ROLE OF MULTISCLICE CT AND VIRTUAL
CYSTOSCOPY VERSUS ULTRASOUND AND COLOR
DOPPLER STUDY IN EVALUATION OF URINARY
BLADDER NEOPLASMS
Thesis
Submitted for Partial Fulfillment of M.D. degree in
Radiodiagnosis

By
Sameeh Shoukry Sobhey
M.B.; B.Ch., M.sc. in Radiodiagnosis
Faculty of medicine
Ain Shams university

Under Supervision of

Prof. Dr. Hanaa Abdel Kader Abdel Hamed
Professor of Radiodiagnosis
Faculty of medicine
Ain Shams University

Assis Prof. Dr. Rania Aly Maarouf
Assistant Professor of Radiodiagnosis
Faculty of medicine
Ain Shams University

Dr. Togan Taha Abdel Azez
Lecturer of Radiodiagnosis
Faculty of Medicine
Ain Shams University

Faculty of Medicine
Ain Shams University
2009



35l () ) UASAN 5 el i) Basacie sl And) g0
Alial) al g il B G slall Sl gall g 45 guall il gally
FTy

o\)jﬁﬂ\ﬁjdécd}m;ﬂ:\ﬂaﬁ
Al Andy) b

058 sl Baluad)
sl dwy)
Laall A aldl) ae el
duand Sl da YY) Al
il (e Aals -l

gisalf
g ra Ao L)
duana il Ax3Y) ae Lue Al
o (e daals ~aball IS

L gisal
il e ada Cla g
o (e daals ~aball IS

uads (e Aaaly bl 4l

2009



Acknowledgement

Fowot and for most, thanfts te Ged wha fiave lglitened my
path te lecane a fumbile student of a nolile prafession, arnd
grarited me the aliility te accomplish this wedf.

J would Ufe ta eaxpress my osinceve thanks and deep
gratitude ta my supewisers Pvof. Dy Hanaa (ldel Radder
dbidel Hameed Prvafessor of Radiediagresis, Facully af
suppait that fielped me through this wed. J am deeply grateful
fay fer mave than werds can ever express.

bsa for ssistant Praf Dr. Rania Maracf, Wssistant
Fvafessor of Radiediagrnosis, Facully of medicine, Uin
Sthams University fos fiev considesation and help.

ud lastly Dr. Tagan Taha Ubdel Lzez, Prafesser af
Radiediagnasis, Facully of medicine, Uin Sthams
University for flev valualle supply of Clerature,
indescrilialite suppart and meticalows vevision of this
V2773

J would lke alsa ta express my deep gratitude le my

J would Uifte alsa le thanft all my family membevs for
theix suppat and encawvagentert.



CONTENTS OF THE STUDY

CONtENTS .o
Listof Figures ........ccooiiiiiiiii e,
Listof Tables .......cooviiiiii
List of Abbreviations .............ccooiiiiiiiiinnn,
Introduction & aim of work .........cccceviiiiiiinnn
Anatomy of the bladder ................cooooiiini i,

Pathology of the urinary bladder neoplasms .......

Techniques of the virtual cystoscopy and Doppler
UILraSOUNd ........ooovvieiiieie e
Findings of the VC and US in bladder neoplasms

Subjects and methods..............ccoviiiiiiinnnn

RESUItS v
DISCUSSION ..uuiti i e e
Cases Presentation ..........coocvvvveiieiininens o,
Summary and conclusion ................oeinn.
References .....ocooiviii i

ArabiC SUMMANY ....oiiei i,

fi-viii
IX
X
1-4
5-25
26-68
69-105

106-123

124-130
131-144
145-166
167- 216
217-225
226-247
248-249



LIST OF FIGURES

Fﬁslre Title Page
1 Median sagittal section of male pelvis 6
2 Male bladder 7
3 The peritoneum of the male pelvis 7
4 Median sagittal section of female pelvis 9
5 Sagittal section through the pelvis of a newly born male 10
child
6 Sagittal section through the pelvis of a newly born 10
female child
7 Anterior aspect of the interior of the urinary bladder 12
8 Dissection of the male bladder 14
9ab,c Structure of the male bladder neck and trigone 16
10a,b Normal ureterovesical junction and trigone 18
1lla The arterial supply of male pelvis 20
11b The arterial supply of female pelvis 21
12 The veins of the right half of the male pelvis 22
13 Lymphatic drainage of the urinary bladder 24
14 Gross picture of leiomyoma 29
15 leiomyoma microscopic picture 29
16 microscopy of Neurofibroma 30
17 Mic. picture of Pheochromocytoma 31
18 Gross picture of Pheochromocytoma 31
19 Von Brunn’s nests 43
20 Normal squamous epithelium 45
21 Moderately severe squamous metaplasia 45
22 Severe squamous metaplasia 45
23 Non Keratinizing squamous metaplasia mic picture 46




24 keratinizing squamous metaplasia 47
25 Bladder Urothelial Carcinoma 49
26 Bladder Urothelial Carcinoma 5349
27 Papillary carcinoma of the bladder 50
28 Squamous cell carcinoma 52
29 Angiosarcoma mic picture 56
30 Mic picture of Leiomyosarcoma 57
31 Illustration of the definitions of primary tumor 62
32 T3 tumor in the female with invasion of the bladder neck 64
33 T4 tumor in the female with invasion to other adjacent organs 64
34 stages of tumor invasion in bladder cancer 65
35 N1 is defined as metastasis in a single lymph node, 2 cm or 66
less in greatest dimension
36 a,b Lymph nodes staging 66
37ab Lymph nodes staging 67
38a Image post processing. The figures demonstrate the 81
reconstructed images using MPR
38b Image post processing. The figures demonstrate the 81
reconstructed images using CPR; note that the visualization
of the ureter is facilitated
38¢ Image post processing. The figures demonstrate the 82
reconstructed images using MIP
38d Image post processing. The figures demonstrate the 83
reconstructed images using SSD
39 Volume-rendered coronal image 85
40 Bladder trabeculation by virtual cystoscopy 94
41a,b,c,d Images of urothelial carcinoma 95,96
42 a Axial image of MDCT 96
42 b Virtual image, Virtual images, threshold of 190 HU 97
42c Virtual image , threshold of 100 HU 97
43 a False-positive finding of lesion in virtual cystoscopy 99




43b Retrospective evaluation of this multidetector helical CT 99
source image

44 Motion artifact 100

45a,b,c Squamous cell carcinoma 107

46 a,b Cystitis glandularis in axial CT and virtual cystoscopy 108

47 a,b normal bladder axial CT and virtual cystoscopy 109

48 a,b Bladder carcinoma by virtual cystoscopy 110

49 a,b Urothelial carcinoma in axial CT and virtual cystoscopy 110

50 a,b transitional cell carcinomas in bladder in axial CT and 111

virtual cystoscopy

51ab A mass extending into a bladder diverticulum in axial CT 111
and virtual cystoscopy

52a,b A 4-mm polypoid lesion in axial CT and virtual 112

cystoscopy
53a,b transitional cell carcinoma in bladder in axial CT and 112
virtual cystoscopy
54 a,b Recurrent bladder carcinoma in axial CT and virtual 113
cystoscopy

55 a,b Transitional cell carcinoma of the bladder in axial CT 114
and virtual cystoscopy

56 a,b Urothilial carcinoma on the left bladder wall in axial CT 115
and virtual cystoscopy

57 a,b Transitional cell carcinoma seen toward the left wall 115

shows polypoid lesion in axial CT and virtual cystoscopy
58 a,b an area of wall thickening involving the left lateral wall of the 116
bladder in axial CT and virtual cystoscopy
59a,b Enlarged median lobe of the prostate gland 117
60 a,b Urothelial carcinoma in the posterior vesical wall in axial 118
CT and virtual cystoscopy
6la,b Pseudo lesion that mimics a polypoid lesion in axial CT 119




and virtual cystoscopy

62 a,b A low-grade papillary carcinoma, with punctate calcifications 120
arising from the left trigone in axial CT and virtual cystoscopy

63a,b Calcified polypoid lesion in axial CT and virtual cystoscopy 120

63 c Conventional cystoscopic image depicts a solid tumor 120

64 ultrasound examination of the bladder showing postero-lateral 121

soft tissue lesion revealed to be transitional cell carcinoma

65 ultrasound examination of the bladder showing right lateral 122
soft tissue lesions

66 Color Doppler examination of a bladder mass revealed 122
internal vascularity

67 Number of patients in relation to age 133

68 Male to female ratio 133

69 number and localization of the lesions at virtual images 140

70 number and localization of the lesions by ultrasound 140

71 number and localization of the lesions by conventional 141

cystoscopy

72 number of enhanced lesions by Doppler in comparison to size 143

73a US image with a left postero-lateral polyp 173

73b Colour Doppler study showing no enhancement 173

73c Another Colour Doppler study showing no enhancement 174

73d Coronal reconstruction CT image with a left postero-lateral 174

wall small polyp
73e Sagittal reconstruction CT image with a left postero-lateral 175
wall small polyp
73f Axial reconstruction CT image with a left postero-lateral wall 175
small polyp

739 virtual CT image with a left postero-lateral wall polyp 176

73h Another virtual CT image with a left postero-lateral wall polyp 176

74a axial CT image in supine position with an anterior wall small 178

polyp
74b virtual CT image with an anterior wall small polyp 178




75a Ultrasound image showing a small polyp at the right lateral 180
wall of the bladder
75b Ultrasound image showing a small polyp at the base of the 180
bladder

75c¢ No internal vascularity on power Doppler study 181

75d Axial CT image in supine position with right lateral wall small 181
polyp

75e virtual CT image with right lateral wall small polyp 182

75f Another virtual CT image with right lateral wall small polyp 182

76a Ultrasound image showing a small polyp at the right lateral 184

wall of the bladder
76b Internal feeding vessels at the base of the polyp on colour 184
Doppler study

76C Axial CT image in supine position with right lateral wall small 185
polyp

76d Virtual CT image with right lateral wall small polyp 185

T7a Ultrasound image showing an anterior wall polyp 187

77b Axial CT image in supine position with anterior wall polyp 187

77c virtual CT image with anterior wall polyp 188

78a ultrasound image showing left postero-lateral wall polyp 190

78b minimal vascularity on colour Doppler study 190

78c axial CT image in supine position with left postero-lateral wall 191
polyp

78d virtual CT image with left postero-lateral wall polyp 191

79a Ultrasound image showing a hypoechoic lesion seen at the left 193

lateral wall of the bladder
79b Axial CT image in prone position with polypoid mass at the 193
left lateral wall of the bladder
79c Axial CT image in supine position with polypoid mass at the 194
left lateral wall of the bladder
79d Virtual CT image with polypoid mass at the left lateral wall of 194

the bladder




79 Virtual CT image with polypoid mass at the left lateral wall of 195
the bladder
80a ultrasound image showing left postero-lateral wall thickening 197
80b internal vascularity on colour Doppler study 197
80c axial CT image in supine position with left postero-lateral wall 198
thickening
80d virtual CT image with left postero-lateral wall thickening 198
80e virtual CT image with left postero-lateral wall thickening 199
8la Ultrasound image showing posterior wall mass lesion 201
81b internal vascularity on colour Doppler study 201
81c axial CT image in supine position with posterior wall mass 202
81d virtual CT image with posterior wall mass 202
82a Ultrasound image showing an irregular surfaces hypoechoic 204
Lesion seen at the right postero-lateral bladder wall
82b Internal feeding vessels on colour Doppler study 204
82¢c Axial CT image in supine position with cauliflower mass at 205
the right postero-lateral wall of the bladder
82d Virtual CT image with a cauliflower mass at the right postero- 205
lateral wall of the bladder
83a Ultrasound image showing a hypoechoic lesion seen at the left 207
lateral bladder wall
83b Internal exuberant vascularity on colour Doppler study 207
83c Axial CT image in supine position with left lateral large soft 208
tissue mass lesion
83d Virtual CT image with left lateral large soft tissue mass lesion 208
84a Ultrasound longitudinal scan image showing a hypoechoic 210
lesion seen at the right lateral wall of the bladder
84b Internal vascularity on colour Doppler study 210
84c Axial CT image in supine position with a mass at the right 211
lateral wall of the bladder
84d virtual CT image with a mass at the right lateral wall of the 211




bladder

85a Ultrasound image showing a left lateral bladder wall lesion 213
85b internal exuberant vascularity on colour Doppler study 213
85¢ axial CT image in supine position with left lateral large soft 214
tissue mass lesion
85d virtual CT image with left lateral large soft tissue mass lesion 214
86a Ultrasound image showing a hypoechoic lesion seen at the 216
base of the bladder
86b Intra- lesional increased vascularity on Doppler study 216
86¢ Axial CT image in supine position with mass at the base of the 217
bladder
86d Virtual CT image with mass at the base of the bladder 217
87a Ultrasound image showing a hypoechoic lesion seen at the 219
right lateral wall of the bladder
87b Intra- lesional mild vascularity on colour Doppler study 219
87c Axial CT image in supine position with mass at the right 220
lateral wall of the bladder with peri-vesical haziness
87d Virtual CT image with mass at the right lateral wall of the 220
bladder
87e Virtual CT image with mass at the right lateral wall of the 221

bladder




LIST OF TABLES

Table

No. Title Page
1 Stage Grouping of urinary bladder carcinoma 73
2 Number and localization of the lesions at 134

virtual images and ultrasound
3 number of lesions according to their 137
morphological description
4 Side findings of the urinary bladder neoplasms 137
5 Findings in the follow up patients by VC 139
6 Findings in the follow up patients by US 139
7 Findings in the follow up patients by CC 140
8 number of lesions in both patient groups as 141
seen by CC and VC
9 number of lesions in both patient groups as 142
seen by CC and US

10 sensitivity and specificity of CC, USand VC | 142

11 number of masses regarding their size at CC, 142
VC and US
12 Morphological findings as regard conventional | 143
cystoscopy (CC) , virtual cystoscopy (VC) and
ultrasound (US)
13 Sensitivity of conventional cystoscopy, virtual | 143

cystoscopy and ultrasound regarding the

morphological description of the lesions




LIST OF ABBREVIATION

2D : Two dimensions

3D : Three dimensions

CC : conventional cystoscopy
CIS : carcinoma in situ

CT : Computed tomography
F+ve : False positive

F-ve : False negative

Fig. : Figure

HU : Hounsfield unit

v : Intravenous

KVP : kilovolt peak

mMAS : Milliampere per second
MDCT : Multidetector CT

MIP : maximum intensity projection
MPR : multiplaner reconstruction
MRI : Magnetic resonant imaging
MSCT : Multislice CT

No. : Number

SCC : Squamous cell carcinoma
TCC : Transitional cell carcinoma
TUR : Transurethral resection

uUs : Ultrasound

VC : Virtual cystoscopy



Intweduction & Uim Of Wenk

Introduction and aim of work

Cancer of the urinary bladder is one of the most common
urothelial neoplasms. (Raghavan D. et al 2008)

It has high rates of recurrence at the initial tumor site and
elsewhere throughout the transitional epithelium (30-80% of
cases) and of multi-focal manifestations (as many as 50% of

cases). Gross painless haematuria is the classic clinical sign of
bladder carcinoma. (Cookson MS et al 2002)

Replacing invasive diagnostic procedures with non-
invasive, sensitive and specific imaging techniques is a growing
trend in medicine today. (Karabacak O.R. et al 2011)

Conventional cystoscopy plays a key role in the
diagnosis and follow-up of bladder cancer. Virtual endoscopy is
a minimally invasive technique that has promising results in the
evaluation of the entire urinary tract. CT virtual cystoscopy has
been proposed as an alternative imaging technique with
potential advantages in the detection of urinary bladder
neoplasms and has good patient acceptance. (George C. et al
2008)

It allows accurate localization of a lesion due to its wide
field of view and depiction of extra-vesical anatomic
landmarks. The size of a tumor is measured objectively, and

virtual cystoscopy can be used to monitor treatment response in
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a patient with a non-resectable tumor. Patients with a severe
ureteral stricture or marked prostatic hypertrophy, who may be
poor candidates for conventional cystoscopy, can safely
undergo CT cystoscopy. (Gualdi GF et al 1999)

Virtual CT cystoscopy is a promising technique to be
used in the detection of bladder lesions. In the future, it may be
possible or even advantageous to incorporate it into the imaging
algorithm for evaluation of bladder lesion. (Arslan H. et al
2006)

The recent introduction of virtual endoscopy adds to the
Imaging armamentarium for use in bladder evaluation. The
volumetric data obtained with multi-slice CT imaging are
computer-rendered to generate three-dimensional images, and
with commercially available software, intra-luminal navigation
through any hollow viscous is possible. Of the different three-
dimensional rendering techniques available, perspective volume
rendering provides the most information because the entire data
set is incorporated. (Calhoun PS et al (1999)

Multi-detector row CT is the most recent advance in CT
technology. An increased number of detector rows and more
powerful x-ray tubes result in faster scanning time, increased
volume coverage, and improved spatial and temporal
resolution. MDCT (multi-detector computed tomography)

technology allows superior image quality, decreased



