first-pass abdominopelvic CE-MRA. The inset images
demonstrate arterial and venous TWIST phases. There is no
evidence of endoleak. (4B) Curved multiplanar reconstructions
(MPRs) demonstrate the TEVAR graft spanning 124 mm. Minor
signal intensity loss is present within the graft (asterisk). (4C)
Coronal and sagittal maximal intensity projections (MIPs) of the
abdominal aorta, which is free from pathology.
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iNAV CE-MRA

bSSFP

(5A) iNAV CE-MRA without wideband inversion recovery. Centerline semiautomated aortic measurements (CSAM) in a patient with permanent
cardiac pacemaker. (5B) iNAV CE-MRA is free from significant artifact in the pertinent anatomical structures compared to balanced steady-
state free precession (bSSFP) (5C).
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n A 46-year-old male with a history of D-transposition of the great arteries, status post-atrial switch procedure. Systemic outflow tract (6A) and
short-axis views demonstrate enlargement of the systemic ventricle and large signal void artifact from the internal cardiac defibrillator (ICD).
The coronary artery origins are normal, with demonstration of systemic venous baffle patency and ICD lead within (orange arrows). The

pulmonary venous baffle (asterisk) is also widely patent. Extensive artifact is present on balanced steady-state free precession (bSSFP) images
compared to wideband iNAV CE-MRA (6B).

A 59-year-old male with subcutaneous internal cardiac defibrillator (SICD). (7A) Balanced steady-state free precession (bSSFP) axial images
contain extensive artifacts. (7B) Centerline semiautomated aortic measurements (CSAM) of the sinus of Valsalva, sinotubular junction,
ascending aorta, and arch are still feasible. (7C) With use of wideband iINAV CE-MRA, rippling artifacts (asterisks) were still present, overlaying
the thoracic descending aorta; however, (7D) time-resolved MRA is free from artifacts.
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Full aortic imaging

Lifelong aortic surveillance is needed after surgical repair
or for medically treated disease. Full-field-of-view coronal
imaging is not adequate to capture the entire aorta, arch

vessels, and iliofemoral vessels in all patients. Therefore,

a combination of acquisitions is often necessary.

Several non-contrast techniques have been used
for abdominopelvic MRA. IR inflow techniques are most
suitable for small-volume acquisitions. Quiescent-interval
single-shot (QISS), with bSSFP, or radial FLASH readout
can be acquired with breath-hold or free breathing, respec-
tively, although the former is susceptible to inhomogeneity
artifacts. Furthermore, all the above techniques require
cardiac gating, which reduces acquisition efficiency. More
recent developments include ungated 3D T2-prepared
Dixon GRE. However, navigator gating and a comparatively
longer repetition time likewise decrease the efficiency of
the technique. While large-volume non-contrast techniques
require an acquisition duration that spans several minutes,
first-pass CE-MRA can be performed in a single breath-hold.

First-pass CE-MRA can be readily combined with
iNAV CE-MRA with or without TWIST (Figs. 3, 4, 8, and 9)
to provide extended coverage since aortic dissection and
manifestations of systemic ilinesses may not be isolated
to the thoracic region (Fig. 10). Without TWIST, arterial
and venous phase high-resolution abdominopelvic CE-MRA
images are acquired with Care Bolus, immediately followed
by iINAV CE-MRA. Without injector pause, the 0.1 mmol/kg
GBCA continuous infusion is administered after the initial
contrast/saline bolus combination. Because first-pass MRA
is acquired with 0.1 mmollkg of GBCA, (instead of the stan-
dard TWIST dose of 0.05 mmol/kg), the extra intravascular
signal is used to acquire iINAV CE-MRA at 1.2 mm isotropic
spatial resolution with higher acceleration factor and
no overall increase in acquisition duration. Figure 9 is an
example of full aortic imaging acquired using first-pass
abdominopelvic MRA followed by iNAV CE-MRA at 1.2 mm
isotropic spatial resolution.

For TEVAR hybrid repairs, TWIST is important for evalu-
ation of the endograft. For this protocol, we start with the
standard TWIST using 0.05 mmol/kg of 1-molar contrast
agent with 30 mL saline, followed by 0.1 mmol/kg GBCA
infusion for INAV CE-MRA without delay. This is followed
by Care Bolus and first-pass CE-MRA of the abdomen and
pelvis with the remaining 0.05 mmol/kg GBCA.
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Combined iNAV CE-MRA and LGE imaging

Many conditions, such as hypertension, vasculitis, and
atherosclerotic disease, affect the thoracic vasculature and
have downstream effects on the myocardium. Depending
on the indication or clinical question, both thoracic MRA
and cardiac MRI may be required within the same exam
(Fig. 11). Tissue characterization with delayed enhance-
ment imaging and extracellular volume fraction provide
highly desirable information; therefore, it may be prefera-
ble to acquire gated MRA using GBCA. iNAV CE-MRA is
compatible with the typical workhorses of the CMR imag-
ing suite, such as bSSFP cine, post-contrast T1 parametric
mapping, and late gadolinium enhancement.

Assessing intracardiac anatomy

4D flow has proven effective in quantifying hemodynamic
properties across a large volume of anatomical coverage,
given the ability to retrospectively prescribe any slice plane
for analysis. Characterization of relatively low intracardiac
velocities is most impacted by limited velocity-to-noise
ratio (VNR) without GBCA at 1.5T. Technical adjustments
may be required to increase acquired voxel size and to low-
er the acceleration factor and/or the receiver bandwidth

as compensation. The proposition of highly undersampled
k-space acquisition with Compressed-Sensing reconstruc-
tion is especially attractive, given the significantly shorter
acquisition time. Compared to conventional 4D flow, there
is significant underestimation of mitral-valve forward and
net volumes, early-to-active left ventricular filling velocity
ratio [17], aortic-valve forward volume, peak aortic systolic
velocity [18], and higher noise values with increasing
acceleration factors [19]. As a contrast-enhanced tech-
nique, iINAV CE-MRA provides the secondary benefit of
boosting 4D flow SNR by up to 1.8x [19], which can be
traded for higher spatiotemporal fidelity. Additionally,

a key advantage of gated iNAV CE-MRA is the assessment
of intracardiac structure and anatomical defects. These
include atrial and ventricular septal defects, and arteriove-
nous connections. The high-resolution anatomic informa-
tion is complementary to phase-contrast MRI quantitative
flow data (Fig. 12).
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B A 57-year-old male, history of extensive Type A dissection, status post-

Thoracic and Abdominal MRA

repair of the ascending aorta, aortic arch repair with debranching of
the supra-aortic vessels, debranching of the abdominal aorta, repair of
dissecting abdominal aortic aneurysm with inclusion graft and anastomo-
sis of the celiac, superior mesenteric, and renal arteries. (8A) Combined
volume rendering (VRT) of the chest and abdominopelvic stations. (Inset)
TWIST confirms exclusion of the aneurysmal sac on arterial and venous
phase imaging. (8B) The celiac artery (CA), superior mesenteric artery
(SMA), right renal artery (RRA), and left renal artery (LRA) as depicted

by iINAV CE-MRA maximum intensity projection (MIP). Thrombus (Th) is
present in the excluded aneurysmal sac. (8C) First-pass abdominopelvic
MRA VRT and MIP. There is residual infrarenal dissecting abdominal

aortic aneurysm (asterisk) with identification of the true lumen (TL) and
false lumen (FL). The dissection continues to the level of the common
iliac arteries. (8D) iNAV CE-MRA demonstrates that the left anterior
descending (LAD) artery and the right coronary artery (RCA) are free

of dissection. Mild aortic regurgitation is present (orange arrow).
Interposition grafts are present in the ascending aorta and arch (Gr)

with reconstruction of a composite arch vessel (AV). The inclusion graft
(white arrows) and excluded aneurysmal sac with thrombus are
redemonstrated in the abdominal aorta.
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n A 58-year-old male with a history of Type A aortic dissection, status post-repair. Whole-chest acquisition duration was 4.84 minutes with
1.2 mm isotropic acquired spatial resolution. (9A) Volume rendering (VRT) of the combined iNAV and first-pass CE-MRA with coverage to
the level of the femoral vessels. Residual aortic dissection extending to the right common iliac artery and infrarenal aortic aneurysm is visible
(white arrows). (9B) Complex to-and-fro flow patterns across the dissection flap (white asterisk) result in dephasing artifacts on balanced
steady-state free precession (bSSFP) images. Susceptibility artifacts from sternal wires also encroach into the aortic arch intravascular space
(white arrows). (9C) The right coronary artery (RCA), left anterior descending (LAD) artery, and left circumflex (LCX) artery are free from
dissection. (9D) In comparison to bSSFP, iNAV CE-MRA curved multiplanar reconstructions (MPRs) are free from significant artifacts. Distal
to the ascending aortic graft (Gr) insertion, the dissection flap (black asterisk), false lumen (FL), and true lumen (TL) can be visualized.
(9E) Maximal intensity projection (MIP) of first-pass abdominopelvic MRA demonstrates continuation of aortic dissection of true lumen (TL)
and false lumen (FL) to the abdominal aorta.
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\ Comparison of
iNAV CE-MRA
(10A) and CTA
(10B) curved
multiplanar
reconstruction
(MPR) images in
a patient with
Type A aortic
dissection

‘ extending

beyond the
thoracic station.
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A 62-year-old male with a history of coronary artery disease and coronary artery bypass grafts. (11A) Multifocal stenosis and midvessel
occlusion (white arrows) are present in the right coronary artery (RCA), with severe disease of the coronary artery bypass graft (CABG) to
posterior descending artery (white arrows). (11B, 11C) Late gadolinium enhancement and cine images respectively demonstrate inferior
wall myocardial infarction. (11D) Invasive coronary angiogram in the same patient with corresponding stenosis and occlusion of the mid-RCA
(white arrows).
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iNAV CE-MRA example cases of simple
congenital heart disease. (12A)
Membranous ventricular septal defect
and (12B) large secundum atrial septal
defect as seen with iINAV CE-MRA
and phase contrast (PC) MRI. (12C)
Small secundum atrial septal defect
with normal right-lower, left-upper,
left-lower, and right-upper pulmonary
venous return (asterisk).
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In summary, with the iNAV/VD-CASPR framework gated
MRA can be performed with 100% respiratory efficiency
and thus with a predictable acquisition duration. Both non-
contrast and contrast-enhanced techniques have been
used, each with its own distinct advantages and disad-
vantages. iNAV CE-MRA can be combined with TWIST and
abdominopelvic first-pass CE-MRA for dynamic information
and/or extended coverage, respectively. Based on our
single-center experience, this allows for versatile and
efficient imaging that shows promise in complex patients
with extensive aortic repairs, obesity, and implantable
cardiac devices and is robust to magnetic field inhomo-
geneity and local susceptibility artifacts.
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Non-Contrast Portal Vein Imaging
Using syngo NATIVE MR Angiography

Marcelo Fernandes Aréas

Siemens Healthineers, Erlangen, Germany

Evaluation of the portal venous system is an important part
of abdominal magnetic resonance imaging (MRI) studies,
particularly in patients with chronic liver disease, suspected
portal vein thrombosis, or portal hypertension, or before
interventional and surgical procedures. Contrast-enhanced
MR angiography is commonly used for this purpose; how-
ever, in daily practice a non-contrast technique is desirable
in many situations. These include impaired renal function,
repeated follow-up examinations, limited intravenous
access, or even allergies. Ultrasound is often the first-line
imaging method, but MRI offers a larger field of view and
a better anatomical overview [1, 2].

The aim of our protocol is to provide a reproducible,
patient-friendly, and clinically useful examination of the

myExam Cockpit - Explorer

Explorer
Browse

—_
T = -

portal venous system without the need for gadolinium.
The protocol can be done using a 1.5T or 3T system.
The examples below are from two 1.5T systems
(MAGNETOM Sola and MAGNETOM Flow) and one
3T system (MAGNETOM Lumina), respectively. We can
use either the Contour or Body Matrix coils together
with the Spine coil integrated into the table.

We can benefit from BioMatrix Technology integrated
into the Spine coil and use the respiratory signal to
gate and trigger the data acquisition. You can take the
native_trufi3d_tra_resp_trig protocol directly from the
Siemens Healthineers protocol tree (Fig. 1). You still
have the possibility to use the Resp. control on the Physio
card and PACE (Fig. 2).

n Where to find
the native_
trufi3d_tra_
resp_trig
protocol.

SIEMENS » abdomen » library angiography » NATIVE TrueFISP 3D renals ¢

SIEMENS
localizer

Q native
___respiratory triggered ___

native_trufi3d_tra_resp_trig
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00:24

__ ECG triggered with Navigator ___

native_trufi3d_tra_nav_ecg
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abdomen [5]

« [ library angiography [5]
[E| NATIVE TrueFISP 3D renals [5]
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Respiratory gating options.

How to position the slices and the inversion graphics.
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Some sequence adjustments are needed. Change

the acquisition orientation to coronal. Increasing the

slice thickness to 1.5 mm helps to get more signal. The
inversion graphics and the inversion time (TI) values

are important. We used two inversion graphics positioned
diagonally to the liver and perpendicular to the portal

SMRA 2026

vein (Fig. 3). At 1.5T, we set the Tl value at 1500 ms.
Depending on the size of the patient, you can increase
the slice oversampling. The sequence can be modified
to be bright blood with Trufi 3D (Fig. 4), or dark blood
with GRE_3d (Fig. 5). Changing the sequence type is
easy to do on the sequence tab (Fig. 6).

n The sequence can be modified to be bright blood with Trufi 3D. Images acquired on a 1.5T MAGNETOM Sola.
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The sequence can be
modified to be dark
blood with GRE_3d MR.
Images acquired on a
1.5T MAGNETOM Sola
(5A) and MAGNETOM
Flow (5B).

Sequence B Changing the sequence
between Trufi and GRE.

Normal

Linear
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Conclusion

Native non-contrast MRI of the portal vein is a useful addition to abdominal MRI at 1.5T. With careful planning,
patient coaching, and source-image review, the technique can provide clinically relevant information about portal
venous patency and anatomy.
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Meet Siemens Healthineers

Meet Siemens Healthineers

Siemens Healthineers: Our brand name embodies the pioneering spirit and
engineering expertise that is unique in the healthcare industry. The people working
for Siemens Healthineers are totally committed to the company they work for, and
are passionate about their technology. In this section we introduce you to colleagues
from all over the world — people who put their hearts into what they do.

Jing An, MS

Jing An did not arrive at MRI from a single straight path. She first trained in clinical medicine
and worked in cardiology, then later studied computer science. Looking back, that combination
turned out to be a good fit for MRI: It gave her a way to think about patients and physiology,

but also about signals, sequences, and how technology is actually built.

At Siemens Shenzhen Magnetic Resonance Ltd., she works closely with clinical partners on
advanced MR applications. Over the years, she has supported many research collaborations,
including work-in-progress sequences, external system testing, cardiovascular MRI education,
and early 7T MRI activities in China. What she values most is not only the number of papers and
abstracts that came out of these collaborations, but also the process of helping a clinical idea

become something that can be tested, discussed, and improved.

Shenzhen,
China

How did you first come into contact with MRI?

| came to MRI through cardiology, so at the beginning | was
not thinking only about images. | was thinking about what
those images could tell us about the heart. When | worked
in New York, | had the chance to develop pulse sequences
for myocardial perfusion and pulmonary function analysis.
That was when | really started to appreciate MRI. It is very
technical, of course, but it is never just technology. A small
change in a sequence or protocol can change what we are
able to understand clinically.

What do you find motivating about your job?

For me, the interesting part is usually not the perfect final
result, but the questions that come before it. A collaborator
may say, “We want to see this more clearly” or, “This proto-
col is difficult in our patients.” Then we need to understand
whether the issue is timing, motion, contrast, workflow,

or something else. I like that kind of problem-solving. It is
practical, but it also keeps you learning.

What are the biggest challenges in your job?

The difficult part is that the same technical answer does
not work everywhere. One site may be very experienced
with coronary MR angiography, while another may be
starting with stress perfusion or lung imaging. Even when
the topic is familiar, the scanner, patient group, team expe-
rience, and research goal can be different. | have learned
that collaboration starts with listening carefully. Before
giving suggestions, you have to understand what the
partner is really trying to achieve and what limitations
they face in their daily work.

What do you think are the most important
developments in MRI?

To me, a key development is the integration of Al across
the entire MRI workflow. It is exciting because Al is not only
about improving images after the scan. It can also support
sequence design, scan planning, acquisition, reconstruction,
and post-processing, helping make MRI faster, more robust,
and easier for clinical teams to use. This is especially mean-
ingful in cardiovascular MRI. | have seen how valuable
techniques like free-breathing imaging, stress perfusion,
vessel wall imaging, and non-contrast angiography can be,
but also how demanding they are in daily practice. Al may
help shorten scan times, handle motion better, improve
image quality, and make quantitative analysis less manual.

What would you do if you could spend a month doing
whatever you wanted?

| would probably keep it very simple. | would read more,
take a slow trip somewhere, and spend proper time with
family and friends — sharing good meals, taking walks,
and simply being happy without always checking the next
thing on my calendar. Work can easily become a series

of meetings, questions, and problems to solve. Having a
quiet month away from that rhythm would give me time
to pause, look back on what | have learned, and think
about what | still care about. | hope | would come back not
only rested, but also a little clearer about where to put my
energy next.
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