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Aims and objectives

Diffusion Weighted Imaging (DWI) is an essential part of multiparametric MRI (mpMRI)
for the detection of prostate cancer [1,2]. Due to the lack of standardization in clinical
imaging protocols, however, data quality and apparent diffusion coefficient (ADC) values
are not comparable in general. The aim of this work was the quantification and reduction
of deviations in the measured ADC values within a consortium of imaging centers which
collaborate for prostate mpMRI (RaDiagnostiX).
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Methods and materials
Data Acquisition: DWI sequences of seven imaging centers (vendors: Siemens, Philips,
GE; field strengths: 1.5 and 3 T) were quantitatively evaluated and compared by phantom
and volunteer (healthy, 34 y, with a prostate cyst) measurements. The measurements
were performed by using the in-house MR sequences as well as a specifically optimized
and standardized MR sequence. The standardized DWI sequence parameters follow the
2

recommendations stated in [3]. Key parameters are: in-plane resolution 2 x 2 mm , slice
2

thickness 3 mm, b-values: 50, 1000 and 1500 s/mm .
Diffusion Phantom: A spherical phantom (diameter: 20 cm) with an aqueous
polyvinylpyrrolidone (PVP) solution and an integrated thermometer was used (HQ
Imaging, Heidelberg, Germany). The temperature dependency of the ADC was taken
into account based on previously published calibration curves [4]. For this purpose, the
temperature within the phantom was read out before each MRI measurement and the
ADC was determined at a common standard temperature of 20 °C.
Data analysis: The ADC values were analyzed in the peripheral zone of the prostate as
well as in the phantom. Exemplary regions of interest (ROIs) are shown in Fig. 1 on page
4. The ADC in the phantom was evaluated in a centrally located ROI of constant
size. The mean ADC value of the phantom, its standard deviation and the correction of
temperature effects were automatically determined by an analysis software (HQ Imaging,
Heidelberg, Germany).
The obtained results from the RaDiagnostiX consortium were compared with the results
from analogous measurements within the German Cancer Consortium (DKTK) [5]. Here
nine university hospitals were analyzed. At DKTK one scanner vendor (Siemens), with
field strengths of 1.5 T and 3 T was analyzed at each site. There was another choice of
2

b-values for the standardized protocol at DKTK (b = 50, 400, 800 s/mm ).
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Images for this section:

Fig. 1: ROIs (green) in the peripheral zone of the prostate (left) and in the phantom (right).
© - Heidelberg/DE
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Results
Volunteer measurements: All in-house sequences used reasonable clinical imaging
parameters, but inter-site deviations up to 30 % were found in the measured ADC values
(Fig. 2 on page 6). The error bars in Fig. 2 on page 6 indicate the standard
deviations of the ADC in the analyzed ROIs. The main reason for the high inter-site
deviations without protocol standardization is related to the implementation of varying bvalues and an uncontrolled influence of perfusion effects [6, 7]. After optimization and
standardization of sequence parameters, the deviations could be reduced by a factor of
2

two. The mean ADC and its standard deviation among centers are 930 ± 96 µm /s before
2

standardization and 894 ± 41 µm /s after standardization.
These findings are in line with the results from DKTK (Fig. 3 on page 6)[5]. The error
bars in Fig. 3 on page 6 indicate the standard deviations of the ADC in the analyzed
ROIs. ADC values in the cyst are depicted in blue, ADC values in the peripheral zone in
green. The range of ADC values measured among the sites is depicted in red.
Analogous to RaDiagnostiX strong deviations in the measured ADC values of up to 30
% occur at the different DKTK centers. Protocol standardization reduces the deviations
among the acquisition centers by a factor two to three. Mean ADC values and their
standard deviations among the sites are summarized in Table 1 on page 7. At DKTK
other b-values were used than at RaDiagnostiX. Thus, differences in the measured ADC
have to be expected.
There is an obvious outlier in the ADC values at 3.0 T for site "E" which can be explained
with a too low signal to noise ratio (SNR) at the high b-values, most likely due to coils
problems at the specific site, leading to an underestimation of the ADC values.
Phantom measurements: The phantom measurements reflect the ADC determination
under ideal conditions: high SNR, no partial volume effects, no perfusion. Hardware
problems and post-processing differences can introduce deviations in the measured
ADC among different sites. Fig. 4 on page 7 shows the results of the phantom
measurements with the standardized sequences in the RaDiagnostiX consortium. The
2

mean ADC and its standard deviation among centers are 1610 ± 12 µm /s. The low
standard deviation indicates very good comparability of quantitative ADC values for
different MRI scanners, especially including different vendors.
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Images for this section:

Fig. 2: Measured ADC values in the peripheral zone of the prostate with the in-house
sequences (left) and standardized sequences (right). The ADC deviations are clearly
reduced by standardization of imaging parameters (red and green area).
© - Heidelberg/DE

Fig. 3: DKTK prostate volunteer ADC measurements. Left: in-house protocols, right:
standardized protocols, top: 1.5 T, bottom: 3,0 T. The measured ADCs in the peripheral
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zone is depicted in green, the ADCs in the cyst in blue (see also the image of the prostate
and corresponding ROIs in the lower right). The error bars indicate the standard deviation
of the ADC within the ROI.
© - Heidelberg/DE

Table 1: Mean ADC values and their standard deviations among the DKTK sites.
© - Heidelberg/DE

Fig. 4: Measured ADC values in the phantom for the RaDiagnostiX sites with
standardized sequences.

Page 7 of 11

© - Heidelberg/DE

Page 8 of 11

Conclusion

Significant deviations in measured ADC values have to be expected for different MR
scanners if conventional diffusion-weighted MR sequences are used. Optimization and
standardization of MR sequences yield the high comparability of ADC values and
enabling comparable ADC measurements even when MR scanners from different
vendors are in use.
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Personal information
Please, do not hesitate to contact us if you have any questions regarding MRI
standardization and protocol optimization (diffusion imaging and MRI in general).
Dr. Michael Bach
German Cancer Research Center / HQ Imaging, Heidelberg
phone: +49 177 1490 696
email: m.bach@hq-imaging.de
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