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Introduction

Cancer of the urinary bladder is predominantly a disease of older men. This
disease represents 6% of all malignancies in men, making it the fourth most
common tumor. In women, bladder carcinoma represents 2% of malignancies,
making it the seventh most common tumor (Kundra and Silverman 2003).

Cancer is a frequently occurring malignancy with a high rate of recurrence and
multifocal manifestations, and therefore it requires reliable diagnostic techniques
(Ldmmle 2002)

Recent advances in CT including software developments have led to the use of
three-dimensional (3D) imaging reconstruction techniques and allow CT
urography and virtual endoscopy to be used in daily practice (Kim and Cho 2003).

Virtual cystoscopy has emerged as a promising diagnostic tool for the
detection of bladder cancer, the sensitivity of virtual cystoscopy for detecting
bladder tumor was greater than 90% , Virtual cystoscopy is more accurate than
multiplanar reconstruction and source CT images for the detection of lesions in the
bladder (Kim et al., 2005).

CT virtual cystoscopy is a minimally invasive technique that can provide
comprehensive information about bladder tumours (Tsili et al., 2003).

Virtual multidetector CT cystoscopy is an accurate tool for detection and
evaluation of bladder lesions. With multidetector row CT, the detection of lesions
<5 mm is possible with high sensitivity (Mang et al., 2003).

Virtual Cystoscopy revealed to be a technique which completes morphologic
axial images in CT and MRI, which represents the primary methods in diagnosis
of bladder tumors (Panebianco et al., 2003).

Value of color mapping of bladder wall thickness for detection of tumor as a
component of virtual cystoscopy Compared with conventional cystoscopy, the
analysis of axial image yielded a sensitivity of 0.80, specificity 0.90, positive
predictive value 0.80 and negative predictive value 0.90 for the presence of tumor.

._-'.._.__'__.__.__.__._-._-..__._-._...__.__.__._..._—.__..__'__I_...__.__.__._...__.__._
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Examination of color mapped 3-D renderings resulted in 0.83, 0.36, 0.42 and 0.71,
respectively (Fielding et al., 2002).

Virtual cystoscopy is a developing technique for bladder cancer screening
Compared with an expert observer reading the CT achieves 89% sensitivity, 88%
specificity, 48% positive predictive value, and 98% negative predictive value
(Jaume et al., 2003).

Aim of the Work

Aim of this work is to highlight & evaluate the role of virtual cystoscopy CT
using three-dimensional imaging reconstruction techniques in diagnosis of urinary
bladder carcinoma.

2
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Anatomy of the urinary bladder

The urinary bladder is solely a reservoir and varies in size, shape, position
and relations according to its content and the state of the neighboring viscera
(Dyson, 1999). The position of the bladder varies with the condition of the
rectum, being pushed upward and forward when the rectum is distended (Fig.1)
(Williams et al., 1995).

Fig.1: Male pelvic organs seen from right side. Bladder and rectum distended:

relations of peritoneum to the bladder and rectum shown in blue.
(Quoted from Williams et al., 1995).

The Empty Bladder is a three-sided pyramid, with an apex pointing
forward to the top of the symphysis pubis and a triangular base (trigone) facing
backwards. It has two infero-lateral surfaces, a neck where the urethra opens
and a superior surface (dome). The apex has the remains of the urachus attached
to it, the latter forming the median umbilical ligament, which runs up in the

median umbilical fold of peritoneum (Sinnatamby, 1999).

The triangular superior surface is bounded by lateral borders twin the
apex to the ureteric entrances and by a posterior border joining them. In males

B OO __ 00 __0__0__0__B__0__0__0__0__O__ O __ O _0__O__O__0__O__9__®__0_
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the superior surface is completely covered by peritoneum, extending slightly on
to the base and continued posteriorly into the rectovesical pouch, laterally into
the paravesical fossa and anteriorly into the median umbilical fold. It is in

contact with the sigmoid colon and the terminal coils of the ileum (Dyson,
1999).

In females, the superior surface of the bladder is covered by peritoneum
and is in relation with the uterus, but it is separated from it by the utero-vesical

pouch which may contain coils of ileum (Fig. 2,3).

Fig. 2: Median section of male pelvis  Fig. 3: Median section in Sfemale pelvis
shows relations of the urinary bladder. shows relations of the urinary bladder.
(Quoted from Williams et al., 1 995)

The fundus or base is triangular and postero-inferior, separated from the
rectum by the vasa deferentia, seminal vesicles in males, and by the uterine
cervix and vagina in females. The trigone is a triangular area at the base of the
bladder lying between the two ureteral orifices (above and laterally) and the

internal urethral orifice (centrally and below).(7 anagho, 1992).

Each inferolateral surface slopes downwards and medially to meet its
fellow, lying against the pelvic surface of the levator ani muscles and obturator

internus, where the surfaces meet below the apex , there is a retroperitoneal

oo _e__e__e__» ——___e__e__0__e__ l_-..._.--..-_..._.__.__.__..__.._-.__l—..._..._-l_
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prostate; In the female, the neck is above the urethra in the connective tissue of

the anterior vaginal wall (Sinnatamby,1999).

Although the vesijcal fundus should be, by definition, the lowest region, the
neck is in fact the lowest and also the most fixed; it is 3-4 ¢m behind the lower
part of the symphysis pubis (Dyson, 1999).

areolar tissue termed the lateral trye ligament of the bladder. Anteriorly the
lateral and mediqy puboprostatic ligament in males, pubovesical ligament in
females. The apex of the bladder s Joined to the umbilicus by the median
umbilical ligament As the vesical venous plexus stream backward to join the
Internal iliac veins, they are enveloped on each side in a band of fibro-areolar
tissue termed the posterior ligaments of the bladder. The latera] true ligaments

have a supportive function. From the superior surface of the bladder, the

.__._-.-_I_-.__.-_.__.--.__.—_.-_l_-'_h.__.__.~_.—_._-‘__.--.__.-_.__.__l__.__l-_._
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. ligaments of the bladder and do not share in the supportive function. (Williams
l et al.,1995).

As the bladder fills it becomes ovoid. In front it displaces the parietal
peritoneum from the suprapubic region of the abdominal wall, so that the
infero-lateral surfaces become anterior and rest against the abdominal wall
without intervening peritoneum for a distance above the symphysis pubis,

varying with the degree of distension but commonly about Scm (Dyson, 1 999).

The full bladder's summit points up and forwards above the attachment of
the median umbilical ligament, so that the peritoneum forms a supravesical
recess of varying depth between the summit and the anterior abdominal wall;

this recess often contain coils of small intestine (Dyson, 1 999).

At birth (Fig 4.5) the bladder is relatively higher than in the adult, the
internal urethral orifice being level with the upper symphyseal border: the

bladder is abdominal rather than pelvic, extending about two-thirds of the

position shortly after puberty (Dyson, 1999).

Fig. 4: Sagittal section of the pelvis Fig. 5: Sagittal section of the pelvis of
of a newborn male infant. newborn female infant.

Note the abdominal position of the urinary bladder (Quoted from Dyson 1999).

.#-.--.-h.--.--.--.--.ﬁ-.--.-“.—‘._-.-—.-—.--‘——.-—.—-.—-.-m.-y.—n.--.-—'--.-—.
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Normal Bladder Urothelium:

The urothelium of the normal bladder is a transitional cell epithelium three
to seven cell layers thick. There is a basement cell layer upon which rests one or
more layers of intermediate cells. The most superficial layer is composed of the
large flat umbrella cells. The cells of the urothelium are oriented with the long
axis of the oval nuclei being perpendicular to the basement membrane, giving
the urothelium its normal appearance of cellular polarity. The urothelium rests
upon a lamina propria basement membrane. In the lamina propria, there is a
tunica muscularis mucosa containing scattered muscle fibers, which are

irregularly arranged (Fig.6) (Zuk et al., 1989).

—'e—-,;s*-—;-v—'"-‘“w’-;“:u,—,
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Fig. 6: Vertical section of the bladder wall (Quoted from Williams et al., 1995).

The interior of the bladder is completely covered by transitional epithelium
several layers deep. There is a loose underlying connective tissue that permits
considerable stretching of the mucosa; for that reason, the mucosal lining is

wrinkled when the bladder is empty but quite smooth and flat when the bladder

l_-._-!__.-_.__C_-Cu_.-_.-g._-I_-._-._-.--._-‘~-‘—_l_-.-_.
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is distended. This arrangement exists throughout except over the trigonal area,
where the mucous membrane is firmly adherent to the underlying trigonal
musculature; this is why the trigone is always smooth, whether the bladder is fil]

or empty (Fig.7) (Tanagho, 1992).

Fig. 7: The interior of the
urinary bladder. (Quoted from
Williams et al., 1995).

The superior trigonal boundary is a slightly curved interureteric crest,
connecting the two ureteric orifices and produced by the continuation into the
vesical wall of the ureteric, internal longitudinal muscle. At cystoscopy the
interureteric crest appears as a pale band and it is a guide to the ureteric orifices

in catheterization (Dyson, 1999).

Ureteric orifices. Placed at the postero-lateral trigonal angles (Fig 8),
they are usually slit like. In empty bladders they are about 2.5 cm apart and
about the same from the internal urethral orifice; in distension these

measurements may be doubled (Dyson, 1 999).

Internal urethral orifice. Sited at the trigonal apex, the lowest part of the
bladder, this is usually somewhat crescentic in section. In adult males,
particularly past middle age, immediately behind it is a slight elevation caused

by the median prostatic lobe the uvula of the bladder (Dyson, 1 999).

._~._~l_-.__._-._*._-._ul-g.—m.—-.-_l-_.-_.-_.h_.--._-0--'__C__.__I__l__.__l__.__._
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OO @ 8 GGG _e____e__e__®__8__®__6__@__®__8__6__®__0__o__o__8__o_
; : b a) Bladder, top (vertex).
b) Bladder body.
¢) Bladder, fundus.
d) Ureter.
e) Orifice of ureters.
f) Ureteric fold.
g) Trigone vesicae.
h) Bladder neck (with bladder
sphincter and ostium of urethra).
i) Prostate.

k) Prostatic urethra with colliculus

seminalis (and opening of
¢jaculatory duct and prostate duct
openings).

1) Membranous urethra (isthmus).
m) Bulbourethral glands (s.
glandula Cowperi).

n) Urethra, cavernous portion.

o) Corpus cavernosus urethrae.

p) Corpus cavernosus penis.

q) Glans penis.

r) Urethrae, fossa terminalis (s.

navicular fossa or fossa of

Morgagnii).

s) Uretheral cutaneous ostium.

P

Fig. 8: The urinary bladder

opened anteriorly, and male

PESE—————

urethra.

(Quoted from Bock et al., 2007).
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BLOOD SUPPLY OF THE URINARY BILADDER

In both sexes the arterial supply to the bladder is provided by branches of
the internal iliac arteries. The largest branches are usually the superior vesical

arteries (Weiss et al, 2001).

oWy -

Rectus abdominis muscle
Lumbar vertebra (L5)

Promontorium

Small intestine

- Urinary bladder (internal urethra

orifice)

Prostate (central zone)

Prostate (anterior fibromuscular

stroma)

9. Seminal colficulus

10. Pubis

11. Retropubic space with vesical and
prostatic venous plexus

12. Arcuate pubic ligament

13. Suspensory ligament of penis
Urethra

15. Corpus cavernosum
16. Corpus spongiosum
17. Epididymis

18. Testis

19. Posterior longitudinal ligament
20. Interspinal ligaments

21. Ligamenta flava

22, Sacrum (S1)

23. Vertebral canal

N bW

‘];1-3
=8

\
"
uy

b

24. Spinous procass

25. Erector spinae muscle
26. Sigmoid colon

27. Urinary bladder

28. Rectovesical pouch

29. Rectum

20. Presacral space

31. Seminal glagd

32. Ejaculatory duct

33. Prostate, peripheral zone
34. Cocoyx

35. Anococcygeal ligament
36. Levator ani muscle

37. Anus

38. Perineal body

39, tal diaphragm with bulbo-
m gland

40. BExternal anal sphincter muscle

41. iosus muscle

42. Juxta-intestinal mesenteric lymph
nodes

43. Prevertebral ymph nodes
44. Promontorial ymph nodes
45. Presacral lymph nodes

46. Postvesical lymph nodes
47. Prevesical lvmph nodes

Fig. 9: Male pelvis sagittal section (Quoted from Moeller 2001).
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Additional branches arise from the internal iliac arteries and all of these
are involved in the supply of blood to the inferior aspects of the bladder wall.
These vessels include the inferior vesical, the obturator, and the inferior gluteal
arteries (Weiss et al., 2001).

In the female the uterine and vaginal arteries also contribute to the vascular

supply of the bladder (Weiss et at, 2001).

Venous drainage:

Venous blood from the bladder passes into the extensive plexuses of veins

that lie within the pelvis in both sexes. The vesical venous plexus lies in the

fascia close to the neck of the bladder and communicates with the prostatic or
vaginal plexus of veins. Blood from these plexuses drains directly into the
internal iliac veins, although anastomoses with the ovarian, superior rectal, and
sacral veins provide alternative routes to the inferior vena cava (Weiss ef al,

2001).

Lyvmphatic drainage:

Lymphatics from most pelvic viscera pass first to regional nodes largely
related to the iliac arteries and their branches before reaching the lateral aortic
group. These include common, external. internal, obturator, inferior epigastic,
circumflex iliac and sacral groups (Williams et al., 1995).

1) Common iliac nodes:

They are grouped around the common iliac artery inferior to the aortic
bifurcation ( Williams et aL.1995).

2) External iliac lymph nodes:

These are encased in the fatty areolar tissue surrounding the external iliac

sl e

vessels from the bifurcation of the common iliac vessels, anterior to the

O __0____0__0__0__0__0__0__0__0__0__®__0__O__0__0__0__0__08__8__0__0__0_
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sacroiliac joint, to the inguinal vessels 2 cm above the acetabulum. (Amendola
et al., 1990).

3) Obturator lymph nodes:

This group carries special importance as it is the first site in the lymphatic
system to which urinary bladder carcinoma spreads. (Smith,1988).

4) Internal iliac lymph nodes:

Lie along the course of the internal iliac artery and its branches. They lie
below the bifurcation of the common iliac artery situated posteriorly within the
true pelvis. The most cephalic nodes of this group is called the hypogastric
lymph nodes, just below the sacroiliac joint and dorsal to the external iliac
vessels (Amendola et al., 1990).

3) Inferior epigastric & circumflex iliac nodes:

They are associated with their vessels and drain the corresponding areas
being outline members of the external iliac groups (Williams et al.,1995)
Lymphatic drainage can go directly from the anterior bladder wall to the
external iliac nodes, from the lateral bladder wall to the obturator nodes and
from the posterior bladder wall to the internal iliac nodes. (Friedman et al.,

1990)

CT Anatomy of the Urinary Bladder

Urinary bladder (Figs 8&9) is a hollow muscle which functions to hold
urine. In adults it is located posterior and superior to the pubic bones. In infants
the bladder is located in the abdomen. It starts entering the pelvis at about 6
years of age. Until then it is located in the abdomen. An adult bladder is located
in the pelvis but it extends into the abdomen when it is full of urine. The bladder
is a very distensible organ that has folds called rugae, except in the trigone
where it is smooth. The trigone is the triangular shaped area in the base of the
bladder (Wayne State University, 2007).

B0 0 __ 0 __ 0 __0__0____0__8____®__0__0__®__"_
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On unenhanced computed tomography, the urine within the bladder is of
water density. The bladder wall on CT appears as a rim of soft tissue, the inner
margins of which are best seen if the bladder is distended with urine, air, oil or
carbon dioxide. The outer margin of the bladder wall is smooth and generally

well delineated by perivesical fat (Hricak and White, 1999).

F ollowing the intravenous injection of contrast medium, urine within the
bladder will be opacified and, since contrast-laden urine is heavier than non-
opacified urine, urine-contrast demarcation is often seen On transverse images.
While contrast enhancement is helptul for the evaluation of intralumina] filling
defects, demonstration of the bladder wall is indistinct (Hricak angd White,
1999).

Intravenous administration of contrast material facilitates opacification of
the major vascular structures in addition to the ureters and urinary bladder. Ora]
contrast, rectal contrast, and 3 vaginal tampon aid in defining the anatomy
within the pelvis (Scoutt et al., 7992).

The seminal vesicles appear as tubular structures related to the Superior
aspect of the prostate, posterior to the lower bladder and anterior to the rectum,
There is a fat plane between the seminal vesicle and the bladder (Kabala et al.,
2003a). Tumor invasion of the seminal vesijcles should be suspected if a soft
tissue mass obliterates the seminal vesicle-fat angle . This sign should be
interpreted with caution because the normal seminal vesicle angle may be lost if

the rectum is over-distended or if the patient is scanned in the prone position,

._-I-_.__ia_._—ih_'_-.u_'-_._-.-_._—.-_l__ih_i__.-_l__._-.-_l__.__.-_._-.-_.__l_-.-
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Lower sacral level-in male:

The bladder has a rather square shape when it contains urine. It extends
anteriorly to the anterior abdominal wall. Posteriorly are the seminal vesicles.
The rectum is just behind the seminal vesicles, separated from them by the
perirectal fascia and is surrounded by perirectal fat. Outside the perirectal fascia

is the pararectal fat. This is continuous with the fat lining the pelvis above the

levator ani muscle (Ryan and McNicholas, 1998).

]

Fig. 10 (a, b) : CT anatomy of the male pelvis (Quoted from Kim et al., 2005).

Lower sacral level-in female:

The uterus is seen closely applied to the posterior surface of the bladder.
The position of the ovaries is variable and they may be found lateral to the
uterus or behind it. The ureters are close to the posterolateral aspect of the
bladder at this level. They hook medially in the broad ligament of the uterus
(which can not be identified as a Separate structure), passing under the uterine
artery and above the lateral vaginal fornix before entering the bladder.
Immediately behind is the anorectal junction in the posterior (anal) triangle, the
ischiorectal fossa is seen on either side of and behind the anal canal. The
puborectalis fibers of levator ani surround the external anal sphincter (Ryan and
McNicholas, 1998)
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The bladder neck surrounds the internal urethral orifice. in females the
bladder neck has a direct inferior relationship to the urogenital and pelvic
diaphragm. In males, it is separated from the pubis by a moderate amount of
connective tissue and fat called the retropubic space of Ritzius. Since the
superior aspect of the prostate base slopes obliquely downwards, the lower
bladder can project anterior to the prostate base on transverse image. (Friedman

et al,1990).

The distended bladder creates supravesical and perivesical peritoneal
pouches between the parietal peritoneum inside the anterior abdominal wall and

visceral peritoneum over the bladder dome. These are divided as follows:

Intraperitoneal paravesical spaces:

As the urinary bladder protrudes posteriorly into the anterior peritoneal
space of the pelvis, recesses are formed between its peritoneal covering and the
more lateral portions of the peritoneum along the anterior abdominal wall.

(Friedman et al., 1990).

These recesses include:

A) Anterior intraperitoneal paravesical space:

The peritoneum in this space is raised into five ridges converging
upwards. A median umbilical fold extends from the apex of the bladder to the
umbilicus containing the urachus. On each side of it, the obliterated umbilical
artery raises a medial umbilical fold ascending from the pelvis to the umbilicus.
Further laterally, each inferior epigastric artery raises a lateral umbilical fold

below its entry into the rectus sheath (Williams et al., 1995).
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These folds further subdivide the anterjor intraperitoneal paravesical space into:

1-Supravesical Space:

This space extends along the bladder and then above it, between the medial
umbilical folds. It is usually occupied by bowel loops and by the fundus of the
distended urinary bladder.

2-Medial inguinal fossae:

These lie between the media] and lateral umbilical folds, They are usually

occupied at least partially by caecum and ileum on the right and sigmoid colon
on the left.

3-Lateral inguinal fossae:

These lie between the latera] umbilical folds and the lateral parietal
peritoneum as it is reflected over the vas deferens or round ligaments, They are

occupied at least posteriorly by caecum or sigmoid colon respectively (Kazam,
1986).

B) Posterior intraperitoneal paravesical spaces:

These are formed by reflection of the peritoneum from the surfaces of the
pelvic viscera with differences in both sexes (Williams et al., | 995).

In males, peritoneum is reflected from the sides and front of the rectum
continuing over the upper poles of the seminal vesicles to the bladder leading to
formation of:
sPararectal fossae: on either side of the rectum,

*Rectovesical pouch: located anterior to the rectum limited laterally by

peritoneal folds from the sides of the bladder reaching posteriorly to the anterjor

aspect of the sacrum, the sacrogenital folds (Fig. 9) (Williams et al, 1995).

l_~‘__.__0__.-_.u_._-l__.~-._-l_-.-_.__._“.g_l__._-l-_.__l__'__._mi__'__.__.-_l__.-
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In females, pararectal fossae also appear, but the rectovesical pouch is,

of course, divided by the uterus and vagina into:

*Vesico-uterine Space:

This space is considerably smaller than the more posterior Cul-de-sac and
is continuous anterosuperiorly with the supravesical space. Peritoneally
disseminated metastasis to this Space can extend interiorly to the level of the
upper vagina; displacing the bladder anteriorly and mimicking wall mass
(Fig.11) (Kazam, 1986)

*Recto-uterine pouch or Cul-de-sac:

It is located posterior to the uterus and broad ligaments bounded laterally
by recto-uterine folds corresponding to the sacrogenital folds in males and
passing back to the sacrum from the sides of the cervix lateral to the rectum
(William et al, 1995).

Extraperitoneal paravesieal spaces:

Anterior to the peritoneum and posterior to the transversalis fascia, the
umbilicovesical fascia spreads inferiorly from the umbilicus to surround the

urachus, obliterated umbilical arteries and urinary bladder. (Kazam, 1986).

The umbilicovesical fascia divides the anterior extraperitoneal fat into

perivesical and prevesical spaces. (Spring et al., 1983).

The prevesical space lies anterior and lateral to the umbilicovesical fascia
(Kazam, 1986).

._-.w-.-_._-._-._-.--._-._-._-._-.*-.—_I-_.-_l__._hl__.__._-l__I_-.__.__l--.-_i__._
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14. Labium minus and majus

15. Palmate folds (of cervix of uterus

16. Rectum

17. Cervical canal

18. Rectouterine pouch (of Douglas)

19. Portio

20. Anococcygeal ligament and leva-
tor ani muscle

21. Fatty layer between vagina and
rectum

22. Anal canal and anus
23. Perineal bodr
24. Bxternal anal sphincter musde

Fig. 11: Female pelvis sagittal section. (Moeller 2001).

The clinical significance of the smaller perivesical spaces lies in the fact
that perivesical collections, which tend to be confined around the urinary
bladder by the umbilicovesical fascia may be confused with bladder thickening
or perivesical tumor extension. Hence, care must be taken during interpretation
of CT following biopsy of the bladder due to possibility of mistaking perivesical
fluid extravasation for perivesical tumor extension (Spring et al, 1983).
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®athology Of Urinary Bladder Carcinoma

Bladder cancer is the commonest malignancy of the urinary tract and represents
roughly 4% of all malignancies; 95% originate from the urothelium and 4% are of non-
epithelial origin (leiomyosarcoma, rhabdomyosarcoma below the age of 6, and
lymphoma): The remaining 1% includes rarities such as carcinoid and metastases.
Direct involvement of the bladder by cancer in adjacent pelvic organs (especially

rectum, cervix and prostate) is not uncommon (Kabala et al., 2003b).

Epidemiology Of Urinary Bladder Carcinoma

Natural history:

Approximately 70% of bladder cancers are low-grade, superficial tumours.
The majority of patients develop tumour recurrence following endoscopic
resection. Usually, tumours that are well- differentiated and superficial at the time
of initial diagnosis remain so throughout the life of the patient. Of these, about
25% recur with higher-grade. Most recurrences are probably new tumours arising
from other areas of dysplastic urothelium, but a significant proportion may be true
recurrences resulting from inadequate treatment or from tumour cell implantation.

(Malmstrom et al., 1987).

About 10 to 15% of patients with superficial tumours subsequently develop
invasive or metastatic cancer (Lutzeyer et al., 1982). Most patients (80 to 90%)
with invasive bladder cancer already have invasive disease at the time of initial
diagnosis. About 50% of patients with muscle-invading bladder cancer already
have occult distant metastases. Only 10 to 35% of patients with limited regional

lymph node metastases survive 5 years or more without evidence of metastases
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following radical Cystectomy and pelvic lymphadenectomy (Skinner et al.,1982).

Incidence

The bladder is the most common site of cancer in the urinary tract. Cancer
bladder is 2.7 times more common among men than women. In men it is the fourth
most common cancer after prostate, lung and colorectal cancer, accounting for
10% of all cancer cases. In women, it is the eighth most common cause of cancers,
accounting for 4% of all cancers, the incidence of bladder cancer among whites is
higher than among blacks (Silverberg et al., 1990). In Egypt, Bilharzial induced
carcinoma of the urinary bladder is the most common cancer (El Bolkainy et al.,

1981).

Age:

Although bladder cancer can occur at any age-even in children-it is generally
a disease of the elderly with median age of diagnosis being approximately 67 to 70
years old. Younger patients appear to have a more favorable prognosis because
they present more frequently with superficial low grade tumours, however, the risk
for disease progression is the same grade for grade in young patients as in older

patients (Silverberg et al., 1 990).

Mortality:

The mortality rate of a cancer is the number of deaths occurring per 100,000

persons per year. In 1990,there was 10,200 bladder cancer deaths in the USA,

.--.--.--.—-.u—.—-.——.-—.--.--.--.-H.--.—ﬂ.--.--.--.ﬁ-.n-.--.—-.--.--.——.——‘w-._-.-

20

www.manaraa.com

|
|
)
|
E

e




e L

LI @athology of Urinary Bladder Carcinoma 25

including 6900 men and 3300 women. This makes bladder cancer the fourth most
common cause of cancer deaths in men in the USA (after prostate, lung, and
colorectal cancer),accounting for 5% of all cancer deaths in men. In women it

accounts for about 3% of all cancer deaths (Silverberg et al., 1990).

Aetiology Of Urinary Bladder Carcinoma:

A number of factors have been implicated in the causation of bladder cancer.
Some of the more important contributors include the followings (Cotran et al.,

1999).
Cigarette Smoking

Smoking is not only the most important risk factor for transitional cell
carcinoma of the urinary bladder, but is also associated with higher grades of the
tumor. There is significant association between the smoking history and stage,
grade, and the number of recurrences of transitional cell carcinoma of the bladder.
Cigarette smoking correlates with higher rates of progression, invasion, and

lethality in patients. (Mohseni et al., 2003).

Smoking increases the risk of urothelial atypia. Discontinuing smoking
decreases the risk, although a higher risk than non-smokers remains for up to 10

years of smoking cessation (De Vita et at, 2001).

Many epidemiologists implicate cigarette smoking as the primary
environmental risk factor for bladder cancer in the United States. Tobacco smoke
contains various aromatic hydrocarbons including B-naphthylamine as well as

other possible carcinogens such as nitrosaxnines (Murphy, 1997).

GO PO __0__ 0 __0__ 0 _0__0__0__0__0__0__0__0__0__0__0__0o__o__0o__o__o__o__»o_
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The specific chemical carcinogen responsible for cancer in cigarette smoke
has not been identified. However, increased urinary tryptophan metabolites have

been demonstrated in cigarette smokers (Hoffman et al., 1 989).

Occupational Exposure:

Aniline dyes, introduced in the mid-1800s to colour fabrics, are urothelial
carcinogens. Other chemicals that have been shown to be carcinogens as
combustion gases and soot from coal; and possibly, chlorinated aliphatic

hydrocarbons (Silverberg et al., 1990).

It is estimated that occupational exposure accounts for 1/4 tol/3 of bladder
cancer cases in the United States. The latent period may be as long as 40 to’ 50
years, but more intensive eXposure to the carcinogen may shorten the latent period.
Most bladder carcinogens are aromatic amines. Occupations reported to be
associated with an increased risk of bladder cancer include those of, painters, truck
drivers, drill press operators, leather workers, dry cleaners and paper manufactures

(Silverman et al., 1989),

Chronic Cystitis:

Chronic cystitis, indwelling catheters, congenital anomalies or calculi are
associated with an increased risk for squamous cell carcinoma of the bladder,
Between 2 and 10% of paraplegics with long-term indwelling catheters develop
bladder cancer. Approximately 30% of these are squamous cell carcinomas
(Locke, et al., 1985). These rates can be further augmented by associated urinary
tract infection and dietary factors (Murphy, 1997).
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Similarly, Schistosoma Haematobium cystitis is causally related to the
development of squamous cell cancer. In Egypt, where Schistosomiasis is
endemic; squamous cell carcinoma of the bladder (Bilharzial bladder cancer) is the
most common cancer. Cystitis -induced bladder cancer from all causes is usually

associated with severe, long term infections (Tricker and Spiegelhalder,1 989).

N-nitroso compounds produced by chronic inflammation appear to be of
particular importance as a suggested causative agent since they were found at high

levels in the urine of these patients (Mostafa et al., 1 999).

The worm itself probably has no important carcinogenic properties, but the
combination of long term urothelial irritation by calcified eggs, chronic infection
and perhaps dietary factors peculiar to these endemic areas creates conditions

leading to carcinogenesis (Murphy, 1997).

Coffee and Tea Drinking:

Coffee and tea drinking has been implicated in some -but not all- studies in
the aetiology of bladder cancer. This association is complicated because of the
widespread consumption of coffee & tea, and The fact that coffee and tea drinking,
artificial sweeteners and cigarette smoking are often associated (Silverman et al.,

1989).

Artificial Sweeteners:

Large doses of artificial sweeteners, including saccharin and cyclamate, have
been shown to be bladder carcinogens in experimental studies in rodents (Sontag,

1980). In contrast, case-control epidemiological studies in humans show little

.-_.-_._-._-._-I_-._-._-.__.--.-_.-_'-_.--._-I__.__.__.__I__.__.__I_--_-._-.-_.-_._
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evidence of increased risk of bladder cancer in consumers of artificial sweeteners

(Risch et al., 1997).

Analgesic Abuse:

Consumption of large qQuantities (5 to 15 kg over a 10 year period) of the
analgesic “phenacetin”, which has a chemical structure similar to that of the aniline
dyes, is associated with an increased risk for transitional cel] carcinoma of the

renal pelvis and urinary bladder (Piper et al., 1985).

Pelvic Irradiation:

Women treated with radiation therapy for carcinoma of the uterine cervix
have a two to four fold increased risk of developing transitional cell carcinoma of

the bladder (Sella et al., 1989).

Cyclophosphamide:

Patients treated with cyclophosphamide (which is used in the treatment of
rheumatoid arthritis or as a chemotherapeutic agent) have increased risk of
developing bladder cancer (usually high grade). Most of these tumours are muscle-
infiltrating at the time of diagnosis (Durkee and Benson, 1980). Most likely the
pathogenic mechanism is related to the formation of cyclophosphamide

metabolites that are capable of DNA alterations (Damjanov& Linder, 1996),

Dietary components:

._-.--._-l-—l_-._-‘__._-._-._-0__.-_.__l__.--.-_.-_.__.-_.--.-_.--._-l_-l_-.——.-—l-
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Dietary components consumed in high quantities such as fried meat and fat
are associated with bladder cancer while vitamin A supplements appear to be

protective (De Vita et al., 2001).
Hereditary:

Little evidence exists for a hereditary cause of most cases of bladder cancer.
An explanation for familial clusters may be due to similar exposure to the same
environmental factors (Arce et al, 1983). Most bladder tumors occur more

frequently in whites than in blacks (Olsen et al., 1995).

Although no chromosomal abnormalities specific for bladder neoplasm have
been found, aberrations in chromosomes 1,3,5,9,1 1,17&Y are most common. Two
different patterns have been suggested, an autosomal dominant and multifactorial
polygenic patterns. Alterations in both the number of chromosomes and their
structure. These abnormalities are ordinarily found in transitional cell carcinoma of

high grade and stage (Kroft & Oyasu, 1994).

Pre-neoplastic Proliferative Abnormalities:

(D) Epithelial Hyperplasia:

The term epithelial hyperplasia is used to describe an increase in the number
of cell layers without nuclear or architectural abnormalities. A variety of changes
can occur in the urothelium in response to inflammation, irritation or carcinogens.
These changes may be proliferative, metaplastic or both. (Damjanov &

Linder,1996).

Von Brunn’s nests are roliferative solid inva inations of urothelial cells
p g

into the lamina propria retaining a continuity with the surface urothelium. The cells
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are devoid of dysplastic features. They are now considered to be a normal
component of the urinary tact. They are found in all urinary bladders especially at

the trigone and their frequency increases with age (Damjanov & Linder,1 996).

Cystitis Cystica probably develop from Brunn’s nests that acquire a lumen.
They also represent a normal variant of urothelium because there is no evidence
liking them pathogenically to infection. They are predominantly seen in the

trigonal area (Damjanov & Linder,1996).

Inverted Papilloma is a benign proliferative lesion caused by chronic
inflammation or bladder outlet obstruction. Most commonly, it occurs in the
trigone and bladder neck areas in men with prostatism. Inverted papilloma may
contain areas of cystitis cystica or squamous metaplasia. Two different types of
inverted papilloma occur: trabecular and glandular. Rare cases of malignant

transformation of inverted papillomas have been reported (Kunz et al., 1983).

(IT) Dysplasia:

The term dysplasia denotes epithelial changes that are intermediate between
normal urothelium and carcinoma in situ. There are three categories of dysplasia:
mild, moderate and severe. It is difficult to make a sharp distinction between

severe dysplasia and carcinoma in situ (Friedell et al., 1986,).
(IIT)Urothelial Metaplasia:
A. Cystitis glandularis:

Is similar to cystitis cystica except that the transitional cells have undergone
glandular metaplasia. Cystitis glandularis may be a precursor of adenocarcinoma.

It has been reported to occur frequently in patients with pelvic lipomatosis.

._-.-_._-.__.__.n_._-.__l__l__.-_.-_.--.—-._-._-.__._-.--.-—.__._-._-O__.__.__.__._
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Cystoscopically, cystitis glandularis may appear as a papillary lesion (Gordon et
al., 1990).

B. Squamous Metaplasia:

It describes the appearance of keratinizing or non-Keratinizing squamous

epithelium replacing portions of normal urothelium (Damjanoy and Linder, | 996).

1. Non kemtz’nig'ng Squamous metaplasia:

It has been found in the trigone and bladder neck in up to 86% of women of

reproductive age and in 72% of postmenopausal women (Damjanov and
Linder,1996). 1t is six times more frequent in women than in men and is apparently

a benign lesion carrying little risk of future neoplasia (Murphy,1997).

2 Kemtiniging Squamous metaplasia [Leukoglakiag:

Leukoplakia is defined as cornification of a normally non-cornified
membrane. Leukoplakia is believed to be a response of the normal urothelium to
noxious stimulants. It is generally considered a pre-malignant lesion or a lesion
that heralds the presence of malignant disease elsewhere in the bladder. Vesical
leukoplakia may progress to Squamous cell carcinoma in up to 20% of patients.

Usually, they are confused with leiomyosarcoma (Huang et al., 1990).

C. Nephrogenic Adenoma ;

Nephrogenic adenoma is a rare lesion that histologically resembles primitive renal
collecting tubules. It is a metaplastic response of the urinary bladder urothelium to
trauma, infection or radiation therapy. Nephrogenic adenoma is more common in

men and is often associated with symptoms of dysuria and urinary frequency.

l__.__l__.__.__.-—._~l_-.-_.n_.--._-._-I-_.-_.-_._-.__.__l__.__i__O__l__.__.__O_HO_
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Nephrogenic adenoma also has beern reported in children (Kay and Lattanzi, 1985)

I (IV) Urinary Bladder Neoplasms 2
I A -Epithelial B —Non- Epithelial
l - Carcinoma in situ - Neurofibroma
I - Transitional cell carcinoma - Pheochromocytoma
l - Squamous cell carcinoma - Primary lymphoma
. - Adenocarcinoma - Plasmacytoma
' - Small cell carcinoma - Sarcoma
- Carcinosarcoma - Myoblastoma
- Metastatic
A — Epithelial neoplasms :
I 1-Carcinoma in situ :
l Carcinoma in situ appears as a velvet patch of erythematous mucosa on
cystoscopic examination. Histologically, it consists of poorly differentiated
I transitional cell carcinoma confined to the urothelium. Carcinoma in situ may be
I asymptomatic or may produce severe symptoms of urinary frequency, urgency and
dysuria (Connor and Olsson,1989)
I Carcinoma in situ occurs more commonly in men. Its symptoms may be
l ._-..._...._l_......-...-._....__..__..._..._..._..._.-_......_-._..._..._...__.__._...__.__..._.__..._...
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mistaken for prostatism, urinary tract infection or neurogenic bladder. It portends a
poor prognosis. Patients with carcinoma in situ have higher tumour recurrence
rates (Flamm and Bucher, 1 990).

(Fig. 12) Severe epithelial atypia in the Squamous epithelium and loss of polarity
with an intact basement membrane (E1) and histologic findings of noninvasive
carcinoma (E2) (Quoted from Riede and Werner 2004).

Carcinoma in situ is a serious disease that demands clinical attention, as its
course is unpredictable. When it appears as the initial neoplasm, the frequency of
invasion is low. In contrast, an adverse outcome is likely when carcinoma in situ
occurs in association with papillary or invasive carcinomas (Prout et al, 1983).
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Fig.14
Fig.13. Carcinoma in situ. The cells have hyperchromatic nuclei that vary in size, shape,
and orientation. The basement membrane is still intact
Fig.14 . Carcinoma in situ of bladder urothelium with the dense inflammatory infiltrate in
the lamina propria. (Quoted Jrom Veli¢kovié et al., 1 998)

2-Transitional cell carcinoma:

Transitional cell carcinomas can be separated into those of low and high

and are usually solitary. High-grade Transitional cell carcinoma is a highly
anaplastic tumour that arises at the bladder base and is usually nodular with or
without papillary components (Murphy, 1997). More than 90% of bladder cancers
are transitional cell carcinomas. Transitional cell carcinomas manifest a variety of
patterns of tumour growth including papillary, sessile infiltrating, nodular, mixed
and flat intraepithelial growth. Moreover, cancer invasion into the smooth muscle
cells of the tunica muscularis mucosa sometimes can be mistaken for invasion into

the bladder detruser muscle (Keep et al., 1989).

.-_.-_.-_l_-.--._-.--._-.--.--.-_.—-.—-.-ul—-l--.--I—_.—-.--.--'--.—-.-ui-_.-_.—-l-
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Fig. (15) Invasive transitional cell carcinoma in urinary bladder.
(Quoted from Sharma 2003).

Transitional cell epithelium has a great metaplastic potential; therefore,

transitional cell carcinomas may contain spindle cell, squamous cell or
adenocarcinomatous elements. These elements are present in about one third of
bladder cancer. Transitional cell carcinomas are most commonly in the trigone of
bladder base area and on the lateral bladder walls; however, they may arise

anywhere within the bladder (Young, 1987).

il o £

) (B) O
(Fig.16): 64 year old female presenting with hematuria,
(A) Semi-polyploid, yellow-white mass with focal areas of hemorrhage.
(B) Low power and (C) High power transitional cell carcinoma.
(Quoted from Bioscience 2007).

l—_._—._-.__.-_.--I--._-.-_'--.--._-.__.-_.q-.-_.__.-_.--.__.__O-_._-._-l_-.__.-_.—
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3- Squamous cell carcinoma:

Squamous cell carcinoma is the most common non-transitional cell bladder
tumor, accounting for 3-7% of all bladder tumors in the United States.
Approximately 80% of Squamous cell carcinomas in Egypt are associated with
chronic infection caused by Schistosomiasis (Messing and Catalona 1998). These
cancers are called Bilharzial bladder cancers. Bilharzial squamous cell cancers are
nodular, fungating lesions that usually are well differentiated and have a relatively
low incidence of lymph node and distant metastases. Although some investigators
have speculated that the low incidence of distant metastases may be due to
capillary and lymphatic fibrosis resulting from chronic schistosomal infection, it is
most probably related to the fact that, most of these tumours are low-grade (El-

Bolkainy et al., 1981).

Non-bilharzial squamous cell carcinomas occur in association with chronic
irritation from urinary calculi, long-term indwelling catheters, or chronically
infected bladder diverticula. (Messing and Catalona 1998). Most of them are
invasive, fungating tumours or infiltrative and ulcerative, they often cover large
areas of the bladder and are deeply invasive by the time of discovery (Cotran et

al., 1999).

Squamous cell carcinomas characteristically have keratinised cell that
contain concentric aggregates of cells called squamous pearls. Squamous cell
cancers shed keratinised cells into the urine that sometimes can be detected
cytologically. However, cytology has been of limited usefulness in patients with

this tumours (kantor et al., 1988)
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(A) (B) ©
(Fig. 17): 71 year old female presenting with hematuria Fungating,
(A) tan-white, indurated mass.
(B) Low power and (C) High power squamous cell carcinoma.
(Quoted from Bioscience 2007).

Metastases have been identified in at least 10% of patients at the time of
diagnosis. Interestingly, metastases from squamous cell carcinomas of the urinary
bladder often occur at sites other than the regional lymph nodes. Common
metastatic sites include bone, lung, and bowel (Murphy 1997).

(Fig. 18). Srage 72b
; squamous  cell  carcinoma.
- Photomicrograph of cystectomy
specimen shows squamous cell
carcinoma with formation of
., keratin pearls (arrows). (Quoted
'L;: - Jrom Tekes et al, 2003).
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4-Aden0carcinoma:

Adenocarcinoma of the urinary bladder is uncommon, accounting for (.5-2%
of all bladder malignancies (Chan and Epstein 2001). Adenocarcinomas are

classified into three groups: Primary, urachal and metastatic (Messing and

Catalona | 998).

Adenocarcinoma also occurs in intestinal urinary conduits, pouches, and

with uretero-sigmoidostomy (Kalble et al., 1990).
(i) Primary vesical adenocarcinoma:

Adenocarcinoma arises In two common sites: the base of the bladder,
including the trigone, and the dome of the bladder. (Messing and Catalona | 998).
However, adenocarcinomas ¢an occur anywhere in the bladder, Adenocarcinoma is
the most common type of cancer in exotrophic bladder. These tumours develop in
response to chronic inflammation and irritation. Adenocarcinoma also has been
reported with Schistosomiasis. However, it is less common than squamous cell

carcinoma with schistosomiasis (Bennett et al., 1 984).

Other established risk factors have not been documented except, possibly
coffee drinking. Adenocarcinoma may be papillary or solid. Signet-ring
adenocarcinomas characteristically produce linitis plastica of the bladder (Fig.19)
(Blute et al., 1989), Signet ring cell cancers are usually diffusely infiltrating and
are of advanced stage at the time of diagnosis. Deep muscle invasion is the

rule(Murphy 1997)..

The generally poor prognosis associated with adenocarcinoma is due
primarily to the fact that they are diagnosed at an advanced stage (Blute et al.,
1989).
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(Fig. 19) Stage T4a adenocarcinoma of
urinary bladder. Pho:omicrogmph of
adenocarcinomg obtained from
cystectomy Specimen at high
magnification shows cancer cells with
: QQ signet ring cell Jeatures (arrows).

a9 (Quoted from Tekes et al., 2003)

(ii)- Urachal carcinoma:

Urachal carcinoma is extremely rare tumours that arise outside the bladder
and histologically may be adenocarcinomas, transitional cel] carcinomas,

Squamous cell carcinomas, or rarely sarcomas. For a tumour to be classified as

adenocarcinomas (Brick et al., 1 988).
(iii)- Metastatic adenocarcinoma:

One of the most common forms of adenocarcinoma of the bladder. The
primary sites of these tumours include the rectum, stomach, breast, prostate and
ovary. Nevertheless, metastases to the bladder from adenocarcinoma is sti] a

relatively rare phenomenon occurring in only 0.26% of cases (Choi et al,, | 984).

.—-l--.--._-.-_._-l-_.-_._-.--._-.--.__.--._-._-.-_l__.__l--l-_._-ﬂu_l__.
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S-Non-urothelial neoplasm;

I- Smali-cell carcinoma:

al., 1990).

(Fig. 20) Stage T3p adenocarcinoma of bladder with lransitional and smaijl cely
components. Phoromicragmph of cystectomy Specimen shows infiltrating high-grade
urothelial carcinoma consisting of adenocarcinoma and small cell carcinoma.

cytoplasm, and nuclear molding (curved arrows).

(Quoted from Tekes et al., 2003)

Small cell carcinoma of the urinary bladder accounts for only 0.48-1% of al|
bladder malignancies. Most patients with this bladder tumor have shown at least
muscular invasion at the time of diagnosis and their clinical course has been highly
aggressive, with early and widespread metastasis and a poor overall survival rate.

Transurethral resection, commonly applied in early-stage transitional cell

.--.-—._-.__._-I__._-.-_l_-._—.__._-.--.-_._-.-_._-.-_.__._-l__.--.-_.-_.
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carcinoma of the bladder, is known to be ineffective in the treatment of patients

with small cell carcinoma of the bladder (Kim et al., 2003).

Cystoscopically, small cell carcinomas tend to be polypoid or nodular and
often appear as ulcerated masses that cannot be distinguished from other high-
grade bladder cancers. Small cell carcinomas can arise from various locations and
are not predominantly localized to the base of the bladder. Metastatic spread occurs

rapidly, and the most frequent sites are the regional lymph nodes, bones, and

peritoneal cavity (Murphy 1997).

(Fig. 21) Stage T4a small cell carcinoma of
® urinary  bladder. Photomicrograph  of
. cystectomy specimen shows small cell
¢ carcinoma with sheet of hyperchromatic cells,

abundant mitoses, and apoptosis.

(Quoted from Tekes et al., 2003)

II-Carcinosarcoma:

Carcinosarcoma of the urinary bladder is a rare neoplasm; They are most
frequently observed in the female genital tract. Neither the etiology nor the
pathogenesis of carcinosarcomas is currently known. Bladder carcinosarcomas
predominate in men, with a ratio of 3:1. Most patients complain of hematuria, but
clinical symptoms are nonspecific. The tumors are most common at the base of the

bladder and are polypoid masses. Carcinosarcomas are usually deeply infiltrative at

.__.--l__l--._-.__.—q.__.--.__._-.--I_--_-.--.—_.__.-_.__l__l-_.—-.-_.-_.--l__.q_l_
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the time of clinical detection. Most deaths result from complications of local
growth rather than distant metastasis. Histologically, the most common epithelial
component is transitional cell carcinoma, although glandular, squamous, and even
small cell carcinomas have been reported. The sarcomatous component is most

commonly poorly differentiated and spindled, but cartilaginous, osseous, and

muscle differentiation are also seen (Fig. 22) (Murphy1997).

Fig.22.a Fig.22.b

(Fig. a.) Stage T3b carcinosarcoma of urinary bladder. Photomicrograph of cystectomy
specimen shows that this mass lesion includes rhabdosarcoma, transitional cell
carcinoma, and adenocarcinoma components. High magnification of rhabdomyosarcoma
component (curved arrow) of tumor shows cells, spindled to round, with abundant

eosinophilic cytoplasm. Strap cell with striations (straight arrows) can be seen in center
of field.

(Fig. b) Axial arterial phase contrast-enhanced fast spoiled gradient-echo MR image
shows large polypoid fungating mass arising from left lateral wall and protruding into
lumen with heterogeneous enhancement.

(Quoted from Tekes et al., 2003)

.__.__0-_.__.-—.-_.__C--'--.__C--.__.--.__.--l__.-_.-_l__.--.__.-—.__.__.__l__.—_l_
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ITI-Metastatic carcinoma:

Cancers from virtually any other primary site may secondarily involve the
bladder. The most common primary sites are prostate, ovary, uterus, colon, lung,

breast and stomach as well as primary melanoma, lymphoma and leukemia (Sen et
al., 1985).

B-Non-Epithelial bladder neoplasms

The three categories of non-epithelial bladder tumours are as follows:

(i) Primitive connective tissue tumours, including leiomyosarcema,
rhabdomyosarcoma, chondrosarcoma, osteosarcoma, liposarcoma and granular cell

myoblastoma

(i) tumours of non-connective tissue origin including angiosarcoma,

neurosarcoma, neurofibroma, pheochromocytoma and melanoma

(iif) Secondary non-epithelial tumours including lymphoma, leukaemia,

plasmacytoma and melanoma (Rosi et al., 1983).

1-Neurofibroma:

A neurofibroma is a benign tumour of the nerve sheath resulting from
overgrowth of the Schwann cells. In the bladder, neurofibromas arise from the
ganglia of the bladder wall and may occur as either solitary lesions or plexiform
lesions. Vesical neurofibromatosis often becomes clinically manifest in childhood
with symptoms of urinary tract obstruction, urinary incontinence, vesical

irritability or pelvic mass. Rarely, bladder neurofibromas may undergo malignant
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degeneration to form neurofibrosarcomas (Clark et al., 1 989).

Z-Pheochromocytoma:

Bladder pheochromocytomas account for less than 1% of aj bladder
tumours. They arise usually in the region of the trigone. There is no sex

predilection, and the peak age incidence is from the 2"d through the 4™ decades.

in the bladder are metabolically active, causing paroxysmal attacks of hypertension
on filling and emptying of bladder in two thirds of patients and haematurea in

about one half of patients (Deklerk and Catalona, 1988).

3-Primary lymphoma:

Primary, bladder lymphoma arises in the submucosal lymphoid follicles and
is the second most common type of non-epithelial bladder tumour. The peak age is
40 to 60 years old and women are affected more often than men (Bullock et al.,
1990).

4-Plasmacytoma, granular cell myoblastoma, malignant melanoma,
choriocarcinoma and yolk sac tumours:

These rare primary bladder tumours, which exhibit the same characteristics as
their counterparts in other sites of the body and are managed in a similar fashion
(Tsukamoto and Lieber, 1990).

.--‘-_..._._-._-.‘-....-_._—._..--._._-..--l-_.-_'--..._._-._...-._..._._-.l......._.--..-_..._'__l_
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(Fig. 23) Stage T2p plasmacytoma of
bladder. Photomicrograph of cystectomy
specimen shows plasmacytoma consisting
of sheet of discohesive cells With prominent
nucleolus  and  eccentric eosinophilic
cytoplasm  (Quoted Jrom Tekes et al,
2003).

5-Sarcoma:

Malignant connective tissue tumours containing cell types that are normally
present in the bladder include angiosarcoma and leiomyosarcoma those that
contain tissues not normally present in the bladder include rhabdomyosarcoma,
chondrosarcoma and osteosarcoma. Sarcoma of the bladder account for less than

1% of all malignant bladder tumours (Kabalin et al., | 990).
a-Angiosarcoma:

Angiosarcomas are extremely rare turnouts that arise within the bladder
wall. Histologically they contain dilated vascular channels with prominent

papillary endothelial proliferation (Tsukamoto and Lieber, 1990).
b-Leiomyosarcoma:

Leiomyosarcoma is the most common malignant mesenchymal tumour of
the bladder occurring in adults. It is twice as common in men as in women. The

presence of nuclear abnormalities distinguish a leiomyosarcoma from a benign

leiomyoma (Tsukamoto and Lieber, 1990).

.--.-—.--....._..._._..._-._-.--._-._-.-_.--._-.--I-....-_..._l_...--........_._-.._......-..._l__._
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c- Rhabdomyosarcoma:

Rhabdomyosarcoma may occur at any age but is most common in young
children. Embryonal rhabdomyosarcoma in children characteristically produces
polypoid lesions in the base of the bladder, giving rise to the descriptive term
sarcoma botryoides. Rhabdomyosarcoma is an extremely aggressive tumour that
metastasize to lymph nodes in 40% to 50% of patients; it is the sarcoma with the

greatest propensity for lymph nodes metastases (Kabalin et al., 1990).

Patterns of spread of urinary bladder carcinoma:

I-Direct extension:

Bladder cancer spreads by invading through the lamina propria into the
submucosa and muscularis of the bladder wall. This process may occur either
because tumour cells are not able to synthesize components of the basement
membrane or because of an increased degradation of basement membrane
component by enzymes produced by tumour cells. In the submucosa and
muscularis, tumour cell gain access to blood vessels and lymphatics through which
they may metastasize to regional lymph nodes and/or distant metastases. A
significant correlation exists between muscle invasion and distant metastases (Zuk

et al., 1989).

Bladder cancer may spread locally to invade adjacent organs, including the
prostate, uterus, vagina, ureters, rectum and intestine. More than 40% of men
undergoing cystectomy for invasive bladder cancer have involvement of the

prostate. In the majority of such cases, the prostatic urethra is the site of
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involvement. In such patients there is a high incidence (80%) of subsequent distant
metastases. It has been suggested that patients with prostatic involvement should

be treated with neoadjuvant chemotherapy (Hardeman et al. 1990).

Tumours arising in bladder diverticula pose a special problem; they can
invade directly from the mucosa into the perivesical tissues because bladder

diverticula do not have a muscular wall (Montie, 1 990).

II-Metastatic spread:

About 5% of patients with superficial papillary cancer and approximately
20% with high-grade carcinoma in situ have vascular or lymphatic spread,
presumably from invasion of tumour cells into superficial lymphatic and vascular

channels just beneath the lamina -propria (Beahrs et al., 1990).
a- Lymphatic spread:

Lymphatic metastases occur earlier and independent of haematogenous
metastasis in some patients. The most common sites of lymphatic metastasis in
bladder cancer are the pelvic lymph nodes, occurring in about 78% of patients.
Among these, the para-vesical nodes are involved in 16% and the external iliac

nodes in 65% (Smith et al., 1990).

Once the tumour has reached the peri-vesical fat, the disease can be expected
to have local spread to local lymph nodes or beyond in 84% of cases. The risk of
metastatic disease is proportional to the depth of tumour invasion to the bladder.
20% of patients with cancer invading lamina propria, 30% with superficial muscle
invasion and 60% of patients with full muscle thickness invasion will have lymph

nodes metastases (Kent et al., 1990).

l-_.--._-.--.-_I_-.--.__.—-.-_.--.-_.__.--.__.--.-_._-.--l_-._-l--.—,._-.--._-'--.-
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The regional lymph nodes are the nodes of the true pelvis, which essentially
are the pelvic nodes below the bifurcation of the common iliac arteries, thus they
include the following groups of lymph nodes: hypogastric, obturator, internal and
external iliac, perivesical, pelvic, sacral and presacral lymph nodes. The common

iliac nodes are considered sites of distant metastases. (Beahrs et al., 1990).

b-Blood borne spread:

Blood borne spread of urothelial cancer is usually a late event and is
generally associated with invasive anaplastic lesions, it may also occur in some
patients with well-differentiated tumours. The common sites of vascular metastases
from bladder cancer are liver 38%, lung 36%, bone 27%, adrenal gland 21% and
intestinal 13%. Any other organ may be involved (Babaian et al.,1990).

II- Implantation:

Bladder cancer also spreads by implantation in abdominal wound, resected
prostatic fossa or traumatized urethra. Implantation occurs more commonly with
multiple tumours and high-grade tumours. Tumour implantation into the resected

prostatic fossa is an infrequent occurrence (Van Der Werf-Messing, 1984).

Staging systems of urinary bladder carcinoma:

Urinary bladder carcinoma is distressing for both the patient and the
physician. It is the most common malignant tumour of the urinary tract. The

disease can take an unpredictable and protracted course. Its treatment and

.__.__l_-.—-I-—.--.--.--._—I__.-_.--._—.__.__.-_.—-.-—._-._-.-_._-l__.__.-_.—_.__._
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prognosis are largely determined by the depth of tumour infiltration and the extent

of metastases. Therefore, exact staging is mandatory (Beahrs et al., 1 990).

Goals of staging:

The first treatment decision based on tumour stage is whether the patient has
a superficial or invasive tumour. The second treatment decision made on the basis
of staging is to identify patients with invasive tumours who may benefit from
aggressive or potentially curative therapy. For this purpose, CT scanning,
ultrasonography and magnetic resonance imaging (MRI) have been used to
evaluate the local extent of bladder tumours to determine whether the tumour

localized, extensive or metastatic (Barentsz et al., 1996).

Two staging systems for bladder cancer are currently in widespread use. One
proposed initially by Jewett-Strong (1946) modified by Marshall (1952) and the
other by The Union International Contre Le Cancer in 1974 (Smith et al., 1999).

[- The T.N.M Staging:

According to Union International Contre Le Cancer (UICC), staging
depends on degree of invasion of the tumour to urinary bladder wall (T), size of
lymph node (N) and metastases (M) (Walish, 1996).

1- (T) The primary tumour:

T0:  No evidence of primary tumour.

Tis: Pre-invasive carcinoma (carcinoma in situ).

Ta:  Papillary non-invasive carcinoma.

T1: The tumour does not invade beyond the lamina propria.

T2: Invasion of the superficial muscle.

T3:  (a, b) Invasion of deep muscle (T3a) and invasion perivesical fat (T3b).

T4: (a, b) The tumour is fixed and extended to pelvic organs (T4a) abdominal
organs (T4b).

.--i_-.-_._-.-_-__.-_._-.__'——.__.__.-_.--._-.—_._-.u_.__.__.__.__I_-l_-.__l__l__._
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2-(N) Regional and Jjuxta lymph node:

NO:
NI:

N2:

N3:

N4:

No evidence of regional lymph node involvement.

Evidence of involvement of a single ipsilateral external or internal iliac
lymph node.

Evidence of involvement of the contralateral or bilateral or multiple regional
lymph nodes.

Evidence of involvement of fixed regional lymph nodes where there is a
fixed mass on the pelvic wall with a free space between this mass and the
primary tumour.

Evidence of involvement of the Juxta-regional (common iliac, aortic,
inguinal) lymph nodes.

3-(M) Metastases:
MO: No evidence of distant metastases.

MI:

perivesical fat

Evidence of distant metastases.

PTIS pTa pTi pT2 pT3a pT3h pT4

P01 IR0 11 11111 1 R

other organs bladder cancer

Diagram 1: Drawing shows TNM staging system for cancer of urinary bladder.

(Quote from Van Tilborg and Van Rhijn 2003).
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I1-Jewett-Strong Marshall Staging:

Based on the relationship of the depth of tumour penetration into the bladder

wall with the incidence of lymph node or metastases.

0: Lesion limited to superficial mucosa.
A:  Submucosal invasion.
B:  Muscular layer invasion, subdivided to:

(B 1) superficial muscle invasion.
(B 2) deep muscle invasion.
C:  Perivesical invasion.

<

Metastases, subdivided to:
(D 1) spread to adjacent organs
(D 2) spread to extrapelvic lymph nodes or distant metastases.

Table (1): STAGING SYSTEM FOR BLADDER CANCER

TNM
Stage

Jewett-Strong-
Marshall Stage

Description

No tumor T0 0

Carcinoma in Situ (CIS) Tis 0

Papillary Tumor Noninvasive TA 0

Papillary Tumor Lamina Propria Invasion Tl A
Muscle Invasion T2 Bl
Tumor invades superficial muscle (inner half) T2A

Tumor invades deep muscle (outer half) 2B

Perivesical Fat Invasion T3

Microscopic T3A B2
Macroscopic (extravesical mass) T3B &

Invasion of Contiguous Viscera T4A D1
Invasion of Pelvic/Abdominal Wall T4B DI
Single Ipsilateral Regional Adenopathy To NI1-3 DI
Bilateral Multiple Pelvic Adenopathy '

Distant Metastases M D2

(Quoted from Zafar et al., 2005).
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II. Tumor-like lesions and other causes of mural thickening

A. Chronic inflammation and special forms of cystitis

Chronic cystitis may result in a number of structural and pathological changes.
There may be gross wall thickening, reduction in bladder capacity (Kabala et al,
2003b). There is more extreme heaping up of the epithelium with the formation of
red, friable, granular, sometimes ulcerated surface. When there is ulceration of large
areas of the mucosa, or sometimes the entire bladder mucosa, this is known as

ulcerative cystitis (Cotran et al., 1999).

Several special variants of cystitis are distinctive by either their morphologic

appearance or their causation:
Malacoplakia

Malacoplakia is clearly related to chronic bacterial infection, mostly by E. coli or
Occasionally Proteus species. This designation refers to a peculiar pattern of vesical
inflammatory reaction characterized macroscopically by soft, yellow, slightly raised
mucosal plaques 3 to 4 cm in diameter. It occurs with increased frequency in

immunosuppressed transplant recipients (Cotran et al, 1999).

Focal cystitis

Focal cystitis may develop in response to chronic irritation, for example by a
calculus, catheter or other foreign body or in association with paravesical disease,
particularly diverticulitis, pelvic abscess and Crohn’s disease. The resultant localized

mural swelling may simulate a carcinoma (Kabala et al., 2003b).
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Tuberculosis

This usually arises due to hematogenous spread from the lungs, rarely from the
gastrointestinal tract or skin. It is virtually always associated with renal tuberculosis. It
produces irregular mural thickening which subsequently proceed to fibrosis.
Calcification is present in approximately 10%, especially when there is extensive

tuberculosis throughout the urinary tract (Kabala et al., 2003b).

Schistosomiasis

The form of schistosomiasis affecting the urinary tract involves Schistosoma
haematobium. In the bladder wall the eggs provoke odema and granuloma formation.
Wall thickening (up to 1 cm or more) and single or multiple polypoidal lesions, which
may be sessile or wave-like and may protrude into the lumen, are often shown.
Changes are most marked in the region of the bladder base and trigone. Later, fibrosis
and calcification develops. The condition predisposes to bladder cancer of any

histological sort, particularly squamous cell carcinoma (Kabala et al., 2003b).

B. Mechanical problems of the bladder wall
1. Trabeculation

A great variety of Intrinsic and extrinsic diseases of the bladder may narrow the
urethral orifice and cause partial or complete vesical obstruction. In the male patient,
the most important lesion is enlargement of the prostate gland due either to nodular
hyperplasia or to carcinoma. Vesical obstruction is somewhat less common in the
female patient and is most often caused by cystocele of the bladder (Cotran et al.,

1999).

.—-C__._-.__.--.__.—-.-_.—-.__.--.__._-‘--._-.--.__._*.__.--l__.—-._—.m_.__.-_.__'_
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In the early stages, there is only some thickening of the bladder wall, presumably
due to hypertrophy of the smooth muscle. The mucosal surface at this time may be
entirely normal. with progressive hypertrophy of the muscle coat, the individual
muscle bundles greatly enlarge and produce trabeculation of the bladder wall (Cotran
et al., 1999). The bladder wall often appears thickened and its inner aspect shows an
undulating or ridged pattern. In severe outflow obstruction saccules and latter

diverticula may develop (Kabala et al., 2003b).

2. Diverticula

These are focal herniations of the urothelium and submucosa through weak sites in
the bladder wall (Kabala et al., 2003b). Divertictula may arise as congenital defects
but more commonly are acquired. lesions from persistent urethral obstruction. The
increased intravesical pressure causes outpouching of the bladder wall and the

formation of diverticula (Cotran et al., 1999).

Acquired diverticula are most often seen with prostatic enlargement producing
obstruction to urine outflow and marked muscle thickening of the bladder wall. The
congenital form may be due to a focal failure of development of the normal
musculature or to some urinary tract obstruction during fetal development (Cotran et

al., 1999).

Congenital diverticula usually originate just postero-lateral to the ureteric orifice

(paraureteric diverticula) (Kabala et al., 2003b)

They are frequently multiple and have narrow necks located between the
intervening hypertrophied muscle bundles. In both the congenital and the acquired
forms, the diverticulum usually consists of a round to ovoid, sac-like pouch that varies

from less than 1 cm to 5 -10 cm in diameter (Cotran et al., 1999). They may become
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larger than the bladder itself. They are prone to calculus formation, infection and

occasionally malignancy (Kabala et al., 2003b).

C. False bladder masses of prostatic origin
1. Benign prostatic hyperplasia

Benign prostatic hyperplasia (BPH) is the development of nodular hyperplasia
within the glandular tissue of the transitional zone of the prostate. It is essentially a
disease of age, being present in 8% of males around the age of 40 years, up to 50% by
the age of 60 years, and around 90% at the age of 90. Presentation is usually with of
bladder outflow obstruction, increased wall thickness and the development of

trabeculation and diverticula (Kabala et al., 2003b).
2.Malignancy

In males, prostate cancer is the most common malignancy encountered and the
second commonest cause of cancer-related deaths. The vast majority of prostate cancer

is adenocarcinoma (Kabala et al., 2003b).

D. Endometriosis of the urinary bladder

Endometriosis is a common benign gynecological disease, affecting 15-20% of
women with a child-bearing potential, characterized by the presence of ectopic
endometrial tissue outside the uterus. Involvement of the urinary tract, however is rare
and seen in about 1 % of patients, the vesical location being the most frequent of these

presentations (84%) (Gupta et al.,2001).
Broadly two different etiologies appear to exist causing vesical endometriosis, one

O B BB O OO B0 _ OB 00O PO __ 8 __0__O__0__0__0__0__0__0_
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being spontaneous and the other post-Cesarean, In the former, the bladder lesion is a
manifestation of the generalized pelvic disease, whereas after iatrogenic dissemination,
growth of ectopic endometrium is usually limited to the bladder wall (Gupta et al.,
2001).

Endometriosis of urinary bladder rarely occurs in postmenopausal woman without

exogenous estrogen replacement (Chen et al., 1996).
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Technique of helical CT with post processing virtual
cystoscopy

Conventional cystoscopy:

Conventional cystoscopy was accepted as a gold standard in bladder (Arslan et
al., 2006). It plays a key role in the diagnosis of urinary bladder tumours due to its
capability to detect subtle alteration in mucousal texture and to allow direct resection

with or without mucousal biopsy (Prando, 2002).

Conventional cystoscopy is a standard diagnostic approach for urinary bladder
evaluation, its primary indication is the diagnosis of lower urinary tract disease, sings
and symptoms that may be related to the urinary tract are evaluated using cystoscopy
to directly visualize lower urinary tract anatomy and macroscopic pathology.
However, this procedure has drawbacks, including its high costs and an invasiveness
that may lead to iatrogenic bladder injury and urinary sepsis. There are several
disadvantages of the conventional cystoscopy. It is often difficult to perform
adequately when exploring the anterior bladder wall or a diverticulum cavity,

diagnosis is often difficult with conventional method (Arslan et al., 2006).

There are some contraindications for the conventional cystoscopy such as
bacteriuria, acute cystitis, urethritis, prostatitis, obstructive prostatic hypertrophy, and
stricture or rupture of the urethra. Marked hematuria is another factor that limits the
technical success of cystoscopy, thereby decreasing its reliability. On the other hand,

cystoscopy is performed in general or local anesthesia and it is an invasive and
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uncomfortable procedure for patients, and complications such as infections, uretral or

bladder perforation, scarring, and stricture of the urethra have been observed (Arslan
et al., 2006).

Furthermore, endoscopes display only the inner surface of hollow organs
and yield no information about the anatomy within or beyond the wall. This
limitation prevents evaluation of the transmura] extent of tumors and limits the

ability to localize the lesion relative to surrounding anatomic structures (Jolesz et

al.,, 2007).

Different imaging modalities in the diagnosis and staging of bladder

cancer:

Regardless of treatment, correct clinical staging is paramount. It is wel] known
that staging of bladder cancer by clinical methods alone (bimanual examination under
general anaesthesia and transurethra] resection biopsy) may under or over stage up to
50% of the patients. Thus, through the years, various imaging studies have, been used
in an attempt to improve these statistics by providing information regarding wall
invasion, extra-vesical spread, ureteric obstruction and extension to regional lymph

nodes (Putman and Ravin 1994).
1-Plain Radiography:

Plain radiography may be first study to alert the radiologist to presence of a renal
mass or bladder mass, although plain radiographic findings are nonspecific,

particularly the presence of calcification, which has a wide differential, and they
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usually contribute little to the diagnosis. Uncommonly, radiographically discernible
areas of punctate calcification may be seen in TCC. The calcification is on the surface
of the tumor and not within the mass duct. Intrinsic calcifications suggest an
adenocarcinoma or the unusual cell type, Surface calcification of a bladder tumor
may be seen on plain radiographs in 1% of cases. Osseous expansive destruction or

lung metastases may be seen (Khan et al., 2007).

Preliminary plain radiography can detect bony metastases. Also, in the bilharzial
bladder complicated by carcinoma, the plain radiography may suggest the correct
diagnosis. The calcification of the wall of the bilharzial bladder usually appears as a
continuous curved line of calcification, either smooth or irregular in contour
depending on the state of dispensability of the bladder. With the development of
cancer in that bladder, the neoplasm interrupts the continuity of the linear
calcification. Calcification can occur on the surface of the bladder tumor; it has a
stippled appearance or appears as a dense or even a calcified nodule in the bladder

region (Elkin, 1980).

2- Intravenous urography (LV.U):

Intravenous urography (IVU) is a common diagnostic test in patients with
hematuria, although the early detection of small urothelial tumors may be difficult. A

meticulous IVU technique is required  (Khan et al., 2007).

The TVU should be performed before diagnostic cystoscopy to provide
information related to the bladder as well as upper tracts abnormalities referable to
the bladder including hydronephrosis, non functioning kidney, lack of bladder
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distensibility and filling defects. It should be noted that filling defects or deformities
in the underfilled bladder provide little diagnostic information (Swmith er al., 1990).

Non-function of the renal unit may result from neoplastic obstruction of its
uretero-vesical junction. Demonstration of a fungating or polypoid mass protruding
into the lumen and causing a filling defect in the opacified bladder is pathognomonic

for bladder neoplasms (Hahn, 1990).

Bladder TCC shows an irregular filling defect with broad base and fronds.
Increased thickness of the bladder wall in the region of the tumor should indicate
infiltration, SCC is radiographically indistinguishable from TCC; however, SCC is
less likely to be a polypoid tumor. Although a diagnosis may be made on the basis of
urograms or cystograms, a small bladder tumor, especially one of the infiltrative
types, can remain undetected. Occasionally, contrast material may be trapped within a
blood clot formed in the ureter and then extruded into the bladder as a stringy mass
that may trap contrast material in an irregular fashion. However, this entrapment is
coarser than that seen with neoplastic stippling, F ungus balls or mycetoma may also
occasionally entrap contrast material, but the pattern of entrapment is lamellar and

frequently associated with gas formation (Khan et al., 2007).

Fixation of the bladder wall (lack of distensibility and collapsibility) suggests
extension into the muscularis and hence a more advanced stage of bladder neoplasm

(Hahn, 1990).

Despite of numerous attempts to increase the accuracy of urography and
Cystography with the use of multiple oblique projections, post-void films and double-

contrast studies, only about 60% of bladder tumours are detected. This is due to in
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part to the fact that many bladder tumours are small when first coming to clinical
attention (due to haematuria and irritative symptoms) and they are frequently located
on or near the trigone, which is difficult to visualize radiographically. Cystography,
therefore, may also give an inappropriate sense of security because of its high false-
negative rate (Putman and Ravin, 1994). Furthermore, a dense concentration of
contrast material may obscure the intraluminal part of the urothelial tumor (Khan et

al, 2007).

Traditionally, an excretory urogram (intravenous pyelogram IVP) is performed
first to identify the cause of clinical Symptoms. If a mass is found and cystoscopic
biopsy confirms cancer, a staging workup follows. However, several problems exist
with this regimen. Excretory urography may actually fail to detect as many as 75% of

bladder lesions smaller than 5 mm (Sen and Zincke, 1984).

Retrograde pyelography is useful when the kidney cannot be visualized by means
of IVU or when IVU cannot be performed because of renal disease or an adverse
response to the contrast agent. Retrograde pyelography also has the advantage that it

can be combined with various biopsy techniques (Khan et al., 2007).

With the recent introduction of CT urography, the role of excretory urography in
evaluating the renal collecting system and ureter has been challenged (Kawashima et

al., 2004).
3- Ultrasonography (U/S):

Bladder US is performed using a transabdominal, endorectal, endovaginal,
or endourethral approach (Skucas 2006). Non invasive trans-abdominal ultrasound is
seldom used today because it is inaccurate in the assessment of tumour spread beyond

._-._-._-.--.__.__._..l__._-.__..._..._.__.__l__.__._-.--.__.__._-._-._-._-._-I_-._-._
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the bladder wall and visualization of the tumour is often obscured in obese patients
and by air containing bowel loops adjacent to the bladder wall. Further problems
related to inaccessibility of tumours arising in the region of the bladder neck and to

the evaluation of lymph node metastasis (Richareds and Jones, 1998).

Ultrasonography is unable to distinguish malignant tumour from chronic cystitis,
local hypertrophy or blood clots (Dershow and Scher, 1987). On sonograms, calculi
may be confused with high-grade Transitional cel] carcinomas, which can be densely

echogenic (Khan et al., 2007).

Bladder tumours appear on ultrasound as echogenic lesions. The bladder wall has
a more Intense echo pattern than tumour tissue, thus permitting distinction of early
superficial lesions from those invading the deep layers of the bladder wall. However,
tumours involving the superficial muscle can not be distinguished accurately from

tumours involving the deep muscle (Dershow and Scher, 1987).

Ultrasonography is inaccurate for diagnosing early TCC, and it is useful in the
diagnosis of obstructive uropathy. Ureteric lesions are particularly difficult to
visualize unless they cause hydronephrosis and hydroureter. The other limitation of
ultrasonography is that it is inaccurate in the staging of bladder TCC, particularly Ta
and T1 tumors, and also in detecting pelvic lymph-node involvement (Khan et al.,
2007).

Transurethral ultrasonography is the most valuable in determining the stage of
tumour confined to the bladder wall. Also, it is of value in detecting tumour in a
diverticulum and monitoring the distensibility of the bladder wall and transurethral

resection of disease (Koraitim et al., 1995).
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Color Doppler US detects ureteral jets and with unilatera] ureteral obstruction,
Doppler US reveals asymmetry to these ureteral jets. The presence of normal ureteral

Jets excludes significant obstruction (Skucas 2006).

3DUS is a promising, alternative noninvasive technique for use in the detection
of bladder tumors and its localization and perivesical spreads. The location, size, and
morphology of the tumors shown on 3D US images were in good agreement with the

findings of conventional cystoscopy (Kocakoc et al. , 2007).

4-Magnetic Resonance imaging (MRI):

Although several recent studies have shown MRI to be more accurate than
CT in staging bladder neoplasms, most of the improvements are result from the
increased detection of superficial or small bladder neoplasms on dynamic Gd-
enhanced MR images information readily obtainable through cystoscopy (Saito et al.,
2000).

MRI has the advantage of high intrinsic soft-tissue contrast, its direct multiplanar
capability, and the availability of nontoxic renally excreted contrast agents. MRI
appears to be at least as useful as CT in the evaluation of perivesical fat involvement,
and it may be superior to CT in the detection of invasion of the adjacent organs.
However, MRI cannot depict superficial invasion of the upper urinary tract TCC wall
(Khan et al., 2007).

MRI is expensive and has limited availability. False-positive diagnosis has been

reported. In staging bladder TCC, tumor extension is overstaged according to the

._-._-._—.--.--.-_._-.__.__.__._-.__.-_._-.—_._—._-._-._-l__._-._-._-._-.-_.--._-._
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TNM classification in 7.5% of patients and understaged in 32.5% of patients (Khan
etal, 2007).

The multiplanar and soft tissue characterization capabilities of MRI make it a
valuable tool to image the urinary bladder. In addition to different imaging planes,
recent advances of MRI such as fast imaging, pelvic phased array coil and dynamic
Gd-enhanced technique improve the imaging quality and diagnostic accuracy for

staging urinary bladder carcinoma (Tsuda et al., 2000).

Initial results with MR-lymphography show a promising sensitivity (85%) in the

detection of nodal metastases of bladder cancer (Pieterman et al., 2000).

MR urogram is used to assess the multifocal carcinoma in the urinary bladder,

ureters and renal pelvis (Barentsz, 2002).

5-Scintigraphy:

Although nuclear medicine such as ilio-pelvic lymphoscintigraphy
generally lack the resolution needed for localized staging of bladder cancer, bone
scans have been used routinely in some institutions to evaluate bladder tumour
patients for disseminated disease prior to cystectomy. Recent data would suggest,
however, that in the presence of a normal history (no bony pain) and physical
examination as well as normal serum alkaline phosphatase, routine pre-operative

bone scanning is unnecessary (Scattoni et al., 1 996).

Some workers have advocated the use of renal nuclear medicine studies in the

follow up of patients with bladder cancers as an adjunct to routine cystoscopy to rule

60



L

poh

B P e

L Technique of Virtual Cystoscopy &5

out upper tract obstruction in high-risk cases. However, it would seem more prudent
to follow these patients with intravenous urography and/or retrograde pyelography to
exclude additional urothelial tumours, which develop in 5 % of upper collecting
systems of patients with bladder carcinoma. Provided that the uretro-ileostomies are
refluxing anastomoses, periodic loopograms should also be performed in patients

with cystectomy for the same reason (Oliff et al., 1989).

6-Angiography:

Because 90% of all bladder tumours have striking neovascularity, it is not
surprising that angiography at one time was used in evaluation of patient with bladder
cancer. However, since the advent of Ultrasound, CT and MRI there seem to be little
reason to persist in using invasive angiographic procedures in evaluation of bladder
carcinoma. Nevertheless, angiographic therapeutic embolization is occasionally the
treatment of potentially life-threatening bladder haemorrhage from these very

vascular tumours (Wolf et al., 1995).

Angiography has no role in the diagnosis of TCC, but it may have a role in
preoperative planning, particularly when neoplasm sparring surgery is being
considered. However, here also, CT angiography (CTA) and magnetic resonance

angiography (MRA) are challenging the catheter studies.(Khan et al., 2007)
7-Lymphangiogrphy:

Studies correlating lymphangiography with pathologically determined
stage have shown that approximately 25% of patients with B lesions, 30% of patients

with C lesions and 65% of patients with D lesions will have positive
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lymphangiograms. Therefore, bilateral pedal lymphangiography continues to be
popular in some institutions because CT and MR imaging cannot exclude tumour
involvement in normal sized nodes. Despite of the previously mentioned, there are
false-negative and false-positive results. Lymphangiography can direct percutaneous
lymph node biopsy (accuracy up to 95%), determine the response (or lack of
response) to therapy and detect disease relapse because contrast remains in the lymph
nodes for several months facilitating their follow up evaluation with plain

radiographs (Lerner et al., | 993).

8-PET, SPECT, and Radioimmunoscintigraph y:

Conventional positron emission tomography (PET) is unsuitable for imaging
bladder tumors because of its high urinary excretion. However, it is 67% sensitive,
86% specific and 80% accurate in detecting pathologic lymph nodes in patients with

bladder cancer, which exceeds both CT and MRI (Hain and Maisey 2003).

9-Computed Tomography:

Computed tomography was first introduced 30 years ago (Housefield 1973) and
has since become an integral part of clinical practice. Because of rapid advances in
technology few clinicians are aware of the scope and limitations of different types of
scanners. This view describes the three main types of computed tomographic scanner
that are used in routine clinical practice and discuss their use in the investigation of a
wide range of different conditions. It also flags up differing views on the relative

._...--.--...-.--._—.__.-_.--.__._—l__.__.-_...-._-.--.__'-_l_-._-.-_’_—.__.__._-..._._
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merits of computed tomography versus magnetic resonance imaging (Garvey and

Hanlon, 2002).

Computed tomography has low sensitivity for detection of small bladder lesions.
For computed tomography to detect small bladder lesions optimal imaging conditions
including adequate bladder distension and thin slice scanning must be satisfied.
Therefore, negative findings on computed tomography warrant the performance of

conventional cystoscopy in patients with hernaturia (Kim et al., 2002).

Traditionally, a radiologist would look at the scanned images slice by slice. By
mentally reconstructing the sampled information into a three-dimensional
representation, he would judge on the health of the patient. This procedure requires
the radiologist to have well-founded experience as well as a highly sophisticated
understanding of human anatomy. To create a complete mental image of the patient
structures, the radiologist has to take all available slices into account. It is obvious,
that looking at hundreds of slices is way too time-consuming for a single patient

(Kinig and Gréller, 2001).

Types and practical importance of computed tomographic scanners:

1-Conventional computed tomegraphic scanners:

CT historically has had limited spatial and contrast resolution. Bladder tumours
are too small to be seen, and their unenhanced attenuation is too close to that of

normal bladder wall (MacVicar 2000).

Conventional scanners have some limitations. The scan time is slow and scans are
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prone to artifact caused by movement or breathing. Scanners have a poor ability to
reformat in different planes, studies of dynamic contrast are impossible and small
lesions between slices may be missed. Often a conventional scanner is retained
alongside a new scanner. Conventional scanners still have a role mainly in non-
contrast examinations that do not require fast scanning for optimal vascular

enhancement ( Garvey and Hanlon, 2002).
2-Spiral (helical) computed tomographic scanners:

The development of spiral CT scanning technology has been of great
benefit in imaging. Spiral scanning involves continuous rotation of the x-ray tube and
smooth passage of the patient through the scanner aperture. This enable the whole
thorax (for example) to be covered rapidly within the time of a single breath-hold.
Breathing artifact and misregistration of adjacent slices, a common problem with
conventional single section CT are abolished. The speed of scanning also means that
intravenous contrast agents can be deployed very accurately to maximize their

effectiveness (Whitehouse and Wright, 2003)

Helical CT scanning is faster than the conventional technique and provides more
information in the cranio-caudal axis. It yields continuous data with less respiratory
or bowel motion misregistration. Helical CT scanning permits continuous imaging as
the radiographic tube rotates around the moving patient, whereas conventional CT
scanning is limited to a series of 360-degree slices through the stationary patient. A
conventional CT scan can be conceptualized as a stack of slices, whereas a heljcal

scan is a continuous helix (Wood and Razavi, 2002).

The aim of helical (spiral) CT is to obtain meaningful CT data as the patient
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moves through a rotating continuous fan-beam exposure. Thus, a block of data in the
form of a “corkscrew” or “ helix” is obtained. If the table movement occurs at such a
speed that during one revolution of the tube, the patient is moved by a distance equal
to the slice thickness, a complete volume of tissue is examined, hence the term ”

spiral volumetric data” used (Grainger et al., 2001).

The selection of scan parameters in spiral CT is very similar to that in
conventional CT scan. However, the only additional parameter to be selected in spiral
CT is the “table feed” distance, which is the distance in millimeters covered by the
table per one gantry rotation (360 degree). In currently, available helical CT scanners,
the gantry rotation period is 1 second per single 360 degree. Thus, the value of table
feed corresponds directly to the “table speed”.

Table speed required scans length/scan duration (tolerable breath hold)

The scan “pitch” used in some machines, is defined as the ratio of the table speed

o

to collimator width multiplied by the gantry rotation period.

E Pitch table speed/ collimator Width x gantry rotation Dperiod

An increase in heljcal pitch above 1:1 will increase scan coverage along the Z

axis (the body’s longitudinal direction) at the expense of resolution (Rubin and

Silverman, 1995).

Spiral scanning has several advantages. The scan time is much shorter than that of
conventional computed tomography. Closely spaced scans are readily obtained,
allowing good quality reconstruction in different planes. Lesions can be evaluated
during different phases of contrast enhancement. Computed tomographic

'_-._-O--._-._-.--‘—_._-'-_._-._-._-.-_._-._-._-'__.__.__._-._-.__'-_._-._-._-'-_._
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angiography is possible, and the likelihood that a small lesion may be overlooked is
less/smaller. Spiral tomography is a powerful diagnostic tool (Garvey and Hanlon,
2002),

Spiral CT was performed in each patient to obtain a tota] volumetric acquisition
of the bladder to avoid the possibility of missing small infiltrating lesions (Caterino

etal., 2001).

All spiral CT applications rely heavily on having a cooperative patient who wil]
manage to keep perfectly still during the whole CT €xposure. Any movement in the
middle of a spiral exposure will negate many of the advantages (Grainger et al.,

2001).

The first production spiral CT models had several technical limitations due to the
limited tube anode heat capacity thus resulting in rather “noisy” images, limited
volume coverage and prolonged x-ray tube cooling time delays. Furthermore,
computer systems were unable to process the large amount of data coming from the
detector arrays, which resulted in delays of image production and prolonged post

processing times (4 Grainger et al., 200] ).

Most of those problems have now been overcome by the production of high heat
capacity x-ray tubes as well as rapid advances in computer hardware and software
design enabling raw data handling with relative ease with online reconstruction of
images. Moreover, computer workstations offer additional software manipulation
tools for data visualization and analysis. These include multiplanar reconstruction
capabilities, 3D reconstruction tools and most recently perspective internal rendering

(e.g. virtual endoscopy) (4 Grainger et al., 2001 ).
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3-Multislice computed tomography:

A recent refinement of spiral scanning is to replace the single bank of x-
ray detectors with multiple rows of detectors, allowing several interlaced data helices
to be acquired simultaneously. Multidetector or multislice CT allows larger volumes
to be scanned with thinner sections and yet shorter scan times. The speed of scanning
makes multislice CT well suited to the demonstration of vasculature and permits a
shorter contrast medium injection, thus reducing contrast usage. The data sets
produced are well suited to image post-processing, for example multiplanar reformat
(MPR) in various planes, surface-rendered and maximum intensity projection (MIP)
reconstruction, volume-rendered images and virtual endoscopy views (Whitehouse

and Wright, 2003).

Multislice scanners generate an increased amount of data compared with single
slice scanners, and in practice the throughput of patient is limited by the time taken to
image and reconstruct these data. Computed tomography is generally superior to
magnetic resonance imaging for the hollow viscera. Spiral scanning has enabled the
development of computed tomographic fluoroscopy, providing real time imaging for
intervention procedures guided by computed tomography. Most units that perform
magnetic resonance imaging report a failure rate of 3-6% as a result of patients’
claustrophobia or inability to keep still during the long scanning times, particularly in
young or elderly patients. Multislice computed tomography, with its speed and
capability of multiplanar reformats, can be substituted for magnetic resonance

imaging in several clinical situations (Garvey and Hanlon, 2002).

With multidetector CT (MDCT) the entire abdomen and pelvis can be scanned

with thin collimation. This technique results in high resolution images in the Z-axis
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and the ability to obtain images in any plane. Increased spatial resolution may

increase the ability to detect small bladder tumours (MacVicar 2000).

Role of computed tomography in bladder carcinoma

CT is the imaging modality of choice for the workup of patients presenting with
hematuria. It also indicated in patients with high-grade bladder cancer raising
suspicion for muscle invasion. Routine contrast enhanced CT examinations are useful
for detecting metastasis, but they may be inadequate for detecting and staging local
urothelial lesions. In the setting of hematuria, CT urography (CTU) can be used as a
one-stop-shop examination to evaluate the entire urinary system and diagnose
possible causes of hematuria, including lithiasis, other benign etiologies, renal
parynchmal lesions, and urothelia] neoplasms, thus eliminating the need for

additional imaging. (Kawamoto et al., 2006).

In the presence of urothelial tumour, the detailed evaluation of the entire urinary
system provided by CTU is essential, as patients with urothelial tumour may have
multifocal disease. In terms of cancer staging , CTU can detect direct perirenal,
periureteral, and extravesical tumour spread, as well as lymphadenopathy and distant
metastases. Compared with traditional excretory urography, CTU requires a shorter
examination time and has greater accuracy for detecting urothelial lesions (Caoili et
al. 2005). CTU also allows more detailed evaluation of the renal parynchma and
perirenal tissues and permits better evaluation of obstructed collecting systems than

does excretory urography (Browne et al., 2005).

Therefore, for evaluating urinary tract neoplasms and the work-up for hematuria,

CTU is the imaging modality of choice for patients who can tolerate iodinated

._-I-_.__.-_.__._-._-.-_._-._-.-_._-._-._-._-.-_.__._-._-‘—_._-._-._-.__.--._-.__._
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intravenous contrast. The advantages of CTU are made possible by multidetector
helical CT with volumetric acquisition of high-resolution images and allows

multiplanar reconstruction (Zhang et al., 2007).

The commonly recognized presentations of TCC (transitional cell carcinoma) on
CT scans include the following: irregular filling defects of the pelvicalyceal system
and ureters, which tend to be associated with obstruction and dilatation of the ureter
and pelvis proximal to the lesion; ureteral wall thickening; frondlike growth
projecting into the bladder from a fixed mural site; and surface calcification of
bladder TCC. On non-enhanced CT scans, the TCC is hypoattenuating or
isoattenuating relative to the normal renal parenchyma, and it is hyperattenuating
relative to urine. TCCs demonstrate mild-to-moderate enhancement after the
administration of contrast material, and they become hypoattenuating relative to

opacified urine (Khan et al., 2007).

Helical CT scan shows the blurred boundary between extravesical tumor and the
bladder wall and a lack of fat space. Local bladder wall thickening combined with
nodular or cauliflower-like mass protruding into the bladder is observed (Wang et al.,

2004).

On CT examinations, bladder cancer may manifest various pattern of tumour
growth along the bladder wall, including papillary, sessile, infiltrating, mixed, or flat
intraepithelial growth (Tekes et al., 2005).

Focal, nodular soft tissue tumour or focal assymetric bladder wall thickening may
be evident. Occasionally, more superficial papillary tumours may project within the

lumen of the bladder, with a harrow pedunculation arising from the bladder wall.

.-_.--._-.__.__.-_.__.__.__.__.__._-._-.__.-_.-_.-_._-.__.__._-.__l-_.__.__.__.__._
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Retraction of the bladder wall may be present. Urothelial carcinomas have been
shown to demonestrate increaserd vascularity on more angiographic studies, and,

more recently, on contrast-enhanced CT (Kim et al., 2004).

When a neoplasm causes diffuse thickening of the bladder wall, it can be
confused with cystitis, although the thickening is usually more uniform in the latter
entity. Similarly, inflammatory (pseudotumour) of the bladder may present as a
polypoid mass or focal wall thickening and therefore be indistinguishable from a

bladder neoplasm on CT scans (Gugliada et al., 1991 ).

For local staging of bladder cancer, perivesical fat infiltration suggests transmural
extension, or T3 disease. Recent TURBT, however, frequently causes linear or focal
enhancement along the bladder mucosa or bladder wall, and at times bladder wall
thickening, perivesical fat stranding, or fibrosis, thus limiting the specificity of CT.
The reported accuracy in local staging of bladder cancer varies widely. Overall
accuracy for local bladder cancer staging in the literature is near 60%, with a

tendency to overstage (Hall and MacVicar 2001 ).

Accurate diagnosis of microscopic perivesical invasion (T3a disease) is
particularly difficult. Various techniques have been investigated to improve local
staging. In a cohort of 65 patients with staging grouped at less than or equal to T1,
T2-T3a, T3b, or T4 disease, an accuracy of 91% was achieved by distending the
bladder with contrast, and an accuracy of approximately 95% was achieved when the

bladder was insufflated with air (Caterino et al., 2001).

More recently, sensitivity and specificity for perivesical invasion by CT, when

performed 7 or more days after TURBT, were calculated at 92% and 98%,
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respectively. But these decreased to §9% and 95%, respectively, in a larger number of

patients without a delay between TURBT and CT (Kim et al., 2004).

According, Kim and colleagues, overall accuracy of 83% was achieved by CT for

diagnosis of perivesical invasion (Kim et al., 1994).

For lymph node evaluation, the accuracy of CT ranges from 73% to 92%, with a
tendency to understage nodal involvement, particularly when based on criteria for

short axis nodal enlargement of near 1 cm (Hall & MacVicar 2001).

Currently, diagnosis of nodal metastases with CTU is based on anatomic size
criteria; CTU has limited ability to detect normal-sized lymph nodes that harbor low-
volume metastatic disease, or to differentiate lymph nodes enlarged by a benign

process from those enlarged by metastatic involvement (Deserno et al., 2004).

Even subcentimeter perivesical nodes, particularly those that are rounded and
avidly enhancing, may be noteworthy in patients with underlying bladder tumor,

although they may be reactive. (Hricak 2006).

Nodes smaller than 1 cm in size usually are considered to be normal unless they
are within the expected course of lymphatic spread. In these cases, CT-guided
needled aspiration of the suspicious node is often performed, and the aspirate sent for
cytologic examination. In the lymphatic spread from bladder cancer, the medial
(obturator) and the middle groups of the external iliac nodes are often affected first,
followed by the internal iliac and the common iliac nodes. Obturator nodal metastases
are best seen on slices obtained 1 to 3 cm superior to the acetabulum (Vinnicompe et

al., 1995).
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Discovery and investigation of functiona] biologic targeted imaging markers
likely will be a focus of future translational research to improve sensitivity and

specificity in the staging of genitourinary tumors (Hricak 2006).

Distant metastasis tends to occur late in the clinical course of bladder cancer and
especially at the time of recurrence, with bones, lungs, brain, and liver being the most

common sites (MacVicar 2000).

Both conventional abdominal/pelvic CT and CTU, which may be combined with
chest CT if needed, can be performed to detect distant metastases. CT also may
suggest adjacent visceral invasion, although MR is superior because of better soft

tissue contrast (Zhang et al., 2007).

One important consideration in performing CTU is radiation exposure, which is
increased because of multiphase, thin-section imaging. One recent study calculated
the radiation risk for standard three-phase CTU without adjustment of tube current
factors and exposure technique for patient size to be approximately 1.5 times that of
conventional excretory urography using standard threephase CTU imaging without
routine adjustment of tube current factors and exposure technique for patient size

(Nawfel et al., 2004).

Other studies have confirmed an approximate 50% to 80% radiation exposure
increase with heljcal multiphasic CTU compared with conventional excretory

urography (Browne et al., 2005).

This is an important consideration, particularly in young adult populations, given
that overall cumulative lifetime exposure could be increased substantially in the

setting of repeat surveillance eXaminations in a patient who has known underlying
l__.__._-.__.-_.__O__._..‘-_._..‘_-.__.__.__._...__l__.__.-_'_..._...__._-.__I__.__.__._
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pathology. Adjustment of tube current (tube potential, tube current—time product),
scan pitch or length, and basing technique factors on patient size have been advocated

as techniques to reduce overall exposure (Nawfel et al., 2004).

The density of a bladder neoplasm is similar to that of normal bladder wall on
non-contrast scans but is higher than that of normal bladder wall immediately after
bolus injection of iodinated contrast material. Calcification within the tumour may be
seen on rare occasions. In one study, calcifications in transitional cell carcinomas
were mostly on the surface of the tumour and nodular in appearance, whereas
calcifications in mucous adenocarcinoma tend to be fine, punctate and scattered

throughout the mass (Moon et al., 1 992).

Post processing techniques:

Helical CT, with high scanning speed, can provide high quality multiple-
phase dynamic axial images, multiplanar reformation (MPR) and three-dimensional
(3D) reconstruction images. It has been widely used in clinical applications with

encouraging results (Wang et al., 2004).
1. Multiplanar reformations (MPR):

The stack of overlapping axial slices can be reconstructed along any
desired plane by using a multiplanar reformation algorithm. The resulting multiplanar
reformatted imaged are excellent for displaying anatomic relationships that vary

along any single arbitrary direction (Rubin and Silverman, 1995).

Multiplanar views allow imaging of the curved bladder wall in such a way

that cross-sectional images can be obtained perpendicular to the wall (MacVicar
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2000).
2. Volume rendering technique (VRT):

The recent introduction of fast computer graphic workstations has enabled
volume rendering tools to be developed that can be applied to helical CT data sets. A
histogram of the pixel values in the volume is analyzed and the tissues are then
assigned color, transparency and refractive index values depending on the

information desired from the data set (Rubin and Silverman, 1 995).

* Virtual endoscopy:

Recently, three-dimensional computer-rendering techniques with rapid
image acquisition have led to the development of virtual-reality imaging. With
commercially available software, virtual reality imaging allows interactive
intraluminal navigation through any hollow viscus, simulating conventional
cystoscopy. This technique of virtual endoscopy has been applied to many organs,

including the colon, bronchus, stomach, and bladder (Arslan et al., 2006).

The urinary bladder is a good candidate for virtual cystoscopy because of its
simple luminal morphology, its relatively small volume, and the absence of
involuntary peristalsis. Therefore, a virtual cystoscopic rendering of the bladder takes
a short time to navigate and does not require great skill on the part of the operator

(Arslan et al., 2006).

Virtual endoscopy is a recently developed noninvasive method to detect tumors
protruding from the walls of hollow organs. A promising advantage of this imaging
modality is that views not possible in conventional endoscopic examination can be

.__._-‘_...__._-._-._-.__.__._-'__......__.__.__.__._...--.-_._-._-._-._-._-._-.__.-_._
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created. The volumetric data obtained with helical CT or MR imaging are computer-
rendered to generate three-dimensional images, and with commercially available

software, intraluminal navi gation through any hollow viscus is possible (4rslan et al.,

2006).

Several factors have contributed to virtual endoscopy accelerated growth:
introduction of multislice CT (MSCT), development of powerful computers, and the
commercial availability of software. Multislice CT is emerging as a preferred virtual
endoscopy scanning method because of its incredible short scan time (often less than

30 seconds) and potential for reduced radiation (Vining, 2002).

There are two main techniques for the reconstruction of virtual image. One of
them is volume rendering and the other is surface-rendering algorithm. Of the
different three-dimensional rendering techniques available, the perspective volume
rendering provides more information because the entire data set is incorporated

(Arslan et al., 2006).

A high “visual gradient” is required between the visceral lumen and wall
structures to allow differentiation of these structures, depending on the selection of a

suitable threshold value (Merkle et al., 1 998).

The chief requirement to create an adequate endoscopic view is a sufficient
attenuation difference (image contrast) between the voxels to be viewed and those
comprising the viewpoint. In the urinary bladder, distension with air, and potentially
with iodinated contrast, can be used to achieve such image contrast (Fishman and

Jeffrey, 1998).

These examinations were saved in cine-loop mode and viewed from the
‘-_._-._-.__.-_.__.__.__.__.__I__.__.__l_-.__.__l__.__._-._-.__._-l__'__.-_'__.__.
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workstation monitor for interpretation (Hussain et al., 1 997).

As a minimally invasive procedure, virtual CT cystoscopy provides many
advantages as compared to conventional cystoscopy. The virtual CT cystoscopy
images could be stored in file and the lesion could be compared in follow up period
with based images. The size of a tumor is measured objectively. Access to the
anterior bladder wall or the lumen of a diverticulum is not restricted in virtual
cystoscopy because various software reconstruction tools can be used and the tumor

can be easily detected (Prando 2002).

Patients with a severe urethral stricture or marked prostatic hypertrophy, who
may be poor candidates for conventional cystoscopy, can safely undergo virtual CT
cystoscopy. It is also indicated for patients who are at risk of complications such as
hemorrhage, perforation, infection, or pain, and for the examination of young patients

(Arslan et al., 2006).

It was very difficult to differentiate the polyp without setting the threshold density
value. This also showed us that axial images and virtual cystoscopy images should be

evaluated together (Arslan et al., 2006).

Technique of virtual cystoscopy by helical CT:

* Preparation:
Careful preparation of the patient is of particular importance:

Bowel preparation:

Sutton et al. in 2003, used 40 ml of a water soluble iodine-base contrast diluted to 1
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liter with fruit squash taken orally half an hour prior to the scan. A further | liter of
dilute oral contrast is taken 4 hours before the scan to image the large bowel and rectum.

Alternatively, the same contrast can be administered immediately before the scan as an

enema.

Virtual cystoscopy may be performed in several ways, including instilling gas and/or

iodinated contrast material into the bladder prior to CT scanning (Vining, 2002).

A- Virtual cystoscopy of the air-filled bladder:

This method assures about 1000 HU of difference between the wall and the lumen,
and also provides an optimal distension of the bladder. The sensitivity and specificity

with this technique are 94979, and 98-100%, respectively (Scardapane et al,, 2007).

In air VC the bladder can be expanded to almost the maximum capacity, whereas in
IVU VC the bladder expansion depends on the maximum desire to void of each patient,
i.e. in IVU VC the bladder may not be expanded to its maximum capacity, in which case

folds on the bladder wall may obscure small tumours (Kawai 2004).

The air virtual cystoscopy technique consists of three general steps:

1. Patient Preparation:

VC with multislice CT began by placing a 12 F F oley catheter into the bladder to

drain residual urine. The bladder was then insufflated with 300-500 ml of carbon
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. dioxide or air through the Foley catheter, according to the patient’s tolerance, and

was followed by helical CT. (Kawai et al., 2004).

2. Data Acquisition:

-

After a scout view is obtained with the patient in the supine position to locate the
- bladder and confirm its adequate distension, single breath-hold helical CT is
k performed, with 3 mm collimation (section thickness), pitch of 1:1, 110 - 120 KVp,
j 70- 230 mA. Images are reconstructed at 1-1.5 mm intervals by using the minimal
ﬁ field of view (Song et al., 2001).

gﬁ The patient is then turned to the prone position, Additional bladder distension
B with approximately 100 ml of CO2 is necessary in about half of the patients, since
- repositioning may lead to leakage of some of the insufflated gas from the bladder.
%. Adequate bladder distension is required for optimal evaluation; imaging in both
positions is necessary for visualization of the entire mucosal surface without
e obscuration caused by residual urine and helical CT of the bladder is repeated with
%& use of the same parameters after a repeat scout view is obtained. (Song et al., 2001).
& Kawai et al., in 2004 used a helical CT scanner, which has 16 rows of detectors
- and better information processing capabilities than the original multislice CT devices.
; CT used 0.75-mm collimation, a pitch of 6. Slices for transverse-image diagnosis,
. The scan conditions were 12 kV, 240-260 mA and 0.8 s/rotation, Slices for
- reconstructing three dimensional images were 1.25-mm wide with a slice interval of
?ﬁ 0.8 mm.

i The data is downloaded to an independent workstation equipped with software for
? interactive intraluminal navigation (Song et al., 2001).
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3. Postprocessing:

There are two main techniques for the reconstruction of virtual image. One of
them is volume rendering and the other is surface-rendering algorithm. Of the
different three-dimensional rendering techniques available, the perspective volume
rendering provides more information because the entire data set is incorporated

(Arslan et al., 2006).

The data are reviewed on a 3D computer workstation using a combination of 2D

and 3D imaging techniques including virtual cystoscopy (Mang et al., 2003).

The first step towards surface rendering is segmentation. For the virtual endoscopic
presentation, thresholding may be applied where a voxel is classified based on the signal
intensity of the original data. For example, for CT voxels with a Hounsfield number
equal to 200 are considered bone, while those below 400 are considered air (Jolesz et al.,

2007).

A sense of depth, distance, and motion can be achieved by also using a perspective
algorithm (perspective volume rendering). This algorithm is a computer graphics
technique that causes the object to grow larger as the observer approaches. When
combined with real-time viewing (5-30 frames per second), use of this technique

conveys the effect of traveling through the bladder lumen in vivo (Fenlon et al., 1997).

B- Virtual cystoscopy of the contrast material-filled bladder:

Opacification of the bladder by iodinate urine in the late excretory phase, achieving
sensitivity and specificity rates ranging between 90-95% and 85-87%, respectively
(Scardapane et al., 2007)

.--._-'..-l--._-._-._-._—.__._-'__0.._.__.__‘__.__.__0--.--’_—.--._-._-0-_.--.-_.--...
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Fishman and Jeffrey in 1998 used a contrast-enhanced study with intravenous
administration of 100 ml of Omnipaque-350 injected at a rate 2cc/sec with a scan delay
of 50 seconds. The scanned area started from the mid-symphysis pubis to the diaphragm
in a caudo-cranial direction (to ensure coverage of pelvic organs during peak vascular
opacification which is critical for differentiating iliac blood vessels from lymph nodes)

with a slice thickness and interval of 3-5 mm, and a pitch of 1.6. After

A scout view was obtained to locate the bladder and confirm its adequate distension,
single breath-hold helical CT was performed with a scan length of 20-25 sec, collimation
(slice thickness) of 3 mm, table speed of 3-5 mm/sec, a pitch of 1:1 and a 512 x 512
matrix. CT exposure factors varied between 110-120 KVP, 120-220 MA.

Merkle et al. in 1998 examined 12 patients using a different technique where CT
scanning of the pelvis was performed in three phases: (a) unenhanced scan with an
adequately full bladder, (b) in the arterial phase during intravenous injection of contrast
medium (150 ml Solutrast 300), with a flow rate of 3ml/s and a delay of 50 seconds and

(c) after a delay of 30 min.

During the delay period , patients were instructed to move about to avoid possible
sedimentation of the contrast medium in the bladder. Bed ridden patients, on the other
hand, were moved several times from a right to left lateral position at the end of the
delay period. Datasets from the three examination phases were processed and compared
with the findings of fibre-optic cystoscopy and pathology. They reached results that the
delayed study phase was the optimal phase for virtual cystoscopy.

Based on the unenhanced helical CT examination , virtual cystoscopy was possible

in only one of the 12 patients since the difference in CT-measured attenuation between

.__._-.__.__.-_.__._-l__._-.__C-_.__.__.__.__.__.__'_-.__._-._—._-._-.--'-_._-._-._
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the vesical mucosa and urine was in most cases insufficient to obtain a continuous
network structure based on a single threshold value. Intravenous contrast medium
increased the CT attenuation of the mucosa, resulting in a sufficiently high degree of
contrast in some cases, because non-tumorous portions of vesical mucosa show no more
than minor enhancement. Furthermore, “hole artifacts® frequently occur because the
bladder wall is often very thin. The best ” visual gradients “ are obtained by waiting for
the renal elimination of injected contrast medium. With this technique it was possible to
generate a virtual cystoscopy in real-time (10 images per second) and delineate the intra-
vesical tumour in less than 1 hour. The data processing resulted in a 3D representation of
the bladder surface which could be examined interactively using the computer mouse for

guidance of the endoscope (Merkle et al., 1 998).

Nambirajan et al., in 2004 used the following method: Patients had helical CT
of the abdomen and pelvis with a slice thickness of § mm, after an intravenous injection
with 100 ml of Iohexol 300 at 3 ml/s. This was followed by a delayed scan, 60 min after
injection with contrast medium. During the delay, patients were instructed to move
around, with the intention of avoiding sedimentation of contrast medium in the bladder.
If the patient could not hold urine for this duration they were instructed to void but not to
empty the bladder completely. The delayed images were obtained as a single breath-hold
helical scan, using 120 kV, 250 mA, 3 mm collimation and a pitch of 1 (the ratio of table

speed or subject movement to collimation or section thickness).

Images were reconstructed at 1-mm intervals. These delayed images were used to
reconstruct the VC images; the data were downloaded to an independent workstation

equipped with software for interactive intraluminal navigation. The threshold was
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optimized for each case to obtain complete visualization of the bladder wall with no

artifacts (Nambirajan et al.,2004).

Kim et al in 2005 used a contrast-enhanced study with intravenous administration of
ultravest 300 or iopamiro 300 into an antecubital vein by a power injector at a dose of 2
ml/kg of body weight at a rate of 3 ml/sec to a maximum of 160 ml with a scan delay of
100-120 seconds & delayed scanning dedicated for bladder evaluation. The CT scanning
covering the entire urinary tract through covering the abdomen and pelvis, After the first
two scans were obtained, the delayed CT were performed when the patient felt a desire
to void ( 90 — 140 min. after [V injection of contrast material), Then the patient was
asked to alternately take a supine and prone positions four times to obtain adequate
mixing of contrast material with urine in the bladder, thereafter CT scans were obtained

with the patient in a supine position.

Immediately after completing this CT examination, the technicians in the CT room
decided whether the contrast material and urine were adequately mixed in the bladder.
Adequate mixing was indicated when high attenuation filled the entire bladder lumen
homogeneously and there was no fluid-fluid level caused by unopacified urine. Scanning
parameters for this examination included a beam pitch of 0.75, a detector array of 4 x
1.25 mm, a table speed of 15 mm per rotation, a reconstruction interval of 1 mm, an X-
ray tube voltage of 120 kVp, and a tube current of 210-240 mA. The scanning covered
the entire area of the urinary bladder.

The CT data were transferred to a workstation for reconstructing virtual cystoscopy

and multiplanar reconstruction images

To systemically indicate the location of bladder lesion, we identified areas of the

.__.-_I__.__.__.__.-_.__._-.__.__.__.__.__.__.—_.__.—_l-_.--.-_._-._—.--._-._-.__._
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bladder wall by evenly dividing the bladder wall into six sites, including anterior,
posterior, superior, inferior, right, and left sites, The presence of a bladder lesion
(positive finding) was indicated when either a surface irregularity or a polypoid lesion
was noted. In addition, color change of the bladder mucosa on cystoscopic findings or
focal wall thickening on multiplanar reconstruction or source CT images was regarded as

a positive finding.

Zhang et al., in 2007 performed CT urography (CTU) without oral contrast, using
combined intravenous nonionic iodinated contrast (150 ml at 2.5 ml/s in a patient with
normal renal function) and saline bolusing (400 cc). Thin-section precontrast,

postcontrast, and delayed excretory phase images are obtained.

Postcontrast images typically are performed during the renal parenchymal phase
(approximately 90 seconds after initiation of the intravenous contrast injection), and they
cover the entire abdomen and pelvis. These images are helpful in the identification of

enhancing urothelial lesions.

The excretory phase images (typically achieved with a scan delay of 10 minutes or
more) provide substantial additional information, both in confirming enhancing lesions
as true lesions and not pseudolesions related to focal opacified urine arising from a
ureteral jet within the bladder lumen, and in demonstrating discrete filling defects caused
by tumor not evident on earlier scans. If the urinary tract is not well distended and
opacified with contrast throughout its entire course, then additional delayed images may

be acquired targeting the nonopacified portion up to two times,

Images are transferred to a workstation for three-dimensional post- processing.

Different image postprocessing algorithms either volume rendering of entire data set, or

O OO O OO0 _ 0. 0__0__0__0__0__0._0__0__0..0__0__0__0__0__0__0__0__0¢
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reconstruct IVP-like projectional images are available for CTU to provide three-
dimensional visualization of the urinary tract. The major role of postprocessed images is

to provide a general overview of the anatomy and accentuate the areas of abnormality.

C- Virtual cystoscopy of combined air_distention with intravenous
contrast injection :

Coupled pneumo-CT Cystoscopy with 1.V. administration of contrast medium.
With this protocol we always achieved optimal bladder distension, an adequate depiction
and enhancement of bladder lesions. Furthermore, 1.V. injection of contrast medium
permitted visualization of the tumor extending into the terminal ureter, which appeared
dilated in unenhanced scans, The presence of contrast enhancement was a very sensitive

index for malignancies (Scardapane et al.,, 2007).

Wang et al., in 2004 used the following method: Prior to the scan, adequate filling
of the bladder with CO2 or air was required. The precontrast helical CT scanning of
pelvis was carried out, with collimation being 10.0 mm and pitch 1.0. After precontrast
scanning, all patients received 80-100 ml contrast medium administered by a power
injector at a rate of 2.0-2.5 ml/s. The scanning at arterial, venous, equilibrium and
excretory phases were conducted, with collimation being 310-5.0 mm, pitch 1.0-1.5 and

the delay time 20-25 seconds, 30 seconds, 60 seconds and 30 minutes respectively.

The images were reconstructed at a 1.0-2.0 mm interval using standard algorithm.
The reconstructed images of excretory phase were transferred to an Advantage Windows
3.1 workstation, and the following images of the bladder were processed: (1) MPR: the

coronal, sagittal and curved MPR images were done in all cases; (2) 3D reconstruction:
._-._-I_-l-_._-.__.__.__._-.__'__'__.__.__.__.__._-._-._-._-._-.-_.-_._-0-_.__.
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the shaded surface display (SSD) and RaySum 3D reconstruction were acquired; and 3)
CT virtual cystoscopy (CTVC): using Navigator smooth virtual endoscopy software,
CTVC images were obtained, and pseudocolor was added to simulate the normal tissue

color in vivo. The processing time was 30-40 minutes.

Arslan et al., in 2006 started virtual cystoscopic examinations with obtaining
adequate filling of the bladder with approximately 250-450 ml of air was required. At
the same time, IV 100 ml contrast medium was administered in all patients by a
power injector at a rate of 2.0-2.5 ml/s for possible extravesical invasion of the tumor

or some other pathology in supine position.

Helical CT was performed with 4 channel CT scanner in single breath hold, with
1 mm collimation, 1 mm reconstruction interval and 3 mm thickness. Other scanning
parameters were as follows: 1 mm reconstruction interval, mAs 153, and 120 kV,

feed/rotation 5 mm. The scanning time was only 8-12 second.

The patients were then turned to the prone position, and CT of the bladder was
repeated with use of the same parameters after a repeated scout view was obtained.
Additional bladder distention with approximately 80-120 ml of air was necessary in

some of the patients, since repositioning led to leakage of some of the insufflated gas
from the bladder.

The data were downloaded to an independent workstation equipped with software
for interactive intraluminal navigation. Using multiplanar reformation from source
images, a central observation point was defined in the middle of the lumen of the

bladder. The camera for virtual cystoscopy was placed in the center of the bladder lumen
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and thereafter was advanced to each quadrant in turn. When a possible abnormality was

discovered, it was fully evaluated from various angles.

Scardapane et al., in 2007 used this method: Just before the CT exam a 12-F
urinary catheter was positioned and the residual urine was accurately drained. Then the
bladder was distended with 200-350 c¢m3 of room air according to patient tolerance.
Pelvic unenhanced scans were acquired in supine position using a multislice scanner and
the following protocol: thickness 2.5mmx»4 mm, image index 0.6 m, pitch 1.25 and tube
rotation time 0.75 s. If the urinary air-fluid level was visible in unenhanced images, the
bladder was deflated to eliminate the residual urine, and re-distended just before

uroangiographic contrast injection.

Enhanced abdomino-pelvic scans were obtained with the same scan parameters;
120-130 ml of nonionic uroangiographic contrast medium were administered
intravenously using a power injector at a rate of 3.5-4 ml/s and a 40 s scan delay. A final
scan was obtained in the pyelographic phase, after 7-10 min delay, for upper urinary

tract visualization.

Finally, all the volumetric datasets were transferred to a workstation, where Multi

Planar Reformatting (MPR) and virtual Cystoscopy images were obtained.

D- Virtual cystoscopy with color mapping of bladder wall thickness:

Schreyer et al., in 2000 used no oral or intravenous contrast agent prior to scan.
Then a 12 French Foley catheter is placed in the bladder, all urine drained and the
bladder is insufflated with approximately 300 cc room air or to tolerance. Three cc
radio-opaque contrast medium is instilled through the Foley catheter to make urine

produced during the scan discernible from the bladder wall. Using a scanner,
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applying 280 mA with 120 KVp and the smallest field of view to fit, the images are
acquired with 3 mm collimation and a pitch of 1.0 Reconstruction is performed at 3
mm increments. The data are transferred to a workstation. To improve the
computation performance the slice resolution is reduced from 512 X 512t02256 X
256 pixel matrix. The next step is the segmentation of axial images, which is

mandatory for surface reconstruction and thickness determination.

Thickness is defined as the shortest distance between a voxel on the inner wall to
any voxel on the outer wall. To compute the wall thickness algorithm first identifies,
the contour for each wall by traversing the boundary of the segmentation
independently on each slice. Once the thickness has been identified for each voxel on
the bladder walls, the thickness values are stored in the updated contour files

(Schreyer et al., 2000).

Using this technique a quantitative thickness value for each matched set of
contour points is calculated with minimal artifact formation. By setting a color scale
for the thickness information we can visualize the surface model with different colors
representing different wall thickness, The scale width is restricted from 0 mm to 15
mm thickness represented by colors front red to blue. The color mapped three-
dimensional model of the bladder including the urethra and ureters is imported into a
virtual endoscopy program. In a reference window the camera position is represented
by a pointer in the cross-sectional slice. A realtime free flight through three-
dimensional reconstructed urinary bladder is feasible using three different mouse
buttons for rotating the virtual camera, moving forward and backward and moving

the position of the object (Schreyer et al.,, 2000).
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Fielding et al., in 2002 use this technique after voiding a 12 Fr balloon catheter
was inserted into the bladder of each patient. The balloon was inflated with 5 cc
saline. Residual urine was withdrawn. There were 2 oc diatrizoate meglumine and
diatrizoate sodium instilled into the bladder to opacify incoming urine. With a
standard barium enema, hand pump air was insufflated into the bladder to tolerance.
Helical CT of the bladder was then obtained with the patient in the supine position.
With a 120 kV. field of view to encompass the greater trochanter and maximum ma,
axial images 3 mm. in thickness were obtained and reconstructed at 1.5 mm.
increments. There were 3-D models of the bladder constructed with segmentation and
advanced image processing techniques, Basically, the inner and outer surfaces of the
bladder were manually outlined on each axial image. With these images an algorithm
consisting of triangle decimation and marching cubes was used to generate 3-D
renderings. The catheter, urethra and urethral orifice were identified as separate
objects. Color mapping of wall thickness was performed with a computer algorithm,
Bladder wall thickness was assigned a color according to a fixed and validated mm.
scale, ranging from red (1 mm.) to purple (10 or greater). The color mapped
renderings were then imported into an experimental virtual endoscopy program
(Slicer), which allowed the viewing of inner and outer bladder surfaces. The analysis
of 3-D renderings produced a blue or purple color indicating a region of wall

thickness greater than 5 mm.

When 3-D renderings and axial source images were reviewed side by side, in
many cases interpretation was revised usually because adjacent structures, such as the
bowel or uterus, abutted the bladder making the exterior surface difficult to identify.

This combined examination improved sensitivity and specificity for the tumors.
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Average review time for 3-D renderings was 8 minutes for the examination of a

positive case and 6 for negative.

Jaume et al., in 2003 based this technique on comparison with a normal

thickness atlas by using the following method consisting on five steps:
A. Image Acquisition:

A 12-French Foley catheter was inserted into the bladder, the residual urine
drained, and the bladder insufflated with approximately 300 cc room air or to
tolerance. The balloon of the catheter was inflated with 5 cc saline. To make urine
produced during the scan discernible from the bladder wall, two cubic centimeters
diatrizoate meglumine and diatrizoate sodium were instilled through the Foley
catheter into the bladder. A 3-D CT image of the bladder was then obtained with the

patient in the supine position. The resolution of the 3-D image was cubic millimeters.
B. Segmentation Method:

To segment the bladder wall, manually outlined the outer boundary of the bladder
wall. the contrast in CT scans between wall tissue and other tissues is much smaller in
comparison to air and tissue contrast which allows for automated segmentation of the
inner boundary of the bladder wall. Therefore, a simple thresholding would not
represent the bladder wall correctly. Thus, using a manual segmentation for the outer

boundary of the bladder wall.

The appearance of the surface is coarse, but its accuracy is below the voxel size.

Extracting the iso-surface from the CT scan without segmentation would create a

...-.-_.--.__'_-.__._..._-...._._-.__0-_.__D_-._-._-._-.-_.-_._-.--.--0-_._-.--.__._-._
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smoother surface. However, noise in the CT scan would create many handles, and the

surface of the bladder would not be correctly defined.

C. Thickness Estimation:

To estimate the bladder wall thickness, computing for every vertex of the inner
mesh its distance to the closest vertex of the outer mesh. The mesh discretization

resulted in mesh vertices being separated by distances similar to the bladder wall
thickness.

Thin regions of the bladder wall are color-coded in blue, while thick regions are

color-coded in red.
D. Atlas Construction:

Bladder tumors are characterized by a thickening of the bladder wall. However,
the thickness distribution varies over the bladder surface. Comparing the thick
regions with a normal thickness map (atlas) to distinguish pathological thickness
from normal thickness; The thickness variation is either larger at the top or at the

bottom of the bladder.
E. Measurement of Abnormality:

Z score used to compare the bladder wall thickness to the normal thickness in the
atlas. The Z score for a thickness value is the ratio without units characterizes the

abnormality of the thickness.

.-_.-..._-.__._-.-_._-.-_._-._-._-._..._-.__.__.__.__.-_.-..'_-.__.--._...__.__..._._-._
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Demonstration of bladder carcinoma:

I. Air distension virtual cystoscopy:

A B

(Fig. 24 ) (A) Virtual cystoscopic image demonstrates a 4-mm polypoid lesion
(arrow), a proved papillary transitional cell carcinoma, in the bladder neck. (B) The
lesion was not seen on the transverse CT image. (Song et al., 2001).

(Fig. 25) (A) Virtual cystoscopic and (B) transverse CT images demonstrate a
soft-tissue mass (arrow), a low-grade papillary carcinoma, with punctate
calcifications arising from the left trigone. F = Foley catheter balloon (not depicted in
B because the catheter is at a lower level) (Song et al., 2001).

www.manaraa.com
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(Fig. 26 ) (A) Virtual cystoscopic and (B)
transverse CT images demonstrate a calcified
polypoid lesion (arrow) arising from the
anterior wall of the bladder. Note the lobular
morphologic appearance visible only in a. (C)
Conventional cystoscopic image depicts a
solid tumor (arrow), a high-grade transitional

cell carcinoma with sarcomatoid features, with

diffuse dystrophic calcification (Song et al.,
2001).

c

The number, location, morphologic features, and size of lesions are evaluated on
transverse and virtual images obtained with the patients in both the supine and prone

positions. Each lesion is characterized as a focal polypoid lesion, a sessile mass, or

www.manaraa.com
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wall thickening. A discrete lesion is considered polypoid if it is taller than it is wide,
while a sessile mass is defined as a lesion that is wider at the base. A lesion is

characterized as wall thickening when there is elevation of the bladder wall without a

discrete mass. Masses may have a smooth or irregular surface (Song et al., 2001).

A B

(Fig. 27) (A) Virtual cystoscopic image shows a pseudolesion that mimics a polypoid
lesion (arrow). (B) Transverse CT view depicts the corresponding lesion as a calcified
phlebolith (arrow). F = Foley catheter balloon (Song et al., 2001).

Patients with a severe ureteral stricture or marked prostatic hypertrophy, who may
be poor candidates for conventional cystoscopy, can safely undergo CT cystoscopy,

since a small ureteral catheter can be used to instill air into the bladder (Song et al.,

2001).

In a trabeculated bladder, masses are reported if a local contour abnormality is
identified that is out of proportion to the degree of adjacent trabeculation. The degree
of bladder trabeculation and the presence of bladder diverticula are noted. Note is
made of whether a mass appears to be intrinsic to the bladder or extrinsic. The degree

of bladder distension, adequacy of drainage of urine, and presence of imaging

www.manaraa.com
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A

B

(Fig. 28) (A) Virtual cystoscopic and (B) transverse CT images demonstrate the enlarged

median lobe of the prostate gland (arro

balloon (Song et al.,2001).

w) protruding into the bladder. F = Foley catheter

(Fig. 29) Bladder trabeculation. Virtual cystoscopy image shows a heavily trabeculated

bladder in a patient with bladder outflow obstruction. A Foley catheter is shown in the

Joreground (Fenlon et al., 1997).

-
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Fig. 30 Fig. 31
Figures 30, 31. (30) Bladder carcinoma. An 8-cm (maximum dimension) sessile mass
arising at the bladder neck is shown at virtual cystoscopy. A 12-F Foley catheter is
present adjacent to the mass (arrow). (31) Bladder carcinoma. A 4-cm sessile mass
and three adjacent polyps smaller than I cm are shown at virtual cystoscopy (Fenlon

etal, 1997).

Fig. 32 Fig.33

Figures 32,33. (32) Recurrent bladder carcinoma. A 3-mm (maximum dimension)
bladder mass, the smallest found in our study, is shown at virtual cystoscopy. (33)
Chronic mucosal ulceration. A magnified view of a virtual cystoscopy image shows
Jfocal mucosal nodularity. At conventional cystoscopy, a corresponding area of subtle
mucosal granularity was identified that was a result of long-term bladder
catheterization. (Fenlon et al., 1997).
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(Fig.34)-Virtual renderings of urinary bladder. 67-year-old man with bladder mass.
Perspective volume-rendered image from data set of CT scan through gas-filled urinary
bladder, from reference point within its night lateral portion, shows polypoid tumor mass
and its irregular surface. Prostatic impression and urethral origin are seen at bladder
base. (Quoted from Fielding et al., 1999).

FIG. 35. (A) Reconstructed two-dimensional CT (transverse image) from air VC. The
bladder lumen is filled with air. A bladder tumour with a large radius is present on the right
lateral bladder wall (arrow). The water surface appears at the base of the bladder (dotted
arrow), and bladder tumour under the water surface cannot be detected. (B): Air VC images
of a bladder tumour with a large radius (arrow). Trabeculations around the tumour are also
well indicated, as is the water surface (asterisk). However, structures under the water surface
cannot be detected. (Kawai et al., 2004).

www.manaraa.com
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11. Contrast material filled bladder virtual cystoscopy:

FIG. 36. (A) Cystogram of a patient who had IVU VC:; there is a filing defect on the
left lateral wall (arrow). (B) Conventional cystoscopic findings of a bladder tumour, a
papillary pedunculated tumour of 10 mm. (C) IVU VC image of a bladder tumour: this
virtual viewpoint is from the bladder top to the bladder base. There is a mass with a
rough surface on the right lateral wall (arrow); it is not completely pedunculated, but
there is a small pedunculated lesion (double arrow). Mucosal upheaval caused by
prostatic hypertrophy and the inner urethral orifice are clear (dotted arrow). These
images cannot be reconstructed by air VC with the patient supine. (D) An image of the
same mass as in (C) observed from just above it, and with a similar appearance.
(Kawai et al., 2004).
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Virtual cystoscopy is superior to multiplanar reconstruction and source CT
images for lesion detection in the contrast material-filled bladder. Given the
merits of this advanced technology, virtual cystoscopy may contribute to initial
screening for patients with hematuria and more accurate patient selection for

invasive cystoscopy (Kim et al., 2005).

(Fig. 37) - 67-year-old man with transitional cell carcinoma at right site of
bladder.(arrows, A) virtual cystoscopy image obtained toward right wall of bladder,
(B) coronal reformatted image (C) transverse CT image showed no lesion. (Kim et
al., 2005).

The sensitivity of lesion detection by bladder site and the accuracy for
determining the presence or absence of a lesion at each site were significantly
greater in virtual cystoscopy than in multiplanar reconstruction and source CT
images (Kim et al., 2005).
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(B)
(A)

(Fig. 38 )- 60-year-old man with transitional
cell carcinoma at anterior site of bladder-.

A-C, Virtual cystoscopy image obtained toward
anterior wall of bladder (4) shows polypoid
lesion (arrowhead, A) that was identified by
both first and second observers.

However, this lesion was not detected on
sagittal reformatted image (B) or transverse

CT image (C) (Kim et al., 2005).

©

The dynamic contrast-enhanced axial images could provide excellent
intramural and extravesical information, MPR could directly demonstrate the
origin and extravesical invasions of the tumours and their relation to the ureter. 3D
and CTVC images were useful for displaying the surface morphology of the
tumour and the relationship between the tumour and the ureteric orifices, whereas
CTVC could depict the tumours smaller than 5 mm were not seen on the axial
images (Wang et al., 2004).
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©
(Fig. 39) 70-year-old man with transitional cell carcinoma at inferior site of bladder.

A-D, Virtual cystoscopy image obtained toward inferior wall of bladder (A) shows
polypoid mass (arrows). This lesion (arrows) is also identified on sagittal (B) and
coronal (C) reformatted images and transverse CT image (D) (Kim et al., 2005).
Before undergoing virtual cystoscopy, all patients asked to alternate taking
supine and prone positions four times so that the contrast material and urine in the
bladder could be adequately mixed suboptimal images were caused by inadequate
mixing of contrast material and urine, which resulted in artifacts on virtual images

and fluid—fluid levels on source images (Kim et al., 2002).
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(Fig. 40) Virtual images of 54-year-old woman
who presented with gross hematuria are of suboptimal
quality because of inadequate mixing of contrast
material and urine. Fluid—fluid level (arrows) is
visible on multidetector helical CT source image (Kim

etal, 2002).

The excretory phase images provide substantial additional information, both in
confirming enhancing lesions as true lesions and not pseudolesions related to focal
opacified urine arising from a ureteral jet within the bladder lumen, and in
demonstrating discrete filling defects caused by tumor not evident on earlier scans.
If the urinary tract is not well distended and opacified with contrast throughout its
entire course, additional delayed images acquired targeting the nonopacified
portion up to two times. Putting the patient in the prone position, applying
abdominal compression, or both, may help distend the urinary collecting system

(Zhang et al., 2007).

(Fig.41) 77-year-old man
who has TCC of the bladder.

(A) Parenchymal phase CTU
image demonstrates a 5-mm
enhancing papillary lesion
(arrow) arising from the
anterior bladder wall.

(B) Excretory phase images do
not readily demonstrate the
lesion, as the non-dependent
portion of the urine in the
bladder is not opacified with
contrast.

(C). Repeat excretory phase
image in the prone position
demonstrates the pedunculated
tumor as a discrete filling
defect (arrow). (Zhang et al.,
2007).

www.manaraa.com
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In the setting of frank hydronephrosis, the patient may be allowed to return to
the CT department 30 or 60 minutes later for delayed imaging. The excretory

phase images are reconstructed further into thin overlapping sections, which then

are transferred to a workstation for three-dimensional post- processing (Fig. 42)

(Zhang et al., 2007).

(Fig.42) 72-year-old man who has bladder cancer (4) Early parenchymal phase
CTU image demonstrates a bladder mass (arrow) with avid enhancement. (B)
Excretory phase CTU image demonstrates the lesion as a papillary, nodular filling
defect (arrow) in the opacified bladder adjacent to the left ureterovesicular Junction
(UVJ). (C) Coronal thin MIP image from excretory phase CTU images demonstrates
the mass as a filling defect (arrow) adjacent to the left UV, (Zhang et al., 2007).

.__.-_.—-.__.__._-.__.--.__.__._-.__.__I__l . . - -
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For local staging of bladder cancer, perivesical fat infiltration suggests

transmural extension, or T3 disease (Fig. 43) (Zhang et al., 2007).

(Fig.43) 67-year-old man who has metastatic bladder cancer. Contrast-enhanced CT
image demonstrates a large enhancing mass in the anterior bladder wall (long
arrow). The mass has grown through the bladder wall with anterior perzves:ca[ soft

tissue (short arrow) indicative of perivesical invasion (Zhang et al., 2007).
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111. Coupled air distension and contrast injection virtual cystoscopy:

Virtual cystoscopy is based on creating a high contrast between the bladder
wall and the lumen Some authors waited for opacification of the bladder by
iodinate urine in the late excretory phase, achieving sensitivity and specificity
rates ranging between 90-95% and 85-87%, respectively, In most cases €T
cystoscopy is achieved by administering room air through a urinary catheter. This
method assures about 1000HUof difference between the wall and the lumen, and
also provides an optimal distension of the bladder. The sensitivity and specificity
with this technique are 94-97% and 98-100%, respectively (Scardapane et al.,
2007).

Coupled pneumo-CT cystoscopy with I.V. administration of contrast medium. To
always achieve optimal bladder distension, an adequate depiction and
enhancement of bladder lesions. Furthermore, LV. injection of contrast medium
permits visualization of the tumor extending into the terminal ureter, which
appears dilated in unenhanced scans The presence of contrast enhancement is a
very sensitive index for mali gnancies (Scardapane et al., 200 7).

(Fig. 44) Urinary bladder cancer- (a, b) Unenhanced CT (¢, d) Enhanced CT with air
distension of the urinary bladder. The axial (a, ¢) and coronal reconstructions (b, d)
show an enhanced papillary lesion of the left wall (arrowhead). ( Scardapane et al.,
2007).

.n-.h-.q—.—-.-u.—-._—.——.——.-—.-—.n—.-—.-—.—_.——.——. a & a =

www.manaraa.com



L Manifestations &5

._...__..._.__.--.._-i..._.-..._-.__.-.._O-...'__.__.-._.-....-_..._.-_._-.__..._.-_.__l__..._.__._

Contrast injection was also useful to obtain a late urographic scan that
revealed a synchronous upper lesion that was not recognizable in previous
phases (Scardapane et al., 2007).

(Fig. 45) Bladder cancer extending to the distal ureter. Unenhanced CT scans (a,b)
demonstrate a papillary lesion of the right trigonum (spiral arrow) with distal ureter
distension (arrowhead). Enhanced CT scan (¢, d) and curved MPR reconstructions (e)
confirm a bladder papillary lesion (spiral arrow) and show enhanced tissue extending
into the distal ureter (arrows). (f) Virtual endoscopic aspect of the lesion (spiral
arrows) (Scardapane et al. 2007).
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(Fig.46) Multiple papillary bladder lesions. Unenhanced (a, b) and Enhanced CT (c,
d) scans show multiple hypervascular papillary lesions (arrows). Perivesical stranding
was suspected on unenhanced scan (empty arrow in ‘a’); while a vessel feeding a lesion
was recognized afier contrast injection (arrowhead in ‘c’). Noninvasive Bladder Cancer
was diagnosed with TURB) ( Scardapane et al. 2007).
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All tumors described by the virtual cystoscopy with nearly similar
findings in size localization and surface of the tumor except one lesion, which
was smaller than 5 mm 90% of the tumors were diagnosed by virtual
Cystoscopy as compared to conventional cystoscopy (Arslan et al., 2006).

(Figure 47) — 50-year-old man with transitional cell carcinoma obtained in areq
toward left wall shows polypoid lesion. A) Coronai multiplanar reconstruction
section. B) Virtual CT cystoscopy appearance. C) Conventional cystoscopy.

(Figure 48) — 60 year-old man with primary urinary bladder cancer.
A) Transverse section, B) Virtual CT cystoscopy appearance. C) Conventional

left urethral orifice. Internal urethral orifice can be identified only polyp with 12mm
located near left urethral orifice. Internal urethral orifice can be identified in lower
midportion (Arsian et al., 2006).

Mucosal thickness and trabeculations seen in the virtual CT cystoscopy and

the appearance was similar in both conventional and virtual modalities (Arslan et
at., 2006).
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(Figure 49) — 7] year-old man with trabeculation because of the prosiate
hypertrophy. A) Coronal multiplanar reconstruction image. B) Magnified virtual CT
Cystoscopy appearance. C) General trabecular appearance of mucosal surface in
virtual CT cystoscopy. Virtual CT cystoscopy shows mucosal thickness and
trabeculation similar with the conventional cystoscopy (Arslan et al., 2006).

virtual CT cystoscopies were superior to conventional cystoscopy in
demonstration of the interior of the diverticula; the interior of the diverticula could
not be evaluated by conventional cystoscopy. but lumens were casily detected by
virtual cystoscopy (Arslan et al,, 2006).

.-T. 'Wx |

¥

(Figure 50) — 45 year-old men with virtual CT cystoscopic images of bladder wall
diverticulum. A) Sagittal multiplanar reconstruction image. B) Virtual CT cystoscopy
appearance of the neck of the diverticulum. C) Interior appearance of the

images and virtual CT cystoscopy, but could not in the conventional cystoscopy.
(Arslan et al., 2006).

The combination of axial, MPR, 3D and CTVC images with helical CT can
provide comprehensive information on bladder tumour (Wang et al., 2004).

.——.—-.--.--.-—.-—.--.--l--.-—.-.....--._-.--._...__......C_-l-.-...-.__.__l-—- a = = -

www.manaraa.com



FanY Manifestations &5

hC UL UL S TN S --.--.--.-...__.-._.__.--..-_.--.--l--.--‘--0--.-_._-.-_.-_.-...-

1V, Virtual cystoscopy with color mapping of bladder wall thickness:

Virtual cystoscopy with color mapping showed the relationship of the tumors
to the ureters and urethra (Fig. 51). Color scale from red to blue representing 0
mm to 15 mm thickness proved to be very useful. Using this color range even
subtle thickness changes appeared very clearly. Subtle thickening of the left lateral
bladder wall was identified using conventional and color mapped virtual
cystoscopy (Fig. 52) (Schreyer et al., 2000).

(A) (B)
Fig.51. 73 years old male with history of bladder cancer and hematuria (A) Axial CT
image shows polypoid mass arising from the anterior surface of bladder wall
(arrows). Contrast enhanced urine (*) pools adjacent to the catheter. (B)Color
mapped virtual endoscopy view of the same bladder. Superior-inferior view showing
the catheter with balloon, the ureters (*) and the green to blue color mapped masses.
(Schreyer et al., 2000).

(A) (B)
Fig.52. 52 year old male with history of bladder cancer. (A) Axial CT image shows
subtle thickening of the left bladder wall (arrow). (B) Color mapped virtual
endoscopy. Inferior-superior view with catheter and left ureter as landmarks. Green
color mapping of the lefi bladder wall indicating thickening (Schreyer et al., 2000).

www.manaraa.com
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Color mapping of bladder wall thickness assigned a color according to a fixed
and validated mm. scale, ranging from red (1 mm.) to purple (10 or greater). The
color mapped renderings which allowed the viewing of inner and outer bladder
surfaces. The analysis of 3-D renderings produced a blue or purple color indicating

a region of wall thickness greater than 5 mm.

Fig. 53. 67-Year-old man with microscopic hematuria and normal conventional
cystoscopic examination. A, axial CT of air distended bladder indicates no area of
wall thickening or mass. B, 3-D rendering of external bladder surface with color wall
thickness mapping and patient in lithotomy position. No suspicious blue or purple
thickened area is identified Entirety of wall is less than 5 mm. thick (Fielding et al.,
2002).

Fig. 54. Woman with microscopic hematuria and large mass at bladder base
identified and biopsied during conventional cystoscopy. A, axial CT of air distended
bladder shows large frond-like mass occurring from bladder base and posterior wall.
B and C, 3-D rendering of bladder with color mapping of wall thickness. B, lithotomy
view of external surface indicates large area of abnormal thickening (greater than |
cm.) demarcated by blue and purple. C, view of bladder base Jrom above with dome
removed confirms location and Irregularity of surface (Fi ielding et al., 2002).
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Fig. 55. Asymptomatic 60-year-old man with history of transitional cell carcinoma
and anterior wall polyp identified on conventional cystoscopy. A, axial CT of inferior

thickening, possibly due 1o prior therapy. B, 3-D rendering of bladder with color
mapping of wall thickness. Lithotomy view of external surface indicates bilobed
region of wall thickening demarcated by blue and purple. Polyp cannot be
distinguished from adjacent  thickening. Biopsy showed recurrent superficial
transitional cell carcinoma (Fi ielding et al., 2002).

Tumors create a thickening of the bladder wall, Positive Z scores characterize
thickness larger than the average. The larger the Z score, the more atypically thick
the bladder wall. (F ig. 57) (Jaume et al, 2003).

Fig. 56. Relative thickness difference
between the patient bladder and the
atlas, measured by the 7 score,
indicates the region of abnormal
thickness. (top left) Z score Jor one
patient. (top right) Zoom in the CT
scan for this patient. Similarly, the
bottom row shows Z score and CT
scan for a second patient. At the fop
of the first bladder, the 7 score
reveals a region of abnormai
thickness (red). At the center of the
second bladder, the Z score reveals
Wo spots of abnormal thickness
(red). (Jaume et al., 2003).
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Pitfalls:

Image artifacts and certain interpretive pitfalls encountered. Stair-step artifact,
which appears as a series of concentric rings, was most obvious at the bladder
dome. This artifact, which is a function of the scanning parameters selected, can

be minimized by reformatting the data with a minimal 50% overlap between

sections (Fenlon et al., 1997).

Partial-volume effects may render the bladder wall relatively translucent and

result in “shine through” from adjacent, gas-distended loops of small and large

bowel (Fig.57) (Fenlon et al., 1997).

(4) (B)

(Fig. 57) 48-year-old man with normal bladder in conventional cystoscopic

examination.

A and B, noted polypoid mass (arrowheads, A) on virtual cystoscopic image (A)
obtained toward superior wall of bladder. However, on both reformatted image (B)
and transverse CT image (not shown), both observers interpreted that bladder was
normal. Coronal reformatted image (B) shows indentation of bladder dome by small
bowel (arrows, B), which is suggested to cause Jalse-positive lesion on virtual

cystoscopy (Kim et al., 2005).

- - - - - - - - - -
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The presence of residual intravesical urine may obscure lesions in the
dependent bladder, although this problem is easily overcome with use of both

supine and prone or prone-oblique patient positioning during acquisitions.

Although acquisition times are short (approximately 15 seconds), motion
artifacts can occur and can degrade image quality. In one of our patients in whom
a median lobe of prostate was misinterpreted as an intrinsic bladder lesion,
considerable ring artifact occurred due to patient movement (tremor secondary to

Parkinson disease) and resulted in substantial image degradation (Fenlon et al.,
1997).

Figure 58 . Motion artifact. This virtual cystoscopy image is degraded by ring artifact
secondary to patient motion in a patient with a prominent median lobe of the prostate
(straight arrow) that was misinterpreted as an intrinsic bladder tumor. Note artifactual
distortion of the adjacent Foley catheter balloon (curved arrow) (Fenlon et al., 1997).
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Treatment planning

Non-muscle invasive tumors (also referred to as superficial tumors) include
noninvasive carcinomas (Ta), carcinoma in situ (Tis), and tumors invading the
lamina propria (T1). The standard treatment for noninvasive bladder cancer is
transurethral resection with fulguration, which can be repeated when necessary.
Depending on the depth of invasion and histologic grade, intravesical medication
such as BCG may be used to reduce the chances of recurrence or prevent
progression to a higher grade or stage. Patients who have extensive multifocal
recurrent disease or other unfavorable prognostic features may require more
aggressive forms of definitive treatment such as radical cystectomy (Amling et
al., 1994).

Imaging rarely changes clinical management in this group of patients. For
muscle-invasive bladder cancer, additional workup procedures including a CT or
MR imaging examination of the abdomen and pelvis are needed for accurate
staging. For stage T2 and T3 disease, and selected T4a disease without nodal
metastasis, radical cystectomy is considered standard treatment. It involves
removal of the bladder, perivesical tissues, prostate, and seminal vesicles in men
and the uterus, fallopian tubes, ovaries, anterior vaginal wall, and urethra in
women and may or may not be accompanied by pelvic lymph node dissection
(Richie 1992).

There is evidence that neoadjuvant therapy before cystectomy may improve

survival of patients with muscle-invasive bladder cancer (Grossman et al., 2003).

The prognosis is poor for patients with stage IV bladder carcinoma (defined by

the presence of pelvic or abdominal wall invasion, or nodal or distant metastasis).
The potential for cure in stage IV disease is restricted to patients with involvement
of pelvic organs by direct extension or small volume metastases to regional lymph
nodes (Vieweg et al., 2003).

Radical cystectomy with or without preoperative irradiation or chemotherapy

may be considered in these patients if no nodal disease is identified on imaging. If
enlarged lymph nodes are documented by imaging, a biopsy may be needed for a

OO O O P00 0 0 P 0 00 __O__0__0__0__0__0__0_._0__0__0__0__0_
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definitive confirmation before chemotherapy or radiation therapy is initiated.
Findings suspicious for distant metastases on imaging also typically need to be
confirmed by biopsy. If confirmed, these patients generally are treated with
systemic chemotherapy (Zhang et al., 2006).

Orthotopic Bladder Reconstruction

Orthotopic bladder reconstruction is performed for muscle invasive bladder
cancer, provided the prostate and urethra are not involved. After cystectomy either
a colon segment or, more often, an ileum is used as a bladder substitute and
anastomosed to the urethra. This procedure is an alternative to a cutaneous urinary
diversion. Two currently used procedures are the Hautmann and Studer
modifications. These neoileal bladder replacements use an ileal segment and
provide an antireflux mechanism (Skucas 2006).

The Hautmann ileal neobladder consists of a detubularized, low-pressure, high-
capacity reservoir constructed from ileum, without valves, and anastomosed to the
urethra. Urodynamic imaging shows this neobladder to have a capacity similar to
that of a normal bladder, a pressure of <30cm water, and no reflux. Initially the
prostatic urethra was resected to establish a safe resection margin, and this
operation was performed only in men. Currently, however, both a radical
cystectomy and a bladder necksparing cystectomy, together with an orthotopic ileal
neobladder anastomosed to the proximal urethra, are also performed in women
(Hautmann et al., 2000); the position of the urethral resection line does affect the
incontinence rate and the need for intermittent catheterization. Continence is
achieved by most men and women (Skucas 2006).

Neobladder-related complications include abscess, urinary leakage or fistula,
ureteral and urethroileal stenosis, and venous thrombosis. An occasional patient
develops caleuli. Fistulas are mostly a complication of combined irradiation and
orthotopic bladder replacement (Skucas 2006).

Postoperative surgical anatomy after orthotopic bladder reconstruction can be
evaluated with 3D CT (virtual endoscopy); while such imaging is useful if
reoperation is required, its need on a routine basis is not established (Skucas 2006).
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Postoperative Complications

Urinary tract damage occurring during various gynecologic laparoscopic
procedures includes bladder perforation, ureteral injury, and bladder fistula. The
prevalence of these complications after major laparoscopic gynecologic surgery s
probably similar to that seen after standard surgery (Skucas 2006).

Leak

Anastomotic leakage is a recognized complication of urinary  tract
reconstructive surgery (Fig. 59). The most common site is at the urethroenteric
anastomosis.A majority of leaks are extraperitoneal in location; it is the
intraperitoneal pouch leaks that are more difficult to detect with imaging. A
number of leaks are delayed (Skucas 2006).

Catheter drainage or stenting as appropriate is therapeutic for most leaks
(Skucas 2006).

Figure 59 . Bladder leak after subtotal cystectomy and neobladder formation.,
A: CT cystogram identifies contrast in the bladder and extravasation posteriorly
(arrow).

B: Extravasation also extends to the left, adjacent to bowel (arrow).

{Quoted from Titton et al., 2003).
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Stones/Stricture

Patients with an enterocystoplasty or continent diversion are at risk for stone
formation and ureterointestinal stricture. Patients with a continent diversion are
more prone to developing stones than those with an augmentation or a
substitution cystoplasty (Skucas 2006).

Surgical treatment of ureterointestinal strictures consists of open ureteral
reimplantation. Percutaneous antegrade dilation is a viable alternative in some
patients, but is plagued by a low success rate and recurrent restenosis (Skucas
2006).

Dilated ureters are common in patients with a neobladder. and it is difficult to
differentiate between partial obstruction and dilation due to reflux and other
causes. An IV urogram with furosemide is occasionally helpful in such a
situation. Furosemide normally results in good contrast flow distally once renal
pelvis are opacified; on the other hand, increased renal pelvis and caliceal
dilation and the lack of contrast washout during such diuresis imply an
obstruction (Skucas 2006).

Malignancy

A low but increased risk of cancer exists after various uroenteric
anastomoses, generally beginning a decade or more after surgery. These range
from adenocarcinoma to transitional cell carcinoma and squamous cell
carcinoma. A reasonable approach is to recommend routine annual surveillance
beginning about 10 years after the initial surgery (Skucas 2006).

Other Complications

An ileoileal intussusception is an uncommon complication of bladder
augmentation. Computed tomography and MR should detect this complication
(Skucas 2006).

An autostapler is often used when bowel is interposed in the urinary tract,
with the metallic staples buried beneath the intestinal mucosa. A staple expressed
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into the bladder lumen acts as a nidus for subsequent stone formation (Skucas
2006).

An occasional patient with portal hypertension develops massive bleeding
from ileal conduit peristomal varices; such bleeding can be controlled with
transjugular intrahepatic portosystemic shunt (TIPS) (Skucas 2006).

Post-treatment imaging

Bladder cancer has a high tendency toward multifocality at presentation and
recurrence after treatment (Lammle et al., 2002).

Imaging of bladder cancer after recent treatment is particularly challenging.
Intravesical medication and transurethral resection or biopsy of the tumor often
cause inflammation and edema, leading to avid mucosal and submucosal
enhancement after administration of intravenous contrast (Fig. 60) (Tekes et al.,
2005).

(Fig. 60) . 64-year-old man'’s Status after recent transurethral resection of
noninvasive bladder tumor. Contrast-enhanced CT image of the pelvis
demonstrated posterior bladder wall thickening with superficial enhancement
along the bladder mucosa (arrows), and the presence of perivesical inflammatory
change.

(Quoted from Zh ang et al., 2006)
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Using CT or MR imaging, it is difficult to discriminate between recent post-
treatment changes and tumor recurrence by signal characteristics alone, but the
presence of a mass with signal characteristics typical of tumor may indicate the
presence of tumor recurrence (MacVicar 2000).

Radiation and surgery also may cause prolonged nonspecific thickening of
the bladder wall, and the rest of the urinary collecting system (F ig. 61) (Zhang et
al., 2006).

(Fig. 61) . 82-year-old man’s status after cystectomy and ileal neobladder

(4) Axial parenchymal phase CTU image shows left ureteral narrowing with
mild wall thickening at the level where the ureter crosses the abdominal midline
(arrow) right ureteral stump.

(B) A coronal thin MIP reconstructed from the excretory phase CTU images
confirms the segmental narrowing of distal left ureter as shown on A (arrows).
This finding was stable on multiple subsequent surveillance CTUs and
considered most likely to be a postoperative change.

(Quoted from Zhang et al., 2006)

These changes are difficult to distinguish from tumor based on imaging.
Interval changes over time on imaging, such as increased thickening or
development of mass-like lesions may be helpful for diagnosing recurrence or

progression of disease (Zhang et al., 2006).
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| CTU offers a comprehensive evaluation of the urinary system and has value
in assessment for complications related to various treatments, from radiation
therapy to intravesical therapy such as BCG administration and TURBT, to
cystectomy and neobladder reconstruction. Cystitis, with resultant bladder wall

thickening, may be seen after radiation therapy (Zhang et al., 2006).

After intravesical administration of BCG for treatment of superficial bladder
cancer, some patients may develop a systemic reaction referred to as BCG
granulomatosis, which may include fever and systemic symptoms, with masses
involving urinary organs such as the kidneys, bladder, and prostate gland (Figs.

62, 63, and 64).

The renal masses tend to be hypoattenuating on CT examination, with less
avid enhancement, which may or may not appear heterogeneous (Fig. 63).
(Soda et al., 1999) and (Tavolini et al, 2002).

(Fig.62) . 64-year-old man’s
status after resection of stage T1
high-grade bladder TCC, presenting
| with  chills,  arthralgias, and
myalgias after commencing second
course  of intravesical BCG
treatment.  Contrast-enhanced CT
image of the pelvis demonstrated
" focal nodular thickening  with
- enhancement of the left anterior
¢ bladder wall (arrow), which was
| new  compared  with prior
examinations. After treatment with
antituberculosis medications, this
completely  resolved. Subsequent
~ biopsy showed only inflammatory

y cells. (Zhang et al, , 2006).
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Fig. 63 . 52-year-old man who has
worsening fever, chills, and night
| sweats after intravesical BCG therapy
Jor bladder cancer. Contrast-enhanced
CT image of the abdomen
demonstrated large hypoattenuating
| mass (%) in the mid-portion of the left
| kidney.  After several weeks of
antituberculosis therapy, the lesion
| significantly decreased in size (not
shown), and the patient’s constitutional
Symploms resolved. (Zhang et al.,
2006).

Fig. 64. 67-year-old man’s status
after intravesical BCG treatment of
bladder cancer, presenting with
elevated
prostate-specific antigen and
palpable prostate nodule on digital
rectal examination. Axial T2
weighted endorectal MR image of
the prostate demonstrates a large
nodule (arrows) at the base of the
posterior peripheral zone with
capsular bulging, corresponding to
the nodule
palpated on digital examination.
Subsequent ultrasound-guided
prostate biopsy confirmed
granulomatous prostatitis (Zhang et
al., 2006).
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Similar to renal BCG granulomas, bladder lesions also appear expansile, and
typically appear intramural in location. Bladder wall lesions may show avid
enhancement (Fig. 62). BCG granulomas involving the prostate may mimic
prostate cancer on both physical examination and blood biochemical tests (Fig.
64). These lesions may be difficult to differentiate from primary or metastatic
urinary tumors. The awareness of this entity in the appropriate clinical setting is
critical in making the diagnosis, and the patient should be treated medically with
antimycobacterial therapy. Follow-up imaging to confirm response to therapy is

important (Zhang et al., 2006).

Perforation of the bladder wall is one of the most common complications
associated with transurethral resection of cancer (incidence 5%). It is associated

with increased postoperative hemorrhage and infection (Dick et al., 1980).

Recognition of this complication is important for timely initiation of proper
treatment. Complications related with various surgical techniques, such as
cystectomy with orthotopic neobladder reconstruction, diversions with continent
reservoirs, or other diversions, are well evaluated by CTU. Common
complications include postoperative urinary leak, stricture with obstruction,
extrinsic compression of the diverted ureter, and development of abscesses

(Sudakoff et al., 2005).

It is challenging to find the appropriate method for long-term surveillance of
bladder cancer. Because these patients have increased risk of cancer in the entire
urothelial surface, they often require lifelong surveillance, which is essential to
clinical management, as most recurrences are superficial and can be managed by
endoscopic means. Cystoscopy with biopsy remains the gold standard for

detecting bladder cancer recurrence, but it is invasive and expensive. In addition,
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it cannot detect upper tract tumor. Urinary cytology is noninvasive and relatively
inexpensive. It has been used routinely for tumor detection and long-term
surveillance (Wong-You-Cheong et al., 2006). 1t has high specificity (>90%) but
low sensitivity for low-grade tumors (<50%) (Planz et al., 2000).

Investigations are being performed to find new urinary markers to improve
sensitivity while maintaining specificity in the detection of urinary tumors.
Imaging is a routine part of surveillance in patients who have bladder cancer. The
imaging modality of choice is CTU for the reasons discussed previously. With
the advancement in MR technique and faster imaging acquisition, MR imaging of
both bladder and the upper tract may be done in one comprehensive examination
for patients in whom contrast-enhanced CT is contraindicated (Zhang et al.,

2006).

Generally speaking, MR of the upper tract is hindered by its relatively low
spatial resolution compared with CT, much longer examination time, and the
need for additional injections (diuretics, saline bolus, or both) to distend the

collecting system (Zhang et al., 2006).

MR imaging, however, is promising for predicting treatment response in
patients with advanced bladder cancer early in the course of chemotherapy

(Barentsz et al., 1998) and (Barentsz et al., 1999).

It has been shown that using changes in the time to the start of tumor or
lymph node enhancement at fast dynamic contrast-enhanced MR imaging, the
accuracy, sensitivity, and specificity in distinguishing responders from non-
responders were 95%, 93%, and 100%, respectively, significantly higher than the
values achieved using conventional tumor size parameters with conventional MR
imaging (73%, 79%, and 63%, respectively) (Barents et al., 1998).
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The prognosis for any patient with progressive or recurrent invasive bladder
cancer is generally poor, despite reports of relatively high rates of response, and
occasional complete responses, to combination chemotherapy (Harker et al.,

1985) and (Sternberg et al., 1 989).
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Summary

Several imaging techniques are available for use in the detection of bladder
pathology. US, urogram, CT, MRI and conventional cystoscopy could be used in
the bladder disease (Arslan et al., 2006).

Conventional cystoscopy was accepted as a gold standard in bladder.
However, there are several disadvantages of the conventional cystoscopy. It is
often difficult to perform adequately when exploring the anterior bladder wall or a
diverticulum cavity. Primary intra-diverticular carcinomas are rare, but diagnosis
is often difficult with conventional method. There are some contraindications for
the conventional cystoscopy such as bacteriuria, acute cystitis, urethritis,
prostatitis, obstructive prostatic hypertrophy, and stricture or rupture of the
urethra. Marked hematuria is another factor that limits the technical success of
cystoscopy, thereby decreasing its reliability. On the other hand, cystoscopy is
performed in general or local anesthesia and it is an invasive and uncomfortable
procedure for patients, and complications such as infections, uretral or bladder
perforation, scarring, and stricture of the urethra have been observed (Arslan et

al., 2006).

As a minimally invasive procedure, virtual CT cystoscopy provides many
advantages as compared to conventional cystoscopy. The virtual CT cystoscopy
images could be stored in file and the lesion could be compared in follow up
period with based images. The size of a tumor is measured objectively (Arslan et

al., 2006).

Compared with standard cystoscopy, virtual cystoscopy offers a better

visibility of the bladder neck. In a standard cystoscopic exam, the clinician may
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miss tumors in the bladder neck due to the limited flexibility of the scope near the
entrance (Jaume et al., 2003). Access to the anterior bladder wall or the lumen of
a diverticulum is not restricted in virtual cystoscopy because various software
reconstruction tools can be used and the tumor can be easily detected. Patients
with a severe urethral stricture or marked prostatic hypertrophy, who may be poor
candidates for conventional cystoscopy, can safely undergo virtual CT cystoscopy.
It is also indicated for patients who are at risk of complications such as

hemorrhage, perforation, infection, or pain (Arslan et al., 2006).

Virtual cystoscopy has advantages over multiplanar reconstruction and
source CT images. First, virtual cystoscopy is dedicated for evaluating the mucosal
surface of the bladder and therefore can detect superficial lesions missed by
multiplanar reconstruction or source CT images. Second, virtual cystoscopy can
allow the operator to navigate the mucosal surface in various projections. Third,
interactive navigation is provided by virtual cystoscopy, and the operator can

therefore make decisions more confidently (kim et al., 2005).

Virtual cystoscopy is based on creating a high contrast between the

bladder wall and the lumen (Scardapane et al., 2007).

Techniques have been used to obtain the CT source data for reconstructed
virtual cystoscopic images, scanning the bladder filled with either air and/or

contrast material (drslan et al., 2006).

Either air or L.V. contrast have some advantages and disadvantages when

compared with one another (Arslan et al., 2006).
Virtual cystoscopy of the air-filled bladder is minimally invasive because
catheterization is required to introduce air into the bladder (Arslan et al., 2006).
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The drainage of residual urine, which could not be removed completely, and left a
water surface at the base of the bladder. VC cannot be used to reconstruct images
under this water surface. This problem can be overcome by using CT twice, while
supine and then prone (Kawai et al., 2004), Supine and prone examination is
another disadvantage of the air-filled bladder method. On the other hand, filling
the bladder with IV contrast material has been easily achieved in many studies. In
this method, there is no need for examination in prone and supine position.

Therefore, this means lesser radiation and cost (Arslan et al., 2006).

In air VC the bladder can be expanded to almost the maximum capacity,
whereas in IVU VC the bladder expansion depends on the maximum desire to void
of each patient, i.e. in IVU VC the bladder may not be expanded to its maximum
capacity, in which case folds on the bladder wall may obscure small tumours. This

is one of the disadvantages (Kawai et al., 2004).

IVU VC has a specific disadvantage; images cannot be reconstructed in
patients in whom IVU is contraindicated, e.g. allergic to the contrast medium and
with renal dysfunction (Kawai et al., 2004), Waiting for bladder filling and
inadequate distention is another disadvantage. In addition to these disadvantages,
repeated patient positioning and scanning required more time for adequate mixing

of urine and contrast (4rslan et al., 2006).

The advantages of IV VC include being a totally noninvasive screening
test for haematuria, evaluating both upper and lower urinary tracts, replacing
several with one test (Nambirajan et al., 2004). The presence of contrast

enhancement is a very sensitive index for malignancies (Scardapane et al., 200 7).
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Image artifacts and certain interpretive pitfalls: (1) Stair-step artifact, which
is a function of the scanning parameters selected, can be minimized by
reformatting the data with a minimal 50% overlap between sections, (2) Partial-
volume effects may render the bladder wall relatively translucent and result in
“shine through” from adjacent, gas-distended loops of small and large bowel and
combination of axial, MPR, CTVC images overcomes this problem. (3) The
presence of residual intravesical urine may obscure lesions in the dependent
bladder, although this problem is easily overcome with use of both supine and
prone or prone-oblique patient positioning  during acquisitions. Although
acquisition times are short; a single breath hold (approximately 15 seconds), (4)
motion artifacts can occur and can degrade image quality. due to patient
movement (tremor secondary to Parkinson disease) and resulted in substantial

image degradation giving ring artifact (Fenlon et al., 1997).

Virtual cystoscopy has several limitations, A major limitation is that it is
unable to depict flat lesions, which appear as subtle mucosal color changes on
conventional cystoscopy. However, various factors influence the detection of
sessile lesions, including the method used to acquire the CT data, interactive
navigational skill of the Operator, attenuation coefficient ranges used for voxel

categorization, and degree of bladder distention (Arslan et al., 2006).

For the detection of small or flat and sessile lesions color mapping
contributes more comprehensive information, because it is not restricted to the
surface and takes changes of the entire wall thickness into account. Other than in
fibreoptic endoscopy it is not possible to see subtle color changes and flat tumors
arising from mucosa. Virtual endoscopy can compensate for this lack of subtle

high-resolution ~ surface information by adding three-dimensional depth
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information. This algorithm pursues the idea of higher integration of information

content in voxel-based images (Schreyer et al., 2002).

Secondly, the differentiation between small tumors and inflammatory
swelling of the mucosa could be difficult, especially in patients with unsatisfactory
bladder filling. Inflammatory swelling of the mucosa thus could be misdiagnosed
as a tumor, or small tumors could be missed on virtual cystoscopy. Insufficient
distention of the bladder may also cause the mucosa to wrinkle. (4rslan et al.,

2006).

Coupled pneumo-CT cystoscopy with 1.V. administration of contrast
medium. to achieve optimal bladder distension, an adequate depiction and
enhancement of bladder lesions, Furthermore, 1.V. injection of contrast medium
permits visualization of the tumor extending into the terminal ureter, which

appeared dilated in unenhanced scans (Scardapane et al., 2007).

Third, mucosal thickening secondary to fibrosis cannot be distinguished
from a neoplasm. Of course, a similar problem on conventional cystoscopy
because biopsy is often required to determine whether a bladder lesion is

inflammatory, fibrotic, or neoplastic (Arsian et al., 2006).

A fourth disadvantage of virtual Cystoscopy is that it lacks the ability to
provide tissue for histologic evaluation, an ability that is possible on conventional
cystoscopy and biopsy. Fifth, it is difficult to visualize the lumen of the urethra as
is routinely done with conventional cystoscopy. However, it was reported that

urethra could also be evaluated by virtual cystoscopy (4rslan et al., 2006).
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Conclusion:

In conclusion, virtual CT cystoscopy is a promising technique for tumor
and some other bladder lesions, such as diverticula. Virtual CT cystoscopy is
likely superior to demonstrate the interior part of the diverticulum. Adequate
bladder distention and analysis of virtual images are required for optimal
evaluation. This minimally invasive method can be of value for screening, primary
diagnosis and surveillance of bladder lesions. Virtual CT cystoscopy may be
indicated as a clinical routine when conventional cystoscopy is contraindicated or
restricted in feasibility and interpretation or there is risk of hemorrhage,
perforation, or pain especially in young patients. In the future, it may be possible
or even advantageous to incorporate into the imaging algorithm for evaluation of
bladder lesion through continued development and advancement of hardware and

software. (Arslan et al., 2006).

Importance of studying the urinary bladder with room air distension and
L.V. contrast medium injection. This protocol easily achieves an optimal distension
of the bladder, as well as visualizing the maximum difference of density between
the walls and lumen and hence facilitating the interpretation of the images. In our
opinion intravenous contrast administration is mandatory for a complete staging of
bladder cancer. There are three main advantages of this procedure: firstly, it
enables the most accurate parietal and perivesical staging achievable with CT,
secondly, a complete thoracic and abdominal evaluation and finally, thanks to the
excretory scans, the possibility of studying the upper urinary tract for synchronous

lesions (Scardapane et al., 2007).

Virtual cystoscopy is superior to multiplanar reconstruction and source CT

images for lesion detection in the contrast material-filled bladder. Given the
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invasive cystoscopy (Kim et al., 2005). The combination of axial, MPR, 3D CTVC
images with helical CT can provide comprehensive information on bladder tumour
(Wang et al., 2004).

The replacement of invasive conventional cystoscopy by noninvasive VC
with multislice CT as a preliminary examination will be beneficial to patients, and
IVU VC will be more useful than air VC as it is not invasive. However, because of
the clinical need for tumour biopsy and removal of foreign bodies, conventional

Cystoscopy will remain the most reliable final technique (Kawai et al., 2004).

Virtual cystoscopy recontruction technique is particularly helpful to
surgeons for rapid visualization of the CT dataset providing a complete map of the

lesions (Scardapane et al., 2007).

Virtual cystoscopy can also be used to simulate endoscopic surgery before the
actual performance; thus helping the surgeon plan the operative approach (Wood
and Razavi 2002).

VR simulation offers exciting opportunities and may revolutionize
endourologic training in the future. The URO-Trainer represents the latest
generation of VR-based endoscopy simulators. Its instructional effectiveness and
construct validity were demonstrated for cystoscopy and intravesical therapy

(Reich et al., 2006).
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