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List of abbreviations

LIST OF ABBREVIATIONS

Abbreviation Name

1H 3D-MRSI | 3D 1H MR spectroscopic imaging.

AS Active Surveillance.

ASAP Atypical Small Acinar Proliferation.

American Society for Therapeutic Radiology and

ASTRO
Oncology.
BPH Benign Prostatic Hyperplasia.
BPH Benign Prostatic Hyperplasia.
CT Computed Tomography.

DHT Dihydrotestosterone.

DRE Digital Rectal Examination.
EBRT External beam radiation therapy.
eMRI Endorectal coil MRI.

FLA Focal Laser Ablation.

GnRH Gonadotropin Releasing Hormone.

HGPIN High Grade Prostatic Intraepithelial Neoplasia.

HIFU High Intensity Focused Ultrasound.
HPC Hereditary Prostate Cancer
kHz Kilo Hertz.
LH Luteinizing Hormone.
LHRH Luteinizing hormone-releasing hormone.
MHz Mega Hertz.
MR Magnetic Resonance.
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PDT Photodynamic therapy.

PIN Prostatic Intraepithelial Neoplasia.
PSA Prostatic Specific Antigen.
PSAD Prostate Specific Antigen Density.

PSADT PSA Doubling Time.

PSA-V Prostate Specific Antigen Velocity.

SHBG Sex Hormone- Binding Globulin.

TNM Tumor, Node, Metastasis
TRUS Transrectal Ultrasonography.
TURP Trans Urethral Resection of the Prostate.
US Ultrasonography.
USA United States of America.
WHO World Health Organization.
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Contemporary Zonal Divisions of the
prostate.

(A) Axial, (B) sagittal & (C) Coronal

sections of the prostate illustrate the
contemporary zonal description of prostatic

anatomy.

Zonal anatomy of the prostate. The
transition zone surrounds the urethra
proximal to the ejaculatory ducts. The
central zone surrounds the ejaculatory ducts
and projects under the bladder base. The
peripheral zone constitutes the bulk of the
apical, posterior, and lateral aspects of the
prostate.

(A) Axial, (B) sagittal & (C) coronal

5 sections of the prostate and periprostatic 9

structures.

Transverse image of the prostate shows a

hypertrophied transition zone (upper 4

The Role of High Intensity Focused Ultrasound in the treatment of prostate
cancer



List of figures

arrows) and a compressed peripheral zone

(lower 2 arrows).

Axial images of the seminal vesicles. White
arrows indicate the ampulla of the vas

deferens.
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Normal prostate zonal anatomy in a 60-
year-old man depicted with T2-weighted
axial MR images obtained (a) at the level of
the seminal vesicles, (b) at the level of the
base of the prostate, (c, d) at the level of the
mid-gland. B = urinary bladder, C = central
zone, FS = fibro-muscular stroma, P =
peripheral zone, SV = seminal vesicles and

T = transition zone.
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Normal prostate zonal anatomy in a 60-
year-old man depicted with T2-weighted
axial MR images obtained (e)at the level of
the apex, (f)at the level of the membranous
urethra, (g)T2-weighted coronal MR
images, (h)T2-weighted mid-sagittal MR.
The letters in (g) correspond to the
anatomic levels used for images a-f. The
vertical line 1in (g) indicates the
membranous urethral length. B = urinary

bladder, C = central zone, P = peripheral
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zone & U = urethra. (i)T2-weighted para-
sagittal MR images. B = urinary bladder, P

= peripheral zone & SV = seminal vesicles

Normal prostate gland depicted with T2-
weighted axial MR image (a) and spectra
obtained with 1H MR Spectroscopy (b).
The spectra grid for the cellular metabolites
citrate (Cit), choline (Ch), and creatine (Cr)
shown in b corresponds to the grid overlaid

on the T2-weighted axial image.
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The Gleason grading system.
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TNM - the four stages of local prostatic

tumor growth
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Schematic Depiction of sextant biopsy of
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B) sagittal plane
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Areas of biopsy for the 5-region biopsy
technique in A) horizontal plane and B)

posterior view.
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Prostatic carcinoma. (A) TRUS
demonstrates a localized hypoechoic region
(arrows) within an otherwise normal
peripheral zone (P); T = transition zone. (B)
Prostatic carcinoma with colour Doppler in

a different patient. Transverse image of left
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mid-gland shows a hypoechoic mass

(arrows) with increased colour flow.

Stage T3 prostatic carcinoma. (A) TRUS
and (B) T2-weighted MRI. On TRUS an
ill-defined hypoechoic area (arrows) is seen
within the peripheral zone causing a
localized bulge of the prostatic outline
beyond the expected contour of the gland.
15 This is the most reliable finding in 39
diagnosing transcapsular invasion. On the
MRI (B) the carcinoma (arrow) shows low
signal intensity within an otherwise normal
peripheral zone (P). T = transition zone.
Transcapsular extension on MRI was not

suspected.

CT demonstration of prostatic carcinoma
with regional lymph node metastasis. The
prostate gland (P) is markedly enlarged and
there is direct tumor extension into the
te perirectal region (small white arrows), 4
rectum (R) and the bladder base (small
black arrows). Pronounced left external

iliac adenopathy is present (curved arrow).

. Prostatic carcinoma in the right peripheral 1
7
zone seen on (A) external surface coil and
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(B) endorectal coil T2-weighted MR
images. The cancer (T) demonstrates low
signal intensity in contrast to the higher
signal intensity of the normal peripheral
zone (P). The low signal intensity of the
transition zone (*) makes it difficult to

demonstrate cancer in that region.

Post-biopsy changes in the prostate. (A)
Body coil T1-weighted image at the apex
of the gland, (B) external surface coil T1-
weighted image and (C) endorectal coil T2-
weighted image through the mid-gland. The
needle track (arrow) causing high signal
intensity hemorrhage is seen within the
18 apical part of the prostate gland. In the mid- 42
gland, the entire peripheral zone (P)
demonstrates  high  signal intensity
(hemorrhage) on T2-weighted image,
resulting in underestimation of tumor
volume. A large tumor was seen on the
right and left side at surgery. (*) =

transition zone.

Prostatic carcinoma with extracapsular
19 invasion. Axial T2-weighted image with 43

endorectal coil. The low signal intensity
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cancer (T) demonstrates bulge and contour

definition (arrow), indicating extracapsular

invasion.

Tumor invasion of the seminal vesicle
causing bleeding in its distal portion. (A)
On the TIl-weighted image the tip of the
left seminal vesicle (arrow) shows high
20 signal intensity. (B) On the T2-weighted 14
image, tumor invasion of the seminal
vesicle (T) causes a decreased signal
intensity. Blood in its distal portion (arrow)

remains at a high signal intensity. B =

urinary bladder.

Prostatic carcinoma with extracapsular
invasion and lymphadenopathy. (A, D)
Axial and (B) coronal T2-weighted
endorectal coil MRIs. (C) Superimposed
MR spectroscopic grid. The left gland is
reduced in signal intensity consistent with
A tumor (T). MR spectroscopic analysis »
shows concordant results. Focal bulge and
contour irregularity of the left base is
indicative of extracapsular invasion (black

arrows and asterisk). Low signal intensity

is also present within the medial aspects of
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both seminal vesicles representing invasion
(open arrows). Lymphadenopathy is also
present (white arrows). White asterisk =
normal neurovascular bundle, C = cancer, P

= peripheral zone.
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Stage N1 prostatic carcinoma (A) TI-
weighted MRI and (B) T2-weighted MRI.
The seminal vesicles are enlarged
(arrowheads). On the T2-weighted MRI,
however, in addition to the enlargement of
the seminal vesicles, their low signal
intensity (black arrowheads), indicating
tumor invasion, can be appreciated.
Similarly, on MRI the diagnosis of invasion
of the bladder base (small black arrows) is
better  appreciated than on  the
corresponding CT. Pronounced adenopathy

on the left (curved arrow) can be seen.

46
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MRI and 3D [1] H MR Spectroscopy of
prostate carcinoma. (A) Axial T2-weighted
endorectal MRI, with (B) superimposed
MR spectroscopic grid and corresponding
spectral array to the superimposed grid.
The tumor (*) is seen as a low signal

intensity in the left peripheral gland. The
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corresponding MR spectroscopic  grid
shows concordant results with abnormal
metabolism in this area. Green box =
healthy tissue, Red box = cancer, Cho =

choline, Cr = creatine, Cit = citrate.
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Diagnostic algorithm for prostatic cancer.
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Available ablative modalities for focal
therapy of prostate cancer. A) In
cryoablation,  argon-based  cryoprobes
directed into the prostate freeze the tumor.
B) In high-intensity focused ultrasound
(HIFU), a transrectal probe emits
ultrasound waves capable of heating tissue
in a focused fashion, thereby destroying
cancer cells. C) In focal laser ablation, a
laser fiber placed in the prostate generates
heat, which ablates the tissue at the desired
location. D) In photodynamic therapy, a
photosensitizer is injected intravenously
and a light or energy source is applied only
to the region of the prostate known to have
cancer, thus destroying the vascularized
cancer tissue being perfused with the

photosensitizer.
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ultrasound wave progresses through tissue
causing alternating cycles of increase and
decreased pressure. Gas is drawn out
during rarefaction to create bubbles that can
collapse and release energy to raise local

temperature at the microscopic level.
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Ablatherm device.
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The Sonablate 500 transrectal HIFU device.
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The Sonablate 500 transrectal HIFU probe

and transducer.
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Screen capture demonstrating what the
operator sees during a Sonablate 500
treatment. The Jlower two images
demonstrate pretreatment axial and sagittal
images whereas the upper two images show
the treatment with continual updates in
images. This live comparison to the
prostate prior to energy delivery allows
adjustments to be made to energy on a

pulse by pulse basis.
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Diagrammatic  representation of  the
Sonablate 500 within the rectum and the
treatment blocks, anterior, posterior, and

middle as depicted.
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Diagrammatic representation each HIFU

68

The Role of High Intensity Focused Ultrasound in the treatment of prostate

cancer



List of figures

pulse delivered to the anterior block. Rows
of pulses adjacent to each other are used to

ablate larger areas of prostate.
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Treatment Zones treated with Sonablate

500.
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The image illustrates in the Sector and
Linear view how the Sonablate® 500 HIFU
beam is precisely focused and delivered
into the prostate gland. Also note the

multiple treatment zones required.
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Sonablate® views in the sector and linear
orientation. The box represents the planned
treatment area with the vertical lines being
the exact target. The shaded areas represent
the treated areas. In the sector view, the
treatment box can be accurately controlled
to aim HIFU just at the lateral edge of the
gland, and still avoid injuring the
neurovascular bundle. In the linear view,
the treatment box is controlled to end just at
the apex of the prostate gland, thereby
avoiding injury to the adjacent external

sphincter.
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Procedure Setup with Sonablate 500.
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Ablatherm procedure setup.
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