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Synopsis
This work explores ultra-high field microimaging of prostate tissue using diffusion compartment modelling. The acquired ultra-high-resolution data
provides a unique opportunity to investigate the accuracy of the diffusion estimates as well as the contribution of various tissue components to the
diffusion signal. We compare several multi-compartment models to explore the best microstructure model for prostate tissue. We find plausible
results for the data and models used, which will be compared to corresponding histology. Future work will use more samples and extend the models
compared to get a comprehensive analysis of the data.

INTRODUCTION
In clinical prostate imaging the most common model for diffusion-weighted MRI (DW-MRI) is the mono-exponential model, which gives an apparent diffusion
coefficient (ADC). But ADC is limited, as it cannot discriminate the specific histological features of the tissue. More sophisticated models that account for multiple
microstructure components provide better characterisation of prostate tissue. For instance, VERDICT (Vascular, Extracellular, and Restricted Diffusion for
Cytometry in Tumours) MRI provides a framework combining rich DW-MRI acquisition with a multi-compartment model to give non-invasive estimates of cancer
tissue microstructure. Recent work demonstrates the potential of VERDICT for prostate imaging, to differentiate cancer and benign tissue, as well as cancer
grading .

Several studies compare such models in terms of quality of fit and variance of the fitted parameters . Some consensus exists in the models that can best
describe the signal from prostate tissue, however, typical resolution of such studies is not sufficient to relate various components of these models to specific
microstructure. Diffusion microimaging  provides spatial resolution approaching the cellular scale, which can be used to investigate the diffusion properties of
different tissue types as shown in . In this work we use diffusion microimaging with a richer protocol, to explore various multi-compartment models and
determine ones that best characterise prostate tissue.

METHODS:
Three 3mm diameter x 4mm long samples (Figure.1a) of human prostate tissue (2 normal, 1 cancerous) were extracted from fixed radical prostatectomy
specimens, with informed consent and ethics approval, as done in .

MR microimaging

MRI data were acquired on a Bruker 16.4T AVANCE II scanner, with a rich imaging protocol (Figure 1b). The DW-MRIs were acquired with a PGSE sequence
with (80μm)  isotropic resolution, with multiple b-values and diffusion times to support estimation of various multi-compartment models. Two non diffusion-
weighted images and three gradient orientations were sampled for each combination of acquisition parameters. A higher resolution (20μm)  T1/T2*-weighted
image was also acquired for anatomical reference.

Data analysis

Fifteen models were fitted to the data, comprising 1, 2 or 3 compartments as listed in Figure 2a. For ex-vivo data there is no perfusion component in prostate
tissue, but we tested 3-compartment models as the high-resolution data may enable separation of further non-perfusion components of the tissue. The models
compared were combinations of sphere, stick, ball, and zeppelin compartments (terminology as in ), and included the conventionally used cancer models: ADC
(Ball) and bi-exponential (BallBall). Model fitting was performed using the non-linear fitting procedure used in , with data normalised using the b=0 data for each
echo time, to account for T2 dependence. The models were fitted without fixing any model parameters.

Regions-of-interest (ROIs) were drawn on the DW-MRIs, by manually selecting areas composed primarily of a single tissue type, as shown in Figure.2b. We
specifically included glandular and stromal tissue for normal samples and cancer tissue, by finding visual correspondence to the higher-resolution T2*-MRIs
where histological features are moderately well visible (histological confirmation with stained sections is not yet available). Model fitting was done for the signal
averaged over these ROIs, for all the models. The models were then ranked based on the Bayesian Information Criterion (BIC) . Voxel-wise model fitting was
also performed to extract maps of microstructure parameters.

RESULTS:
ROI analysis

Figure 3 shows that multi-compartment models best explain the acquired data and 2-compartment models with restriction perform the best overall. The best-
ranked models show that regions of cancer and glandular tissue are best described by a model with isotropic restriction, while stromal tissue requires anisotropy.
The corresponding parameter estimates for the best ranking models (Figure 3b) show a higher restriction compartment in the cancer ROIs compared to normal
ROIs, as expected.

Voxel-wise analysis
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Figure 4 shows the variation of the model ranking for the top performing models in each sample. The trends are overall similar to the ROI analysis. Additionally,
we find non-restriction model is sufficient in areas with lumen space. The parameter maps corresponding to BallSphere, the best performing model, is shown in
Figure 5, which show plausible trends.

DISCUSSION AND CONCLUSION:
This work explores separation of the various tissue compartments in prostate samples with DW-MRIs acquired on an ultra-high field scanner. We see that with
diffusion microimaging, we can explore the specific components of the microstructure using multi-compartment models. However, none of the models used here
fully capture the complexity of the data (Figure 3a). Incorporating more orientations in the DW-MRI acquisitions will improve the model fitting and provide better
anisotropy characterisation. Future work will also investigate more complex models, including incorporation of T2 relaxation in modelling.

A bigger set of tissue samples are required for a comprehensive analysis to determine the best model that fully characterises the microstructure of normal and
cancerous prostate tissue.
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Figures

Figure 1: a) the prostate samples and some example MRI acquisitions. b) table of the protocol used for the DW-MRI acquisition, which shows the gradient
strengths, |G| (mT/m), which are varied to obtain each of the b-values, for each combination of gradient seperation and duration.

 

https://cds.ismrm.org/protected/18MPresentations/abstracts/images/3084/ISMRM2018-003084_Fig1.png


Figure 2: a) List of the compartment models included in the model comparison. The compartments are named using terminology in . b) ROIs used in analysis,
which are manually segmented to correspond to a single tissue or compartment type, using the corresponding structural image. The glandular tissue consists of
a gland (epithelium + lumen space), the stromal tissue is likely fibrous. The cancer ROIs likely include epithelium, stroma, as well as lumen.

 

Figure 3: a) Plots of the synthesised signal from the estimated parameters (lines), for the best models according to BIC, and the ADC, for each ROI (Figure.2)
The colours indicate the different gradient orientations and the symbols the particular combination of gradient separation and duration, as specified. b) The
estimated parameters for the best-ranked model (according to the BIC) for each of the ROIs.

 

Figure 4: BIC Model rankings for the top three models for each of the tissue samples. The contours on the images show glandular, stromal and cancer tissue in
this slice, to highlight similarity to the findings from the ROI analysis.

 

Figure 5: Estimated parameters maps for voxel-wise fit for BallSphere in a slice of DW-MRI data. The corresponding T2*-MRI is shown on the left for reference.
These parameter maps include the volume fraction, f, of the restriction compartment and the associated intrinsic diffusivity (D_i) and the radius estimates (R), as
well as the diffusivity of the non-restriction compartment (D_1).
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