
Chest MRI for morphological imaging in  
cystic fibrosis

Chest MRI is intrinsically limited by several technical factors 
which affect image quality [1]. These limitations make 
comparison with computed tomography (CT) regarding 
morphological imaging somewhat biased. CT has 
undoubtedly higher spatial resolution than MRI and shorter 
acquisition times, which makes it the first choice for thoracic 
imaging [2]. In addition the long track record of chest CT has 
made it the current gold standard in clinical practice both 
as diagnostic and monitoring tool [3–5]. 

Conversely, chest MRI has been in development for only  
two decades, after the introduction of new techniques, 
which have allowed to obtain reasonable image quality in 
acceptable scan time [6]. The major driving force to develop 
chest MRI is its application for lung diseases requiring 
repeated imaging and where cumulative radiation dose 
related to the use of chest CT is considered an important 
limitation [7, 8]. One of these lung diseases is cystic fibrosis 
(CF), the most common hereditary disorder in Caucasians 
[9]. Patients with CF suffer of chronic lung infection and 
inflammation that starts in early childhood [10]. Repeated 
imaging is needed to efficiently monitor and to direct 
therapy in CF lung disease [11]. Several studies have shown 
that CT is more sensitive than pulmonary function tests  
to detect disease progression in CF [12]. At the same time,  
it is clear that, although small, the risk related to repeated 
scans cannot be ignored [8]. Some studies in large cohort 
populations have shown an increased incidence of 
radiation-induced cancers related to the use of CT imaging 
[13]. Even though the range of radiation dose registered  
in these cohort studies is clearly higher than those used  
in chest CT imaging for CF, the risk cannot be totally 
eliminated by reducing the dose, due to the stochastic 
nature of the damage caused by ionizing radiation [8]. 
Moreover, this risk is even higher in young children1,  
who have higher radiation sensitivity than adults [14].

For these reasons, almost ten years ago the first studies 
were conducted comparing image quality of chest MRI to  
CT. In a cross sectional study of Puderbach et al., an MRI 
protocol using Half-Fourier single-shot turbo spin-echo 
(HASTE, Siemens Healthcare, Erlangen, Germany) sequence 

showed good comparability with CT to detect specific  
CF lung disease related to morphological findings, such  
as bronchiectasis, mucus plugging, bullae/cysts, and 
collapse/consolidation [15]. However, HASTE showed lower 
ability to correctly classify the severity of bronchiectasis, 
bronchial wall thickening and trapped air [15]. In a second 
study conducted by Failo et al. using a steady state free 
precession (SSFP, General Electric, Boston, MA, USA) MRI 
protocol, similar results were shown [16]. In particular it 
became clear that there was a systematic underestimation 
of the severity of lung damage by MRI relative to CT due  
to poor visualization of peripheral bronchiectasis [16]. 
Similarly MRI was less sensitive to detect trapped air 
relative to CT [16]. Rajaram et al. showed that SSFP MRI 
was inferior to CT in imaging parenchymal lung disease [17]. 
One limitation of these studies was the conventional 
Cartesian k-space acquisition scheme used [18]. The 
Cartesian geometry is inherently prone to motion-induced 
phase distortions, thus is more sensitive to breathing and 
cardiac artifacts than non-Cartesian (i.e. helicoidal, radial, 
etc.) acquisition [19]. Non-Cartesian k-space sequences,  
such as radial (StarVIBE, Siemens Healthcare) and helical 
(BLADE, Siemens Healthcare) are characterized by greatly 
reduced sensitivity to motion compared to previous fast 
spin-echo and gradient-echo sequences [20].

1 MR scanning has not been established as safe for imaging fetuses and infants under  
 two years of age. The responsible physician must evaluate the benefit of the MRI  
 examination over other imaging procedures.

Figure 1: 
Normal lung: 
comparison of 
conventional 
contrast-enhanced 
TSE (1A) and 
StarVIBE (1B). The 
radial acquisition 
of k-space is able 
to greatly reduce 
the respiratory 
artifacts even in  
a free-breathing 
acquisition. 
(Images courtesy of 
H. Chandarana, 
NYU)
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To test if this new type of sequences are superior to 
conventional MRI sequences, we conducted a study  
where we compared the PROPELLER (Periodically Rotated 
Overlapping ParallEL Lines with Enhanced Reconstruction, 
General Electric; BLADE, Siemens Healthcare) sequence to 
CT [21]. PROPELLER is a free-breathing Turbo Spin-Echo 
sequence with non-Cartesian k-space acquisition scheme 
(radial) [22]. The main finding of our study was that despite 
this lower sensitivity to motion, PROPELLER MRI was still 
inferior to CT [23]. In particular, we found that compared to 
CT, PROPELLR MRI tended to underestimate CF findings for 
mild CF disease and to overestimate for severe CF disease 
[23]. A second important positive finding of our study was 
the high specificity of MRI for CF findings, which justifies its 
use for short or long term monitoring of specific CF lung 
disease alteration. [23] (Fig. 2).

Recently a study using a multi-sequence MRI protocol – 
including HASTE, BLADE, volumetric interpolated breath-
hold examination (VIBE) and time-resolved angiography 
with stochastic trajectories (TWIST) – showed good 
agreement with CT, although scoring was performed in 
consensus, and therefore intra- and inter-reader variability 
were not assessed [24]. 

To date all the sequences tested so far for CF lung imaging 
were limited by low signal-to-noise ratio (SNR) because  
of long echo times (TE) [1]. To overcome this limitation, 
ultra-short or zero-TE (UTE/ZTE) sequences (microseconds 
"μs" instead of milliseconds "ms") have been recently 
developed and tested in CF disease, showing better  
results compared to conventional sequences [25, 26]. 
Unfortunately, these UTE/ZTE sequences require long 
acquisitions times, because they are performed under  
free-breathing conditions; hence reproducibility is affected 
by patient performance. 

Figure 2: 
CF patient. (2A) Axial end-
inspiratory CT, (2B) axial end-
expiratory navigator-triggered 
BLADE T1-weighted, (2C) axial 
end-expiratory navigator-
triggered BLADE T2-weighted 
and (2D) axial end-expiratory 
navigator-triggered BLADE 
PD-weighted.

Please note the bronchiectasis 
with mucus plugging and 
peribronchial consolidation in 
RUL (arrow in 2A) clearly 
detected in all three MRI scans 
(arrows in 2B-D). Interestingly, 
bronchial wall thickening 
(arrowhead in 2A) is better 
depicted in the T2-weighted scan 
(arrowhead in 2C).

2A

2C

2B

2D

It is important to note that, all the aforementioned studies 
were based on a single center experience. The primary  
and most obvious limitation of single-center studies is  
their potentially limited external validity. Especially the 
clinical value of MRI single center studies is limited as 
standardization across MRI vendors and centers is difficult 
[27]. This lack of standardization still remains the main 
limitation in the implementation of chest MRI as a tool for 
routine clinical care [28]. To date no multi-vendor studies 
have been published, mostly because of the large variability 
in MRI performance among vendors or even between similar 
scanners of the same vendor. In a recent study presented at 
the International Society of Magnetic Resonance in Medicine 
(ISMRM), variation up to 40% were registered in SNR for the 
same sequence (same scan parameters) performed in 
different scanners [29]. 

Beyond morphological imaging

One of the major advantages of MRI over CT is its  
multi-parametric imaging capability and superior tissue 
characterization. For instance T2-weighted sequences are 
important to identify fluid-containing structures, such as 
cysts or pleural effusions, while PD-weighted sequences are 
appropriate for airway imaging and trapped air assessment 
[1]. Moreover, while it is quite clear that MRI will not be able 
to obtain the same performance of CT in morphological 
imaging, MRI has high potential in functional imaging of  
the lung. Several MRI techniques can be used to obtain 
functional information about Ventilation, Inflammation, 
Perfusion, and Structure (VIPS) [21]. 

Assessment of inflammation in CF

In a cross-sectional study in patients with CF, we used 
diffusion-weighted MRI to assess inflammation [30]. 
Inflammation is a major component of CF lung disease 
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leading to progressive damage of lung structure [31].  
The vicious cycle of infection, inflammation and damage 
determines those structural changes (i.e. bronchiectasis), 
which facilitate chronicity of infection [32]. CF patients  
face a state of chronic inflammation that increases during 
respiratory tract exacerbation (RTE). Different methods  
to assess lung inflammation have been evaluated so far. 
Several blood markers have been proposed, but they  
have shown low sensitivity and low clinical utility. Among 
pulmonary function tests, Lung Clearance Index (LCI) and 
Fractional exhaled Nitric Oxide (FeNO) have been used to 
assess inflammation [33, 34]. However both LCI and FeNO 
showed high variability and limited ability to provide 
regional information on inflammation [35, 36]. Regarding 
imaging, PET-CT has been also used to show persistent foci 
of inflammation in patients with CF, but its use is restricted 
by high radiation exposure [37]. Therefore, to date no 
radiation-free techniques were available to quantify and 
localize lung inflammation.

For the first time, we proposed DW-MRI as feasible 
technique to localize and quantify inflammation in patient 
with CF [30]. The major finding of this cross-sectional study 
performed in a group of stable patients with CF was that 
DW-MRI showed foci of high signal intensity (‘hotspots’) 
which only in part overlapped with structural lung changes 
on morphological CT or MRI [30]. We also observed that 
DW-MRI had a strong correlation with radiological and 
clinical parameters indicating CF lung disease severity [30]. 
In addition, there were significant differences in pulmonary 
function testing (PFT) parameters between patients with 
and without DW-MRI hotspots [30].

Based on these results, we decided to validate DW-MRI  
in a cohort of CF patients with and without respiratory  
tract exacerbations (RTE) (unpublished data). The most 
interesting observation of this study was that DW-MRI  
could track inflammatory changes over the course of RTE 
treatment. In patients with RTE, DWI signal at high b-values 
showed an overall significant reduction following antibiotic 
treatment (Fig. 3), while in the control group no significant 
differences in DWI signal between baseline and follow-up 
were observed. Interestingly, the morphological score (CF-
MRI) was significantly different between the RTE and control 
groups both at baseline and follow-up. Therefore CF-MRI 
score was not able to detect patients with RTE. The other 
important finding was the fair to good accuracy of DW-MRI 
to differentiate patients with CF treated for a RTE. The final 
important finding of this study was the low intra- and 
inter-observer variability of DW-MRI, which supports the 
robustness of this method in clinical trials focused on RTE 
treatment.

Assessment of perfusion in CF

It is well known that structural changes affecting lung 
ventilation determine a reduction of lung perfusion 
according to the hypoxic-vasoconstriction reflex. This 
principle was demonstrated a decade ago by Eichinger et al., 
showing that areas of hypoperfusion (HP) matched areas of 

structural changes using contrast-enhanced MRI (CEMRI). 
Despite this study, CEMRI was not widely introduced in 
clinical practice. This likely happened because the technique 
at that time was not robust. Large variability between 
observers was a common problem, and only highly trained 
radiologists could provide reproducible results. Moreover  
no automated software tools for lung segmentation or 
perfusion quantification were available. 

A recent study renewed interest on CEMRI. Wielpütz et al. 
showed that HP is a common entity in mild CF disease, and 
that it can be reversed after treatment for RTE exacerbation 
[38]. The findings of this study supported the use of CEMRI 
as an imaging biomarker in CF patients. Recently we 
conducted a study using CEMRI, where we aimed to study 
the relationship between HP and trapped air (TA). In 
addition we evaluated the relation between TA assessed by 
CEMRI and CT and PFT. The main finding of our study was 
that HP was more frequent and severe than TA in patients 
with early CF disease. We also confirmed that expiratory  
CT detects more TA than expiratory MRI. From our study  
it became clear that the term TA is a misnomer, and that 
hypodense regions on CT and hypo-intense regions on MRI 
would be better described by the terms low-density region 
(LDR) and low-intensity region (LIR) respectively [39]. 

Figure 3: CF patient with pulmonary exacerbation, MRI pre  
(left column) and post (right column) intravenous antibiotic 
treatment. (3A, D) axial BLADE PD-weighted end-expiratory 
navigator triggered; (3B, E) axial DWI b=800 and (3C, F) FUSION 
image (DWI superimposed to BLADE). Note that between first 
and second MRI scan there is not only a reduction of the left 
lower lobe consolidation but also a consensual reduction of 
DWI signal (arrows in 3C, F).

3A

3B

3C

3D

3E

3F

104 MAGNETOM Flash (68) 2/2017  
www.siemens.com/magnetom-world

Clinical  Thoracic Imaging



Figure 4: 17-year-old female CF patient. (4A) BLADE: a severe 
involvement of the upper right lobe is appreciable, with large 
bronchiectasis. With time-resolved MR Angiography (MRA) a 
large area of hypoperfusion (*) can be appreciated in the upper 
right lobe in the pulmonary phase (4B), where an hypertrophic 
bronchial artery can be appreciated, better in the maximum 
intensity projection (MIP) in the early (4C) and late (4D) arterial 
phase (arrow in 4C). With partial volume rendering 
reconstruction in the late arterial phase (4E), the upper right 
lobe shows a persistence of contrast medium from bronchial 
artery.

4A

4B

4D

4C

4E

The higher prevalence of HP compared to TA in CF patients 
suggests that other factors play a role in addition to the 
hypoxic-vasoconstriction reflex. One of these factors might 
be inflammation, as suggested by the findings of Wielpütz  
et al., that lung perfusion improved after RTE treatment 
[38]. It would be also interesting to investigate whether 

2 WIP, the product is currently under development and is not for sale in the US and  
 in other countries. Its future availability cannot be ensured.

reversibility of TA/HP is restricted only to mild CF patients  
or it would occur in more advanced disease as well.

Moreover, in many chronic lung diseases, pulmonary circu-
lation is reduced or occluded at the level of the pulmonary 
arterioles because of hypoxic vasoconstriction, intravascular 
thrombosis, and vasculitis [40]. As a result, bronchial 
arteries proliferate and enlarge to replace the pulmonary 
circulation. The enlarged bronchial vessels, which exist in  
an area of active or chronic inflammation, may be ruptured 
due to erosion by a bacterial agent or due to elevated 
regional blood pressure. The arterial blood under systemic 
arterial pressure subsequently leaks into the respiratory tree, 
resulting in massive hemoptysis. Thus, the ability of CEMRI 
to appreciate the hypertrophy of bronchial circulation in the 
affected lung, can significantly improve the management of 
these patients (Fig. 4). 

Finally other non-contrast techniques such as Fourier 
Decomposition (FD)2 or Arterial Spin Labeling (ASL) might 
be further developed in order to obtain information about 
perfusion without contrast administration [41, 42]. 

Assessment of ventilation

Ventilation imaging with MR can be performed with several 
techniques. The most studied technique for ventilation 
imaging is that with hyperpolarized gas MRI [43]. 
Hyperpolarized gas MRI uses gaseous contrasts based on 
helium (3He) and xenon (129Xe) to provide high resolution 
images of pulmonary ventilation, microstructure and gas 
exchange [43]. Despite the great potential of this technique, 
its high complexity and cost of the noble gasses and the 
need of dedicated hardware limits its application in clinical 
practice [44]. A more feasible and promising technique is 
oxygen-enhanced MRI, which uses the paramagnetic effect 
of oxygen to shorten T1 relaxation times obtaining maps  
of the oxygen distribution in the lung [45, 46]. Oxygen-
enhanced MRI has been already used and tested in patients 
with asthma and chronic obstructive pulmonary disease 
[46, 47]. Even though the technique is cheaper and more 
available than hyperpolarized gases MRI, it has been  
not yet transferred in clinical practice because of its long 
acquisition times (5-30 min) [43]. The most promising 
technique for ventilation MRI is a non-contrast SSFP-based 
sequence that provides ventilation and perfusion maps [48]. 
This technique for ventilation MR imaging technique is FD,  
a free-breathing technique that does not use gaseous or 
intravenous contrast agents. FD has been already validated 
in healthy volunteers and patient with CF [41, 49] (Fig. 5).

MRI to assess central airways mechanics

We have developed an MRI protocol to assess central 
airways dynamics [52]. Central airways are routinely 
assessed with bronchoscopy, but this technique has some 
disadvantages [53]. Bronchoscopy in children usually 
requires anesthesia, therefore relevant breathing maneuvers 
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Figure 5: (5A, C) Coronal PD-weighted BLADE end-expiratory 
navigator-triggered, (5B) ventilation map Fourier 
Decomposition2 and (5D) perfusion map Fourier Decomposition. 
Note large area of bronchiectasis, mucus plugging and 
consolidation in right upper lobe (arrows in 5A, C). This region 
also appears not properly ventilated (arrow in 5B) and perfused 
(arrow in 5D) in corresponding Fourier Decomposition 
ventilation and perfusion maps. 

5A

5C

5B

5D

(i.e. forced expiration and coughing) cannot be performed 
and exact measurements of airway dimensions are difficult 
[53]. Dynamic evaluation can be performed using CT, but 
MRI has the advantage to avoid ionizing radiation, which is 
particularly important for pediatric1 patients or for those 
patients who require repeated imaging studies [54].

In our study, we showed that cine-MRI is a feasible 
technique in pediatric patients [52]. By using an MRI 
compatible spirometer we were able to perform specific 
breathing maneuvers, such as peak flow or coughing that 
helped to diagnose tracheomalacia [52], thus giving to 
spirometer controlled cine-MRI a great potential to replace 
bronchoscopy or cine-CT.

MRI to assess diaphragm mechanics 

Assessment of the function of the diaphragm is highly 
relevant for several diseases [55, 56]. Neurological diseases, 
such as muscular dystrophy or metabolic degenerative 
disease, can affect diaphragmatic function [56, 57] and  

can hence lead to respiratory insufficiency [57]. To date, the 
gold standard to assess diaphragmatic motion has been 
lung function tests, which – as previously mentioned – are 
limited by low sensitivity and high variability [58]. Regarding 
imaging, ultrasound (US) has been the most used technique 
to assess diaphragmatic motion [59]. In fact compared to 
MRI, US is cheaper and faster, although it lacks cross-
sectional capabilities and it has large variability due to the 
operator dependency [56, 59]. MRI has a great potential to 
provide a sensitive imaging biomarker of diaphragm motility 
[60, 61]. 

In our study, we applied a spirometry controlled cine-MRI 
protocol to assess diaphragm motility in patients with 
Pompe disease and in a group of healthy volunteers [55]. 
Pompe disease is a hereditary genetic metabolic disorder, 
characterized by accumulation of glycogen in the muscles 
and nerves [62]. This results in progressive muscle weakness, 
hypotonia, recurrent chest infections and eventually 
respiratory insufficiency [62]. The enzyme replacement 
therapy for this disease costs approx. 23,000 € per month 
[63]. PFT can be indicative of diaphragmatic weakness by 
showing a difference between forced vital capacity (FVC)  
in sitting and supine position or by a decreased mean 
inspiratory pressure (MIP), but it provides only indirect 
information on diaphragm mechanics. In our study,  
we showed that MRI could be a sensitive tool to assess 
diaphragm mechanics [55]. We demonstrate that the 
diaphragmatic displacement can be severely impaired  
in patients with Pompe disease [55]. Moreover, Pompe 
patients could be stratified according the displacement of 
the diaphragm, which was extremely impaired in some of 
the patients, while in others some residual function of the 
diaphragm in supine position was measurable [55]. The 
main advantage of MRI compared to ultrasound is the 
superior detailed anatomical information in 3D that can  
be obtained in dynamic and static conditions as well as  
the repeatability of the technique. Our MRI protocol has 
also the advantage that it is combined with the use of the 
spirometer, enabling to correlate pulmonary function with 
MRI parameters related to the diaphragm. Combining these 
parameters may provide new insights in the disease process 
and on its response to therapy. This method has been 
recently improved by automated software tools analyzing 
the motion of the diaphragm and other respiratory muscles 
[64].

When validated, this technique is likely to become an 
important diagnostic tool for other diseases, such as 
congenital diaphragmatic hernia, diaphragm paralysis  
and other causes of limb-girdle weakness.

Other directions for future research

There are several opportunities to further improve the  
role of thoracic MRI as diagnostic and monitoring tool.

MRI protocol standardization

As discussed previously, the main reason of the limited  
use of chest MRI in the clinic is the lack of standardization 

1 MR scanning has not been established as safe for imaging fetuses and infants under  
 two years of age. The responsible physician must evaluate the benefit of the MRI  
 examination over other imaging procedures.
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among MRI vendors and hospitals. Few centers have 
acquired sufficient experience to routinely introduce chest 
MRI in clinical practice [28]. Most pulmonologists are not 
aware of chest MRI capabilities, and they prefer to rely  
on CT. Even radiologists find chest MRI difficult and time 
consuming, mostly because they are not familiar with the 
technique. 

However, with the technological advances achieved over  
the last decade, chest MRI is now mature to be translated  
in clinical practice [7, 65]. Through an international 
collaboration, we aim to develop a VIPS chest MRI protocol 
that will supply information about Ventilation, Inflamma-
tion, Perfusion and Structure in one session of maximal  
half an hour [21]. This protocol will be harmonized among 
the main MRI vendors (General Electric, Philips and Siemens 
Healthcare). This VIPS platform will be firstly tested for 
monitoring CF lung disease during a pulmonary exacerba-
tion and later for other chronic lung diseases.

Other applications of lung MRI in pediatrics

Different chronic lung diseases are suitable to be assessed 
with thoracic MRI. Bronchopulmonary dysplasia (BPD) is  
a severe chronic lung condition associated with long-term 
respiratory sequelae [66]. Chest CT has been used to assess 
and monitor structural lung changes in BPD [67]. Despite 
low or ultra-low dose CT protocols developed for BPD, the 
young age of these patients and the need for repeated 
imaging are a matter of concern regarding the risk of 
radiation-induced cancer. MRI as radiation-free technique 
would allow repeated imaging in BPD patients [68]. 
Moreover MRI will allow to obtain information about 
structural lung changes, but also about ventilation and 
perfusion. This functional information might be relevant to 
understand pathophysiology of BPD and why some patients 
evolve to severe obstructive airways disease. 

Other diseases that might be studied with MRI are Chronic 
Obstructive Pulmonary Disease (COPD) and asthma. For 
parenchymal visualization, ultrashort (UTE) and zero echo-
time (ZTE) sequences showed better spatial resolution, 
signal-to-noise (SNR) and contrast-to-noise ratio (CNR) than 
conventional sequences [69, 70]. Using these sequences, 
patients with COPD can be differentiated from healthy 
subjects and classified according disease severity [70]. In 
fact, with increased COPD grade, the parenchymal signal 
intensity distribution shifts toward lower signal intensities, 
so UTE signal can be used to quantify parenchymal tissue 
destruction and inflammation [70]. These measurements 
are highly reproducible and usable for longitudinal studies. 

Several studies have shown the utility of ventilation imaging 
with MRI for COPD and asthma [47, 71-73]. For example 
oxygen-enhanced MRI showed higher correlation to PFT and 
clinical parameters of COPD than CT, with higher potential 
for more accurate clinical stage classification [72]. Similar 
results were shown in patients with asthma [74]. 
Interestingly, to date Fourier Decomposition has not been 
tested in COPD patients. This technique would have the 

advantage to supply information about ventilation and 
perfusion in a single free-breathing scan without contrast 
administration. Perfusion biomarkers might become 
relevant for clinical trials and using Fourier Decomposition 
would avoid Gadolinium administration, which has been 
recently debated after evidence of brain Gd deposition [75]. 

Lung perfusion in COPD and asthma has been extensively 
investigated with MRI [76–82]. Multiple quantitative and 
semi quantitative perfusion-derived parameters have been 
described to classify COPD severity [76–78]. Interestingly MRI 
appears to be more sensitive than CT in identifying early 
perfusion abnormalities among controls and mild COPD 
subjects [78]. Full quantitative analysis of pulmonary 
microvascular perfusion seems time-consuming and not 
needed [76]. There is indeed a close correlation between 
quantitative and semi quantitative perfusion parameters, 
therefore semi quantitative values may be useful as 
surrogate markers for regional pulmonary blood flow (PBF) 
in clinical practice and for follow-up examinations [76]. 

Development of software tools for thoracic MRI

Another important limiting factor for the use of MRI in 
clinical practice has been the lack of dedicated software 
tools for automatic analysis of thoracic MRI. To date there is 
no commercially available automatic segmentation 
software for lung and airways on MR images. These tools 
are indispensable to move from qualitative to quantitative 
imaging. Physicians need to extract meaningful numbers out 
of the images that can help them to objectively determine 
disease progression, stability or improvement. Our group is 
aiming to develop scoring systems for several lung diseases 
that can be ultimately automated. The biomarkers derived 
from these software tools will be integrated in the report 
that accompanies the radiological examination. 

Summary

In this essay we have shown the multiple capabilities of  
MRI for lung imaging. Chest MRI is ready to be converted  
in a unique single session imaging tool that can provide 
structural and functional information. Several chronic 
obstructive lung diseases might benefit from the 
development of the VIPS MRI platform, which will allow 
new clinical diagnostic scenarios and interventional  
clinical trials.
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