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Purpose To develop an optimized protocol for homogeneous and distortion free Whole-body diffusion-weighted MR imaging 
(WBDWI) that requires user minimal interaction. 
Introduction WBDWI is a very valuable 
tool used for preliminary lesions diagnosis 
and comprehensive tumor assessments in 
various malignant diseases1,2. However, 
conventional WBDWI that consists of 
several sequential stations are often troubled 
by image distortion, image inhomogeneity 
and complicated operator interaction, which 
affect the widespread of WBDWI in routine 
diagnosis. In this work, we propose a new 
WBDWI protocol for achieving distortion 
free and homogenous whole body DW 
images at both 3.0T and 1.5T scanners that 
require no additional calibration and 
minimal operator interaction. We name this 
method Ready-fly for the simple nature in 
setting and operation. 
Method Due to the length of the magnet bore, WBDWI usually consists of sequential acquisition of several stations (4 to 8). In 
convention, each station is treated as a separate scan, and scan calibration parameters including central frequency, signal gain and 
shimming values are set independently based on separate scout scans. The differing settings at different stations often lead to 
image inhomogeneity and image distortion in the cascaded whole-body DW image as shown in Fig.1a. To address this issue, 
Ready-fly uses an optimal and unified setting of the scan parameters, which are determined based on accumulated clinical cases. 
The key step of this protocol is to first obtain the averaged central frequency and shimming value of the head and the liver station, 
which respectively lead to image inhomogeneity and distortion if set improperly, and apply the averaged values to all the stations. 
In addition, the shimming value in Z axis is constrained to a small range to minimize the difference in distortion at different 
stations. Overall, this protocol consists of scout scans of the head and liver stations, derivation of scan parameters for multiple 
stations use and finally scans at each station. In this way, the scout scans at each station is also avoided which reduces the overall 
scan time and the operator only needs to initiate the scan without further interaction needed.  
Experiment This proposed method has been realized on a GE MR 360 Optix 1.5T and GE MR 750 3.0T scanner by modifying 
the necessary controlling software. Then scanning of volunteer and patients with conventional and the proposed WBDWI protocol 
were performed and compared. Consents forms were obtained prior to the scans. The diffusion acquisition used was a single shot 
EPI, and a 6-station setup was used to cover the whole body: axial plane, 30 slices with 7mm thickness a -1mm gap, FOV = 40cm
×32cm, matrix = 160×192, TR/TE = 4770/54 ms , b value = 100 s/mm2, 2 averages. The scan time was 80 seconds for each 
station, which led to an 8 minutes overall scan. To further test the robustness of this protocol, scanning with low b value of 100 
s/mm2 and high b value of 800 s/mm2 were performed on the patient with diagnosed metastasis of lung cancer.  

Results Fig.1 shows the resulting 
whole body DW images using 
conventional WBDWI on 1.5T 
(Fig.1 a), Ready-fly methods on 
1.5T (Fig.1.b) and 3.0T (Fig.1.c), 
it is seen the Ready-fly leads to 
much improved image 
homogeneity and distortion. Fig.2 
shows that, whether with low a b 
value of 100 s/mm2, or with a 
moderate to high b value of 800 
s/mm2, the overall image integrity 
would not be compromised with 
the Ready-fly method. No image 
distortion or inhomogeneity was 
observed and the metastases of the 
patient are clearly revealed with 
both b values. 

Conclusion and discussion We have developed a new whole body DWI method named Ready-fly that imposes simple changes to 
the conventional WBDWI setting that solves the issues of image inhomogeneity and distortions in practice. Ready-fly has been 
tested over 80 cases on several different sites, and consistently good results were received and helped to diagnosis several cases of 
tumors that were previously unknown to the volunteers/patients. We believe that WBDWI has much value in preliminary detection 
of metastatic tumor and the ready-fly method may help to make WBDWI part of routine body examination. We are also working 
to further test and optimize the ad-hoc design WBDWI currently used.  
Reference  [1]Horger et al, 2011, Acta Radiologica, 52:881-8. [2]Regelink et al, 2013, BJH, 162:50-61. 

Fig2.  1.5T Ready-fly WBDWI shows (coronal, sagittal, original and negative image) 
A 62yrs male patient with metastasis of lung cancer. Left(1-4), B =800 s/mm2; Right(5-8), B =100 s/mm2 

 

Fig.1(a) Conventional WBDWI(L) Distortion (R) Inhomogeneity 
(b) 1.5TReady-fly WBDWI  

30yrs health male volunteer 
 (c) 3.0T Ready-fly WBDWI  
30yrs health male volunteer 
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