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Abstract
Purpose To perform a survey among all members of the Italian Society of Medical and Interventional Radiology (SIRM) 
to assess how whole-body MRI (WB-MRI) is performed in oncologic patients in Italy.
Methods On March 2019, we administered an online poll to all SIRM members about their use of WB-MRI in 2018 asking 
15 questions regarding oncologic indications, imaging protocol, use of contrast media, experience in WB-MRI, duration of 
scan time and reporting time.
Results Forty-eight members participated to the survey. WB-MRIs/total MRIs ratio was 1%. Lymphoma was the most 
common indication (17/48, 35%), followed by myeloma and prostate cancer, with these three tumors representing the most 
common indication in 39/48 of cases (81%). WB-MRI acquisition time and reporting time were 46–60 min in 22/48 centers 
(46%) and 20–30 min in 19/48 (40%), respectively. WB-MRIs were mostly performed in 1.5T scanners (43/48, 90%), with 
surface coils (22/48, 46%) being preferred to Q-body (15/48, 31%) and integrated coils (11/48, 23%). Contrast media were 
injected in 22/48 of the centers (46%), mainly used for breast cancer (13/22, 59%). DWI was the most used sequence (45/48, 
94%), mostly with b800 (27/48, 56%), b0 (24/48, 50%) and b1000 (20/48, 42%) values. In about half of cases, radiologists 
started evaluating WB-MRI non-contrast morphologic sequences, then checking DWI and post-contrast images.
Conclusion WB-MRI was mainly performed at 1.5T unit, with lymphoma, myeloma and prostate cancer having been the 
most common indications. The extreme variability in the choice of imaging protocols and use of contrast agents demonstrates 
the need of a standardization of WB-MRI application in clinical practice.
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Introduction

Over the last years, concerns have been raised on the 
association of radiation exposure due to imaging exami-
nations—mainly related to computed tomography (CT) 
and positron emission tomography (PET)/CT—with the 
increased secondary cancer risk in oncologic patients 
[1, 2]. This has led to the increased interest for the use 
of whole-body magnetic resonance imaging (WB-MRI) 
as a radiation-free alternative to currently used imaging 
modalities [3, 4]. The advancements in MRI technol-
ogy have allowed a widespread introduction of WB-MRI 
in clinical practice, especially to evaluate patients with 
cancer [5, 6]. Indeed, this technique provides images of 
the entire body as other whole-body imaging modalities 
but with the strengths of MRI, including its high con-
trast resolution and the possibility to take advantage of 
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“functional” information deriving from diffusion-weighted 
imaging (DWI) [7, 8]. Several papers have been published 
reporting the reliability, diagnostic accuracy and poten-
tial applications of WB-MRI in several clinical settings 
[9, 10]. Nevertheless, different imaging protocols have 
been proposed and few guidelines have been developed, 
mostly for patients with myeloma and prostate cancer 
[11, 12]. Indeed, WB-MRI is already recommended by 
the International Myeloma Working Group to stage and 
monitor patients with myeloma [11]. Thus, the actual role 
of WB-MRI in diagnostic work-up of most cancers is still 
unclear. Furthermore, to the best of our knowledge, no 
papers have been published on the current clinical applica-
tion of WB-MRI.

Hence, the purpose of this study was to perform an online 
survey among all members of the Italian Society of Medi-
cal and Interventional Radiology (SIRM) to understand how 
WB-MRI is performed in daily clinical practice in Italy.

Materials and methods

Institutional review board approval was not needed because 
this study did not involve patients. This survey was approved 
by the SIRM on March 26, 2019. We administered an online 
survey to all SIRM members about the use of WB-MRI in 
oncologic patients in their institutions asking 15 questions, 
including 12 closed and 3 open questions. We included an 
additional question (16th) asking the participant to provide 
his/her name in order to be acknowledged in the final paper. 
An online questionnaire was built up using the online tool 
Google Documents (Mountain View, CA) [13], as already 
done in previous surveys [14, 15]. The survey was aimed to 
collect data about the number of MRI and WB-MRI scans 
performed in 2018, oncologic indications of WB-MRI, 
imaging protocol, use of contrast media, experience in WB-
MRI imaging, duration of WB-MRI scan time and reporting 
time.

On March 27, 2019, an email was sent to all SIRM 
members who were invited to take part in this project by 
answering to the online poll. All participants were invited 
to retrieve the total number of WB-MRI scans performed 
at their institution in 2018 and were reassured that only 
5 min were required to complete the online poll, the ques-
tionnaire was anonymous, and data would have been man-
aged in aggregated form. Each member could answer only 
once. They were also asked to provide their name and email 
address, which were not associated with the data, in order 
to acknowledge them in the article. As a reminder, one more 
email was sent to all SIRM members 3 weeks later. The link 
to answer to the online questionnaire remained available for 
32 days up to April 28, 2019.

Once received, the database was analyzed. Data were 
expressed as median and 25th–75th percentiles. Proportions 
were calculated and expressed as percentages.

Results

A total of 48 SIRM members from 14 Italian regions 
(Table 1) participated to the survey providing answers to all 
questions included in the online poll.

We used #1 and #2 answers to calculate WB-MRIs/total 
MRIs ratio resulting in a median of 1% (interquartile range 
1–3: 0–5%). Lymphoma was the most common indication 
for WB-MRI in 17/48 centers (35%), followed by myeloma 
and prostate cancer, with these three tumors representing the 
most frequent indications in 39/48 of cases (81%) (Fig. 1). 
WB-MRI was performed from less than 2 years in 18/48 
(37%) of centers, whereas it has been introduced from more 

Table 1  Geographical distribution of the 48 SIRM members who 
answered to the online poll

Region Number of participants

Lombardia 8/48 (17%)
Sicilia 7/48 (15%)
Veneto 6/48 (12%)
Emilia-Romagna 5/48 (10%)
Piemonte 4/48 (8%)
Puglia 4/48 (8%)
Toscana 3/48 (6%)
Marche 2/48 (4%)
Campania 2/48 (4%)
Lazio 2/48 (4%)
Friuli-Venezia-Giulia 2/48 (4%)
Sardegna 1/48 (2%)
Calabria 1/48 (2%)
Abruzzo 1/48 (2%)

Fig. 1  Answer distribution to question #3a
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than 5 years in 13/48 (27%). The main answers to question 
#5 (WB-MRI acquisition time) and #11 (WB-MRI reporting 
time) were 46–60 min (22/48, 46%) and 20–30 min (19/48, 
40%), respectively (Figs. 2 and 3). WB-MRI examinations 
were mostly performed in 1.5T scanners (43/48, 90%), with 
surface coils (22/48, 46%) being preferred to Q-body (15/48, 
31%) and integrated coils (11/48, 23%). Gadolinium-based 
contrast agents were injected during WB-MRI in almost half 
of centers (22/48, 46%) (Fig. 4), being mainly used for breast 
cancer (13/22, 59%). DWI was the most used sequence for 
WB-MRI protocol (45/48, 94%), mostly with b800 (27/48, 
56%), b0 (24/48, 50%) and b1000 (20/48, 42%) values. 
After checking #10 answers, it resulted that 2 b values were 
used in 22/48 (46%) of centers, 1 in 12/48 (25%), 3 in 10/48 
(21%) and 4 in 4/48 (8%). Regarding question #12, in about 
half of cases, radiologists started evaluating non-contrast 
morphologic sequences, then checking DWI and post-con-
trast images. Regarding the range of experience in MRI of 
radiologists reporting WB-MRI (question #13), the most 
frequent answer was 0–1 year (18/48, 37%).   

Table 2 summarizes the list of questions of the online 
poll including all answers provided by SIRM members who 
participated to the survey.

Discussion

To date, no data have been published regarding the real dif-
fusion and application of WB-MRI in daily clinical prac-
tice. According to the results of this survey, it seems that 
there is still no a widespread diffusion of WB-MRI. Indeed, 
WB-MRI examinations are 1% of the total number of MRI 
scans performed in Italian institutions where WB-MRI is 
used for oncological purposes. Then, no answers have been 
received from one-third of Italian regions, although a bal-
anced geographical distribution has been observed through-
out the whole country. Further, as shown by #4 answers, 
more than one-third (37%) of institutions use WB-MRI in 

clinical practice from less than one year, making this imag-
ing modality a relatively novel tool for diagnostic work-up 
of oncologic patients.

Regarding question #3, the most common indication for 
WB-MRI was lymphoma, followed by myeloma and pros-
tate cancer. This is indirectly demonstrated by the huge 
amount of papers published on these tumors. On the one 
hand, several studies have proven the accuracy and poten-
tial clinical application of WB-MRI for lymphoma staging 
[16–18], response assessment after treatment [19–21] and 
follow-up [22–25]. This is especially due to the robust 
functional evaluation of lymph nodes through DWI [26] 
and the high contrast resolution of WB-MRI to evalu-
ate bone marrow [6, 27–30]. Nevertheless, the place of 
WB-MRI in diagnostic imaging pathway of patients with 
lymphoma is still unclear since no guidelines have been 
established in this setting. On the other hand, the role of 
WB-MRI is much better defined for diagnostic work-up of 
patients with myeloma and prostate cancer. The Interna-
tional Myeloma Working Group and the British Society for 
Haematology recommend to stage all forms of myeloma 
and solitary bone plasmacytoma with WB-MRI [11, 31, 
32]. Regarding prostate cancer, WB-MRI is considered 

Fig. 2  Answer distribution to question #5

Fig. 3  Answer distribution to question #11

Fig. 4  Answer distribution to question #8a
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Table 2  List of questions of the online poll including all answers provided by 48 SIRM members who participated to the survey

Question Answer

1. How many WB-MRI scans were performed at your institution in 2018? Median: 50
Interquartile range: 14.25–128.25
Range: 1–800

2. How many MRI scans were performed at your institution in 2018? Median: 4500
Interquartile range: 3000–5446.5
Range: 500–15,000

3a. Which was the most common indication for WB-MRI at your institution? Lymphoma: 17/48 (35%)
Myeloma: 16/48 (33%)
Prostate: 7/48 (15%)
Breast: 4/48 (8%)
Colon: 2/48 (4%)
Pediatric tumors: 2/48 (4%)

3b. Which was the second most common indication for WB-MRI at your institution? Myeloma: 15/48 (31%)
Lymphoma: 13/48 (27%)
Prostate: 7/48 (15%)
Breast: 7/48 (15%)
Pediatric tumors: 5/48 (10%)
Ovarian: 1/48 (2%)

3c. Which was the third most common indication for WB-MRI at your institution? Prostate: 10/48 (20%)
Myeloma: 8/48 (17%)
Breast: 8/48 (17%)
Lymphoma: 7/48 (15%)
Pediatric tumors: 6/48 (12%)
Colon: 5/48 (10%)
Ovarian: 4/48 (8%)

4. How many years have you been performing WB-MRI scans at your institution? 0–1 years: 18/48 (37%)
> 5 years: 13/48 (27%)
4–5 years: 10/48 (21%)
2–3 years: 7/48 (15%)

5. How long is your WB-MRI protocol? 46–60 min: 22/48 (46%)
30–35 min: 19/48 (40%)
> 60 min: 7/48 (15%)

6. Which magnetic field has the MRI scanner that you use for WB-MRI scans? 1.5Tesla: 43/48 (90%)
Both 1.5 and 3Tesla: 5/48 (10%)
3Tesla: 0

7. Which coils do you use for WB-MRI? Surface coil: 22/48 (46%)
Only Q-body: 15/48 (31%)
Integrated coils: 11/48 (23%)

8a. Do you administer i.v. contrast media during WB-MRI? No: 26/48 (54%)
Yes: 22/48 (46%)

8b. If yes, in which oncologic disorder? Breast: 13/22 (59%)
Prostate: 8/22 (36%)
Pediatric tumors: 8/22 (36%)
Lymphoma: 7/22 (32%)
Myeloma: 4/22 (18%)
Colon: 4/22 (18%)
Ovarian: 3/22 (14%)

9. Which sequences do you use in your WB-MRI protocol? DWI: 45/48 (94%)
T1w: 40/48 (83%)
T2w: 22/48 (46%)
DIXON: 14/48 (29%)
3D-GRE-T1: 14/48 (29%)

10. Which b values do you use in DWI of WB-MRI? b800: 27/48 (56%)
b0: 24/48 (50%)
b1000: 20/48 (42%)
b50: 11/48 (23%)
b600: 11/48 (23%)
b150: 6/48 (12%)
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the first choice imaging modality to monitor the response 
of bone metastases [33]. Further, recommendations about 
acquisition, interpretation and reporting of WB-MRI per-
formed in patients with prostate cancer have already been 
promoted [12].

Regarding question #5, in 41/48 centers (85%), WB-
MRI scan time has resulted lower than one hour, that can be 
considered feasible for most patients. Clearly, this finding 
depends on MRI Unit and imaging protocol applied. In this 
respect, regarding question #6, most centers used to perform 
WB-MRI at 1.5T MRI Unit, which is probably related to the 
wider diffusion of these scanners in Italy in comparison with 
3T. Of note, previous studies have shown similar diagnostic 
performance of 1.5 and 3T scanners, with the latter allow-
ing for a decreased scan time [34–37]. Conversely, a wide 
variability has been observed in the choice of MRI coils 
(question #7), that is another feature highly dependent on 
MRI technology, since, for instance, some scanners do not 
enable to use integrated coils.

The question #8 highlights another crucial point that con-
cerns the use of gadolinium-based contrast agents in WB-
MRI. It is well-known that post-contrast images increase 
the accuracy of the examination in case of locations of dis-
ease in the central nervous system and focal lesions in the 
hypochondriac organs [5, 38, 39]. This justifies the higher 
tendency to inject contrast media in patients with breast 
cancer (59%), who are at higher risk of these types of meta-
static locations. Furthermore, over the last years, the greater 
attention to this point is probably also due to the increasing 
awareness of gadolinium accumulation in human tissues, 
although any clinical impact has not been demonstrated yet 
[40, 41].

Regarding questions #9 and #10, we have received vari-
able answers about imaging protocol. DWI is the most com-
monly used sequence, and its robustness and feasibility for 
whole-body imaging have been proven by several papers, 
since when in 2004 Takahara introduced WB-DWI with 
free breathing acquisition and homogeneous fat saturation 
ensured by STIR suppression [42]. Most centers used only 
two b values, which are considered sufficient by several 
authors, with b800 (27/48, 56%) and b1000 (20/48, 42%) as 
the highest b values. The slight preference of b800 as high-
est b value can be justified by the attitude and predilection 
of the single radiologist and by the will to avoid to lose the 
background signal with too high b value DWI images [43]. 
Gradient-echo Dixon is increasingly being used for bone 
marrow imaging, due to its homogeneous water/fat suppres-
sion [44], although only 14/28 centers (19%) included this 
sequence in their WB-MRI protocol, which can be explained 
by a still low diffusion of the sequence itself. As shown by 
the answers to question #12, non-contrast morphologic (T1- 
and T2-weighed, Dixon) and DWI sequences are evaluated 
at first by 92% of centers for WB-MRI interpretation, with 
post-contrast images just checked later. The minor role of 
post-contrast images additionally validates the advantages 
of WB-MRI that, besides being a radiation-free imaging 
modality, allows to avoid contrast media injection [45].

It should be noted that, as proven by answers to ques-
tions #11 and #13, WB-MRI reporting can be burdensome. 
Thirty-two out of 48 (67%) radiologists need more than 
20 min to report a WB-MRI scan and 29/48 (60%) of radi-
ologists who report WB-MRI have more than 6 years of 
experience in MRI (27% more than 10 years). WB-MRI 
interpretation requires the evaluation of a huge number 

Table 2  (continued)

Question Answer

11. How much time do you need to report a WB-MRI scan? 20–30 min: 19/48 (40%)
10–20 min: 16/48 (33%)
> 30 min: 13/48 (27%)

12. In what order do you evaluate WB-MRI sequences? Morphologic, DWI, post-contrast: 
23/48 (48%)

DWI, morphologic, post-contrast: 
16/48 (33%)

DWI, post-contrast, morphologic: 
5/48 (10%)

Post-contrast, DWI, morphologic: 
4/48 (8%)

13. Which is the range of experience in MRI of radiologists who report WB-MRIs at your institution? 6–10 years: 16/48 (33%)
2–5 years: 13/48 (27%)
> 10 years: 10/48 (21%)
0–2 years: 9/48 (19%)

14. These data refer to? Public hospital: 26/48 (54%)
Academic hospital: 12/48 (25%)
Private institution: 10/48 (21%)

15. In which region is your institution? See Table 1
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of images with the possibility to use only a small number 
of sequences. This could be another explanation of the 
relatively limited diffusion of this imaging modality and 
especially could justify the low diffusion in private prac-
tice (21%), as shown by answers to question #13. Indeed, 
38/48 (79%) of centers using WB-MRI were public or aca-
demic hospitals, in which improved technology and higher 
radiologists’ experience could explain this result.

Some limitations of this study should be pointed out: 
first, the relatively low number of participants to the sur-
vey. This could be related by the low diffusion of this 
imaging modality all over Italy, and we can postulate that 
WB-MRI is probably mostly performed in referral onco-
logic centers. Then, we did not perform a subgroup analy-
sis between the different hospitals (public, academic and 
private) since the small sample size did not allow us to do 
it, so we were not able to investigate possible differences 
in the approach to WB-MRI in the different institutions.

In conclusion, 1% of MRIs were WB-MRI scans, which 
were mainly performed at 1.5T. Lymphoma, myeloma and 
prostate cancer were the most common indications. We 
observed an extreme variability in the choice of imaging 
protocols and use of contrast agents. This survey is an 
instant picture of the actual use of WB-MRI for oncologic 
purposes and demonstrates the need of a better stand-
ardization of WB-MRI application in clinical practice. It 
should be a starting point to promote future multicenter 
studies and expert consensus statements to establish fur-
ther recommendations and guidelines.
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