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Benign prostate hyperplasia (BPH) affects a majority of men over the age
of 60 in the United States.

+ Alonz with BPH, lower urinary track symptoms (LUTS) and bladder
dimension changes are a commaon development in this population.

+ The complex biomechanics of the full male urogenital system and their
effects on BPH symptom development are still not fully understood.

+ Mon-invasive analysis and diagnaostic methods for prostate and bladder
pathologies have previously been limitad.

+  Magnetic resonance imaging (MRI} has the potential to analyze many of
these factors in a single imaging session.

* MRl based computational fluid dynamics (CFD) models could provide
valuable information about the urinary flow dynamics

Purpose

To implement an MRI urodynamics protocel and to perform patient
specific computational fluid dynamics (CFD) simulations of bladder
voiding in healthy controls and BPH patients.

Materials and Methods

Patient Population

* 3 healthy controls and 3 BPH patients were recruited.

* BRI was performed on a clinical 3T scanner using a high-density flexible
surface ooil armay.

* 3D ‘Fast-spin echo’ [FSE] T2-weighted acquisitions were performed
immediately before and after voiding. A sazittal plane 2D spoiled gradient
echo (SGRE] dynamic real-time imaging (RTI} acquisition was performed
during voiding (Figure 1).
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Figure £z MR urodyramics. Imeging protocol.

Image Processing

+ The bladder and urethra were segmented from pre and post woiding 3D
images, while bladder cross-sactional area change during voiding was

calkculated from the 20 AT using a semiautomatic segmetation software

TlCs.
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Materials and Methods Continued
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Computational Fluid Dynamics

+ Measurements from both the 3D and 2D
images were incorporated in a patient specific
Ay BW Displacemen simulat:u:ln of bladder woiding. For the CFD
W simulation.
’ + Bladder wall motion was estimated as from
I l . . real time MRI segmentations and imposed to
o virtually drive wvoiding. The wurethra was
o 18 e 45 &0 assumed to be rigid and its outlet was set to
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Figure: 2: Real time imaging of woicing in o heakhy  « Figure 2. shows a schematic description of the
volurizer. The curve shows the bladder emptying with MR based modeling  methodology
ne o time follows o Apmondal behenor 20 med . = -
su;::j plane images srrEn' 11'5 biadder deformation ot implemented in this study.
four diffenent time points during the voiding event.

Results

The control subjects had large displacements at the bladder dome with little observed asymmetry.
* The men with BPH/WUTS had smaller displacements and unlike the controls did not exhibit a
consistent displacement pattern.
* These qualitative obsenations from the displacement maps were confirmed looking at probability
functions of the displacement and the left-right asymmetry (Fig 3 bottom).
= Overall the bladder walls of men with BPH/LUTS moved only 25%-50% as much as the contral
subjects. The control subjects had little left-right asymmetry [4%-14%) while the BPH patients had
large left-nght asyrmmetry (30%-160%)
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Figure 3: Top row: pre- and past-widing biadder anatomies for esch subject. Middle now: Bladder wall displacement
maps .:in I11m:| fior mnchi suhj-en:r. Hote that the leg=nd scale is miuch srraller for the men with BPH/LUTS. Eottoem row:
Bou plats muw'n; r\eEiurﬂI rlisplun:'n:nl: oehavicr for sach subjen:t [c: Cowdrol; F: F‘I!tltthl
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Figure 4: CFD resufts showing velodty contowrs and streamiines on 2 sagitinl piane ot the center of
the bladder for each subject. Results are displeyed for time frames from nesr both the initistion
&nd termination voiding. Stresmiines ingicate the direction of urine flow and velodty mesnitude is
the magnitude of the welodty vector or the oversll speed of urine fow

control subjects had higher urine velocities in the bladder than men with
BPH/LUTS, that may be due to their greater bladder wall displacements.

Near the initiation of voiding, streamlines (showing the direction of urine flow)
for all three control subjects and two men with BPH/LWUTS (P1 and P3) were
directed toward the bladder nedk and prostatic urethra.

Towards the end of the woiding process, control subjects ©1 and C3 had small
recirculation regions by the anterior bladder wall while the streamlines for C2
were still all directed toward the bladder nedk and prostatic urethra.

Near the end of voiding patient P1 had a small posterior reciroulation region, P2
had a large anterior recirculation region and P3 had large anterior and posterior
recirculation regions

Despite the men with BPH/LUTS having langer redrculation regions, they had
lower average vorticity in the bladder due to their slower flow rates and smaller
velodities.

Conclusion

Im summiary, this pilot study demonstrated the feasibility of MRI bladder voiding
studies to non-invasively investigate bladder function. Results from
displacement analysis suggested that men with BPH/LUTS  have decreased and
asymmeetric bladder wall motion compared to healthy male controls and fluid
dynamic analysis of woiding sugzested that men with BPH/LUTS have larger
recirculation regions in the bladder



