
Definition
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Carcinoma arising in the epithelium of the upper urinary tract.
" Epidemiology

Three times more common in men than women · Peak incidence: Sixth decade ·
Annual incidence in Europe and the USA: 20 in 100 000.

" Etiology
Smoking is the single most important risk factor · A genetic disposition has been
proposed but its influence seems to be small · Papillary carcinoma is the most
common type · Muscle invasion (T2 tumors) is paramount for staging, treat-
ment, and prognosis.

Imaging Signs
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

" Modality of choice
Biphasic CT with CT IVP.

" Pathognomonic findings
Irregular polypoid filling defect in the collecting system.

" CT and MRI findings
Irregular polypoid intraluminal mass with only slight contrast enhancement ·
The collecting system proximal and distal to the tumor may be enlarged.

" Intravenous pyelogram findings
Isolated or multiple filling defects within the collecting system · Dilatation of a
single calix (hydrocalix) or the entire collecting system (hydronephrosis, hydro-
ureter).

Clinical Aspects
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

" Typical presentation
Painless hematuria.

" Treatment options
Curative: Radical resection (nephroureterectomy with partial bladder resec-
tion) · Palliative: Radiotherapy, chemotherapy.

" Course and prognosis
Depend on the T stage · Well-differentiated in situ and T1 tumors have a very
good prognosis · Patients with muscle infiltration (T2) have a much poorer
prognosis · T3/T4 tumors have a 5-year survival rate of less than 20%.

" What does the clinician want to know?
Extent: Panurothelial disease · Severity of urinary obstruction · Tumor stage.
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Differential Diagnosis
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Renal cell carcinoma – Hypervascular tumor
– Predominantly intraparenchymal
– Tumor may extend into the renal vein
– No urinary obstruction

Renal tuberculosis – Bizarre morphology
– Calcifications

Radiolucent calculus – Smooth contour
– No contrast enhancement
– Ureteral spasm distal to the calculus

Tips and Pitfalls
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Panurothelial disease: Imaging must include the lower urinary tract and contralater-
al collecting system in order not to underestimate tumor extent · A tumor may be
missed on IVP unless at least three zonograms are obtained.
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T4T3

Fig. 2.17 T3/T4 stages of urothelial carcinoma of the renal pelvis and ureter. T3 tumors
extend beyond the muscularis propria and invade the peripelvic/periureteral tissue or
renal parenchyma. T4 tumors invade perirenal fat or contiguous organs.
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Selected References

Browne RF et al. Transitional cell carcinoma of the upper urinary tract: spectrum of imag-
ing findings. Radiographics 2005; 25: 1609–1627

Caoili EM et. al. MDCT urography of upper tract urothelial neoplasms. AJR Am J Roentgen-
ol 2005; 184: 1873–1881
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Fig. 2.18 a, b Urothelial carcinoma (T4) of the left kidney extending from the renal pel-
vis into the proximal ureter.
a Axial corticomedullary phase CT scan. Inhomogeneous opacification of the tumor,

which is seen to extend through the posterior parenchyma into the perinephric fatty
tissue.

b Coronal reconstruction showing dilated calices and extension of the tumor into the
proximal ureter.
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Definition
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BPH is the adenomatous enlargement of the transitional zone of the prostate · It is a
common condition that is considered abnormal when it causes bladder outlet ob-
struction and voiding problems · BPH is rarely the primary site of prostate cancer.
" Epidemiology

Common in men aged 50 and older · Often progressive enlargement.

Imaging Signs
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

" Modality of choice
Transrectal or transvesical ultrasound.

" Routine diagnostic workup
Digital rectal examination · Transrectal or transvesical ultrasound is the first-
line imaging modality · Retrograde urethrogram to rule out further urethral
strictures in patients with bladder outlet obstruction.

" Ultrasound findings
Inhomogeneous area of high and low echogenicity in the center of the prostate ·
Acoustic shadowing indicates calcifications · Limited visualization of prostate
zonal anatomy.

" Intravenous pyelogram findings
Protrusion of the enlarged prostate gland at the floor of the bladder · Significant
enlargement of the prostate can cause bladder base elevation with “J-ing” or
“fish hooking” of the distal ureters.

" MRI findings
Exquisite visualization of the zonal anatomy on T2-weighted images · Well-
defined enlarged transitional zone · Usually inhomogeneous with areas of high
and low signal intensity · Smooth interface with the peripheral zone.

" CT findings
No visualization of the zonal anatomy · Enlargement of the entire prostate
gland · Median lobe protrudes into the floor of the bladder · Prostate cancer
cannot be excluded.

Clinical Aspects
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

" Typical presentation
Voiding problems · Reduced urine flow · Often detected in patients undergoing
diagnostic assessment for PSA elevation or as an incidental finding on abdominal
ultrasound.

" Treatment options
Surgical adenectomy or TURP.

" Course and prognosis
Excellent prognosis · Recurrent BPH is uncommon.

" What does the clinician want to know?
Extent of BPH · Other causes of bladder outlet obstruction (e.g., urethral stric-
ture)? · Signs of prostate cancer?
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Fig. 3.17 Benign prostatic hyperplasia.
Ultrasound.

Fig. 3.18 a, b T2-weighted MRI sequence. Good visualization of the zonal anatomy of
the prostate. The transitional zone is markedly enlarged and protrudes into the bladder
base.
a Axial image.
b Sagittal image.
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Differential Diagnosis
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Prostate cancer – Mainly in the peripheral zone of the prostate
– Less bulbous
– Biopsy to resolve inconclusive findings

Bladder tumor – Different morphologic appearance
– Arises from the bladder

Prostatic utricle cyst – Midline cystic lesion, located posterior and superior
to the verumontanum, confined to the prostate or
extends posteriorly beyond the prostate

Tips and Pitfalls
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BPH may be mistaken for prostate cancer.

Selected References

Nicolas V et al. Prostata. In: Freyschmidt J, Nicolas V, Heywang-Köbrunner SH (eds).
Handbuch diagnostische Radiologie. Heidelberg: Springer; 2004
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A

abscess
Bartholin 193, 195
periurethral 185
renal 33–35, 34, 40, 43, 58, 59

drainage 34
scrotal 157, 163

accessory renal arteries 8, 9, 105
acquired cystic kidney disease 46
Addison disease 92
adenocarcinoma

ovarian 239
prostatic 176

adenoma
adrenal 75, 76–80, 77–78, 82
cystic 93
lipid-poor 90
renal 58

adenomatoid tumor 153
adenomyoma 200
adenomyosis 199, 200–202, 201

diffuse 200
focal 200

adrenal gland
adenoma 76–80, 77–78, 82
adrenocortical hyperplasia

73–75, 74
calcification 91–92, 92

calcified tumor 92
carcinoma 79, 81–84, 82–83, 86,

90, 93
regressive 93

cysts 86, 93–95, 94
mesenchymal tumors 80
metastases 79, 82, 86, 88–90, 89

regressive 93
ampullary pelvis 110
angiomyolipoma 47–49, 48–49, 58,

65, 66, 66
appendage torsion 165

appendix
epididymal 148
testicular 148

arcuate uterus 189, 191
arteriovenous fistula 70
atherosclerosis 10, 11
atrophy, renal 27, 28

B

Bartholin abscess/empyema
193, 195

Bartholin cyst 193, 223
benign prostatic hyperplasia

(BHP) 133, 171–173, 172, 178
bicornuate uterus 189
bifid ureter 96, 97, 97
bladder

blood clot 144
cancer 129–132, 130–131
diverticulum 127–128, 128

paraureteral 101
endometriosis 207, 208
mucosal folds 132
neobladder creation 140, 141
perforation 128
rupture 142–144, 143
tumor 173

burned-out tumor 160

C

calcification 155
adrenal 91–92, 92
eggshell

renal cyst 42
tuberculosis 37

prostatic 178
testis 155
vascular 121
see also calculus; urolithiasis

calculus 111, 118
radiolucent 125
staghorn 120
see also urolithiasis

carbuncle, renal 33
Page numbers in italics refer to
illustrations.
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carcinoma
adrenal 79, 86, 93

adrenocortical 81–84, 82–83, 90
regressive 93

bladder 129–132, 130–131
cervical 215–128, 216–218

staging 215, 216
endometrial 204, 210–214, 211–213

staging 210, 211
ovarian 238–241, 239
penile 184
urothelial 101, 117, 124–126,

125–126, 129–132, 130–131
vaginal 219–221, 220
vulvar 222–223, 223
see also renal cell carcinoma (RCC)

cervical cancer 215–218, 216–218
staging 215, 216

cervical glands 193
cervicitis 218
cervix 186, 187

metastasis 218
see also cervical cancer

choriocarcinoma 160, 162
contusion, renal 19, 20
coproliths 121
corpus cavernosum

fibrosis 179, 180
thrombosis 179, 185

Cowper syringocele 185
cremasteric artery 148
cryptorchidism 150
Cushing syndrome 81, 83, 231
cyclosporin toxicity 72
cystadenocarcinoma 229, 237
cystadenoma 43, 59–61, 241

ovarian 229, 235–237, 236
mucinous 235
serous 235

cystectomy 140
cystic adenoma 93
cystic lymphangioma 93
cystocele 224, 225
cysts

adrenal 86, 93–95, 94
Bartholin 193, 223

dermoid 209, 229
endometriotic 206, 208
epididymal 153, 154
Gartner duct 193, 194
Nabothian 193, 194
ovarian 209, 227–229, 228, 231,

234, 237
see also polycystic ovaries

paraurethral 137
paravesical 128
prostatic utricle 173
renal 38–43

acquired cystic kidney disease 46
atypical 40, 41–43, 42
complicated 40, 41–43, 42
cortical 38–40
echinococcal 43
infected 35, 41, 43, 44
parapelvic 38–40, 110
simple 38–40, 39, 44
see also polycystic kidney disease

seminal vesicle 101
testicular 153, 154
urachal 128
see also polycystic kidney disease

cytomegalovirus (CMV) infection 72

D

deferential artery 148
dermoid 209, 229
distal renal tubular acidosis 6
diverticulum, bladder 127–128, 128

paraureteral 101
urethral 135, 136, 137

double ureter 96, 97, 97
duplex kidney 1
duplicated renal pelvis 4
dysgenesis, uterovaginal 189

E

echinococcal cyst 43
ectasia

renal tubular 5
tubalar, of the rete testis 153
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ectopia
renal 1, 2

crossed 1, 2, 98
uteral orifice 96

edema, scrotal 166
eggshell calcification

renal cyst 42
tuberculosis 37

embolism 13
endometriosis 206–209, 207–208
endometrium 186

carcinoma 199, 204, 210–214,
211–213
staging 210, 211

hyperplasia 204, 214
polyps 199, 203–205, 204, 214
stromal sarcoma 214

epidermoid 163
epididymis 148, 150

cysts 153, 154
epididymitis 157, 165

granulomatous 157
nodosa 157

epididymoorchitis 157–159, 158
extrarenal pelvis 110

F

fibroids 196–199, 197–198
see also leiomyoma

fibroma, ovarian 199, 241,
242–243, 243

fibromuscular dysplasia 10
fibrosarcoma 243
fibrosis

penile cavernosal 179, 180
prostatic 175, 178
retroperitoneal 115–117, 116

fistula
arteriovenous 70
vesicorectal 138–139
vesicovaginal 138–139

forniceal rupture 109, 111

G

ganglioneuroblastoma 84
ganglioneuroma 80, 84
Gartner duct cyst 193, 194
germ cell tumors 160, 162, 241
Graafian follicles 231
granuloma 132
granulosa-theca cell tumor 243
gravel 118

H

hamartoma 47
hematocele 151

scrotal 166
hematoma

peritesticular 166
renal 19, 20, 21

following kidney transplant
70, 71

retroperitoneal 144
subcutaneous 147
testicular 166, 167

hemoperitoneum 144
hemorrhage

adrenal calcification and 91
adrenocortical carcinoma 81
intrascrotal 166
prostatic 175, 178
renal cysts 41, 42, 44, 45, 46, 49, 58

horseshoe kidney 1, 3
hydatid of Morgagni 148
hydrocele 151, 152, 158, 167

spermatic cord 151
hydronephrosis 28
hyperplasia

adrenocortical 73–75, 74
endometrial 204, 214
macronodular 79

hypoplasia, renal 28
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I

incidentaloma 76, 77
infarction

renal 13–15, 14, 25
trauma and 21

testicular 163
infection

adrenal 79
calcification and 91

renal cysts 35, 41, 43, 44
injuries see trauma

K

keratocyst 163
kidney transplantation 67–72, 70,

71, 72
nephrologic complications 70
surgical complications 70

L

laceration, renal 19, 20, 21
leiomyoma 196–199, 197–198, 202

classification 197
submucosal 204
subserosal 209, 241

leiomyosarcoma 199
leukemia 161
Leydig cell tumor 161
lymphangioma

cystic 93
lymphocele 70, 71
lymphoma

malignant 82
renal 15, 25, 30, 58, 62–64, 63
testicular 161

M

macronodular hyperplasia 79
malrotation, renal 1, 2
Marchand rests 163
mediastinum testis 148
medullary sponge kidney 5–6, 6–7

megaureter 99–100, 100
primary obstructive 99
primary refluxing 99
secondary 99

Meigs syndrome 242
metastases

adrenal 75, 79, 82, 86, 88–90, 89
regressive 93

cervical 218
penile 184, 185
renal 49, 57

microlithiasis, testicular 155, 156
Mycobacterium tuberculosis 36
myelolipoma 80
myometrium 186

focal myometrial contractions
199, 202

N

nabothian cyst 193, 194
necrosis

following kidney
transplantation 70

renal papillary 6
nephritis 37
nephrocalcinosis 121
nephrolithiasis 118
nephronophthisis—medullary cystic

kidney complex 46
nephroptosis 4
neuroblastoma 84, 86
neurofibromatosis type I 65
nonseminoma 160, 162, 162

O

oncocytoma 50, 52, 53, 58
orchitis 165

focal 163
granulomatous 157, 163

Ormond disease 115
ovary

cancer 238–241, 239
cystadenomas 235–237, 236
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cysts 209, 227–229, 228, 231,
234, 237
see also polycystic ovaries

endometriosis 206
fibroma 199, 242–243, 243
neoplasia 209
polycystic 227
teratoma 232–234, 233

P

pampiniform plexus 148
papillary blush 6
paracolpium 186
paraganglioma 85
parametrium 186
paraneoplastic syndrome 57
parapelvic renal cysts 38–40, 110
pelvic kidney 1, 2
pelvic organ prolapse 224–226, 225
penis

cavernosal fibrosis 179, 180
fracture 145, 146, 179
malignancies 184–185, 185
metastases 184, 185

Peyronie disease 181–183, 182–183
phakomatoses

renal involvement 65, 66
pheochromocytoma 82, 85–87,

86–87, 90, 93
phlebolith 121
polycystic kidney disease

43, 44–46, 45
autosomal dominant (ADPKD)

44, 46
autosomal recessive (ARPKD)

44, 46
polycystic ovaries 227, 230–231, 231
polyps

adenomyomatous 203
endometrial 199, 203–205, 204, 214

postoperative lower urinary
tract 140–141, 141

primary hyperparathyroidism 6
prostate cancer 173, 175, 176–178, 177
prostatectomy 140, 141

prostatic utricle cyst 173
prostatitis 174, 175, 178
pseudoaneurysm 70
pseudodiverticulum 127
pseudotumor 80
pyelonephritis 15

acute 23–25, 24
chronic 26–28, 27, 114
granulomatous 28
with abscess formation 32
xanthogranulomatous

25, 29–30, 30
pyocele 151, 157
pyonephrosis 30, 31–32, 32

R

rectocele 224, 225
anterior 224
physiologic 226

rectovaginal fistula 138, 139, 218
rejection, kidney graft 70
renal abscess see abscess
renal anomalies 1–4, 2–3
renal artery

accessory 8, 9, 105
stenosis (RAS) 10–12, 11

following kidney transplant
(TRAS) 70, 71, 72

renal cell carcinoma (RCC) 30, 35, 49,
52, 54–58, 55–57, 64, 66, 125
chromophilic 54
chromophobe 54
clear cell 54
collecting duct 54
cystic 40, 43, 59–61, 60
hypovascular 50, 51
metastasis 49, 57
spindle cell 54
staging 55

renal cysts see cysts
renal infarction 13–15, 14, 25

trauma and 21
renal papillary necrosis 6
renal transplant 67–72
renal tuberculosis 6, 36–38, 37, 125
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renal vein thrombosis 16–18, 17–18
retroperitoneal fibrosis 115–117, 116
retroperitoneal lymph-

adenopathy 117

S

sarcoma
botryoides 219–220
endometrial stromal 214

scrotal anatomy 148–150, 149–150
seminal vesicle cyst 101
seminoma 160, 161, 162
septate uterus 189, 192
Sertoli cell tumor 161
spermatocele 152, 153, 154
staghorn calculus 120
Stein–Leventhal syndrome 230
stenosis

renal artery (RAS) 10–12, 11
following kidney transplantation

(TRAS) 70, 71
ureteropelvic junction 103, 104

syringocele, Cowper 185

T

teratoma 160, 209
ovarian 232–234, 233, 241

testicular artery 148
testicular microlithiasis 155, 156
testicular torsion 159, 164–165, 165
testicular trauma 166–168, 167
testicular tumors 153, 159, 160–163,

161, 162, 168
testis 148, 149–150, 150

cysts 153, 154
macrocalcifications 155
rupture 166

thrombosis
corpus cavernosum 179, 185
renal 13, 16–18, 17–18

following kidney transplant
70, 71

transplant renal artery stenosis
(TRAS) 70, 71, 72

transplant renal vein
thrombosis 71

trauma 19–22, 20–21, 25
bladder rupture 142–144, 143
penile 145–147, 146
testicular 166–168, 167
ureteral 122–123, 123
urethral 145–147, 146

tuberculosis see renal tuberculosis
tuberous sclerosis 65, 66
tunica albuginea 148

cysts 153
TURB 140
TURP 140

U

Ureaplasma urealyticum 174
ureter

endometriosis 207
injuries 122–123, 123

ureteral duplication anomalies
96–98, 97

ureterocele 101–102, 102
ureterolithiasis 118
ureteropelvic junction (UPJ)

anomalies 103–105, 104–105
congenital stenoses 104

rupture 21
urethra

diverticula 135, 136, 137
female pathology 135–137, 136
rupture 133
stricture 133–134, 134, 147
surgery 140
trauma 145–147, 146
tumor 133, 135, 137

urinary obstruction 106
acute 109–111, 110–111, 114
chronic 110, 112–114, 113

urinoma 70
urocystolithiasis 118
urolithiasis 118–121, 119–120
urothelial carcinoma 101, 117,

124–126, 125–126
bladder 129–132, 130–131
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uterovaginal anomalies 189–192,
190–191
arcuate uterus 189, 191
bicornuate uterus 189
classification 190
dysgenesis 189
lateral fusion defects 189
septate uterus 189, 192
unicornuate uterus 189
vaginal septum 189
vertical fusion defects 189

uterus
anatomy 186, 187
endometriosis 206
postmenopausal 186
see also uterovaginal anomalies

V

vagina
anatomy 186–188, 187
carcinoma 219–221, 220
endometriosis 206
see also uterovaginal anomalies

vaginitis 221
varicocele 169–170, 170

primary 169
secondary 169

vesicorectal fistula 138–139
vesicoureteral reflux (VUR)

106–108, 107
grading 107

vesicovaginal fistula 138–139
von Hippel–Lindau disease 65
von Recklinghausen disease 65
vulva

carcinoma 222–223, 223
chronic inflammation 223
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