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Foreword

The role of ultrasound in urology is expanding at a rapid pace. Whereas in 
Europe it is almost an extension of a physical exam, in the USA the urologists 
are rapidly learning to incorporate this in the practice. The American 
Urological Association through its office of education has made available the 
course to enable the urologist to learn this important tool.

Atlas of Ultrasonography in Urology, Andrology, and Nephrology 
(Martino-Galosi Editors) is a welcome addition, as this provides a compen-
dium of comprehensive use of ultrasound in all aspects of urological care. It 
not only covers the basics but provides advanced techniques for application 
in both males and females. It fulfills the need for universally recognized, 
standardized parameters for the correct performance of ultrasound investiga-
tions, as well as a scheme for reporting clinical findings that may be relevant 
in clinical practice.

The table of contents is exhaustive and conveniently organized in organ-
specific format starting with renal, to the urethra. Almost one thousand ultra-
sound images; hundreds of graphs, tables, and figures; photographs of 
anatomical, histological, and contrast-enhanced details; and many videos are 
very helpful to the reader – from a novice to an experienced practitioner.

The applications of ultrasound in emergency, functional ultrasound, and 
3D ultrasound are particularly interesting topics in this emerging field. 
Authors include not only urologists, andrologists, and nephrologists but also 
general surgeons and specialist radiologists, all offering practical tips in diag-
nostic imaging techniques.

I am pleased to recommend this publication to you.

Gopal H. Badlani
Wake Forest University

Winston Salem, NC, USA
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Ultrasound scanning is a widespread and essential diagnostic tool in all spe-
cialist branches of medicine. This is particularly true in the study of diseases 
of the urinary and genital apparatuses, and the method has largely replaced 
the classic investigations involving the use of contrast medium.

The technique is an essential part of the cultural armamentarium of urolo-
gists, andrologists, and nephrologists, and for this reason, nowadays the need 
for universally recognized, standardized parameters for the correct perfor-
mance of US investigations, as well as a scheme for reporting clinical find-
ings that may be relevant in clinical practice, is widely perceived.

This volume is addressed both to those taking their first steps in the field 
of US scanning and to expert scholars and ultrasound specialists, who wish to 
make in-depth studies of particular aspects of the urinary and genital 
apparatuses.

This Atlas includes almost one thousand ultrasound images; hundreds of 
graphs, tables, figures; photographs of anatomical, histological, and contrast-
enhanced details; and many videos that accompany the reader during the con-
sultation of the work and help to make it easy to follow.

This text provides a close examination of benign and malignant diseases, 
malformations, and trauma of the urogenital system. Particular attention has 
been paid to the ultrasound scanning methods for investigating these, as well 
as to mini-invasive US-guided surgical techniques.

The most accredited guidelines and practical recommendations for per-
forming ultrasound scanning in the urological, andrological, and nephrologi-
cal fields have been taken into account and are frequently referred to. They 
are quoted in detail at the end of this Atlas.

Continuous research is still ongoing in the ultrasound field (elastosonog-
raphy, 3D US, the use of contrast medium, histoscanning, etc.), associated 
with the design and construction of ever more sophisticated dedicated devices 
and probes (intraoperative, laparoscopic, endocavitary probes, etc.). Thanks 
to this close interest, the use of ultrasound scanning is being applied in an 
increasingly vast field: not only diagnostic but also interventional and intra-
operative ultrasound scanning.

Contributors to this work include not only urologists, andrologists, and 
nephrologists but also specialist radiologists and general surgeons, all experts 
in diagnostic imaging techniques. We would like to thank them all, for with-
out their expertise this work could never have been completed.

Preface
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Kidney: Ultrasound Anatomy 
and Scanning Methods

Giulio Argalia, Serena Campa, Fatjon Cela, 
Nicola Carboni, Fabio Salvatori, 
and Gian Marco Giuseppetti

1.1	 �Sonographic Scanning 
Technique

US examination of the native kidney is performed 
with multifrequency convex probe with transmis-
sion frequency between 2 and 5 MHz according 
to the patient’s body structure, using longitudi-
nal, coronal, transversal, oblique scans and an 
anterior or abdominal, posterior or dorsal, and 
lateral or lumbar approach.

In anterior abdominal approach, in lateral or 
supine decubitus, the kidney is imaged with lon-
gitudinal or oblique subcostal scans, during 
inspiratory apnea. This approach avoids obstruc-
tion due to gas bowel, using the liver as an acous-
tic window. In anterior longitudinal scans, the 
kidney assumes an ellipsoidal shape and paren-
chymal ring appears uninterrupted. The ultra-
sound bipolar diameter does not exactly coincide 
with the anatomical larger diameter, because of 
the organ spatial arrangement. For this reason, 
the bipolar kidney diameter, determined in the 
longitudinal scan, tends to be overestimated or 
underestimated depending on the case. Subcostal 
scans represent the hilum with anterior and 

posterior lip, the renal vessels, and just below the 
pelvis. On the left, gas in the stomach and splenic 
flexure often represents an insurmountable 
impediment to view the kidney in anterior scans. 
However, upward subcostal scan in deep inspira-
tion is required for the definition of topographic 
relations of a possible left adrenal mass.

The dorsal approach, with the patient in the 
prone position, finds its main indication in per-
forming ultrasound-guided minimally invasive 
procedures such as renal biopsy and percutane-
ous pyelostomy. It’s also useful for viewing the 
lower pole and the middle part of the kidney in 
the presence of intense bloating and colic stasis.

The lumbar approach through middle and pos-
terior axillary line, with the patient in supine or lat-
eral position, allows a good assessment of the left 
and right kidney, in coronal and transversal scans.

Coronal scan is the most suitable to measure 
correctly the repeatable bipolar diameter and cor-
tical thickness. Parenchymal thickness must be 
determined close to chalices of the lower or upper 
lobe.

In the coronal scan, the probe is located in 
posterior-anterior and cranio-caudal direction 
with the purpose of following ideally anatomical 
arrangement of the kidney in the lumbar loggia. 
Remember that the largest axis of the kidney is 
oblique from top to bottom in the frontal plane, 
because of the forward rotation of the renal sinus, 
and is anterior posterior oblique in the sagittal 
plane because of lumbar lordosis.
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In the transversal scan, the kidney appears as 
an incomplete ring, open anterior medially on the 
renal hilum.

Lumbar approach allows evaluation of the 
pyelo-vascular central zone, pyelo-ureteral junc-
tion, third proximal ureter, calyceal and pyelic 
structures, and the renal hilum.

1.2	 �Normal Sonographic 
Appearance

Normal kidney longitudinal diameter is between 
10.9 and 12 cm (median 10 cm), and transverse 
extent is on average 5–6 cm, despite individual 
differences related to age and size. In the age 
group between 30 and 60, differences are mini-
mal; in patients over 70 years, kidneys have a 
smaller size, due to the reduction of the paren-
chyma. The length of the organ correlates with 
the height, and, in the same way, the renal vol-
ume appears conditioned by age and individual 
body mass (Fig. 1.1).

In axial scans, acquired at the renal hilum, the 
transverse diameter measures between 5 and 
6.5 cm (median 5.7 cm) (Fig. 1.2).

Three different areas in the context of the renal 
parenchyma may be distinguishable, according to 
their echogenic characteristics: the cortex, medulla 
(constituted by the pyramids), and renal pelvis.

The cortex is located between the base of the 
pyramids and the surface of the organ, but it goes 
even deeper between the pyramids themselves, 
separating them from each other and forming the 
kidney Bertin columns.

Parenchymal thickness (calculated as the total 
of cortical and medullary thickness), measured 
from the outer edge to the border of the renal 
sinus, varies in normal subjects between 16 and 
20 mm (Fig. 1.3). Parenchymal thickness <13 mm 
is an absolute contraindication to renal biopsy.

Cortical thickness (or corticomedullary) is 
measured between the outer contour of the kid-
ney and the base of the pyramid, considered nor-
mal between 8 and 11.5 mm.

Determining cortical echogenicity is also 
important; it is measured in relation to renal and 
extrarenal structures, as it can allow to make 
evaluations about eventual kidney damage.

The cortex, as already mentioned, is the outer-
most portion of the renal parenchyma and proves 
to be hyperechoic compared to the medulla and 
hypoechoic compared to the pelvis.

A useful tool is represented by the attempt to 
quantify the alteration in terms of grades or num-
bers expressing the relative cortical echogenicity, 
using the scale of Hrikak et al.

G. Argalia et al.
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This scale, constituted by four grades, 
compares the normal liver and/or renal sinus 
echogenicity, considered as the two opposed 
terms of comparison:

0  – normal hypoechoic compared to the liver 
(Fig. 1.4)

1 – isoechoic compared to the liver
2 – moderately hyperechogenic compared to the 

liver but less than the renal sinus
3  – hyperechogenic compared to the liver but 

equivalent to that of the renal sinus

The renal capsule is not easily distinguishable 
from the perirenal band and from the perirenal 
fat, but normal kidney outline shows a regular 
trend. In coronal scans, the regularity of the pro-
file of the upper pole can be broken by a hyper-
echoic triangular formation, called hyperechoic 
renal triangle.

The hyperechoic renal triangle is formed by 
an incomplete fusion of two adjacent lobules in 
the metanephric kidney, with penetration of the 
renal sinus fat tissue into the external capsule fat.

The continuity between the triangle and the 
renal sinus should be carefully researched as a 
distinctive sign, which can be distinguished by a 
scar or a parenchymal angiomyolipoma.

The renal pyramids (the medulla) are 
hypoechoic; they may not be well delineated and 
also in normal conditions, their display can be 
modest or absent (except in children and thin 
patients) in relation to the hydration; in some 
ultrasound scans, they can be easily confused 
with microcysts or chaliceal diverticula. 
Corticomedullary differentiation can be well 
defined when pyramidal margins are net. In con-
ditions where there is interstitial edema (acute 
tubular necrosis, tubulointerstitial nephropathy), 
the upper boundary of the pyramidal base can be 
nuanced, making it difficult to distinguish 
between the two areas.

The renal sinus is the oval hyperechoic area 
between the inner profile of the parenchyma and 
the renal hilum; the echogenicity is high for the 
presence of numerous interfaces and components 
with different acoustic impedance (collector, ves-
sels, nerves, lymphatics, fibrous tissue, fat).

A variable amount of fibroadipose tissue 
surrounds the renal pelvis, the chalices, and their 
infundibula. In cases where the sinus fibroadipose 
tissue is exuberant, the renal pelvis is compressed, 
and infundibula are elongated and ironed. This 
condition is known as “renal sinus sclerolipoma-
tosis,” a benign alteration of physiological echo-
structure due to a fat proliferation in relation to 
old age, obesity, and corticosteroids. The prolif-
eration of fat causes a mass effect that compresses 
the intrarenal collecting system without causing 
chaliceal obstruction. Obesity in the elderly is the 
main cause of sinus sclerolipomatosis.

Sometimes in young the sinus fibroadipose 
tissue can have medium-low echogenicity and 
simulates a pelvis urothelioma, a hydronephrosis, 
or a cluster of peripelvic cysts.

Sometimes, even the scars of a chronic infec-
tion, especially if this is associated with lithiases, 
can simulate an asymmetric lipomatosis.

On the other side, a venous sinus ectasia or a 
peripelvic cyst cluster can simulate an expansion 
of the pelvis.

The use of color Doppler allows the differen-
tial diagnosis in the first case, while the absence 
of communications between the single cysts is 
diriment in the second one. An extrarenal pelvis 
can simulate a dilation and/or a ureteropelvic 
junction anomaly (Fig. 1.5).

In elderly patients with diffuse atherosclerotic 
disease, the arcuate arteries, located at the corti-
comedullary junction, may present as thin hyper-
echoic interfaces and be confused with 
microcalculi or medullary fibrotic calcifications. 
Occasionally, small hyperechoic foci, pictur-
esquely called “unidentified bright objects” 
(UBOs), can be found in the context of the paren-
chyma. These “spots” are frequently associated 
with reverberation artifacts, while the acoustic 
rear cone is usually absent. The possible causes 
of the “UBOs” may actually be represented by 
small lithiases foci at the apex of the papilla 
(Randall bodies), but also by microcysts, small 
chaliceal diverticula with calcified wall or intra-
luminal calcium milk, small calcified angiomyo-
lipomas, or arteriole fibro-calcifications.

The pelvis and major and minor chalices are 
usually virtual and not detectable by B-mode 
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ultrasound. Their profile can stand out clearly, 
into the hyperechoic sinus; in relation to physio-
logical causes such as hyperhydration, a hyper-
repletion of the bladder, pregnancy, antispasmodic 
abuse, and elastic hypotonia; or for an intersec-
tion with abnormal vessels. In these cases, the 
intrarenal excretory system appears, and the 
hypo-anechoic cavity running through the renal 
sinus, and corresponding to the urinary tract, has 
a very thin wall. The presence of complex chal-
ices arising from the fusion of several smaller 
chalices is a frequent anomaly of the polar areas 
(particularly of the upper pole) and can simulate 
a pseudo-mass [1–3].

Fig. 1.5  B-mode image of extrarenal pelvis without evi-
dence of hydronephrosis

Fig. 1.1  B-mode shows longitudinal section of a left kid-
ney, with normal volume and echostructure and bipolar 
diameter of 11.3 cm

Fig. 1.2  B-mode shows axial section of a left kidney, 
with normal volume and echostructure and transverse 
diameter of 5.28 cm

Fig. 1.3  B-mode shows longitudinal section of a left kid-
ney, with normal volume and echostructure and with cor-
tical thickness of 1.75 cm

Fig. 1.4  B-mode image of the right kidney with 
hypoechoic echostructure compared to the liver paren-
chyma (Hrikak scale 0)

G. Argalia et al.
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1.3	 �Anatomic Variations

The knowledge of anatomic variants that come 
into differential diagnosis with various patholog-
ical conditions is very important; the morpho-
logical variants of renal ultrasonography are 
more commonly found in:

•	 Lobulations and fetal incisures, the hyper-
echoic line, and triangle

•	 Dromedary humps
•	 Hypertrophy of the tubercles and renal rims
•	 Mesorenal column hypertrophy or mesorenal 

septa

1.3.1	 �Lobulations and Fetal Incisures

Normally the renal outer profile is smooth, 
while the inner one is jagged, for the presence 
of columns and pyramids which protrude in the 
renal sinus. It may happen, however, that also 
the outer profile is irregular for the presence of 
prominent areas, bounded by incisions and 
expression, respectively, of the lobulations and 
the fetal incisures (Fig. 1.6). The fetal lobula-
tions coincide with a lobar unit (consisting of 
the cortical mantle with his pyramid): fetal 
sulci split two contiguous lobar units that cor-
respond to the cortical columns. They must be 
differentiated from the segmental pyelonephri-
tis scars that are located in correspondence of 
the renal chalices and not of the Bertin col-
umns; another sign of benignity, which facili-
tates the differential diagnosis, is the presence 
of homogeneous parenchyma below the capsu-
lar incision and the absence of distorted and 
dilated chalices [4–7].

Fig. 1.6  US: compatible image of fetal incisure
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1.3.2	 �Dromedary Hump Kidney

The close proximity to other abdominal organs 
during fetal life can modulate the growth of the 
renal parenchyma; the most typical example is 
the dromedary hump kidney, more frequent to the 
left, as a result of pressure on the splenic upper 
pole. In the “hump,” the parenchymal structure is 
homogeneous and the intrarenal circulation is 
regular [4–7].

1.3.3	 �Hypertrophy of the Tubercles 
and Renal Rims

Tubercle and rim hypertrophy is manifested by 
the increase in volume of these structures that 
determine swellings, often difficult to distinguish 
from expansive processes [4–7].

1.3.4	 �Mesorenal Column 
Hypertrophy

In normal conditions it may be observed, in the 
mesorenal zone, a columnar hypertrophy with 
echogenicity similar to that of the remaining 
parenchyma that goes deep into the renal sinus 
(Fig. 1.7), sometimes dividing it completely into 
two halves, of which the lower one is prevalent 
(this condition is associated typically with a dou-
ble excretory system). The homogeneity of the 
mesorenal column compared to the adjacent 
areas of parenchyma, the lack of alteration in the 
capsular profile, and the radially, regular, and 
centrifugal disposition of arteries and veins are 
all useful for the differential diagnosis.

The segmental compensatory hypertrophy, 
usually resulting in a chronic multifocal pyelone-
phritis, is also worth mentioning. It is character-
ized by the alternation of coarse scars with 
pseudonodular areas of compensatory regenera-
tion [4–7].

Fig. 1.7  US: incomplete hypertrophy of the column of 
Bertin

G. Argalia et al.
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1.3.4.1	 �Vascularization
The arterial renal circulation is a type of a termi-
nal circulation (Fig. 1.8). The renal arteries origi-
nate from the anterolateral wall of the aorta, about 
1.5–2  cm from superior mesenteric artery. The 
right renal artery runs out and then rear, describ-
ing an anterior convexity curve, and reaches the 
renal hilum after crossing posteriorly the inferior 
vena cava. The left renal artery originates from 
the lateral profile of the aorta, extends back to the 
ipsilateral vein, and sinks obliquely toward the 
lumbar fossa. At the hilum, the renal arteries are 
divided into a front branch and a rear one 
(Fig. 1.9). The first gives rise to four segmental 
branches destined for the upper pole, the anterior 
superior segment, the segment lower front, and 
the lower pole. The posterior branch irrigates the 
posterior region of the kidney.

Renal arteries give rise to few side branches: 
the lower adrenal arteries, upper ureteral arteries, 
and some capsular branches. In the case of stenosis 
of the main branch, these arteries can vascularize 
renal parenchyma with a retrograde vicar flow. 
Among the many and frequent anatomical arterial 
variants, they have to remember the supernumer-
ary arteries originating from the main branch or 
the aorta. At autopsy, they found two more renal 
arteries in 20 % of cases and three or more arteries 
in 4 % of cases; they are unilateral in 32 % of cases, 
while it shows the bilateral in 12 % of cases. 
Among the supernumerary arteries include polar 
arteries and additional arteries. Polar arteries reach 
directly the right renal parenchyma, through a path 
that bypasses the hilum. These are further classi-
fied into superior polar arteries (which show the 
origin by the same renal artery in 12 % of cases 
and from the aorta in 7 % of cases) and lower polar 
artery (originating from the aorta in 5.5 % of cases 
and from the renal artery in 1.4 % of cases). 
Additional arteries enter into the kidney through 
the renal hilum and may start out from the aorta, 
the iliac arteries, the superior and inferior mesen-
teric arteries, and also the lumbar and sacral con-
tralateral kidney. These generally supply for the 
perfusion of the lower pole (72 % of cases) more 
often than the upper one.

In some cases, the division of the renal artery 
in its branches takes place in the section between 

the origin of the aorta and the renal hilum 
(extrahilar branching), constituting another vari-
ant that can complicate the sonographic explora-
tion of the renal artery along its course. These 
variants are of complex ultrasound demonstra-
tion, but their presence is always assumed where 
there is difficulty in following the renal arteries 
themselves or their framework flowmeter does 
not result in agreement with clinical expecta-
tions. They are also increasingly demonstrated in 
investigations characterized by greater panoramic 
views, such as CT angiography and MR angiog-
raphy. The curve speed/time recorded in the main 
renal artery is a “low resistance” curve. The front 
of the systolic rise is rapid and is followed by a 
mild and progressive deceleration, marked by 
rapid modulations and relevant end-diastolic flow 
(diastolic velocity 30–40 cm/s). The high contin-
uous component of the flow corresponds to a low 
resistance index (RI) and pulsatility index (PI) 
and a high renal blood flow (about 600–650 mL/
min for the kidney). The segmental arteries, 
interlobar and arcuate, show RI <0.60 in normal 
subjects and a path as smooth and toned and with 
a peak systolic more prolonged and less pro-
nounced compared to the main artery (Fig. 1.10). 
The systolic velocity peak in the renal artery 
varies from 60 to 120 cm/s. However, there are 
physiological conditions (young subjects), para-
physiological (kinking) or pathologic (hyperdy-
namic circulation), which increase the PSV even 
in the absence of significant stenosis of the renal 
artery. For this reason, a PSV 100 ± 40 cm/s in the 
main renal artery is considered normal.

The renal venous system differs substantially 
from the arterial one, in the presence of free 
intrarenal anastomoses. At the level of the corti-
cal, peritubular capillary blood is drained from 
the veins that are converged to interlobular veins. 
These veins drain successively to arched and 
main interlobar veins (upper, lower, and hilari-
ous) following the general design of the arterial 
circulation. Interlobar veins, flowing hilum, form 
the renal vein.

The right renal vein occasionally competes 
with a branch to form the azygos vein and pours 
into the inferior vena cava after a short course of 
2–2.5 cm at the level of L2. The left renal vein, 
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longer (6–10 cm), opens into the vena cava at a 
slightly higher level, after a complex course 
engaging into aorto-mesenteric clamp. The left 
renal vein receives the adrenal and gonadal vein 
and is in connection with the hemiazygos system 
and ascending lumbar (renal-arch-azygos-
lumbar). On the right adrenal and gonadal veins 
directly flow into the vena cava.

Contrary to what happens in other parts of the 
body, abnormal renal veins (multiple renal veins, 
retroaortic left renal vein, circumaortic left renal 
vein, persistence of the left cardinal vein com-
municating with the renal vein) are much rarer 
than the arterial ones.

Overall, the renal venous circle constitutes 
efficient outflow route for the presence of numer-
ous anastomoses intra- and extrarenal. Therefore, 
the main vein obstruction rarely causes renal 
infarction.

At the spectral sampling, renal veins show a 
modulated and multiphasic and very similar to 
that of inferior vena cava (auricular and respira-
tory modular) path. These modulations are less 
obvious in the left renal vein due to incarceration 
in the aorto-mesenteric compass. Changing the 
decubitus, the vein is more simple to explore and 
commonly used to display the normal modula-
tions [1, 8–12].

Fig. 1.8  Color Doppler image of native kidney with nor-
mal intraparenchymal vascularization

Fig. 1.9  CD: regular intraparenchymal vascularization

Fig. 1.10  Color and spec-
tral wave Doppler of the 
main renal artery at the 
hilum (RI 0.59)

G. Argalia et al.
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1.3.4.2	 �Technical Examination
Patient’s preparation is very important for a cor-
rect evaluation of renal arteries. Prolonged fast-
ing (>8  h) associated with a diet low in fiber 
reduces the use of antigas drugs. In some cases, 
like those in cardiorespiratory failure or patho-
logically obese, the assessment of renal arteries is 
unsatisfactory. The difficulty of US color Doppler 
comes also from the frequency of vascular abnor-
malities (20–25 % cases) and the necessity to 
explore the whole path of the artery. The hemo-
dynamic alteration induced by the stenosis ends 
at 1–2 cm so it becomes necessary to sample the 
ostial/preostial part to document an arterioscle-
rotic stenosis and the medium-distal part for a 
fibrodisplastic stenosis.

The renal artery can be sampled with various 
angular approaches:

	1.	 Axial scans in the peduncle origination, in 
epigastric or mesogastric area

	2.	 Subcostal scans in lateral decubitus
	3.	 Coronal scans of the aorta in lateral left 

decubitus
	4.	 Coronal scans on the kidney and the kidney 

hilum

Axial scan allows to find the peduncle origin 
of both renal arteries, the anatomical relationship 
with the homolateral vein, and the accessory 
arteries if present. In this scan, the transducer is 
held oblique to the peduncle, so the insonation 
angle of the ostial part of the right renal artery is 
unfavorable (angle 60°–70°), while the left one is 
ideal (<30°–45°) (Fig. 1.11).

In the subcostal scans, left lateral decubitus, 
the right renal artery is easier to evaluate in all of 
its length with a sampling angle <20°–30°. On 
the left the angle is less favorable (>40°).

The coronal scan of the aorta in left lateral decu-
bitus allows to find the ostium of both arteries and 
define, if present, additional branches. It also gives 
a good view of the relationship between the medial 
diaphragmatic pillars and renal arteries. The advan-
tage of this scan is that both arteries’ ostia can be 
sampled with a low insonation angle (20°–25°). 
Low-frequency transducers (2.5 MHz) are used in 
obese patients, reducing the image quality.

The coronal scan of the kidney in the mid 
axillary/posterior line offers a panoramic view 
of the kidney, of the artery and vein, and of the 
segmental vessels and intraparenchymal ones 
that radiate from the renal hilum to the periph-
ery. In this scan the arteries are colored in red 
(centrifugal flux), while the veins are colored in 
blue because the flux is going away from the 
transducer. Interlobar arteries can easily be 
sampled and their resistive indexes can be 
calculated.

A good scan for a patient can be bad for 
another; it is up to the operator and his experience 
to choose the one that fits best.

An experienced ecographist completes the 
exam in 15–20 min. Concentration and patience 
tend to be lower in difficult, badly prepared, and 
not properly fasting patients.

The scans described here require the use of 
B-mode of color Doppler/power Doppler and a 
spectral analysis in duplex (B-mode image + spec-
tra analysis) or triplex (B-mode image, color 
Doppler/power Doppler in real-time and spectral 
analysis).

It is very important to have a proper setting of 
the machine: PRF (1.5–3 KHz), color box, gain 
and depth of field, and filter. If the settings are 
correct, the color Doppler image will be clean 
and will show a colorimetric and uniform red/
blue map, without oversaturation. It will be easier 
in the next step to record an adequate velocity/
time curve.

If the colorimetric map is homogeneous and 
uniform and the V/t curve marks a VPS <100 cm/s, 
only a comparative calculation of intraparenchy-Fig. 1.11  CD: axial scan of the renal artery
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mal IR is needed (to exclude lateralization of the 
vascular resistance) to consider the exam 
concluded.

The V/t curve will have to be recorded multi-
ple times, at insonation angles between 30 and 60 
for a reliable value of the velocities.

An early bifurcation or course abnormalities 
such as kinking can cause false acceleration and 
be the source of error.

The presence of color aliasing in the color 
Doppler sampling indicates the necessity to do 
multiple samplings in various angles of insonation 
to find the stenosis.

The appearance of aliasing in the spectral 
curve is an artifact that can indicate an erroneous 
setting of PRF or an increase of blood flow speed.

If put above the renal parenchyma, color box 
shows a rich vascularization arranged radially. 
Arteries and veins radiate from the hilum to the 
parenchyma giving birth to the arcuate vessels 
and interlobar arteries. The cortical blushing, 
particularly evident in the power Doppler, is 
highlighted with a thin and pulsing appearance of 
the vessels that reproduce the systolic/diastolic 
expansion of cortical vessels.

The intraparenchymal RI and PI should be 
evaluated preferably in an interlobar vessel, close 
to the mesorenal column.

In adults the mean RI is to be considered nor-
mal if <0.70, while in children in the first 4 years, 
RI is considered normal even if >0.70.

RI tends to increase in arterial hypertension, in 
elderly, in diabetes, and in interstitial nephropa-
thies. Cutoff values are near 0.70 in the interstitial 
nephropathy and >0.80 in the vascular nephropa-
thy, nephroangiosclerosis, and atheroembolism.

In synthesis, the colorimetric map of the flux 
gives an immediate and qualitative information 
(course, vessel patency, flux direction), while 
the toning of the fundamental colors and the 
oversaturation will indicate the presence of 

acceleration and turbulence, typical findings of 
a hemodynamically significative stenosis.

The spectral analysis with the VPS calculation 
will conclude the examination of the main 
branch, while the evaluation of intraparenchymal 
resistive indexes and the velocimetric ratio 
between the renal artery and the aorta (renal-
aortic ratio, RAR) will conclude the exam.
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Acute and Chronic Nephropathy

Antonio Granata, Dario Galeano, 
and Fulvio Fiorini

2.1	 �Introduction

Imaging techniques, especially ultrasonogra-
phy, can give an effective assistance in the dif-
ferential diagnosis of renal diseases, in both 
acute and chronic setting. As stated by American 
College of Radiology, renal Doppler ultraso-
nography (DUS) is the most appropriate imag-
ing first-line test in the evaluation of patients 
with acute kidney injury (AKI). It allows the 
assessment of intrinsic causes of AKI, distin-
guishing acute from chronic kidney disease 
(CKD) and detecting acute obstruction of the 
urinary tract [1].

2.2	 �Kidney’s General Evaluation

Differential diagnosis of renal diseases by DUS 
is based on the proper interpretation of specific 
parameters such as kidney size, echogenicity, and 
resistive index, besides appropriate clinical 
symptoms (Fig. 2.1).

Kidney’s length is the most clinically useful 
measurement of kidney size because it is simple 
to obtain and shows only minimal intra- and 
inter-observer variations. Normal kidneys are 
approximately 10–12 cm in length, with the left 
kidney slightly longer than the right. Size also 
varies with sex and age: women and elderly, 
respectively, have kidneys smaller than men and 
young.

Length is especially important in differential 
diagnosis between AKI and CKD: small kidneys 
suggest the diagnosis of CKD, although in early 
diabetic nephropathy, kidney size is normal or 
increased. Indeed increased kidney size is often a 
feature of AKI: large kidney may result from infil-
trative diseases (amyloidosis, multiple myeloma, 
lymphoma), edema and inflammation (acute glo-
merulonephritis, acute interstitial nephritis), and 
vascular injury (renal vein thrombosis) [2].

Echogenicity is a main criterion to evaluate 
kidney diseases. Normal parenchyma, including 
the cortex and medulla, is isoechoic or slightly 
hypoechoic compared with the liver or spleen. 
But in the case of bright liver due to steatosis, the 
evaluation of renal echogenicity may result more 
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difficult and is based principally on operator’s 
experience (Fig. 2.2).

Increased parenchymal echogenicity in CKD 
is a consequence of fibrous tissue that reflects 
sound waves back. Hyperechogenicity may occur 
in AKI by acute interstitial nephritis and glomer-
ulonephritis because of inflammatory infiltrates. 
Proteinaceous casts are thought to cause increased 
echogenicity that occurs in ATN. Hypoechogenic 
renal cortex may be the ultrasonographic feature 
of cortical necrosis, a rare cause of AKI, and con-
sequence of severe ischemia due to hemolytic–
uremic syndrome, eclampsia, or sepsis, which 
results in necrosis of tubular cells of the cortex 
and increase in interstitial fluid.

The measure of renal resistive index (RI) is one 
of the most sensitive parameters in the study of 
disease-derived alterations of renal plasma flow, 

providing quantitative hemodynamic information 
about the intrarenal and extrarenal vasculature [3]. 
A standardized protocol is required to perform a 
correct measurement of RI, with color Doppler 
focused on interlobar arteries and low pulse repeti-
tion frequency (PRF) of 1–1.5 kHz. When pulsed 
wave Doppler module is activated, the sample vol-
ume should be placed in the lumen of interlobar 
arteries with a size of 1–2 mm in order to avoid 
artifacts. Renal RI is the arithmetic average 
obtained from at least three different samplings in 
different areas of the kidney (Fig. 2.3).

In adult a value <0.70 is considered normal, 
but many confounding factors, such as severe 
hypotension, heart rhythm disorders, renal com-
pressions for perirenal or subcapsular fluid collec-
tions, and extrarenal causes of impaired vascular 
elasticity, should be always kept in account.

a b

Fig. 2.1  Grayscale image of normal kidney size and 
echogenicity. Elementary information given by B-mode 
includes kidney size, parenchymal thickness, cortical 
echogenicity, corticomedullary differentiation, and renal 
profiles. (a) Coronal section is considered the most 

accurate scan to estimate kidney’s longitudinal length.  
(b) Oblique cross section allows measurement of renal 
width and thickness for renal volume estimation through 
the ellipsoid formula

Fig. 2.2  Grayscale ultrasonographic image demonstrat-
ing normal kidney compared to a bright liver

A. Granata et al.
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Fig. 2.3  Duplex ultra-
sound with normal RI find-
ing. The renal RI is 
calculated through the mea-
sure of peak systolic veloc-
ity (PSV) and the 
telediastolic velocity (TDV) 
according to the formula 
RI = (PSV – TDV)/PSV

2  Acute and Chronic Nephropathy
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2.3	 �Acute Kidney Injury (AKI)

Acute kidney injury is a clinical syndrome includ-
ing all renal physiopathology. AKI may be deter-
mined by renal hypoperfusion (prerenal), renal 
parenchymal diseases (renal), or acute obstruction 
of the urinary tract (postrenal). Differential diag-
nosis between prerenal, renal, and postrenal AKI 
is necessary, because the therapy is different [4].

2.3.1	 �Prerenal AKI

Prerenal AKI (30–60 %) is essentially the func-
tional and reversible syndrome that results from 
kidney hypoperfusion due to hypovolemia, low 
cardiac output, systemic vasodilatation, or 
intrarenal vasoconstriction. Classic urinary bio-
markers, including urinary sodium (Na) and 
fractional excretion of sodium (FENa), cannot be 
used in anuric patients and are unreliable after 
diuretics or hemodialysis administration. New 
proposed biomarkers, as NGAL and KIM-1, have 
still limited clinical value because of low 

specificity and high costs. In this setting DUS 
with calculation of intrarenal RI can play a crucial 
role in the differential diagnosis between two 
most common types of AKI: functional (prerenal) 
and organic (renal) AKI. The former is character-
ized by a reduction in renal perfusion and is rap-
idly reversible if promptly treated, whereas the 
latter is caused by a direct damage of the renal 
parenchyma or by the evolution of a prerenal form 
in ATN and tends to be persistent (Fig. 2.4).

While B-mode echogenicity and parenchymal 
thickness are nonspecific, a RI value > 0.75 is 
reported as optimal in attempting differential 
diagnosis between prerenal AKI and ATN.  An 
RI > 0.80 is even a more reliable indicator of per-
sistent AKI than the common urinary markers 
and could be a promising tool to predict the 
reversibility of AKI in critically ill patients [5].

Appraisal of the inferior vena cava collapsibil-
ity index (IVC-CI), lung B-lines, and pleural or 
peritoneal fluid effusions can give an idea of the 
patient’s global hydration status, supporting or 
confuting the diagnosis of prerenal AKI and even-
tually directing effective therapy (Fig. 2.5) [6–8].

A. Granata et al.
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a b

Fig. 2.4  Two cases of AKI followed through RI variation. 
(a) On the left side of the image, a patient treated for transient 
AKI showed a clinical worsening to persistent AKI despite 
medical therapy with progressive elevation of RI from 0.53 

to 0.87. (b) On the right side of the image, an oliguric patient 
with a remarkable urea and resistive index increase (RI = 0.78) 
responsive to medical therapy with significative intrarenal 
hemodynamic improvement (final RI = 0.59)

2  Acute and Chronic Nephropathy
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a b

c d

Fig. 2.5  Hydration assessment is important to establish 
the correct diagnosis and the right therapy for patient with 
renal injury: (a) echo B-mode with longitudinal scan of 
IVC may give a gross idea of patient hydration status; (b) 
better estimation comes from the measurement of the IVC 

collapsibility index in M-mode with the following for-
mula: (Dmax–Dmin)/(Dmax). The patient should always be 
checked for (c) lung ring-down artifacts and (d) pleural 
and peritoneal effusions to complete the clinical picture 
and administrate the right fluid therapy

A. Granata et al.
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a b

Fig. 2.6  AKI arising from acute glomerulonephritis or 
systemic vasculitis involving the kidneys. Renal morphol-
ogy on ultrasound sometimes shows (a) a specific globu-
lar pattern with central sinus compression and increased 

volume with width/length ratio >0.5; more often (b) kid-
ney’s appearance is near normal with hypoechogenic 
pyramids and marked differentiation between the cortex 
and medulla

2.3.2	 �Renal AKI

Renal AKI (20–50 %) is caused mostly by 
ATN, acute interstitial nephritis due to isch-
emia or nephrotoxic agents (i.e., radiologic 
contrast agents), glomerulonephritis, and 
vasculitis.

In acute primitive or secondary glomerulone-
phritis, kidneys are usually symmetrically 
involved, sometimes showing a globular appear-
ance with renal sinus compression (Fig.  2.6a). 
More often they are near normal in size and mor-
phology, with hyperechogenic parenchyma and 
marked differentiation between the cortex and 
medulla (Fig. 2.6b) [9].

Color Doppler signals may reveal parenchy-
mal hypervascularization, while RI value is usu-
ally normal. In tubulointerstitial diseases instead, 
parenchymal perfusion is reduced and RI 
increased. In hemolytic–uremic syndrome, the 
renal cortex is hyperechogenic with increased 
corticomedullary differentiation, and DUS shows 
RI >0.80 with low diastolic flux [10]. In acute 
lupus nephritis, kidneys may present reduced or 
increased dimensions and an increased cortical 
echogenicity with reduced corticomedullary 
differentiation.

Anyway echo-guided renal biopsy is impera-
tive to diagnose AKI derived by acute glomerular 
diseases or vasculitis, such as Wegener’s granulo-
matosis or polyarteritis nodosa.

Acute pyelonephritis and renal infarction can 
both lead to AKI [11]. In the right clinical context, 
renal ultrasound implemented with microbubble 
contrast enhancement ultrasound (CEUS) may 
help in the diagnosis of both, depicting one or 
more hypovascularized areas into the renal paren-
chyma, whereas echo B-mode and ECD alone 
show less sensibility and specificity (Fig. 2.7) [12].

ECD has a central role in the diagnosis of AKI 
of vascular origin. DUS is essential to diagnose 
renal artery stenosis (RAS) demonstrating the well-
known direct and indirect criteria (Fig. 2.8) [13].

In renal artery thrombosis, ECD provides evi-
dence for flux absence in the main artery and the 
lack of parenchymal signal or the tardus–parvus 
phenomenon (Fig. 2.8d). Power Doppler may be 
even more sensitive to a lobular ischemia.

In acute renal vein thrombosis, a rare condition 
that may lead to renal transplant failure, ECD 
shows the dilated, uncompressible vein without 
signal on spectral analysis. Intraparenchymal RI 
appears increased with the typical diastolic phase 
inversion [14].

2  Acute and Chronic Nephropathy
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ba

c d

Fig. 2.8  Renal artery stenosis (RAS): direct and indirect 
evaluation through DUS. (a) Renal artery (RA) normal 
finding on spectral analysis. (b) Increased peak systolic 
velocity (PSV 288  cm/s) and diastolic velocity (DV 
99  cm/s) with marked dispersion of signal on spectral 
analysis represent main criteria to diagnose RAS. (c) 
Banana peel view showing all together the inferior vena 

cava (IVC), abdominal aorta (AA), right renal artery 
(RRA), left renal artery (LRA), and accessory right renal 
artery (aRRA). In banana peel view technique, Doppler 
beam angle is optimal to perform the renal–aortic ratio 
(RAR). (d) Tardus–parvus phenomenon sampling the 
interlobar renal arteries, together with marked lateraliza-
tion of RI, represents a reliable indirect criterion of RAS

a b

Fig. 2.7  Effectiveness of CEUS as diagnostic tool. (a) In 
acute pyelonephritis microbubbles indentify hypoen-
hanced areas due to inflammation, edema, and pus collec-
tion with performances comparable to CT. (b) Renal 

infarcts appear as triangular or wedge-shaped areas 
without contrast uptake. Although a high grade of clinical 
suspicion is necessary, in both renal diseases, CEUS rep-
resents an effective diagnostic tool
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2.3.3	 �Postrenal AKI

Postrenal AKI (1–10 %) is caused by the obstruc-
tion of the urinary tract (extrarenal, retroperitoneal 
tumors or retroperitoneal fibrosis; intrarenal, 
stones, tumors, tubular obstruction). The obstruc-
tion can be monolateral in a mononephrous or in 
a chronic renal failure patient and is classified in 
four grades (Fig. 2.9).

Differentiation between a real obstruction and 
a nonobstructive dilatation can be found through 
RIs, which are higher in the case of real obstruction 

because of the increase in pelvic pressure leading 
to increase in vascular resistances. RI >0.70  in 
obstructed kidneys can be used to distinguish 
dilated obstructed from dilated unobstructed kid-
neys. The diagnostic accuracy of Doppler ultraso-
nography in assessing renal obstruction may 
improve after administration of loop diuretics. 
Post furosemide RI increases in the affected kid-
ney >0.08–0.10 (Fig. 2.10). The ureteral jet phe-
nomenon absence or a marked asymmetry 
between the two sides can be a further sign of 
obstruction to keep in mind [15].

a b

c d

Fig. 2.9  Hydronephrosis classification: (a) dilatation of 
renal pelvis without calyces is classified as grade I; (b) the 
dilatation of the renal pelvis and calyces with attenuated 
sinus reflex but without parenchymal atrophy is classified 
as grade II; (c) marginal sinus reflex and minor signs of 

parenchymal atrophy depict grade III; and (d) massive 
dilatations of renal pelvis and calyces with missing bor-
ders between renal pelvis and calyces and thin paren-
chyma are signs of grade IV hydronephrosis
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a b

Fig. 2.10  Usefulness of RI in obstructive uropathy. (a) 
Renal RI >0.70 identifies an obstructive dilatation distin-
guishing it from other nonobstructive causes of renal pel-
vis dilatation. Indeed about 5 % of obstructive uropathies 

present without hydronephrosis: in this setting a differ-
ence >0.08–0.10 in RI between the two kidneys can help 
to detect the pathological and the healthy organ. (b) Same 
subject: the left kidney with normal RI (0.67)

A. Granata et al.



23

2.4	 �Chronic Kidney Disease (CKD)

According to KDIGO’s guideline definition, 
chronic kidney disease is the clinical syndrome 
characterized by abnormalities of kidney struc-
ture or function, present for >3 months. Markers 
of kidney damage are albuminuria, electrolyte 
and acid–base imbalance, urine sediment abnor-
malities, and structural and ultrastructural 
abnormalities, respectively, detected by imaging 
and histology.

Decreased GFR estimated by serum creatinine-
based equations is the main criterion to classify 
CKD; albuminuria is the second one. The best 
progression predictors of disease are the cause of 
CKD, age, sex, GFR level at the first diagnosis, 
level of albuminuria, blood pressure, hyperglyce-
mia, smoking, obesity, dyslipidemia, cardiovas-
cular diseases, and nephrotoxin exposition.

Ultrasound imaging, including both echo 
B-mode and echo color Doppler (ECD), is the 
first-line imaging to assess renal structural abnor-
malities in CKD.

Advanced CKD acts as the common final way 
in any renal disease and can be easily identified 
with US.  Its typical features are small kidneys, 
<9 cm in longitudinal diameter and <125 cm2 in 
total volume for adult, with the parenchyma thinner 
than 1  cm (Fig.  2.11a). Anyway diabetic 
nephropathy, one of the most frequent causes of 
CKD, prior to terminal failure is most always asso-
ciated with normal or enlarged kidneys (Fig. 2.11b).

Hyperechogenicity is another nonspecific but 
important finding in CKD evaluation. When the 
ultrasonography machine operates in B-mode, it 
produces a grayscale image in which returning 
echoes from underling tissues are represented as 
bright dots. The strength of reflected echoes is 
processed by the software and displayed as 
brightness intensity. Renal parenchymal echo-
genicity is usually classified in 4° (from 0 to 3) in 
comparison with adjacent liver parenchymal 
echogenicity. Diseased kidneys in general show 
increased echogenicity that is correlated to global 
sclerosis and tubular atrophy. Indeed this param-
eter is somehow subjective because also normal 
aging is related to increase in cortical echo-
genicity. Normal children and young adults 

usually show evident hypoechoic renal pyramids, 
while elders typically lose the corticomedullary 
differentiation.

Furthermore when renal medulla (inner por-
tion of the kidney) appears brighter than normal, 
this can be the marker of a metabolic, endocrine, 
or storage disorder bringing about to chronic kid-
ney disease independently of age. Lysosomal 
storage disorders, such as Gaucher’s disease, 
gout nephropathy, or nephrocalcinosis by differ-
ent causes (primary hyperparathyroidism, renal 
tubular acidosis), are some of the most common 
origin of this appearance (Fig. 2.12).

Renal outline is a major feature to depict kid-
ney’s ultrasound appearance. Chronic pyelone-
phritis with impaired renal function is frequently 
associated with reduced renal volume and renal 
scars that traverse the parenchyma near to a caly-
ceal ectasia (Fig.  2.13) [16]. Instead in chronic 
ischemic kidney, reduced renal volume is associ-
ated with the presence of typical hyperechoic 
wedge-shaped scars.

A further criterion separating normal from 
abnormal kidneys is renal perfusion. The renal 
resistive index (RI = peak systolic velocity  – 
telediastolic velocity/peak systolic velocity) is 
widely used sampling the interlobar arteries to 
assess parenchymal perfusion. The RI is increased 
in hypertensive nephropathy and correlates to the 
histological severity of nephrosclerosis and to 
CKD in hypertensive patients. The impaired 
microcirculation due to atherosclerosis, hyper-
tension, and many other risk factors leads to 
increased difference between PSV and TDV, esti-
mating an increase in vascular impedance [17]. 
Furthermore, RI >0.80 in the case of renal artery 
stenosis has a negative prognostic value for revas-
cularization. Glomerular hyperfiltration repre-
sents the first reversible stage of diabetic 
nephropathy leading to chronic kidney disease. 
RI <0.55 and total renal volume >400 ml are both 
regarded as possible marker of hyperfiltration in 
diabetic patients. On the other hand, in diabetic 
patients with serum creatinine as high as 1.4 mg/
dl and proteinuria, RI shows a positive correla-
tion to creatinine clearance and proteinuria.

Although there is no ultrasonographic sign 
for glomerulonephritic disease, a renal 
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segmental artery RI value >0.80 acts as a major 
prognostic sign for progression. In lupus 
nephritis, a RI >0.70 correlates to interstitial 
fibrosis and glomerulosclerosis, but not to dis-
ease activity [18].

Color signals by using the right pulse repeti-
tion frequency scale can give an idea of kidney 
perfusion: nephrosclerotic kidney usually shows 
less signals than normal with a pulsatory pattern 
related to high vascular impedance (Fig. 2.14).

a b

c d

Fig. 2.11  CKD sonographic features. (a) Longitudinal 
length <9  cm and parenchymal thickness <1  cm easily 
identify the final pattern of CKD, together with loss of 
corticomedullary differentiation and renal sinus lipomato-
sis. (b) In diabetic nephropathy, before ESRD, kidneys 
appear near normal or enlarged with quite good cortico-

medullary differentiation; some vascular scar may alter 
the renal outline. (c) Chronic kidneys often show acquired 
cysts, especially in dialysis-treated people. (d) RI >0.70 is 
a common finding in CKD, reflecting the impaired renal 
microcirculation due to atherosclerosis, hypertension, and 
other risk factors
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a b

c d

Fig. 2.12  Structural abnormalities as markers of chronic 
kidney damage. (a) Adult polycystic kidney disease 
(ADPKD) is an autosomal dominant progressive disorder 
characterized by cyst formation and enlargement in the kid-
ney, diagnosed by ultrasound as multiple anechoic cysts 
impairing adult renal parenchyma. (b) In multicystic 

dysplastic kidney (MDK), congenital cysts derive by abnor-
mal metanephric differentiation, and the affected kidney is 
nonfunctional. (c) Medullary sponge kidney (MSK) is char-
acterized by calcium deposits within kidney parenchyma 
and inverted corticomedullary US pattern. (d) Frank neph-
rocalcinosis derived from distal renal tubular acidosis

Fig. 2.13  CKD secondary to chronic pyelonephritis. 
Vesicoureteral reflux is frequently an origin of a CKD due 
to infection relapse. Renal outline is characterized by one 
or more scars over blunted calyces
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Ischemic Nephropathy

Antonio Granata, Elnaz Rahbari, Dario Galeano, 
and Pasquale Fatuzzo

3.1	 �Introduction

Ischemic nephropathy or renal ischemic disease 
is a clinical condition characterized by insuffi-
cient renal blood supply, followed by anatomical, 
functional, and hormonal changes that make pro-
gressive reduction in glomerular filtration until 
complete loss of renal function. The main cause 
of renal blood reduction is a one or both renal 
artery stenoses, resulting from atherosclerotic 
renal artery stenosis or fibromuscular dysplasia 
(FMD).

The most common etiology of renal artery ste-
nosis (RAS) is an atherosclerotic renal artery ste-
nosis (ARAS) that typically involves the ostium 
or proximal one-third of the renal artery [1].

Chronic kidney disease is a result of artery 
narrowing that can be reversible or evitable if 
diagnosed in early stage. In the last 10 years, 
many authors found in the atherosclerotic renal 
artery stenosis (ARAS) a significant cause of 

terminal uremic, with variable incidence between 
5 and 22 %.

Less common renal artery stenosis (RAS) is 
caused by FMD, a rare vascular pathology that 
predominantly affects middle-aged women (from 
the third to fourth decade of life). FMD com-
monly involves the media layer of the arterial 
wall and medial tract of the artery, with classic 
aspect, the “string of bead.” The sign is caused by 
areas of relative stenosis alternating with small 
aneurysm.

The basic characteristic of ischemic nephrop-
athy is the absence of significant symptoms. The 
average of prevalence is around 5 % in general 
population, although a higher prevalence due to 
unrecognized pathology is conceivable, espe-
cially in some groups of patients such as severe 
hypertensive or diabetic hypertensive. Often, 
RAS comes out in autopsy finding of the patients 
whose exitus was provoked by stroke or acute 
myocardial infarction, with a percentage higher 
than 75 % of the cases and prevalence between 10 
and 34 %.

It is important to establish diagnostic criteria 
that allow us to identify patients with ischemic 
nephropathy by research of risk factors and 
pathognomonic signs.

Main clinical findings are reported in 
Tables  3.1 and 3.2, which presence makes sus-
pect of ischemic nephropathy. There are no avail-
able reliable predictable data for each sign and 
symptom; therefore in the case of clinical 
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suspicion, the choice of diagnostic methods 
depends on the appropriated interpretation of 
detected symptoms.

The ideal imaging method for diagnosing of 
ischemic nephropathy should allow identifying 
the main renal artery as well as the accessory 
branches, to localize the stenosis site, to identify 
significant hemodynamic lesion, to suggest the 
type of the treatment (medical therapy or angio-
plasty), to identify the associated pathology (renal 
mass or abdominal aorta aneurysm), and to distin-
guish chronic ischemic damage induced by 
nephroangiosclerosis or thromboembolism [2, 3].

The method should be able to prove or 
exclude the diagnosis of RAS or eventually to 
evaluate if ischemic nephropathy is due to an 

involvement of atherosclerosis without renal 
artery stenosis [4, 5].

Angiography, which in the past was the gold 
standard test for arterial diagnosis, is an invasive 
method, expensive with some severe complica-
tions such as adverse reaction to iodinated con-
trast, dissection, and atheroembolism.

For all these reasons, angiography is not more 
used like screening method, but like therapeutic 
instrument. In the last years, many less invasive 
imaging methods were introduced, such as renal 
scintigraphy with captopril test, Doppler ultra-
sound, computed tomography (CT), or magnetic 
resonance angiography (MRA). In many centers, 
Doppler ultrasound was accepted as the main 
screening instrument for identifying RAS [6].

Table 3.1  The main risk factors linked to suspect of isch-
emic nephropathy

Age >55 years (considering that ischemic nephropathy 
predominantly interests to age >55/60 years old)

Positive family history for coronary disease (mainly in 
the male patients in the age >50 years old)

Smoking

Hypercholesterolemia

Obesity

Diabetes mellitus (DM)

Atherosclerotic vasculopathy

Table 3.2  Indicative sign of renal ischemic pathology

Renal asymmetry

Severe hypertension state after 55 years old

Rapid worsening of arterial hypertension previously 
well controlled

Sudden appearance of severe hypertensive state that 
may be treatment resistant to medical therapy, defined 
as an inability to reach a good control of pressure in a 
patient who is under full-dose antihypertensive therapy 
with at least three drugs

Malignant hypertension or hypertension with evidence 
of acute renal damage or acute renal insufficiency

Recurrent episodes of pulmonary edema without 
anomaly or heart dysfunction

Hypertensive retinopathy III or IV

Continuous abdominal systolic-diastolic bruit (can be 
inaudible in the case of subtotal stenosis), it is a sign 
that presents a positive predictive value and especially 
is related to renovascular hypertension

A rise in serum creatinine following the administration 
of ACEI or ARBs

The presence of the pathology related to atherosclerosis 
or peripheral vasculopathy disease (e.g., femoral iliac 
stenosis, intermittent claudication, etc.)
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3.2	 �Technical Study of the Renal 
Artery

Depth of the arteries, respiration movement, and 
intestinal meteorism are the factors that can com-
plicate the exam. To decrease the intestinal mete-
orism, it is important to perform examination in 
the early morning time, after 12 h of fasting. In 
clinical practice, the duration of exam is about 
15–20 min and depends on the experience of the 
operator, the number of performed exams, and 
the ultrasound platform performance.

If the exam would be lasting for more than 
20–30 min, it should be repeated with adequate 
intestinal preparation; otherwise the operator’s 
performance tends rapidly to decrease.

The procedure starts with the patient in supine 
position and the head upward of 30° in order to 
relax the abdominal wall with the use of multifre-
quency convex probe (2.5─6.0 MHz). Numerous 
scans let us study the abdominal aorta (AA) and 
renal artery (RA). Both of the RA arise off the 
anterolateral side of the AA (Fig. 3.1). Generally 
in correspondence of the superior border of the 
second lumbar vertebra, immediately 12  cm 
below the superior mesenteric artery, this artery 
is divided to form the segmental arteries that 
irrigate different segments of the kidney. 
Segmental arteries divide within the renal sinus 
to form the interlobar arteries which originate the 
arcuate arteries located between the cortex and 
medulla. Arcuate arteries give off interlobular or 
cortical radial artery branches.

Two principal scans to study the RA are sagit-
tal and coronal scan through anterior and lateral 
abdominal wall. Scan choice depends on the ana-
tomical location of renal vascular system to be 
investigated.

In the most cases, anterior scan is used to eval-
uate proximal portion of the RA, while lateral 
scan with the patient in lateral decubitus can be 
used to evaluate intrarenal vascularization and 
main branches of the RA (Fig. 3.2). Each scan has 
limits that depend on the patient’s habits and other 
many parameters such as ability to breath hold.

The right RA originates from lateral antrum of 
the AA and passes behind the inferior vena cava 

(IVC) and the right renal vein to reach the renal 
hilum. Indeed in transversal scan, proximal por-
tion of the right RA is deep and perpendicular to 
ultrasound’s wave and difficult to intonate with 
an angle lesser than 60°. In this condition, the 
best approach is subcostal view with the patient 
in left lateral decubitus position. In fact, blood 
flow of the RA in this scan runs parallel over the 
ultrasound’s wave [7] (Fig. 3.3).

Additional aid in locating the RA is given by 
the “banana peel” view, which consists of imag-
ing the IVC and AA with a longitudinal scan and 
moving anterior to posterior direction until the 
RA arising from the AA is identified (Fig. 3.4). 
This approach is particularly useful to insonate 
ostial areas, where most stenosis occur in elderly 
patients. The patient is in lateral decubitus 
position opposite from the vessel being exam-
ined, and the transducer is oriented longitudi-
nally [7, 8]. When the AA and RA are detected 
together, it can be the appearance of half-peeled 
banana with skin curved alongside. This scan 
lets to detect the RA with optimal angle (<60°) 
and to notice the presence of accessory RA 
branches, approximately in 20–30 % of the 
patients (Fig. 3.5) [7, 9].

The left RA tends to originate from the pos-
terolateral of the aorta and courses posteriorly 
and obliquely to the lumbar region; an aid to 
locating the left RA is to first identify the left 
renal vein, which is usually large and easy to find. 
Once the vein is identified, the artery will often 
be apparent as a smaller vessel directly behind it, 
coursing in the opposite direction. The inferior 
mesenteric artery (IMA) origin should not be 
mixed up for left RA origin; in fact the IMA 
tends to have a high-resistance pattern, which is 
quite different from the low-resistance pattern of 
the left RA [7]. The IMA also originates much 
lower than the left renal artery, unless arises from 
an atypical location.

Another approach to image the left RA is 
placing the patient in right lateral decubitus and 
locate the RA between the kidney and AA with a 
very close angle. The lateral decubitus position 
is essential, because the kidney acts as its own 
window [8].

3  Ischemic Nephropathy



30

Fig. 3.4  “Banana peel” view. The patient is turned to the 
opposite decubitus position from the vessel we want to 
examine, and transducer is oriented longitudinally. The 
operator locates the aorta first and then moves the trans-
ducer in anterior to posterior direction until renal arteries 
are identified. The right RA moving toward the probe in 
red and the left RA moving away in blue color confer to 
this image the half-peeled banana aspect. Doppler beam 
angle is close to zero and gives optimal vision of ostial 
region. Moreover, this maneuver allows precise calcula-
tion of RAR and clear identification of accessory renal 
arteries

Fig. 3.1  Renal arteries via transverse anterior abdominal 
approach. Both renal arteries rise off the anterolateral side 
of the aorta. The right RA passes behind the inferior vena 
cava (IVC) and the right renal vein to reach the renal 
hilum. The left RA tends to originate from the posterolat-
eral side of the aorta and courses posteriorly and obliquely 
to lumbar region reaching the renal hilum

Fig. 3.2  Kidney’s lateral scan identifying intrarenal vas-
cularization, main branches, and the renal artery. The lat-
eral decubitus position is essential, because the kidney 
itself acts as a sonographic window making visible intra-
renal vascularization, main branches of the renal artery, 
and the renal artery. Doppler angle is optimal and US 
beam is pointed in the line of arterial flow

Fig. 3.3  The right renal artery in subcostal view. A trans-
verse anterior abdominal approach with the patient in lat-
eral decubitus can help in recognizing of the renal artery 
behind the corresponding vein. RA flow is in the parallel 
direction to the Doppler beam
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a b

Fig. 3.5  Accessory renal artery. (a) B-mode imaging of 
double left RA: when the main renal artery diameter is 
less than 4.5  mm, the presence of the accessory RA is 
extremely possible. Accessory arteries are seen approxi-

mately in 25–30 % of the cases, but their stenosis occur in 
less than 1 % of cases. (b) Color Doppler enhances the 
vision of double right (in red color) and left (in blue color) 
renal arteries
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3.3	 �Color Doppler Study

The current platform ultrasound lets to find the 
RA in more than 90 % of patients, with overcom-
ing problems caused by the obesity or intestinal 
meteorism. Direct visualization of both main 
RAs is possible in 84 % of the cases, while visu-
alization of the right RA or left RA is possible in 
91 % and in 85 % of the cases. In 5 % of cases, 
lack of diagnosis is related to the total occlusion 
of the RA without intrarenal Doppler signals.

The origin of the RA especially appears in 
B-mode station with successive modification in 
box color: with correct adjustment of Doppler 
function such as pulse repetition frequency 
(PRF), wall filters, and gain, colorimetric map 
should be uniform and without artifacts.

The flow of the first segment of the right RA is 
directed toward the transducer depicted in red, 
while immediately after, the color changing to 
blue shows the reverse direction of the blood flow 
that directed posteriorly, away from the probe.

If the origin of the RA is imaged in the longi-
tudinal section, the right RA passes directly 
toward the transducer so the color is red, whereas 
the left RA is directed away from the transducer 
and the color is blue.

The normal waveform of the main renal artery 
demonstrates a low-resistance pattern similar to that 
found in all parenchyma (Fig.  3.6). Although the 
main RA may be imaged from an anterior approach, 
the deep location in the abdomen often limits the 
resolution of the transducer that may be applied.

Lower-frequency transducers will have better 
sonographic penetration, but there is a trade-off 
of decreased spatial resolution. The highest-
frequency transducer that allows good demon-
stration of arterial waveforms is preferable. 
Doppler gain should be optimized to detect flow 
by increasing the gain to a level just below color 
artifact visualization in adjacent structures.

Pulse repetition frequency (PRF) should be 
carefully adjusted to avoid to fall in frequency 
ambiguity if the PRF is very low (overturning of 
the superior portion of the V/t curve) or space 
ambiguity if the PRF is very high (the presence 
of the “ghost vessels”).

Volume sample dimension should be set 
including the entire artery lumen and angled with 

the direction of the flow. The angle of insonation 
should be maintained at 60° or less [7, 8, 10]. The 
PRF depends on the angle between the vessel and 
the ultrasound (US) beam and even depends on 
the frequency of transducer used. If the course of 
the main RA is well recognized, velocity angle 
corrected can be calculated.

The peak systolic velocity (PSV) in the main 
RA and its branches should be less than 
100 ± 20 cm/s [15] and decreases slowly in the 
intrarenal arteries as they branch into the 
kidney.

The resistive index (RI) that measures the 
degree of intrarenal arterial impedance is calcu-
lated by this formula [PSV − telediastolic veloc-
ity]/PSV.  RI values in healthy subjects show 
significant dependence to age and area of the 
sampling. It is suggested to determine RI in inter-
lobar artery level because it lets to get the optimal 
color signal and because it is easily reproducible. 
The normal RI values in the main RA are higher 
in the hilar region (0.65 ± 0.17) than in the more 
distal small arteries, and they are lowest in the 
interlobar arteries (0.54 ± 0.20). Some renal 
pathology such as nephroangiosclerosis, hyper-
tension, tubular interstitial disease, diabetes mel-
litus, and severe bradycardia can cause an 
increase of RI, even in the presence of serum cre-
atinine in the normal range [11]. In clinical prac-
tice 0.7 is the cutoff distinguishing between 
normal and pathologic state.

Fig. 3.6  Normal features of the renal artery. Duplex 
ultrasound image of the right renal artery in a normal sub-
ject. At the end of systolic spike is a recognizable small 
spike called early systolic peak (ESP)
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3.4	 �Doppler Criteria 
for Diagnosis of RAS (Renal 
Artery Stenosis)

Doppler US criteria of RAS can be divided into 
two groups:

	(a)	 Direct criteria or extrarenal (Doppler changes 
in the site of stenosis)

	(b)	 Indirect criteria or intrarenal (flow changes 
distal to the site of stenosis)

3.5	 �Direct Criteria or Extrarenal 
(Direct Evaluation 
of the Stenosis)

RAS is defined by the presence of stenosis greater 
than 60 % of vessel diameter. Stenosis causes a 
significant reduction in renal blood flow.

Four direct criteria allow Doppler ultrasound 
diagnosis of RAS at the site of stenosis:

	1.	 Peak systolic velocity (PSV) increase: veloc-
ity higher than 180 cm/s suggests the presence 
of a significant (>60 %) stenosis (Fig.  3.7). 
Telediastolic velocity (TDV) higher than 
150  cm/s suggests the presence of stenosis 
>80 %.

Cutoff value of 180  cm/s and more than 
50 % reduction in RA diameter give a sensitiv-
ity of 96.7 % and a specificity of 98 % [12], 
while cutoff value of 200 cm/s and more than 
60 % reduction in diameter give a sensitivity 
of 91 % and a specificity of 75 % [12, 13].

PSV >180 cm/s has been suggested as the 
optimal threshold to diagnose a 60 % reduction 
of the RA diameter [14]. Positive predictive 
value (PPV), negative predictive value (NPV), 
and accuracy are, respectively, 60 %, 95 %, and 
79 %, while PSV >200 cm/s gives a sensitivity 
of 97 %, specificity of 72 %, PPV of 81 %, and 
NPV of 95 % [13, 14]. In recent meta-analysis 
PSV was the best predictor of RAS, with a sen-
sitivity of 85 % and a specificity of 92 % [7].

	2.	 Renal/aortic ratio (RAR): the ratio between 
PSV values in the site of the stenosis and PSV 
values in abdominal aorta prerenal tract is 
predictive of RAS when greater than 3.5. The 
use of RAR instead of the absolute PSV is 
preferable since hypertension itself can cause 
an increase in PSV that can cause a reduction 
of global diagnostic accuracy [8]. Normal 
value of RAR is less than 3.5, but RAR should 
not be used for the large numbers of false 
positive if PSV obtained in the prerenal 
abdominal aorta is abnormally low (less than 
40  cm/s). A RAR ≥3.5 identifies hemody-
namically significant lesion with sensitivity 
and specificity, respectively, of 91–92 % and 
75–95 % [15, 16].
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In another study [17], a diagnosis of severe 
RAS based on RAR more than 3 gives a sen-
sitivity of 77 %, specificity of 90 %, PPV of 
90 %, and NPV of 76 %. With the use of 
RAR >3.5, sensitivity rises to 91 % [18]. 
Technical failure is reported because of severe 
obesity, older platform use, marked abdomi-
nal gas, and low blood flow in the RA second-
ary to chronic renal failure.

The renal-segmental ratio (RSR), a ratio of 
PSV measured in the renal artery and PSV 
measured in the segmental artery, is the best 
reported parameter to identify RAS ≥50 %, 
showing a sensitivity of 93.33 % and specific-
ity of 89.47 %. [19]. Another parameter char-
acterized by high sensitivity and specificity 
(88 %) [13] is the relation between PSV in the 
stenosis site and PSV in the interlobar artery.

	3.	 The renal-renal ratio (RRR) is the rate between 
PSV in RA proximal or mid-segment and 
PSV in RA distal segment. The PSV increases 
at the stenosis site, and the PSV decrease in 
distal segment is proportional to the degree of 
the stenosis. Intra-examination variability was 
good (correlation 0.86, coefficient 8.95), 
while the best cutoff value for the RRR was 
2.7 [12]. The RRR values in the comparison 
with other method parameters (PSV >200 cm/s 
and RAR >3) demonstrated a sensitivity of 
97 % and specificity of 96 %. One of the limi-
tations of this study was that evaluation “in 
the static analysis” of only the main RA 
because these vessels have a more important 
role in renovascular disease and are treatable 
by endovascular therapy, while the results 
obtained with other parameters (PSV and 
RAR) included accessory RA detected in the 
arteriography in other studies [7, 15, 20].

To obtain the high-accuracy diagnosis of the 
RAS >50 % should be determined with three 
hemodynamic parameters (PSV, RAR, RIR, or 
RSR). In fact, the single determination of the 
PSV in the AA and RA can decrease the accuracy 
of RAR, because they can be affected by many 
other factors.

The PSV stenosis/post-stenosis is little 
affected by PSV in abdominal aorta or by the pro-
portional change in PSV in the RA trunk and 
intrarenal branches so the use of that ratio over-
comes the limitation of RAR. Accessory RA is 
common, seen approximately in 25–30 % of the 
cases. Even that they are not always evaluable in 
the color Doppler [17].

Angiography study showed that the RA cali-
ber of the single RA originated from the AA in 
adults is variable from 5 to 10  mm, with the 
inferior values in the women. If the diameter of 
the RA estimated with B-mode US is 4.65 mm 
or less, the presence of the accessory RA is pos-
sible, with a sensitivity and specificity of 80 % 
and 80.5 %. In practice if the diameter of the RA 
is 4.5 mm, the presence of the accessory RA is 
extremely possible with a specificity of 98.8 %, 
while if the diameter is more than 5.5 mm, none 
verify accessory RA with the specificity of 
100 % [18].

Detection of the RA without Doppler signal 
suggests complete renal occlusion, while the 
visualization of the color artifacts such as alias-
ing at the site of the stenosis or the turbulence of 
the Doppler evaluation indicates the presence of 
the significant stenosis upstream. Usually, these 
two patterns are the first immediate sign [13].

Criteria for the classification of RAS are listed 
in Table 3.3, while Table 3.4 summarizes the prin-
cipal parameters used in RA stenosis diagnosis.
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a b

Fig. 3.7  Renal artery stenosis (RAS): color Doppler fea-
tures. (a) Spectral analysis highlights the marked PSV 
(>180 cm/s) and TDV (>120 cm/s) increases with spectral 

broadening. (b) In addition to PSV and TDV, increase is 
possible to measure RAR (>3.5)

Table 3.3  Criteria for the classification of RA stenosis 
with color Doppler by Zieler and Strandness (Am J 
Hypertens, 1996)

Renal artery diameter 
reduction Renal artery PSV RAR

Normala <180 cm/s <3.5

<60 % >180 cm/s <3.5

≥60 % >180 cm/s ≥3.5

Occlusion No signal 
indeterminable

aPSV = 100 ± 20

Table 3.4  Principal parameters used in the diagnosis of 
the RA stenosis

Direct or extrarenal
Peak systolic velocity (PSV)

Renal/aortic ratio (RAR)

Renal-renal ratio (RRR)
Renal-intralobar ratio (RIR)

Renal-segmental ratio (RSR)

Indirect or intrarenal
Systolic acceleration index (AI)

Systolic acceleration time (AT)

Resistive index = v.n. <0.06–0.08

Maximal acceleration index (AI max, s-1)
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3.6	 �Intrarenal or Distal Criteria 
(Indirect Evaluation 
of Stenosis)

The difficulties related to the direct evaluation of 
the stenosis (the main examination time was 
69 min for full examination and 14 min for distal 
evaluation) let several investigators to identify the 
alternation of the V/t curve distal to the stenosis in 
arterial segments more accessible with Doppler, 
like hilar and interlobar artery [21]. Many distal 
quantitative criteria have been proposed in litera-
ture [7, 22]: loss of early systolic peak (ESP), 
acceleration index (AI) less than 3 m/s2, accelera-
tion time (AT <0.07), more than 5 % difference 
between kidneys’ RI, or pulsatility index >0.12.

Correlative studies using angiography are 
confusing because of the variability in employed 
criteria and reported a high interobserver and 
intraobserver variability [22].

Downstream to a significant hemodynamic 
stenosis, blood flow becomes damped and dem-
onstrates a slow systolic peak [13]: this phenom-
enon has been called tardus-parvus (tardus means 
slow and late, while parvus means little and 
small). Waveform systolic acceleration is slow 
with increase in time required to reach the peak 
that is low in height (Fig. 3.8). Even if the presence 
of this finding is useful for the RAS diagnosis, its 
absence does not exclude it. In a patient with 
atherosclerosis, vessel compliance may be 
reduced, making the tardus-parvus waveform less 
visible [23]. Numerous studies [1, 9, 11–13] show 
optimal results using this indirect diagnostic 
method. A slow systolic upstroke or AI (accelera-
tion index), increase of the AT (time between the 
onset of the systolic acceleration wave and the 
systolic peak), and loss of early systolic peak 
(ESP) seem to be the most useful parameters  
[22, 24]. Anyway many factors influence the 
systolic acceleration, making this test less spe-
cific: valvular disease, left ventricular dysfunc-
tion, some cardiac drugs, age, hypertension, and 
diabetes affect the vascular compliance [1].

The indirect criterion use is advised only when 
there is particular evidence, when it is important 
to quantify the stenosis as severe > 75 %, or when 
the direct exam of renal districts is not well ana-
lyzed (e.g., in the suspect of renal segmental 

artery or accessory artery stenosis) [21]. Anyway, 
a combination of intra- and extrarenal parameters 
is recommended, because together they have the 
sensitivity and specificity of 89 % and 92 % [13].

Recently some authors introduced new intra-
renal velocimetric index for RAS diagnosis, the 
maximal acceleration index (AIMAXs −1), defined 
as the maximal slope of the systolic acceleration 
corrected for the relative district flow. The AIMAX 
sensitivity and specificity at the best cut of value 
(9.0 s−1) were founded to be 88 % and 89 % for 
stenosis >50 %, 93 % and 84 % for stenosis >60 %, 
and 92 % and 82 % for stenosis >70 %. The main 
limit of the study design is that it did not compare 
intrarenal to extrarenal index, so it is not possible 
to choose the best approach. Accuracy has not 
been evaluated in the other study.

A great difference of the RI, between two kid-
neys, is another diagnostic criterion for diagnosis 
of the RA.

The post-stenotic flow in the RA beyond the 
region of the stenosis will often have low-
resistance waveform; however this criterion is not 
commonly used. Unlike the acute hydronephrosis 
where RI has a determinant clinical role, many 
nephropathies show the reduction and asymmet-
ric values of the RI without the stenosis.

Fig. 3.8  Tardus-parvus phenomenon: an indirect crite-
rion for diagnosis of renal artery stenosis. In the presence 
of renal artery stenosis, intrarenal Doppler analysis may 
reveal a slow and late (tardus), little and small (parvus) 
peak systolic velocity (PSV) which is useful for RAS 
diagnosis. Slowing acceleration index, increase in accel-
eration time, and loss of early systolic peak (ESP) wave-
form enable RAS identification with 95 % sensitivity and 
97 % specificity. Moreover, the tardus-parvus phenome-
non predicts a successful revascularization intervention
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3.7	 �Pre- and Post-
revascularization Evaluation

RAS is virtually reversible and treatable; there-
fore RAS early diagnosis is the clinical target. 
Meanwhile early treatment can preserve the renal 
function. RAS is treatable through vessel 
revascularization with percutaneous angioplasty 
if the stenosis is in the ostial part and through per-
cutaneous angioplasty with stenting if the steno-
sis is in the medial or distal tract.

Revascularization treatment is indicated only 
if the decrease in the vessels’ lumen diameter is 
more than 75 %, and the intervention can improve 
renal function.

In respect to other imaging methods, US lets 
to evaluate if the patient can benefit from the 
intervention or not: the renal function index 
should not improve if the IR despite the interven-
tion remains >0.80 [17].

Other authors [21] notice that the 29 % of the 
patients with renal insufficiency and IR 0.80 
will improve renal function after the revascular-
ization, and 50 % have better pressure control.

Several studies [25] demonstrated that the 
RAS can relapse (restenosis) with variable 
index of 2–36 % in the 6–12 months of the fol-
low-up. The evaluation of the restenosis is 
important for the treatment of the patient and 
even to determine long-term advantages. MRA 
and CTA are less suitable to assess the resteno-
sis because of the artifacts caused by the stent 
material. Doppler US follow-up to assess the 
stenosis is advised after stent placement for 
RAS, even without clinical sign of stenosis 
(Figs. 3.9 and 3.10). Girndt et al. [25] reported 
a sensitivity and specificity of 100 % and 74 % 
and used the published threshold value of in-
stent PSV 180  cm/s. If published threshold 
value of in-stent RAR >3.5 was used, the sensi-
tivity and specificity reported were 50 % and 
89 %. In another study, Bakker et al., using the 
optimal threshold value of 226 cm/s instead of 
180 cm/s in-stent PSV and the optimal thresh-
old value for the RAR of 2.7 instead of 3.5, 
reported a sensitivity of 100 % for both param-
eters and a specificity of 90 % for in-stent PSV 
and 84 % for RAR.

a b

Fig. 3.9  Renal artery stenosis treated with stent. Renal 
artery stenosis may be treated by revascularization, mainly 
using percutaneous angioplasty, with or without stenting. 
Although excellent primary patency rates, long-term 

results are less satisfactory, especially in patients with 
arteriosclerotic disease. Restenotic evaluation through 
DUS should always be guaranteed to ensure long-term 
patency of treated vessel

3  Ischemic Nephropathy



38

a b

Fig. 3.10  Renal infarction diagnosis by ultrasound.  
(a) B-mode transversal scan: the right kidney appears 
slightly enlarged with hypoechoic areas and poor 

intraparenchymal arterial signal on color Doppler (not 
showed). (b) CEUS points out to parenchymal areas of 
hypoenhancement
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3.8	 �Contrast-Enhanced 
Ultrasound and Renal Artery 
Stenosis

Renal contrast-enhanced ultrasound (CEUS) 
increases the diagnostic ability of color Doppler 
US in RAS detection, as it improves main renal 
artery and accessory vessels’ visualization and 
reduces the equivocal examinations. CEUS 
increases the intensity of Doppler’s signals hav-
ing a more rapid and complete visualization of 
RA stenosis. The main indication of CEUS 
includes cases where Doppler V/t curve is diffi-
cult to obtain because of the overlying tissue, 
obesity, and wall calcification.

CEUS increases exam accuracy and decreases 
time wasting, improving sensibility and specificity 
to 94 % and 88 %, while DUS without contrast 
enhancement shows lower sensibility and specificity, 
respectively, of 85 % and 79 %. Anyway, the sensi-
bility and specificity of the exam do not seem to 
increase significantly with CEUS.  In fact, despite 
reduction in procedure duration and increase in 
specificity, CEUS does not seem to improve the 
accuracy of RAS diagnosis [2].

Preliminary studies [26] showed variation in 
the time-intensity curve of the kidney with 
artery stenosis, compared to the contralateral 
one. The distribution/reperfusion technique 
helps to detect the reduction of the cortical mean 
velocity blood flow in the renal artery with ste-
nosis and reduction of the blood volume 
fraction.

Renal perfusion study, thanks to the alteration 
of parenchymal flow, allows easier detection of 
the stenosis than color Doppler exam.

CEUS feasibility depends on the equipment’s 
quality: contrast injection does not give substan-
tial advantage if the ultrasound platform does 
not provide the highest performance. Otherwise 
diagnosis of RAS with contrast ultrasound does 
not seem adding the relevant diagnostic ele-
ments. In the future, the application of paramet-
ric software will let to better define renal flow, 
probably adding relevant elements for RAS 
diagnosis and eventually PTA response evalua-
tion. Further studies are necessary to define bet-
ter the role of the contrast ultrasound in the light 
of the new and further coming technologies 
(Fig. 3.11).

Fig. 3.11  Renal artery 
aneurysm detection with 
duplex ultrasound. Renal 
artery aneurysm is a 
segment of dilated renal 
artery that can cause renal 
infarction. It occurs with 
equal frequency in men 
and women, but rupture is 
more common in women 
in reproductive age
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Cystic Diseases of the Kidney

Marco Misericordia, Eleonora Tosti, 
Marco Macchini, Andrea B. Galosi, 
and Gian Marco Giuseppetti

Renal cysts constitute the most commonly found 
benign lesions in adults during the diagnostic 
imaging: a renal cyst is detected in 10 % up to 
50 % at abdominal ultrasound [1]. Also the preva-
lence of renal cysts is more than 50 % in adults 50 
years old or older detected in autopsy studies [2].

Cyst classification and cystic disease of the 
kidney are summarized in Tables  4.1 and 4.2, 
respectively. Cysts are classified as “simple” or 
“complex,” on the basis of the morphology, 
dimensions, wall characteristics, and features of 
content. Cyst may be acquired or associated with 
hereditary or non-hereditary diseases; therefore 
identification and classification of renal cysts 
have a clear clinical relevance.

Ultrasound examination is the first imaging 
test, often with immediate and reliable diagno-
sis. Diagnostic accuracy depends on the opera-
tor experience, ultrasound device available, 
and ability to find valid acoustic windows due 
to patient’s habitus that are the same as those 

for the US examination of other abdominal 
organs. In selected cases, further imaging 
examinations by CT or MRI are preferred to 
obtain a better definition of cystic content and 
parietal aspects.

The diagnosis is almost always occasional, 
during US or CT examinations carried out in 
search of other pathologies. Rarely even large 
renal cysts cause symptoms or complications 
secondary to infection, bleeding, or urinary tract 
compression. The compression on the paren-
chyma only occurs for voluminous cystic forma-
tions that sometimes can stretch out on the renal 
pelvis, compressing it, with partial obstruction of 
the excretory duct.

Anatomical location of renal cysts is in the 
cortical, subcapsular, or renal hilum.

The role of the contrast-enhanced ultrasound 
(CEUS) in the identification and characterization 
of the complex renal cystic lesions is widely 
debated [3, 4].
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4.1	 �Simple Renal Cyst

The vast majority of these are usually unilateral 
and solitary, sometimes multiple or bilateral 
(Fig. 4.1). It is believed that the development is 
due to a progressive dilation of the Bowman’s 
capsule or the contorted proximal tubule, so they 
have a cortical origin.

They can spread everywhere throughout the 
renal tissue. The causes of the onset are not cer-
tain, although it is possible to assume damages to 
the basement membrane of the distal tubules. 
Other causes can be medullary interstitial fibrosis 
and ischemic renal parenchymal damages. They 
are more frequent in males than in females, par-
ticularly in middle-aged people; the frequency 
increases in the elderly population, particularly in 
males [5, 6]. On the contrary, they are much less 
frequent in the pediatric population.

The classic simple renal cyst demonstrates 
well-defined features. They have a completely 
anechoic content, round/oval shape, and sharp, 
thin posterior walls (Fig. 4.2a); an impercepti-
bly thin wall with no enhancement, delimited 
by a thin layer of fibrous tissue covered by epi-
thelium single layer, is undetectable when the 
cyst is parenchymal.

It is important not to confuse the cysts with 
cortical medullary pyramids, taking hypoechoic 
appearance especially in the young (Fig. 4.2b).

The cysts generate the formation of artifacts 
due to the interaction of the ultrasound beam 
with the substrate analyzed; the ultrasonic beam 
crossing the cyst is neither attenuated nor 
absorbed and nor reflected, contrary to the sur-
rounding tissues. The tissues located deeper than 
the fluid-filled structure emit signals that are 
reinforced, in comparison with the surrounding 
tissues. It follows the artifact of the increased 
through transmission (Fig. 4.3a). For this reason 
the back wall of the cyst appears thicker than 
how it really is. Another artifact is the lateral 
edge or acoustic shadows: thin acoustic shadow 
that appears behind edges of cystic structures 
(Fig. 4.3b). The speed of the ultrasounds in the 
fluid is faster than the propagation speed of the 
parenchymal tissues around the cystic forma-
tion. The matching between ultrasounds and the 

Table 4.2  Cystic kidney diseases [1]

Cystic kidney diseases

1. �Renal cystic dysplasia – multilocular renal cysts 
(cystic nephroma)

2. Medullary cystic disease

 � (a) Medullary sponge kidney

 � (b) Uremic medullary cystic disease and 
nephronophthisis

3. Renal polycystic disease

 � (a) Autosomal-dominant polycystic kidney disease

 �   Classic ADPKD

 �   Early-onset ADPKD in children

 � (b) Autosomal-recessive polycystic kidney disease

 �   Classic ARPKD in neonates and infants

 � �  Medullary duct ectasia in older children with 
hepatic fibrosis

4. �Acquired renal cystic disease (associated with 
dialysis)

5. �Renal cysts in hereditary malformative syndromes 
(tuberous sclerosis)

Table 4.1  Ultrasound classification of renal cysts

US renal cyst classification

1. Simple

2. Complex or atypical

 � Calcification

 � Septa

 � Intracystic lesion and wall thickness

3. Cysts of the renal sinus

 � Parapelvic

 � Peripelvic

M. Misericordia et al.
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lateral profile of the cyst causes a refraction that 
makes the cystic lesion behave like an acoustic 
lens. This causes the formation of lateral acous-
tic shadows: the phenomenon of the refraction 
along the sidewalls. Anechoic renal cysts may 
show some artifact internal low-level echoes [7]. 
This may be improved by using harmonic imag-
ing techniques.

Complications are rare with a reported range 
of 2–4 %. The most common complications are 
hemorrhage, infections, or rupture. Generally, the 
increase of the inner content echogenicity relates 
with hemorrhagic complication (Fig. 4.4).

A sudden intracystic hemorrhage can clinically 
occur with pain, and sometimes it is possible to 

document a fluid-fluid level of the content, with 
layers of echoes because of the concentration of 
the protein components deriving from intracystic 
bleeding.

Hemorrhage generally affects only one cyst, but 
frequently it is possible to notice multiple cysts 
with hemorrhagic content in the same kidney. 
Those with a diameter less than 3 cm, if homoge-
neous and without calcifications, can be regarded 
as lacking in particular clinical implications. 
Sometimes they develop residual calcification in a 
central pattern or within the cystic wall that 
becomes thickened and develops septa and the cyst 
becoming multilocular or multilobular, acquiring 
the features of a complex cyst (Fig. 4.5) [1, 8].

a b

c d

Fig. 4.1  (a) Simple renal cyst with completely anechoic content. (b) Multiple simple renal cysts. (c) Intrarenal cystic 
lesion. (d) Exophytic cystic lesion
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a

b

Fig. 4.2  (a) Renal cyst without enhancement after infusion of contrast medium. (b) Roundish hypo-anechoic images 
in the renal cortex at the cortico-medullary passage: renal pyramids. Not to be confused with cortical cysts
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a b

Fig. 4.3  (a) A large cyst with inhomogeneous intracystic material located in the peripheral parts and strong posterior 
increased through transmission. (b) Simple renal cyst with the artifact of lateral acoustic shadows

Fig. 4.4  (a) Exophytic cyst with inhomogeneous and 
corpuscular content in a patient with fever and shaking 
chills: infected cyst. (b) Partly exophytic cystic formation 
with endocystic iso-anechoic level: intracystic bleeding 

with declive layers of echoes. (c) Cyst containing blood. 
US (multiple low-level echoes) and CT axial view 
(hyperdense oval lesion without intravenous administration 
of iodinated contrast medium)

a
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c

b

Fig. 4.4  (continued)
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4.2	 �Complex or Atypical Cysts

Complex or atypical cysts differ in shape and 
content from simple cysts. Sonographically, the 
criteria for a simple cyst are (1) an anechoic 
lesion, (2) sharply defined walls, and (3) acoustic 
enhancement behind the lesion. Complex or 
atypical cyst is defined as any deviations from at 
least one of these standards. A complex cyst 
includes irregular walls or non-anechoic content 
or calcifications or diffuse or focal low-level 
echoes [3, 9].

Oval, polygonal, or elongated shape is suspi-
cious for a complex cyst (Fig.  4.6). As hemor-
rhagic cysts resolve, they develop residual 
calcification in a central pattern or within the cys-
tic wall that becomes thickened and develops 
septa (Fig. 4.7) with the cyst becoming multiloc-
ular or multilobular; also the wall of infected 
cysts is often thickened markedly and calcified 
occasionally and has parietal irregularities such 
as endocystic vegetations [1–10] (Fig. 4.8). They 
have intrinsic echo content and sometimes clots 
that are indicative of bleeding.

The definition of complex cyst is made by the 
presence of one or more atypical aspects. 
Furthermore, the septum vascularization on color 
Doppler is suspicious for cancer. Also CEUS may 
be useful to show vascularity of septa or nodular 
protuberances in a renal cyst and can help differ-
entiate a benign cyst from an indeterminate cyst 
or a malignant-appearing cyst [11]. During US 
examination, underlining this kind of aspects can 
raise suspicion of the presence of a malignant 
lesion. Therefore, a correct evaluation of the cys-
tic lesion is essential in order to recommend an 
in-depth diagnosis by means of CT or MRI exams.

Fig. 4.5  Cyst with a fluid-fluid level due to an intracystic 
bleeding with parietal calcifications
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Fig. 4.6  Elongated cystic lesion
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a

b

Fig. 4.7  (a) Cyst with a thin internal septum. (b) Two adjacent cystic lesions: the walls of the cysts come into contact 
appearing as just only one cyst, not to be confused with an intracystic septum

4  Cystic Diseases of the Kidney
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Fig. 4.8  (a) Cyst with a thin focal parietal thickening in the posterior wall. (b) Cyst with a little endocystic vegetation 
emerging from the anterior wall. (c) Cystic formation with internal low-level echoes: hemorrhagic cyst

a

b
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c

Fig. 4.8  (continued)
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4.2.1	 �Cyst with Calcifications

Calcification can occur in the wall or the septa of 
benign as well as malignant lesions. The presence 
of calcification may influence the decision to 
surgically explore or follow up a lesion [12, 13]. 
CT allows higher spatial resolution than US in the 
evaluation of cystic parietal and endoluminal cal-
cifications. The posterior acoustic shadowing and 
the reverberation effect of the echoes in the pres-
ence of cystic calcifications during US examina-
tion can constitute a limit on the detection of the 
other components of the cyst itself. There are 
three categories of calcifications:

	1.	 Small and regular calcification: it is a small 
quantity of calcium which linearly settles on 
the wall (Fig.  4.9a, b) or on a septum or, 
appearing like “milk of calcium,” on the 
declive part of the cystic lumen.

	2.	 Multiple and irregular calcification: it is a cal-
cification associated with parietal thickening 
of the cyst, with nodules or with aspects of 
cystic vascularization.

	3.	 Single or few isolated calcifications with 
thickness (Fig.  4.9c) or nodular appearance 
(Fig. 4.9d, e), without signs of vascularization 
and without parietal nodules, worthy of fol-
low-up in time.

M. Misericordia et al.
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a b

c d

e

Fig. 4.9  (a) A cystic lesion with parietal and inner calcifi-
cations. This determines the formation of a wide posterior 
acoustic shadowing. (b) CT axial view. (c) Echoic annular 
image with posterior positive through transmission due to 

a cyst with parietal lamellar calcifications. (d) Echoic 
image with a posterior positive through transmission.  
(e) CT sagittal view
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4.2.2	 �Cyst with Septa

The renal cysts sometimes reveal thin septations 
(Fig. 4.10) that divide them into single compart-
ments. Such septations need a diagnostic evalua-
tion by ultrasound, since they have to be 
distinguished from those present in the renal cell 
cystic carcinoma. In this case it can be a useful 
diagnostic completion by means of CEUS. 
Vascularization of neoplastic septa suggests a 
malignant aspect. The septa, not all of a malig-
nant nature, can be partial or complete and can 
develop as results of healing or previous infection 
or intracystic bleeding. Ultrasound performs bet-
ter than CT, thanks to the increased contrast 
echogenicity between the anechoic content of the 
cyst and vascularized lesion or septum. The num-
ber of the septa discovered in the cystic lesion is 
of fundamental importance in order to recom-
mend the surgical removal of the lesion 
(Fig.  4.11a). Cysts with three or more septa 
(Fig. 4.11b) are defined as multilocular cyst. The 
finding of a thickened septum or multiple and 

vascularized thickened septa (Fig.  4.11c) put a 
strong suspicion in favor of neoplastic lesion. 
There has been a controversy in the literature 
regarding the ability of CT and sonography to 
define internal septations. Some reports have 
shown that ultrasound is superior to CT in this 
regard [14]:

US parameters Benign septa Malignant septa

Thickness 1 mm or less >1 mm

Shape Linear (without 
nodules)

Irregular

Nodules Absent Present (in 
particular at the 
insertion point 
with the renal 
wall)

Calcification Small and thin Large and 
irregular

Number Few Multiple

Recommendation Follow-up 
with 
ultrasound 
(optional)

Must be 
characterized by 
CT/MRI and 
strictly followed 
or treated

M. Misericordia et al.
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Fig. 4.10  (a) Cyst with only one thin endoluminal 
septum with regular profile less than 1 mm thick. (b) Two 
voluminous paired cysts with multiple and thin intracystic 

septa inside one of the two. (c) A thin intracystic septum. 
(d) Multiple and thick intracystic septa

a

b c
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d

Fig. 4.10  (continued)
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Fig. 4.11  (a) Cyst with thick walls with nodular septa. (b) Cyst with thick walls and nodular and diffused septa.  
(c) Abundant vascularization of the walls and the septa at Doppler US. Cystic renal cell carcinoma

a

b
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c

Fig. 4.11  (continued)
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4.2.3	 �Nodularity or Cystic Wall 
Thickening

US allows to evaluate intracystic nodules of very 
small dimensions, adherent to the wall or to 
cystic septations, that do not move to various 
patient positions (Fig.  4.12a). They have to be 
distinguished from intracystic sediment, often 
detectable as a little carpet of echoes crammed in 
the declive place or suspended in the cystic 
lumen. The evaluation of cystic parietal thicken-
ing is possible when at least a quarter of the wall 
is exophytic. To find a thickened cystic wall 
(more than 1  mm) refers for surgical excision 

(Fig. 4.12b). CEUS is helpful for the diagnosis of 
nodule vascularization and refers surgical resec-
tion. On the other hand, follow-up is proposed for 
the small intracystic nodularities without a per-
ceptible contrast enhancement. However in the 
presence of parietal enhancement, after ultra-
sound contrast medium administration, the possi-
bility of excising the cyst should be assessed 
(Fig. 4.12c–e). Another potential advantage of US 
is its capacity of defining the cystic or solid nature 
of the lesion. In some situations, the characteriza-
tion of hypovascular lesions may be difficult on 
CT too. The papillary renal cell carcinoma is an 
example of such tumors.

a b

c d e

Fig. 4.12  (a) Scattered renal cystic lesions (polycystosis) 
with a nodule in the lumen of the largest one. (b) Complex 
cystic lesion: multiple parietal thickenings protruding into 

the cystic lumen. (c) US: cystic formation with multiple 
echoic intracystic echoes and coarse parietal vegetation. 
(d) CT scan with contrast medium. (e) Surgical findings
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4.2.4	 �Bosniak Classification 
of Complex Cyst

The Bosniak classification, based on contrast CT, 
is the most useful and widely employed method 
for characterizing renal cystic lesions and assess-
ing the likelihood of the presence of a concomi-
tant malignancy within the cyst. Based on 
contrast CT, the renal cysts are classified into five 
categories so as to allow a proper evaluation of 
the risk of malignancy. The fundamental part of 
the classification is the detection of neovascular-
ization by contrast enhancement of solid compo-
nents, septa, or walls. Bosniak classification, 
proposed in 1986 and then revised in 2005, uses 
diagnostic criteria that refer to the semiotics of 
the lesions in CT and MRI. The use of ultrasound 
in the Bosniak classification has never been 
unquestionably accepted. Ultrasound is not used 
to classify renal cystic lesions according to the 
Bosniak criteria; however, US can accurately 
indicate features of complexity: calcification, 
septa, nodules, intracystic pattern, and vascular-
ization by power Doppler and CEUS [15, 16].  
A potential advantage of US is its capacity of 
defining the cystic or solid nature of the lesion. In 
some situations such as the papillary renal cell 
carcinoma, characterization of remarkably hypo-
vascular lesions may be difficult on CT, and US 
correlation may have a potential role.

However, it is known that US may demon-
strate internal septa better than CT and even 
MRI.  Accordingly, it has been suggested that 
simple (Bosniak type I) and minimally complex 
(Bosniak type II) cysts may be followed up with 
US only [17].

Nevertheless, the improvement of the ultra-
sound technique, supported by the use of specific 
contrast media, allows to use it also during ultra-
sound evaluations and to provide extremely 
important diagnostic criteria all the same, associ-
ated with indications of follow-up of the cystic 
lesions. In each of the five categories, there are 
useful elements to characterize the cystic lesions 
in order to suggest the procedures for clinical and 
therapeutic management [18].

Bosniak Type I  In this category the simple cysts 
are classified: cysts without contrast enhance-
ment and septa or parietal thickening, with homo-
geneous urinous content and a visible interface as 
compared to the adjacent renal parenchyma. 
Lesions of this type do not need follow-up.

Bosniak Type II  In this category the minimally 
complex cysts are classified: cysts with one or 
two thin septa, less than 1  mm thick, and with 
thin calcifications at the level of the wall, the 
septa, and the hyperdense benign cysts at the 
baseline evaluation through CT (>20 HU 40–90) 
with all the other features of type I. The diameter 
must not exceed 3 cm without parietal enhance-
ment after intravenous contrast medium. Lesions 
of this type do not need follow-up.

Bosniak Type II F (Follow-Up)  In this category 
the cysts belonging to type II are classified: cysts 
with many and thick (>3  mm) septa and mini-
mally thickened wall, irregular parietal calcifica-
tions without measurable contrast enhancement, 
and the cysts with diameter exceeding 3  cm, 
mainly intrarenal. Lesions of this type need fol-
low-up (6–12 months for 5 years) to confirm the 
benign nature and show malignancy percentage 
of about 5 %. Ultrasound and CEUS have an 
important role in the follow-up of patients with 
chronic renal failure or CT contrast media allergy.

Bosniak Type III  In this category the indetermi-
nate cysts are classified with one or more than the 
following features: measurable enhancement, 
parietal nodules, thick peripheral calcifications, 
thickened walls, hyperattenuating lesions, hyper-
vascular septa, and multilocularity (Fig.  4.13a). 
These cysts need surgical excision or ablation 
since the incidence of malignancy is 33 %.

Bosniak Type IV  This category includes cysts 
with irregular or smooth walls (Fig. 4.13b), with 
measurable enhancement, sometimes associated 
with intralesional necrosis (Fig. 4.13c). They are 
cysts with malignancy percentage close to 
92–100 % and call for surgical treatment.
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Fig. 4.13  (a) The presence of multiple thickened and 
nodular septa. (b) Large cystic lesion with corpuscular 
content and solid nodule protruding into the cystic lumen. 

Clear-cell carcinoma. (c) Exophytic expansive formation 
with unhomogeneous content due to the coexistence of 
liquid and solid component
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4.3	 �Cysts of the Renal Sinus

Peripelvic cysts have lymphatic origin and coated 
with the epithelium and are the most frequent 
extra-parenchymal cysts of the kidney. These 
lesions generally are multiple, avascular, egg 
shaped, and tending to flattening. They can be 
bilateral, with radial aspect in correspondence of 
the renal hilum with peripheral echoicity due to 
the tissue included in the renal sinus, strained and 
compressed by the cysts themselves (Fig. 4.14a–e).

Parapelvic cysts plunge into the renal sinus 
from the adjacent renal parenchyma (Fig. 4.14f). 

They are usually single and are similar to simple 
renal cortical cyst. Seldom, cyst may cause com-
pression of the pelvicalyceal system resulting 
into hydronephrosis. Therefore, in the absence of 
precise pathologic-radiologic correlative data, 
the term renal sinus cyst is recommended as a 
generic description of any fluid-filled cyst found 
in the renal sinus.

Differential diagnosis is pyelocalyceal, peri-
nephric pseudocyst, calyceal diverticulum, lym-
phocele, hydronephrosis or uretero-pielic junction 
(UPJ) obstruction in duplicated collecting system 
urinary, and parapelvic lymphangiectasia.

a b c

d e f

Fig. 4.14  (a, b) Peripelvic cysts (elongated cystic formations in the medullary). (c) Straining of the calyceal structures 
due to the resting of the cysts. (d, e) Multiple peripelvic cysts in US and CT coronal view. (f) Single parapelvic cyst
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4.3.1	 �Renal Cystic Dysplasia: 
Multilocular Renal Cysts 
(Cystic Nephroma)

Renal cystic dysplasia (multicystic kidney)

Rare disease

Anomaly in metanephric differentiation

Coexistence of anomalous structures made of 
dysplastic collector ducts, fibrosis, and cartilage

Disorder of the architecture of renal lobations

Sometimes associated with excretory urinary tract 
disorders (agenesis or obstructive)

Generally prenatal diagnosis

Multiple cortical and medullary cystic lesions and 
complete disarrangement of the kidney (Fig. 4.15a–c)

Multilocular cystic nephroma

Benign tumor made of the epithelium and stroma

Unknown cause

All ages

More frequent in the women

Generally asymptomatic

Unilateral

Generally solitary lesion

US findings

Variable dimensions (5–15 cm)

Cysts separated by fibrous septa

Capsulated with calcifications

Well defined by the surrounding parenchyma

Certain diagnosis is exclusively histological

a b c

d e f

Fig. 4.15  (a) Cystic dysplasia. Marked enlargement of 
the kidneys with multiple cortical, medullary cystic 
lesions of various dimensions and loss of the renal cortex. 
(b) MRI. T2-weighted images in coronal plane. (c) Cystic 

dysplasia. The right kidney with multiple simple cystic 
lesions and loss of cortico-medullary differentiation. (d) 
Renal polycystosis. (e) The same patient with mild ectasia 
of the renal pelvis. (f) Acquired dialysis-induced cysts
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4.3.2	 �Medullary Cystic Disease

Renal medullary cystic disease

Medullary sponge kidney (Cacchi-Lenarduzzi-Ricci 
disease)

Unknown pathogenesis

Multiple cystic dilatations of the collector ducts in the 
medullary

Precipitation of calcium salts along with the formation 
of small parenchymal stones

Nephronophthisis complex – uremic medullary cystic 
disease

Infancy

Cystic formations in the medullary

Interstitial fibrosis and cortical tubular atrophy

Renal failure

US findings

Kidneys reduced in volume

Small medullary cystic lesions, mainly against 
cortico-medullary junction

Not properly valuable at US

4.3.3	 �Renal Polycystic Disease

Autosomal-dominant polycystic kidney disease (Potter 
type III)

Multisystemic hereditary disease, 100 % of 
penetrance, and variable expressivity

Genetic mutation of chromosome 16

Polycystic malformation of the distal convoluted 
tubules, epithelium, and tubular walls, renal failure, 
and hypertension, commonly between the sixth and 
the seventh decade

Multiple expansive cysts with disarrangement of the 
renal parenchyma, always bilateral

Over 60 % of patients have hepatic cysts

5–10 % associated with small cerebral aneurysms of 
the anterior circulation

Sometimes associated with aortic aneurysms, aortic 
dissections, and cardiac valvulopathies

US findings

Enlarged kidneys, with irregular margins

Simple cysts, dimensions range from few millimeters 
to several centimeters (Fig. 4.15d, e)

Often echoic due to intracystic bleeding

Frequent calcifications of the cystic walls

Autosomal-recessive polycystic kidney disease 
(infantile)

Congenital periportal hepatic fibrosis and ectasia of 
the bile ducts

In childhood or in young age, before the second 
decade of life

US detectable

US findings

Bilateral disease

Volumetric increase of the kidneys

Numerous and small cortical medullary cysts

4.3.4	 �Acquired Renal Cystic Disease 
(Associated with Dialysis)

Acquired renal cystic disease

Common to all the end-stage renal pathologies

Development in previously non-cystic kidneys

In patients who have undergone a long treatment with 
hemodialysis or peritoneal dialysis (Fig. 4.15f)

Possible causes: fibrosis, ischemia, and production of 
unknown metabolites

Us findings

Various dimension cysts, with possibility of malignant 
degeneration

Early stages: small and intrarenal cysts

Late stages: larger with intraluminal bleeding and 
calcifications
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Renal cyst

US

localization

ExtraparenchimalCortical

Parapelvic Peripelvic

shape

content

wall

septa

calcifications

Oval-roundish

Elongated-poligonal

Simple Cyst Complex Cyst

Anechoic
Low-level echoes

Thin

Iperechoic

Tickened

Parietal nodules

No septa

Multilocular/multilobular

No calcifications

Wall calcifications

Septa calcifications

No further examinations CT scan

Bosniak IIf Bosniak III-IV

Follow-up

CEUS

CT

MRI

Surgery
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Kidney Stones

Libero Barozzi, Diana Capannelli, 
Massimo Valentino, and Michele Bertolotto

5.1	 �Introduction

Urolithiasis is a frequent complaint at emergency 
department. The classic presentation is an abrupt, 
unilateral severe pain in the flank that radiates 
inferiorly and anteriorly to the groin. The typical 
pain is described as crampiform (“waxing and 
waning”) and the acute phases may last 
20–60 min. The pain occurs with the passage of 
the stone within the ureter with consequent 
obstruction of excretory system, while patients with 
small, non-obstructing stones may be asymptom-
atic or experience moderate symptoms. Patients 

may also refer intense nausea with or without 
vomiting and hematuria. When the stone approaches 
the ureterovesical junction, lower-quadrant 
pain, urinary frequency, dysuria, or stranguria 
may occur.

The peak incidence is between 20 and 50 
years. Predisposing factors for stone-forming 
disease include sex (male vs female 4:1), age, 
inherited and individual predisposing factors 
(obesity), diet, and fluid intake.

Several theories have been proposed for patho-
genesis of kidney stones. There are different types 
of calculi associated with different etiopathogen-
esis. Urinary supersaturation is necessary for cal-
cific stone formation. Several substances found in 
urine (pyrophosphate, Tamm-Horsfall proteins, 
and magnesium) help in precipitating crystal 
formation. The crystals are trapped in the papil-
lary collecting duct and result in stone formation. 
Underlying chronic urinary infections (Proteus 
mirabilis, Escherichia coli, Candida albicans) are 
responsible of struvite, matrix, or xanthine cal-
culi. Also cysteine and acid uric calculi may 
occur, often associated to systemic diseases 
(cystinuria and hyperuricosuria).

5.2	 �Role of Imaging

The aim of imaging is the detection and charac-
terization of kidney stones (site, number, size) 
and complications of urinary obstruction and 
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differential diagnosis of other causes of acute 
intense back pain.

Principal imaging techniques employed to 
diagnose renal colic include plain abdominal radi-
ography, ultrasonography (US), intravenous urog-
raphy (IVU), and computed tomography (CT).

5.2.1	 �Plain Abdominal Radiography

Plain abdominal radiography is useful to detect 
calcific stones, especially in ureteral segments not 
easily visualized with US.  Typical sites are the 
anatomical key points of narrowing such as the 
ureteropelvic junction, the ureterovesical junction, 
and the crossing of ureter over the iliac vessels.

Calcium stones as small as 1–2  mm can be 
seen. Cystine stones as small as 3–4 mm may be 
depicted, but uric acid stones are usually not seen 
unless they have become calcified.

The main limitations include the presence of 
bowel gas and fecal material within the large 
bowel, which can obscure small calculi, or the 
overlapping of extraurinary calcifications includ-
ing vascular calcifications, calcified lymph nodes, 
focal zones of compact bone, and phleboliths.

Renal calculi are usually single and polymor-
phic and with homogeneous opacity, while 
phleboliths typically appear as multiple round or 
oval opacities with a central lucency and are usu-
ally located lower than and lateral to the ureter, 
projecting over the lateral inferior portion of the 
sacrum.

5.2.2	 �Intravenous Urography

Intravenous urography (IVU) is a traditional 
invasive imaging technique, widely abandoned in 
emergency department. It consists of a baseline 
plain abdominal radiography, followed by intra-
venous administration of low-osmolality non-
ionic contrast medium and a series of delayed 
films evaluating the excretion of contrast through 
the urinary system.

The presence of kidney stone is visualized as a 
filling defect. Even if direct abdominal plain film 
can detect only calcific stones, the collection of 

contrast into the renal system is able to visualize 
filling defects both from radiopaque and radiolu-
cent stones. On the other hand, IVU is not able to 
differentiate a stone from a blood clot: in these 
cases, only unenhanced CT helps in the differen-
tial diagnosis.

IVU is useful for confirming the exact loca-
tion of a stone within the urinary tract, but also 
provides both structural and functional informa-
tion, such as the degree of obstruction, the blunt-
ing of the calyceal fornices (hydronephrosis), and 
also the delayed excretion of contrast in the 
affected kidney (delayed or absent nephrogram 
and pyelogram).

Immediately after the passage of a stone, a 
residual mild obstruction or edema can be 
detected at the ureteropelvic junction. In these 
cases, the abdominal compression (prone 
patients) or films acquired in erect position may 
allow the passage of small amounts of contrast.

Extravasation of contrasted urine is a possible 
complication, easily detected by IVU. It is often 
first indicated by blurring of the calyceal fornices, 
but in case of greater extravasation, the contrast 
may collect in the perinephric space (urinoma).

IVU can also depict anatomic abnormalities that 
may predispose patients to stone formation or alter 
therapy, such as calyceal diverticula, duplication, 
ureteropelvic junction obstruction, or dysplasia.

The main disadvantages include high radia-
tion exposure (multiple delayed films are often 
required), possible adverse reaction to intrave-
nous contrast media, and risk of nephrotoxicity. 
In particular, this examination is contraindicated 
in patients with renal impairment (serum creati-
nine over 150 mmol/L), and it is not suggested in 
case of acute frank ureteral obstruction due to 
contrast-induced diuresis.

The risk of these complications above makes 
this examination largely been superseded by 
unenhanced CT.

5.2.3	 �Computed Tomography

Computed tomography (CT) is the most sensitive 
radiologic examination for the detection, local-
ization, and characterization of urinary stones 
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(sensitivity of 96–98 %, specificity near 100 %), 
but also helps in identifying other causes of 
abdominal pain.

As for the detection of stones, helical CT fre-
quently depicts small and non-obstructing stones 
that can be missed on IVU.  CT is also able to 
differentiate between nonopaque stones and 
blood clots or tumors (compared with IVU, 
which may depict only a filling defect).

Even if a stone cannot be directly visualized, 
CT may depict secondary signs of obstruction or 
stone passage, such as hydronephrosis, ureteral 
dilatation, enlarged kidneys, perinephric fluid 
(reactive), perirenal urinoma (suggesting caly-
ceal rupture), or soft-tissue rim sign (due to cir-
cumferential edema of the ureteral wall). If 
contrast material is administered, a delayed or 
hyperattenuating nephrogram may also be visible 
if the ureter has an obstruction.

Unenhanced CT is usually preferred, because 
stones in the collecting system may be obscured 
by contrast material. Sometimes intravenous 
injection of contrast material is required for fur-
ther evaluation, such as in the differential diagno-
sis between phleboliths and urinary stones.

The main limit of CT is the exposure of 
patients to ionizing radiation, and, in particular, 
most of patients with urinary stones are young. 
Low-dose CT protocols are largely adopted, 
allowing to reduce the exposure from 5.5 to 
18 mSv of helical CT to 0.7–2 mSv. Special con-
cern should be regarded to pregnant women and 
children: in these cases, US should be the study 
of choice.

Another recent advance in CT imaging is the 
dual-energy computed tomography (DECT). It 
uses both a high-energy and a low-energy source 
to define stone composition, by assessing stone 
attenuation at two different kVp levels. However, 
DECT has the important disadvantage of high 
radiation exposure.

5.2.4	 �Ultrasound

Ultrasonography (US) is the procedure of choice 
for pregnant women and children because of the 
risks associated with radiation exposure.

US has several limitations in the direct visual-
ization of stones, especially stones smaller than 
2  mm, stones at the ureteropelvic junction, or 
stones in the mid ureter (25–45 %) [1]. Otherwise, 
US shows a higher sensitivity for the identifica-
tion of indirect signs, such as hydronephrosis 
(approximately 85–90 %) [2].

Compared with nonenhanced CT, US is more 
dependent on the body habitus of the patient and 
the skill level of the operator, but the combination 
of US and abdominal plain radiography provides 
comparable results with noncontrast CT [3].

Stones appear on US as bright echogenic foci 
with posterior acoustic shadowing (Figs. 5.1 and 
5.2). Other US criteria for the diagnosis of a kid-
ney stone include twinkle and comet-tail artifacts 
on color Doppler examination. These artifacts are 
the result of intrinsic machine noise in the pres-
ence of small highly reflective objects. Comet-tail 
artifact occurs immediately deep to the object as 
a tail linear aliased band of color that extends 
away from the probe. Twinkle artifact (Fig. 5.3) 
appears as a focus of alternating colors behind 
the stone with the appearance of turbulent blood 
flow. Twinkle artifact is more sensitive than pos-
terior acoustic shadowing in case of small stones.

Stones can be easily visualized if they are in 
the kidneys and the distal ureter at or near the ure-
terovesical junction, especially if dilatation is 
present (Fig. 5.4), while small stones (<5 mm) or 
stones within the ureter cannot be detected with 
US. Sometimes the ureterovesical junction is not 
easy to be visualized: in these cases, a urine-filled 
bladder is mandatory and provides an excellent 
acoustic window for US. Even if US remains less 
accurate than IVU or CT in the assessment of this 
region, color Doppler examination can provide 
useful additional information as the presence or 
absence of ureteral jet. The pumping effects of 
calyceal peristalsis and the renal diuresis that lead 
to protrusion of urine into the bladder. On color 
Doppler it appears as a colored jet near the 
ureterovesical junction. In normal conditions, 
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deep breath and Valsalva maneuver lead to a bilat-
eral ureteral jet (Fig. 5.5). The unilateral absence 
of ureteral jet on the symptomatic side in a well-
hydrated patient is pathognomonic of complete 
obstruction, while asymmetry of ureteral jets is 
suggestive of incomplete obstruction [4].

Diagnostic criteria of obstructive urolithiasis 
include direct visualization of the stone and dila-
tation of ureter more than 6 mm in diameter.

The dilatation of renal collecting system is 
scored from grade 1 to 3, which means a mini-
mal, moderate, or severe calyceal dilatation with 
thinning of the renal cortex (Fig. 5.6).

However, false negative is significant because 
some patients with acute obstruction show little or 
no dilatation, probably due to intermittent or incom-
plete obstruction. On the other hand, also false posi-
tives can occur: sometimes differential diagnosis 
between ureteropelvic junction obstruction and an 
extrarenal pelvis is not possible with US alone, and a 
large extrarenal pelvis can easily be misread for 
hydronephrosis. Especially in slim habitus patients 
and more within the left kidney (probably due to the 
compression of the left renal vein between the 
abdominal aorta and mesenteric vessels), prominent 
vessels in the renal sinus may mimic grade 1 hydro-
nephrosis: in these cases, color Doppler can show a 
vessel signal and exclude urinary obstruction [5]. 
Other causes of obstructive dilatation include inflam-
matory or neoplastic stenosis of the ureter (often uni-

lateral), retroperitoneal fibrosis, and pregnancy. Also 
some causes of nonobstructive dilatation can mimic 
obstructive urolithiasis: vesicoureteral reflux (fre-
quently unilateral) and full bladder (bilateral).

Doppler might be useful to evaluate cases with 
documented acute ureteral obstruction that do not 
demonstrate any significant hydroureteronephro-
sis (up to perhaps 35 % of patients) [6–8], by 
assessing an increase of intrarenal resistive index 
(RI). Under normal conditions, renal vascular 
resistance is relatively low and renal blood flow 
is continued, with a reasonable flow continuing 
even during diastole. In acute ureteric obstruc-
tion, a decrease in renal blood flow during dias-
tole occurs, and it is proportionately greater than 
that during systole with a consecutive increase of 
RI (calculated as peak systolic velocity minus 
end-diastolic velocity divided by peak systolic 
velocity). The criteria to quantify a significant 
change of RI include elevation of the RI above 
0.7 and an interrenal difference in RI between 
normal (contralateral) and pathological 
(obstructed) kidney of 0.04 or more. However, 
the main limit of intrarenal RI evaluation is that it 
does not identify partial or intermittent obstruc-
tions (not severe enough to induce renal vasocon-
striction) and cannot differentiate between 
intrinsic and extrinsic urinary obstructions.

Fig. 5.2  Staghorn stone: renal pelvic stones may grow to 
large size by occupying completely the pelvic space and 
forming a cast of the renal pelvis and calices. They are 
usually associated with chronic urinary tract infections. 
Staghorn stone usually appears as a densely calcified 
mass, producing marked posterior acoustic shadowing

Fig. 5.1  Longitudinal US scanning of the kidney shows a 
calcific stone, which appears as bright echogenic foci with 
posterior acoustic shadowing. No dilatation of collecting 
system is present
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Fig. 5.3  Twinkle artifact appears as a tail linear band of alternating colors behind the stone

Fig. 5.4  Obstructive calculus within the distal ureter, 
near the ureterovesical junction. The stone provides 
complete obstruction and dilatation of the distal tract of 
the ureter
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Fig. 5.6  Grade 3 hydronephrosis. Longitudinal US scan 
shows a severe dilatation of the pelvis and calices with 
thinning of the renal cortex

Fig. 5.5  Normal ureteral jet. The arrival of urine into the bladder appears as a turbulence of the flow near the 
ureterovesical junction. Color Doppler confirms the presence of a high-velocity flow
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Renal Masses

Libero Barozzi, Diana Capannelli, 
Massimo Valentino, and Michele Bertolotto

6.1	 �Introduction

CT is the gold standard in detecting and 
characterizing renal masses and staging renal cell 
carcinomas (RCCs). Although US plays a key 
role in the early detection of solid renal masses, 
US is also a useful tool to guide percutaneous 
biopsies with more advantages than CT-guided 
biopsy: it provides a real-time imaging of the pro-
cedure and allows a follow-up of post-procedure 
complications (subcapsular hematomas or arterio-
venous fistulas).

6.2	 �Benign Masses

Benign tumors are a frequent incidental finding in 
asymptomatic adult patients: autopsy studies 
demonstrated that almost 40 % of patients older 
than 70 years have adenomas. Differential diag-
nosis from RCC is difficult because imaging 
findings of many benign renal tumors are not 
characteristic and overlapped with those of 
malignant ones.

The most common benign solid renal tumors 
are angiomyolipomas and oncocytomas.
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6.2.1	 �Angiomyolipoma

Angiomyolipoma is the most frequent mesenchy-
mal benign neoplasm of the kidney, and it con-
tains smooth muscle, vascular, lipomatous, and 
myeloid components in different proportions, giv-
ing it a heterogeneous appearance on imaging.

It occurs more frequently in women and in a 
solitary form (80 %). Angiomyolipomas are rare 
in children but occur in up to 80 % of children 
with tuberous sclerosis: in these cases angiomyoli-
pomas are bilateral, small, and multifocal, whereas 
in sporadic forms, they are more commonly soli-
tary, large, and symptomatic lesions. Also in 
lymphangioleiomyomatosis (a rare progressive 
disease that affects both the lungs and kidney of 
young women), multiple renal angiomyolipomas 
can be found.

US characteristics change on the basis of the 
size of the lesion.

Small angiomyolipomas (<3  cm) appear as 
subcapsular, hyperechoic, sharply marginated, 
and homogeneous lesions on B-mode. After 
microbubble contrast agent injection at contrast-
enhanced US (CEUS), they usually appear persis-
tently hypovascular in comparison to the adjacent 
renal parenchyma [1] (Figs. 6.1 and 6.2).

Large angiomyolipomas (>3  cm) typically 
have a heterogeneous bright appearance at US 
due to solid, adipose, and hemorrhagic compo-
nents and frequently present an exophytic devel-
opment with a wedge-shaped connection with 
the renal parenchyma.

Sometimes large angiomyolipomas may be 
complicated by hemorrhage (spontaneous or 
associated with relatively minor or incidental 
trauma). The risk of bleeding is associated with 

the size of the lesion (>4 cm) and the amount of 
angiogenic component, usually constituted of 
irregular and dysplastic blood vessels with abnor-
mal thick wall and therefore predisposed to aneu-
rysmal dilatation and hemorrhage. US findings 
include intralesional hemorrhage (poorly defined 
hyperechogenicity), subcapsular hematoma, or 
retroperitoneal bleeding. Management options 
include conservative management, embolization, 
and nephrectomy depending on hemodynamic 
considerations. Therefore, trans-arterial emboli-
zation of lesions >4  cm (or with intratumoral 
aneurysm size larger than 5 mm) is highly recom-
mended [2].

Renal angiomyolipomas are benign, but they 
can be locally invasive, extending into the perire-
nal fat or into the renal vein and even the inferior 
vena cava with a tumorous thrombus. Further CT 
assessment should be performed to help in dif-
ferential diagnosis.

Differentiating angiomyolipomas from RCC is 
the key point of the diagnostic algorithm because 
while asymptomatic angiomyolipoma does not 
need surgical resection, RCC should be com-
pletely removed. Marked echogenicity in a renal 
mass is not pathognomonic of angiomyolipomas. 
Also small RCC may be hyperechoic, even if 
angiomyolipoma tends to be much more echo-
genic than RCC.  Conversely, intratumoral cysts 
and hypoechoic rim are suggestive of RCC, 
because these findings are absent in angiomyoli-
pomas. A false-negative diagnosis may also occur 
in cases involving a hemorrhagic tumor. If clinical 
suspect is present (hematuria), also echogenic 
lesions should be further investigated with CT 
scans, and the fat content of the tumor should be 
assessed.
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Fig. 6.1  B-mode examination shows a subcapsular, hyperechoic, sharply marginated, and homogeneous lesion. After 
microbubble contrast agent injection, it appears as iso-hypovascular in comparison to the adjacent cortex

Fig. 6.2  Time-intensity curves display a typical pattern 
of angiomyolipoma contrast enhancement. The red ROI 
was drawn in a hyperechoic lesion on B-mode, whereas 
the yellow ROI was drawn in an area representing the 

normal renal cortex. The red time-intensity curve shows a 
higher fast filling hyperenhancement with reference to 
the normal renal parenchyma, suggestive of 
angiomyolipoma
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6.2.2	 �Oncocytoma

Oncocytoma is a benign tumor arising from prox-
imal tubular epithelial cells. In literature cases of 
coexistent oncocytoma and RCC (10 %); multi-
centric, bilateral, or metachronous oncocytomas 
(4–6 %) [3]; and recurrence or even metastases 
following surgical resection are reported, sug-
gesting that these neoplasms can become malig-
nant. No reliable pattern on US has been reported 
to differentiate oncocytomas from RCC. Tumor 
homogenicity has been considered as suggestive 
of small oncocytomas, but it is not useful in dif-
ferential diagnosis because of the considerable 
overlap among small renal tumors including 
RCC. Percutaneous biopsy may help in differen-
tiating diagnosis; in difficult cases partial 
nephrectomy or minimally invasive approaches 
are also performed.

6.3	 �Cystic Lesions

Renal cysts are a common finding, but any cyst 
that does not show the typical features of a benign 
cyst is by definition “complicated” and requires 
further assessment. US findings that suggest a 
cystic or pseudocystic renal neoplasm include 
thick irregular wall, multiple septa, solid mural 
nodule, heterogeneous echoic content, and the 
demonstration of signal flow on color Doppler 
evaluation within the solid components.

In 1986, Morton Bosniak proposed a simple 
classification that classifies renal cysts into five 
categories based on their CT imaging appearance 
criteria, including morphological and enhance-
ment characteristics [4–6]:

•	 I: Simple cyst with thin wall and no septa, cal-
cification, or solid components. Fluid density 
(10–20 uH) and no enhancement after contrast 
medium infusion. Benign.

•	 II: Cyst that may contain a few thin septa or 
fine calcifications in the wall or septa. 
Uniformly high-attenuation lesions (<3  cm) 
because of the presence of hemorrhagic/pro-
teinaceous content, with sharp margins but 
without enhancement. Benign.

•	 IIF: Cysts with more hairline-thin septa or 
minimal thickening of the septa/wall: a mini-
mal enhancement of a hairline-thin septum or 
wall can be seen. The cysts may contain calci-
fications (nodular and thick) but without con-
trast enhancement. No enhancing soft-tissue 
elements. This category also includes intrare-
nal, well-marginated, non-enhancing, high-
attenuation renal lesions >3 cm in size. This 
category was introduced in 2003 by Israeli 
and Bosniak [7] to stratify the malignancy risk 
of these lesions, malignant in a small propor-
tion. Serial closed follow-up is required 
(6 months) to assess the lesion stability.

•	 III: Indeterminate cystic masses with thick-
ened irregular walls or septa, with or without 
contrast enhancement. Surgery or close fol-
low-up is recommended because over 50 % of 
these lesions are malignant.

•	 IV: Clearly malignant cystic lesions with 
enhancing soft-tissue components. Surgical 
therapy is required (cystic or necrotic RCC).
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Even if the Bosniak classification system was 
developed on the basis of contrast enhancement 
findings of cystic renal masses on CE-MDCT 
[5, 6], CEUS can provide useful information to 
predict the risk of malignancy and, therefore, 
for the management of these lesions: surgical 
treatment or observation.

The problematic aspect is the differential 
diagnosis between lesions classified in category 
IIF, which require serial imaging follow-up [8] 
and category III lesions that require prompt sur-
gery because of potential malignancy. In particu-
lar, CEUS is acquiring an increasing role in the 
assessment of indeterminate cystic lesions 
(Bosniak IIF and III) by detecting the presence 
and the enhancement of solid components. 
Recent comparative studies [9] between CEUS 
and CT revealed that CEUS imaging was supe-
rior to CT in terms of detecting additional septa, 
thickness of the wall or septa, and solid compo-
nents. Microbubble contrast agents circulate in 
the microvessels of septa and walls, and CEUS 
provides the evaluation of internal structures of 
cystic renal masses with a higher resolution than 
CT. In particular, the demonstration of solid 
components is the key factor in differential with 

categories III and IV that are considered malig-
nant and must be surgically removed (Fig. 6.3). A 
recent study [10] also introduced an independent 
diagnostic classification system for CEUS that 
was based on the enhancement patterns involving 
or not involving the peripheral wall, the intracys-
tic septa, and the mural or septal nodule. This 
approach reveals a high correspondence between 
CEUS and CT, particularly for lesions of cate-
gory III undetermined on CT, by proposing 
CEUS as an alternative to CT in the follow-up of 
complex renal cysts and in case of contraindica-
tions to iodinate contrast.

In conclusion, hyperattenuating lesion at CT 
with no significant contrast enhancement should 
be considered as possible hypovascularized 
tumor (RCC): in these cases, prompt US exami-
nation should be performed because hyperdense 
cysts are typically anechoic in 30–50 % of cases.

Sometimes necrotic RCC may mimic a cystic 
lesion on CT because of a necrotic content simi-
lar to fluid cysts in attenuating values: in these 
cases, US examination is able to show a hetero-
geneous echoic content consistent with necrosis, 
associated to irregular thickening of peripheral 
walls (Bosniak IV).

a b c

Fig. 6.3  Contrast enhancement CT scan shows a compli-
cated cystic lesion with diffuse and smooth contrast 
enhancement (a). Color Doppler examination demon-
strates a heterogeneous mass with hypoechoic and fluid 

component without significant vascular application (b). 
CEUS reveals an internal enhancing soft-tissue compo-
nent, suggestive of Bosniak IV category (c)
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6.4	 �Solid Masses

The majority of primary renal tumors are renal 
cell carcinomas (RCCs), whereas angiomyolipo-
mas and oncocytomas represent a small part of 
renal solid lesions.

Most RCCs are first detected by US, while CT 
is the gold standard imaging modality for staging 
and surgical planning. CT can also provide infor-
mation for the differentiation of RCC subtypes, 
which is important in planning treatment and 
closely related with prognosis. Magnetic reso-
nance imaging (MRI) is used as a problem-
solving modality and for staging. In doubt cases, 
percutaneous renal biopsy is a safe and accurate 
method of sampling the lesion and reaching a 
final histopathological diagnosis, which is closely 
related with prognosis.

The 2004 World Health Organization (WHO) 
classification recognizes several distinct histo-
logic subtypes of RCC: clear cell RCC, papillary 
RCC, chromophobe RCC, multilocular cystic 
RCC, collecting duct carcinoma, medullary car-
cinoma, mucinous tubular and spindle cell carci-
noma, hereditary cancer syndromes (von 
Hippel-Lindau disease, Birt-Hogg-Dubé syn-
drome, tuberous sclerosis, and other genetic con-
ditions), and unclassified lesions.

•	 Clear cell RCC is also known as conven-
tional RCC since it accounts for nearly 70 % 
of all RCCs. It originates from the renal cor-
tex and typically exhibits an expansive 
growth pattern. It usually appears as a het-
erogeneous mass due to the presence of 
hemorrhage, necrosis, and cysts. Clear cell 
RCCs typically show hypervascularity on 
contrast-enhanced CT. Calcification may be 
seen in 10–15 %.

•	 Papillary RCC is the second most common 
subtype (10–15 %). It is often bilateral and 
multifocal, especially with hereditary syn-
dromes. It usually has a good prognosis, and 
more than 80 % of tumors are confined to the 

cortex and within the renal capsule at the time 
of nephrectomy. It usually shows a lower 
contrast enhancement than a typical 
RCC.  Reduced or absent tumor vascularity 
also correlates with intratumoral hemorrhage 
and necrosis (66 % of cases).

•	 Chromophobe RCC can mimic an oncocy-
toma: it is typically well circumscribed and 
solitary and shows uniform hyperechogenicity 
both in small and large masses. It appears 
hypovascular/avascular on early and delayed 
phase on CT. Sometimes biopsy is not able to 
differentiate it from oncocytoma because of 
the presence of chromophobe cells in both 
lesions.

•	 Multilocular cystic RCC consists of multiple 
variable-sized cysts with irregular, thick, and 
fibrous septa, surrounded by a fibrous capsule 
and with heterogeneous content. Most of RCC 
can present microcysts, but in multilocular 
cystic RCC, cysts are the predominant 
component. Differentiation between compli-
cated cyst and cystic RCC may be problem-
atic. As for Bosniak classification, any lesion 
that does not respect class II criteria but does 
not need surgical exploration is categorized 
into IIF and may underwent close follow-up 
(6 months) to detect any change.

•	 Collecting duct carcinoma is a highly aggres-
sive subtype of RCC, associated with poor 
prognosis: metastasis is present in about 30 % 
of cases at presentation, with low 2-year sur-
vival rate after diagnosis (less than 30 %). It 
originates from the medulla and invades both 
the cortex, by distorting calyces and pelvis, 
and the adjacent renal parenchyma with a des-
moplastic response with necrosis and hemor-
rhage. It metastasizes at the regional lymph 
nodes (80 %), lungs and adrenal glands (25 %), 
and liver (20 %). It can appear as a heteroge-
neous hyperechoic mass at US due to the pres-
ence of necrosis and hemorrhage.

•	 Medullary carcinoma is a rare highly aggres-
sive subtype of RCC with a dismal prognosis: 
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it early metastasizes to the regional lymph 
nodes, liver, and lung. As collecting duct 
carcinoma, it originates from the medulla and 
early infiltrates the renal sinus (caliectasis) 
 and cortex. At US it appears as a heteroge-
neous mass due to tumor necrosis. While the 
mass may enlarge the kidney, the renal  
shape is maintained because of infiltrative 
growth.

•	 Sarcomatoid RCC is no longer considered as a 
distinct histologic subtype of RCC, because 
any type of RCC can undergo a sarcomatoid 
dedifferentiation with poor prognosis. Imaging 
features are not typical because it can appear 
both as a confined mass and (more commonly) 
as an ill-defined mass, infiltrating the renal 
sinus and cortex, heterogeneous on US exami-
nation and after contrast injection because of 
necrosis and hemorrhage. The renal shape is 
maintained because of infiltrative growth.

At US examination, RCC characteristics 
depend on the size and proportions of the com-
ponents. Larger tumors are usually hypoechoic 
or isoechoic to the renal parenchyma, some-
times with a heterogeneous aspect because of 
central necrosis, whereas small RCCs are typi-
cally hyperechoic. Major differential diagnosis 
of small RCC is small angiomyolipoma that 
usually shows higher echogenicity than RCC 
with strong sonic attenuation. Small RCCs also 
differ from angiomyolipoma because of the 
presence of intratumoral cysts and thin 
hypoechoic rim.

Grayscale US is sensitive but not specific 
enough for the characterization of small renal 
masses, and a solid mass in the kidneys may be 
considered as possible RCC unless strong evi-
dence suggests another diagnosis.

Color and power Doppler examinations can 
provide useful additional information: Spectral 
Doppler US performed in the mass can show a 
low-resistant pattern of vascular flow (because of 
the increase of vascularization in hypervascular 

lesions) in contrast with the spectrum obtained in 
the adjacent parenchyma (resistance index in 
range in normal conditions or high in end-stage 
renal disease). Otherwise, spectral analysis does 
not provide definitive diagnostic criteria for RCC 
because also angiomyolipomas may exhibit a 
high-velocity pattern of intralesional vessels 
[11]. The analysis of vascular distribution with 
color or power Doppler has not increased the 
diagnostic accuracy for small solid renal tumors, 
while contrast-enhanced US (CEUS) can increase 
the detection of intratumoral vascularity. Renal 
malignancies have a rich blood supply (except 
for hypovascular lesions), and CEUS can show 
an increased and heterogeneous enhancement, 
fast filling, and rapid washout. However, the kid-
ney itself has abundant blood supply, and some-
times the lesion may appear isoechoic to the 
surrounding renal cortex [12, 13]. CEUS is not 
currently used for differentiating benign lesions 
from malignant solid tumors. Even if several 
studies propose new methods for qualitative and 
quantitative assessment of contrast enhancement, 
solid malignancies do not show a specific perfu-
sion pattern [12, 14].

Even if CT is the gold standard method for 
tumoral staging in RCC, US is useful to assess 
the involvement of the inferior vena cava by dem-
onstrating the extent of venous thrombosis: on 
CT the inhomogeneous contrast filling of the 
inferior vena cava on cortico-medullar and 
delayed phase does not allow an accurate evalua-
tion of thrombus. At US, the tumor thrombus 
appears as a solid echoic mass lying within the 
venous lumen, associated with enlargement of 
the vessel or surrounded by color flow. Power 
Doppler and CEUS may show color signal or 
contrast enhancement inside the thrombus due to 
tumor neovascularity. In US examination is very 
important to detect the cranial extension of the 
thrombus with respect to the hepatic veins and 
right atrium [15, 16]. Otherwise, US is not ade-
quate to detect lymph node metastasis, while CT 
is highly accurate.
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6.4.1	 �Other Differential Diagnoses

Another important role of US is to differentiate 
normal anatomical variants or pseudotumors 
from solid malignancies. Cortical defects or fetal 
lobations may mimic, respectively, hyperechoic 
or hypoechoic subcapsular tumors. Color Doppler 
and CEUS can add some useful information in 
differential diagnosis. For example, in renal col-
umn hypertrophy (a congenital renal dysplasia 
that mimics a solid lesion of the cortex), color 
Doppler and CEUS are able to demonstrate nor-
mal courses of renal vessels without an occupy-
ing lesion and a dynamic pattern of contrast 
enhancement identical to the surrounding paren-
chyma (Fig. 6.4).

Other differential diagnoses include lym-
phoma, metastasis, and inflammatory disease.

Lymphoma can have a variable appearance 
and may mimic RCC.  It usually appears as 
bilateral solid renal masses, homogeneously 
hypoechoic. Primary renal lymphoma is very 
rare, and it is one of the most common extrano-
dal sites of metastatic lymphoma (commonly a 
non-Hodgkin’s lymphoma).

Characteristically, renal lymphoma shows an 
infiltrating growth into the renal sinus or a retro-
peritoneal extension. In most of the cases, it 

appears as multiple homogeneous parenchymal 
masses (50–60 %), variable in size (1–4.5 cm in 
diameter). In 25–30 % of cases, it can also appear 
as a gross retroperitoneal mass that invades 
directly the renal sinus or a perirenal mass that 
surrounds the kidneys. On rare occasion, lym-
phoma may appear as a solitary parenchymal 
mass (10–25 %) or a gross enlargement of the kid-
ney (which usually maintains a reniform shape) 
due to diffuse infiltration [17]. Adenopathies are 
typically associated.

Also metastatic disease to the kidney typically 
manifests as multiple bilateral renal masses, 
often secondary to breast and lung cancers and 
associated with metastatic involvement of other 
organs.

In the case of lymphoma or previous history of 
solid cancer, the finding of a solitary renal mass 
needs further assessment, and percutaneous renal 
biopsy is required for a definitive diagnosis.

Inflammatory renal masses, such as pyelone-
phritis and renal abscess, may also mimic the 
appearance of a renal neoplasm. In the presence 
of a previous history of fever, leukocytosis, or 
urinary tract infection, inflammatory nature of 
the lesion may be suspected, and, in doubt cases, 
a needle aspiration should be performed to con-
firm the diagnosis [18].

a b

Fig. 6.4  Baseline US examination (a) shows an isoechoic 
mass that develops in the renal sinus and that simulates a 
solid occupying lesion. CEUS reveals a normal 

intravascular flow within this region, with homogeneous 
vascular enhancement without vessel distortion, sugges-
tive of renal column dysplasia (b)
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6.5	 �Pediatric Masses

Renal masses are the most common abdominal 
masses in childhood and include developmental 
anomalies with hydronephrosis, cystic renal dis-
eases, and primary renal neoplasms.

Neoplastic renal masses in pediatric populations 
include Wilms tumor, nephroblastomatosis, RCC, 
mesoblastic nephroma, multilocular cystic renal 
tumor, clear cell sarcoma, angiomyolipoma, renal 
medullary carcinoma, ossifying renal tumor of 
infancy, metanephric adenoma, and lymphoma.

Wilms tumor is by far the most common renal 
neoplasm in childhood and accounts for 87 % of 
pediatric renal masses. Its peak incidence is at 
3–4 years of age and in 80 % of patients presents 
before 5 years of age. Wilms tumor is bilateral in 
4–13 % of children (more commonly synchro-
nous, but also metachronous, tumors). Bilateral 
tumors are correlated with a higher incidence of 
nephroblastomatosis (present in up to 90 % of 
cases of bilateral Wilms) and may be associated 
with congenital genitourinary congenital anoma-
lies (cryptorchidism, hypospadias, and horseshoe 
kidneys) or other genetic syndromes (hemihyper-
trophy). In these risk patients, US screening is 
recommended until 7 years of age with close con-
trols (3–6 months) because a prompt diagnosis 
allows decrease in morbidity and permits cura-
tive nephron-sparing surgery. After the age of 7 
years, the risk of developing Wilms tumor 
decreases significantly [19].

Wilms tumor appears a solid intrarenal mass, 
heterogeneously echoic (hemorrhage, fat, necro-
sis, or calcification). It shows a massive growth 
with distortion of the adjacent renal parenchyma 
(pseudocapsule) and the collecting system. It also 
spreads into perirenal adipose tissue by contigu-
ous extension and displaces adjacent structures. 
Vascular invasion is frequent, and Wilms typi-
cally involves renal vein by direct spread with 
successive propagation of tumor thrombus into 
the inferior vena cava and right atrium (up to 
20 % of cases of inferior vena cava involvement). 
Wilms does not typically encase the aorta: such 
encasement is a distinguishing characteristic of 
neuroblastoma. Metastases are most commonly 

found in the lungs (85 % of cases), liver, and 
regional lymph nodes.

CT preoperative examination is important to 
detect nodal or hepatic metastases, vascular 
extension of tumor thrombus, contralateral syn-
chronous tumor, and associated nephrogenic 
rests, at risk of future malignant transformation 
into Wilms tumor.

Wilms tumor includes several histological 
subtypes and the prognosis depends on histologic 
findings, although Wilms tumor is associated 
with a good prognosis with an overall survival of 
90 %. Unilateral Wilms tumor is generally treated 
with nephrectomy followed by adjuvant chemo-
therapy. Bilateral tumors are staged separately, 
and preoperative chemotherapy is useful to 
reduce the masses and allows at least unilateral 
nephron-sparing surgery.

Nephroblastomatosis consists of the presence 
of diffuse or multifocal nephrogenic rests in the 
renal cortex. Nephrogenic rests are foci of meta-
nephric blastema that persist beyond 36 weeks of 
gestation and have high potential for malignant 
transformation into Wilms tumor. They usually 
appear as multiple bilateral subcapsular homoge-
neous nodules at US, CT, or MR imaging, whereas 
Wilms tumors are generally heterogeneous.

Nephroblastomatosis is associated with 
genetic syndromes, such as hemihypertrophy, 
sporadic aniridia, and Denys-Drash and 
Beckwith-Wiedemann or Perlman syndrome, 
which all are also associated with Wilms tumors.

Mesoblastic nephroma is the most common 
renal neoplasm in the first year of life.

Other less common renal masses include mul-
tilocular cystic renal tumor, renal cell carcinoma, 
angiomyolipoma, and lymphoma, which present 
the same characteristics than in the adult 
population.
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Renal Trauma

Libero Barozzi, Diana Capannelli, 
Massimo Valentino, and Michele Bertolotto

7.1	 �Introduction

Injury to the kidney is seen in approximately 
8–10 % of patients with blunt or penetrating 
abdominal injuries [1]. The vast majority (80–
90 %) of cases involve blunt rather than penetrat-
ing injury. Renal trauma is usually associated with 
the involvement of other organs, such as spleen 
and liver.

Trauma is classified into major or minor 
trauma depending on the severity of the injury, the 
location of damage, or a combination of both.

Major trauma occurs in injuries with complex 
dynamics (road accidents, falls from height), and 
usually multi-organ involvement occurs, while 
minor trauma is caused by localized forces that 
act with a small kinetic force and cause only con-
fined damage.

Renal involvement in abdominal trauma is usu-
ally suspected on the base of the presence of hema-
turia, location of impact, wounds, or multiple 
fractures of the lower ribs. Hematuria is present in 
almost 80 % of cases with renal injury; however, 
hematuria may be absent in patients with main 
renal artery thrombosis and devascularization [2].

The protocol for the management of patients 
with suspected renal injury divides patients into 
three groups:

	1.	 Hemodynamically instable patients: surgical 
exploration; patients stabilized after initial 
poor scores: CT scan or repeat FAST

	2.	 Hemodynamically stable patients with hema-
turia: CT scan

	3.	 Hemodynamically stable patients with no 
hematuria and negative FAST: follow-up with 
clinical observation of at least 6 h duration [2]
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7.2	 �Diagnostic Imaging

In major trauma, hemodynamically unstable 
patients on admission are most likely going to 
surgery immediately. In other cases, radiological 
imaging plays an important role in the detection 
of organ damage.

Contrast-enhanced multi-detector computed 
tomography (CE-MDCT) is the gold standard in 
the evaluation of patients with high-energy 
abdominal trauma, because of high spatial reso-
lution, very fast execution, and higher sensibility. 
CE-MDCT also allows excluding active bleed-
ing, multitraumatic involvement of deep organs 
(pancreatic trauma), and gut perforations.

In the acute management of trauma, ultrasonog-
raphy (US) plays a role only as second-step evalu-
ation in the emergency room after the primary 
survey of the advanced trauma life support (ATLS) 
protocol as focused assessment with sonography in 
trauma US (FAST-US) [3]. FAST-US is the ideal 
imaging modality of choice because it can be per-
formed simultaneously with other resuscitative 
cares and has the primary goal to detect hemoperi-
toneum. Recently, FAST exam has been extended 
to the assessment of pleuropericardial compart-
ments with the detection of pneumo- and hemotho-
rax or cardiac hematic tamponade (extended FAST, 
EFAST) [4]. The examination includes six loca-
tions for the existence of free fluid: the right upper 
quadrant with the hepatorenal recess, the left upper 
quadrant with the splenorenal recess, both para-
colic gutters, the pelvis and its various peritoneal 
cavity recesses, and the pericardial space. If the 
examination demonstrates the presence of fluid, 
surgeons will generally perform an exploratory 

laparotomy. FAST-US has low sensitivity in detec-
tion of parenchymal traumatic lesions, which may 
be isoechoic and can be missed [5, 6], so CE-MDCT 
remains the imaging modality of choice for paren-
chymal evaluation.

US is useful during the follow-up of traumatic 
lesions, and the introduction in the clinical prac-
tice of intravenous contrast materials specific for 
US finds an indication in the surveillance of these 
patients.

Contrast-enhanced US (CEUS) with second-
generation contrast agents shows a high sensitiv-
ity both in lesion detection and grading, but 
CEUS should be reserved for the assessment of 
stable, low-energy isolated trauma patients with 
unilateral pain. These patients have low risk for 
multi-organ and severe traumatic involvement, 
are hemodynamically stable, and can be conser-
vatively treated and evaluated during the follow-
up [5, 6].

Contrast-enhanced US (CEUS) demonstrated 
an accuracy similar to CE-MDCT in detecting 
and grading renal traumatic lesions. Parenchymal 
lacerations appear as nonenhancing areas after 
contrast injection (Fig. 7.1).

In addition, CEUS exceeded the limits of the 
B-mode US and the US color and power Doppler 
and expanded the applications of the method 
especially in abdominal trauma in children.

The main limit of CEUS in kidney traumatic 
lesions is the impossibility to visualize pelvicaly-
ceal and ureter injuries, since contrast agents are 
not concentrated in the collecting system. In 
these cases, CE-MDCT should be always per-
formed in CEUS-positive patients to exclude 
active bleeding and urinomas.
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a b

c d

Fig. 7.1  Baseline US examination (a) is inadequate to 
detect renal laceration because it is slightly hypo-
isoechoic to the surrounding parenchyma. Color Doppler 

(b) shows a relative homogeneous perfusion. After con-
trast injection, CEUS demonstrates a large filling defect 
due to deep parenchymal laceration (c, d)
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7.3	 �Classification

Several classifications have been defined for the 
assessment of the type of renal injury, but the 
classification proposed by the Committee on 
Organ Injury Scaling of the American Association 
for the Surgery of Trauma (AAST) is now widely 
accepted as the grading scale, which also ensures 
a common consensus between surgeons and radi-
ologists for proper management of renal injuries. 
The current AAST grading system is based on 
surgical findings, which can be diagnosed by 
MDCT [7]:

•	 I – Renal contusion or subcapsular hematoma 
with intact capsule

•	 II – Superficial cortex laceration (<1 cm) that 
does not extend to deep medulla or collecting 
system or nonexpanding hematoma

•	 III – Deep laceration(s) (>1 cm) without urine 
extravasation

•	 IV  – Laceration(s) extending into collecting 
system with contained urine leak, main renal 
artery or vein injury with contained hemor-
rhage, segmental parenchymal infarction

•	 V – Shattered renal parenchyma, renal vascu-
lar pedicle avulsion, or devitalized kidney

7.3.1	 �Grade 1

Intrarenal hematomas (or contusions) are not 
easily detectable on B-mode evaluation. 
Contusions usually appear as ill-defined, 
round, or ovoid hyperechoic areas within the 
renal parenchyma. They constitute 75–85 % of 
all renal injuries [8]. The treatment is conser-
vative and the lesion tends to resolve within 1 
or 2 weeks.

Subcapsular hematomas appear as round or 
elliptic inhomogeneous hyper- and hypoechoic 
fluid collection along the renal contour, under the 
renal capsule. If the hematoma is large in size, it 
may cause flattening or depression of the under-
lying renal surface and compress the parenchyma 
(Fig. 7.2).
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Fig. 7.2  Grade 1: subcapsular hematoma. Conventional 
US shows an elliptic inhomogeneous hypoechoic collec-
tion along the renal contour, which flattens the renal 

surface. CT confirms the presence of large subcapsular 
hyperdense hematoma, confined under the renal capsule. 
The attenuation values are between 45 and 90 HU
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7.3.2	 �Grade 2

Subsegmental infarcts or minor lacerations 
(<1 cm) may appear as defects in the periphery of 
the renal parenchyma without involvement of the 
collecting system. CEUS has a limited sensitivity 
in the detection of these lesions, while CE-MDCT 
can demonstrate small, sharply demarcated, 
wedge-shaped areas of decreased contrast 
enhancement, due to stretching and thrombotic 
occlusion of small accessory renal artery, capsu-
lar artery, or intrarenal subsegmental branch. The 

treatment is conservative and subsegmental 
infarction results in cortical small incisure.

Perinephric hematomas appear as semilunar 
inhomogeneous hyper- and hypoechoic fluid 
collection near the kidney (Fig. 7.3). These are 
differentiated from subcapsular hematomas 
because perinephric hematomas are confined 
between the renal parenchyma and Gerota’s fas-
cia, outlining the renal contour extending over a 
wider area without producing flattening or 
depression of renal margins, and occur following 
a laceration of the renal capsule.

Fig. 7.3  Grade 4: major laceration (>1 cm) involving the 
collecting system. Both CEUS and CE-MDCT show deep 
wedge-shaped areas of decreased contrast enhancement. 

The deepest laceration also involves the pelvis with exten-
sive anechoic fluid perinephric collection, confined into 
the Gerota’s fascia
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7.3.3	 �Grades 3–4

Major lacerations (>1  cm) may appear as deep 
defects of the renal parenchyma that involve the 
collecting system with urine extravasation. Both 
CEUS and CE-MDCT show multiple deep wedge-
shaped areas of decreased contrast enhancement 
(Fig.  7.3). Severe lacerations are usually associ-
ated with one or more devitalized fragments, deep 
lacerations of the renal pelvis, and collecting sys-
tem. Extensive hemorrhage appears as inhomoge-
neous echoic fluid collection near the kidney and 
can be refilled by an active arterial bleeding, easily 
demonstrated by CE-MDCT. Urine extravasation 
conversely appears as anechoic fluid collection in 
the subcapsular or more often the perinephric 
space: CE-MDCT can demonstrate bleeding of 

contrasted urine from the pelvis (Fig.  7.4). The 
management of these severe lesions generally 
requires surgical exploration and often nephrec-
tomy. Intra-arterial embolization may prevent 
nephrectomy.

Category 4 also includes vascular injuries involv-
ing the renal pedicle. The most significant vascular 
injury is thrombosis of the main renal artery due to 
the stretching and tearing of the intima (less elastic 
than the media and adventitia) caused by decelera-
tion [8]. The consequent intimal flap with clot for-
mation may lead to complete renal artery 
thrombosis, typically starting in the proximal one-
third of the vessel. CEUS demonstrates extensive 
decrease of vascularization, and CE-MDCT typi-
cally reveals amputation of the renal artery. 
Thrombosis of the renal vein may also occur.

Fig. 7.4  Grade 4: major laceration (>1  cm) with urine 
bleeding. MDCT without CE shows large perinephric 
hematoma (attenuation values between 45 and 90 HU) 
and extensive hypodense fluid collection into the 

peritoneal space. 10 min after intravenous administration 
of CE (urographic phase), CE-MDCT demonstrates 
extensive and active bleeding of contrasted urine from the 
pelvis
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7.3.4	 �Grade 5

The term “shattered kidney” refers to gross renal 
parenchymal disruption by multiple lacerations, 
frequently associated with multiple areas of renal 
infarction.

Avulsion of the vascular hilum and of the ure-
teropelvic junction may occur, by resulting in 
massive active arterial bleeding or large urinoma. 
Devascularization of the entire kidney constitutes 
the most severe form of renal injury. Nephrectomy 
is the only treatment.

7.4	 �Complication Assessment

7.4.1	 �Color Doppler

Even if the role of US is limited in the first phases 
of trauma management, color Doppler largely 
employed in the follow-up of traumatic patients.

Color Doppler duplex sonography is a widely 
available, noninvasive, and accurate technique that 
plays an important role in the detection and dif-
ferential diagnosis of late vascular complications, 
such as pseudoaneurysms and arteriovenous 
fistulas.

A pseudoaneurysm is a pulsatile hematoma 
that communicates through a channel (neck) with 
the injured artery. It follows total disruption in 
the arterial wall and continuous extravascular 
flow, contained by the surrounding tissues. 
B-mode usually demonstrates a large inhomoge-
neous cavity, with a fluid-fluid level inside in 
large pseudoaneurysms due to hematocrit layer-
ing. Color Doppler duplex sonography is the 
diagnostic imaging modality of choice: it can 
demonstrate the degree of clotting, the communi-
cation with the artery, and the blood flow pattern. 
The lumen has bidirectional, swirling, or “yin-
yang” color flow and turbulent or pulsatile flow 
on a spectral display. The neck typically has a 
“to-and-fro” waveform due to flow entering dur-
ing systole and exiting during diastole [9].

Arteriovenous fistula instead is an abnormal 
communication between arterial and venous 
flow. On B-mode, it appears as an anechoic 
area, while color and spectral Doppler sonogra-
phy may show an intense and turbulent high-
velocity flow with low resistance in the renal 
parenchyma [10].
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The Transplanted Kidney

Giulio Argalia, Nicola Carboni, Daniela Dabbene, 
Giuliano Peta, Paola Piccinni, Anna Clara Renzi, 
and Gian Marco Giuseppetti

Ultrasound evaluation of the transplanted kidney is 
fairly simple because the graft is commonly placed 
in the retroperitoneal space of the right iliac fossa in 
a superficial position. The vessels are in the medial 
side of the organ and are connected with the 
recipient’s common or external iliac vessels. After 
identifying the transplanted kidney, images are 
acquired in the transverse and sagittal planes, and 
the renal size is recorded. The adjacent soft tissues 
are scanned to identify any perirenal fluid collec-
tions. After that, color or power Doppler is applied 
to evaluate the parenchymal flow and to identify the 
renal hilum and the anastomoses. Flow quantifica-
tion can be measured by the resistivity index (RI), 
pulsatility index (PI), and systolic/diastolic ratio.

The study is normally performed with a convex 
transducer with variable frequency between 3.5 and 
5 MHz (Fig. 8.1). The healthy graft has comparable 
ultrasound features to the healthy native kidney; 
however, a more detailed two-dimensional image is 
obtained as the transplant is usually located more 
superficially. Graft sizes are similar to native kid-
neys; however, gradual increase of its dimensions 
can be seen over the first few weeks by up to 32 % 
of the initial length by the first month. The size of 
the vessels can depend on whether the donor is liv-
ing or not which, in the first case, are smaller.

The Doppler ultrasound is performed by 
positioning the color box in the area of study 
(Fig. 8.2). The pulse repetition frequency (PRF) 
is set to 1–1.5 KHz and wall filter to 100 Hz, and 
the gain is set in order to optimize the image 
without having aliasing or color bleed. The spec-
tral analysis is executed with the sample volume 
positioned in the vessel lumen of the interlobar 
artery.

The RI is used as a measure of the resistances 
to the blood flow of the arteries of the trans-
planted kidney. An RI between 0.70 and 0.80 is 
considered normal. A value higher than 0.80 is an 
expression of graft dysfunction (Fig. 8.3).

The US Doppler plays an important role in the 
differential diagnosis of vascular, urological, and 
surgical complications. It has less important 
impact in the parenchymal complications because 
of the lack of specific signs. Various elements can 
affect the RI such as age, heart rate, arterial pres-
sure, and pharmacological therapy, so it has low 
diagnostic value in the parenchymal complica-
tions, especially if not repeated.

The diagnostic impact increases if the mea-
surements are repeated over time and correlated 
with laboratory parameters like creatinine and 
azotemia [1–3].
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Fig. 8.1  US: B-mode shows regular transplanted kidney 
with bipolar diameter of 11.2 cm

Fig. 8.2  CDUS: normal 
Doppler spectra (RI 0.73) 
of transplanted kidney 
with regular morphology

Fig. 8.3  CDUS: trans-
planted kidney with regu-
lar morphology and 
Doppler spectra increased 
(RI 0.85)
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8.1	 �Complications

The ultrasound is the first, easy to apply and to 
repeat and easily accessible in posttransplant sur-
gery evaluation and its complications.

The complications can be divided into imme-
diate (within the first week), early (between the 
first and twelfth week), and late (after the twelfth 
week of transplant) [4–6].

Aside from this division, it can be classified 
depending on the anatomical district:

•	 Parenchymal: acute tubular necrosis, hyper-
acute/acute transplant rejection, chronic rejec-
tion, pharmacological toxicity, and infections

•	 Vascular: renal artery stenosis, renal infarct, 
renal vein thrombosis, arteriovenous fistulas, 
and pseudoaneurysms

•	 Urinary collector system: urinomas, urinary 
obstruction, and kidney stones

•	 Liquid collections: hematomas, lymphoceles, 
and abscesses

•	 Neoplasms and recurrent renal diseases

8.1.1	 �Parenchymal Complications

8.1.1.1	 �Rejection
It can be hyperacute, acute, or chronic.

Hyperacute rejection is a rare eventuality that 
occurs in the immediate posttransplant period 
(from a few minutes to a few hours after transplant 
surgery), and it is caused by the presence of pre-
formed antibodies in the receiver’s serum. In a few 
minutes, the graft undergoes necrosis. The US fea-
tures are nonspecific and similar with those of the 
acute rejection or the acute tubular necrosis.

Acute rejection is more common (10–37 %) 
and occurs in the first 3 weeks after transplantation 
(20–30 % of nonliving donors). An episode of 
rejection in high-dose immunosuppressive ther-
apy is an adverse long-term prognostic indicator. 
Clinically, the patient could be asymptomatic or 
can have flu-like symptoms. The US and Doppler 
features appear to be nonspecific:

•	 Kidney enlargement with globular aspect due 
to edema.

•	 Hypoechoic and enlarged pyramids.
•	 The cortical can be both hypoechoic and 

thinned or hyperechoic and thickened.
•	 Enlargement of the collector system with 

obliteration and hyperechoic appearance.
•	 Perinephric fluid collections due to necrosis/

hemorrhage.
•	 IR > 0.8. The diastolic arterial flow is lowered 

in all arterial branches. An inversion of dia-
stolic flow can be seen in the main renal artery.

These findings are similar to those of the acute 
tubular necrosis; the main difference is the time 
when they occur since the acute rejection doesn’t 
usually happen in the first 48 h after transplant 
surgery.

Chronic rejection is the common cause of late 
transplant failure. To be classified as chronic, it has 
to take place at least 12 weeks after transplant sur-
gery (Fig. 8.4). Various factors can contribute to 
the chronic rejection such as acute tubular necro-
sis, drug toxicity, and donor age. A progressive 
renal deterioration is seen. Hyperechoic parenchy-
mal appearance, cortical thinning, reduced num-
ber of intrarenal vessels, and mild hydronephrosis 
could be detected on US examination [5, 7, 8].

8  The Transplanted Kidney



94

Fig. 8.4  CDUS: sampling 
of interlobar artery of 
transplanted kidney with 
abnormal Doppler spec-
trum, RI mildly increased 
(0.82). Chronic rejection
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8.1.1.2	 �Acute Tubular Necrosis
Acute tubular necrosis is a more common condi-
tion in cadaveric donors than in living donors, due 
to ischemia and a reperfusion injury. Other causes 
could be donor hypotension, the hot (>30  min) 
and cold (>24  h) ischemic period, and age and 
weight of the donor and receiver. It usually 
resolves in 2 weeks.

US reveals nonspecific signs such as renal 
enlargement, reduced echogenicity of paren-
chyma and pyramids, and low cortical-medullary 
differentiation. Other authors have reported a 
thickening of the cortex and increase of its echo-
genicity with pyramidal prominence (present also 
in acute rejection).

Renal sinus can be compressed or obliterated 
from the edema, while the intraparenchymal RI 
can be increased (>0.8). Doppler evaluation of 
severe cases can be characterized by the absence 
of flow during all the diastolic phase [9, 10].

8.1.1.3	 �Drug Toxicity
The immunosuppressive therapy used in the post-
transplant, such as cyclosporine and tacrolimus, 
is nephrotoxic. It can cause the afferent artery 
vasoconstriction and interstitial fibrosis. Recently, 
it has been suggested that the polyomavirus is 
reactivated by immunosuppression and causes a 
nephropathy indistinguishable from acute tubular 
necrosis. From the point of view of US-ECD, you 
can notice an increase of the indices of resistance 
that should be correlated with the serum values of 
the drugs [11].

8.1.1.4	 �Infections
More than 80 % of transplant patients can present 
an infectious episode in the first 6 months. 
Opportunistic infections are facilitated by immu-
nosuppressive drugs, catheters, and urine. 
Patients present with fever and pain or may be 
completely asymptomatic.

Ultrasound examination will show focal or dif-
fuse areas of alteration and thickening of the corti-
cal echogenicity. A dilatation in renal chalices and 
pelvis system associated with an increase of echo-
genicity may indicate a pyonephrosis (Figs. 8.5, 
8.6, and 8.7), while a rounded focal area with a 
slight shadow cone is typical of fungal infections 
(fungus balls).

In acute pyelonephritis, transplanted kidney 
can appear with an increased volume for acute 
inflammation, with focal areas of increased or 
decreased echogenicity in its interior, while the 
renal sinus appears reduced in volume. The power 
Doppler, for the ability to detect slow flows in the 
arteries, is more sensitive, than the simple ultra-
sound B-mode.

Even the enhanced US has a key role in the 
diagnosis of acute pyelonephritis posttransplant.

In emphysematous pyelonephritis, the pres-
ence of gas content in the parenchyma is due to 
reverberation artifacts.

Abscesses may look nonspecific, sometimes 
complex, like cystic, with mixed echogenicity 
and are usually treated by drainage [12, 13].

8  The Transplanted Kidney



96

Fig. 8.5  CEUS of transplanted kidney: renal abscess with a size of 3.5 cm in the lower pole

Fig. 8.6  US B-mode of transplanted kidney: hypo-
anechoic lesion in the lower pole with a size of 2.49 cm 
abscess

Fig. 8.7  Renal abscess studied with CDUS
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8.1.2	 �Vascular Complications

Vascular complications occur in less than 10 % of 
patients, but are a major cause of graft dysfunc-
tion and are associated with high morbidity and 
mortality. Once identified, vascular lesions can 
be easily treated by interventional radiology.

Despite that angiographic MRI is the gold 
standard for diagnosis of vascular complications, 
the color Doppler is an excellent noninvasive 
technique for the investigation of vascular lesions 
[3, 11].

8.1.2.1	 �Renal Artery Stenosis
Stenosis of renal arteries is the most common 
vascular complication. It usually occurs in the 
first 3 months after transplantation. The segments 
most affected are the iliac artery proximal to the 
anastomotic site (atherosclerosis of the donor, by 
clamping surgical lesion), the anastomosis itself 
(due to the surgical technique), or proximal to the 
renal artery (intimal ischemia). The type of anas-
tomosis that most frequently undergoes this type 
of complication is the T-T anastomosis because 
they have a possibility of stenosis greater than in 
those T-L.

ECD examination shows aliasing color due to 
the increase in flow velocity. The Doppler criteria 
for significant stenosis are speed higher than 
200 cm/s; velocity gradient; between the stenotic 
segment and prestenotic, higher than 2:1; and 
accentuated turbulence distally (spread spectrum). 
Resistance indices are normally increased [14, 15].

8.1.2.2	 �Infarction
The main renal artery thrombosis is a rare com-
plication (<1 % of cases), but severe and gener-
ally leads to the loss of the organ. It occurs mainly 
in the first postoperative and pathogenetic mech-
anisms which may include rejection, severe ste-
nosis of the anastomosis, kinking, or intimal 
arterial dissection.

Clinically, it is manifested by anuria and 
swelling of soft consistency at the site of 
transplantation.

The sonographic appearance may vary 
depending on diffuse infarct (from the main renal 
artery thrombosis) or segmental infarct (acces-
sory renal artery thrombosis or intraparenchymal 
branches) (Fig. 8.8).

In the first case, the kidney will occur globally 
increased in volume and diffusely hypoechoic, 
with suppression of the signal flow distal to the 
thrombus and intraparenchymal level. Since it is 
not a pathognomonic sign of renal infarction, as 
also seen in the case of severe rejection, a more 
detailed diagnosis by angiography or MRA may 
be nullifying.

In the case of segmental infarction, we observe 
a focal area, most typically triangular hypoechoic 
with hypoperfusion signal to color Doppler and 
after infusion of contrast agents. Also in this case, 
the signs are not specific and could be the expres-
sion of pyelonephritis severe, focal, or breakage 
organ.

The most frequent outcome of infarction is 
widespread nephrectomy, although there are 
some positive experiences regarding locore-
gional treatment with percutaneous thromboly-
sis. Early diagnosis resulting in timely treatment 
is key factors for the safety of the transplanted 
organ [4].
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Fig. 8.8  CEUS of transplanted kidney: hypoperfusion of the lower lobe, compatible with ischemic area
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8.1.2.3	 �Renal Vein Thrombosis
Renal vein thrombosis is a frequent complication 
of renal transplantation (<5 % of cases) and usu-
ally occurs within a week after surgery, mostly on 
the left in relation to the different anatomical 
course of the common iliac vein, which is com-
pressed between sacrum posteriorly and common 
iliac artery anteriorly (silent iliac artery compres-
sion syndrome).

Clinical findings are comparable to the arterial 
infarction; it can occur as a result of difficulties in 
the packaging of the anastomosis, in hypovole-
mia, in ab-extrinsic compression by perirenal 
collection or in deceleration flow secondary to 
rejection.

We can find a swollen and hypoechoic kidney 
at ultrasound with loss of cortical-medullary dif-
ferentiation and possible evidence of echogenic 
material in the lumen of the renal vein.

The color Doppler shows a reduced or absent 
venous flow associated with an increase in arte-
rial resistance indices ending with an inversion in 
diastolic flow in the renal artery or its intraparen-
chymal branches.

Focal increments of the speed of venous flow 
can be observed also in case of partial thrombo-
sis, kinking, or ab-extrinsic compression, as well 
as the reversal of diastolic flow may also be pres-
ent in case of acute tubular necrosis or acute 
rejection; the association of these signs with the 
absence of venous hilum flow is however diag-
nostic for renal vein thrombosis, and early recog-
nition of this condition is crucial to carry out a 
rapid treatment and save the organ [16].

8.1.2.4	 �Pseudoaneurysm 
and Arteriovenous Fistulas

An extrarenal pseudoaneurysm is very rare and 
generally occurs in correspondence of the anasto-
mosis due to the surgery or infections. The break-
age has a high mortality rate.

Ultrasound appears as a cyst-like formation 
with a systolic-diastolic flow turbulent ECD, 
associated with characteristic spectrum “to-and-
fro” at the neck.

The arteriovenous fistulas are a common com-
plication of biopsies and occur when the needle 
biopsy pass through artery and vein (Fig. 8.9).

ECD examination shows turbulent flow and 
the presence of aliasing with very high flow 
rates, low rates of resistance artery, and arterial-
ized vein flow (Fig.  8.10) and usually resolves 
spontaneously and has no consequences from 
the hemodynamic point of view but sometimes 
may bleed and leads to ischemia of the organ 
because of the phenomenon of “theft”; in this 
case, an embolization by interventional radiolo-
gists is necessary [17].
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Fig. 8.9  CDUS: arterio-
venous fistula with normal 
Doppler spectrum in the 
lower pole of the trans-
planted kidney

Fig. 8.10  CDUS: arteriovenous fistula in the lower pole 
of the transplanted kidney
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8.1.3	 �Urological Complications

Nearly 2/3 of early urological complications 
(mainly urinary leaks and obstructions) occur 
within the first 30 days after transplantation. New 
surgical techniques drastically reduced the inci-
dence of these complications (1–8 %) and the 
associated mortality [4, 12, 18–20].

8.1.3.1	 �Urinary Leaks and Urinomas
Urine extravasation can affect every point along 
the whole urinary tract, from the renal pelvis to 
the uretero-cysto-anastomosis, due to the surgical 
technique or ureteral ischemia and necrosis.

Urinomas widely vary in size and generally 
occur within the first 2 weeks after transplanta-
tion between the graft and the bladder.

Patients affected with urine leakage may pres-
ent local pain and tenderness at the transplant site, 
oliguria, surgical wound discharge, scrotal/labial 
edema, or even ipsilateral leg swelling, often 
needing US-guided drainage to reduce compres-
sion and urinary ascites.

The fluid/serum creatinine ratio can be employed 
to differentiate a urine leak from a seroma or a 
lymphocele.

The US appearance of these lesions is that of 
an anechoic, fluid, and well-delimited collection, 
with no intralesional septa.

Urinomas can undergo superinfection and 
generate abscesses.

More specific instrumental evaluation is needed 
to localize the site of leak and to plan the appropri-
ate intervention. Small urine leaks may be treated 
with percutaneous nephrostomy and stent place-
ment [4, 12].

8.1.3.2	 �Urinary Obstruction
Urinary obstruction is a rare complication of 
renal transplant (2 % of cases).

More than 90 % of ureteral stenosis occurs 
within the distal third of the ureter, usually at the 
ureterovesical junction, because of its poor vas-
cular compensation.

Strictures are mainly due to ischemia, rejec-
tion, surgical technique, or kinking. Uncommon 

etiologies are ureteral compression by peritrans-
plant fluid collections, pelvic fibrosis, calculi, 
papillary necrosis, fungus balls, and clots.

Patients are typically asymptomatic, because 
kidney and ureter denervation prevent renal colic 
manifestations. Diagnosis is based on elevated 
serum creatinine levels and US demonstration of 
hydronephrosis, which are both also chronic rejec-
tion manifestations.

Differential diagnosis is aided by temporal crite-
ria (<30 days vs. > 3 months after transplantation).

Evaluation of collecting system status requires 
empty bladder, as a distended bladder should 
explain the presence of dilatation.

Evidence of echoes in the collecting system 
may be suggestive for pyonephrosis, fungal infec-
tions, clots, or tumor.

Percutaneous nephrostomy, ureteral stenting, 
and balloon ureteroplasty are usually the early 
treatments employed to relieve obstruction, 
whereas US-guided drainage of fluid collections 
is the choice to solve extrinsic compression on the 
collecting system.

Surgical reconstruction may be required for 
long or recurrent strictures [18, 19].

8.1.3.3	 �Lithiasis
Compared with the general population, patients 
who undergo renal transplantation show an 
increased risk for development of urinary stones, 
even for clinical relevant lithiasis (1–2 %).

Persisting secondary hyperparathyroidism and 
hypercalcemia are frequent in graft recipients, rep-
resenting a risk factor for renal stone formation.

Because of kidney and ureter denervation, 
patients will be asymptomatic; thus, a renal lithi-
asis should be suspected in the presence of an 
acute deterioration in renal graft function.

The US findings are the same of a native kidney 
lithiasis: a hyper-reflective focus producing acous-
tic shadowing and collecting system dilatation.

Most of renal stones can be removed through 
endoscopic intervention, whereas percutaneous 
nephrostomy can be useful to relieve pyelocali-
ceal compression and stabilize renal function 
[6, 20].
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8.1.4	 �Perirenal Fluid Collections

Perirenal fluid collections are observed in about 
half of patients and include hematomas, lympho-
cele, urinomas, and abscesses. The clinical 
impact is given by their size, location, and the 
possibility to increase in size.

The small hematomas, seromas, and the uri-
nomas usually occur in the immediate postopera-
tive period. The lymphocele occurs between 4 
and 8 weeks after surgery [4, 6, 11, 12].

8.1.4.1	 �Hematomas and Lymphoceles
Hematomas are fairly common in the immediate 
postoperative period, but can also occur after 
trauma. They usually are located in the subcuta-
neous tissue or around the graft.

Much of hematomas tend to resolve spontane-
ously; only large hematomas can dislocate the 
transplanted organ causing hydronephrosis or 
compromising the blood supply.

Sonographically hematomas have a complex 
and mixed echogenicity, over time tend to become 
more defined and form septa fibrin with debris clots 
within them.

The size of the hematoma should always be 
measured as an increase could put an indication 
for surgery.

The lymphocele is the most frequent fluid col-
lection during peritransplant and occurs in approx-
imately 20 % of patients. They appear in the first 2 
months after transplantation and are due to the 
lesion of the iliac lymph vessels during surgery.

At the ultrasound examination, they have an 
anechoic echostructure, but in some cases may 
contain septa (Figs. 8.11 and 8.12). They are usu-
ally located between the bladder and the medial 
side of the graft.

The lymphocele is discovered accidentally 
and requires monitoring over time because, if 
large, it may have a mass effect and cause hydro-
nephrosis or ischemia of the graft. They can also 
compress iliac vessels causing edema of the 
lower extremity, abdominal wall, scrotum, or 
labia. These eventualities pose an indication to 
surgical drainage [4, 12].
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Fig. 8.11  B-mode image of transplanted kidney with 
regular echostructure with pararenal front lymphocele

Fig. 8.12  Color Doppler 
normal spectra of interlo-
bar artery and vein
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8.1.4.2	 �Perirenal Abscesses
Perirenal abscesses are not very frequent and usu-
ally develop in the first weeks after surgery. Each 
perirenal fluid collection can become infected, and 
it is difficult to distinguish from the hematoma; 
also the clinical manifestations of the abscess may 
be absent because of immunosuppression.

The sonographic features of the abscess 
include low-level echoes and a thick and uneven 
wall. Even the presence of a gaseous component 
in a fluid collection lays for an abscess.

At the ECD examination, you may notice an 
increase in vascularity of the wall and of the tis-
sues surrounding the abscess. The use of the con-
trast medium could help the diagnosis [6, 11].

8.1.5	 �Neoplasms

The condition of immunosuppression, due to drug 
therapy, poses transplanted patients at a higher 
risk for the development of neoplasms, almost 
100 times higher than the normal population. The 
most frequent tumors are skin cancers and 
lymphomas.

The neoplasms tend to develop more fre-
quently in native kidneys, which evolve toward 
acquired polycystic disease. Instead, neoplasms 
of transplanted kidneys have a less aggressive 
behavior compared to those of native kidneys.

Ultrasound is also useful in identifying solid 
masses or complex cysts [4] (Fig. 8.13).

G. Argalia et al.



105

Fig. 8.13  CEUS of transplanted kidney: superior Middle of the kidney exophytic hypoechoic nodule, with inhomoge-
neous contrast enhancement and fast washout. Suspicion of renal cancer
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8.1.6	 �Contrast-Enhanced Ultrasound

The ultrasound contrast agent is ideal for the study 
of transplanted kidney because of its superficial 
and fixed position that is not affected by breathing.

Moreover, the ultrasound contrast agent is not 
nephrotoxic and allows the assessment of focal 
areas of reduced blood flow, thereby facilitating 
the detection of ischemic areas. In the early post-
operative period, the CEUS allows the assess-
ment of a hypothetical rejection since it allows to 
identify a delay of parenchymal perfusion or per-
fusion defects in general.

Another indication for CEUS is the assess-
ment of perirenal hematoma, as it allows a better 
view of the extension [21, 22].

8.2	 �Limitations

The two main limitations of ultrasound are its 
dependence on the operator and the patient’s con-
stitution, as in obese patients it is more difficult to 
assess the organ and its perfusion.

There are also other factors that may influence, 
some of which are not related to the disease, for 
example, the evaluation site of the resistance 
index, the increase in intra-abdominal pressure 
during inspiration, the heart rate, and cyclospo-
rine. Although the ultrasound is an excellent 
method of evaluation of the transplanted kidney, at 
present the gold standard for assessment of rejec-
tion remains the renal biopsy [6, 23, 24].

References

	 1.	Rajiah P, Lim YY, Taylor P (2006) Renal transplant 
imaging and complications. Abdom Imaging 31(6): 
735–746

	 2.	Elsayes KM, Menias CO, Willatt J  et  al (2011) 
Imaging of renal transplant: utility and spectrum of 
diagnostic findings. Curr Probl Diagn Radiol 40(3): 
127–139

	 3.	Tublin ME, Bude RO, Platt JF (2003) The resistive 
index in renal Doppler sonography: where do we 
stand? Am J Roentgenol 180(4):885–892

	 4.	Akbar SA, Jafri SZH, Amendola MA, Madrazo BL 
et  al (2005) Complications of renal transplantation. 
Radiographics 25(5):1335–1356

	 5.	Brown ED, Chen MY, Wolfman NT, Ott DJ, Watson 
NE Jr (2000) Complications of renal transplantation: 

evaluation with US and radionuclide imaging. 
Radiographics 20(3):607–622

	 6.	Kolofousi C, Stefanidis K, Cokkinos DD et al (2013)
Ultrasonographic features of kidney transplants and 
their complications: an imaging review. ISRN radi-
ology 2013:1–12

	 7.	Vella J, Koch MJ, Brennan DC. Acute renal allograft 
rejection. Diagnosis UpToDate 1/7/2006

	 8.	Tittelbach-Helmrich D, Bausch D, Drognitz O, et al 
(2014) Hyperacute rejection of a living unrelated kid-
ney graft. Case Reports in Medicine 2014:613641

	 9.	Rigg KM (1995) Renal transplantation: current status, 
complications, and prevention. J Antimicrob Chemother 
36(suppl B):51–57

	10.	 Isoniemi HMN, Krogerus L, von Willebrand E et al 
(1992) Histopathological findings in well-functioning, 
long-term renal allografts. Kidney Int 41:155–160

	11.	Parthipun A, Pilcher J (2010) Renal transplant assess-
ment: sonographic imaging. Ultrasound Clin 5(3): 
379–399

	12.	Pozniak MA, Dodd GD III, Kelcz F (1992) 
Ultrasonographic evaluation of renal transplantation. 
Radiol Clin North Am 30:1053–1066

	13.	Kamath NS, John GT, Neelakantan N, Kirubakaran 
MG et al (2006) Acute graft pyelonephritis following 
renal transplantation. Transpl Infect Dis 8(3):140–147

	14.	Platt J, Rubin J, Ellis J (1991) Acute renal failure: pos-
sible role of duplex Doppler US in distinction between 
acute prerenal failure and acute tubular necrosis. 
Radiology 179:419–423

	15.	JordanML CGT, Cardella CJ (1982) Ten years of 
experience with vascular complications in renal trans-
plantation. J Urol 128:689–692

	16.	Dodd GD, Tublin ME, Shah A et al (1991) Imaging of 
vascular complications associated with renal trans-
plantation. Am J Roentgenol 157(3):449–459

	17.	 Irshad A, Ackerman S, Sosnouski D et  al (2008) A 
review of sonographic evaluation of renal transplant 
complications. Curr Probl Diagn Radiol 37(2):67–79

	18.	Tublin ME, Dodd GD III (1995) Sonography of renal 
transplantation. Radiol Clin North Am 33:447–459

	19.	Bennett LN, Voegeli DR, Crummy AB (1986) 
Urologic complications following renal transplanta-
tion: role of interventional radiologic procedures. 
Radiology 160(2):531–536

	20.	Surlan M, Popovic P (2003) The role of interventional 
radiology in management of patients with end-stage 
renal disease. Eur J Radiol 46:96–114

	21.	McArthur C, Baxter GM (2012) Current and potential 
renal applications of contrast-enhanced ultrasound. 
Clin Radiol 67:909–922

	22.	Fischer T, Filimonow S, Dieckhöfer J  et  al (2006) 
Improved diagnosis of early kidney allograft dysfunc-
tion by ultrasound with echo enhancer—a new 
method for the diagnosis of renal perfusion. Nephrol 
Dial Transplant 21(10):2921–2929

	23.	Radermacher J, Mengel M, Ellis S et al (2003) The 
renal arterial resistance index and renal allograft sur-
vival. N Engl J Med 349(2):115–124

	24.	Takano R, Ando Y, Taniguchi N et  al (2001) Power 
Doppler sonography of the kidney: effect of Valsalva’s 
maneuver. J Clin Ultrasound 29(7):384–388

G. Argalia et al.



107© Springer International Publishing Switzerland 2017 
P. Martino, A.B. Galosi (eds.), Atlas of Ultrasonography in Urology, Andrology, and Nephrology, 
DOI 10.1007/978-3-319-40782-1_9

Children’s Kidney and Urinary 
Tract Congenital Anomalies

Maria Ludovica Degl’Innocenti 
and Giorgio Piaggio

Urinary tract malformations can often be demon-
strated already in prenatal age. They are usually 
represented by urinary tract dilatations, the most 
frequently detected alteration at obstetric ultra-
sound examination, with an incidence up to about 
4.5 % of pregnancies (possible causes are shown 
in Table 9.1).

Most authors use anteroposterior diameter 
(APD) of the renal pelvis for diagnostic classifi-
cation purposes [1, 2]. In obstetric ultrasound 
(US), pelvis APD is normally considered patho-
logic when >4 mm on axial scan during the sec-
ond trimester and/or >7  mm during the third 
trimester (in agreement with the results of 
Corteville et al. reported in the early 1990s and 
subsequently confirmed) [3].

Dilatation can be further classified according 
to Grignon et al. [4] into V degrees, associating 
pyelectasis and calycectasis or, as summarized in 
the meta-analysis by Lee et al., into mild to mod-
erate to severe (Table 9.2) [5].

Congenital uropathies, in which the etiopatho-
logical role of genetic factors is today generally 

recognized, cause 10–20 % of cases of chronic 
renal failure in pediatric age [6].

Many of these anomalies are included in the 
acronym CAKUT (congenital anomalies of the 
kidney and urinary tract) (Table 9.3) [7].

Warning  Terms such as calycectasis, pyelecta-
sis, hydronephrosis, and megaureter should be 
dropped since they have a functional connota-
tion of obstruction which US morphology scan 
is not able to show. According to ESPR uroradi-
ology task force 2014, the term “dilatation” of 
calyces and/or pelvis and/or ureter should be 
used, with indication of diameters and related 
calibers.

CAKUT visualized on US images as urinary 
tract dilatation are the following: ureteropelvic 
junction stenosis (UPJS), ureterovesical junc-
tion stenosis (UVJS), vesicoureteral reflux 
(VUR), duplicate collecting system, horseshoe 
kidney associated with dilatation, and urethral 
anomalies.
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Table 9.1  Causes of prenatal hydronephrosis

Cause

Transient hydronephrosis

Physiologic hydronephrosis

UPJS

VUR

Megaureter (obstructed and nonobstructed)

MCDK

Ureterocele

Renal cysts

Ectopic ureter

Prune belly syndrome

Urethral atresia

Urachus cysts

Extrarenal causes

Ovarian cyst

Hydrocolpos

Sacrococcygeal teratoma

Gut duplication

Duodenal atresia

Meningocele

UPJS ureteropelvic junction stenosis, VUR vesicoureteral 
reflux, MCDK multicystic dysplastic kidney

Table 9.2  Classification of dilatation of renal excretory system according to Grignon et al. and according to Lee et al.

Grignon et al. APD (mm) Lee et al.

Grade I <10 Hydronephrosis APD (mm)

Grade II 10–15 Second trimester Third trimester

Grade III >15 mild calycectasis Mild ≤7 ≤9

Grade IV >15 moderate 
calycectasis

Moderate 7–10 9–15

Grade V >15 severe 
calycectasis

Severe ≥10 ≥15

Table 9.3  Nephrourologic diseases that can be classified 
as CAKUT (congenital anomalies of the kidney and uri-
nary tract)

Aplasia, hypoplasia, and multicystic dysplastic kidney

Ureteropelvic junction stenosis

Ureterovesical junction stenosis

Vesicoureteral reflux

Duplicate collecting system

Ureteral ectopia

Vesicourethral anomalies

Horseshoe kidney
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9.1	 �Ureteropelvic Junction 
Stenosis (UPJS)

Dilatation of the pelvis and/or renal calyces due 
to anatomic obstruction of ureteropelvic junc-
tion, either congenital or due to extrinsic com-
pression (adhesion bands, abnormal vessels) or to 
functional compression (e.g., ureteral kinking in 
renal ptosis/ectopia or horseshoe kidney)

UPJS is often bilateral, usually asymmetric, 
and more frequent on the left side.

9.1.1	 �US Findings

Dilatation of renal pelvis of different degrees, 
with rattail appearance at ureteropelvic junction, 
without evidence of the ureter under the junction

Color Doppler US imaging is important to 
identify possible abnormal inferior pole vessels 
that can cross the ureteropelvic junction. In 
patients with UPJS, this examination must always 
be associated with classical bidimensional US.

In our hospital, about 21 % of UPJS treated 
with surgery between 2006 and 2014 were due to 
vascular compression suspected at US examina-
tion and confirmed by MRI.

9.2	 �Ureterovesical Junction 
Stenosis (UVJS)

UVJS is defined as primary when characterized 
by distal ureteral dilatation due to functional 
obstruction caused by aperistalsis of the terminal 

ureter and secondary when due to vesical anom-
alies or urethral obstructions (neurogenic blad-
der, low-compliance bladder, ureterocele, 
abnormal ureteral implantation, posterior ure-
thral valves).

9.2.1	 �US Findings

Dilatation of the whole ureter, sometimes also of 
pelvis and calyxes, with caudo-cranial decrease.

The lumbar ureter, when markedly dilated, 
presents typically convoluted, mainly in the new-
born and nursling, due to “immaturity.” The pel-
vic ureter is easily studied using the vesical 
window both with transverse, longitudinal, and 
oblique scans. Generally, it is possible to identify 
the pre- and/or intramural stenotic tract.

9.3	 �Vesicoureteral Reflux (VUR)

VUR is due to a congenital anomaly of the ure-
terovesical junction determined by an altered 
ratio of length to diameter of intramural ureter.

VUR is classified into five grades, from the 
less severe to the most severe, according to the 
importance of urinary tract dilatation.

Depending on VUR grade and on the possible 
presence of parenchymal scars, US findings can 
range from fully normal kidneys to kidneys with 
different degrees of urinary tract dilatation and 
with parenchymal dysmorphisms (thinned poles, 
stretched and “corticalized” calyces, reduced 
renal size).
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Vesico-ureteral reflux grading by the international classification (degrees I to V from left to right). 
Fowler JE Jr: Urinary tract infection and inflammation. Chicago, Year Book Medical Editor, 

1989.  
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9.3.1	 �Cystosonography

Investigation of VUR is indicated in case of renal 
pelvis dilatation associated with ureteral dilata-
tions and/or of recurrent UTI symptoms.

The use of second-generation US contrast 
media allows the US diagnosis of VUR. In chil-
dren, the introduction of contrast medium into 
the bladder for US examination has been pro-
posed for the identification of VUR for radiation 
protection purposes, even though this use in chil-
dren is off-label [8–11].

Second-generation US contrast media, char-
acterized by signal intensity no longer related to 
rupture of microbullae but rather to their excita-
tion, allow the execution of cystosonography 
with more intense and long-lasting signal and 
therefore with an improved diagnostic efficacy 
and anatomic definition.

Cystosonography combines morphological 
information provided by US examination and 
functional data obtained with real-time study of 
UVJ continence. It is not an irradiating proce-
dure, it has high sensitivity and specificity, and it 
allows VUR grading.

Cystosonography can be used at first diagno-
sis in females and, even in males, in the follow-
up of VUR, treated either conservatively or 
endoscopically.

Even though in the child it is difficult to 
obtain micturition during the examination, it is 
possible to visualize US contrast medium pass-
ing through the urethra with transverse perineal 
scans. Therefore, cystosonography makes it pos-
sible to demonstrate anomalies of the urethral 
caliber, mainly posterior urethral valves, which 
could previously be demonstrated only by void-
ing cystourethrography (VCUG) (Videos 9.1, 
9.2, and 9.3) [12].

A gold standard technique for VUR diagnosis 
seems to be lacking, even though radiological 
cystography was historically considered to have 
this role. This is mainly due to the fact that VUR 
is very often intermittent, i.e., occurring only in 
certain cases of bladder filling, sometimes in the 
passive phase, i.e., during bladder filling and in 

other cases only during the active phase, i.e., dur-
ing active bladder voiding.

9.4	 �Duplicate Collecting System

Defect of primitive ureteral bud with evidence of 
double pelvis and/or double ureter per each kid-
ney. Ureteropelvic duplication can be unilateral 
or bilateral.

It’s usual an ectopic end (vesical neck or ure-
thra) of the upper pole ureter with frequent asso-
ciated ureterocele. Usually there is an orthotopic 
site of the lower pole ureter, often refluent.

9.4.1	 �US Findings

•	 Possible bread-stick appearance of the kidney
•	 Increased longitudinal axis compared to the 

contralateral kidney
•	 Midrenal parenchymal septum dividing the 

two moieties
•	 Often asymmetric dilatation of the two poles

9.5	 �Ureterocele

Cystic dilatation of the intravesical ureter, pre-
senting in most cases a stenotic and/or ectopic 
meatus

In single excretory system (not very frequent, 
about 10 %), it is generally intravesical and 
stenotic.

In duplicate collecting system (90 % of cases), 
6/10 ureters have an ectopic orifice, low vesical 
neck or urethra.

9.5.1	 �US Findings

Typical double contour parietal alteration with 
interposed anechogenic area (intravesical 
ureterocele)

Ectopic ureterocele can cause dilatation of the 
ureters and of the calico-pyelic systems.
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9.6	 �Horseshoe Kidneys

•	 Morphologic anomaly consisting of defective 
ascent of renal buds associated with their 
fusion

•	 Generally ptotic, malrotated kidneys with 
inferior poles connected by a fibrous, or, more 
often, parenchymatous isthmus, positioned in 
front of the aorta, lower vena cava, and rachis

•	 Quite frequently associated with VUR or ure-
teropelvic junction stenosis

When should inferior pole fusion of the two 
kidneys be suspected?

•	 Distance between the posterior pillar of the 
diaphragm and upper pole of the kidney 
≥3 cm

•	 Difficult visualization of kidney inferior poles 
on usual sagittal/coronal scans for inferior 
kidney intrarotation

•	 Renal long axes directed downward and from 
outside to inside on posterior longitudinal 
scan

9.7	 �Vesicourethral Anomalies

Vesicourethral anomalies can be primary (vesical 
exstrophy, prune-belly syndrome, overactive 
bladder, etc.) or secondary (neurological bladder, 
intravesical ureteroceles, obstructions due to ure-
thral caliber defect as posterior urethral valves, 
syringoceles, urethral meatus stenosis).

In the latter case, especially in anomalies sec-
ondary to subvesical obstruction, the US findings 
are the following:

•	 Thickening of bladder walls1

•	 Irregular bladder contours
•	 Pseudodiverticula

1 Normal values for bladder wall thickness are ≤0.3 cm for 
distended bladder and ≤0.5 cm for empty bladder

9.8	 �Photos

UPJS: “Mickey Mouse pattern”
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UPJS: “rattail” appearance of the stenotic ureteropelvic junction (no evidence of ureteral dilatation)

 

UPJS: different degrees of calyxes and renal pelvis dilatation

 

Extrinsic compression (supernumerary lower renal artery) of ureteropelvic junction (on the right MR confirmation)
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Extrinsic compression (lower main renal artery branch) of renal pelvis

 

UVJS: bilateral thickening of the ureteral walls
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UVJS: severe ureteronephrosis due to distal ureteral stenosis

 

UVJS: ureteral “jet flow”
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Voiding cystourethrography vs cystosonography:

Grade II VUR
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Grade III VUR

 

Grade IV VUR
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Intrarenal VUR

 

Lower pole contour incisure in a kidney with “reflux  
nephropathy”

 

A lower pole scar withirregular contour and corticalized  
calyces in “reflux nephropathy”
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Incomplete midrenal parenchymal septum

 

Complete midrenal parenchymal septum

 

Complicated duplicate collecting system with dilatation 
of lower urinary tract

 

Complicated duplicate collecting system with severe 
upper renal pelvis dilatation

 

Two bladder separate ureteral orifices in complete 
ureteropelvic duplication
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Two separate ureters of a duplicate collecting system joining to become a single ureter in their intermediate tract

 

Low-size ureterocele
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Severe ureterocele

 

Stenotic megaureter emptying into an intravesical ureterocele

 

Ureterocele prolapsing into the urethra
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Thickened bladder walls (neurogenic bladder)

 

Bladder pseudodiverticula (posterior urethral valves)
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Dilatation of proximal urethra in a patient with posterior urethral valves

 

Posterior urethral valves shown by urethrosonography
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Comparison of US and cystourethrographic images in a 1-month-old male with posterior urethral 
valves determining gross dilatation of the upper urethral tract and bladder wall thickening
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Urethral polyp with a large implantation base (pre- and post-resection images)
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Bladder neurofibromatosis with severe thickening of bladder walls, determining compression and dilatation of the 
ureter and of the renal pelvis
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Normal and Pathological Adrenal 
Glands

Pasquale Martino, Silvano Palazzo, 
Francesco Paolo Selvaggi, Carlos Miacola, 
and Michele Battaglia

10.1	 �Introduction

The adrenals are endocrine glands located 
cranially to the kidneys, deep in the abdomen, 
sheathed inside the opening of Gerota’s fascia. 
Since the introduction, in relatively recent times, 
of high-resolution probes and devices, it has been 
possible to perform ultrasound (US) studies of 
the adrenal glands. In 1980, Sample was the first 
to describe the ultrasound approaches best suited 
to studying the normal adrenal gland [1]. 
Although other imaging techniques (MRI, CT, 
scintigraphy) are considered primary techniques 
in the study of adrenal diseases, US can offer an 
important contribution both in pediatric patients 
and in adults, when disease induces an increase 
in the volume of these glands. The adrenals are 
studied together with the kidneys using convex 
3.5  MHz probes or, preferably, multifrequency 
5–2 MHz probes. Higher frequencies can be used 
to study the adrenal glands in children, in whom 
the glands are relatively larger and better defined. 

When available, tissue harmonics is routinely 
employed to reduce reverberation artifacts and 
obtain more detailed images.

In the study of the adrenal glands, ultrasound 
shows good sensitivity but poor specificity; it can 
distinguish solid or fluid lesions, but in the con-
text of solid lesions, it is difficult to resolve 
doubts as to the histological nature of the lesion 
[2]. In any case, its good sensitivity justifies the 
use of US as the first-choice imaging technique in 
cases of suspected adrenal masses, especially in 
the newborn. In addition, US plays an important 
role in the follow-up of neonatal adrenal hemor-
rhage and adult adrenal hematoma, as well as 
in  localizing nonoperated secondary neoplastic 
lesions, and it provides a valid support of targeted 
adrenal biopsies.

In view of the considerable percentage of 
adrenal masses discovered incidentally, it is 
always advisable to scan the adrenal loggia 
when performing other US studies of the 
abdomen [3].
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10.2	 �Preparation

No preparation is necessary because it has not 
been demonstrated that fasting can improve the 
visibility of the adrenal glands nor has the admin-
istration of gas-absorbent substances been shown 
to improve the images.

10.3	 �Performance 
of the Examination

To carry out US study of the adrenal glands, the 
patient is positioned in lateral decubitus, with the 
side of the gland to be studied upward. 
Longitudinal, oblique, intercostal scans are done, 
at the level of the ninth to tenth intercostal space 
of the posterior or medial axillary line on the left 
and subcostal anterior space on the right, because 
the topographic anatomical situation of the 
adrenal glands is not symmetrical. The probes 
used are sector or convex 3.5 and 5 Mhz [4, 5, 6]. 
The normal adrenal gland is isoechogenic as 
compared to the renal parenchyma and hypoecho-
genic as compared to the surrounding perirenal 
fat. This fat offers a natural contrast that high-
lights the hypoechogenicity of the adrenal glands. 
The cortical portion is slightly hyperechogenic as 
compared to the medullary portion, a characteris-
tic due to the architectural arrangement of the 
cortical cells [7]. The medullary portion is visible 
as a thin, central, linear isoechogenic structure 
[8] as compared to the renal parenchyma. Each 
gland has a body (anteromedial region) and two 
wings (medial and lateral) [5]. Owing to its com-
plex shape, it is extremely difficult to visualize 
the whole gland in a single scan [9]. The 
difficulties in recognizing whether the adrenal 
glands are normal depend on their deep position 
in the retroperitoneal space, their small size, the 
hypoechogenic echostructure that is quite similar 
to that of the diaphragmatic pillar, the fact that 
they are surrounded by retroperitoneal adipose 
tissue that often poses a barrier to the passage of 
the ultrasound waves, the biotype being exam-
ined (obesity but also extreme underweight), the 
operator’s experience, a previous splenectomy 
(when the acoustic window for the left adrenal 
gland is lost), a concomitant renal or hepatic 
polycystosis, and, lastly, the anchorage of the 
gland to Gerota’s fascia that does not allow the 
gland to follow the kidney during the rise and fall 
of breathing movements.

In the past, the percentage of visualizations of 
normal adrenal glands in the adult was decidedly 
low (78 % on the right and 44 % on the left), but 
nowadays they range between 90 and 100 % on 
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the right and 70 and 90 % on the left. Generally, 
in the adult, the adrenal loggia can be visualized 
in 85–95 % of cases [4, 10, 11].

The variations in the size of the glands depend 
on their trophism, but they are generally 
40–60 mm long, 25–35 mm wide, and 3–9 mm 
thick. Some comparative studies of imaging (CT 
and US) versus autopsy [1] have demonstrated 
that comparable measurements are obtained.

The shape of the adrenal glands varies remark-
ably: they can be sickle shaped, upside-down Y 
shaped, triangular, upside-down V shaped, and 
star shaped (Fig. 10.1). The most common form 
on the right is a linear shape. The adrenal margins 
are nearly always rectilinear or concave.

10.4	 �The Right Adrenal Gland

The patient is placed in left lateral decubitus and 
asked to breathe in deeply to improve the acous-
tic window offered by the liver. The right adrenal 
is better identifiable by sonography than the left, 
thanks to the presence of anatomical landmarks 
like the vena cava, diaphragm pillar, and liver, as 
well as the better scanning options. In fact, on the 
right, as well as intercostal scans, it is possible to 
perform anterior subcostal scans, whereas these 
are more difficult to achieve on the left.

The right adrenal gland is posterior to the left 
gland, located at the level of the 12th dorsal verte-
bra and retrocavally. Medially, the reference point 
is the diaphragm pillar and laterally the eighth liver 
segment. The lower part of the right adrenal gland 
is anteromedial to the right kidney, and the upper 
part extends upward toward the bare liver area (a 
liver portion that is devoid of the peritoneum cover-
ing, this portion lies between the two layers of 
coronary ligaments), separated from it by a thin 
layer of areolar fat. On intercostal scans, it appears 
as a hypoechogenic linear structure between the 
bare liver area and the diaphragm. On transverse 
scans it is visible at about the level of the liver 
hilum. On subcostal transverse scans, it appears as 
a hypoechogenic linear structure between the bare 
liver area and the diaphragm (it can sometimes be 
masked by the liver hilum structures).

Fig. 10.1  Triangle-shaped normal left adrenal gland 
(arrow)
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10.5	 �The Left Adrenal Gland

The left adrenal is located more anteriorly than 
the right gland, extends anteriorly to the superior 
pole of the homolateral kidney, and lies vertically 
between the bodies of T12 and L1, being about 
4 cm long. It can be examined with the patient in 
lateral right decubitus, making longitudinal scans 
along the medial or posterior axillary line, exploit-
ing the acoustic window offered by the spleen. 
Visualization of the left adrenal gland may be 
unsuccessful due to colonic and/or gastric meteor-
ism, but it is typically located between the lateral 
margin of the aorta and anteriorly to the superior 
pole of the left kidney. Medially, the point of ref-
erence is the diaphragm pillar, while laterally it is 
visible in contact with the inferior-medial face of 
the spleen; anteriorly it borders the tail of the pan-
creas and the splenic vein. The gland can be seen 
posteriorly to the splenic vein as a hypoechogenic 
linear structure, but it is frequently masked by the 
stomach shadow. In thin patients, compression 
can improve the acoustic window, by shifting the 
stomach. In left lateral decubitus, the left hepatic 
lobe can improve the acoustic window.

10.6	 �Ultrasound Characteristics 
of Adrenal Lesions

The indication for US study of adrenal gland 
disorders is to assess all those diseases that 
cause an increased volume of the organ: adenoma, 
carcinoma, trauma, hemorrhage, thrombosis, infec-
tions, TBC, metastases, histoplasmosis, and med-
ullary tumors such as pheochromocytoma and 
pheochromoblastoma. Adrenal lesions are fre-
quently diagnosed as “incidentalomas” that account 
for 13 % of all US examinations of the abdomen: 
2/3 of incidentalomas are cortical adenomas and 
metastases [12].

10.6.1	 �Hyperplasia of the Glands 
and Adenomas

In adrenal hyperplasia, the gland is larger and 
presents clear-cut margins with an isoechogenic 
structure as compared to the renal parenchyma. 
Adenomas are generally rounded neoformations, 
mostly small and hypoechogenic (Fig.  10.2). A 
left adrenal adenoma can be confused with an 
accessory spleen. It has recently been reported that 
the use of contrast medium while performing the 
sonography can enable a differential diagnosis 
between adenomas and nonadenomatous lesions, 
with a comparable sensitivity to that of CT and 
MRI [13].

Fig. 10.2  Adrenal adenoma: hypoechogenic rounded 
mass (arrow)
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10.6.2	 �Myelolipomas

Adrenal myelolipomas are rare, nonfunctioning 
tumors consisting of variable proportions of 
myeloid elements and fat, deriving from the 
cortical fascicular area. The age incidence of this 
tumor is between the 50s and 60s, with no 
difference between males and females. Because 
they are benign and nonsecreting, they are typi-
cally diagnosed incidentally. The usual size is 
between 2 and 10  cm (more rarely, 10–20  cm). 
For myelolipoma, US can have a specificity value: 
in general, it presents as a rounded mass with 
clear-cut margins and a hyperechogenic structure 
(Fig. 10.3), although this may not be true if the 
myeloid component exceeds the adipose portion. 
In this case it may present as hypoechogenic and 

difficult to differentiate from hyperplasia. If the 
tumor is large (>4 cm) and has a high-fat content, 
it is reasonable to expect artifacts due to varia-
tions in the propagation of the ultrasound wave 
through the fat that can provoke an apparent 
deformity of the diaphragm [14]. Differential 
diagnosis must be made with hemorrhagic cysts 
(generally well defined and circular, with a 
heterogeneous aspect if seen at onset, but 
hypoechogenic if long standing), pheochromocy-
toma (highly vascularized with hemorrhagic areas 
and necrosis), adjacent tumors (exophytic renal 
clear cell carcinoma, renal angiomyolipoma, exo-
phytic liver hemangioma, or hepatocellular carci-
noma), liposarcoma (primary retroperitoneal 
sarcoma involving the perirenal space, simulating 
an adipose tumor), and adrenal adenoma.

Fig. 10.3  Adrenal myelolipoma: hyperechogenic mass (arrow)
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10.6.3	 �Pheochromocytomas

Pheochromocytomas typically derive from the 
neuroectodermic tissue of the adrenal medulla. 
They are associated with many neuroectodermic 
diseases (tuberous sclerosis, neurofibromatosis, 
von Hippel-Lindau disease, MEN IIa and IIb). 
These tumors affect patients aged between 40 and 
60, and the right/left gland ratio is 2:1. Most pheo-
chromocytomas are poorly defined at US and 
sometimes appear isoechogenic, sometimes het-
erogeneous, depending on the presence of necrosis 
or internal hemorrhagic spots (Fig. 10.4). Because 
of their rich vascularization, in some cases, they 
may look like cystic lesions with a hemorrhagic 
content and necrotic fragments accounting for the 
heterogeneous ultrasound appearance. Calcifications 
are rare. A differential diagnosis needs to be made 
between pheochromocytoma and adenoma or 
hyperplasia if it is small, while it may be confused 
with a carcinoma if it is larger.

10.6.4	 �Carcinoma

Carcinomas of the cortex are rare. At ultrasonog-
raphy they have a variable aspect according to 
their size. They generally present as solid dys-
homogeneous masses with irregular or transonic 
margins, illustrating necrotic, hemorrhagic, cal-
cified areas. Smaller lesions are homogeneous 
and can be difficult to differentiate from adeno-
mas. Some authors have described the presence 
of a thin pseudocapsule sometimes seen as an 
echogenic border [15], probably correlated to the 
atypical peripheral vascularization. Instead, large 
masses with internal necrosis and hemorrhagic 
areas can mimic pheochromocytomas. If it is 
greater than 10 cm, it may be impossible to make 
a differential diagnosis between an adrenal mass 
and other large tumors of a nonadrenal origin 
(liver, kidney) (Fig.  10.5). In general, it can be 
said that an adrenal mass that infiltrates the sur-
rounding structures will appear fixed, limiting the 
movements of the infiltrated structures to follow 
the breathing rise and fall movements [16]. In 
about 50 % of cases, carcinomas are hyperfunc-
tioning and so symptomatic. In cases diagnosed 
late, very large masses can cause compression of 
the vena cava that may wrongly appear 
infiltrated.

Fig. 10.4  Pheochromocytoma: mass with mixed 
echostructure (arrow)

Fig. 10.5  Adrenal carcinoma (arrow): the 
hypoanechogenic areas are attributable to necrotic-
hemorrhagic masses
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10.6.5	 �Lymphomas

A primary localization of a lymphoma in an adrenal 
gland is a very rare observation; in general, there is 
secondary involvement, often bilaterally. A non-
Hodgkin lymphoma is the most common form. At 
US, the echogenicity will depend on the tumor cell 
component. A lymphoma will mostly appear as a 
hypoechogenic mass, but it is no rare occurrence for 
it to have a hyperechogenic or anechogenic appear-
ance, as if mimicking a cyst [8, 17].

10.6.6	 �Metastases

The adrenal gland is the fourth most common 
localization of metastases in the human body, after 
the lung, stomach, and bones, and if the percentage 
of metastasization is considered in respect to its 
size, then it becomes the first site of metastases 
[18]. Evidently in the adrenal gland, metastatic 
cells find a favorable environment, with a rich con-
tent of growth factors and ample blood flow. In the 
explanation of the high incidence of metastasization, 

the action of cortisol is also implicated, in that it 
reduces the immune response of the adrenal tissue 
to neoplastic aggression. The metastases are usu-
ally hypoechogenic with clear-cut margins; this is 
particularly true if the lesion is <3 cm, which will 
make it indistinguishable from an adenoma. The 
main element for differential diagnosis is that adre-
nal metastases are more frequently bilateral, unlike 
adenomas. Large lesions can be sonographically 
heterogeneous due to central necrosis or hemor-
rhage [8, 19].

10.6.7	 �Adrenal Cysts

Cysts account for 0.6 % of all adrenal diseases 
and even these are generally hemorrhagic pseu-
docysts. They stem from adrenal hemorrhages in 
patients with neoplastic diseases or affected by 
Waterhouse-Friderichsen syndrome. Some cysts 
can be parasitic or an involution of an adenoma 
(Fig.  10.6). True cysts are transonic areas like 
those in other apparatuses and organs; they may 
be uni- or multiloculated.

Fig. 10.6  Adrenal cysts of parasitic origin (arrow)
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10.6.8	 �Adrenal Hemorrhage

Spontaneous adrenal hemorrhage is very rare in 
the adult but can be associated with physical 
stress events like septic shock, severe hypoten-
sion, and diffuse burns. By contrast, in the peri-
natal period, it is relatively frequent. Trauma is 
often the cause of adrenal bleeding (about 2 % of 
patients suffering from trauma undergoing CT 
scanning have adrenal bleeding, most frequently 
involving the right gland) [20]. Partial hepatec-
tomy can be implicated as the cause of right adre-
nal hemorrhage [21]. Typically, adrenal 
hemorrhage appears as oval or rounded echo-
genic areas at the center of the gland, with a 
lengthened or interrupted cortex and consequent 
periadrenal hemorrhage. A differential diagnosis 
must be made with various lesions such as pheo-
chromocytoma, myelolipoma, and adjacent 
tumors (renal angiomyolipoma, clear cell carci-
noma, exophytic liver tumor, atypical liver hem-
angioma, and hepatocellular carcinoma).
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Intraoperative Ultrasound in  
Renal Surgery
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11.1	 �Introduction

Management of renal cell carcinoma (RCC) has 
evolved over the last decade because of improved 
surgical techniques and more accurate preopera-
tive staging by diagnostic imaging, like com-
puted tomography (CT), magnetic resonance 
imaging (MRI) and contrast-enhanced ultrasound 
(CEUS). Surgery remains the definitive therapy 
and the means of a cure.

Partial nephrectomy (PN) as a nephron-
sparing technique to optimize resection with 
minimal loss of normal tissue, either open or 
laparoscopic or robot assisted, has increasingly 
replaced radical nephrectomy and is reported to 
result in lower morbidity, better recovery of renal 
function and favourable patient survival rates 
compared with radical nephrectomy over the 
long term [1–5]. Preoperatively, thin-section CT 

and MRI, both being the standard of care for 
staging RCC, have limitations in detecting small 
additional multifocal lesions and resolving inde-
terminate lesions because of volume averaging 
and image noise. In addition, both modalities 
provide only an estimate to the surgeon of the 
extent of surgical resection required for a PN, 
with no real-time guidance during surgery.

In this context, in recent years, we have seen an 
increasing use of intraoperative ultrasound (IOUS) 
probes in step with technological breakthroughs. 
The use of ultrasound in the intraoperative renal 
surgery with the high spatial resolution of IOUS 
transducers is crucial not only for the traditional 
surgery but also for the laparoscopic and robot-
assisted technique. The ultrasound is able to pro-
vide indications regarding the parenchyma and 
vascularization of the kidney, which currently no 
intraoperative radiological method is able to give.

The first use of IOUS occurred in 1958, where 
for the first time the ultrasound was used during 
an operation for the identification of a stone in 
the urinary tract [6].

The imaging is important and sometimes 
essential especially when the intraoperative pal-
pation cannot be performed. For this reason, the 
use of ultrasound in the intraoperative kidney sur-
gery has undergone strong growth in recent years, 
in addition to laparoscopic and robot-assisted 
techniques, that still does not offer the possibility 
to the surgeon, to have a tactile feedback during 
surgical steps [7].
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The high spatial resolution of IOUS trans-
ducers, placed directly on the capsular surface 
of the kidney during surgery, aids in detecting 
small additional lesions, as well as in charac-
terizing the anatomic relationship of the pri-
mary tumour to adjacent renal sinus, 
pelvi-calyceal system and major blood vessels, 
and helps determine the site of parenchymal 
transection and surgical resection [8, 9]. IOUS 
has the potential to achieve the clinical objec-
tives of obtaining an optimal tumour-free sur-
gical margin [10], decreasing the rate of 
recurrence [11] and improving survival [12]. 
Recent literature indicates that a 1–5-mm 

tumour-free surgical margin, rather than the 
traditionally required 1-cm margin, may be 
considered adequate [12–14].

IOUS may help determine more precisely the 
surgical margin while maximizing nephron spar-
ing [13]. PN is particularly challenging for cen-
tral tumours, which may involve renal sinus fat, 
blood vessels or renal pelvis, and visualizing ana-
tomic relationships is made considerably easier 
with IOUS [8, 9]. It provides intraoperative guid-
ance to the surgeon in deciding the extent of the 
PN, the need for resecting additional lesions or 
the conversion of a PN to a radical nephrectomy 
(RN) (Figs. 11.1 and 11.2).

a b

c d

Fig. 11.1  (a–d) Male patient 50 years old with small 
renal cell carcinoma recurrence of clear cell that is 1 cm at 
the upper pole of the left kidney. Axial (a) and coronal (b) 
CT investigation with evidence of solid hypo-
vascularization lesion adjacent to the metal clips of 

previous surgery. During the laparoscopic enucleoresection 
(c), intraoperative ultrasound (d) was performed for the 
identification of the lesion with a clear visualization of the 
solid oval intracortical lesion with net profiles

N. Pavan et al.



139

a b

c d

Fig. 11.2  (a–d) A 68-year-old male patient with massive 
primitive endophytic lesion (8  cm in diameter) at the 
middle third of the left kidney. Axial CT investigation (a) 
with evidence of a solid endophytic lesion with 
heterogeneously hypo-vascularization that comes to affect 
pyelic region without apparent infiltration on vascular 

structures. During the laparoscopic surgery, intraoperative 
ultrasound (b) was performed with subsequent 
administration of contrast (c) to better delineate the lesion 
from surrounding structures. Surgical specimen (d) with a 
definite diagnosis of renal clear cell carcinoma (nuclear 
grade 4 sec. Fuhrman)
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11.2	 �Instrumentation 
and Technical Characteristics

The use of ultrasound in the clinical practice 
involves the use of frequencies between 1 and 
30 MHz [15].

The transducer transmits ultrasonic waves and 
receives reflected echoes. Image resolution and 
penetration into the tissue depend on the fre-
quency. If the frequency is lower, then also the 
resolution becomes lower, but the penetration of 
the waves is definitely increased.

The frequency normally used for laparoscopy 
with ultrasound guidance is between 7.5 and 
10 MHz. A probe with a frequency of 7.5 MHz 
can surely provide excellent images by distances 
ranging from 1 to 4 cm. In this context ultrasound 
is able to detect tumours up to 3 mm in diameter, 
cysts of 2 mm and stones below 1 mm [16].

The probe may be linear, with multiple trans-
ducers positioned longitudinally or convex. The 
first is particularly effective for scanning organs 
with large flat surfaces such as the liver, while the 
second for tissue with curved surfaces such as the 
kidney. The saline irrigation is often able to elim-
inate the possible presence of air on the contact 
surface, to make the best image resolution [17].

In most surgical procedures performed in lap-
aroscopic or robot-assisted technique, the assis-
tant rather than the surgeon controls the 
laparoscopic ultrasound probe, which might limit 

surgeon autonomy and precision. Additionally, 
the laparoscopic probe might require adjustment 
of probe positioning with also a robotic instru-
ment to reduce probe slippage from tumour sur-
face [18, 19].

Recently there have been the introduction and 
use of ultrasound probes, which are directly 
related to the robotic arm and then directly con-
trolled by the surgeon. The robotic ultrasound 
probe (e.g. Hitachi Aloka, Tokyo, Japan) has a 
grooved ridge on its ventral aspect that fits the 
robotic grasping instrument. The probe has a 
flexible cable that allows the passage through the 
assistant port and allows for full articulation of 
the robotic instruments. Ultrasound images were 
shown as a picture-on-picture image on the con-
sole screen using the TilePro feature of the da 
Vinci Surgical System (Intuitive Surgical, 
Sunnyvale, CA, USA) [18].

Finally, in different series of laparoscopic or 
robot-assisted partial nephrectomy (LPN or 
RPN) with laparoscopic ultrasonography, they 
have been described with more difficulties in 
finding the near and far tumour border, because 
when the laparoscopic probe is turned at a right 
angle, the transducer is not exactly perpendicular 
to the surface of the kidney. The robotic ultra-
sound probe can be manoeuvred independently 
by the surgeon, achieving difficult angles while 
maintaining perpendicular contact of the probe 
with the kidney surface [19].
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11.3	 �Laparoscopic or Robot-
Assisted Partial 
Nephrectomy 
and Intraoperative 
Ultrasonography

The goal of surgery in renal cancers localized to 
the kidney is to obtain an adequate tumour-free 
margin to prevent recurrence with a complete 
resection of the lesions, while preserving nephrons 
and therefore renal function [20]. The technique 
described by the school of Cleveland has become 
the most widely used for the execution of the LPN 
[21]. According to the American and European 
Urological Association guidelines [22], PN should 
be offered to all patients who have T1 tumours (i.e. 
tumours <7  cm), and it has been found to have 
comparable, possibly better, survival than RN 
[23]. Although the RENAL or PADUA nephrom-
etry scoring system [24, 25], which is based on 
cross-sectional imaging, could help the surgeon’s 
decision between PN and RN, IOUS provides 
more detailed real-time guidance in the operating 
room for selected T1 lesions. CT and MRI clearly 
showed the proximity of a lesion to the renal sinus 
fat or involvement of the renal vessels, but on the 
other hand, IOUS helps determine whether the dis-
tance between a main or segmental blood vessel 
and the tumour is greater than 3–5 mm [11, 12], 
thus making PN feasible. Kletscher et al. reported 
that 6 % of patients undergoing RN had unsus-
pected multifocal tumours that were not seen on 
cross-sectional imaging and suggested that this 
true unknown may correspond to the recurrence 
rate if a PN is performed [26].

Therefore, there is a perceived need for IOUS, 
especially if the tumour is intraparenchymal and 
complex according to the nephrometry score 
(Figs. 11.3 and 11.4).

The intraoperative ultrasound with laparo-
scopic probe has revolutionized our diagnostic 
possibilities for small indeterminate renal masses 
and for tumour identification to facilitate com-

plete tumour removal [8, 10, 27]. It is able to 
assist the surgeon in  locating the mass to be 
removed remarking with precision the margin of 
a tumour. Gilbert et al. reported the use of intra-
operative ultrasonography to help identify renal 
cell carcinoma in patients with poorly visualized 
and non-palpable disease [28]. IOUS does not 
require the removal of perirenal fat tissue, and it 
is particularly useful in cases where there is a 
particularly dense perirenal adipose tissue with 
predominant fibrous component potentially 
reducing the surgical time. Such a technique 
allows the targeted removal and minimizes the 
removal of normal parenchyma, again minimiz-
ing the loss of nephrons. It could also get a good 
view of the organ to have further confirmation 
that there are no further injuries, possibly not 
identified preoperative imaging. Assimos et  al. 
reported using intraoperative ultrasonography for 
tumour identification to achieve negative surgical 
margins during partial nephrectomy and recom-
mended its use to facilitate precise identification 
of adequate resection margins [10].

Marshall et al. reported their experience with 
intraoperative ultrasonography in 41 kidney sur-
geries and found intraoperative ultrasonography 
to be most beneficial for the identification of 
extrarenal venous extension and multifocality 
and the identification of associated renal cysts 
[27]. In a subsequent analysis of 100 cases, 
Marshall et al. reported that the use of intraopera-
tive ultrasonography influenced the choice of sur-
gical approach in 13 % of cases [8].

Gill et al. described laparoscopic ultrasonog-
raphy for laparoscopic kidney surgery [29] and 
the use of this technique as a routine step for 
deciding on the line of parenchymal incision dur-
ing LPN [30].

In some cases, the use of colour Doppler is 
able to facilitate the surgeon in the search and 
isolation of the renal artery for the execution of 
the selective clamping, in anticipation of a resec-
tion with ischemia [31].
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a b

c d

Fig. 11.3  (a–d) Female patient 45 years old with solid 
lesion measuring 2 cm in correspondence of the middle 
third of the left kidney. Survey axial CT (a) demonstrates 
heterogeneously hypervascular lesion predominantly 
exophytic. During robotic enucleoresection (b) 

intraoperative ultrasound (c) was performed for the study 
of the margins of resection with a clear visualization of 
the solid oval lesion with sharp profiles. Surgical specimen 
(d) with papillary carcinoma definitive diagnosis of type 1 
kidney (nuclear grade 2 s. Fuhrman)
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a b

c d

Fig. 11.4  (a–d) A 65-year-old male patient with massive endophytic lesion at the upper middle third of the left kidney. 
Coronal CT (a) shows predominantly endophytic hypodense lesion as wide avascular component that comes to affect 
pyelic region without apparent infiltration on the vascular structures. Intraoperative ultrasonography is performed in the 
diagnostic doubt between complex cyst and solid-cystic lesion, and then ultrasound-guided biopsy (b) is performed 
which confirmed the diagnosis later confirmed by histological examination on the final surgical specimen of type 2 
papillary renal cell carcinoma of cystic appearance (nuclear grade G2 sec. Fuhrman). During surgery (d) intraoperative 
ultrasound (c) was performed both with B-mode and colour Doppler imaging for the identification of the tumour, the 
possible margins of resection and the relationships with the main vascular structures
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11.4	 �Intraoperative 
Ultrasonography 
with Contrast Administration 
(CEUS)

CEUS is a well-established technique for imag-
ing the kidney study [32] and plays a key role in 
the characterization of malignant renal lesions 
[33].

This new technique in recent years can also be 
used with the laparoscopic probes and allows 
both a better characterization of the lesions and a 
possible reduction of the operating time. The par-
tial nephrectomy may be carried out with the 
clamping of the hilar vessels to allow an adequate 
margin of resection and reduce bleeding and to 
prevent ischemia of the whole kidney in 
conservative surgery which is an emerging con-
cept because the time of ischemia during surgery, 
if prolonged, can be detrimental to the function 
of the kidney recovery. Several techniques have 
been described to perform partial ischemia which 
runs the selective clamping of an artery or liga-
tion of vessels feeding the tumour [34]. A pre-
liminary survey of five patients showed that 
CEUS has the potential for real-time monitoring 
the effectiveness of selective clamping intraop-
erative during a robot-assisted partial nephrec-
tomy [35].

11.5	 �Other Uses of Ultrasound 
in Renal Surgery

The intraoperative ultrasound can be used for the 
surgery of renal neoplasms, associated with the 
presence of venous thrombus. In case not being 
able to detect and/or palpate the extension of the 
thrombus in the venous level, the use of ultra-
sound may be essential to identify the distal por-
tion of the thrombus itself [36, 37] (Fig. 11.5).
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Interventional Ultrasound:  
Renal Biopsy

Carlo Manno, Anna Maria Di Palma, 
Elisabetta Manno, Michele Rossini, 
and Loreto Gesualdo

12.1	 �Essential History of Renal 
Biopsy

In the first half of the twentieth century (about 65 
years ago), 90 % of nephropathies were unknown 
to nephrologists and pathologists, and they 
would have remained so without the use of the 
renal biopsy. Indeed, the history of the renal 
biopsy is tightly bound to the birth and develop-
ment of nephrology, a relatively recent specialty 
to which it has provided an undeniable impulse. 
The first article that had by subject the practice 
of a percutaneous renal biopsy was written in 
1950 by a Cuban doctor, Antonino Pérez-Ara, 
who worked at the military hospital in Havana, 
and published in a local journal with little diffu-
sion [1]. Only in 1951 the potential importance 
of renal pathology was underlined by two Danish 
investigators in a study where the renal biopsy 
had allowed determination of the cause of the 
acute renal failure in the majority of patients 

dialyzed [2]. In this study, the patient was placed 
in sitting position, and intravenous pyelography 
was made to visualize the lower right pole to 
avoid large vessels and the spleen. The needle 
used was comparable to that used for liver biop-
sies and was connected to a syringe that was tak-
ing off a core piece of the kidney by vacuum 
section approximately 10–20  mm in length. 
Unfortunately, the success of their technique was 
limited, with adequate tissue obtained in only 
53 % of biopsies. In 1954, Kark and Muehrcke in 
Chicago modified the procedure by positioning 
the patient in the prone position with a pillow 
placed under the abdomen to lift up the right kid-
ney. They used the Franklin-modified Vim-
Silverman needle, a precursor of the needle 
currently used today, which trapped the tissue in 
the needle and then sheared it off in “blind 
approach” to procure renal tissue, reporting a 
success rate of 96 % and no major complications 
[3]. Furthermore, a magnifying glass was used to 
observe glomeruli and to increase the efficiency 
of the technique (in 96 % of procedures, a renal 
cortex useful for diagnosis was obtained). This 
technique would remain prevalent for more than 
40 years.

From 1961 to 1975, the study of specimen by 
using the technique of immunofluorescence and 
of electron microscopy ameliorated the diagnos-
tic accuracy and the prognostic value of light 
microscopy and disseminated widely the renal 
biopsy in clinical practice. Furthermore, the use 
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of various imaging modalities, such as intrave-
nous pyelography, fluoroscopy, renal scintigraphy, 
and ultrasound, was also used to localize the 
kidneys. Of these, ultrasound was found the best 
to localize the lower pole with the lowest-risk 
approach and highest yield for glomeruli and was 
also not affected by renal failure. Despite the lack 
of well-designed clinical trials with supporting 
evidence, these techniques have proliferated and 
become the de facto standard for kidney biopsies 
in the worldwide.

The values of renal biopsy are represented by 
the fact that it condition sine 9ua non is for a cor-
rect diagnosis of acute and chronic renal diseases. 
The histological diagnosis alters clinical diagno-
sis in 25–50 % of cases, guides treatment by deter-
mining reversibility and activity of lesion, and 
may change the therapy in 30–40 % of patient. 
Furthermore, the renal biopsy predicts prognosis 
by assessing specific pathologic features and 
extent of changes and validates outcome when 
used as endpoint in clinical trials. Finally, it 
reveals pathogenesis by studying the molecular 
and cellular mechanisms of renal diseases and 
opens new horizons and novel therapies.

12.2	 �Indications 
and Contraindications 
for Renal Biopsy

The most important indications for renal biopsy 
in clinical practice are numerous. The presence 
of elevated serum creatinine with decreased glo-
merular filtration rate may indicate the need to 
perform renal biopsy, especially in undiagnosed 
acute kidney injury or in acute tubular necrosis 
not resolving after 3–4 weeks, while in advanced 
chronic kidney disease and ultrasound imaging 
of reduced kidney volume, the renal biopsy is 
generally contraindicated. The presence of hema-
turia, asymptomatic or symptomatic (gross 
hematuria), isolated, or associated with sub-
nephrotic proteinuria, is an indication to perform 
a renal biopsy, especially when the hematuria is 

combined with acute renal failure (nephritic syn-
drome). The nephrotic syndrome, proteinuria 
>3.5  g/d, hypoalbuminemia, edema, and hyper-
lipidemia, is a mandatory indication to biopsy in 
adults and in children with atypical features. 
Finally, the renal biopsy should be performed in 
systemic diseases with renal dysfunction.

The absolute contraindication to perform a 
renal biopsy is generally represented by uncon-
trolled bleeding diathesis, uncontrolled severe 
arterial hypertension, solitary kidney, multiple 
renal cysts, renal mass or renal neoplasm, acute 
pyelonephritis and perinephric abscess, end-
stage or near end-stage kidney disease with small 
kidneys, patients unable to cooperate, obese 
patients, or patients with respiratory difficulties. 
However, in 1998, the American College of 
Physicians in a paper position on the Clinical 
Privileges Subcommittee on nephrology and 
clinical competence in percutaneous renal biopsy 
stated that the list of contraindication would be 
modified by clinical judgment in the single 
patient and by future advance in clinical practice. 
A consensus approach to the management of 
high-risk patients needs to know medical and 
technic approaches and the difference between 
absolute and relative contraindications.

12.3	 �Preparation of the Patient

Although kidney biopsy may provide important 
diagnostic information and guide therapeutic 
decisions, the important benefits must be 
weighed against the potential harms of biopsy. 
The clinicians should not neglect the risks of 
bleeding complications, and therefore a rigor-
ous procedure to describe clinical processes in 
a quality assurance system may increase the 
ratio benefit/harm. The benefits are determined 
by meticulous preparation of the patient, ade-
quacy of study techniques of renal specimen, 
consensus approach on clinical indications, and 
technical aspects of biopsy procedure. The 
reduction of harms may be obtained by the 
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performance of procedure by an expert nephrol-
ogist in renal biopsy and ultrasound guidance, 
informed consent, and clinical, laboratory, and 
instrumental monitoring post procedure. A first 
question in clinical practice is the choice to per-
form the renal biopsy on inpatient or outpatient. 
A mounting pressure by managed care to not 
only switch to outpatient management but to 
decrease period of observation to 6–8  h may 
reduce the safety of procedure. However, a 
study on the timing of bleeding complications 
showed that the complications were identified 
in 89 % of patients at 24  h. Therefore, after 
biopsy, an observation up to 24 h remains opti-
mal, but since 11 % of major complications 
occur after 24 h, some patients may require a 
longer period of stay in hospital [4].

The prerequisites of procedure are focusing 
on relevant history and examination of the 
patient; ultrasound bilateral kidney evaluation of 
form, size, and cortical thickness; and coagula-
tion parameters such as hemoglobin, platelets, 
prothrombin time and partial thromboplastin 
time and bleeding time, blood group, and some-
times dosage of von Willebrand factor and lupus 
anticoagulant. The available literature has not 
established that a specific test can select patients 
with a major risk of post-biopsy bleeding and the 
impact of bleeding time on the complication rate 
is controversial [5]. In the future, evaluating some 
measure of platelet function, such as with a plate-
let function analyzer (PFA-100), may have a role 
in predicting risk [6].

The alterations of coagulation parameters 
should be corrected prior to the renal biopsy by 
means of erythrocyte transfusion if anemia is 
present or infusion of coagulation factors  
(e.g., factor VIII if the levels are reduced) or if 
bleeding time is prolonged by administration of 
desmopressin acetate (DDAVP) 0.4 μg/kg/intra-
venous or 0.3  μg/kg/subcutaneous. The anti-
platelet or anticoagulant drugs should be 
withdrawn; ticlopidine, aspirin, and clopidogrel 
should be withdrawn from 5 to 10 days before 

the biopsy; it may be necessary to substitute 
these drugs by a short-acting drug such as indo-
bufen which should be withdrawn 2 days before 
the biopsy. The warfarin and dicoumarol drugs 
should be withdrawn 5 days before the biopsy, 
while 1–2 days are enough for novel oral antico-
agulant drugs such as apixaban, rivaroxaban, and 
dabigatran; during the withdrawal period, sodic 
heparin or low molecular weight heparins should 
be administrated and withdrawn 12 h before the 
renal biopsy. However, in cases which present an 
elevated thrombotic risk, for example, patients 
on therapy by two drugs (aspirin plus clopido-
grel) for recent (<6–12 months) angioplasty and 
coronary stents, clopidogrel should be with-
drawn 5 days before the biopsy maintaining the 
administration of aspirin; 3 days before the 
biopsy, tirofiban, an antiplatelet characterized by 
short plasmatic half-life, should be introduced to 
be withdrawn 8 h before the biopsy. This proce-
dure presents an intermediate hemorrhagic risk 
but an elevated thrombotic risk, and thus the 
patient should be monitored for 24  h after the 
renal biopsy in intensive cardiologic unit. The 
informed consent specific for cardiologic risk 
should be obtained [7].

As regards this crucial point within the risk 
management, an explicit informed consent, per-
sonally signed by a conscious patient and spe-
cific for the procedure of renal biopsy, should 
be obtained. The informed consent occurs in 
various steps; first, the physician that prescribed 
renal biopsy should inform the patient about its 
health status and advantages which derive from 
a certain diagnosis and specific treatments. In 
the second step, the physician that performs the 
renal biopsy should describe the phases of pro-
cedure and the possible complications and the 
procedures to prevent and treat each complica-
tion. Finally, the patient should confirm the 
consent or the refusal to procedure; for under-
age patient or the patient unable to understand, 
the physician should follow the law of its 
country.
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12.4	 �Procedure

The technique has significantly improved over 
the past two decades because of the introduction 
of ultrasonography and automated-gun biopsy 
devices. Ultrasound assistance enables skin sur-
face marking of the lower pole, and real-time 
ultrasound guidance allows visualization of the 
biopsy needle and its path during the procedure. 
Retrospective and uncontrolled studies have 
shown that real-time ultrasound-guided percuta-
neous renal biopsy performs better than freehand 
renal biopsy. Likewise, automated-gun biopsy 
devices are easy to use and less risky than con-
ventional manual puncture methods (Figs. 12.1 
and 12.2).

In the classic procedure of percutaneous renal 
biopsy, the patient is in prone position with a pil-
low below the abdomen (Video 12.1). After a 
light sedation, local anesthesia with 2 % lidocaine 
was made from the subcutaneous stratus down to 
the capsule. Sometimes a skin incision can be 
performed to facilitate the entry of the needle. 
Subsequently, the gun is advanced to reach the 
capsule, the patient should stop the deep breath, 
and finally the gun is fired to the lower pole of the 
left kidney (or sometimes the right kidney) 
(Fig. 12.3). Generally, two or three cores should 
be taken and evaluated by dissecting microscope 
to check the presence of the cortical tissue and an 
adequate sampling of glomeruli (Fig.  12.4). 
Finally, a compression on the wound for 5–10 min 
should be made, and an ultrasonography after 
60 min can reveal an early complication [8]. In 
the post-procedure period, the patient is recom-
mended to bed rest in supine position for at least 
24  h, and blood pressure and arterial pulse are 
monitored; if necessary, hemoglobin and hema-
tocrit are monitored every 4–6  h. The voided 
urine sample should be examined for macro-
scopic hematuria.

The experience gained over the last decades 
has shown this technique to be safe and effective 

in most but not all patients. For example, the 
obese patients, whose proportion is rapidly grow-
ing in developed countries, are at highest risk for 
bleeding complications and technical failures 
caused by poorer ultrasound visualization of the 
kidney as well as severe respiratory difficulties. 
To overcome these drawbacks, a number of tech-
nical refinements have been proposed over the 
years, including computerized tomography guid-
ance, laparoscopic renal biopsy, and transjugular 
biopsy.

The possibility to maintain an easy procedure 
such as percutaneous ultrasound-guided renal 
biopsy also to patients obese or with respiratory 
problems has been reached by the supine antero-
lateral position (SALP) [9]. The SALP is obtained 
by placing towels under the ipsilateral shoulder 
and gluteus to elevate the flank by an angle of 30° 
(Video 12.2). The ipsilateral arm is placed over 
the thorax, while the contralateral is abducted 
and used for intravenous perfusion. The ipsilat-
eral leg is slightly flexed over a pillow, whereas 
the contralateral is flexed and abducted so that its 
lateral aspect is lying on the table. This position 
provides full exposure of Petit’s triangle (latissi-
mus dorsi muscle – 12th rib – iliac bone), thus 
providing enough space to perform ultrasound 
scanning and to easily orientate the ultrasound-
guided puncture toward the inferior renal pole. In 
this position, the posterior face of the kidney is 
expected to be almost parallel to the operating 
table, while the ipsilateral colon is expected to 
fall anteromedially, sufficiently far from the 
puncture paths. After shaving and draping the 
flank, the kidney is ultrasound scanned to deter-
mine the ideal puncture path. The identification 
of the lower kidney pole by ultrasound scanning 
is easy, and the quality of image resolution is 
similar to the prone position. The entire path is 
then anesthetized with 10  ml of 2 % lidocaine 
solution. An automatic needle is ultrasound 
guided to the capsule in the lower pole of the kid-
ney and fired into the renal parenchyma.
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Fig. 12.1  Manual-gun biopsy device; the three parts of 
the Franklin-modified Vim-Silverman needle: the outer 
sheath, the obturator, and the cutting prongs Fig. 12.2  Automated-gun biopsy device

Fig. 12.3  The gun is advanced to the capsule and fired to the lower pole of the left kidney

Fig. 12.4  Evaluation by dissecting microscope
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12.5	 �Complications

Few systematic data exist to estimate the compli-
cation rate of kidney biopsy. The current standard 
procedure for kidney biopsy involves the use of 
real-time ultrasound guidance and an automated 
spring-loaded biopsy device that may be associ-
ated with lower rates of procedural complications 
[10]. The bleeding complications include silent 
hematomas detected only by post-biopsy imaging 
(Fig.  12.5), macroscopic hematuria (Fig.  12.6), 
large hematomas and blood loss requiring eryth-
rocyte transfusion (Fig.  12.7), arteriovenous fis-
tula (Fig. 12.8), and, rarely, the need for emergent 
angiographic intervention (Fig. 12.9) or nephrec-
tomy. The incidence of the complications associ-
ated with kidney biopsy and possible predictors 
fluctuates across studies, due to different defini-
tions and patient selection, procedural technique, 
and monitoring protocol. A rare complication is 
the page kidney, caused by the accumulation of 
blood in the perinephric or subcapsular space 
resulting in extrinsic compression of the involved 
kidney, renal ischemia, activation of the renin-
angiotensin-aldosterone system, and systemic 
hypertension [11].

In a recent systematic review and meta-
analysis, the authors aimed to evaluate the inci-
dence of hemorrhagic complication in terms of 
rates of macroscopic hematuria and the need for 
erythrocyte transfusion after native kidney biopsy 
performed with real-time ultrasound guidance 
and automated spring-loaded biopsy device and 
to identify potential risk factors [12]. The rate of 
macroscopic hematuria was 3.5 % and erythro-
cyte transfusion was 0.9 %. Significantly higher 
rates of transfusion were seen with the following 
covariates: 14-gauge compared with smaller nee-
dles (2.1 % vs 0.5 %), serum creatinine level 
greater than 2.0 mg/dl, female gender, acute kid-
ney injury, mean age of 40 years or older, and 
mean systolic blood pressure greater than 
130  mmHg. Although macroscopic hematuria 

and the need for erythrocyte transfusion are 
important complications of kidney biopsy 
because they may necessitate hospital admission 
and therefore increased health-care expenditure 
and patient morbidity, the most frequent bleeding 
complication of kidney biopsy, i.e., the perineph-
ric hematoma, was not considered among 
principal outcomes of this study, since the pres-
ence of hematoma was reported inconsistently in 
source studies, with rates varying by whether 
ultrasonography was performed routinely or for 
symptoms. The rate of this complication increases 
remarkably when screened using computed 
tomography. Even though the majority of these 
hematomas are clinically asymptomatic, the 
presence of perinephric hematoma increases the 
discomfort for the patient and the costs due to 
further laboratory and instrumental examinations 
with longer hospitalization. In a minority of 
cases, the hematoma is a clinically relevant com-
plication, which needs an even longer stay at the 
hospital for diagnostic and therapeutic proce-
dures (artery embolization).

In conclusion the risk of hemorrhagic 
complications is relatively low with real-time 
ultrasound guidance and automated biopsy 
needles. However, to improve patient safety, the 
use of large-gauge needles (14 gauge) should be 
discouraged. Since the prognostic value of poten-
tial risk factors is debatable, further studies are 
necessary to find more sensitive tests to assess 
coagulation disorders and to better identify 
patient and procedural characteristics required to 
improve biopsy technique and patient selection in 
an effort to improve the safety profile of kidney 
biopsy. Finally, the use of DDAVP should be con-
sidered among modifiable procedure, since the 
only randomized controlled trial included in this 
review demonstrates the risk reduction of bleed-
ing complication in treated group compared to 
controls [13]. A caution in the use of this drug 
should be considered in patients at thromboem-
bolic risk.
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Fig. 12.5  Macroscopic hematuria and vesical coagulum

Fig. 12.6  Silent perinephric hematoma Fig. 12.7  Large hematoma requiring erythrocyte trans-
fusion and artery embolization
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Fig. 12.8  Arteriovenous 
fistula by ultrasound 
imaging

Fig. 12.9  Arteriovenous fistula by angiographic 
imaging
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12.6	 �Specimen Processing

Since the 1960s, renal pathologists, besides light 
microscopy, introduced and utilized new tech-
niques such as electron microscopy and 
immunohistochemistry-immunofluorescence 
microscopy. After a core of tissue is obtained, it 
should be analyzed under a dissecting micro-
scope to check adequacy (kidney tissue is easily 
recognized and distinguished from the fat, mus-
cle, other tissues, kidney cortex from the medulla) 
and to help in sectioning the tissue to allocate for 
the different techniques. How much renal tissue 
is necessary for pathologic diagnosis is a com-
plex question, but it depends on the indication for 
biopsy. At least two biopsy cylinders with a mini-
mal length of 10 mm and a diameter of at least 
1.2 mm characterize the adequacy of the sample. 
Also we need 10–15 glomeruli for optimal sam-
pling (e.g., in systemic lupus erythematosus), but 
very often 6–10 glomeruli are sufficient to make 
diagnosis. For diseases in which lesions are 
focally distributed in glomeruli (such as focal 
segmental glomerulosclerosis), more glomeruli 
are needed to rule out a “missed diagnosis” [14]. 
In other diseases, such as amyloidosis or 
membranous glomerulonephritis, even a single 
glomerulus may be sufficient for diagnosis.

For light microscopy morphology, formalin-
fixed paraffin-embedded tissue is cut into 2–3 μm 
histologic sections that are routinely stained with 
hematoxylin and eosin, methenamine silver-
periodic acid (Jones stain), Masson trichrome, 
and periodic acid-Schiff (PAS). Additional 
stainings are used under certain circumstances 
(i.e., Congo red staining for amyloid, von Kossa 
to point out calcifications, elastic vezheeth Van-
Gieson for normal or pathologic elastic fibers).

The immunofluorescence is performed on 
unfixed, frozen section prepared from fresh 
tissues (on saline-soaked gauze) or in Michel’s 
fixative and immediately frozen in laboratory. 
The sample is then cut with a cryostat and 
sections with a thickness of 2–4 μm are obtained. 
The antigens that should be routinely stained 
include immunoglobulins (primarily IgG, IgM, 
and IgA), complement components (especially 
C3, C4, and C1q), fibrin, λ and k light chains, 

collagen IV α chains (Alport’s disease), IgG 
subclasses, viral antigens, and lymphocyte 
subclasses. In allograft biopsies it is necessary to 
stain for C4d to detect antibody-mediated rejec-
tion and sometimes phenotype lymphocytic infil-
trates when a posttransplant lymphoproliferative 
disorder is suspected. The method should report 
if the reaction is positive or not, describe the pat-
tern of staining (mesangial or capillary), differen-
tiate a linear or granular staining, and, finally, 
describe the position of the deposits (i.e., suben-
dothelial, intramembranous, or subepithelial).

The electron microscopy is performed on sam-
ple fixed into a mixture of 2–3 % glutaraldehyde 
or 1–4 % paraformaldehyde, then cleared with a 
transitional fluid (1,2-epoxypropane), and, finally, 
embedded in epon. A thick section of 1 μm stained 
with toluidine blue is used as an initial guide. The 
sample is then cut in ultrathin sections of 
50–70 nm stained with uranyl acetate, lead citrate, 
and gold. The method allows to assess the pres-
ence and degree of cell proliferation (mesangial 
or endothelial proliferation) and to evaluate the 
changes of glomerular basement membrane (such 
as thickening, thinning, splicing, or irregularities) 
or cell structure (i.e., podocyte foot process 
effacement or podocyte vacuolization) and the 
necrosis or apoptosis of cells. Furthermore, the 
electron microscopy shows also the localization 
of immune complex deposits and may demon-
strate specific ultrastructural organization of the 
deposits that may be diagnostic of specific disease 
(amyloid, fibrillary glomerulonephritis, immuno-
tactoid, cryoglobulin).

12.7	 �Elementary Lesions

The renal biopsy can show different lesions in the 
three parts of the kidney: glomerulus, tubuloint-
erstitium, and vessels.

The glomerular lesions are thickening of 
glomerular basement membrane, proliferation 
(mesangial, endo-/extra-capillary), sclerosis, and 
crescents. Glomerular basement membrane thick-
ened is seen in membranous glomerulonephritis, in 
diabetic nephropathy, and in the latest Alport’s syn-
drome. Other nephropathies in which it is possible 
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to find thickened glomerular basement membrane 
are chronic thrombotic microangiopathy, membra-
noproliferative glomerulonephritis, and fibrillary 
glomerulonephritis. The mesangial proliferation, 
including matrix and/or cell proliferation, can be 
organized in nodules (diabetic nephropathy, 
amyloidosis, light-chain deposition disease) or not 
(IgA nephropathy, lupus nephritis class II, and 
post-infectious glomerulonephritis). Endocapillary 
proliferation, an active and severe lesion, can be 
found in proliferative lupus nephritis and membra-
noproliferative and cryoglobulinemic glomerulone-
phritis. Crescents are the expression of a proliferation 
of the parietal epithelium of Bowman’s capsule in 
response to pro-inflammatory stimuli and growth 
factors released into Bowman’s space by inflamma-
tory cells from the circulation following a lesion of 
the capillary walls. Fibrinoid necrosis is a histologi-
cal lesion characterized by the presence of fibrin at 
the level of the glomerular capillaries (often associ-
ated with breaks in the basement membrane) and in 
the arterial vessels, associated with karyorrhexis; it 
is the expression of an inflammatory process, par-
ticularly active, as found in the course of vasculitis, 
lupus nephritis, etc.

The tubular active lesions are represented by 
those that are found commonly in the course of 
acute tubular necrosis: loss of brush border, 
detachment of epithelial cells from the tubular 
basement membrane with stripping of the mem-
brane, and pseudo-dilatation of the tubules. Also 
there may be inflammatory cells that infiltrate the 
tubular epithelium (tubulitis) and the interstitium 
during acute interstitial nephritis. It is also impor-
tant to recognize certain cell types within the 
infiltrate, because the presence of eosinophils 
suggests an immune-allergic pathogenesis (drug). 
In infectious form, such as pyelonephritis, there 
are neutrophils in clusters in the tubular lumen 
and within the infiltrate. Tubulitis and interstitial 
infiltrate in the transplant kidney are the basis of 
the diagnosis of acute T-cell-mediated rejection.

In vessels the most frequent active lesion is 
fibrinoid necrosis of the wall, similar to those 
described in the glomerulus, and it is pathogno-
monic of vasculitides. When this lesion is present 
in a kidney graft, it is diagnostic of acute vascular 
rejection. Inflammation of vessels can be wider, 

and it is called “transmural artearitis,” which 
often is associated with fibrinoid necrosis. 
Another important vascular lesion is the lumen’s 
obliteration of glomerular capillary or small arte-
rioles by thrombi (thrombotic microangiopathy) 
or emboli (i.e., cholesterol emboli).

Chronic lesions of the parenchyma are glo-
merulosclerosis (segmental or global), tubular 
atrophy, interstitial fibrosis, medium-intimal 
fibrosis of arteries, and hyalinosis. The grade of 
chronic damage can be assessed by considering 
the number of sclerotic glomeruli of total glom-
eruli examined and percentage of tubular atrophy 
and interstitial fibrosis.

12.8	 �Kidney Biopsy Report

Kidney biopsy reporting put together crucial clini-
cal data and features examined on light, immuno-
fluorescence, and electron microscopy to come up 
with a diagnosis. In each report, a brief summary 
of clinical data should be noticed, and few words 
on gross material description should be spent. In 
light microscopy, each compartment of renal 
parenchyma should be analyzed and detailed 
(glomeruli, tubulointerstitium, vessels) in every 
feature. Elements such as number of total glomer-
uli sampled, percent of totally or segmentaley scle-
rosed glomeruli, number of crescents, the presence 
of fibrinoid necrosis and endocapillary prolifera-
tion, active (interstitial infiltrates, edema, tubulitis) 
or chronic (interstitial fibrosis, tubular atrophy) 
tubulointerstitial changes, and their semiquantita-
tive scoring are important data regardless of the 
final diagnosis. For immunofluorescence, again, 
total number of glomeruli and number of totally 
sclerosed glomeruli should be noticed. Then for 
each antibody intensity of staining (semiquantita-
tive on a 0–3+ or 0–4+ scale), location and pattern 
should be expressed. For electron microscopy, the 
ultrastructural appearance of glomeruli should 
include podocyte foot process analysis (efface-
ment, microvillous transformation, actin cytoskel-
eton condensation, etc.), the presence and exact 
location of electron-dense deposits, thickness and 
abnormalities of basal membrane (i.e., double 
contour, splitting of lamina densa, “basket weav-
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ing” lesions, etc.), and additional pathologic find-
ings (i.e., deposits with substructures, fibrillary 
deposits, tubule-reticular inclusions, etc.). 
Tubulointerstitial areas should also be examined 
along with peritubular capillary and pathologic 
findings stated (particularly in a transplanted kid-
ney). Finally and of particular importance, the 
comment in which clinicopathological correlation 
is made in that particular clinical setting, eventual 
limitation of the biopsy results may be pointed out, 
and further studies may be suggested [15].

�Conclusion

Although renal biopsy is the gold standard for 
the diagnosis and evaluation for treatment of 
glomerular diseases, it is invasive and rarely 
may have several serious complications. The 
presentation, clinical course, and outcome of 
glomerular diseases are highly variable, and in 
many cases, histopathology is neither diag-
nostic nor prognostic and fails to predict 
response to therapy, because heterogeneous 
pathogenic mechanisms are involved. For 
these reasons, clinical biomarkers of specific 
pathogenic processes may improve subclassi-
fication and facilitate therapeutic choices. 
Fortunately, a number of new promising diag-
nostic tests are being evaluated in patients 
with a variety of primary glomerulopathies 
including minimal change nephropathy, focal 
segmental glomerulosclerosis, membranous 
nephropathy, and IgA nephropathy [16].

It is expected that the measurement of serum 
and/or urinary biomarkers will improve our 
diagnostic and therapeutic strategy in patients 
with glomerulonephritis in general and 
nephrotic syndrome in particular. However, 
there are some caveats, since promising results 
so far are based on small, mostly retrospective 
studies. The accuracy of the test to identify pri-
mary glomerulonephritis and to exclude sec-
ondary causes awaits well-designed prospective 
studies. In our opinion it is too early to discard 
a renal biopsy in patients with suspicion of glo-
merulonephritis, especially if nephrotic syn-
drome is present in adults.

The main finding of the literature is that a 
percutaneous renal biopsy should be regarded 

as a safe procedure and successful procedure 
both in adults and children, and the overall rate 
of major complications is very low if general 
contraindications are respected [17]. To mini-
mize biopsy risk, meticulous control of clinical 
routines is mandatory, especially in patients 
with reduced renal function. A wake-up call for 
the nephrology community is that smaller 
biopsy needles are being used and biopsies are 
increasingly being performed by radiologists 
rather than nephrologists. The declining trend in 
the performance of percutaneous renal biopsy 
by practicing nephrologists should be alarming, 
while the importance of performing renal biop-
sies should be emphasized because the informa-
tion provided by this procedure directly affects 
the care of nephropathic patients.
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Interventional Ultrasound: Biopsy 
of Renal Masses

Alessandro Volpe and Luisa Zegna

13.1	 �Introduction

Percutaneous biopsy of renal tumors has been 
historically used with limited indications: (1) dif-
ferential diagnosis of lymphoma and renal 
abscesses, (2) diagnosis of metastatic renal dis-
ease in the presence of known extrarenal malig-
nancy, and (3) diagnosis of a renal primary tumor 
in the presence of disseminated metastases or 
surgically unresectable retroperitoneal tumors.

Beyond these indications, biopsies of renal 
tumors have been rarely used for a number of 
uncertainties in terms of (1) safety, for the poten-
tial risk of tumor seeding along the needle track 
and hemorrhagic complications, (2) diagnostic 
rate and accuracy, and (3) effectiveness in terms 
of impact on clinical decisions, due to the percep-
tion that all solid renal masses have malignant 
potential and should be removed surgically up 
front.

Many of these uncertainties have now been 
overcome due to the growing experience of urol-
ogists and interventional radiologists in perform-
ing biopsies, to the growing experience of 
pathologists in interpreting biopsy specimens, 

and to the growing confidence of urologists in 
using biopsy information to support the clinical 
decisions.

The increasing incidence of small renal 
masses (SRMs), the development of alternative 
treatments for these lesions in selected patients, 
and the development of effective biological ther-
apies for metastatic disease have increased the 
awareness that pretreatment histological infor-
mation are necessary to choose the best-suited 
treatment for each individual patient [1].

13.2	 �Rationale of Percutaneous 
Renal Tumor Biopsy

Percutaneous biopsy can today provide important 
information for clinical management of renal 
tumors, with major impact on clinical practice.

13.2.1	 �Decrease of Surgical Indications 
for Benign Tumors

SRMs are benign tumors in a non-negligible 
proportion of cases, with a probability that sig-
nificantly increases with decreasing tumor size 
[2–4].

Conventional radiology (CT, MRI, CEUS) 
does not allow an accurate diagnosis of oncocy-
toma. In fact, the typical appearance of the onco-
cytoma as a homogeneous hypervascular mass 
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with a central starry scar is observed only in few 
cases. No other radiological feature is suffi-
ciently reliable for the diagnosis of this benign 
tumor [5, 6].

Moreover, although most angiomyolipomas 
are easily recognizable at CT scan for the charac-
teristic fatty content, fat-free angiomyolipomas 
(leiomyoma-like and epithelioid variants) cannot 
be properly diagnosed at imaging [7]. Overall, 
Remzi et al. observed that only 17 % of benign 
tumors are correctly characterized at preopera-
tive CT [8].

Performing a percutaneous biopsy before 
treatment decision can therefore decrease the 
number of unnecessary surgery for benign tumors, 
especially in elderly and comorbid patients.

13.2.2	 �Support of Treatment 
Decision-Making for Localized 
Renal Tumors

A significant proportion of SRMs are benign 
tumors or low-grade RCC with a relatively indo-
lent biological and clinical behavior [9, 10]. 
Furthermore, most SRMs are incidentally 
detected in older patients, in whom comorbidities 
are more frequent and the risk of competitive 
mortality is higher [11].

Surgical resection is the gold standard treat-
ment for SRMs, but focal ablative therapies and 
active surveillance are alternative options in 
patients with advanced age, reduced life expec-
tancy, or high surgical risk [12]. Renal tumor 
biopsy can be useful to select patients who are 
good candidates for a conservative management. 
In fact, active surveillance is more suitable for 
low-grade tumors, with limited risk of progres-
sion. A biopsy may also help to decide the inten-
sity of follow-up for patients in active surveillance. 
In fact, benign tumors can be followed with a less 
rigid scheme, reducing the risks of radiation expo-
sure and the costs for the health-care system.

Percutaneous biopsy can also be performed 
for larger localized renal lesions (T1b–T2). 
Although the decision to perform a radical or par-
tial nephrectomy depends essentially on patient’s 
characteristics and tumor’s radiological features, 

the histological characterization of the renal mass 
may favor a radical surgical treatment in case of 
aggressive disease and a conservative treatment 
even in highly complex cases in case of benign or 
indolent histology.

13.2.3	 �Support to Define the 
Oncological Outcomes 
of Focal Ablative Therapies

Although the outcomes of cryoablation and 
radiofrequency ablation are encouraging, the per-
sistence of viable tumor cells after these ablative 
procedures is not infrequent [13]. The guidelines 
of the American Urological Association recom-
mend a percutaneous biopsy of renal tumors after 
ablation if recurrence or persistent disease is sus-
pected at follow-up imaging. Routine biopsies 
after treatment can allow the histological confir-
mation of the success of minimally invasive ther-
apies and check for local recurrences [14].

13.2.4	 �Support of Treatment 
Decision-Making 
for Metastatic Renal Tumors

Percutaneous biopsies of renal tumors can be 
useful for treatment decision-making in the set-
ting of metastatic disease. The presence of sarco-
matoid differentiation predicts a poor prognosis, 
with limited response to systemic therapy and 
less benefit of cytoreductive nephrectomy, which 
should not be performed to avoid unnecessary 
morbidity [15, 16].

In addition, molecular targeted drugs have dif-
ferent response rates according to RCC histology. 
Studies have shown that mTOR inhibitors have 
better activity in the treatment of chromophobe 
RCC than tyrosine kinase inhibitors. Similarly, 
foretinib demonstrated good responses in the 
treatment of papillary RCC, particularly in cases 
with MET germline mutations [17, 18].

Currently, biopsy is required to characterize 
primary renal tumors before starting systemic 
therapy for metastatic disease. In particular, per-
cutaneous biopsy is recommended when cytore-
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ductive nephrectomy is not indicated or when a 
neoadjuvant systemic therapy is planned [12].

13.3	 �Current Indications 
of Percutaneous Renal 
Tumor Biopsy

Percutaneous biopsy of renal tumors can be useful 
in several clinical settings and is currently recom-
mended for the histological characterization of:

•	 Indeterminate renal masses at abdominal 
imaging (including Bosniak IV cystic lesions)

•	 Small incidental renal masses in patients who 
are candidates for active surveillance or mini-
mally invasive ablative therapy

•	 Radiological suspicion of local recurrence 
after ablative therapy

•	 Renal masses which are suspicious for meta-
static disease in the presence of a known 
extrarenal tumor

•	 Retroperitoneal tumors involving the kidney 
when surgery is not feasible or indicated

•	 Metastatic primary renal tumors in patients 
who are not candidates for cytoreductive 
nephrectomy or when a neoadjuvant systemic 
therapy is planned [12]

13.4	 �Technique of Percutaneous 
Renal Tumor Biopsy

13.4.1	 �Preparation

Before biopsy of a renal mass, a screening for the 
presence of coagulative disorders (assessment of 
PTT, INR, and platelet count) should be per-
formed. Antiplatelet drugs should be stopped 5–7 
days before biopsy, and anticoagulants should be 
discontinued in time to achieve acceptable INR 
values. Anticoagulants are generally replaced 
with low molecular weight heparin which are 
then continued for a few days after biopsy.
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13.4.2	 �Anesthesia

Percutaneous renal biopsy can be performed in 
an outpatient or day hospital setting and is gener-
ally well tolerated under local anesthesia with 
lidocaine 2 %. Local anesthesia should be ideally 
performed on the selected needle track (Fig. 13.1). 
Sedation is indicated only in selected patients who 
are particularly anxious. In fact, patient’s con-
sciousness is generally useful to perform biopsies 
of upper pole masses under deep inspiration.

13.4.3	 �Radiological Guidance

Biopsies can be performed under ultrasound, CT, 
or MRI guidance. The choice of the imaging guid-
ance depends on the operator’s experience and 
habits, on tumor size and location, and on patient’s 
habitus. MRI is rarely used for the high costs and 
the need of ferromagnetic needles. Ultrasound 
guidance is used in most cases, since it allows a 
real-time puncture, avoids radiation exposure, and 
is associated with lower costs (Fig.  13.2). 
However, in some obese patients, CT guidance 
should be preferred, since the presence of signifi-
cant subcutaneous and perivisceral fat can hinder 
a clear ultrasound visualization of the renal mass, 
which is essential to perform an accurate biopsy. 
Renal masses located at the upper pole or on the 
anterior face of the kidney and smaller than 
15 mm in size are also more likely to be sampled 
under CT guidance (Fig. 13.3). A major limitation 
of CT guidance is that it does not allow biopsies in 
real time. This can be overcome with the use of 
modern techniques such as CT fluoroscopy.

At present there is no solid evidence of the 
superiority of the ultrasound or CT guidance. In a 
large series of biopsies of SRMs performed at the 
University of Toronto, no significant difference 
was observed between the detection rates of biop-
sies performed with the two approaches [19, 20].

Fig. 13.2  Biopsy of a renal mass under ultrasound 
guidance

Fig. 13.1  Local anesthesia
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13.4.4	 �Biopsy Needles

Biopsies are usually performed with a Tru-Cut 
18-gauge needle loaded on an automatic biopsy 
gun, which achieves the best compromise between 
safety and detection rate (Fig. 13.4a). The biopsy 
is generally performed coaxially to a 17-gauge 
cannula which is previously placed near or just 
inside the renal mass (Fig. 13.4b). The use of full-
core needles seems to allow better results both in 
terms of diagnostic rate and accuracy.

Fine-needle aspiration (FNA) for cytology is 
performed instead with smaller (≤21 G) needles.

Fig. 13.3  Biopsy of a small renal mass under CT 
guidance
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a b

Fig. 13.4  (a) Full-core 18-gauge needle loaded on an automatic biopsy gun; (b) 17-gauge cannula through which the 
biopsy needle is introduced
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13.4.5	 �Biopsy Technique

The patient is generally placed in a lateral decu-
bitus, but a prone or semiprone position can be 
also used based on the characteristics of the renal 
lesion and on the selected imaging guidance. 
After performing local anesthesia, the most 
appropriate biopsy track is chosen, and a guided 
cannula is inserted percutaneously to approach 
the lesion (Fig. 13.5).

The puncture can be performed “freehand” or 
with the use of an ultrasound guide that directs 
the needle in a predetermined angle within the 
plane of view of the transducer (Fig. 13.6). The 
freehand technique requires more experience, 
but has the advantage of greater flexibility by 
allowing subtle adjustments that can compensate 
for improper needle trajectory and patient 
movement.

Once the lesion is reached, the stylet is removed, 
and the needle core biopsy or FNA is performed 
through the guiding cannula (Fig.  13.7). The 

biopsy can be performed after removal of the 
ultrasound guide or under real-time ultrasound 
guidance based on operator’s preference. Multiple 
biopsies can be obtained through the guiding can-
nula which is finely repositioned within the lesion 
to allow sampling of different areas of the tumor. 
This technique is called “coaxial” and is useful to 
reduce the risk of tumor seeding along the needle 
track, since it minimizes the potential risk of con-
tact of the needle with the healthy tissues inter-
posed between the skin surface and the renal 
mass.

When a FNA is planned together with a core 
biopsy, it should be performed first to limit the 
risk of hemorrhagic contamination of the sample, 
which makes the cytological diagnosis more 
challenging. The quality of the FNA sample 
should be checked by a cytologist during the pro-
cedure (Fig. 13.8). This increases the diagnostic 
yield and confirms the proper placement of the 
cannula through which the core biopsies will be 
then performed.

Fig. 13.5  Skin puncture and advancement of the guiding 
cannula to reach the tumor capsule under ultrasound 
guidance

Fig. 13.6  Ultrasound guide for percutaneous biopsy
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a b

Fig. 13.7  (a) Coaxial introduction of the 18G needle in the guiding cannula to perform the biopsy of a renal mass. (b) 
The sampling is performed with the automatic biopsy gun

Fig. 13.8  Check of the quality of the cytologic specimen 
during the procedure
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13.4.6	 �Biopsy Pattern

At present, the ideal biopsy pattern to sample 
renal masses of different sizes is not standard-
ized. However, at least two good quality samples 
should be always obtained from different areas of 
the tumor, avoiding areas of necrosis. A good 
quality core is at least 1  cm long and not frag-
mented. Wunderlich et  al. observed a poorer 
diagnostic accuracy for central biopsies in tumors 
>4  cm, likely due to the higher likelihood of 
necrosis in the central portion of larger tumors 
[21]. Based on these results, it is currently gener-
ally recommended to obtain at least a central and 
a peripheral core in <4  cm tumors and two 
peripheral cores in larger tumors.

13.4.7	 �Biopsy Processing

To favor an optimal histological assessment, every 
biopsy should be placed between two sponges in 
a single histological cassette (Fig. 13.9).
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Fig. 13.9  Release of the core biopsy on a dedicated sponge for the following histological processing
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13.4.8	 �Patient Management

Patients should be monitored for at least 4 h after 
the biopsy. The vital parameters and a cell blood 
count should be assessed. Post-procedural ultra-
sound and CT scans are generally not required in 
the absence of clinical or laboratory signs of active 
bleeding.

13.5	 �Safety

Complications after renal tumor biopsy are infre-
quent with the use of proper biopsy techniques 
and are mainly represented by immediate or 
delayed bleeding, since renal tumors are generally 
hypervascularized. However, significant bleed-
ings requiring hospitalization and/or blood trans-
fusion are rare in experienced centers (<1 %) [1].

The risk of tumor seeding along the needle 
track is anecdotal. Only seven cases of seeding of 
renal parenchymal tumors have been reported to 
date in the literature. Most of these cases were 
observed before 2001 when the biopsy was 
performed with different instruments and tech-
niques [22]. The use of the coaxial technique is 
particularly important to avoid tumor seeding. In 
fact, the only case of seeding that has been 
recently described was not carried out with a 
coaxial technique [23].

Other possible rare complications of biopsy 
are pneumothorax in case of biopsies of upper 
polar lesions with a posterior approach and infec-
tions [24].

13.6	 �Diagnostic Rate 
and Accuracy of Renal Tumor 
Biopsies

Renal tumor biopsy has been shown to have a 
good diagnostic rate (78–97 %) and a high 
specificity (98–100 %) and sensitivity (86–100 %) 
for the diagnosis of histological malignancy in 
several large series from experienced centers [1].

A recent systematic review and meta-analysis 
of the literature observed that the overall median 
diagnostic rate of renal tumor biopsy is 92 %. The 

sensitivity and specificity of diagnostic core 
biopsies and FNAs were 99.1 % and 99.7 % and 
93.2 % and 89.8 %, respectively [25].

The risk of a nondiagnostic biopsy remains a 
concern for clinicians. When a biopsy is not 
diagnostic in the presence of suspicious radio-
logical findings for malignancy, a repeat biopsy 
or surgical exploration should always be recom-
mended [12].

The accuracy of the biopsy for the diagnosis 
of histological subtype is high (86–100 %) [1, 
25]. The evaluation of the tumor grading on 
biopsy is challenging for pathologists. The accu-
racy for the assessment of Fuhrman grade (I–IV) 
is only fair (43–75 %), but can be increased using 
a simplified grading system (high grade vs. low 
grade) [1, 25].

Percutaneous biopsies have a lower detection 
rate for cystic renal masses and should not be rec-
ommended for characterization of these lesions, 
except for Bosniak IV lesions which have a visi-
ble and targetable solid area in their context [12]. 
The combination of needle core biopsy and FNA 
can obtain complementary results especially for 
the characterization of complex cystic masses 
[26, 27].

13.7	 �Limitations and Future 
Perspectives of Renal Tumor 
Biopsies

Prospective studies with larger series are needed 
to confirm the good results of percutaneous 
biopsy of renal masses, to establish the role of the 
repeat biopsy in nondiagnostic cases, criteria for 
quality control of biopsy samples, and guidelines 
for the standardization of pathological results.

The accuracy of renal tumor biopsies is lim-
ited by factors that are intrinsic to the procedure 
(risk of insufficient sampling), by factors related 
to histology of renal tumors (difficult differential 
diagnosis between different histological subtypes  
such as oncocytoma and chromophobe RCC, dif-
ficult assessment of tumor grade, the presence of 
intratumoral heterogeneity), and by factors relat-
ing to the interpretation of biopsy specimens 
(intra- and interobserver variability).
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Intratumoral heterogeneity in terms of histo-
logical type is not frequently found, but 18 % of 
oncocytomas can show patterns of chromophobe 
RCC.  Recent studies indicate that the oncologi-
cal outcomes of surgery for these hybrid tumors 
are similar to those obtained for pure oncocyto-
mas [28]. The differential diagnosis between 
oncocytoma, eosinophilic variant of chromo-
phobe RCC, oncocytic papillary RCC, and clear-
cell RCC with granular cytoplasm remains the 
most difficult challenge for pathologists in the 
interpretation of biopsy. In a recent study, 
Kummerlin et al. observed a good intraobserver 
and interobserver agreement in the histologic 
assessment of renal tumor biopsies performed on 
the bench after surgery. However, the diagnosis 
was less reproducible for chromophobe RCC 
when only the classical hematoxylin-eosin stain-
ing was used [29].

The challenging definition of tumor grade on 
biopsy samples represents a limitation when 
grading is used for treatment decision-making. 
The assessment of grading is also limited by the 
potential presence of intratumoral heterogeneity, 
which is reported in 5–25 % of renal tumors [1].

The detection rate and accuracy of biopsies of 
renal masses could be optimized by the definition 
of standardized biopsy protocols. Further studies 
are therefore needed to define the optimal num-
ber of cores and the ideal location where the sam-
ples should be taken according to tumor size.

Finally, the use of cytogenetic and molecular 
markers on biopsy samples has the potential to 
provide more diagnostic and prognostic informa-
tion, thereby further increasing the utility of per-
cutaneous biopsy in the management of renal 
neoplasms.
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Interventional Ultrasound: 
Positioning Nephrostomy

Pasquale Martino, Carlos Miacola, 
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14.1	 �Indications

The indications for positioning a percutaneous 
nephrostomy are both diagnostic (e.g., descend-
ing pyelography) and therapeutic, when an 
immediate decompression of the upper urinary 
tract is needed and the transureteral approach is 
impossible, not indicated, or likely to fail [1, 2].

Indications of an urgent nature include postre-
nal obstruction with urosepsis (and/or uremia) 
and postoperative (or traumatic) urinoma. The 
approach is particularly useful in the course of 
pyonephrosis, when antibiotic treatment alone 
may not be efficacious due to obstruction of the 
collector ducts. In such cases, a rapid decompres-
sion of the obstructed system is obtained, thereby 
reducing the risk of urosepsis.

Nonurgent (or elective) indications include:

•	 Temporary drainage after urological treatment 
or during radiotherapy (or radiochemotherapy) 
for neoplastic-type obstructions

•	 Palliative drainage in patients with cancers 
causing ab-extrinsic compression of the ure-
ters (e.g., invasive prostate cancer, bladder 
sarcoma, squamous carcinoma, cancer of the 
uterus and ovaries, retroperitoneal fibrosis)

•	 Temporary drainage in the treatment of uri-
nary fistulas [3, 4]

The procedure may also be useful when instill-
ing chemotherapeutic drugs, even if this is a rare 
indication.

Percutaneous nephrostomy may be the impor-
tant first step in surgical procedures like the 
extraction of urinary stones, percutaneous litho-
tripsy, the removal of foreign bodies, excision of 
urothelial cancers, and the treatment of renal 
cysts and calyceal diverticuli, in antegrade posi-
tioning of double J stents, in the access for endo-
scopic correction of stenosis of the pyeloureteral 
junction.

P. Martino (*) • C. Miacola • S. Palazzo 
Department of Emergency and Organ Transplantation – 
Urology, Andrology and Kidney Transplantation Unit, 
University of Bari, Bari, Italy
e-mail: pasqualeluciomartino@libero.it; 
luciomartino@tin.it; pasquale.martino@uniba.it 

M. Barbera 
U.O. Urologia – Presidio Ospedaliero di Sciacca – 
Asp Agrigento, Agrigento, Italy

14

Electronic supplementary material  The online version of 
this chapter (doi:10.1007/978-3-319-40782-1_14) contains 
supplementary material, which is available to authorized 
users.

mailto:pasqualeluciomartino@libero.it
mailto:luciomartino@tin.it
mailto:luciomartino@tin.it
mailto:pasquale.martino@uniba.it
http://dx.doi.org/10.1007/978-3-319-40782-1_14


174

14.2	 �Preparation

Positioning a percutaneous nephrostomy is num-
bered among surgical maneuvers, and as such, it 
is important to observe some precautions. It is 
necessary to verify blood count and clotting and 
to monitor arterial pressure and heart rate. It is 
advisable to administer antibiotic prophylaxis 
and to be able to rely on a venous access (so as to 
be able to administer catecholamines and/or anti-
cholinergics if necessary).

The nephrostomic access will be posterior or 
posterolateral, owing to the relationships of the 
kidney with the adjacent organs. The liver and 
spleen lie laterally and sometimes quite posteri-
orly to the cranial third of the homologous kid-
ney. The ascending and descending colon are 
anterior but sometimes lateral to the lower third 
of the kidneys.

For posterior access, the patient is placed in 
prone position, and a thickness is put underneath 
the abdomen to arch the spine and so superficial-
ize the kidney. The anatomical reference points 
for access are the iliac crest, the spine, and the 
ribs. In general, the access is created under the 
12th rib, 10  cm to the side of the spinal 
apophysis.

Instead, for posterolateral access, the patient 
should be in oblique prone position, angled at 
30–40° to the horizontal plane. The puncture is 
made on the medial axillary line. Unfortunately, 
if the patient is allowed to take up a more com-
fortable position, there is a higher risk of perfora-
tion of the peritoneum or of a bowel loop.

An important point to remember is the vascular 
anatomy of the kidney. The renal artery divides 
into an anterior branch that then further divides 
into three or four secondary branches and a poste-
rior branch that is generally only a single branch; 
from these, the interlobar arteries run along the 
medullary substance, between the calyces, and fol-
low on as arcuate arteries into the corticomedul-
lary junction. The calyces are arranged in two 
rows, anterior and posterior. The anterior branches 
supply both the calyces in the anterior row and the 
anterior face of the posterior row calyces, so they 
extend their territory beyond the median frontal 
plane of the kidney. The posterior arterial branches 
serve the posterior face of the posterior row of 
calyces. Owing to this anatomical arrangement, a 
zone named Brodel’s avascular plane can be 
observed (Fig. 14.1), where the terminal branches 
of the posterior and anterior branches meet, delim-
iting a poorly vascularized area. This is the safest 
place through which to pass the catheter that is 
generally fixed at the level of the inferior calyx.

Before positioning the patient and individuat-
ing the point of access, it is important to check that 
the operative trolley contains all the instruments 
needed to complete the procedure. It must contain 
a support for the needle guide, to be attached to the 
ultrasound probe, skin disinfectant, a drape/drapes 
to outline the operative field, sterile gel, local anes-
thetic, a scalpel with a pointed blade, a bowl of 
physiological solution, a metal guidewire, fascia 
dilators, nephrostomic stents of a suitable caliber, 
drainage tubes, silk sutures, and sterile gauzes for 
dressings (Fig. 14.2).
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Fig. 14.1  Brodel’s avascular plane

Fig. 14.2  Surgical kit
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14.3	 �Description of the Technique

The control system when positioning a nephro-
stomic catheter relies largely on ultrasound guid-
ance, using 3.5 or 5 MHz probes. The advantages 
of the ultrasound guidance system are the ease of 
localization of the renal cavities and of determin-
ing the depth of the kidneys; the possibility of 
using this system even in pregnant women and in 
subjects who are allergic to contrast medium, or 
with a reduced renal function; and the fact that it 
can be used in a dedicated outpatients clinic. 
When possible, it is better to associate the US 
guidance with radiological control: this associa-
tion guarantees a success rate exceeding 98 %.

The possible access techniques include 
Seldinger’s angiographic approach (Video 14.1), 
the one step or the combined technique, with the 
catheter equipped with a metal cannula and pointed 
obturator so as to insert it in the renal cavity.

The method most commonly employed is 
Seldinger’s technique that involves explorative 
puncture of the renal cavity and then positioning 
of the nephrostomy. After copious disinfection of 
the skin, the operative field is outlined with ster-
ile drapes, and local anesthesia of the superficial 
and deep planes is given with 2 % Xylocaine or 
Carbocaine (Fig.  14.3). Sterile gel can be used 
for the contact between the skin and US probe 
that has previously been immersed, with its nee-
dle guide in sterile solution. The needle (gener-
ally 18 ch) is passed through the collimator, and 
then the procedure can commence.

In Seldinger’s technique, the needle with the 
obturator is followed (thanks to the reflecting 
echo), under ultrasound guidance the whole way 
(Video). When the needle arrives at the renal cap-
sule, a deformity will be noted, caused by the 
pressure of the needle on the parenchyma about 
to be penetrated. Once the excretory tract is 
reached, generally the inferior calyx, the obtura-
tor is withdrawn, and urine can be seen running 
down. The skin is incised up to the fascia with the 
pointed scalpel. The metal guidewire is inserted 
through the needle sheath that is then withdrawn, 
and the dilator or progressive dilators are inserted, 
up to a caliber of one size greater than the caliber 
of the nephrostomic catheter to be used. After the 
last dilator has been withdrawn, the nephrostomy 
is inserted and the metal guidewire removed. 
Then the nephrostomic stent is fixed to the skin 
plane, normally with silk sutures (Fig.  14.4). 
Lastly, the wound is dressed, covering the neph-
rostomy with sterile gauze and taking care to 
avoid bending it or provoking stricture.

The critical point of the method is when the 
catheter is pushed down along the guidewire, at the 
level of the passage through the perirenal fat, 
because its J shape tends to push the point away 
from the initial, correct course. The reason for this 
is that the perirenal fat offers little resistance that 
would help to maintain the right course. This diffi-
culty can be overcome by using a rigid Lunderquist 
guidewire, on which, after the dilation maneuvers, 
the nephrostomic catheter equipped with a metal 
cannula is passed (combined technique).

Fig. 14.4  Set for percutaneous nephrostomyFig. 14.3  Local anesthetic injection
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14.4	 �Characteristics 
of the Necessary Devices

The metal guidewire is extremely important 
when adopting this method. It may have a vari-
able rigidity, will be hydrophilic (thanks to its 
contact with urine or physiological solution, it 
will be extremely slippery and run easily), and 
can be obturated so as to facilitate movement of 
the point. The length too will be variable and the 
point generally soft to avoid inducing trauma; it 
may be straight or J shaped that makes it more 
easily visualized at ultrasound.

The fascia dilators are of a progressively 
higher-scaled caliber and may be single or coax-
ial. They are not usually echoreflectant, and their 
correct positioning is visualized indirectly by 
ultrasound because they cover the guidewire 
echoes (Fig. 14.5).

The nephrostomic catheter may be made of 
different materials, with a variable caliber and 
point. The ideal catheter must run easily and have 
a good flexibility and softness and a strong resis-
tance to encrustation. Each of the possible mate-
rials has its own peculiar characteristics: 
polyurethane runs more easily, is soft, and has a 
greater resistance to encrustation and kinking 
than silicone. The latter is softer and so ideal for 
long indwelling purposes, but owing to these 
characteristics, it is much thicker than all the 
other types. As a result, for the same internal cali-
ber, the feature that serves its drainage function, 
the external caliber will be much larger than that 
of the polyurethane catheter.

Polyurethanes are the most ductile material 
employed for nephrostomic catheters. These 
materials can have different degrees of softness 
and other characteristics, depending on what 
treatment is made during production: there are 
softened, hydrogel, silver-coated polyurethane, 
polyvinyl chloride (PVC), silicone, latex.

The catheter can be anchored according to 
various systems. In clinical practice, silk sutures 
are always used to fix it to the patient’s skin. 
Autostatic nephrostomies can be of balloon 
(Fig.  14.6), malecot (Fig.  14.7), or cope loop 
type. The first of these relies on a balloon that is 

inflated once the catheter has reached the correct 
position. The cope loop type is held in place by a 
thread that passes from the point through it out to 
the skin, where it is pulled to form a loop; male-
cot catheters are used when ample drainage is 
necessary (uro-pyonephrosis), using the wings at 
the point to hold it in place.

Fig. 14.5  Fascia dilators

Fig. 14.6  Balloon nephrostomy

Fig. 14.7  Malecot nephrostomy
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14.5	 �Complications

The mortality rate from percutaneous nephros-
tomy is low, being approximately 0.2 %, while 
complications (mostly bleeding and infection) 
occur in about 4 % of cases [3, 4]. Possible com-
plications include early events: hemorrhage, ret-
roperitoneal hematoma, arteriovenous fistula, 
pseudoaneurysm, urinoma, infections, septice-
mia, shock, hydrothorax, pneumothorax, hemo-
thorax, and lesions of adjacent organs. Late 
complications include stenosis of the pyeloure-
teral junction and the ureter, retroperitoneal 
fibrosis, loss or accidental rupture of the catheter 
that may jeopardize the success of the whole pro-

cedure, decubitus wheals, kinking, fissurization, 
and encrustation of the nephrotomy (Fig. 14.8).

Fig. 14.8  Encrustation of nephrostomy loop
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Interventional Ultrasound: 
Puncture and Sclerotherapy 
of Renal Cysts

Pasquale Martino, Silvano Palazzo, 
and Giuseppe Carrieri

15.1	 �Introduction

The treatment of simple renal cysts is generally 
confined to symptomatic lesions. In particular, 
the main indications for the treatment of simple 
cysts are pain due to the mass compression 
effect, obstruction of the excretory tract, arterial 
hypertension, and patient anxiety [1, 2]. In gen-
eral, there is an indication to treat all renal cysts 
with a longitudinal diameter of 9 cm or more to 
avoid dangerous intracystic bleeding in cases of 

trauma. The principal contraindications to the 
treatment are hemorrhagic diathesis, severe 
respiratory failure, gross obesity, and malforma-
tions. The therapeutic options for the treatment 
of renal cysts include open surgery, laparoscopic 
surgery, and percutaneous procedures. The latter 
approach is preferred nowadays to avoid the 
costs and morbidity of surgery [3]. Therefore 
surgery, both open and laparoscopic, is reserved 
to those cases in which percutaneous treatment 
is unsuccessful [3].
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15.2	 �Technique

In the percutaneous approach, an ultrasound 
probe is used as a “guide” to localize and treat the 
cyst. Three different types of percutaneous 
approach can be distinguished: simple, involving 
drainage, and then normally simple sclerosing 
[4]. In the simple percutaneous approach  
(see Video 15.1), the renal cyst is punctured and 
the content aspirated, under US guidance, for 
assessment. In fact, in view of the high recur-
rence rate of renal cysts (30–80 %), this method 
is generally employed purely for diagnostic pur-
poses to differentiate between cysts containing 
blood and those with an ample corpuscular com-
ponent. The second percutaneous method con-
sists of completely emptying the cyst and then 
positioning a nephrostomic drainage in the cyst 
cavity for 24 h, to prolong the collapse of the cyst 
walls. This method, too, is burdened by a high 
recurrence rate (65–80 %), so a third method has 
been devised, which consists of introducing a 
sclerosing solution into the cyst cavity through 
the drainage, after completely emptying it of its 
content under US guidance. This treatment aims 
to sclerose the cyst walls in order to reduce the 
risk of recurrence. This method can be repeated 
(for large cysts) after 24 and 48 h [5]. In litera-
ture, many different sclerosing substances have 
been described, but ethanol is surely the one most 
commonly employed. The exposure time to the 
sclerosing substance varies, largely according to 
its composition, ranging from 10 min to 4 h. In the 
case of ethanol, it has been demonstrated that con-
tact of the cyst wall cells with this substance (at 
95–99 % concentration), for a period of between 1 
and 3 min, is enough to determine their immobili-
zation and death [6]. Instead, it takes 4–12 h for 
penetration of the capsule to occur.

The main complications associated with the 
treatment of renal cysts include acute 

hemorrhage (<5 %) (Fig. 15.1), sclerosing of the 
excretory tract (<0.1 %), late hemorrhage 
(<0.5 %), septicemia (<1 %), incorrect access 
(<5 %), and intestinal perforation and splenic 
lesions (<1 %). A rare complication ensuing 
after the use of ethanol is intoxication, due to 
accidental passage of the sclerosing substance 
into the bloodstream. In any case, the symptoms 
of alcoholic intoxication tend to regress within 
24 h after the procedure.

As regards the technique used to treat simple 
renal cysts, the method most commonly adopted 
is the Seldinger that involves first of all puncture 
of the cyst with an 18-gauge needle under US 
guidance, after administering local anesthetic 
with or without an associated systemic painkiller. 
Subsequently, a guidewire is placed, and dilators 
of increasing caliber are inserted until the pas-
sage is sufficiently wide to position a nephrosto-
mic catheter. Patient preparation for this 
procedure includes associated antibiotic prophy-
laxis. Percutaneous puncture of the cyst can be 
done via posterior or posterolateral access 
depending on its anatomical position. After the 
drainage catheter has been positioned inside the 
cyst cavity and secured in place with silk stitches, 
the cyst content is aspirated [7]. After aspiration, 
we believe it is important for safety reasons to fill 
the cyst cavity firstly with 60 ml of physiological 
solution that is completely re-aspirated after a 
few minutes, to confirm the integrity of the cyst 
wall. Then ethanol is instilled at a quantity equal 
to 30 % of the previously drained liquid (gener-
ally never more than 60 ml). The patient is asked 
to change the decubitus position frequently, and 
then, after 40 min, the alcohol is completely re-
aspirated and the transcutaneous catheter is 
removed [8]. In rare cases (of very voluminous 
cysts), this procedure can be repeated after an 
interval of 24 h (leaving the nephrostomic cathe-
ter in situ) [5].
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15.3	 �Outcome and Complications

In literature, a number of reports have been pub-
lished claiming that the procedure needs to be 
performed two or three times in order to achieve a 
complete remission of the clinical picture. 
Nevertheless, the results, expressed in terms of 
lack of recurrence, are heterogeneous, and in 
many experiences, a single treatment guaranteed 
a comparable outcome to repeated sclerosing 
(Table 15.1). The success of the treatment seems 
to depend on how long the ethanol remains in 
contact with the cyst walls. The authors who per-
formed more than one treatment preferred not to 
exceed 20 min contact, while in more recent expe-
riences, a single sclerosing session prolonged for 
40/60 min yielded a satisfactory outcome with a 
comparable rate of complications [9].

It is useful to perform US follow-up of sclerosed 
cysts at 6 months and 1 year after the procedure.

Fig. 15.1  Acute hemorrhage after ultrasound-guided 
puncture of simple renal cysts (power Doppler)

15  Interventional Ultrasound: Puncture and Sclerotherapy of Renal Cysts



182

Table 15.1  Sclerosing treatment of renal cysts

Author Year Patients Treatment
Success 
(complete-partial)

Volume 
reduction

Symptoms 
resolution

Porpiglia 1996 49 Repeated sclerosing 96 %–⋯/ / /

Fontana 1999 69 Repeated sclerosing 98 %–⋯/ / 55 %

Paananen 2001 32 Repeated sclerosing 22 %–⋯/ 79 % 75 %

Delakas 2001 68 Repeated sclerosing 83–11 % / /

Akinci 2005 97 Single sclerosing 18 %–⋯/ 93 % 83 %

Martino 2010 204 Single sclerosing 68–32 % 100 % /
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Ultrasound was long considered inadequate to 
assess the ureter. More recently, advances in 
ultrasound devices, together with the increased 
interest of operators in this method, have partly 
modified this view. However, some elements that 
can make the examination difficult still need to 
be taken into account, such as the ureter’s deep 
position in the peritoneum and the interference of 
the bowel loops and contents.

Visualization of a normal, non-ectatic ureter is 
possible in some conditions (thin subject, little 
bowel gas) but by no means certain. If it is only 
slightly ectatic (diameter greater than 4 mm), the 
proximal tract below the junction is easy to visual-
ize in most cases. The iliolumbar tract is always dif-
ficult to view because of the presence of intestinal 
gas. The terminal vesicoureteral tract is normally 

easy to see even without dilation. The ectatic ureter 
appears as a transonic tube-like structure delimited 
by a thin parietal hyperintense echogenic stripe. In 
some conditions, periodical variations of its caliber 
may be evident due to peristalsis that can sometimes 
be particularly strong (obstacle peristalsis). In any 
case, because it is noninvasive, ultrasound plays a 
very important role in the assessment of diseases of 
the ureter.

Ultrasound was long considered inadequate to 
assess the ureter. More recently, advances in 
ultrasound devices, together with the increased 
interest of operators in this method, have partly 
modified this view. However, some elements that 
can make the examination difficult still need to 
be taken into account.

The ureter’s deep position in the peritoneum 
and the interference of the bowel loops and 
contents can make the examination difficult. In 
normal, non-ectatic conditions, imaging of the 
ureter by ultrasound can be inconstant, apart 
from the tract immediately below the junction 
and the terminal vesicoureteral tract. For ultra-
sound examination of the ureter to be possible, a 
certain degree of ectasia of the upper excretory 
tract is therefore necessary that can be defined as 
a diameter exceeding 4 mm. Naturally, failure to 
visualize the ureter at ultrasound may not be 
indicative of the absence of disease. In addition, 
ultrasound being a morphological investigation, 
it does not provide information on renal function 
(functionally excluded kidneys). So even 
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nowadays it is essential to perform diagnostic 
imaging techniques with contrast medium (CT, 
MRI) and endoscopy (ureteropyeloscopy) to 
study the upper urinary tract.

For ultrasound studies of the ureter, the classic 
probes for abdominal use are employed (convex 
and, in particular conditions, linear) with an opti-
mal frequency of 3.5 mHz. To study the urinary 
tract in kidney transplant patients, a 5 mHz probe 
may be used. Because the organ is located deep 
inside the peritoneum, as pointed out above, 
patient preparation may be justified, consisting of 
a fiber-free diet and the administration of bowel 
absorbents for the 3 days prior to the investiga-
tion, as well as fasting for 5–6 h before. However, 
thanks to the high level of definition of the ultra-
sound tools now available, this preparation is 
nearly always superfluous. A sufficient bladder 
distension is always necessary. As regards the 
ultrasound technique, it will vary according to 
the ureteral segment to be assessed. To examine 
the proximal subjunctional ureter, the patient is 
placed in supine decubitus or inclined contralat-
erally with the hip slightly raised. The scans 
made in this case are the anterior longitudinal, 
lateral longitudinal, or oblique posterior longitu-
dinal. The iliolumbar ureter can be studied in 
supine decubitus or at a contralateral angle of 
about 30–40°, pressing the probe into the flank or 
the lateral portion of the mesogastrium and mak-
ing anterior longitudinal or oblique anterior 
scans. Very useful reference points in this case 
are the common iliac vessels; the latter should be 
firstly viewed in longitudinal scanning and then 
transverse or oblique. This makes it possible to 
view even a ureter with minor ectasia at the point 
where it crosses the iliac vessels and passes ante-
riorly to them. The ureteral tract running from 
about 2  cm below the iliac vessels down to 
3–4 cm from the ureteral ostium is certainly the 
segment that is most difficult to visualize because 
of its deep position and of the interference of 
bowel contents even if there is a sufficient degree 
of ectasia. For the vesicoureteral and intramural 
ureter, the technique is the same as for the study 
of the bladder. The patient is placed in supine 
decubitus, and a preliminary transverse scan is 
made at the bladder base, so as to visualize the 

ureteral ostia that appear as two small symmetrical 
raised areas on each side of the trigone. Then the 
investigation proceeds from axial to oblique 
scanning bilaterally so as to view the terminal 
ureters, shown as transonic tubular structures that 
cross the bladder wall. To sum up, imaging of the 
normal non-ectatic ureter is to be considered 
inconstant but possible in certain conditions (thin 
subject, minor bowel gas). If even moderately 
ectatic (with a diameter exceeding 4 mm), it can 
more easily be seen in most cases, at least as far 
as the subjunctional tract is concerned. The ilio-
lumbar tract is always very difficult to visualize 
due to the presence of bowel gas. The terminal, 
vesicoureteral tract is easy to see in most subjects 
even if there is no dilation [1].

The ectatic ureter presents as a transonic tube-
like structure delimited by a thin hyperintense 
echogenic parietal stripe. In some conditions, 
periodical variations of its caliber may be evident 
due to peristalsis that can sometimes be particu-
larly strong (obstacle peristalsis).

The forms of ureteral disease that can be 
assessed by ultrasound are essentially the 
following:

•	 Stones
•	 Malformations
•	 Extrinsic compression
•	 Secondary neoplasia
•	 Primary neoplasia
•	 Specific or aspecific inflammation

Ureteral stones are undoubtedly the most 
common indication for ultrasound study of the 
ureter. The investigation allows assessment of the 
conditions of the urinary tract during the course 
of colic and can localize the presence and posi-
tion of a stone in a high percentage of cases. It 
offers precise indications for any further imaging 
techniques to be carried out, as well as for the 
most suitable therapeutic solutions (extracorpo-
real lithotripsy, endoscopic, percutaneous, surgi-
cal procedures). It also makes it possible to 
monitor variations in volume and position of the 
stone after extracorporeal lithotripsy. The ultra-
sound images of ureteral stones are always typi-
cal and diagnostic, showing an ectatic ureteral 
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tract that abruptly thins at one or more points, 
with endoluminal echo-reflecting formations 
(Fig.  16.1). If the ureteral ectasia continues 
beyond the stone that has a smaller caliber than 
the ureter at the point in question, it is reasonable 
to suppose that the stone is a secondary or in any 
case non-obstructive symptom. By extending the 
ultrasound exploration distally, it will then be 
possible to reveal the true cause of the obstruc-
tion (another wedged stone, inflammatory steno-
sis, or a tumor) (Fig.  16.2). By changing the 
patient’s position, the mobility of the stone inside 
the lumen of the ectatic tract can be seen 
(Fig. 16.3). Using color and power Doppler, the 
so-called twinkle artifact is very useful for diag-
nostic purposes; this is an artifact shaped like a 
comet’s tail, dyshomogeneous in color, that starts 
from the stone and outlines its acoustic shadow. 
The artifact may be attributable to the whirlpool 
motion of the urine around the stone (Fig. 16.4).

Ureteral malformations that can be seen with 
ultrasound scanning include:

•	 Megaureter
•	 Ureterocele
•	 Duplication of the upper urinary tract (a 

duplex renal district)
•	 Retrocaval ureter

In megaureter the ultrasound picture is gener-
ally aspecific, consisting of ureteral ectasia, asso-
ciated or not with dilation of the pelvis and 
calyces. An ectatic ureter that suddenly narrows 
about 2–3 cm before the ureteral ostium is indica-
tive of megaureter (Fig. 16.5).

By contrast, the ultrasound picture of uretero-
cele is surely diagnostic, showing a rounded tran-
sonic mass outlined by a thin echogenic wall, at 
the level of the ureteral ostium and protruding into 
the bladder lumen. In an ultrasound study of ure-
terocele, it is helpful to assess the bladder with 
only moderate-minor filling because if it is too dis-
tended, it could mask the ureter itself. Variations in 
the voIume of the ureterocele will be evident dur-
ing ureteral peristalsis. There may be a concomi-
tant ectasia of the entire upper urinary tract. 
Ureterocele may frequently be associated with a 
duplex upper urinary tract (ectopic ureterocele) 

often affecting the upper and less frequently the 
lower hemidistrict (Fig. 16.6).

As regards the presence of a duplex upper uri-
nary tract, ultrasound has poor sensitivity unless 
there is ectasia. Elements that may raise the sus-
picion of a duplex district are an enlarged kidney, 
with a complete parenchymal septum at the level 
of the median third or at the limit between the 
median and the superior third. Often there is a 
marginal groove at the level of the septum, and 
color Doppler will sometimes show a duplicated 
vascular pedicle. If the system is ectatic, a tran-
sonic mass can be seen at the upper pole of the 
kidney, due to ectasia of the upper district, from 
which the dilated ureter can be seen to emerge, 
often with an ectopic ostium (bladder neck, prox-
imal urethra) (Fig. 16.7).

In the case of a retrocaval ureter, a rare con-
genital malformation, ultrasound has reduced 
specificity and cannot be considered diagnostic. 
Suspicious signs include an ectatic ureter that 
tends to have a horizontal course at the subjunc-
tional or lumbar level, crossing the inferior vena 
cava posteriorly. In any case, a definitive diagno-
sis must be made with CT or MRI (Fig. 16.8).

For primary ureteral tumors, too, the ultra-
sound picture is generally aspecific and rarely 
allows an immediate diagnosis to be made. 
Generally, some degree of ureteral ectasia is 
shown, above a markedly stenotic tract. In some 
cases it may be possible to see a vegetative mass 
protruding into the ureteral lumen and sometimes 
infiltrating the periureteral tissues.

The ureter may be a secondary location of a 
tumor arising in the surrounding organs or struc-
tures. Tumors that most frequently involve the 
ureter include:

•	 Bladder tumors
•	 Prostate tumors
•	 Gynecological tumors
•	 Bowel tumors
•	 Retroperitoneal tumors

The most common case is surely a bladder or 
prostate tumor that, in an advanced stage, infil-
trates the ureteral ostia. It is usually easy to visu-
alize the mass infiltrating the bladder wall at the 
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level of the ostium, because it will cause some 
degree of ectasia of the overlying ureter. The 
ureter can also be involved in various neoplastic 
diseases of the retroperitoneum (lymphadeno-
megalies of various origins, retroperitoneal sar-
comas). On the basis of ultrasound findings 
alone, it may be difficult to establish the ureteral 
tract involved or possibly just compressed 
(Figs. 16.9 and 16.10).

Also in the case of ureteral inflammatory dis-
eases, ultrasound yields only an aspecific picture 
of stenosis or wall irregularities, but does not 
generally help to identify the nature of the prob-
lem. In most cases of inflammation of the ureteral 
wall, there will be thickening of up to 2–3 mm, 
showing a triple layer: hyperintense, intermedi-
ately hypointense, and then again hyperintense. 
An uncommon form of ureteral inflammation is 
cystic parietal dysplasia of the upper urinary tract 

(cystic pyeloureteritis), whose etiology is not yet 
entirely understood but is thought to be autoim-
mune. This is characterized by the presence of 
countless millimetric cystic formations on the 
pelvic wall and ureters, even bilaterally. The 
ultrasound picture features wall thickening, often 
very pronounced, sometimes extending along the 
entire tract, from the bladder to the calyces. 
Owing to the hematuria that this disease provokes 
that may also be massive, there may be endolu-
minal clots. In initial forms, differential diagno-
sis with urothelial tumors may be difficult.

Iatrogenic lesions of the ureter can occur dur-
ing maneuvers of endoscopic (both diagnostic 
and therapeutic) or endourological type, during 
ureteral, prostate-vesical, obstetric, and gyneco-
logical surgery. Stenosis is the iatrogenic injury 
most frequently observed at ultrasound that can 
sometimes be secondary to a ureteral stone.

Fig. 16.1  A stone in the subjunctional tract of the right ureter
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Fig. 16.2  A stone in the lumbar tract of the left ureter. The ureteral ectasia continues beyond the stone (possible distal 
obstruction)
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Fig. 16.3  Ultrasound study with diuretic test of the right 
ureter, secondary to a ureteral stone that is mobile inside the 
lumen. The patient underwent right ureterocystoneostomy 

with reimplantation of the ureter on the bladder dome and 
stenosis of the anastomosis
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Fig. 16.4  Twinkle artifact, a stone in the left lumbar ureter
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Fig. 16.5  Picture of a megaureter in a pediatric patient, showing marked ureterohydronephrosis with narrowing of the 
terminal ureter about 3 cm from the ostium

Fig. 16.6  Right ureterocele
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Fig. 16.7  Incomplete dual left upper urinary tract; the 
ureters are seen to be ectatic up to the point of confluence, 
immediately above the crossing of the iliac vessels. The 

system is visible owing to the presence of a stone wedged 
in the distal ureter at the confluence point, below the 
crossing of the iliac vessels

Fig. 16.8  Retrocaval ureter
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Fig. 16.9  Bladder tumor with full-thickness infiltration of the bladder wall up to the pericystic adipose tissue and the 
right ureteral ostium

Fig. 16.10  Left ureterohydronephrosis due to compression of the sub-iliac ureter by a voluminous lymphadenomegaly
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16.1	 �Ectasia of the Upper Urinary 
Tract During Pregnancy

A significant incidence of ectasia of the upper 
urinary tract has been demonstrated during preg-
nancy (in about 60 % of subjects in the third tri-
mester). A series of concomitant factors, both 
mechanical (compression by the uterus) and hor-
monal (progesterone reduces the smooth muscle 
tone of the urinary tract), underlie this finding. It 
is prevalent on the right side, mainly because of 
the transverse crossing of the ureter and the right 
common iliac artery, so that the ureter com-
presses itself at this level. A less likely possibility 
is compression by the ectatic tributary veins of 
the right ovarian vein.

As regards the role of ultrasound in the diag-
nosis of vesicoureteral reflux, it is not currently 
considered a first-line investigation, although it is 
still complementary to traditional radiology and 
scintigraphy. The main indication can be contrast 
medium-enhanced cystosonography in pediatric 
patients [2].

In conclusion, ultrasound cannot be considered 
an alternative to radiological methods with contrast 
medium and endoscopic techniques for the study 

of the ureter. Nevertheless, it does have a role as 
first-line investigation in patients with a suspected 
ureteral stone, since it can show calculi in a high 
percentage of cases. It is useful for patients’ selec-
tion for subsequent imaging or endoscopic tech-
niques (URO-CT, URO-MRI), providing precise 
indications for the performance of these. In some 
cases it can integrate the information provided by 
these other investigations, if they do not yield sig-
nificant findings. Moreover, it is useful in all cases 
requiring frequent controls at close intervals (extra-
corporeal lithotripsy or surgical-endoscopic treat-
ments for ureteral diseases) [3].
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Functional Ultrasound Study 
of the Upper Excretory Tract

Paolo Rosi, Giovanni Rosi, Paolo Guiggi, 
and Michele Del Zingaro

Dynamic US study with diuretic challenge test is 
easy to perform but consists of various phases. 
Firstly, a bilateral renal examination is made, 
along various scanning planes after setting a 
scanning base bilaterally that is usually the 
oblique posterior longitudinal plane. This allows 
optimal visualization of the intrarenal excretory 
tract and renal pelvis, similar to the classic uro-
graphic images. Then a diuretic challenge test is 
performed after infusing 40 mg furosemide, and 
scanning is done at precise times to assess the 
dilation of the excretory tract and any modifica-
tions. With this method it is possible to assess any 
presence and the true degree of obstruction of the 
upper urinary tract [1].

Today, ultrasound (US) is still considered one 
of the most valid methods for diagnostic and 
preoperative assessment of ectasia of the upper 
urinary tract. It has extremely high sensitivity 
(nearly 100 %) in the assessment of hydronephro-
sis, associated with a very low number of false 

positives that are in most cases lipomatosis of the 
pyelic sinus and parapyelic cysts, and an equally 
low incidence of false negatives, in cases of so-
called intermittent hydronephrosis.

An important limit of US when evaluating 
obstruction of the upper urinary tract is the dif-
ficulty in making a functional assessment. Over 
the years, many investigations have been 
adopted to define the presence, and within limits 
also the degree, of upper urinary tract obstruc-
tions. We briefly list below some of the methods 
employed, many of which are no longer in use 
in clinical practice but that still have a historical 
interest.

Radiological methods
•	 Urography with diuretic challenge
•	 Urography in the acute phase
•	 Dynamic urographic studies (spot camera 

roentgen cinematography)
•	 Spiral CT
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Radioisotopic methods
•	 Sequential renal scintigraphy
•	 Radionephrogram with diuretic challenge
•	 Measurement of parenchymal transit time

Urodynamic methods
•	 Vela Navarrete test
•	 Pyelomanometry with Whitaker test

Combined methods
•	 Pyelomanometric study with radiological 

monitoring
•	 Pyelomanometric study with radioisotopes

Despite this large number of diagnostic tests 
made to assess obstructive urinary tract disease, a 
sufficient diagnostic reliability has not yet been 
achieved. As long ago as 1982, Gillenwater had 
declared “in my opinion, there is no single best 
test to define whether upper dilatations represent 
significant obstruction.”

Limiting the assessment only to the three 
methods most commonly used (radiological study 
with contrast medium and diuretic challenge test, 
radionephrogram with diuretic challenge test, and 
pyelomanometry), an overall accuracy of about 
90–95 % is obtained, but only when associating 
two of these three methods. Error most frequently 
arises in cases of intermittent hydronephrosis, in 
cases of a high-compliance renal pelvis and of 
atypical decline curves. In particular, if peripyelic 
fibrosis is present, it can affect the reliability of 
radiological examinations with the use of contrast 
medium and a diuretic challenge test. Chronic and 
acute renal failure and renal vascular diseases 
induce error when employing both radiological 
methods and scintigraphic and radionephro-
graphic methods. The latter investigations are also 
affected by concomitant infection, vesicoureteral 
reflux, and atypical decline curves. Situations of 
partial obstruction and intermittent hydronephro-
sis affect the results of almost all the previously 
cited methods (radiology, radionephrography, 
pyelomanometry). Already by the end of the 
1980s, dynamic ultrasound studies with a diuretic 
challenge test had been introduced in order to 
obtain as reliable as possible an assessment of any 
obstruction of the upper urinary tract and, within 
limits, of the degree of the obstruction. The first 
studies were conducted by Rosenfield in 1980 and 

Bono and colleagues in 1987. The method of per-
formance of the examination is simple but con-
sists of various phases. Firstly, a bilateral renal 
examination is made, along various scanning 
planes after setting a scanning base bilaterally that 
is usually the oblique posterior longitudinal plane. 
This allows optimal visualization of the intrarenal 
excretory tract and renal pelvis, similar to the 
classic urographic images [2].

Then a rapid (about 20  min) intravenous 
infusion of 250  ml of physiological solution 
added with 40 mg of furosemide (dose valid for 
an adult weighing about 70 kg) is administered. 
Bilateral renal ultrasound scanning is then done, 
carefully maintaining the original scans, at 5, 
10, and 15 min after the start of the infusion. At 
the end of the infusion, the patient is asked to 
urinate and then walk for a few minutes. Further 
ultrasound scans are then done at 30, 45, 60, 90, 
120, and 150 min. To avoid retrostatic phenom-
ena, the bladder must be kept as empty as pos-
sible (by frequent urination) throughout the 
examination. In subjects with nephroptosis, the 
US scans are done in both clinostatic and ortho-
static position. In pediatric patients, the physio-
logical solution will be proportional to the 
patient’s weight, and the furosemide dosage 
must be 0.5 mg/kg. We can summarize the indi-
cations for dynamic ultrasound scanning of the 
upper urinary tract as:

Indication 1
•	 As a second-line investigation after previ-

ous diagnostic imaging (uro-CT, uro-MRI) 
showing ectasia of the upper urinary tract 
(a suspected obstruction located at any 
level from the calyces to the vesicoureteral 
junction)

•	 For suspected intermittent hydronephrosis 
(pain with clinical signs of a urological 
complaint but no kidney dilation at previ-
ous diagnostic imaging)

Indication 2
•	 As an alternative investigation to contrast-

enhanced imaging if the latter is not possi-
ble (allergy to contrast medium, renal 
failure), in cases of ultrasound findings of 
pyeloureteral ectasia
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•	 In the case of US findings of hypoechogenic 
or anechogenic areas of the renal sinus (DD 
between lipomatosis and peri- and parapy-
elic cysts versus ectasia of the intrarenal 
excretory tract) with no modifications of 
cystic formations under diuretic challenge 
and some degree of increase of the pyeloc-
alyceal diameters in hydronephrosis

•	 Clinical situations in which ionizing radia-
tion or contrast medium need to be limited 
or excluded (pregnancy, pediatric patients, 
follow-up after surgical, or endourological 
procedures on the upper urinary tract)

In short, the role of ultrasound with diuretic 
challenge (USDC) is to identify the presence and 
degree of any obstruction of the upper urinary 
tract. After analyzing the data obtained with this 
method, four types of observations have been 
identified and classified, ranging from a normal 
picture to a severe obstruction. In detail:

Normal pictures
•	 No modification of the intrarenal excretory 

tract after USDC (Fig. 17.1)
•	 Increased pyelocalyceal diameters with a 

return to basal conditions within 60’ from 
the start of the examination (Fig. 17.2)

Pictures of non-obstructive urine stagnation 
(pyeloureteral hypotone)
•	 Return to basal conditions of various 

degrees of pyelocalyceal dilation between 
60’ and 90’ (Fig. 17.3)

Pictures of a moderate degree of obstruction
•	 Return to basal conditions of various 

degrees of pyelocalyceal dilation between 
90’ and 150’ (Figs. 17.4 and 17.5)

Pictures of severe obstruction
•	 None or mild pyelocalycectasia at baseline, 

increased pyelocalyceal diameters after 
USDC, and failure to return to basal condi-
tions within 150’ (Fig. 17.6)

•	 Hydronephrosis at baseline, increased 
pyelocalyceal diameters after USDC, and 
failure to return to basal conditions within 
150’ (Fig. 17.7)

To illustrate the reliability of the method, we 
report a case series of 150 patients (nine with a 

single kidney), assessing a total of 291 upper 
urinary tracts. Mean patients’ age was 38.5 years; 
there were 52 male and 98 female patients. Any 
presence and the degree of obstruction of the 
upper urinary tract were defined on the results of 
multiple examinations and diagnostic findings 
(radiological and contrast-enhanced examina-
tions with diuretic challenge test, pyelomanome-
try with Whitaker test, ureteral catheterization, 
intraoperative findings). The overall results of 
these investigations were compared to the results 
of ultrasound with the diuretic challenge test.

Patients’ group with US findings of a return to 
basal conditions within 60’ (indicative of a nor-
mal upper urinary tract)

•	 156 cases
•	 Correct diagnosis in 147 cases (94.2 %)
•	 Incorrect diagnosis (false negatives) in nine 

cases of mild obstruction (5.7 %)

Patients’ group with US findings of a return to 
basal conditions between 60’ and 90’ (indicative 
of non-obstructive stasis-pyeloureteral hypotone)

•	 41 cases
•	 Correct diagnosis: 38 cases (92.6 %)
•	 Incorrect diagnosis: 3 cases (7.3 %)

One false negative (mild obstruction): 2.4 %
Two false positives (normal): 4.8 %

Patients’ group with US findings of a return to 
basal conditions between 90’ and 150’ (indicative 
of moderate obstruction)

•	 42 cases
•	 Correct diagnosis: 38 cases (90.4 %)
•	 Incorrect diagnosis: 4 cases (9.5 %)

Two false negatives (high-grade obstruction): 4.7 %
Two false positives (non-obstructive stasis): 

4.7 %

Patients’ group with no return to basal condi-
tions within 150’ (indicative of high-grade 
obstruction)
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•	 49 cases
•	 Correct diagnosis: 45 cases (91.8 %)
•	 Incorrect diagnosis (false positives)

Four cases, 8.1 %: three cases of mild obstruc-
tion and one case of non-obstructive stasis

Intermittent hydronephrosis: three cases cor-
rectly diagnosed (Fig. 17.8)

In our experience, USDC showed the follow-
ing diagnostic reliability:

•	 Sensitivity: 91.24 %
•	 Specificity: 94.83 %
•	 Positive predictive value: 93.98 %
•	 Negative predictive value: 92.45 %
•	 Total diagnostic capacity: 93.15 %

As regards USDC in pediatric patients
(23 upper urinary tracts assessed in pediatric 

patients)
The diagnostic reliability was:

•	 Sensitivity: 91.66 %
•	 Specificity: 90.90 %
•	 Positive predictive value: 91.56 %
•	 Negative predictive value: 90.90 %
•	 Total diagnostic capacity: 91.30 %

In conclusion, ultrasound of the upper urinary 
tract with a diuretic challenge test showed a good 
reliability and diagnostic accuracy. Importantly, 
it is a noninvasive examination, with no contrain-
dications, as well as being simple to perform and 
having good repeatability. It can be used as first-
line assessment method in suspected obstructions 
of the upper urinary tract, reserving further inves-
tigations to doubtful cases [3].

Among the drawbacks we must include: the 
duration of the examination (about 2 h 30’ over-
all), the cost (equivalent to that of ten kidney US 
examinations), the slight “operator dependency,” 
and the poor reliability in cases with a reduced 
renal function. Moreover, it is difficult to interpret 
the findings in cases of mild obstruction (return to 
basal conditions between 90’ and 150’), and in our 
hands it yielded 9.7 % of incorrect diagnoses [4].

As regards the use of this technique in pediat-
ric patients, USDC is highly indicated for the 
study of the upper urinary tract due to its nonin-
vasive nature. However, the technical perfor-
mance may be difficult (problems in maintaining 
constant reference scans due to poor patient col-
laboration). For this reason, the reliability and 
diagnostic accuracy were slightly lower in our 
pediatric case series than in the adults.
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Fig. 17.1  Normal conditions; no evident modifications of the intrarenal excretory tract after the administration of a 
diuretic challenge test
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Fig. 17.2  Normal conditions, with a mild increase in pyelocalyceal diameters after USDC, and a complete return to 
basal conditions within 60’
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Fig. 17.3  Non-obstructive stasis conditions, with a mild increase in the pyelocalyceal diameters after USDC and return 
to basal conditions within 90’
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Fig. 17.4  Moderate obstruction, with very mild baseline pyelectasia that increased after USDC and returned to basal 
conditions by 150’
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Fig. 17.5  Moderate obstruction with mild baseline pyelocalycectasia that increased after USDC and returned to 
baseline conditions by 150’

17  Functional Ultrasound Study of the Upper Excretory Tract



208

Fig. 17.6  Severe obstruction, the absence of ectasia of the intrarenal tract at baseline, increased pyelocalyceal diameters 
after USDC, and failure to return to basal conditions by 150’ (tendance to intermittent hydronephrosis)

Fig. 17.7  Severe obstruction with baseline hydronephrosis (stenosis of the ureteropyelic junction) increased 
pyelocalyceal diameters after USDC and failure to return to basal conditions by 150’
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Fig. 17.8  Intermittent hydronephrosis. The patient has a neurological bladder
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Ultrasound Study of the Urethra

Andrea B. Galosi and Lucio Dell’Atti

18.1	 �Anatomy of the Male 
Urethra

The male urethra is divided into two major 
sections: posterior and anterior separated by the 
urogenital diaphragm (Fig. 18.1).

The posterior urethra is composed of two 
anatomical segments: prostatic and membranous 
urethra. The prostatic urethra is almost entirely 
covered by the prostate gland (Fig.  18.2). The 
lumen of the posterior urethra is not enveloped by 
corpus spongiosum but covered by prostate and 
levator ani muscle. The membranous portion 
commences about 1 cm distally from the prostatic 
apex and lies within the urogenital diaphragm and 
encircled by the external urethral sphincter (leva-
tor ani muscles located laterally). Urethral steno-
sis is the term preferred to describe the narrowing 
of the urethral lumen that is not surrounded by 
corpus spongiosum, specifically the membranous 
and prostatic urethra [1].

The anterior urethra is composed of three ana-
tomical segments: bulbar, penile urethra, and fossa 
navicularis/urethral meatus. The lumen of the 

anterior urethra is surrounded by the corpus spon-
giosum until the external meatus. The corpus 
spongiosum is covered by the deep fascia of the 
penis (Buck). The first segment of the anterior ure-
thra is the bulbar urethra that is linked to 
membranous segment through the urogenital 
diaphragm. The bulbar urethra is fixed to the 
perineal membrane that covers the inferior part of 
the urogenital diaphragm. The corpus spongiosum 
of the bulbar segment is thick and elastic postero-
laterally while rigid and thin superior-medially. 
During micturition, the intraluminal pressure 
stretches posterolaterally the expandable and elas-
tic walls of the corpus spongiosum, and the lumen 
of the bulbar urethra increases significantly if 
compared to the penile urethra. The bulbar urethra 
is covered posterolaterally by the bulbospongiosus 
muscle and deep perineal (Gallaudet) and superfi-
cial perineal fascia (Colles) (Fig. 18.3). Ultrasound 
description of these fascial layers is feasible; how-
ever, it has limited clinical relevance. The penile 
urethra is fixed to the cavernous bodies of the 
penis and lies in the inferior part of the penile 
shaft. The penile urethra is fixed and covered by 
two fascial layers composed of the deep fascia of 
the penis (Buck) fused with deep perineal fascia 
and the superficial fascia of the penis. The junction 
between the bulbar and penile urethra is anatomi-
cally located just proximally to the penoscrotal 
angle. The third distal segment of the anterior ure-
thra is the distal part of the penile urethra which 
enlarges into the navicular fossa completely 
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covered by corpus spongiosum of the gland and 
then ends at the urethral meatus. Urethral stricture 
is the preferred term for narrowing of a segment of 
the urethra which is surrounded by corpus spon-
giosum, i.e., the urethral meatus to the bulbar ure-
thra [1]. The severity of a urethral stricture is 
related to the amount of damage to the corpus 
spongiosum, the investing vascular layer of the 
urethra, resulting in a progressive process termed 
spongiofibrosis (Fig. 18.3b) [2, 3].

The ultrasound examination is not the 
up-front method to investigate the urethra, first, 
because distension is always required, and 
second, because ultrasound urethrogram is not 

able to study the lumen of the posterior segment 
which can be achieved only in few cases. 
Therefore, ultrasound is not a global study of 
the urethra, and retrograde contrast urethrogra-
phy is the standard [4–6]. Nevertheless, ultra-
sound is the first diagnostic tool in the study of 
paraurethral soft tissues or perineal masses, 
because traditional contrast urethrography does 
not evaluate extraluminal lesion. Magnetic reso-
nance is the gold standard in the imaging of the 
perineal soft tissues. Magnetic resonance has 
the potential to provide significant additional 
information for the staging of urethral and 
penile cancers [7].

Membranous
urethra

Cowper’s
gland

Bulbo
-spongiosus
muscle

Anterior U.

Spongiosus
body

Fossa
navicularis

P.U.

Fig. 18.1  Anatomy 
of the male urethra
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a

b

Fig. 18.2  The male posterior urethra covered by prostatic apex in axial (a) and longitudinal (b) view using end-fire 
transrectal probe

a

b

Fig. 18.3  (a) Normal bulbar urethra ultrasound. White 
bar, CS corpus spongiosum; yellow bars, BSM bulbospon-
giosus muscle, DPF deep perineal fascia, SF superficial 
fascia; white arrows, BF buck fascia, urethral epithelium 
(arrowhead). (b) Urethral stricture with spongiofibrosis
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18.2	 �Ultrasound of the Male 
Posterior Urethra

Ultrasound of the posterior urethra, either trans-
perineal scanning with a 3.5–5-MHz curved 
array probe or a transrectal probe, can be used. 
Distension of the posterior urethra is only well 
achieved by asking the man to void. However, 
some men may be unable to void because of inhi-
bition. Overall posterior ultrasound urethrogram 

is much less reliable than micturating or 
descending contrast urethrography. Indications to 
posterior urethral ultrasound are vesicourethral 
anastomosis after radical prostatectomy, poste-
rior urethra and bladder neck after surgery for 
benign prostatic hyperplasia, study of transure-
thral catheter placement or displacement, anat-
omy of Cowper’s gland diseases, and anatomy 
after pelvic trauma (Tables 18.1 and 18.2).

Table 18.2  Classification of posterior urethral trauma 
based on site of injury [16]

Grade Clinical findings

I Posterior urethra stretched, but integrity is 
maintained

II Tear of the membranous urethra, above the 
urogenital diaphragm

III Partial or complete tear of both anterior and 
posterior urethra, with disruption of the 
urogenital diaphragm

IV Bladder injury extending into the urethra (IVa) 
injury of the bladder base, with periurethral 
extravasation

Table 18.1  Filling defects in the urethra

Intraluminal – calculi, foreign bodies, bezoar or hair 
ball, blood clot

Congenital anatomical – posterior urethral valve, 
ureterocele

Benign lesion congenital or acquired urethral polyp

Benign inflammatory lesions – urethritis cystica

Malignant lesions – solid tissue or papillary/soft tissue
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18.3	 �Ultrasound Urethrogram 
of the Male Anterior Urethra

The primary imaging modality for demonstrating 
the male anterior urethra is fluoroscopic contrast 
urethrography performed either as a retrograde 
study via catheter insertion into the distal urethra. 
The main advantages of the technique are that it 
has a high sensitivity for the detection of urethral 
strictures and that the images obtained are easy to 
interpret for the non-radiologist. However, there 
are a number of disadvantages, including the fact 
that it may not be possible to catheterize the dis-
tal urethra, particularly in patients with external 
meatus narrowing or previous surgery. Also, the 
technique is necessarily invasive, and interpreta-
tion may be hampered by the presence of air 
bubbles, which may obscure pathology or even 
provide a false-positive study. In addition, as the 
balloon of the catheter is inflated in the distal ure-
thra, pathology in this area will not be identified.

Ultrasound urethrogram is a suitable tech-
nique for visualizing the male anterior urethra, 
but it cannot replace contrast urethrography. 
Ultrasound could be strongly considered as fol-
low-up option in the man with known anterior 
urethral stricture [8, 9].

However, early studies identified not only the 
ability of ultrasound to demonstrate the exact 
length of strictures but also the added ability to 
define the periurethral tissues, as opposed to con-
trast urethrography, which only demonstrates the 
lumen. In particular, the presence and degree of 
periurethral fibrosis can be shown with a view to 
guiding surgery [10]. The initial experiences with 
ultrasound evaluation of the urethra were described 
separately in the late 1980s by McAninch et al. [5] 
and Merkle and Wagner [11].

A linear probe for superficial tissue, such as 
7.5–12  MHz, with an array length of 4  cm or 
more, is used with direct skin contact along the 
ventral surface of the penis. The most used 
method is to distend the urethra using either a 
Knutson’s clamp or a Foley catheter with the bal-
loon distended in the navicular fossa. The urethra 
is distended using saline. We use a large syringe 
with saline 60 cc and manual compression on the 

gland to distend the urethra during ultrasound. 
Contrast media, unlike saline, may obscure intra-
urethral bodies/calculi. The anterior distended 
urethra is scanned in the transverse and longitudi-
nal planes: description of smoothness of the ure-
thral mucosal lining and narrowings of the lumen 
are noted; measure in length is carefully reported 
(Figs. 18.3 and 18.4). Strictures and subtle wall 
irregularities of the anterior urethra are analyzed 
after distension of the urethra with saline, using a 
flat array ultrasound probe.

The ability to visualize the stricture as well as 
the corresponding surrounding wall thickness 
change is an advantage of this technique over 
contrast urethrography. Whether this additional 
information is of clinical value in the selection of 
appropriate stricture therapy has been not yet 
supported by evidence. The length of stenosis is 
necessary to plan surgery urethroplasty rather 
than optical urethrotomy. The superiority of 
ultrasound over contrast urethrography is not yet 
proven. Moreover, some of the disadvantages 
associated with retrograde urethrography also 
apply to ascending urethral ultrasonography. The 
technique remains invasive, with insertion of a 
catheter distally, and requires two operators (one 
to instill fluid to distend the urethra and ensure no 
displacement of the catheter and the second to 
perform the ultrasound). Furthermore, despite 
trimming of the distal catheter beyond the bal-
loon to allow visualization of the penile urethra, 
pathology in the fossa navicularis cannot be iden-
tified owing to the presence of the balloon. The 
procedure also requires a sterile technique. An 
alternative method is the ascending technique 
that has been superseded by a descending 
approach [12]. The patient attends with a full 
bladder and voids into a receptacle. Urethral dis-
tension is achieved with the urine stream, which 
is interrupted by the patient gently clamping the 
penis between thumb and forefinger during void-
ing, approximately 2 cm proximal to the tip after 
retraction of the foreskin. If needed in selected 
patients, views of the navicular fossa are obtained 
while actively voiding [7]. However, some men 
may be unable to void because of inhibition, and 
we do not suggest the self-distension.
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Fig. 18.4  Ultrasound urethrogram showing a stricture in 
the penile anterior urethra, the abnormal mucosa is more 
extensive than estimated by just measurement of the 
length of the stricture

18.4	 �Cowper’s Gland (CG)

The CGs are two periurethral glands and are 
accessory sex glands that help to lubricate the 
semen. They are located symmetrically close to 
the urogenital diaphragm, and their ducts open in 
the bulbar urethra as separate units or singly 
(Fig.  18.5). The commonest anomaly is the 
Cowper’s duct cyst or diverticulum, which is 
sometimes termed a syringocele. It is a retention 
cyst, is believed to be a congenital abnormality, 
and usually presents in childhood but in the occa-
sional case may be first encountered in the adult 
male. It is postulated that the adult Cowper’s duct 
cyst is the result of postinflammatory stricturing 
of the duct, either the result of infection or instru-
mentation. The underlying fault is the obstruction 
of the duct of the Cowper’s gland, which results 
in cystic dilatation. It may be an incidental find-
ing, or it may present with urinary infections, 
postmicturition dribbling, perineal pain, or lower 
urinary tract symptoms.

A.B. Galosi and L. Dell’Atti



217

a b

c
d

Fig. 18.5  Normal Cowper’s glands (yellow arrows) in axial view (a) and longitudinal view (b) using end-fire transrec-
tal probe, syringocele (yellow arrow, c) in longitudinal view, longitudinal view using linear transrectal probe (d)
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18.5	 �Urethral Stenosis 
and Stricture

The pathologic change associated with urethral 
stricture disease is fibrosis of the epithelial-lined 
cavernous tissue [1, 9]. The urethral lumen nar-
rows as the corpus spongiosum contracts with scar 
formation. The damaged urethral stratified epithe-
lium changes to stratified squamous epithelium. 
The fibrotic tissue is further damaged from the 
hydrostatic pressure of avoiding causing worsen-
ing fibrosis. Spongiofibrosis is exacerbated by 
tears and fissures of the metaplastic epithelium 
allowing urine to leak into the underlying corpus 
spongiosum [2]. The process progresses either 
longitudinally along the urethra or circumferen-
tially into the surrounding structures.

Urethral stricture is a common condition 
which results in narrowing or obliteration of the 
anterior urethral lumen, surrounded by corpus 
spongiosum, and may involve any segment of the 
urethra from the meatus to the bulbar urethra.

Male stenosis of the posterior urethra is a rare 
condition which results in the narrowing or 
obliteration of the posterior urethral lumen. 
Urethral stenosis is the term for narrowing of the 
membranous and prostatic urethral lumen that is 
not surrounded by corpus spongiosum. Posterior 

urethral stenosis is typically an obliterative pro-
cess related to the traumatic injury and subsequent 
fibrosis secondary to urethral disruption [13–16].

Stricture of the female urethra is uncommon 
and more usually the result of mobility and kink-
ing of the urethra rather than as a result of fibro-
sis. The severity of a urethral stricture is related 
to the amount of damage to the corpus spongio-
sum, the investing vascular layer of the urethra, 
resulting in a progressive process termed spon-
giofibrosis [2].

The most important information for guiding 
treatment is to accurately locate the site of the 
stricture, the length of the stricture, and the prox-
imity of the stricture to the external urethral 
sphincter (Table  18.3). Bladder ultrasound may 
show a thickened trabeculated bladder wall that 
is an indirect indication of high-pressure voiding, 
and ureteral reflux with hydronephrosis may be 
seen. Finally, any incomplete bladder emptying 
with a postvoid residue is seen on micturition 
studies.

Longer strictures and failed cases are primar-
ily treated by urethroplasty and are treated using 
buccal mucosa onlay graft, and the treatment of 
diffuse stricture disease of the penile urethra 
remains problematic and is managed by either 
repeated dilatation or total urethroplasty [15].

Table 18.3  Urethral injury classification

Urethral injuries

Anterior urethra – 
producing stricture

Posterior urethra – 
producing stenosis

Blunt trauma Penetrating injuries 
gunshot/knife wounds

Falls astride/perineal kicks Penile surgery

Penetrating trauma Pelvic fractures

Gunshot/knife wounds Road traffic accidents

Sexual excess penile 
fractures

Endoscopic surgery, 
TURP

Iatrogenic injuries urethral 
catheters, urethroscopy

Iatrogenic injuries
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18.6	 �Ultrasound of the Female 
Urethra

This is 3–4  cm in length and lies between the 
bladder neck and the external urethral meatus. It 
is less well supported by the pubourethral liga-
ments, which attach the urethra to the posterior 
part of the pubis symphysis, and the striated mus-
cle of the external urethral sphincter [17]. The 
ultrasound examination is not the up-front 
method to investigate the female urethra, because 
distension is not achieved in the female. However, 
in our experience, the transrectal or transvaginal 
route is the first diagnostic tool in the study of 
paraurethral lesions and may be of particular 
value in the evaluation for a urethral diverticu-
lum. Ultrasound can be considered the first diag-
nostic step to detect or rule out urethral diverticula 
or investigate filling defect (Table 18.1), because 
traditional imaging (micturating cystourethrogra-
phy, double-balloon contrast urethrography, and 
MR) implies radiation or high costs.

18.6.1	 �Female Urethral Diverticulum 
(FUD)

FUD has incidence from 0.6 to 3 %, but it is char-
acterized by late diagnosis. It is typically within 
the distal half of the urethra and located posteri-
orly [18]. Some cases are asymptomatic, but oth-
ers are associated with infection, dyspareunia, 
bladder outlet obstruction, incontinence, calculi, 
and rarely malignancy. The cancer is usually 
adenocarcinoma.

FUD results from chronic infection of the peri-
urethral glands. A micturating cystourethrogram is 
said to be positive in up to 95 %, while urethrog-
raphy with a double-balloon catheter will iden-
tify around 90 % of diverticula. Sensitivities of 
transvaginal or transrectal ultrasonography 
(Figs.  18.6 and 18.7) is 66–100 %, and more 
recently, MRI has been introduced in the clinical 
practice. The typical appearance on MRI is of a 
posteriorly placed horseshoe-shaped high T2 
signal structure around the mid-urethra. Important 
ultrasound features are summarized in 
Table 18.4 [19].

The following should be considered in the 
differential diagnosis: cyst of the vaginal 
mucosa, pseudodiverticulum, ureteral ectopia 
mimicking a urethral diverticulum, and abscess 
or complications after urethral surgery for incon-
tinence (Fig. 18.8). A pseudodiverticulum repre-
sents a mucosal extrusion through a periurethral 
fascial defect and occurs in cases of prior ure-
thral surgery, is relatively asymptomatic, has a 
broad-based ostium resulting from the fascial 
defect which is readily apparent on cystoscopy, 
and is frequently associated with urinary incon-
tinence [20]. However differentiation by ultra-
sound may be not easy and it was not yet 
described.

Male urethral diverticulum is acquired after 
injury, infection, or long-term urethral catheter-
ization and is typically in the ventral surface at 
the penoscrotal junction or in the bulbar urethra. 
Male urethral diverticulum has been described as 
complication of surgery after ventral patch of 
buccal mucosa.

a b c

Fig. 18.6  FUD using transvaginal in ultrasound, multiple (a) and single FUD (b, c)
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a b

c d

Fig. 18.7  Complicated FUD using transvaginal in ultra-
sound. Large single diverticular with septun and dense 
content (qxil view) (a). Located in the proximal urethra 
with extension beneath the bladder neck (longitudinal 

view) (b). Multiple small diverticula (oxil view) (c) with 
liquidi content and regular walls in the proximal and mid 
urethra (longitudinal view) (d)

Table 18.4  Important ultrasound features of female ure-
thral diverticula (FUD) modified according to Leach’s 
classification [18]

Ultrasound 
features of FUD Characteristics of FUD

Location (the 
site) of the 
diverticulum

Distal, mid-, or proximal urethra, 
with or without extension beneath 
the bladder neck

Number Single or multiple diverticula

Size Expressed in centimeters (cm)

Configuration Describes whether the 
diverticulum is single, 
multiloculated, or saddle shaped

Communication Indicates the site of communication 
with the urethral lumen, i.e., distal, 
mid, or proximal urethra

Content and 
walls of the 
diverticulum

Anechoic (liquid), irregular walls, 
solid, dense content (infected), 
stones
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a b

c d

Fig. 18.8  Postoperative appearance after surgical treatment, residual anterior anechoic lacuna (arrowhead) (a, b) and 
hematoma (white arrow) (d) and hyperechoic tissue with complete disappearance of diverticula (yellow arrowhead) (c)
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18.7	 �Cancer of the Urethra

Much less than 1 % of all urinary tract cancers 
occur within the urethra, but they are more 
common in males (by a ratio of 7:3), with a 
peak age of onset in the seventh decade. Primary 
urethral cancers, nearly 80 %, are squamous 
cell carcinoma, some 15 % are of transitional 
cell origin, and the rest are adenocarcinoma. In 
the male, the commonest site is the anterior 
urethra, and, of these, most occur in the bulbar 
urethra (60 % in bulbomembranous urethra, 
30 % in penile urethra, 10 % within prostatic 
urethra). In Fig. 18.9, primary urothelial cancer 
of the prostatic and bulbar urethra (stage T4) is 
characterized by the solid hypoechoic tissue 
presenting with acute urinary retention. US and 
MR are used for staging urethral cancer the ure-
thra (Table 18.5) [21]. Primary penile cancer of 
the gland or recurring cancer is the most com-
mon secondary malignancy that involves the 
urethra [22].

In females, primary urethral carcinomas are 
very rare neoplasms (less than 0.02 %): risk fac-
tors include infection with the human papilloma 
virus and urethral diverticula. Bladder cancer 
invading the whole urethra is infrequently 
observed (Fig. 18.10). Urethral carcinomas affect 
postmenopausal patients, whose symptoms may 
include dyspareunia, recurrent hematuria, or uri-
nary symptoms and urinary infection. Half (two-
fourths) of female urethral carcinomas arose in 
urethral diverticulum [23]. We report a woman 
(Fig. 18.11) with clear cell carcinoma raised in 
the mucosa of diverticulum. Her symptoms were 
recurrent cystitis and sporadic hematuria. 
Diagnosis was done by urethroscopy since trans-
vaginal ultrasound and cystoscopy were negative. 
Soft/papillary cancer tissue filled completely all 
the diverticular cavity, and any abnormality was 
noted at initial transvaginal and abdominal ultra-
sound. Magnetic resonance showed diverticular 
cavity partially filled with cancer after transure-
thral resection (Fig. 18.11).

a b c

Fig. 18.9  (a) and (b) show longitudinal view using perineal linear probe: High-grade urothelial urethral cancer in the 
bulbar urethra (U) as sold hypoechoic lesion (M). (c) shows axil view using transrectal probe: tumor invading the mem-
branous urethra and prostate
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Table 18.5  Neoplasms of the urethra and TNM classifi-
cation [21]

Urethral tumor classification

Benign Prostatic epithelial polyp, urethra 
fibro-epithelial polyp, hemangioma, 
leiomyoma

Malignant 
primary 
tumors

Squamous cell carcinoma, transitional 
cell carcinoma, adenocarcinoma, 
sarcoma, melanoma

Malignant 
secondary 
tumors

Penile cancer, metastatic prostate, 
bladder, testis cancer

Urethral tumor staging

Ta – noninvasive papillary, polypoid, or verrucous 
carcinoma

Tis – carcinoma in situ

T1 – tumor invades subepithelial connective tissue

T2 – tumor invades corpus spongiosum, prostate, 
periurethral muscle

T3 – tumor invades corpus cavernosum, anterior 
vagina, bladder neck

T4 – tumor invades other adjacent organs

a b

Fig. 18.10  Female 
urethral cancer (C) 
compressing the vaginal 
wall (V): (a) 
Longitudinal and (b) 
Axial view using 
transrectal endfire 
ultrasound probe
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a b

Fig. 18.11  Magnetic resonance – cancer in urethral diverticula, thick vascularized wall (arrow): T2 Axial view (a) and 
Longitudinal view (b)
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Interventional Ultrasound-Guided 
Treatment of Urinary 
Incontinence: Insertion of ProACT

Andrea Gregori, Virginia Varca, 
and Andrea Benelli

19.1	 �Introduction

The male adjustable continence therapy 
(ProACT) system is an adjustable device for the 
treatment of stress urinary incontinence (SUI) in 
patients who underwent prostate surgery [1]. The 
SUI prevalence following open or endoscopic 
surgery for benign prostatic hyperplasia is about 
1–2 % and certainly represents just a small seg-
ment of patients treated [2]. Despite the incessant 
development of new surgical techniques, the 
prevalence of SUI after radical prostatectomy 
still ranges in literature between 5 and 50 % and 
represents a constant challenge for the urologist 
[3–5]. It is important to standardize the concept 
of SUI; it has been defined by the International 
Continence Society as the involuntary leakage of 
urine on effort or exertion, sneezing or coughing 
[6]. This condition can strongly affect the 
patient’s quality of life after prostate surgery, 
especially in those young patients who could still 
have an active life after a radical prostatectomy. 
The ProACT system represents a valuable and 

safe solution for patients with postsurgical mild 
SUI, thanks to the transrectal ultrasound-guided 
implantation; this technique allows to avoid radi-
ation exposure under fluoroscopic guidance and 
achieve a more accurate placement by the use of 
multiplanar ultrasound imaging [1, 7].

19.2	 �The ProACT System

The ProACT system is an adjustable permanent 
implant designed to achieve continence through 
increased outlet resistance. It is composed of an 
expandable silicone balloon connected with a 
2-lm conduit to a reinjectable titanium port; 1 lm 
contains a 15-cm × 0.8-mm wire, while the other 
is used for balloon inflation in order to increase 
the resistance. The device is available in two 
sizes: 12 and 14 cm. The shorter one is usually 
implanted in patients presenting a residual pros-
tate after surgery for benign prostatic hyperpla-
sia. The longer one is more useful in patients’ 
post-RP.  In these patients, two balloons are 
placed on each side of the vesicourethral anasto-
mosis just above the pelvic diaphragm. The bal-
loons are inserted transperineally using a 
specially designed, sharp-tipped, removable tro-
car contained in a 4.6-mm diameter U-shaped 
sheath. The two titanium ports are placed into a 
subcutaneous parascrotal position to allow easy 
access in order to adjust the balloons after the 
placement (maximum, 8  ml) using a 23-gauge 
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noncoring needle. This allows the device to be 
adjusted by modifying the level of coaptation 
needed to achieve continence (Video 19.1).

19.3	 �Patients Selection 
and Preparation

Incontinence evaluation must be standardized as 
the number of pads per day (PPD) needed by the 
patient, ranked as mild (1 or 2 PPD), moderate 
(3–5 PPD) and severe (>5 PPD or use of urinary 
condom). We evaluate all the patients with a 24-h 
pad test and pad count. The preoperative evalua-
tion should moreover include a complete medical 
history, a voiding diary when possible, an incon-
tinence quality of life questionnaire [8], a flexible 
cystoscopy and TRUS to exclude local recur-
rences and urethral/anastomosis strictures. In our 
opinion, urodynamic investigations are also sug-
gested in order to exclude detrusor overactivity or 
compliance abnormalities even if some authors 
describe it as optional investigations together 
with cystoscopy [9]. The patient must have 
undergone prostate surgery at least 12 months 
before the implantation and be free from distant 
metastasis. We suggest an antibiotic prophylaxis 
with 2 g of ceftriaxone intravenous about 30 min 
before surgery. An antibiotic solution is also used 
to immerse the system elements before surgery 
and to irrigate the field during the procedure.

19.4	 �Operative Technique

The patient is placed in the lithotomy position, 
and after the disinfection, a 14- or 16-Ch Foley 
bladder catheter is placed; it is filled with 
40–50 ml of saline solution and helps a clear visu-
alization of the urethra and the bladder neck dur-
ing TRUS.  The scrotum is held above the 
perineum with tape. The anal ring is isolated from 
the perineum with a drape, and TRUS is per-
formed using a 7.5-MHz linear probe and a small 
convex probe. When we perform just a local 
anaesthesia, we use ropivacaine injected in the 
subcutaneous tissue around the perineal incision. 
Two horizontal 0.5–1-cm skin incisions are made 
in the perineum about 1 cm lateral to the median 

line and about 1.5 cm above the rectum, and then 
the deep local anaesthesia with 20 ml of ropiva-
caine 7.5 mg/ml is administered. A 20-gauge spi-
nal needle is inserted through the skin incisions 
and directed bilaterally to the vesicourethral anas-
tomosis under multiplanar TRUS guidance. With 
the linear probe, we monitor the advancement of 
the 20-gauge spinal needle towards the bladder 
neck, while thanks to the convex probe we moni-
tor the distance from the urethra. The space for the 
balloon is created on each side of the vesicoure-
thral anastomosis and in the pelvic diaphragm 
with a hydrodissection mechanism during the 
releasing of the anaesthetic. When no local anaes-
thesia is used, the dissection is performed with 
saline solution on a 20-gauge spinal needle.

A sharp-tipped removable trocar contained 
within a U-shaped sheath is now inserted through 
the skin incision and placed, thru the hydrodis-
sected tissue, on one side of the bladder neck 
checking his position with TRUS; the trocar is 
then removed and the sheath left in situ. During 
this manoeuvre the sheath is gently advanced 
about 0.5 mm to occupy the space created by the 
trocar tip. The internal channel of the sheath is 
then lubrificated using sterile gel. With the help of 
the push wire, the ProACT device is passed along 
the sheath into position at the bladder neck. The 
sheath is withdrawn approximately 2 cm to permit 
balloon expansion as it is inflated with 1-ml 0.9 % 
saline solution via the titanium port. It should cre-
ate a coaptation of the urethra with a triangular 
mechanism of compression between the two bal-
loons (placed at 9 and 3 o’clock and the symphy-
sis). The push wire is removed (Video 19.2). On 
both sides are placed the conduit tube and the tita-
nium port thanks to a scissor-fashioned subcuta-
neous parascrotal tunnel. The incisions are closed 
in two layers with 4–0 resorbable sutures.

19.5	 �Results and Discussion

The implantation of an artificial urinary sphincter 
remains nowadays the gold standard treatment 
for patients presenting SUI after radical 
prostatectomy, offering continence and satisfac-
tion rate around 90 %. However, these devices 
require a complex surgical procedure and are 
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relatively expensive; 40 % of cases require a sur-
gical revision [10].

Since the first group of 117 patients was 
reported by Hubner and Sharp in 2005, the 
fluoroscopic-guided technique is well described 
in literature; just a few series regarding the tran-
srectal ultrasound-guided positioning of the 
device are present. The TRUS guidance allows a 
three-dimensional vision of pelvic anatomical 
landmarks offering the surgeon a more precise 
and secure positioning of the balloon. Our most 
significant experience, published in 2010 [1], 
included data of 79 patients with a relative long 
follow-up of more than 2 years. The results were 
absolutely comparable in terms of success rate 
(66.1 % of patients) and failure rate with those 
reported in literature under a fluoroscopic guid-
ance [11] (Video 19.3). We evaluated 79 patients 
with continence data regarding 62 of them and a 
mean follow-up of 25 months. Our mean opera-
tive time was 23 min which is nowadays further 
improved. The mean number of postoperative 
adjustments to obtain continence recovery was 
3.6 with a mean final fill volume of 4.2 ml. The 
final success rate (dry patients at the 24-h pad 
test) was 66 % with an overall dry rate in nonir-
radiated patients of 75 %. The adjuvant radiother-
apy seems to be a relative contraindication to the 
implantation of the device, being associated with 
a higher incidence of perioperative complications 
and a lower success rate. Our intra- and periop-
erative complication rate in nonirradiated patients 
is low and favourable if compared with recently 
published studies, probably as a result of a more 
precise positioning of the balloon and a more 
accurate introduction of the trocar during the pro-
cedure [11, 12].

Crivellaro et  al. published in 2012 a work 
about a geometrical stepper-guided navigation 
system for ProACT implantation with good 
results in 42 patients, comparable in terms of suc-
cess rate with those present in literature. They 
showed a slightly lower complication rate with a 
technique however hard to introduce in the every-
day clinical practice [13].

�Conclusions

We believe that ProACT system implantation 
under TRUS guidance is a safe and feasible 

procedure for patients with postsurgical SUI. It 
guarantees good success of complication rates 
avoiding radiation exposure. Adjuvant radio-
therapy and severe incontinence remain relative 
contraindications to the device implantation. 
The local anaesthesia gives also the opportunity 
to treat those old patients who are not eligible 
for a general anaesthesia but could still achieve 
a good quality of life without dealing everyday 
with urinary incontinence.
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Prostate and Seminal Vesicles: 
Ultrasound Anatomy 
and Scanning Methods

Vincenzo Scattoni and Carmen Maccagnano

20.1	 �Introduction

The ultrasound (US) of prostate and seminal 
vesicles (SVs) plays a fundamental role during 
urological evaluation, providing several 
morphological and functional information in 
noninvasive and fast way.

20.2	 �Study Technique

20.2.1	 �Probes

The probes can be convex or transrectal (TR).
The multifrequency convex probes, whose 

frequency is about 2–5 MHz, are routinely used 
with both transabdominal (TA) and transperineal 
(TP) approach (Fig. 20.1).

The quality of the images is related to the 
number, dimensions, and structure of the crystals 
and to the scan converter.

The TR probes show high frequencies which 
range from 4 MHz up to 12 MHz. The arrange-
ment of the transducers defines the probe: mono-
planar, biplanar, and end fire [1].

	1.	 The monoplanar probes are linear and slim; 
they show high spatial resolution, but the 
exam of the prostate is possible only in a sin-
gle plan and, consequently, with several diag-
nostic limitations. Currently, the most 
common use is in case of anal stenosis 
(Fig. 20.2).

	2.	 The biplanar probes have two groups of trans-
ducers, which form a 90° corner; the most 
important disadvantage is the big dimension of 
the probe itself, due to two groups of electric 
connections. Moreover, the employment of the 
biplanar probes is more difficult because the 
scan in the two orthogonal plans is not often 
simultaneous; additionally, the transducers are 
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located in two different points of the probe; 
thus, there is no spatial correspondence 
between the anatomical entities observed in 
the sagittal and transversal plan (Fig. 20.3a–c).

	3.	 The end-fire probes show a fanlike arrangement 
of the transducers on the distal convexity of the 
probe itself (Fig. 20.4). The radial disposition of 
the transducers is the cause of the most impor-
tant limit of this kind of probe: it offers a trape-
zoidal vision, with imaging distortion and a 
reduced spatial resolution in the zones which 
are distant from the field of view. Additionally, 
the areas which are located proximally to the 
apex of the probe show evident reverberation 
phenomena, with a reduced spatial resolution. 
In routine practice, the spatial resolution is good 
if proximal to the probe, whereas it progres-
sively reduces distally, with a final consistent 
reduction of the resolution power. The exam of 

the prostate and SV is obtained manually rotat-
ing the probe; the employment of different 
adaptors allows different interventional proce-
dures, including the biopsy with TR approach.

The images from different probes are not cor-
respondent to each other: the sagittal scans from 
linear probe are different from those from end-
fire probe because of both the different fields of 
view and the compression of the probe on the 
posterior part of the prostate.

The images in transversal scan with biplanar 
probe have to be considered as axial, whereas the 
images from end-fire probe are coronal oblique. 
According to these considerations, the US anat-
omy of the apex is better defined with linear 
probes, whereas the base is well documented 
with the end-fire ones.

Fig. 20.1  Traditional convex probe with 3.5  MHz 
frequency Fig. 20.2  The shape of monoplanar probes is linear and 

slim; even if the exam of the prostate is possible only in a 
single plan, this kind of probe shows high spatial 
resolution
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a

b

c

Fig. 20.3  (a) The biplanar 
probes have two groups of 
transducers, located in two 
different points of the 
probe, which form a 90° 
corner and allow almost 
simultaneously transverse 
and sagittal visualization; 
the presence of two 
distinct groups of 
transducers implicates the 
big dimension of the probe 
itself. It is important to 
note that there is no spatial 
correspondence between 
the anatomical entities 
observed in the sagittal 
and transversal plan. (b) 
Patient in semi-lithotomy 
position: prostate 
visualized according to 
sagittal plan. (c) Patient in 
semi-lithotomy position: 
prostate visualized 
according to transversal 
plan
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20.2.2	 �Transabdominal Approach

The TA approach uses the acoustic window of the 
bladder, which has to be mildly filled; in case of 
empty bladder, the margins of the glands and 
seminal vesicles are hidden by the echoes from the 
adjacent bowel loops (Fig. 20.5). The multifrequency 
convex probe has to be inclined in cranio-caudal 
direction, in order to avoid the acoustic shadow of 
the pubis (Figs. 20.6 and 20.7).

The actual machines allow to choose the most 
appropriate frequency according to:

•	 The physical characteristics of the patient;
•	 The level of fatty tissue in the anterior abdom-

inal wall;
•	 The thickness of abdominal muscles.

The TA approach evaluates the volume of the 
prostate and its relationships with the adjacent 
organs; nevertheless, the exam of the internal 
anatomy of the prostate is not possible. The third 
lobe, the intraprostatic cysts, or calcifications are 
easily recognizable. The SV are not always well 
defined, and they usually appear like two 
pear-shaped anechoic entities, with transversal 
orientation, cranially located respecting to the 
gland in the transversal plan and up to the 
prostate and behind the bladder in the longitudi-
nal scans.

The TP approach is rarely used and it allows 
images similar to those of TA approach. This 
technique is applied to obese patients or those 
submitted to radical cystectomy or with small 
bladder due to chronic inflammation or radiother-
apy. This approach is also useful in performing 
prostate biopsy in men submitted to operations 
because of rectal cancer or those with anal 
stenosis.

The patient is supine with open legs, the probe 
is positioned on the perineum, and it is rotated in 
two orthogonal plans [2, 3].

Fig. 20.4  Fanlike arrangement of the transducers on the 
distal convexity of the end-fire probe. This kind of probe 
offers a trapezoidal vision, with imaging distortion and a 
reduced spatial resolution in the zones which are distant 
from the field of view, i.e., prostate apex
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Fig. 20.5  Transabdominal approach with mildly filled bladder. The measurement of the three diameters of the prostate 
is easily feasible

Fig. 20.6  Difficulties of visualization of the prostate with transabdominal approach caused by the acoustic shadow of 
the pubis and the excessively filled bladder
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Fig. 20.7  Incorrect inclination of the convex probe in craniocaudal direction: the acoustic shadow of the pubis does not 
allow the visualization of the whole gland in longitudinal scan
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20.2.3	 �Transrectal Approach

An enema 2 h before the exam is advisable. It is 
not necessary to have a full bladder, even if 
moving the bowel loops, especially the sigma-
rectum, facilitates the definition of the prostatic 
base and SV.

The TR approach was firstly used by Watanabe 
and coll. in 1967, but the method diffused only 
after the production of manual probes with the 
initial frequency of 5  MHz and successively 
higher.

The patient is positioned on his/her left side, 
with the flexed knees on the hip, in order to 
easily introduce the probe. In the routine prac-
tice, the lithotomic position is employed only 
during TP approach with both free hand and 
template.

The probe has to be rotated and to be moved 
slowly in order to examine the whole gland with 
the focal zone of the probe. Above all, the 
enlarged prostates need manual regulation of 
position and number of focus.

The zone which has to be studied has to be posi-
tioned in the center of the scan in order to avoid 
loss of resolution, especially regarding the margins 
of the prostate; as a matter of fact, the dispersion of 
the US is more significant, and the spatial and con-
trast resolution is lower in these regions.

Currently, the simultaneous biplanar scan allows 
a better spatial localization of a lesion; they are par-
ticularly useful in guided prostate biopsies [2, 3].

20.3	 �US Anatomy

20.3.1	 �Prostate

The shape and the dimensions of the prostate 
vary according to the age of patient.

In young patients (until 40 years), it shows an 
ovoidal shape, whereas after 50 years of age, the 
shape is roundish or pear-like. It is deeply located 
in the pelvis, distally to the abdominal anterior 
wall, but closely related with the anterior wall of 
the rectum.

Actually, the old division into two lobes is no 
more used.

Following the anatomic-embryological studies 
in 1991, the prostate has been divided into two 
zones: the peripheral one, which represents the 
70 % of the whole volume in patients with age infe-
rior to 40 years, and the central zone which can be 
further divided into central and transitional zone.

In transrectal ultrasound (TRUS), the periph-
eral zone is easily recognizable because it is 
more homogeneous and mildly hyperechoic 
compared to the central one. It constitutes the 
posterior part and the lateral margin of the gland. 
The US appearance changes in the transversal 
scans from base to apex: half-moon shaped in 
the base, ovoidal proximally to the verumonta-
num, and roundish in the apex (Fig. 20.8). The 
central area, represented by the central and the 
transitional zone, is rarely developed in young 
patient, it surrounds the prostatic urethra, and the 
US distinction among these two zones is not pos-
sible. It localizes from the bladder neck to the 
veru montanum; the appearance is relatively 
hypoechoic, with gross and nonhomogeneous 
echoes. The central zone is significantly less 
developed than peripheral zone, and it represents 
the 25 % of the volume of the prostate.

After 40 years of age, the volume and the mor-
phology of the prostate change, according to the 
benign prostatic hyperplasia (BPH) (the US 
appearance of BPH will be discussed in a specific 
chapter) (Fig. 20.9) [2, 3].

Additionally, the exam of other anatomical 
structures is possible with the help of linear probes.

In the sagittal scan, the identification of pros-
tatic urethra is possible on the median line. It 
appears as a thin hypoechoic line, extended from 
the bladder neck until the apex. The course is 
arched with anterior concavity, and it is sur-
rounded by two hyperechoic lines, corresponding 
to the smooth and striated muscular structures of 
the prostatic urethra (Fig.  20.10). This appear-
ance is particularly evident in the prostate with 
normal dimensions and in young patients, but it 
attenuates and progressively vanishes with 
BPH. The veru montanum is the region where the 
ejaculatory ducts end; they are well recognizable 
in young men. The apex is not well examined 
with the end-fire probe; conversely its examina-
tion is better with the linear ones. The pubic 
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symphysis is identified as an arched hyperechoic 
line which blocks the US bundle.

The dense fibrous tissue constituted by the 
artery and veins for the penis, located under the 
symphysis, appears as a hyperechoic zone.

The membranous urethra and the Cowper 
glands can be recognized in the context of the 
muscles of urogenital plan.

The identification of neurovascular bundle is 
important; it is visible in the transversal scan in 
posterolateral region of the prostate. The shape 
can be roundish or triangular, and it is constituted 
by both hypo- and hyperechoic entities, corre-
sponding to veins and arteries, and nerves, 
respectively (Fig. 20.11).

The periprostatic venous plexus is located on 
the lateral and anterior aspects of the prostate; it 
appears as group of anechoic areas. It is well rep-
resented in young patients, and it can be com-
pressed in case of BPH (Fig. 20.11a, b).

The study of intraprostatic vascularization, 
particularly the arteries, is possible only with 
TRUS. The arteries derive from the bladder ones, 
and they are better recognizable when the inci-
dent Doppler corner is inferior to 50°. The central 
zone is highly vascularized compared to the 
peripheral one; consequently the individuation of 
hypervascularized area in this context is suspi-
cious for neoplastic lesions (Fig. 20.11b). In the 
routine practice, the color Doppler study of the 
prostate has progressively lost importance during 
the last decades.

Denonvilliers’ fascia appears as a thin hyper-
echoic line located in the posterior zone of the 
prostate. This structure is better studied with lin-
ear probes; conversely, it is too compressed by 
the end-fire probes, and it is too near to the probe, 
generating reverberation artifacts.

The embryonic residues of Müllerian ducts 
are frequently recognized with TRUS; they 
appear as small cysts on the median line in the 
base of the prostate. The Müllerian cysts have 
variable dimensions, but they range from 5 up to 
10 mm; the morphology is pear shaped, and they 
develop between the deferential ampulla and the 
ejaculatory ducts, behind the urethra up to the 
veru montanum (Fig. 20.12).

The volume of the prostate can be calculated 
with both TR and TA approaches. The precise 
measurement of the three diameters is fundamen-
tal. The transversal diameter is the best to mea-
sure, whereas the longitudinal and the 
anteroposterior diameters have to be calculated in 
the sagittal scan with cranio-caudal inclination of 
US bundle. Both the anterior and the posterior 
margins of the prostate are definable with many 
difficulties. Similarly, the longitudinal diameter 
is often not well defined because of the blinding 
of the apex caused by the pubis. The volume of 
the prostate shows significant intra- and interob-
server variability, which is around 20 %. The 
definition of the volume is more precise with 
TRUS, because of the easier identification of ref-
erence points for principal diameters.
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Fig. 20.8  TRUS of the prostate using an end-fire probe. 
The peripheral zone, which constitutes the posterior part 
and the lateral margin of the gland, is easily recognizable 
because it is more homogeneous and mildly hyperechoic 
compared to the central one. The US appearance changes in 

the transversal scans from base to apex: half-moon shaped 
in the base, ovoidal proximally to the verumontanum, and 
roundish in the apex. The simultaneous measurement of the 
diameters and the volume of both the whole gland and the 
transition zone are easily and rapidly feasible
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Fig. 20.9  TRUS of the prostate using an end-fire probe. 
The peripheral zone is compressed by transitional zone, in 
case of BPH. The two regions are easily distinguishable 

because of the difference of US appearance: mildly 
hypoechoic, the central zone; hyperechoic, the peripheral 
one

Fig. 20.10  Identification of prostatic urethra in sagittal 
scan, on the median line. It appears as a thin hypoechoic 
lines, extended from the bladder neck until the apex. The 

two hyperechoic lines surrounding the urethra correspond 
to the smooth and striated muscular structures of the 
prostatic urethra itself
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b

Fig. 20.11  (a) The neurovascular bundle is visible in the 
transversal scan in posterolateral region of the prostate, 
also with the help of color Doppler (white arrow). The 
shape can be roundish or triangular, and it is constituted 
by both hypo- and hyperechoic entities, corresponding to 

veins and arteries, and nerves, respectively. The 
periprostatic venous plexus is located on the lateral and 
anterior aspects of the prostate; it appears as group of 
anechoic areas (red arrow). (b) Color Doppler study of 
the neurovascular bundle (white arrow)
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Fig. 20.12  The embryonic residues of Müllerian ducts 
are frequently recognized with TRUS; they appear as 
small cysts on the median line in the base of the prostate. 
The morphology is pear shaped, and they develop between 

the deferential ampulla and the ejaculatory ducts, behind 
the urethra up to the verumontanum. In this case, the wall 
of the cyst appears as hyperechoic because of the 
calcifications (red circle)
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20.3.2	 �Seminal Vesicles

The SVs localize up to the prostate; for this reason, 
they are not always evaluable with digital rectal 
examination. The lateral margins are closely related 
with the periprostatic venous plexus, whereas the 
posterior wall is in contact with the anterior wall of 
the rectum, from which is separated by the 
Denonvilliers’ fascia. The morphology of SVs is 
highly variable; they can show a simple, length-
ened morphology or voluminous and convoluted 
one. These features have to be taken into consider-
ation during imaging interpretation [4, 5].

In the adults, the length ranges from 3.6 up to 
7.6  cm and the width from 1.2 up to 2.4  cm, 
according to anatomical studies. The external sur-
face is irregular, especially in the posterior face. 
The evaluation of the dimensions is difficult also 
with TRUS; this is due to the spatial orientation of 
the SVs and the employment of different scans.

Terasaki and coll. evaluated the dimensions of 
76 healthy patients with different age; they con-
cluded that the major volume in TRUS progres-
sively reduces after 50 years, with statistically 
significant variations [6]. The average dimen-
sions of the SVs, vas deferens, and ejaculatory 
ducts with TRUS in healthy men are measurable; 
these parameters are all related to the age.

The SVs are small until puberty; they reach 
the final dimensions about 11–13 years, because 
of the effect of male sexual hormones. The maxi-
mal diameters are identified about 50–60 years of 
age; this is also due to BPH which compresses 

the ejaculatory ducts, promoting the stasis of 
seminal liquid. After 70 years, the volume 
reduces also because of the atrophy of the pros-
tate, due to the reduced hormonal stimulation.

The TA approach is not useful because the 
images are approximate.

Instead, the TRUS with probe with a fre-
quency which ranges from 7.5 up to 13  MHz 
allows a detailed study of the morphology, 
dimensions, and US structure of SVs in different 
plans, with the definition of the anatomical rela-
tionship with other pelvic organs.

The recent US machine allows also a 3D 
reconstruction. In the axial scan, the SV is ovoi-
dal, with hypoechoic and irregular surface. The 
internal structure is characterized by multiple 
sepimenta which lead to a convolute honeycomb 
appearance, with an echogenicity which is infe-
rior to that of the prostate (Fig. 20.13).

The dimensions reduce and the deferential 
ampulla, which is more centrally located, becomes 
visible approaching the median line (Fig. 20.14). 
The two entities meet between them in order to 
form the extraprostatic tract of the ejaculatory duct. 
In the sagittal scan, the SVs are not easily examin-
able because of their oblique development from the 
external to the internal aspect. Nevertheless, they 
are observable according to their major diameters 
with oblique scan (Fig. 20.15 a, b). This type of 
scan is easier in order to examine the distal tract of 
the deferential ampulla and the ejaculatory ducts, 
whose diameter progressively reduces in the con-
text of the prostate (1 mm) [5].
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Fig. 20.14  The deferential ampulla is more centrally located, and it becomes visible approaching the median line

Fig. 20.13  In the axial scan, the SV are ovoidal, with hypoechoic and irregular surface. The appearance of the internal 
structure is honeycomb-like because of the presence of multiple sepimenta
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Fig. 20.15  (a, b) The oblique scan allows to examine the distal tract of the deferential ampulla and the ejaculatory 
ducts, together with the SV, according to their major diameters
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Prostatic Inflammation

Andrea B. Galosi, Luigi Quaresima, 
and Rodolfo Montironi

Prostatic inflammation implies the presence of 
pathological infiltration of the prostate by 
inflammatory cells. However, the relationship of 
these findings with the clinical prostatitis due to 
infection, prostatitis-like symptoms, and imaging 
is not correlated. Prostatitis is defined as  
“a combination of acute and chronic infectious 
diseases (bacterial prostatitis), chronic pelvic 
pain syndrome (CPPS) and asymptomatic 
inflammations” [1]. Prevalence in population is 
estimated to be 12 % [2]. However, prostatitis is 
a heterogeneous clinical entity, and current clini-
cal and pathological classification is reported in 
Tables 21.1 and 21.2, respectively.

Diagnosis of prostatitis is sometimes difficult 
to make and imaging is currently underutilized [4]. 

Imaging can aid in the diagnosis of prostatitis and 
its complications: transrectal ultrasound is the first 
imaging available worldwide, then CT and MRI 
may be used in particular cases. Only in selected 
cases, (such as prostatic abscess) color Doppler 
ultrasound may be required. Abdominal-pelvis CT 
and MRI may be indicated in severe infections to 
evaluate pelvic organs, associated pathologies, 
and/or upper urinary tract. Contrast-enhanced 
multiparametric magnetic resonance is indicated 
to study the prostate gland in men who have infec-
tion and harbor the high risk of associated malig-
nancy [5]. Needle biopsy may be required mostly 
to rule out cancer only in selected cases with per-
sistent PSA elevation and/or in cases with granulo-
matous prostatitis.
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21.1	 �Acute Prostatitis

Acute prostatitis (AP) is often diagnosed on the 
basis of positive infectious culture, and it is 
usually associated with urinary tract bacterial 
infection. AP is diagnosed clinically and treated 
without specific imaging; anyway abdominal 
ultrasound is usually done to evaluate the kidney 
and upper urinary tract. The most frequently iso-
lated pathogens are the following, E. coli, Proteus, 
Enterobacter, Klebsiella, and Pseudomonas, but 
sometimes it is not possible to identify any bacte-
ria in urine or blood culture. Acute bacterial pros-
tatitis appears in US as a hypoechoic rim around 
the prostate, and color Doppler shows an increased 
flow (Figs. 21.1 and 21.2).

Table 21.1  Clinical classification of prostatitis National 
Institutes of Health  - National Institute of Diabetes and 
Digestive and Kidney Diseases (NIH-NIDDK) [1]

Type Etiology

I. Acute prostatitis Bacterial

II. Chronic prostatitis Bacterial

III. �Chronic nonbacterial/Chronic 
pelvic pain syndrome

Not known

IV. Asymptomatic prostatitis Several causes

Table 21.2  Pathological classification of prostatitis [3]

Acute inflammation (observed in type I of clinical 
classification)

Chronic inflammation (observed in types II and IV of 
clinical classification)

 � Chronic inflammatory cells

 � Granulomatous inflammatory infiltrate (observed in 
type II of clinical classification and type IV if 
asymptomatic)

 � �  Specific granulomatous disease (or infective 
granuloma, Mycobacterium)

 �   Nonspecific granulomatous

 � �  Granuloma secondary to prostatic surgery/
resection

 � �  Granulomatous prostatitis secondary to systemic 
disease (e.g., Wegener)

Fig. 21.1  Acute prostatitis in the peripheral zone (small 
arrows) and anterior zone (big arrows)
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21.1.1	 �Prostatic Abscess

Prostatic abscess is a complication of acute bac-
terial prostatitis frequently observed in patient 
with diabetes and immune weakness (Fig. 21.3). 
Prostatic abscess appears hypoechoic with well-
defined or irregular wall that is typically associ-
ated with prostatitis and located in the anterior 
zone with well-defined borders. Color Doppler 
ultrasound reveals perilesional vascularity 
(Fig.  21.4). In contrast prostatic cancer is 
hypoechoic and typically located in the periph-
eral zone or heterogeneous ill-defined borders, 
and color Doppler reveals vascularity within the 
lesion. In large prostatic abscess, the fluid collec-
tion may extend over the prostatic capsule in the 
perirectal and retrovesical spaces. In these cases, 
abdominal contrast CT and MRI may be indi-
cated to evaluate pelvic organs (Fig. 21.5). Also 
in severe infections or upper urinary tract infec-
tion, the CT is recommended.

Ultrasound-guided drainage is very useful to 
further characterize the mass, may be useful to 
relieve symptoms and obtain bacterial culture, and 
therefore guides antibiotic therapy (Video). 
Transperineal echo-guided approach is preferred 
versus the transrectal approach since the rectal 
contamination is avoided. Furthermore, placement 
of drain is possible using the transperineal 
approach in patients with large cavity. Usually a 
small nephrostomy tube is left in place in the 
abscess cavity to flush saline solution and antibiot-
ics [6]. Ultrasound monitoring is very useful to 
monitor abscess after treatment, to demonstrate 
residual or new fluid pockets after drainage, and to 
show location, size, and fluid content of the abscess 
during antibiotic treatment (Figs. 21.5 and 21.6).

Differential diagnosis between infected mid-
line cyst and prostatic abscess is shown in 
(Fig. 21.7): well-defined borders of the cyst facili-
tate the diagnosis and differentiation from abscess, 
that is, irregular in shape and lobulated in borders.

a

b

c

Fig. 21.2  (b, c) Acute prostatitis: subcapsular hypoechoic 
rim (arrowheads) and fine hypoechoic linear septum 
(arrows) due to edema and ducts dilatation. (a) Color 
power Doppler shows an increased flow
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Fig. 21.3  Prostatic abscess appears hypoechoic with irregular content (arrowheads), anechoic (arrow), and irregular 
wall (*) that are typically associated with acute prostatitis (arrowheads), located in the anterior and peripheral zone

Fig. 21.4  Prostatic abscess: color Doppler ultrasound reveals perilesional vascularity

A.B. Galosi et al.



253

Fig. 21.5  Prostatic abscess (ab) extending beyond prostatic capsule (pr) in the perirectal tissue at CT (a, b), TRUS  
(c, d), and the same case after 3 months follow-up after transperineal drainage (e, f longitudinal and axial view)

a b

c d
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a b

Fig. 21.7  Differential diagnosis between infected midline cyst (a) with regular shape (arrows) and prostatic abscess 
(b) with irregular shape and lobulated borders (arrowheads)

e f

Fig. 21.5  (continued)

a b c

Fig. 21.6  (a) Ultrasound monitoring of small prostatic abscess (*) after 14 days of antibiotic treatment (b) and 30 days (c)
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21.2	 �Chronic Bacterial Prostatitis

The diagnosis of chronic forms relies on the pre-
sentation of pelvic or perineal pain, typically last-
ing for longer than 3 months after acute bacterial 
infection. The prevalence of prostatitis ranges 
between 5 and 11 % [2]. Prostatitis occurs at any 
age and its incidence increases with age. Chronic 
bacterial prostatitis is associated to BPH compli-
cation and urinary tract obstruction, urethral 
catheter, and urinary retention. Bacteria (most 
commonly Escherichia coli) invade the prostate 
by an ascending urethral infection, by reflux of 
infected urine into prostatic ducts, or by lym-
phatic/hematogenous spread. In chronic bacterial 
prostatitis, any characteristic ultrasound pattern 
can be detected. Color Doppler may detect dif-
fuse increased enhancement of contrast; however, 
TRUS and contrast-enhanced color Doppler are 
not used in routine clinical practice since no stud-
ies regarding this issue have been performed. 

Prostatic calculi and hyperechoic areas should be 
described in the ultrasound report. Hyperechoic 
area that may be interpreted as post-inflammatory 
signature does not have posterior acoustic shadow 
compared to hyperechoic image linked to calculi 
(Fig.  21.8). The relationship between chronic 
prostatic inflammation, prostatic calculi, and 
infection was suspected in the past. Kim et al. [7] 
studied the relationship between inflammation 
and prostatic calculus and clinical parameters of 
benign prostatic hyperplasia in 225 patients. 
They showed that prostatic calculi had no signifi-
cant association with chronic inflammation. 
Chronic inflammation was associated with the 
volume of the prostate and storage symptoms; 
thus, it is not only presumed to be related to the 
progression of BPH, but may also be one of the 
causes of lower urinary tract symptoms. This 
hypothesis was supported by Ficarra [8] that pro-
posed the prostatic calculi as “marker” of chronic 
inflammation linked to BPH.

a b c

Fig. 21.8  Hyperechoic (arrows) without posterior acoustic shadow (*) in axial (a) and longitudinal view (b) compared 
to hyperechoic calculi (c) with posterior shadow (white arrow)
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21.2.1	 �Granulomatous Prostatitis

Granulomatous prostatitis (GP) is an unusual 
benign inflammatory condition of the prostate that 
rarely presents clinically in urologic practice. 
Clinically, GP presents as a focal or diffuse area of 
induration at the digital rectal examination and is 
often mistaken for carcinoma (Figs.  21.9 and 
21.10). PSA levels have also been shown not to be 
of value in differentiating carcinoma from granulo-
matous prostatitis. However, a clinical history of 
urinary tract infections or recent acute prostatitis is 
noticed frequently in patient’s history. GP and car-
cinoma can produce similar findings on transrectal 
ultrasound: hypoechoic lesion with ill-defined bor-
ders, even anatomical location, may be in the 
peripheral zone. GP in any characteristic of ultra-
sound pattern is possible to differentiate them from 
carcinoma. Therefore, definitive diagnosis is com-
bined with TRUS-guided biopsy. In these cases 
target biopsies are recommended in addition to 
random biopsy. The diagnosis of granulomatous 
prostatitis can only be made via histopathologic 
examination [9, 10].

Based on its histopathology and probable 
etiology, granulomatous prostatitis has been 
classified into the following types: idiopathic (non-
specific), infective (specific), iatrogenic (post-sur-
gery), malakoplakia, and cases associated with 
systemic granulomatous disease and allergy. 
Nonspecific granulomatous prostatitis is the most 
common type, accounting for 60–80 % cases of 
granulomatous prostatitis. Infective granulomatous 
prostatitis can be caused by Mycobacterium tuber-
culosis, attenuated Mycobacterium bovis (Bacillus 
Calmette-Guerin) as endovesical immunotherapy 
for bladder cancer, Treponema pallidum, viruses, 
and fungal organisms.

Prostatic involvement in Wegener granuloma-
tosis is unusual. A Mayo Clinic series found 
prostatic involvement in 4/174 patients (2.3 %) 
[11], whereas Walton [12] found prostatic 
involvement in 4/54 patients (7.4 %). A literature 
review found only 18 case reports of prostatic 
symptoms due to Wegener granulomatosis (five 
hematuria, eight chronic obstruction, five acute 
retention) and only 7/18 reported prostatic symp-
toms as initial complaint [13].

Fig. 21.9  Granulomatous nodules in the peripheral zone 
(arrows)

a

b

Fig. 21.10  (b) Granulomatous nodules in the peripheral 
zone (arrows), power Doppler (a) shows perilesional 
vascularity
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21.3	 �Chronic Nonbacterial 
Prostatitis/Chronic Pelvic 
Pain Syndrome

The chronic nonbacterial prostatitis is the most 
common form (up to seven to eight times more 
common than other forms). The pathophysiology of 
nonbacterial prostatitis is not well understood. 
Prostatitis-like symptoms, for example, the pres-
ence of perineal/pelvic pain and/or ejaculatory pain 
or discomfort, can be associated with prostatitis, 
but they should not be confused with prostatitis 
[14]. Prostatitis-like symptoms are a cluster of 
bothersome complaints which impair the patient’s 
quality of life. Currently gray-scale transrectal and 
color Doppler ultrasound signs are neither recog-
nized as hallmarks of prostate inflammation, nor 
do they have clear cutoffs [15]. Imaging of the pros-
tate-vesicular region is considered as an “optional” 
tool in evaluating CP/CPPS.

21.4	 �Asymptomatic Prostatitis

The asymptomatic inflammation is usually 
detected by histology in patients who underwent 
prostate biopsy since elevated serum prostate-
specific antigen levels. This is not a disease, but 
can be defined as a pathological detection of 
prostatic inflammation. This inflammation is the 
most common form of pathologically detected 
prostatic inflammation, whereas in real-life clini-
cal practice chronic prostatitis is the most fre-
quent form. Etiology is unknown: bacterial, 
vascular, immune, and other hypotheses have 
been supposed. Asymptomatic inflammation is 
usually associated with large prostate glands 
with benign hyperplasia and lower urinary tract 
symptoms related to urinary obstruction. 
Pathological classification including grading, 
extension, and location of acute and chronic 
inflammatory infiltrates of the prostate based on 
surgical specimen or needle biopsy is reported 
in Table 21.3.

Moreira et  al. [16] analyzed 886 men with 
benign prostatic enlargement and PSA elevation 
using prostate biopsy in the Reduction by 
Dutasteride of Prostate Cancer Events (REDUCE) 
study. Chronic, acute inflammation, and both were 
detected in 531 (60 %), 12 (1 %), and 84 (9 %) 
baseline biopsies, respectively. Acute and chronic 
inflammation were significantly associated with 
each other (P < 0.001). Chronic inflammation was 
associated with larger prostate (P < 0.001).

A chronic asymptomatic prostatic inflamma-
tion seems to play a crucial role in benign prostatic 
hyperplasia (BPH) pathogenesis and progression. 
Ficarra et al. [8] analyzed the evidence supporting 
the role of inflammation in the onset and progres-
sion of BPH. Indeed, several data favor the role of 
infiltrating lymphocytes in the development and 
progression of prostate adenoma as an effect of a 
self-maintaining remodeling process.
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Table 21.3  Pathological grading, extension, and location of acute and chronic inflammatory infiltrates of the prostate 
based on surgical specimen or needle biopsy

Feature Histology details of inflammatory cells (ICs)

Location
 � 1. Luminal
 � 2. Intraepithelial
 � 3. Stromal, periglandular
 � 4. Stromal, nonperiglandular

Histologic pattern (acute and chronic infiltrates)
 � 1. �ICs lie within glandular lumens
 � 2. �ICs lie within the glandular epithelium
 � 3. �ICs within stroma, centered around glands, approach <50 μm
 � 4. �ICs within stroma, not centered on glands and lie ≥50 μm

Extent
 � 1. Focal
 � 2. Multifocal
 � 3. Diffuse

Tissue area involved by inflammatory cells
 � <10 %
 � 10–50 %
 � >50 %

Grade (luminal)
 � 1/mild
 � 2/moderate
 � 3/severe

Morphological description
 � 1. �Scattered individual ICs (≤5 cells/lm)
 � 2. �Loose collection of ICs without nodule formation
 � 3. �Dense cluster of inflammatory cells with nodule formation

Grade (intraepithelial)
 � 1/mild
 � 2/moderate
 � 3/severe

Morphological description
 � 1. �Rare ICs (≤1/10 epithelial cells)
 � 2. �Few ICs with no cluster formation (1–5/10 epithelial cells)
 � 3. �Cluster of ICs (>5/10 epithelial cells)

Grade (stromal)
 � 1/mild
 � 2/moderate
 � 3/severe

Morphological description
 � 1. Scattered ICs
 � 2. �Clusters of ICs with no nodule/follicle formation
 � 3. �Confluent sheets of ICs with nodule/follicle formation

Modified from Nickel et al. [3]
The modification is the addition of intraepithelial inflammation according to Magi-Galluzzi et al.
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Prostatic Cysts

Andrea Benedetto Galosi, Luigi Quaresima, 
Roberta Mazzucchelli, and Rodolfo Montironi

22.1	 �Introduction

Thanks to the widespread use of prostatic tran-
srectal ultrasound (TRUS) scanning in uro-
andrological practice today, there has been an 
increase in the incidental diagnosis of cystic 
lesions of the prostate; the mean rate is now 5 % 
(range 0.5–7.9 %) in patients with lower urinary 
tract symptoms (LUTS) [1]. The clinical rele-
vance of this finding is still under debate, but 
cysts have been associated with inflammation, 
obstruction of the seminal or urinary tract, as 
well as cancer. Making a correct differential 
diagnosis is therefore extremely important. 
During scanning, and also in the final ultrasound 
(US) report, prostatic cysts often tend to be 
largely ignored, neglecting to state both their 
identification and any characterization [2]. In 
fact, there are no uniform, shared criteria for the 
final US report classification and description of 
their characteristics.

TRUS has a central role in promoting a correct 
clinical examination of prostatic cysts, because 
abdominal US shows a very limited diagnostic 
accuracy. Different types of cysts can be present 
in the same individual, and only a proper descrip-
tion can help to orient the therapeutic choices of 
the clinical urologist or andrologist.

The classification presented in this chapter is 
based exclusively on transrectal ultrasound that 
provides an excellent image quality even of small 
lesions owing to the use of high-resolution 
devices and transducers with a frequency ranging 
from 5 to 9 Mhz. TRUS is considered the first-
line examination for the diagnosis and classifica-
tion of cysts. In particular cases, it may also be 
necessary to resort to magnetic resonance imag-
ing (MRI) that relies on a multiparametric tech-
nique for the diagnosis of prostate cancer.

The pathophysiogenesis of prostatic cysts is 
not yet entirely understood, and it is equally dif-
ficult to estimate their clinical repercussions 
that will manifest only at a late stage when a 
voluminous lesion obstructs the urethra or semi-
nal ducts [3]. It is now thought that the clinical 
impact of small lesions may be underestimated 
because of their having been ignored in the 
initial diagnostic phase. The origin of cystic 
lesions has been attributed to various pathogenic 
causes, namely, inflammation, benign prostatic 
hyperplasia, calculi, and in rare cases cancer, or 
parasites.
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Epithelial atrophy has also been recently 
linked to the formation of cysts. In 2006, a new 
classification of focal atrophy of the prostate epi-
thelium was published that included four differ-
ent patterns, one of which was simple atrophy 
with cyst formation [4]. Thus, on the basis of cur-
rent histopathological knowledge, some cystic 
lesions of the prostate, even small ones, can be 
correlated to focal epithelial atrophy and may be 
a clinical marker of this condition.

Various different classifications of prostatic cysts 
have been published up to now [5, 6] that differ as 
regards the clinical presentation criteria (e.g., corre-
lated to urinary symptoms, infertility, infections, or 
cancer) and the diagnostic method employed (e.g., 
MRI, TRUS, histology). In this chapter, we present 
the classification of prostatic cysts (Table 22.1) pre-
viously published by Galosi et al. [7]. The classifica-
tion features a subdivision of cysts into six groups 
according to their pathogenesis, US findings, and 
pathological characteristics. It is based on an ample 
case series and integrates clinical and pathology 
findings, US features and findings after biopsy, sim-
ple and radical prostatectomy, and cystoprostatec-

tomy. Table 22.2 shows a comparative illustration of 
the essential elements of diagnosis and therapy.

Table 22.1  Prostatic cyst classification [7]

1. Midline cyst

 � (a) Prostatic utricle cyst (PUC)

 � (b) Cystic utricle (or cystic dilation of the prostatic 
utricle)

 � (c) Enlarged prostatic utricle

2. Cysts of the ejaculatory ducts

3. Parenchyma cyst

 � (a) Simple parenchymal cysts

 � (b) Multiple parenchymal cysts (ductal ectasia or 
microcysts)

 � (c) Small cystic parenchymal nodules

 � (d) Large cystic parenchymal nodules

4. Cyst complicated

 � (a) Cysts complicated by infection

 � (b) Hemorrhagic cysts

5. Cystic tumors

 � (a) Cystadenoma

 � (b) Cystadenocarcinoma or high-grade tumor

 � (c) Dermoid cyst

6. Parasitic cysts

A.B. Galosi et al.
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22.2	 �Classification of Cystic 
Prostatic Lesions

22.2.1	 �Midline Cysts

Three distinct categories come under this head-
ing: (a) prostatic utricle cyst (PUC), (b) cystic 
utricle (or cystic dilation of the prostatic utri-
cle), and (c) enlarged prostatic utricle. This is 
in agreement with Kato et al. [8, 9], who pro-
posed a subclassification of these cysts accord-
ing to whether they have an outlet to the urethra: 
a utricular cyst has no outlet, while a cystic 
utricle has an obliterated and an enlarged pros-
tatic utricle an open urethral outlet. US identi-
fication of an outlet from the cyst to the urethra 
is not always possible or easy to document, 
especially in cases with an obstructed outlet, 
where it will appear as a hyperechogenic stripe 
surrounded by a narrow hypoechogenic rim. 

Histologically, it is always possible to demon-
strate the outlet [8, 9].

Another classification in the literature was 
published by Ritchey et al. [10], in whose subdivi-
sion, utricular cysts were denominated Ritchey 
Type 1. However, this classification has the limit 
that it defines cysts according to the site, whereas 
not all midline cysts are utricular cysts. In fact, a 
differential diagnosis must be made among mid-
line cysts, parenchymal cysts, and cystadenomas.

22.2.1.1	 �Utricular Cysts
These are denominated cysts of the Müllerian 
ducts by some authors. At US, they appear as 
rounded or oval formations that can also be 
palpable and as large as several centimeters in 
diameter. They are localized on the midline, 
proximally to the seminal colliculus, and 
extend inside the prostatic base toward the 
insertion of the seminal vesicles (Fig.  22.1). 

Fig. 22.1  Midline cyst (a, b). Macrosection of a radical prostatectomy surgical sample with a voluminous utricular 
cyst (c). US appearance of the prostatic utricular cyst (bn bladder neck, sv seminal vesicle) (d)

A.B. Galosi et al.
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Histologically, there is no communication with 
the urethra, and the utricle has a normal mor-
phology with a cuboid or columnar epithelium 
[8, 9]. Infectious complications of these cysts 
are less frequent because of the lack of com-
munication with the urethra. Yasumoto et  al. 
reported the characteristics of the fluid aspirate 
obtained by transperineal puncture of midline 
cysts, referring that the fluid did not contain 
spermatozoa and the prostate-specific antigen 
(PSA) concentration in the fluid was 90,000 ng/
ml [11].

22.2.1.2	 �Cystic Utricle
Unlike utricular cysts, in a cystic utricle, there 
is an outlet from the cyst to the urethra, which 
is why it can also be called a cystic dilation of 
the utricle. It is drop shaped (owing to the 
communication with the urethra) or ovoid and 

localized on the midline. It is sometimes 
indistinguishable from a utricular cyst as 
regards the site and US features, although in 
other cases, it is possible to identify a virtual 
(obliterated) or a real (pervious) outlet. The 
former picture is visible as a hyperechogenic 
line at the level of the seminal colliculus sur-
rounded by a narrow hypoechogenic rim 
(Fig.  22.2). On the basis of embryological 
studies, it seems that these cysts develop dur-
ing the last stages of maturation of the utricle 
as a consequence of an obstruction of the phys-
iological communication with the urethra. 
Histologically, the communication between the 
urethra and the cystic utricle is recognizable 
[8]. Infectious complications of these cysts are 
frequent because of the urethral outlet, and so 
they may have a homogeneous content (see 
infected cyst).

a b

c d

CYSTIC UTRICLE

Fig. 22.2  Midline cyst Journal of Urology. Cystic utricle: 
(a, b) cyst wall showing microcalcifications (c, d) compli-
cated cyst with a dyshomogeneous content due to infec-
tion. The cystic utricle outlet to the urethra (that is 

functionally obstructed) appears as a narrow hypoechoic 
line (at longitudinal scanning) connecting it to the seminal 
colliculus
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22.2.1.3	 �Enlarged Prostatic Utricle
This shows a characteristic, wide outlet from the 
utricle to the urethra. It is a congenital malformation 
that is also known as a remnant of the Müllerian duct 
or a male vagina and is generally diagnosed in 
youths or boys with other malformations like hypo-
spadias or virilization defects. It is not a true cystic 
formation, because a wide defect is present that 
causes an ample passage between the utricular cav-
ity and the urethra. The seminal colliculus is some-
times absent, while a dilated tubular structure with a 
squamous epithelium is evident at histology [9]. 
Both at US and at retrograde cystourethrography, a 
cyst with an anechoic content is evident on the pos-
terior midline, showing an ample outlet to the pros-

tatic urethra (Fig.  22.3). The enlarged utricle 
corresponds to a Ritchey Type 2 cyst [10]. Symptoms 
include urinary infections, recurrent epididymitis, 
pain, and post-micturition dribbling. The cyst cavity 
may be palpable during rectal exploration. Rarely, 
complications such as calculi in the cystic cavity or 
neoplastic degeneration can be observed (reported 
by Sondergaard et al. in 6.3 % of autopsies) [12]). 
The tumors that can originate from these structures 
have a distinct histology, prognosis, and clinical 
behavior: those that originate from the multistrati-
fied epithelium of the cyst wall give rise to squamous 
carcinoma, whereas those that originate from the 
ductal epithelium of the seminal colliculus develop 
into ductal (or endometrioid) adenocarcinoma [13].

a b

c

Fig. 22.3  Acquired cystic enlargement of the ejaculatory ducts (c, arrow) due to the presence of calculi at the level of 
the outlet to the prostatic urethra. Calculi appear as hyperechoic with black shadow (arrow) (a, b)

A.B. Galosi et al.
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22.2.2	 �Cysts of the Ejaculatory Ducts

Cysts of the ejaculatory ducts are rare and may be 
congenital or acquired. Cyst can be unilateral or 
bilateral, rounded or oval, localized in the para-
median site lying between the verumontanum 
and the bladder neck, and extended from the 
paraurethral site to the base of the prostate 
(Fig.  22.4). Cysts of the ejaculatory ducts are 

linked to obstruction or compression and can 
contain spermatozoa, but some of these cysts 
have no outlet. Microscopic examination of the 
fluid is essential to identify spermatozoa, aspi-
rated transperineally to reduce the risk of infec-
tion. In addition, puncture of these cysts combined 
with chromatography using iodinated contrast 
medium makes it possible to check for any outlet 
to the urethra or seminal tracts.

a b

c d

Fig. 22.4  Simple parenchyma cysts located close to the bladder neck and prostatic urethra that cause obstructive 
urinary symptoms. Ultrasound axial view  of simple (a) and loculated (c) cyst; longitudinal view (b) of simple and locu-
lated (d) cyst
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22.2.3	 �Parenchymal Cysts

These cysts are the lesions most commonly 
observed. Parenchymal cysts are classified in 
four distinct subgroups. Symptoms depend 
largely on the volume of such cysts: if they are 
larger than 3  cm or if they subvert the gland 
parenchyma, they can cause obstructive symp-
toms. Large cystic parenchymal nodules have a 
clinical significance and require differential diag-
nosis with cystic tumors.

22.2.3.1	 �Simple Parenchymal Cysts
These acquired forms, also known as prostatic 
retention cysts, are seen as isolated masses inside 

a normal gland parenchyma. At US, they are oval 
or irregularly shaped and small or medium sized 
(mean diameter < 8 mm) but may also be larger 
(>3 cm). The content is anechoic, with thin uni-
form walls, and sometimes thin internal septa are 
visible. They are localized in a lateral subcapsu-
lar site or periurethrally or medially at the level of 
the bladder neck. These cysts can develop asym-
metrically (Figs.  22.5, 22.6, and 22.7). The 
pathogenesis is attributable to difficulties in the 
drainage of secretions, secondary to obstruction 
caused by compression due to benign hyperplasia 
or inflammation. Obstructive symptoms are rare 
but possible in cases of voluminous cysts >3 cm 
localized at the level of the bladder neck.

a b

c d

Ductal Ectasia

Fig. 22.5  Simple cysts of the bladder neck (a, b) and multiple parenchyma cyst (b, c) also related to ductal ectasia (c, d)

A.B. Galosi et al.
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a b

c d

Fig. 22.6  (a, b) TRUS appearance of multiple simple parenchymal cysts (a, b) differentiated from large parenchymal 
nodule due to absence of the pseudocapsule (c, d)
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a b

c d

Fig. 22.7  Complicated midline cysts (a, b). Small parenchymal nodule delimitated by pseudocapsule (arrows) (benign 
prostatic hyperplasia with cystic differentiation) (c, d)

A.B. Galosi et al.
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22.2.3.2	 �Multiple Parenchymal Cysts
Also known as ductal ectasia or microcysts, at 
transrectal US, they are seen as homogeneous tis-
sue consisting of cystic lacunae measuring about 
0.5–1 mm in diameter (Figs. 22.6 and 22.7) [1]. 
They can also be attributed to the retention of 
prostatic secretions or to simple atrophy with cyst 
formation (SACF) and will involve large parts of 
the gland, showing small cystic acini. In our 
experience, they are mainly found in men with an 
infrequent or irregular sexual activity.

Differential diagnosis must be made with sub-
capsular fluid collection resulting from intrapros-
tatic urine reflux and acute prostatic inflammation.

22.2.3.3	 �Small Cystic Parenchymal 
Nodules

These consist of small cysts bunched together 
inside a small nodule (mean Ø 5–8 mm), easily 
distinguishable from the surrounding paren-
chyma, that at TRUS look like a bunch of 
grapes outlined by a thin pseudo-capsule. 
Histologically, these small cystic nodules are 
correlated to simple atrophy with cyst forma-
tion or else they can mark the initial phase of 
prostatic hyperplasia with cystic degeneration 
(Fig. 22.8).

a b c

d e g hf

Fig. 22.8  Cystic tumor: (a, b, f, g) (TRUS); (c) (histol-
ogy); (d–f, h) (magnetic resonance imaging). High-grade 
prostatic neoplasia with invasive pattern of growth toward 

the bladder and rectum, the cystic wall, and content and is 
mostly irregular
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22.2.3.4	 �Large Cystic Parenchymal 
Nodules (LCPN)

These nodules have completely replaced the 
parenchyma and are surrounded by a pseudocap-
sula. LCPN consist of an agglomeration or bunch 
of many simple cysts with different diameters. 
The denomination large multicystic nodule is the 
preferred terminology because it better describes 
the US appearance that resembles polycystic kid-
ney. Cystic nodules can be localized practically 
anywhere but are most commonly observed in 
the transition zone and central zone. LCPN are 
generally unilateral and develop asymmetrically. 
They compress the surrounding parenchyma and 
the urethra, deforming the prostatic capsule 
(Fig.  22.8). These cysts contain anechoic fluid 
attributable to prostatic secretions. At histology, 
large cystic nodules are an expression of prostatic 
hyperplasia with cystic degeneration. Prostatic 
hyperplasia nodules with cystic degeneration, or 
SACF, or atypical polypoid prostatic hyperplasia 
can be histopathologically correlated to 
LCPN. Differential diagnosis must be made with 
cystadenoma and cystadenocarcinoma. MRI may 
be useful to ascertain the diagnosis in cases of 
multiseptal cysts with irregular walls and an iso-/
hyperechoic content.

22.2.4	 �Complicated Cysts

22.2.4.1	 �Cysts Complicated 
by Infection

A preexisting cyst can be complicated by an 
acute or chronic bacterial infection (generally 
Gram negative). Sometimes the presence of a 
cyst will foster evolution to an abscess. A pros-
tatic abscess can then form a pseudocystic cavity. 
The content of complicated cysts is generally 
dyshomogeneous with an iso-/hyperechoic, dys-
homogeneous component. The cystic content, 
fluid, corpusculated, or solid, will depend on any 
associated granulomatous inflammation in the 
surrounding parenchyma. At US, an infected cyst 
appears as a mass with irregular margins as com-
pared to the rest of the parenchyma and a mixed 
tenuously hypo-/anechoic echostructure. Internal 
echoes depict the inflammatory tissue containing 
necrotic matter. At color Doppler, there is gener-
ally an increased vascular signal around the 
lesion, while the center usually lacks any visible 
vascularization at echo power Doppler (Fig. 22.9). 
Treatment of infected cysts may be medical, but 
sometimes transperineal percutaneous drainage 
is indicated or surgical treatment consisting of 
transurethral endoscopic resection.

A.B. Galosi et al.



273

22.2.4.2	 �Hemorrhagic Cysts
The content of hemorrhagic cysts appears 
as  mixed hypoechoic/slightly hyperechoic 
depending on whether the fluid is liquid or blood 
filled. Color Doppler shows a diminished or 
absent blood flow both in the cysts and the sur-
rounding tissue (Fig.  22.9). Hemorrhagic cysts 
are a rare observation but have an incidence of 
1.3 % after prostate biopsy [14]. They are not 
associated with clinical signs of a urinary or sys-
temic infection. Hemorrhagic cysts have clear-
cut margins and are surrounded by normal 
parenchyma. At US, they are differentiated from 
infected cysts by their regular margins (infected 
cysts and abscesses have irregular margins), and 
the cyst walls are clearly distinct from the sur-
rounding parenchyma, unlike the picture 
observed in the case of infected cysts.

a

b

c

Fig. 22.9  Complicated cysts: (a) infected cyst with 
abscess formation; (b, c) infection of preexisting cysts
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22.2.5	 �Cystic Tumors

These neoplasms are extremely rare and some-
times curable. Isolated cases have been reported 
in the literature. A proper knowledge of these for-
mations, of differential diagnosis aspects and of 
the diagnostic-therapeutic workup, is essential 
during the ultrasound examination.

22.2.5.1	 �Cystadenoma
At US, these appear as multiseptate masses, 
with a mixed anechoic/isoechoic (liquid/solid) 
content, irregular shape, and thick surrounding 
pseudocapsula. They show an expansive 
growth and can extend from the prostate to the 
pelvis and extraprostatic tissues. These tumors 
are extremely voluminous, with a mean diam-
eter at diagnosis of 16  cm (range 9–45  cm) 
[15]. Computed tomography (CT) scan or MRI 
depicts a multilocular cystic mass originating 
in the prostate and extending into the extra-
prostatic pelvic tissues and to the suprapubic 
level (Fig. 22.10). Histologically, cystadenoma 
has peculiar features: the epithelium is single-
layer cuboidal, and there are parabasal cells in 
the cystic walls, while the nuclei do not show 
atypia or prominent nucleoli. The growth of 
cystadenoma is expansile but not infiltrating. 
This justifies both the prognosis and the symp-
toms that are attributable to compression of 
the nearby structures and include urinary 
retention, perineal pain, urinary discomfort 
during bladder filling, and voiding. PSA can 
be normal or high. Surgical treatment is 
necessary.

22.2.5.2	 �Cystadenocarcinoma
This tumor is very rare; it consists of irregularly 
sized cystic masses with a variable content depend-
ing on the distribution of neoplastic or intracystic 
hemorrhagic areas. Cystadenocarcinoma has a 
large diameter ranging from 12 to 20 cm at diag-
nosis and is distinguished from cystadenoma by its 
infiltrating and compressive growth pattern [16]. It 
has no capsule and can infiltrate the surrounding 
pelvic tissues and even invade the rectum and 
bladder. Ultrasound examination shows an irregu-
lar infiltrating mass without a pseudocapsula, 
extending into the periprostatic tissues. The walls 
show irregular thicknesses and vascularized septa 
that are better visualized at MRI. Symptoms arise 
due to compression/infiltration of the pelvic struc-
tures (urinary retention, LUTS, pelvic pain). PSA 
may be normal or increased. CT scanning or MRI 
is necessary for a correct diagnosis and staging 
(Fig. 22.10), as well as histology. The histological 
diagnosis is generally made on transurethral resec-
tion tissue or prostatic biopsy, although in cystic 
tumors, it is not easy to perform biopsy because of 
the prevalently liquid component. The histological 
picture of cystadenocarcinoma features nuclear 
stratification, papillary proliferation, and Roman 
archlike structures. It has a highly invasive growth 
pattern, showing marked destruction of the pros-
tatic parenchyma and aggressive invasion of the 
periprostatic and rectal fat [16]. In rare cases, high-
grade ductal carcinoma has a similar morphologi-
cal cystic pattern to cystadenocarcinoma. In short, 
the diagnostic suspicion of cystic tumors is based 
on US examination. Treatment will be surgery if 
this is technically feasible and/or radiotherapy.

A.B. Galosi et al.
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a

b c

Fig. 22.10  Hemorrhagic 
cystic: (a) (histology)  
and (b) (ultrasound) 
longitudinal and (c) axial 
view
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22.2.5.3	 �Dermoid Cysts
These are extremely rare and are also benign. 
Such cysts are well demarcated from the 
surrounding parenchyma. The epithelium of 
dermoid cysts consists of pluristratified squa-
mous cells with keratinized areas. The keratin 
accumulation makes the US hyperechoic, and it 
may be associated with a posterior cone shadow 
due to calcification deposits.

Dermoid cysts are thus unlike cystic tumors 
that have cuboid monostratified cells, as do 
congenital cysts. Only the dilated cystic utricle 
has a pluristratified epithelium without keratin 
differentiation pattern [17]. A correct diagno-
sis of dermoid cysts depends on CT scan or 
MRI.

22.2.6	 �Parasitic Cysts

Parasitic infections are rare in western nations; 
these cysts arise due to bilharziasis or hydatidosis 
(Echinococcus cysts) [18].

22.3	 �Symptoms and Clinical 
Significance of Prostatic 
Cysts

The most frequent clinical scenario is a diagnosis 
of prostatic cysts made during the performance of 
TRUS for lower urinary tract symptoms. The 
connection between the symptoms and the cysts 
has still to be clarified. Scientific evidence pub-
lished in the literature has attempted to correlate 
cysts with their clinical impact. Dik et  al. [2] 
reported the incidence of symptoms in patients 
with midline cysts: 77 % had prostatitis-like 
symptoms, 62 % scrotal pain, 35 % hypospermia 
or ejaculatory pain, and 12 % infertility.

In the study by Jarow et  al. [19], prostatic 
cysts were found in 17 cases among 150 infertile 
men, accounting for 11 %, but were also present 
in 30 % (9/30) of fertile volunteers. Yagci et al. 
[20] observed the presence of cysts in the ejacu-
latory ducts in 6/54 (11%) patients with hemo-
spermia. Hemospermia is often studied by 
transrectal US, but it is difficult to demonstrate a 
causal relationship with prostatic cysts [21], so 
any clinical considerations should be interpreted 
with some caution.

Various case reports of symptomatic prostatic 
cysts have been reported in literature. In the Tambo 
et  al.’s report of 34 cases of symptomatic cysts, 
40 % of the cases suffered from dysuric symptoms, 
33 % from urinary retention, 9 % stranguria, and 
6 % infertility [22]. Nayyar et al. described a case 
of a symptomatic medial cyst treated by incision 
and transurethral marsupialization [23]. Chang 
et al. described a case of a simple cyst causing uri-
nary obstruction, treated with transurethral resec-
tion that completely resolved the symptoms [24]. 
Dell’ Atti [25] reported a 28-year-old with severe 
urinary symptoms of obstructive and irritant type 
due to a simple cyst of the bladder neck that 
resolved after incision and transurethral marsupi-
alization. Other very similar cases have been 
reported by other authors [26, 27]. By contrast, 
Diaz et  al. [28] described a case in which the 
obstructive symptoms persisted after laser vapor-
ization of the prostate; they were found to be sec-
ondary to a voluminous prostatic cyst at the 12 
o’clock position on the bladder neck that contrib-
uted to a cervico-urethral obstruction; this had 
been missed in the earlier assessment. The symp-
toms resolved after treatment of the cyst. This 
clinical case highlights the importance of the dif-
ferential diagnosis of urinary symptoms. Prostatic 
cysts, even if they contain very high concentra-
tions of PSA, do not alter the blood levels of PSA.
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22.4	 �Possible Developments 
in Scientific Research

Recent studies have advanced the hypothesis that 
inflammatory atrophy may have a role in cystic 
transformation to carcinoma, since the tissue 
shows a high level of proliferation as compared 
to normal epithelium [29]. According to biopsy 
findings, epithelial atrophy is greater in subjects 
with a high PSA [30]. The possibility of identify-
ing cystic atrophy by means of US marker lesions 
could be a promising clinical research direction. 
Another interesting field for research develop-
ment is the influence of prostatic cysts on the vol-
ume of the gland and on the stroma/epithelium 
ratio. Voluminous or multiple cysts can artifi-
cially increase the prostate volume, but in actual 
fact, the glandular epithelium is reduced not 
increased. Due to this observation, cysts could 
cause a false reduction in the PSA density (PSA/
prostate volume), having the effect of delaying 
the diagnosis of a tumor (Figs. 22.11 and 22.12).

Fig. 22.11  Multicystic nodule associated with focal atro-
phy (microcysts observed at US)

a

b

Fig. 22.12  (a, b) Focal atrophy (microcysts observed at 
US)
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�Conclusions

TRUS plays a central, first-line role in the 
diagnosis and classification of prostatic cysts. 
The etiopathogenesis of such cysts is corre-
lated to disorders such as prostatic hyperpla-
sia, inflammation, anatomical variants of the 
prostatic utricle, and focal atrophy. They very 
rarely degenerate to cystadenocarcinoma.

Treatment is reserved only to symptomatic 
patients, those with LUTS or obstruction of 
the seminal pathways and hence infertility, or 
those with evolution of the cysts to abscesses.
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Benign Prostatic Hypertrophy

Vincenzo Scattoni and Carmen Maccagnano

23.1	 �Introduction

Benign prostatic hyperplasia (BPH) can be con-
sidered a benign but progressive disease that can 
determine the insurgence of voiding symptoms. 
The identification of men with this disease could 
have a significant impact on the decision among 
the different therapeutic options. Numerous 
pieces of evidence demonstrate the impact of the 
prostate volume on the disease progression and 
on the decision-making for a therapeutic 
approach.

It has been accepted that digital rectal exami-
nation, serum prostatic-specific antigen (PSA), 
and transrectal prostate ultrasound are the avail-
able tools for the prostate volume estimation. 
Nevertheless, symptom assessment followed by 
transrectal ultrasound (TRUS) of the prostate is 
considered as the most important diagnostic 
examinations affecting the decision about indi-
vidual treatment options.

BPH may be studied with ultrasound (US) 
with both transabdominal and transrectal 
approach.
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23.2	 �Transabdominal Approach

The patient is in supine position, and the bladder 
has to be filled with about 250–300 cc of urine. In 
some case, it is necessary to move the patient on 
the left or right side, in order to verify the mobil-
ity of some lesions (i.e., stones, neoplasms, pros-
tatic lobes).

The probes are convex, with a frequency of 
3.5 MHz or with multiple frequencies. The choice 
depends on the body of the patient and, conse-
quently, on the depth of the prostate in the pelvis. 
The PSA is an important parameter to be 
considered.

The actual indications of the exam are:

	1.	 Measurement of the dimensions and of the 
volume of the prostate before medical, surgi-
cal, or radiation therapy [1, 2]. The volume is 
obtained with the multiplication of the three 
diameters (latero-lateral × anteroposterior × 
craniocaudal) × 0.52 (according to ellipsoid 
formula) (Fig. 23.1). This formula might over-
estimate the volume, with a range from 20 up 
to 50 % [2, 3]. Nevertheless, these reports are 

fundamental in order to plan the surgical 
approach (transabdominal vs transurethral). 
The intravesical prostatic protrusion (IPP) is 
another important parameter; it is calculated 
with the measurement of the height (protru-
sion) of the prostate starting from the bladder 
circumference passing through the base of the 
prostate (Fig. 23.2); IPP has shown a signifi-
cant correlation with the severity of symp-
toms, especially those of emptying phase.

	2.	 Indirect signs of detrusor failure, i.e., diver-
ticula, pseudo-diverticula, and bladder stones. 
The measurement of the post-voiding urinary 
volume, preferably together with the urination 
diary, is highly suggestive of the severity of 
BPH (Table 23.1).

	3.	 Definition of the third lobe in the prostate and 
its relationship with the bladder floor 
(Fig. 23.3) [1].
The resolution limit of the method is 5 mm. 

Additionally, this approach is not able to define 
the morphology of the peripheral zone. Finally, 
the diagnostic power is low; consequently, this 
approach is not suggested by the official 
guidelines.

L L

P
C

C A

Fig. 23.1  The prostate volume is obtained with the multiplication of the three diameters (latero-lateral × anteroposte-
rior × craniocaudal) × 0.52 (according to ellipsoid formula), in transabdominal approach
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Bladder IPP

Prostate

7.8 mm

2.5 mm

a b c

Fig. 23.2  Intravesical prostatic protrusion (IPP) with 
transabdominal approach. (a) IPP measurement. The 
prostate in longitudinal scan. The oblique line indicates 
the margin of separation between the prostate and bladder. 

The measurement of the height of the prostate protruding 
in the bladder represents IPP (b, c) US example of IPP 
measurements

Table 23.1  American Continence Society has evaluated the appropriateness criteria on obstructive voiding symptoms 
secondary to prostatic disease

Radiologic procedure Rating Comments

Ultrasound pelvis (bladder and 
prostate) transabdominal

7 Post-void to measure residual urine. If there is significant residual urine, 
evaluation of the upper urinary tract is indicated. Gives estimate of 
prostate size and bladder wall thickness

Ultrasound pelvis (prostate) 
transrectal

2 The resistive index has been shown to be elevated after transurethral 
vaporization of the prostate, suggesting that it can be used to evaluate 
the severity of BPH and monitor therapy

a b

Fig. 23.3  Example of highly protruding medium lobe in the bladder. (a) Longitudinal scan. (b) Transversal scan
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23.3	 �Transrectal Approach

The TRUS of the prostate is usually executed 
with the patient on the left side. The administra-
tion of an enema two hours before the exam is 
mandatory in order to avoid artifacts due to the 
presence of feces. The fasting is not necessary. 
The bladder has to be filled with 250–300 cc in 
order to better define the base of the prostate and 
the seminal vesicles.

The probes are transrectal, with high fre-
quencies (≥7.5 MHz); this is due to the superfi-
cial position of the prostate respecting to the 
plan of the probe (internal wall of the rectum). 
Currently, the commercially available probes 
are:

•	 Mono-planar linear: it analyzes the prostate 
with longitudinal scan.

•	 Biplanar convex linear or biconvex: it ana-
lyzes the prostate with longitudinal scan 
together with transversal scan, through two 
orthogonal plans.

•	 End fire (with variable frequency): it allows 
all possible scans.

The prostate has to be studied with two 
orthogonal scans, transversal and longitudinal, 
together with the evaluation of the volume of the 
whole prostate and the adenoma.

This clinical data plays a fundamental role in a 
therapeutic and surgical context [1–8] (Fig. 23.4).

Like in suprapubic sonography, BPH can usu-
ally be visualized as a low-echo area in transrec-
tal sonography and can easily be distinguished 
from the peripheral gland with higher echo den-
sity. But it is also true that many adenomas are 
echo equal to the rest of the gland. It is still pos-
sible to detect an echo-equal adenoma, if a so-
called tangential artifact occurs on the periphery 
of the adenoma.

This physical phenomenon occurs if the sound 
wave hits the peripheral surface at an angle. The 
ultrasound cone is thus split and an acoustic 
shadow generated. In the adenoma, there are fre-
quently hyperechoic echos that occur more rarely 
in the peripheral gland. These can be residues of 
chronically recurrent focal prostatitis. They can 

be found in many cases where anamnestically no 
prostatitis has been diagnosed, so it must be 
assumed that many of these infections proceed 
subclinically. This would match the frequent his-
tological findings after transurethral resection in 
patients, the majority of which had shown neither 
clinical nor anamnestic indications of prostatitis. 
In autopsies such pathological changes are found 
in over 50 %. In addition, corpora amylacea may 
show up as soundproof echos with a consecutive 
acoustic shadow. They are most likely to be found 
at the borderline between an adenoma and the 
peripheral gland. As their position is ventral to 
the peripheral gland, they do not detriment its 
feasibility in transrectal sonography (in contrast 
to suprapubic sonography). Small cystic altera-
tions in adenomas are also not rare although still 
fairly infrequent, like the soundproof echos in the 
peripheral gland. Usually, these alterations are 
distended glandular vessels and in some cases 
also residues after minor tissutal necrosis. 
Utriculus cysts are found in the middle line dor-
sal from the urethra and can sometimes grow up 
to several cubic centimeters in volume.

It is not normally possible to differentiate ana-
tomically between the central and peripheral 
zone sonographically, despite its crude and irreg-
ular vessel structures. The normal peripheral and 
central zone presents a homogeneous area in the 
central zone of the dorsal gland. In contrast to 
these latter zones, the ventrally located transition 
zone seems rather low in echo density.

TRUS is a very reliable instrument for the 
evaluation of BPH and to calculate the BPH. The 
diagnostic accuracy of the TRUS is very high, 
with a risk of overestimating the real volume and 
weight of the gland which ranges only 4–10 % 
[9–15]. Roehrborn et  al. have shown that there 
was a distinct underestimation of prostate size by 
DRE when compared with TRUS measurement. 
The underestimation of prostate volume increased 
with increasing TRUS volume, particularly if the 
volume was greater than 30  mL.  The average 
underestimation was between 9 and 12 % for 
prostate volumes 30–39 mL and between 17 and 
27 % for prostate volumes 40–49 mL.

Ahmad et al. have shown that DRE had positive 
predictive value of 94 % in identifying the prostate 
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above 30 cc. Hence, when considering treatment 
with 5-ARIs, DRE may be sufficient to identify 
suitable patients for 5-ARI therapy. However, for 
prostate volumes between 25 and 30 cc and above 
80 cc, TRUS may be required [16].

Additionally, TRUS allows the identification 
of the medium lobe, its dimensions, and its rela-
tionship with the bladder floor [1].

Moreover, the measurement of the transition 
zone is a fundamental moment during TRUS 
examination. Different authors have shown that 
the transition zone volume represents an impor-
tant parameter predictive of the severity of these 
symptoms [17, 18] (Fig. 23.5).

The TZ volume strongly correlates with the 
urodynamic parameters, especially when the 
transition zone index (TZI) is >0.5 [20]. The TZI 
is the result of ratio between the volume of the 
transition zone and the volume of the whole pros-
tate. Additionally, the TZI correlates with the 
severity of the emptying symptoms [18, 19], and 
it is very accurate in predicting the risk of acute 
urinary retention [20] (Figs. 23.6 and 23.7).

The intravesical prostatic protrusion has a good 
correlation with the severity of the emptying symp-
toms which is classified in three grades, referring to 
IPP values (Table  23.2). Several authors have 
reported that a high-grade IPP is strongly associ-
ated with both the severity of the emptying symp-
toms and a post-voiding volume >100 cc [21–23]. 
Mariappan and coll. have reported that IPP is a 
stronger predictive factor than prostate volume 
regarding the risk of acute urinary retention [24]. 
Intravesical prostatic protrusion (IPP) is dependent 
on the bladder filling. When the bladder volume 
exceeds 100 mL, IPP may be overestimated, and at 
bladder volumes above 400  mL, the prostate 
recedes below the pubic symphysis, resulting in 
underestimation of IPP.

Inflammatory outcomes with a diameter 
≥3  mm may be represented by hypo- or 

hyperechoic areas with or without posterior cone 
of shadow (Figs. 23.8 and 23.9). Conversely, the 
abscessual zones present a prevalent liquid com-
ponent and, consequently, the appearance is 
anechoic.

The American College of Radiology suggests 
to perform a TRUS examination [25] in the fol-
lowing situation:

	1.	 Measurement of the dimensions and of the 
volume of the prostate before medical and sur-
gical treatments

	2.	 Diagnosis of inflammatory or abscessual 
zone

	3.	 Functional and morphologic study of the blad-
der neck

	4.	 Surgical follow-up (Fig. 23.10)
The American College of Radiology sug-

gests also a TRUS to diagnose a bladder can-
cer or stones located in the distal ureter [25]. 
The ACS has evaluated the appropriateness 
criteria on obstructive voiding symptoms sec-
ondary to prostatic disease (Table 23.1). TRUS 
has been evaluated with a rate of 2 with ultra-
sound of the prostate and bladder with a rate 
of 7.

The color Doppler and the power Doppler are 
usually used for the identification of neovascular-
ized foci, which may be the possible expression 
of abscessual or tumoral diseases. Particularly, 
the vascularization is absent in the center of the 
abscessual areas [26–29].

The color Doppler allows another parameter, 
the resistive index (RI): it evaluates the grade of 
the tension in the venous system of the prostate. 
If it is >0.7, it indicates a severe obstruction in 
>70 % of patients (Fig. 23.11).

Finally, the main role of the TRUS for BPH is 
the surgical planning and follow-up. It has to be 
integrated with other parameters such as DRE 
and PSA [30, 31].
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a b

Fig. 23.4  Measurement of the volume of the whole 
prostate and of the adenoma. Usually the appearance 
of the adenoma is hypoechoic comparing to the periph-
eral region of the gland [3, 4]. The net difference of 

echogenicity between the two regions allows the iden-
tification of a definite margin corresponding to the sur-
gical enucleation plan. (a) Transversal scan. (b) 
Longitudinal scan
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a b

Fig. 23.5  TRUS may evidence a median lobe, whose 
dimension may correlate with the severity of urinary 
symptoms. The echogenicity of the lesion protruding into 
the bladder lumen is the same of the prostate, without a 

definite margin. All these features indicate a medium 
prostatic lobe. The differential diagnosis with bladder 
cancer is essential. (a) Transversal scan. (b) Longitudinal 
scan

a b

Fig. 23.6  TZI measurement: transition zone volume 
(TZV)/total prostate volume (TPV) ratio. In this case, the 
value is 0.8 (168/207); thus the correlation with the sever-

ity of the obstruction is significant. (a) Transversal scan. 
(b) Longitudinal scan
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Fig. 23.7  Three examples of a small, medium, and large TZ volume and BPH
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Table 23.2  Correlation between the severity of the emp-
tying symptoms and IPP measurement

Grade IPP measurement (mm)

1 <5

2 05/10/15

3 >10

Figs. 23.8 and 23.9  Hyperechoic areas with posterior cone of shadow (intraprostatic calcifications) localized on the 
margin between adenomatous and peripheral region of the prostate (surgical plane)
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Prostatic Carcinoma

Vincenzo Scattoni, Carmen Maccagnano, 
and Marco Roscigno

24.1	 �Introduction

In Western countries prostatic carcinoma (PC) is 
the most frequent neoplasm and the second cause 
of death due to tumor in males. The PC epidemi-
ology has radically changed during the last 
decades, with a tendency to an increasing number 
of diagnosis and a concomitant reduction of mor-
tality. This evident modification is surely due to 
the improving of urological diagnostic instru-
ments that allow a more precocious diagnosis of 
the PC.  The introduction and the diffusion of 
PSA as a screening test, the improving of imag-
ing, and the standardization of prostate biopsy 
(PB) techniques have been crucial in fostering 
this important change.

Since its first description and introduction by 
the end of the 1960s [1], the transrectal ultra-
sound (TRUS) of the prostate has played a funda-
mental but controversial role in PC diagnosis. 
Nevertheless, it has been considered the gold 

standard for its employment as a guide for PB 
during the last decades [2].

The anatomical and morphological TRUS 
parameters are:

•	 Prostate volume
•	 Volume of the transitional prostatic zone  

(and possible prostatic adenoma)
•	 Glandular echogenicity (peripheral area 

differentiated from transitional area)
•	 Relationship with adjacent organs:

–– Individuation of altered echogenicity 
(hypo- or hyperechoic)

–– Integrity of the prostate capsule

The prostate can be divided into two distinct 
areas, ascertained by TRUS [3, 4]: a peripheral 
zone with a relatively homogenous echogenicity; 
a central zone with reduced echogenicity in com-
parison with the peripheral zone, with an irregular 
echogenicity of the periurethral transitional area. 
The central zone is often hardly identifiable in the 
transitional zone, particularly in young patients, 
in whom the peripheral zone represents up to 
75 % of the total prostate volume. The ratio 
between the central and peripheral zone tends to 
invert with increasing age, depending on the 
amount of hyperplastic prostatic tissue in the tran-
sitional zone. Whereas a consistent prostatic cap-
sule is not often clearly identifiable, a boundary 
line can be noted between the peripheral prostatic 
parenchyma and the periprostatic fat tissue.
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The US inspection of the prostate, aiming at 
recognizing a PC, has to focus on asymmetries, 
on areas with increased vascularization, on areas 
with different echogenicity in comparison with 
surrounding tissue (hyperechoic or hypoechoic), 
and on eventual irregularities of the prostatic 
capsule.

Effectively, all these variants are indicative of 
focal alterations whose significance has to be 
duly investigated.

Currently, TRUS represents the gold standard 
radiological exam for prostate imaging. This is 
due to the best costs/benefits ratio (absence of 
ionizing radiations, low invasiveness, reduced 
costs). Nevertheless, in literature it has been 
reported a diagnostic accuracy ranging from 50 
up to 60 %, with a low positive predictive value 
(about 6 %) also using probes with high frequen-
cies. Moreover, the reliability of local staging is 
still under discussion.

24.2	 �Topography

Classically, PCs originate from the peripheral 
zone in 70 % of cases (Fig. 24.1), from the central 
zone in 10 % of cases, and from the transitional 
zone (the place where benign prostate hyperpla-
sia develops) in 20 % of cases [5]. Similar per-
centages can also be found both in the autopsic 
series and in the bioptic clinical data. It is worth 
considering the exam of the anterolateral horn, 
which is part of the transitional zone, and which 
is often possible to investigate with DRE 
(Fig. 24.2). The nodules in the transitional zone 
are, on the contrary, hyperplastic in most cases, 
with a variable echogenicity. For this reason, a 
PC diagnosis is rare and difficult to perform with 
a biopsy of the transitional zone nodules, even in 
case of hypoechoic nodules (Fig. 24.3). A PC of 
important diameter might be suspected only in 
case of significant asymmetry of the transitional 
zone, with the presence of hypervascularized and 
homogeneous tissue during Doppler examination 
(Fig. 24.4).
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Fig. 24.1  Hypoechoic area localized in the peripheral portion of the left prostatic lobe

Fig. 24.2  Neoplasm localized in the anterior horn in the 
left prostatic lobe (Red arrows)

Fig. 24.3  Hypoechoic focus of nodular hyperplasia. This 
area is not suspicious for PC, because of its localization in 
the TZ (Red arrows)
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24.3	 �Echogenicity

24.3.1	 �Hypoechoic Lesions

Hypo-echogenicity is the most frequent presenta-
tion of neoplastic lesions (Fig. 24.5). About 60 % 
of involved areas with PC are hypoechoic, but 
only 17–57 % of hypoechoic areas are PC at final 
histology. The difference of the echogenicity of 
the different tissues is not always so clear 
(Fig.  24.6), and diagnosis of a PC requires an 
optimization of the gray scale and of the set of 
US machine. The color Doppler might be helpful 
in the identification of structural anomalies in 
some cases.

The intraprostatic hypoechoic images, particu-
larly those located in the peripheral zone, are con-
sidered suspicious for neoplasia [6], and several 
studies revealed the correlation between this find-
ing and PC [7, 8]. Recent publications [9] highlight 
the presence of hypoechoic areas as significantly 
related to the diagnosis of high-grade PC (Gleason 
score >7) and that they might be considered predic-
tive of a clinically significant disease.

Fig. 24.4  Large PC, involving also the TZ, which is 
hyperechoic, with asymmetrical left prostatic lobe (Red 
arrows)
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Fig. 24.5  Large hypoechoic focus in the left prostatic lobe

Fig. 24.6  Mildly hypoechoic nodule located in the 
peripheral zone, in the right paramedian part. This nodule 
corresponds to an area with increased consistence during 
palpation (Red circle)
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24.3.2	 �Isoechoic Lesions

Thirty to forty percent of PC shows an isoechoic 
appearance. The isoechoic lesions may be very dif-
ferent: small lesions, usually with low histological 
grade, only identified by random PB (T1c stage), 
classical lesions, whose echogenicity is similar to 
the adjacent prostatic parenchyma that is not 

highlighted only with US.  In these cases, color 
Doppler might be helpful in pinpointing lesions 
and in suggesting bioptic sampling (Fig.  24.7). 
Eventually, sometimes, even voluminous and infil-
trating lesions might be difficult to be diagnosed in 
US, if no attention is paid in evaluating the anoma-
lies of the margins or of the lack of differentiation 
between the peripheral and the transitional zone.

Fig. 24.7  Prostatic neoplasm with isoechoic structure, evidenced with ecocolordoppler help, with contrast medium 
(white arrows)
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24.3.3	 �Hyperechoic Lesions

The hyperechoic lesions are the most rare 
(5–10 %), and the observation of microcalcifica-
tions inside the neoplasia (“black and white”) 
occurs in about 2 % of diagnoses (Fig.  24.8). 
These US features are generally associated with 

cancer with poorly differentiated histology 
(Gleason score 9–10) (Fig. 24.9).

The pseudo-cystic lesions are very rare. 
They show a significant cystic component, an 
extra prostatic evolvement, and a compressed 
and often hypervascularized tissue margin 
(Fig. 24.10).

Fig. 24.10  Unusual pseudo-cystic neoplasm with extraprostatic extension and a hypervascularized solid component

Fig. 24.8  Apical right lesion with microcalcifications 
inside (Red circle)

Fig. 24.9  Prostatic neoplasm approximately extended to 
all the prostate, with “black and white” appearance. The 
pathological exam showed a poorly differentiated neo-
plasm (5 + 4 Gleason score)
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24.4	 �Role of TRUS in Prostatic 
Cancer Diagnosis

About 30 % of US detectable PCs shows a nodu-
lar and engaged appearance, whereas in more 
than 50 %, the images show irregular margins 
with infiltrating appearance. It has been demon-
strated that the presence of US-suspected lesions 
is closely related to the cancer-detection rate and, 
above all, to high-grade neoplasms [10, 11].

Nevertheless, the TRUS has many limits in PC 
diagnosis, and these limits reduce the sensitivity 
and the specificity of this method [12, 13].

There are many factors that could be considered:

•	 About one third of neoplasms might be 
isoechoic or with an echogenicity similar to 
“normal” peripheral zone (in particular well-
differentiated lesions with a glandular mor-
phology very similar to the normal structure).

•	 Hypoechoic area may be observed during 
acute flogosis (Fig. 24.11), with the presence 

of post-ischemia necrotic areas, of small nod-
ular hyperplastic areas either of vascular 
structures or of fibro-muscular tissue.

•	 Up to 20 % of the PCs may originate from 
transitional zone, and their differentiation 
from the normal tissue with altered echo-
genicity is very difficult.

The TRUS accuracy in staging PC is low [13] 
with a sensitivity that has been reported to be 
50–85 % and a specificity 46–90 % in detecting 
an extracapsular extension (cT3) (Figs.  24.12, 
24.13, and 24.14). These parameters are even 
lower when considering the seminal vesicle inva-
sion (accuracy <70 %).

The future of US is to offer, in conjunction 
with MRI, a guide for prostate biopsy, in order to 
reduce the side effects of multiple random 
biopsies, to focus the diagnosis only to clinically 
significant neoplasm, and to reduce the diagnosis 
of incidental microfoci which are clinically 
irrelevant.

Fig. 24.11  Hypervascularized and hypoechoic lesions in 
granulomatous prostatitis (post-BCG) might simulate 
neoplastic lesions
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Fig. 24.12  Hypoechoic lesions with poorly defined margins, in recent acute prostatitis (white arrows)

Fig. 24.13  Hypoechoic lesion located in the left lobe; in 
the sagittal plane, the irregularity of capsule is evident

Fig. 24.14  Hypoechoic area in the left lobe. In this case 
the extracapsular extension is not so evident (Red circle)
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24.5	 �Color Doppler Role 
in Prostate TRUS

In physiological conditions the prostate shows very 
low, but generally recognizable, parenchymal flows, 
with a symmetrical representation. More intense 
Doppler signals are visible proximally to the neuro-
vascular bundles and in the peri-capsular and peri-
prostatic zones (Fig. 24.15). At first, the color/power 
Doppler was accepted with enthusiasm, because of 
the improvement of sensitivity; nevertheless, later 
on, the published data evidenced a low specificity: 
even if several neoplasms show a hypo-vascular pat-
tern and a high number of benign inflammatory 
lesions show a hyper-vascularization during Doppler 
exam [14], similar results have been reported with 
the power Doppler [15]. Turgut et al. described some 
vascularization patterns (peri-lesional hyper-vascu-
larization, asymmetrical vascular organization, 
especially in terms of dimensions and number) 
which demonstrated an important correlation with 
PC foci and reported an improved specificity of 
about 5–10 % [16]. Despite these techniques did not 
show a substantial improvement in the accuracy of 
the method, their use may result effective both for 
focused PB and standard PB.

24.5.1	 �Contrast Ultrasound 
(Microbubbles)

The neoangiogenesis is recognized as an essen-
tial mechanism in the oncogenesis. The microv-
asa are inside the neoplastic tissue, and their 
density is higher than in the normal tissue, as 
shown in specimens [17]. Imaging techniques, 
which are potentially able to evidence the pres-
ence of micro-network of neoformed vasa, may 
offer very accurate information in order to diag-
nose the neoplastic foci (Fig. 24.16). The diame-
ter of these microvasa ranges from 10 up to 
50 nm, which is lower than the resolution of con-
ventional Doppler (limit: 1  mm). The use of 
micrububble contrast medium allows the indi-
viduation of vasa with diameter lower than 
50–100 nm [18, 19]. Moreover, it is possible that 
the realization of trials is focused on the contrast 
medium distribution, in order to evidence the 
“functionally” more active lesions (this is similar 
to the iodine contrast medium in CT) [20]. Some 
groups have shown that the use of this method as 
guidance during the performance of focused PB 
improves the diagnostic accuracy [21, 22].

Fig. 24.16  PC with isoechoic structure, evidenced with 
the help of contrast-enhanced USFig. 24.15  More intense Doppler signals are observable 

proximally to neurovascular bundles and in the peri-
capsular and periprostatic zone
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24.6	 �TRUS Lesion-Guided 
Prostatic Biopsies

One of the controversial issues is whether it is nec-
essary to take samples from a TRUS visible lesion 
area in addition to systematic biopsies or simply to 
add more biopsies to the standardized sextant 
biopsy scheme in order to increase the detection 
rate of prostate cancer. Indubitably, hypoechoic 
prostatic lesions are more than twice as likely to 
have cancer on biopsy than isoechoic prostatic tis-
sue, and the average biopsy yield of a peripheral 
zone hypoechoic lesion is 30–50 % [23]. On the 
contrary, hypoechoic lesions in the transition zone 
are less specific in terms of prostatic cancer owing 
to the fact that benign prostatic hyperplasia nod-
ules may normally appear hypoechoic.

Since only 60 % of clinically diagnosed pros-
tate cancer is hypoechoic and owing to the fact 
that transition zone cancers are generally concen-
trated in the farthest anterior areas of the prostate 
near the midline (a zone in which it is virtually 
impossible to detect prostate cancer based on 
TRUS alone), TRUS lesion-guided biopsies 
would detect only about 50 % of all prostate can-
cers. Moreover, the identification of hypoechoic 
lesions in the peripheral zone is subjective [23].

For these reasons, in all cases, most urologists 
perform the standard sextant biopsy protocol and 
do not take additional biopsy samples from visible 
lesions located outside the predetermined location 
for standardized biopsies. They maintain that 
TRUS findings are clinically irrelevant because 
the sensitivity and specificity of a TRUS visible 
lesion is too low. Many authors have reported that 
the exclusive use of TRUS lesion-guided biopsies 
has such a low sensitivity that up to 60 % of the 
cancer would be missed if systematic biopsies 
were not used. In a large series of 2,231 consecu-
tive patients who underwent six sextant biopsies, 
Melchior and Brawer reported that cancer was 
found in 31 % of patients with a hypoechoic sector 
[24]. Even if the positive predictive value of 
hypoechoic lesion was 90 % in patients with a sus-
picious DRE, performing directed biopsies of 
hypoechoic lesions would only have resulted in 
misdiagnosing 25 % of patients. Their results 
strongly suggested the need to obtain biopsy sam-
ples of the normal-appearing peripheral zone as 

opposed to directed biopsies which only sample 
areas showing abnormality with ultrasound.

Nowadays, lesion-guided biopsies only play a 
role in the combination of systematic biopsies in 
prostates with visible lesions. There is some con-
vincing data that the cancer yield is higher in 
those patients with some hypoechoic lesions seen 
at TRUS compared to those with no pathological 
ultrasound findings.

Fleshner et al. have also demonstrated the advan-
tages of biopsying small hypoechoic lesions in 
patients with negative results following digital rec-
tal examination and a PSA of less than 10 ng/ml 
[25]. Although they detected cancer in 17 % of the 
patients with a small visible lesion at TRUS, the 
overall yield of a separate hypoechoic area biopsy 
was less than 4 %. The authors recommended the 
identification and biopsying of small hypoechoic 
lesions in patients with suspected clinical stage T1c 
prostate cancer with minimal PSA elevations owing 
to the fact that a significant proportion of small 
hypoechoic lesions are positive for malignancy.

It is surprising to note that the detection rate of 
suspect findings for cancer by TRUS may vary from 
one institution to another. Melchior et al. reported 
that 72 % out of 2,231 patients had a hypoechoic 
lesion. On the contrary, Scattoni et  al. recently 
reported a positive TRUS in only 6 % out of 396 
patients who underwent extended multisite biopsies 
[23]. In fact, an accurate imaging study showed that 
only 12 % of men with nonpalpable carcinoma of 
the prostate have no TRUS or endorectal coil mag-
netic resonance imaging abnormalities. Different 
cancer yields of the various studies may depend on 
the amount of the prostate following a positive 
TRUS or digital rectal examination [23].

In conclusion, in the absence of any proof that 
an extensive biopsy protocol may eliminate the 
need for directed biopsy, it seems wise to add one 
single biopsy targeted at the peripheral hypoechoic 
lesions located outside the standard biopsy loca-
tion. Moreover, the ultimate biopsy scheme (12 or 
more cores) in patients with TRUS visible lesions 
is yet to be determined.

�Conclusions

Currently, TRUS is the standard choice in 
order to evaluate a prostate, despite the known 
limits of accuracy in the identification of 
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neoplastic lesions and in the PC staging. The 
use of Doppler, especially if associated with 
medium contrast, demonstrates encouraging 
results, opening the way to the development of 
techniques which allow a more precise indi-
viduation of the “suspicious areas.”
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The Seminal Vesicles: Normal 
and Pathological Pictures

Carmen Maccagnano, Andrea Benedetto Galosi, 
and Vincenzo Scattoni

25.1	 �Introduction

The seminal vesicles (SVs) are part of the male 
reproductive system. They are located proximally 
to the posterior aspect of the prostate; they secrete 
a viscous fluid which constitutes the 70 % of the 
ejaculate [1, 2].

These two SVs are tubular structures which, if 
stretched, show a length of about 15 cm. In the 
fold, orthotopic conformation, the length is about 
5–7 cm and the diameter is about 2–3 cm. The 
capacity range is 3–6 ml. Their shape is cone-like 
and they join to the deferential ampoules through 
their apex, originating the ejaculatory duct. The 
ejaculatory duct is 2  cm long and the lumen is 
1 mm width. The ejaculatory duct joins the ure-
thra with orifice located on the veru montanum. 
The SVs are located between the posterior wall 
of the bladder neck and the prostate, and they join 

the ampoules of the deferens duct, situated above 
the prostate. They are posteriorly related with the 
rectal anterior wall. The peritoneum covers only 
the posterior aspect of the SV bottom. The SVs 
are palpable during digital rectal examination, 
because of their close relation with the rectum. 
The two SVs, which connect each other with 
dense fibrous tissue, are laterally related to the 
venous periprostatic plexus.

Every SV is made up of a duct with irregular 
diameter, provided with several ampullar or tubu-
lar diverticula, of variable length. One extremity 
of the duct shows a blind end, whereas the other 
is linked to the deferential ampulla. The curvy 
coils and diverticula are placed one against the 
other, with the interposition of connective sepi-
menta which thicken on the surface of SV, form-
ing the adventitial tonaca.

The wall of SV is made of three layers: muco-
sal, muscularis, and adventitial. The mucosal 
layer is represented by covering simple cylindri-
cal epithelium, with interposed basal cells, and 
by the lamina propria. The cylindrical cells, 
defined as principle or secretory, contain the 
secretory vesicles which are more represented in 
the apex, where they open on the cell surface and 
transfer their fluid into the lumen. The basal cells 
are deeply located among the cylindrical cells. 
The role of the basal cells is substituting and/or 
sustaining the main cylindrical cells. The thin 
lamina propria contains several elastic fibers and 
some isolated fibrous muscular cells.
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The mildly thick muscular layer contains small 
bundles made of fibrous muscular cells, organized 
in a circular internal layer and in an external longi-
tudinal one. It is equipped with a rich nervous 
plexus (which derived from the hypogastric plexus), 
with small groups of interposed ganglion cells.

The adventitial layer is represented by the 
more peripheral layers made of connective tissue, 
with several elastic fibers which send thin sepi-
menta to the inner part of the organ.

In the past, the SVs were considered as the 
storage for spermatozoa, which are observable 
indeed inside the SVs.

Currently, the established role of SVs is the 
production of a fluid enriched with fructose, 
which constitutes the 70 % of the seminal fluid. 
This fluid also contains aminoacids, prostaglan-
dins, citrate, and proteins. Nevertheless, the fruc-
tose is the most important element, also because 
it is the energetic source for the spermatozoa. The 
ejaculation mechanism in the SV comprehends 
also a contraction of SV, with secretion pushed 
along the ejaculatory duct. Then, the spermato-
zoa, accumulated in the deferential ducts and in 
the caudal part of the epididymis, are given off 
along the deferential ampoules. During the third 
phase, a new SV contraction pushes the liquid 
through the deferential ducts, enriched with sper-
matozoa [3].

25.2	 �Ultrasound Study

The SV morphology is evaluable with transab-
dominal approach with a convex probe or, more in 
detail, with a transrectal probe (transrectal ultra-
sound – TRUS). In TRUS the SV appearance is 
club-like, with finely irregular margins and mildly 
irregular echogenicity, slightly lower intense than 
the prostate. The range length is 40–60 mm and is 
extremely variable among the individuals; the 
width (15–20 mm) and the thickness (7–12 mm) 
show, instead, an inferior range of variability. 
Body width, whose range is 7–12 mm, is the most 
unvarying parameter among the individuals. 
When this parameter is over 14 mm, a dilation of 
the vesicle is observed [4].

Using an end-fire probe, it is possible to note 
and assess both SVs, which look like two down-
directed big whiskers, on an axial plan. In this 
way a precise evaluation of the effective symme-
try and dilation is possible. With an oblique scan, 
the exam of the entire SV is also feasible. It is 
also possible to calculate the longitudinal (length) 
and axial (thickness) diameters and to examine 
the ejaculatory duct and its end in the urethra in 
detail. The ultrasound look is slightly irregular 
and hypoechoic in comparison with the prostate 
(Figs. 25.1 and 25.2).

Standard criteria, divided into conventional 
and unconventional, are used to evaluate the 
modifications of ultrasound imaging of SV.

The conventional criteria are:

	1.	 Increased thickness (anterior-posterior diam-
eter – APD), mono- or bilateral (>14 mm);

	2.	 Asymmetry (>2.5 mm) between the two SVs, 
even with normal APD (7–14 mm);

	3.	 Reduced APD, mono- or bilateral (<7 mm)
	4.	 Thickened glandular epithelium or with 

calcification/s;
	5.	 The presence of polycyclic areas separated by 

hyperechoic septa (honeycomb shaped) in one 
or both SVs (Fig. 25.3) [3, 4].

The unconventional criteria are:

	1.	 Glandular bottom-body ratio inferior to 1 or 
superior to 2.5;
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	2.	 APD of the body unmodified after ejacula-
tion. Currently there are no literature data 
about the description of the SV dilation with 
a volumetric cut-off. Nevertheless, an ele-
vated volume after ejaculation is highly asso-
ciated with SV anomalies, with large prostate 
or with the presence of median cysts which 
might cause obstruction of the ejaculatory 
ducts. A reduced volume of the SV is defined 
as hypoplasia, and it principally refers to con-
genital forms with small SV.  Nevertheless, 
acquired forms, associated with testosterone 
deficiency, exist. Hypoplasia is defined such 
by some authors when the APD VS is <5 or 
<7 mm, whereas other authors suggest to refer 
to the longitudinal diameter (normal if 
>25 mm, hypoplastic if 16–25 mm, and atro-
phic if <16 mm).

TRUS allows the individuation of possible 
alterations with malformed reasons:

	1.	 Bilateral agenesis;
	2.	 Monolateral agenesis (Fig. 25.4);
	3.	 Mono- or bilateral hypoplasia (Fig. 25.4);
	4.	 Vesicular cyst.

In these cases, the evaluation of the renal log-
gia and of the urinary tract on the same side of the 
anomaly is fundamental, in order to verify the 
presence of congenital defects of the urinary tract 
(mesonephric/metanephric defects). The mono-
lateral agenesis generally arises before the sev-
enth gestational week, consequently to a 
disturbance of the process, when the ureteral chip 
is generated by the mesonephric duct. It is often 
associated with ipsilateral agenesis (79 %) or 
with other kidney anomalies (12 %).

The bilateral SV agenesis is associated with 
mutations of CFTR gene in 64–73 % of cases, 
with CBAVD in the half of the cases and with 
normal kidneys. SV anomalies are observable in 
50 % of children and in 90 % of adults with cystic 

fibrosis, in whom the agenesis is bilateral in half 
of the cases [3–5].

The congenital SV hypoplasia might be iso-
lated or associated with other genitourinary 
anomalies.

The SV cysts are rare and might be congenital 
or acquired. The congenital forms may be iso-
lated or associated with other genitourinary 
anomalies in most of the cases. The congenital 
cysts are mainly due to ejaculatory duct obstruc-
tion (EDO), caused by malformation of the distal 
part of mesonephric duct. They are associated 
with homolateral renal agenesis or dysgenesis in 
two thirds of cases.

Bilateral cysts have been diagnosed in 44–60 % 
of patients with autosomal dominant polycystic 
renal disease. Thus, the TRUS diagnosis of the 
cysts is clinically relevant, because it can induce 
to a precise evaluation of the urinary tract.

The acquired cysts are usually unilateral and 
associated with EDO, as a result of inflammation. 
Increased SV dimensions, together with an echo-
genicity reduction and with the diagnosis of mul-
tiple liquid micro-areas, are highly suspicious for 
inflammatory disease. Enlarged SVs, with liquid 
area of residual secretion, which do not modify 
after ejaculation are suggestive of vesicle-
ampullar emptying defect.

This might be due to ejaculatory duct obstruc-
tion caused by inflammatory events, stones, or 
prostate neoplasms involving the ducts.

The US accurately evaluates these clinical 
situations associated with infertility (in case of 
hypoposia), hemospermia, or prostate cancer in 
elderly patients (Figs. 25.5 and 25.6) [6].

A reduced SV length and thickness of the 
SV, sometimes with pseudo-cystic appearance 
at the bottom, is evocative of vesicular sclero-
atrophy, and is typical of a specific inflamma-
tory disease [6].

The vesicular stones, as the ampullar ones, are 
very rare, and they are part of a chronic prostatitis-
vesiculitis (Figs. 25.7 and 25.8).

25  The Seminal Vesicles: Normal and Pathological Pictures



308

Fig. 25.1  TRUS: normal seminal vesicle (SV) (right image) and ejaculatory duct (arrows, left image)
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Fig. 25.3  Dilated seminal vesicles with thick wall

a

b

Fig. 25.2  Axial plan (a) and oblique longitudinal plan (b) of normal seminal vesicles (SVs) (D = deferential duct)

25  The Seminal Vesicles: Normal and Pathological Pictures
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Fig. 25.5  Hyperechoic content in the left SV with hyperechoic material in the ejaculatory duct in the patient with 
hematospermia and infection

a

b c

Fig. 25.4  Longitudinal view: hypoplastic-hypotrophic SV (thon arrow a, b) and absent left SV (c, large arrow)
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Fig. 25.6  Chronic inflammatory features of the SV, with the presence of calcifications and hypo- and hyperechoic 
appearance

25  The Seminal Vesicles: Normal and Pathological Pictures
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a b

Fig. 25.7  (a) Stone in the ejaculatory duct. (b) Stone in the ejaculatory duct with dilated SV

a b

Fig. 25.8  Calcification in the SV (a) with acoustic posterior shadow, hyperechoic granule non-calcific without poste-
rior acoustic shadow (b)
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Interventional Ultrasound: 
Transperineal and Transrectal 
Prostatic Biopsy

Andrea Fandella and Pietro Pepe

26.1	 �Indications for Baseline 
Biopsy

PSA and/or rectal examination suspects remain 
the main indications for biopsy [1–4]. A prostate 
biopsy may be indicated for PSA values that 
exceed the thresholds of common use and almost 
always for values above 10 ng/ml; in this regard 
it is suggested to always repeat the PSA before 
making a decision. PSA level should be verified 
after a few weeks using the same assay under 
standardized conditions (i.e., no ejaculation, 
manipulations, urinary tract infections, prostate 
inflammation, and trauma) in the same laboratory 
[2, 3]. Empiric use of antibiotics in an asymptom-
atic patient in order to lower the PSA should not 
be undertaken [4].

Age, comorbidity of the patient, and therapeutic 
consequences are variables to consider when pre-
scribing this procedure. Risk stratification is a 
potential tool for reducing unnecessary biopsies [1].

The transrectal ultrasound is considered the 
standard method to guide prostate biopsy and the 
removal of frustules done with transperineal or 
transrectal technique.

In rare cases, such as rectal amputation, it may 
require a transperineal guide.

It suggests a careful informed consent that 
explains to the patient the consequences of a pos-
sible clinical diagnosis of cancer before the 
biopsy [5].

26.2	 �Preparation for Prostate 
Biopsy

Sampling of the frustules of the prostate can 
result in bleeding inside the lodge and bladder. 
This occurrence is more frequent and severe in 
patients taking medications that interfere with 
clotting. For this reason it is wise to suspend, 
whenever possible, these drugs before the biopsy 
(aspirin, ticlopidine). In particular, the Coumadin 
and the Sintrom must be replaced by low molecu-
lar weight heparins [5].

To minimize the risk of infections, it is appro-
priate to take an antibiotic before the examina-
tion; oral or intravenous antibiotics are state of 
the art. Quinolones are the drugs of choice, with 
ciprofloxacin being superior to ofloxacin [6]; 
prophylaxis should be made taking into account 
the proportion of bacterial resistance in the region 
where biopsy is performed, and then the patient 
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choose the antibiotic accordingly. In addition, the 
patient should be questioned about previous uri-
nary infections and if he/she has taken antibiotics 
for 3 months prior to biopsy. If this occurs, he/she 
should choose an antibiotic different from the 
previous.

Increased quinolone resistance [7] is associated 
with a rise in severe post-biopsy infection [8].

In cases of doubt, and if there has already been 
a prostatitis, the resistance of the intestinal germs 
by culture obtained by rectal swab should be 
tested [9–12]. Furthermore, to reduce the risk of 
infections, the preparation involves running the 
morning of an enema to clear the rectum [5].

26.3	 �How Do the Biopsy?

Biopsy without complications does not require 
hospitalization. The overall duration of the pro-
cedure is less than 30 min.

Based on the operator’s preferences, the 
patient is encouraged to take the following posi-
tions: the side (Fig.  26.1), gynecological, and 
knee-chest positions. The first two positions are 
the most frequently used.

In Fig. 26.2, the instruments needed are biopsy 
gun, syringe with anesthetic, 18 cm needle, and 
sterile container for the samples.

The next stage involves the introduction of an 
ultrasound probe in the rectum. This tool will 
allow the operator to view the loggia, the pros-
tate, and the bladder. In particular, the operator 
will proceed to the measurement of the volume of 
the prostate. The most important function of the 
ultrasound probe is to provide an image of the 
area and to drive accurately the operator in the 
selection of the different areas in which to exe-
cute withdrawal prostate.

A biopsy gun with a hook cutting edge (crypt) 
is able to take small frustules of suspicious tissue. 
The quick-snap mechanism with which the nee-
dle is pushed and withdrawn from the prostate 
minimizes the feeling of discomfort.

The biopsy needle may reach the prostate 
through the rectum (transrectal approach) or the 
skin of the area located between the testicles and 
anus (transperineal approach). Both of these 
methods have proved particularly effective and 
safe. The choice essentially depends on the oper-
ator’s preference.

Fig. 26.1  Patient in positions on the side ready for tran-
srectal biopsy
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26.3.1	 �Transrectal Approach

The procedure can be performed both in the lat-
eral decubitus position (lying on your side and 
with your legs bent) (Fig. 26.1) and in gyneco-
logical position.

Before any operation is practiced, rectal 
examination to rule out the presence of concomi-
tant abnormalities of the rectal wall should be 
performed.

Transrectal biopsy is performed under local 
anesthesia. The ultrasound probe introduced into 
the rectum is provided with a channel for the 
passage of fine needles. So with an 18 gauge 
25 cm needle, it is possible to reach every part of 
the prostate (Figs. 26.3, 26.4, and 26.5).

Only patients with high comorbidity may 
require the procedure in the operating room under 
sedation or anesthesia.

Fig. 26.2  Instruments: biopsy gun 25 cm 18 gauge nee-
dle, syringe with anesthetic with a 25 cm 22 gauge echo-
genic needle tip, and the sterile cassettes for the samples

Fig. 26.3  Transrectal biopsy in the peripheral rear area

Fig. 26.4  Transrectal biopsy in the apex

26  Interventional Ultrasound: Transperineal and Transrectal Prostatic Biopsy
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26.3.1.1	 �Local Anesthesia Prior 
to Biopsy

Ultrasound-guided periprostatic block is state of 
the art [13] (Video 26.1). It is not important 
whether the depot is apical or basal. Intrarectal 
instillation of local anesthesia is inferior to peri-
prostatic infiltration [14].

Fig. 26.5  Transrectal biopsy in the peripheral right area
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26.3.2	 �Transperineal Approach

The procedure is performed in gynecological 
position. The doctor performs a rectal examina-
tion to rule out the presence of concomitant 
abnormalities of the rectal wall. The patient is 
asked to raise a hand with the testicles, or claims 
are with gauze fixed with patches to “hammock” 
groin. The skin located between the testicles and 
the anus is shaved and disinfected. The entry 
point of the needle is located 1.5 cm above the 
anus. At this level, it injects a few ml of local 
anesthetic with a needle thin and short. In point 
prior anesthesia, a thin needle of greater length 
that allows the injection of the local anesthetic 
around the prostate is then introduced.

A thin metal channel cable is introduced along 
the path anesthetized until reaching the suspected 
area. This system will make it easy and not 
annoying for the patient because of the repeated 
passage of the needle biopsy. The ultrasound 
probe allows the patient to see at any time the 
areas that are reached by the needle biopsy. When 
the procedure is performed, a mild compression 
dressing is performed with the entry of the 
needle.

Transperineal prostate biopsy has come to the 
foreground as a result of lower incidence of sep-
sis, better detection rate for anterior prostate can-
cer (PCa), and the opportunity to perform the 
template-guided prostate biopsy [15, 16]. 
Transrectal and transperineal prostate biopsy 
procedures require different techniques and are 
recommended with the same level of evidence 
[17]. Candidates for transperineal biopsy should 
be studied with coagulation blood tests and 
receive antibiotic prophylaxis; if sedation is 
required (saturation or template-guided biopsy), 
both blood tests and cardiologic evaluation are 
recommended. Transperineal biopsy needs multi-
frequency linear or biplanar probes to show peri-
neal passage of the needle; this approach is 
recommended for patients that have been previ-
ously subjected to abdominoperineal amputation 
or that are affected by severe disease of the rec-
tum (Figs. 26.6 and 26.7).

Transperineal and transrectal prostate biopsy 
provides similar detection rates for prostate can-

cer (PCa) both for first procedure (34–40 %) and 
for repeat procedure (22–43 %) performing at 
least 12 (extended biopsy) vs. >20 (saturation 
biopsy) cores, respectively [18–31]. Transperineal 
route allows for easier access to the anterior zone 
of the gland, where incidence of PCa is from 10 
to 20 % at repeat biopsy [32–36]. Transperineal 
template-guided biopsy, utilizing 30–60 cores, is 
suggested for men with previously negative biop-
sies and persistent suspicious of cancer, in local 
PCa staging and in the re-evaluation of patients 
enrolled in active surveillance (AS) protocols 
[37–40].

Despite ultrasound sensitivity improvement 
through combined use of color power Doppler 
(CDU) and a contrast medium agent [41–43] or 
elasto-sonography [44], the accuracy of trans-
perineal and transrectal approach in the diagnosis 
of PCa performing targeted biopsies has not 
improved. On the contrary, combined use of mul-
tiparametric MRI (magnetic resonance imaging) 
and MRI/TRUS transperineal fusion targeted 
biopsy has high accuracy in detecting significant 
PCa [44–51]. In fact, multiparametric MRI/
TRUS targeted biopsy produces a higher detec-
tion rate of PCa for each single core compared to 
extended biopsy schemes (15–20 % vs. 5–10 %) 
[50, 51] (Video 26.7) (Figs.  26.8, 26.9, 26.10, 
and 26.11); multiparametric MRI/TRUS trans-
perineal targeted biopsy improves diagnosis of 
significant PCa most notably in AS protocols [44, 
48–52].

Prostate biopsy is the gold standard in 
re-evaluation of men enrolled in AS protocols, 
and the highest percentage of patients being 
reclassified at confirmatory prostate biopsy 
repeat biopsy (25–30 % of the cases) [48] 
following unfavourable histology results (i.e., 
Gleason score >6, number of positive cores >2, 
greatest percentage of cancer “GPC” >50 %). 
Despite the fact that both the appropriate number 
of biopsy cores (extended vs. saturation vs. 
template-guided schemes) and the approach 
(transrectal vs. transperineal) [43–55] have not 
been established, transperineal biopsy seems 
more accurate in the identification of patients at 
risk of PCa in AS protocols [48], resulting in a 
lower incidence of adverse definitive histology 
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specimens compared to transrectal approach [53–
56]. Multiparametric MRI/TRUS fusion targeted 
biopsy has improved staging in AS giving 10 % 
reassignment [57] in patients undergoing standard 
biopsy [58, 59]; moreover, MRI/TRUS fusion 
transperineal targeted biopsy has good accuracy 
in the diagnosis of anterior PCa [59–63] and in 
the re-evaluation of micro-focal cancer (a single 
positive core of Gleason score equal to 6 and 
GPC <5 %) [64] at risk for clinically insignificant 
PCa. Highest diagnostic accuracy of clinically 
significant PCa in the re-evaluation of men in AS 
[65] is still, at present, obtained through extended 

or saturation prostate biopsy schemes combined 
with MRI/TRUS targeted biopsy.

Finally, the transperineal approach reduces the 
incidence of sepsis (at most 0.07 %) compared with 
1–2 % for the transrectal approach [11, 61, 66–74].

In conclusion, the transperineal approach 
could be recommended in persistent suspicion of 
PCa following one or more negative transrectal 
biopsies as this approach increases the detection 
of anterior PCa; furthermore, the transperineal 
route significantly reduces the incidence of sepsis 
in patients with previous prostatitis and/or recur-
rent urinary tract infection [75–77].

Fig. 26.6  Transperineal prostate biopsy (longitudinal 
scan): the needle (18 gauge tru-cut) is used to perform the 
biopsy in the periphery of the gland

Fig. 26.7  Transperineal prostate biopsy (longitudinal 
scan): the needle (18 gauge tru-cut) is used to perform the 
biopsy in the anterior zone of the gland
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Fig. 26.8  3.0 Tesla pelvic multiparametric MRI/TRUS 
fusion imaging (axial scan) (ACHIEVA 3.0 Tesla; Philips 
Healthcare Best, the Netherlands  – Logiq E9 General 

Electric; Milwaukee, WI): multiparametric MRI/TRUS 
fusion procedure and the application of markers

Fig. 26.9  3.0 Tesla pelvic multiparametric MRI/TRUS fusion imaging (longitudinal scan) (ACHIEVA 3.0 Tesla; 
Philips Healthcare Best, the Netherlands – Logiq E9 General Electric; Milwaukee, WI)
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Fig. 26.10  Visual and quantitative analysis of SonoVue® concentration in the prostate after intravenous administration 
of ultrasound contrast medium: the markers evaluate the concentration of SonoVue® in different areas of the gland

Fig. 26.11  3.0 Tesla pelvic multiparametric MRI/TRUS/
elasto-sonography fusion imaging (ACHIEVA 3.0 Tesla; 
Philips Healthcare Best, the Netherlands  – Logiq E9 

General Electric; Milwaukee, WI): ultrasound evaluation 
of multiparametric MRI suspicious lesion (marker) is also 
conducted using elasto-sonography
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26.4	 �Sampling Sites and Number 
of Cores

On baseline biopsies, the sample sites should be 
bilateral from apex to base as far as posteriorly and 
laterally as possible in the peripheral gland (Videos 
26.2, 26.3, 26.4, 26.5, and 26.6). Additional cores 
should be obtained from suspect areas by DRE/
TRUS and MRI (Video). Sextant biopsy is no lon-
ger considered adequate. Ten to 12 core biopsies 
are recommended [78], with >12 cores not being 
significantly more conclusive [79, 80].

26.4.1	 �Transition Zone Biopsy

Transition zone sampling during baseline biop-
sies has a low detection rate and should be con-
fined to repeat biopsies [81].

26.5	 �Indications for Re-biopsy

26.5.1	 �After a Previous Negative 
Biopsy

Indications include (a) persistent increase in PSA, 
(b) suspicious DRE, (c) ASAP (atypical small aci-
nar proliferation), and (d) extended PIN (prostatic 
intraepithelial neoplasia). The number of frustules 
taken must be higher than the first biopsy; you 
should also perform the transitional zone biopsy.

Alternatively, the re-biopsy can be done by tech-
nical saturation (20–24 samples). Approximately, 
20 % re-biopsies are positive.

26.5.2	 �Repeat Biopsy After Previously 
Negative Biopsy

Isolated high-grade PIN in one or two biopsy 
sites is no longer an indication for repeat biopsy 
[82–85].

26.5.3	 �After a Previous Positive Biopsy

The re-biopsy is provided in most of the protocol 
for the patient in the active surveillance.

26.6	 �Possible Complications 
of Biopsy

The prostate biopsy is a safe procedure and gen-
erally associated with few complications.

During the execution of the biopsy, with both 
transperineal and transrectal approaches, the 
patient may experience pain even after executing 
anesthesia. Rarely, the patient may experience a 
general malaise characterized by increased 
sweating and feeling of loss of consciousness. 
Exceptional is the appearance of allergic reac-
tions to the local anesthetic.

After the procedure, a rare complication (less 
than 2 % of cases) can be represented by the 
inability to empty the bladder spontaneously. In 
such a case, the placement of a urinary catheter 
which may be held in place for a few days or 
removed immediately is necessary.

For a few weeks after the biopsy with tran-
srectal approach, you can assist in the loss of 
blood from the rectum (rectal). Such event is 
observed in 10–40 % of cases. The presence of 
blood in urine (hematuria) and/or urethrorrha-
gia is common in both the transrectal and the 
transperineal biopsies. Both are observed in 
approximately 30–60 % of cases; they persist 
for some days and generally disappear 
spontaneously.

Prostate biopsy is considered a safe technique, 
with incidence of severe complications <1 %; 
among these are the most dangerous infections of 
antibiotic-resistant germs. Severe postprocedural 
infections were initially reported in 1 % of cases, 
but have increased as a consequence of antibiotic 
resistance [8–11].

Low-dose aspirin is no longer an absolute 
contraindication [86]. Percentage of complica-
tions per biopsy session, irrespective of the num-
ber of cores, are as follows: hematospermia 
37.4 %, hematuria >1 day 14.5 %, rectal bleeding 
<2 days 2.2 %, prostatitis 1 %, fever >38.5  °C 
0.8 %, epididymitis 0.7, rectal bleeding >2 days 
+/− surgical intervention 0.7 %, urinary retention 
0.2 %, and other complications requiring hospi-
talization 0.3 % [11].

After transperineal biopsy, seldom is the for-
mation of a hematoma at the site of entry of the 
needle (less than 0.5 % of cases). The clinical 
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complications following transperineal prostate 
biopsy in men submitted to extended vs. satura-
tion biopsy are listed in Table 26.1 [68].

In less than 1 % of cases, it is possible to 
observe the onset of high fever with shivering 
that may require hospitalization.

After the “execution of the procedure is an 
appropriate observation period of about a” time 
to highlight the appearance of any immediate 
complications. After transperineal biopsy, a mild 
compression level with the entry of the needle 
could be instituted.

Table 26.1  Complications following transperineal prostate biopsy in 3,000 patients submitted to 12 vs. 18 vs. >24 
needle cores

Complications
12 cores*
915 pts vs.

18 cores*°
1330 pts vs.

>24 cores°
630 pts

Hematuria 92 (8.1 %) 130 (9.7 %) 66 (10.4 %)

Urethrorrhagia 20 (2 %) 30 (1.5 %) 19 (3 %)

Hematospermia 98 (10.7 %) 280 (21 %) 192 (30.4 %)

Acute urinary retention 38 (4.1 %) 95 (7.1 %) 70 (11.1 %)

Prostatitis 6 (0.6 %) 10 (0.7 %) 6 (0.9 %)

Sepsis – – –

Orchiepididymitis 4 (0.4 %) 7 (0.5 %) 4 (0.6 %)

Urinary tract infection 27 (3 %) 30 (2.2 %) 16 (2 %)

Perineal hematoma 3 (0.3 %) 4 (0.3 %) 5 (0.8 %)

Vagal syndrome 9 (0.9 %) – –

Fever 4 (0.4 %) 8 (0.6 %) 5 (0.8 %)

Systemic adverse eventsa,b 1 (0.1 %) – –

Hospital admission (within 20 
days)

9 (1 %) 18 (1.3 %) 10 (1.6 %)

Emergency department visit 
(within 20 days)

55 (6 %) 128 (9.6 %) 91 (14.4 %)

aProstate biopsy performed under local anesthesia (*) or sedation (°) [72]
bAcute cardiac ischemia
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Role of Imaging and Biopsy 
to Assess Local Recurrence After 
Definitive Treatment for Prostate 
Carcinoma

Pasquale Martino, Vincenzo Scattoni $, 
Andrea B. Galosi $, Paolo Consonni, 
Carlo Trombetta, Silvano Palazzo, 
Carmen Maccagnano, Giovanni Liguori, 
Massimo Valentino, Michele Battaglia, 
and Libero Barozzi

27.1	 �Introduction

Recurrence after a definitive treatment for pros-
tate cancer (PCa) (i.e., radical prostatectomy 
[RP], radiotherapy [RT], high-intensity focused 
ultrasound [HIFU], and cryotherapy [CT]) is 
defined by an increase in the serum value of 
PSA after reaching the nadir. Generally, the def-
inition of recurrence after RP has relied on a 
single elevated PSA level, but the reported level 
of PSA which indicates failure after RP varies. 
Various PSA thresholds have been used, includ-
ing >0.1, >0.2, >0.4, and >0.5  ng/ml [1–4]. 
After radiotherapy, the RTOG-ASTRO Phoenix 

consensus has assessed that a rise by 2 ng/ml or 
more above the nadir as standard definition of 
biochemical failure after RT (or 3  ng/ml after 
brachytherapy).

The PCa recurrences may be classified into 
four main categories: (1) PSA-only relapse, (2) 
local recurrence, (3) distant metastases (most 
commonly nodal or osseous), and (4) combina-
tion of local and distant recurrences. Detecting 
the site of recurrence is difficult, since an increas-
ing PSA level is rarely associated with symptoms 
or findings at physical examination [5–10]. Thus, 
PSA doubling time (in months), PSA velocity (in 
ng/ml/year), and nomograms have been advo-
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cated in order to improve the discrimination 
between local or distant recurrence [11–13].

From a practical point of view, detecting the 
site of recurrence (local vs distant) is critical for 
defining the optimum treatment [14, 15]. For 
instance, patients submitted to RRP with a local 
recurrence with no detectable distant metastases 
may benefit from salvage radiotherapy with or 
without androgen deprivation (according to the 
Consensus Statement on Radiation Therapy of 
Prostate Cancer and to the Society of Therapeutic 
Radiation Oncologist guidelines), whereas those 
with distant disease may be treated with systemic 
treatments [16].

Currently, different imaging methods are sug-
gested, together with the biopsy of prostatic fossa 
or prostate biopsy after treatment which may 
help the urologists and the oncologists to assess 
local recurrence in patient with PSA relapse after 
definitive treatments for PCa.

We have reviewed the available literature on this 
topic and analyzed all the advantages and disad-
vantages of all the available imaging techniques.

27.2	 �Material and Methods

A systematic review of the literature was per-
formed by searching Medline from January 1995 
up to January 2011. Electronic searches were 
limited to the English language, and the key-
words prostate cancer, RT, HIFU, CT, transrectal 
ultrasound [TRUS], magnetic resonance imaging 
[MRI], PET/TC, and prostate biopsy were used.

27.2.1	 �Local Recurrence After Radical 
Prostatectomy

After surgery, it is possible to perform different 
imaging modalities to detect a local recurrence 
[17, 18]. Traditionally, transrectal ultrasound 
(TRUS) is easily performed, but it has shown to 
have many limitations when differentiating 
between recurrent or residual tumor and postsur-
gical scarring. Nevertheless, the biopsies of the 
prostatic fossa after RP are still executed under 
TRUS-guidance.

27.2.1.1	 �TRUS
Although several trials have shown that TRUS is 
better than digital rectal examination (DRE) for 
detecting local recurrence, it lacks specificity.

TRUS appearance of local recurrence of PCa 
in the prostatic fossa in patients with no clinical 
or biochemical evidence of recurrence after RP 
includes asymmetric thickening or fullness of the 
anastomosis, loss of the integrity of the retro-
anastomotic fat plane, and/or the presence of 
hypoechoic lesion in the peri-anastomotic area, 
surrounded by a variable amount of tissue that is 
more prominent anteriorly and that is hypoechoic 
relative to the surrounding fat [19–21].

The most common TRUS-detectable lesion 
site is the vesico-urethral anastomosis (VUA) 
area. The other sites include the anterior and the 
posterior bladder neck and, less frequently, the 
retrovesical space (posterior to the bladder neck). 
Particularly, TRUS provides a substantial advan-
tage compared with DRE in the PCa recurrence 
localized at the bladder neck, since these lesions 
may be more difficult to be palpable because of 
the anterior location or because of merging of the 
lesion with the bladder wall.

Thus, lesions that occupied more than one site 
within the prostatic fossa had a greater likelihood 
of having positive biopsy findings, and the lesions 
are more likely to be palpable compared with 
those that occupied one site, as reported by 
Leventis et al. [19].

In the last decade, several studies have 
addressed the clinical utility of TRUS in detect-
ing local recurrence and described a statistically 
significant correlation between TRUS-suspected 
areas in the prostatic fossa and positive biopsies 
[20]. As indicated by Leventis et al. and Scattoni 
et al., local recurrences are more often hypoechoic 
(65 % of cases), whereas about 30 % of local 
recurrences are isoechoic with VUA appearance, 
with about 20 % of patients with a final positive 
biopsy [19, 22]. Unfortunately, the ability of 
TRUS to detect a local recurrence depends on the 
PSA levels. Scattoni et al. have demonstrated that 
TRUS was able to detect every biopsy-proven 
local recurrence lesion only with a PSA >2.0 ng/
ml [22]; therefore, the use of TRUS is 
questionable.
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27.2.1.2	 �TRUS-Guided Biopsies
Due to the low accuracy of TRUS in the detection 
of recurrent prostate cancer especially at low 
PSA levels, it may be useful to perform a pros-
tatic fossa biopsy. The optimal biopsy strategy 
regarding location and number of cores has not 
been proved. Scattoni et al. [22] have suggested 
that a sampling with 6 cores in the VUA region is 
an efficient tool in the detection of local recur-
rence after RP, even with PSA <0.5  ng/ml. 
However, the likelihood of biopsy-proven local 
recurrence after RP has been reported to vary 
between 35 and 54 % with nearly a third of 
patients requiring two or more TRUS-guided 
biopsy sessions to obtain a final diagnosis [23, 
24]. Different authors agree that increasing the 
core number do not markedly improve the detec-
tion rate of recurrence [19–21]. It has been sug-
gested that a more easy sampling may be 
performed using an end-fire probe to guide the 
biopsy, with the final aim to direct the needle into 
the prostatic fossa at a more orthogonal angle. 
Conversely, side-fire or biplanar probes sample a 
longer segment of the retrotrigonal space and 
prostatic fossa, where local recurrence is less fre-
quent but more often visible.

Several authors have tried to find further fac-
tors that may predict PCa recurrence detection in 
the prostatic fossa, but the results are still contro-
versial. Shekarriz et  al. [25] have demonstrated 
that the pathological stage or status of the mar-
gins following RP (including seminal vesicle 
involvement) or recurrence time may predict the 
results of VUA biopsy. Saleem et  al. [26] have 
reported that the pathological stage, Gleason 
score, and PSA velocity are unhelpful in predict-
ing biopsy results. Conversely, Scattoni et al. [22] 
have found that only an abnormal TRUS and 
DRE may be considered as significant predictors 
of PCa recurrence detection, while PSA, patho-
logical stage, the Gleason score, margins’ status 
following RP, or the PSA elevation time have no 
correlation with a positive biopsy. Zietman et al. 

[27] reported that the likelihood of a positive 
rebiopsy is dependent on original tumor size and 
current PSA levels.

Unfortunately, the clinical utility of TRUS 
biopsy of the prostatic fossa is controversial and 
highly dependent to PSA levels. Shekarriz et al. 
[25] have reported that the higher the serum PSA 
level, the higher the positive biopsy rate, with a 
PSA cutoff of 1.0  ng/ml. TRUS biopsy of the 
VUA shows a low incidence of detection with a 
PSA level <0.5 ng/ml, as reported by both Saleem 
[26] and Connolly [28]. Similarly, Naya et  al. 
[29] have, more recently, reported that none of 
the men with a serum PSA concentration of less 
than 0.5 ng/ml at biopsy who had normal results 
for both TRUS and DRE had a biopsy-proven 
local recurrence. On the contrary, Scattoni et al. 
[30] have documented that the sensitivity of a 
TRUS extends even to those patients with very 
low serum PSA levels since more than 70 % of 
the patients having a positive TRUS and PSA 
<0.5 ng/ml had a biopsy-proven local recurrence 
(Table 27.1).

While some studies have supported the need 
for histologic or radiographic confirmation of the 
recurrence before salvage radiotherapy, more 
recently, others demonstrated no differences in 
survival rates after RT between patients with 
PSA recurrence only and those with a docu-
mented local recurrence. A recent study has dem-
onstrated that a biopsy of VUA before RT seems 
unnecessary for PSA ≤0.9 ng/ml. For higher val-
ues, a positive biopsy of VUA seems to always 
justify a salvage RT, which may not be recom-
mendable, given the non-negligible risk of an 
already micrometastatic disease, if the biopsy 
results are negative [31].

In conclusion, TRUS biopsy of the prostatic 
fossa seems to be more accurate than TRUS in 
the detection of prostate cancer recurrence, even 
if its accuracy is highly correlated to PSA levels. 
Moreover, the clinical value of TRUS biopsy of 
the VAU remains in question.
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27.2.1.3	 �MR Imaging
MR has a better diagnostic yield than TRUS and 
allows an evaluation of pelvic lymph node and 
bone status, with the detection of all sites of pel-
vic relapse in a single examination.

The administration of MR contrast medium, 
i.e., gadolinium, seems to improve further the 
overall accuracy. It theoretically allows detection 
of cancerous tissue in cases where morphological 
anomalies are not evidenced on unenhanced MR 
images and differentiation between tumor relapse 
and postoperative fibrosis or scar tissue.

MRI and dynamic contrast-enhanced MRI 
(DCE-MRI) can identify different site of local 
recurrence: VUA (52 %), retrovesical space 
(20 %), bladder neck (16 %), and circumferential 
areas (12 %).

Recurrences were, in most cases, slightly 
hyperintense to internal obturator muscle on 
T2-weighted sequences as found by Sella et  al. 
[32] and in fewer cases markedly hyperintense on 
T2-weighted sequences.

Nodules that appear slightly hyperintense or 
markedly hyperintense on T2-weighted sequences 
may represent not only recurrences but also pros-
tatic or seminal vesicle residues with different 
amounts of fibrosis.

The peri-anastomotic fibrosis appears hypoin-
tense on T2w images, with absent enhancement 
on DCE-MRI images (Fig.  27.1). After DCE-
MRI, all benign nodules showed signal enhance-
ment of less than 50 % in the early phase, whereas 
all recurrences showed fast signal enhancement 
in the early phase followed by plateau or wash-
out. Recurrences appear as lobulated masses with 
intermediate signal intensity on T2w images, 
enhancing after intravenous injection of contrast 
medium (Fig. 27.1).

Silverman et al. [33] have achieved a high sen-
sitivity and specificity (100 %) evaluating a group 
of patients with T1- and T2-weighted sequences 
and T1-weighted images with fat-suppression 
technique after gadolinium administration. All 
nodules showed signal enhancement after gado-
linium administration, strengthening the suspi-
cion that they were recurrences.

Also Sella et  al. [32] have achieved a high 
sensitivity (95 %) and specificity (100 %) using 

Table 27.1  Accuracy (PPV and NPV) of TRUS as a 
function of VUA biopsy results according to PSA values 
in positive cases and different authors

Authors
No. of 
patients TRUS

Mean PSA 
values (ng/
ml) with 
positive 
biopsy

Connolly 
et al. [28]

114 Positive: 66.9 
PPV
Negative: 69.6 
NPV

5.7 (range 
0.2–35)

Saleem 
et al. [26]

91 Positive: 52 %
Negative: 25 %

7.8 ± 13

Shekarriz 
et al. [25]

45 Positive: 65 %
Negative: 18 %

5.2 ± 5.4

Leventis 
et al. [19]

99 Positive: 62 %
Negative: 20 %

2.4

Scattoni 
et al. [22]

119 Positive: 69 %
Negative: 34 %

1.6 ± 3.1

Naya 
et al. [29]

100 Positive: 45 %
Negative: 12 %

1.6

PPV positive predictive value, NPV negative predictive 
value
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T1- and T2-weighted sequences. All the local 
recurrences seen on MR images were isointense 
on T1-weighted sequences and slightly hyperin-
tense to muscle on T2-weighted sequences. 
However, in the Sella study, the mean PSA level 
was 2.1 ng/ml, and in the Silverman study, 74 % 
had palpable recurrence and 88 % had a PSA 
>0.4 ng/ml; there would not have been any need 
of MRI to detect these recurrences. Therefore, 
the clinical benefit of current imaging is very low.

Casciani et  al. [34] reported that MRI alone 
showed a poorer accuracy in detecting recur-
rences, probably due to the smaller size (between 
0.4 and 3.0 cm) of the recurrences compared with 
those in the study of Silverman and the study of 
Sella et  al. (0.7–3.8 cm and 0.8–4.5 cm, respec-
tively). This comparison showed a statistically sig-
nificant lower diagnostic accuracy of unenhanced 
eMR in comparison to CE-eMR (70 vs. 86 %), a 
statistically significant lower sensitivity (60 vs. 
84 %) and no significant specificity differences 
(82 % vs. 89 %). Cosciani et  al. [34] have sup-

ported the accuracy of eMR after RP providing 
high sensitivity of 84 % and specificity of 89.3 %, 
in patients with high PSA levels.

Recently, great interest has been shown to 
anatomic T2w imaging with functional MRI 
techniques such as DCE-MRI, DWI, and MR 
with spectroscopic imaging. In particular, DCE-
MRI is useful for differentiating fibrosis in the 
prostatectomy fossa, remnants of normal pros-
tatic tissue, and hyperplastic nodules from pros-
tate cancer recurrence. DWI increases the 
accuracy of DCE-MRI well correlating with tis-
sue cellularity of malignant tumors of the 
prostate.

In conclusion, MRI has proved to be useful at 
PSA values (generally higher than 1 ng/ml) for 
which the identified recurrence after RP cannot 
be treated with success.

Furthermore, MRI showed a limited clinical 
benefit in early diagnosis of recurrence after sur-
gery since the lower detection limit is above 
0.5 cm.
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a b

c d

Fig. 27.1  A 56-year-old man with rising PSA after radi-
cal prostatectomy. (a, b) MR T2-weighted coronal and 
axial images with endorectal coil show a soft-tissue mass 
(arrowheads) anterior to the rectum. (c) Post-contrast 

dynamic image shows clear enhancement of the tissue.  
(d) PET/CT using 11C-choline image shows the uptake of 
the mass (arrowheads). The mass was proved to be a local 
recurrence by using transrectal US-guided biopsy
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27.2.1.4	 �PET
Improvement about the detection of local recur-
rence may be reached by employing an imaging 
technique based on metabolism rather than an 
anatomic imaging technique. In this respect, 
PET may play a role, with the use of different 
tracers [35].

Few studies [36–51] have reported on the 
detection of local recurrence after RP with 
18F-fluoro-2-deoxy-D-glucose (18FDG). Its use in 
PCa is limited by a low sensitivity. There is a 
modest glucose consumption by PCa cells, and 
the uptake of this medium in the recurrent tumor 
has been shown to be similar to the uptake in 
postoperative scar or benign prostate tissue. 
Moreover, 18FDG is highly excreted into urine. 
Thus, results have been particularly disappoint-
ing for the diagnosis of recurrences.

Promising results in the detection of recurrent 
PCa have been obtained with the newer PET trac-
ers: 11C-acetate, 11C-choline (Ch-PET), and 
18F-fluorocholine. Since Ch-PET is not rapidly 
excreted in urine, Ch-PET show clear images of 
the pelvic region and of the PCa and pelvic lymph 
node metastases in the absence of urinary 
radioactivity.

Generally, Ch-PET provides good sensitivity 
and specificity values in detecting distant and 
local recurrences after RP and RT, but only in 
patients with high PSA levels.

Only few studies have assessed the accuracy 
of PET in RP patients with low PSA values; most 
of them report a low sensitivity of PET in 

detecting local recurrence. In a recent study, also 
Vees et al. [52] did not recommended Ch-PET as 
a standard diagnostic tool if early relapse is sus-
pected because the high levels of PSA (<1 ng/ml) 
needed to detect local residual or recurrent dis-
ease after RP in about half the patients.

Recently, Heinisch et  al. [53] have recom-
mended using a 18F-fluorocholine PET/CT at PSA 
levels of >5 ng/ml. By contrast, de Jong et al. have 
reported that Ch-PET cannot be used to visualize 
prostate cancer on restaging at a PSA level of 
<4.5 ng/ml. Rinnab et al. [54] recommend using 
PET, even at PSA levels of <2.5 ng/ml, because 
early detection of recurrence can be an advantage 
for patients with increasing PSA levels.

In integrated PET/CT (computed tomogra-
phy), the focal uptake of choline can be more eas-
ily assigned to anatomical structures, with a 
better differentiation of physiological (rectum 
and bladder) uptake from residual/recurrent PCa, 
resulting in a higher accuracy.

Moreover, with respect to conventional imag-
ing techniques, the most important advantage is 
the staging of the disease in one step. Rinnab 
et al. have reported an overall sensitivity and pos-
itive predictive value of 95 and 86 %. The overall 
specificity was 40 % with a negative predictive 
value of 67 %.

In conclusion, Ch-PET detection rate of recur-
rences increases together with the increase of PSA 
serum value, and, according to the current avail-
able data, the use of choline PET/CT cannot be 
recommended for PSA values lower than 1 ng/ml.
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27.2.2	 �Local Recurrences 
After Radiotherapy

Diagnosing local recurrence after radiotherapy 
(RT) is challenging because of radiation-induced 
fibrosis and shrinkage of the prostate. The sensi-
tivity and specificity of TRUS are reported to be 
49 % and 57 %, respectively [55]. Prostate cancer 
visualization by MRI is also critical, because the 
tissue contrast between recurrent cancer and 
benign irradiated tissue is decreased as the recur-
rent cancer after radiation therapy demonstrates 
low signal intensity on T2w imaging [56].

Results for T2w imaging at 3 T using a phased-
array coil showed a poor diagnostic performance 
in predicting recurrent cancer in patients with 
biochemical failure after radiation therapy [57].

DCE-MRI can predict locally recurrent cancer 
more accurately than T2w imaging showing a 
hypervascular area within the slow/low enhance-
ment of postradiation fibrosis. DWI added to 

MRI examination protocol increases the accu-
racy of the technique showing focal low signal 
intensity relative to the surrounding prostate tis-
sue on ADC maps [57].

After RT, MR spectroscopy imaging demon-
strates intraprostatic voxels with no detectable 
peaks for choline, polyamines, creatine, and 
citrate (so-called metabolic atrophy). However, 
residual prostate cancer can still be identified by 
a relative increase in the (choline + creatine)/
citrate ratio or by an increase in the choline peak 
with no detectable citrate.

Using these criteria, good correlations 
between spectroscopic data and biopsy findings 
have been reported [58]. However, for unclear 
reasons, some benign glands can exhibit high lev-
els of choline after RT and cause false-positive 
findings [59].

The use of choline PET/CT can be recommended 
since local recurrence after RT is associated with 
PSA values greater than 2 ng/ml (Fig. 27.2).
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Fig. 27.2  A 78-year-old man with rising PSA after 
radiotherapy. (a) MR T2-weighted axial image shows low 
signal intensity of the irradiated tissue (arrowheads). (b) 
DWI image shows normal low signal intensity of prostate 

(arrowheads). (c, d) PET/CT using 11C-choline images 
confirm (c) low uptake of the prostate (asterisk) and (d) 
focal site of pathologic increase of 11C-choline uptake in 
the left internal iliac lymph node (arrows)
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27.2.2.1	 �Biopsy After Radiotherapy
Biopsy is performed to identify a persistence or 
recurrence following RT, when PSA failure 
occurs according to Phoenix or ASTRO criteria. 
Biopsy is not a considered a gold standard of 
treatment efficacy, but is an independent predic-
tor of outcome [60].

The role of biopsy after RT are (1) to provide 
pathological analysis and diagnosis of local recur-
rence, (2) to rule out local recurrence, and (3) to 
describe grade and tumor spread in the gland.

Biopsy mapping is indicated after not less 
than 24 months from the end of RT cycle. Crook 
et al. [60] recommended that biopsies should be 
performed at least 30–36 months following RT 
since false-negative results were observed in 
19 % and false positive in 30 % when early biop-
sies at 12 months were performed.

The transrectal approach is usually per-
formed; however, the transperineal route is pre-
ferred in patients with proctitis or previous 
events of post-RT rectorrhagia. Biopsy should 
be performed as random mapping (8–12 cores) 
to the whole prostatic gland and to the base of 
seminal vesicles. Target biopsy directed to vis-
ible nodules by TRUS or MRI should be per-
formed due to the high probability of 
recurrence.

The information provided in the surgical 
pathology report of a prostate needle biopsy with 
carcinoma has become critical in the subsequent 
salvage therapy. Map distribution of cancer 
based on biopsy is important to assess tumor 
spread, and it is essential for planning the sal-
vage therapy [61].

In conclusion, histologically proved local 
relapse is mandatory only if salvage treatment 
(cryosurgery or prostatectomy) is planned.

27.2.3	 �Local Recurrence 
After Cryotherapy

Cryotherapy (CT) of the whole prostate is widely 
used as primary treatment or salvage treatment for 
local recurrence after radiation therapy. Focal CT 
has been considered an investigational procedure in 
well-selected patient cases as alternative to achieve 
surveillance or total treatments (surgery or radiation 
or total CT). Role of imaging to detect local recur-
rence after total cryoablation is very limited. 
Absolute PSA levels (>0.5 ng/ml) or PSA kinetic 
(ASTRO or Phoenix definitions) is widely used and 
may predict recurrence [62]. B-mode transrectal 
ultrasound (TRUS) has a low diagnostic accuracy 
of local recurrence for several pitfalls: (1) isoechoic 
cancer, (2) posttreatment modifications, and (3) 
small-volume recurrent cancer. All these pitfalls 
explain also the limited value of TRUS. The goal of 
prostate CT is to produce complete necrosis of the 
prostate glands. Difficulty arises in the evaluation 
after total CT, because of the large damage zone, 
created by the treatment. In particular areas located 
at the margins of the ice ball (anterior zone, far basal 
zone close to seminal vesicles, distal apical tissue, 
periprostatic urethra, or subcapsular tissue) may 
persist a thin rim of untreated tissue (Fig. 27.3) or 
cancer [61]. These small areas may remain unde-
tected by imaging techniques because of their irreg-
ular shape and volume (less than 5 mm) that also 
could be under the detection limits of MR.

New ultrasound (US) functions and magnetic 
resonance (MR) applications have the potential to 
enhance visualization of the residual prostate tis-
sue and local recurrence. Contrast-enhanced US 
is a useful tool to detect untreated areas but no 
studies have been reported so far. Elastosonography 
[63] is not useful after CT since scar tissue and 
dense fibrosis are seen as hard tissue mimicking 
tumor. Color Doppler ultrasound may help in the 
detection of areas with residual vasculature.

There is a strong correlation between magnetic 
resonance imaging with gadolinium defects and 
amount of coagulation and necrosis caused by 
CT. However, gadolinium defects were not seen 
in areas of viable tissue as determined by histo-
pathologic evaluation [64]. Some investigators 
reported that findings of postoperative gadolinium 
enhancement MR were not predictive of six-moth 
biopsy results or following PSA levels [65].
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27.2.3.1	 �Biopsy After Cryotherapy
Diagnosis of local recurrence after CT is done by 
pathological analysis of core-biopsy specimens 
using end-fire TRUS probe. To date, few studies 
have assessed long-term pathological findings. 
After primary CT, biopsy may detect residual 
carcinoma in 7–23 % of cases and viable benign 
glands in 45–70 % of patients [66]. After salvage 
CT, Chin JL et al. reported residual cancer, viable 
benign prostate glands, and viable stroma in 
14 %, 42 %, and 27 %, respectively [67].

Biopsy scheduled per protocol after 6, 12, or 24 
months after total cryoablation is rarely performed 
[68]. Biopsy “for cause” is usually performed in 
most of the case series reported in literature.

Indication to for-cause biopsy is based on 
serum PSA level (>0.5  ng/ml) and kinetic 
(according to ASTRO or Phoenix definition) and 
digital rectal findings (nodule). In the COLD reg-
istry after primary total cryoablation, only 16 % 
of patients underwent biopsy.

Galosi et  al. reported on 80/95 patients who 
underwent >2 biopsy sessions per protocol after a 
median follow-up of 70 months: overall disease-
free survival was 61.1 %. Cancer in follow-up 
biopsy was detected in 21.1 % and normal pros-
tatic tissue in 55 % [69].

Biopsy results should be obtained with eight 
or more core samplings in order to reduce the risk 
of under detection of residual cancer (Fig. 27.4). 
Target plus extended random biopsy schemes 
should be used to evaluate patients with PSA fail-
ure after CT in particular in the areas located at 
the margins of the ice ball.

a

b

Fig. 27.3  Viable benign tissue after cryoablation: (a) 
Axial view, located at the distal apex (arrows); (b) 
Longitudinal view, viable tissue in the anterior fibromus-
cular stroma in front of urethra (U)
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a b

c d

e

Fig. 27.4  (a, b) TRUS-guided biopsy in B-mode (axial view), (c) fibrosis after cryoablation, (d) viable glands located 
at the inked end of the biopsy (rectal or pericapsular), (e) biopsy fragments pre-embedded and inked in the rectal end
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27.2.4	 �Local Recurrences After HIFU 
Ablation

High-intensity focused ultrasound (HIFU) is a 
minimally invasive treatment for prostate cancer. 
Recommendations concerning HIFU in interna-
tional guidelines are still conflicting [70, 71].

The overall quality of references about local 
recurrence is generally low because of small 
series, absence of pre-HIFU study, different tim-
ing in the scheduled posttreatment evaluation (1, 
3, or 6 months), and generally retrospective eval-
uation of the results.

TRUS has a limited utility in patients treated 
with HIFU, since the gland appears diffusely 
heterogeneous after treatment. Conventional 
transrectal ultrasound (TRUS) is useless in 
identifying areas suspected for local recurrence, 
and even elastography was unable to precisely 
correlate with biopsy results. Color Doppler can 
improve recurrent cancer detection by guiding 
the biopsies towards hypervascular foci, but 
only 38 % of the sites with recurrent cancer 
show positive Doppler findings [72]. False-
positive results are mostly due to residual benign 
tissue [73].

MRT2w imaging is difficult to interpret after 
HIFU ablation, because the gland is heteroge-
neous and diffusely hypointense. However, 
recurrent cancer can be visible in some patients 
as a nodular hypointense lesion [74]. Recurrent 
cancers are easier to distinguish from post-
HIFU fibrosis using DCE imaging [75]. MRSI 
has been evaluated in few cases of patients, and 
it has shown to add no additional information 
than T2w imaging [74]; furthermore, when MRI 
is used as an indicator or residual viable tissue, 
it is very difficult to precisely match suspected 
areas at MRI with ultrasound-guided biopsy 
[76]. Again, the diagnosis of a local recurrence 
in this setting is based on the PSA values and 
PSA kinetics as well as the biopsy of the resid-
ual prostate after 12–18 months from 
treatment.

�Conclusions

The diagnosis of local recurrence is highly 
dependent on the primary treatment used.

After surgery (RP), the role of imaging and 
biopsy is limited since PSA define very early 
recurrence as biochemical failure ≥0.2 ng/ml. 
TRUS and novel imaging have shown limited 
accuracy at least at early stages and very low 
PSA values. Choline PET/CT and MR can be 
recommended for PSA values higher than 
1 ng/ml.

After conservative treatments (RT, CT, 
HIFU), a combined approach using specific 
imaging, PSA cutoff (>1  ng/ml), and PSA 
kinetics with image-guided biopsy is neces-
sary to assess the presence of a local recur-
rence or benign residual tissue. Anatomic 
(T2w) and functional MR (DCE-MRI, DWI, 
and MRS) seems particularly promising for 
differentiating fibrosis from cancer.

Final diagnosis of local recurrence is based 
on pathological analysis of image-guided core 
biopsy, and TRUS end-fire remains the most 
used imaging method to guide biopsy.

Even if different imaging techniques will 
be extensively used in the future, their accu-
racy in the detection and localization of pros-
tate cancer local recurrences before salvage 
treatment remains low, and their clinical util-
ity remains in question.
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Interventional Ultrasound: 
Prostatic Biopsy with Special 
Techniques (Saturation, Template)

Vincenzo Scattoni and Carmen Maccagnano

28.1	 �Introduction

Prostate cancer (PC) is the most common 
neoplasm in the Western hemisphere, and its 
incidence is still increasing mostly due to the 
introduction of prostate-specific antigen (PSA) 
blood tests and the widespread use of ultrasound-
guided prostate biopsy (PB) that have increased 
correspondingly, with up to a million procedures 
performed annually in the USA [1].

PB has evolved from the standard sextant 
biopsy method, described by Hodge and col-
leagues in 1989, which provides a PC detection 
rate (DR) between 20 and 35 %, to more accu-

rate PB schemes, with the final aim to increase 
this DR [1, 2]. Intuitively, this aim could be 
achieved by adding more biopsies to prostatic 
areas not sampled by standard sextant schemes. 
Thus, the concepts of “extended biopsy” 
(EPBx) (10–12 cores) and “saturation biopsy” 
(SPBx) (≥20 cores) have rapidly evolved in the 
last 10 years, radically changing the general 
idea of PB [1, 2]. Nowadays, a random PB is 
still the most important diagnostic tool to 
detect PC, but it also allows an accurate mor-
phological characterization of the disease, 
leading to both new therapeutic and follow-up 
perspectives (Fig. 28.1).
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Hodge et al. (10)

Nava et al. (30)
biopsies of the transition zone
directed medially towards the
urethra with an angle of 10*

Ravery et al. (34)
Additional biopsy in prostate
larger than 50 gr

Babaian et al. (26)

Presti et al. (14)
Proposed final octet prostate
biopsy technique Naughion et al. (34) Additional biopsy core of the

transition zone in large prostate

Gore et al. (17)

Biopsy acheme with the optimal
detection rate

Norberg et al. (6)
Eskew et al. (31)

Additional biopsy in prostate
larger than 50 gr

Fig. 28.1  Bioptic schemes. It is important to lateralize the cores in order to improve the cancer detection rate
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28.2	 �Timing of Prostate Biopsy

Since PC is generally iso-echoic and not visible 
during trans-rectal ultrasound (TRUS), the most 
frequent indication to perform a PB is given by the 
PSA.  Several trials have demonstrated that the 
probability of diagnosing a PC increases propor-
tionally to PSA levels: the overall probability of 
finding a PC is about 15 %, 30 % and 60 % with a 
PSA <4 ng/mL, 4.0–10.0 ng/mL and >10 ng/mL, 
respectively [3–5]. Thompson and colleagues have 
demonstrated that a PSA cut-off which might 
undoubtedly exclude a PC does not exist [5]. In the 
last few years, literature has totally focused on 
early PC diagnosis with low PSA values. Several 
studies have suggested to consider no more valid 
the 4.0  ng/mL cut-off to reduce it to a level of 
2.5  ng/mL, especially in patients with a positive 
familiar anamnesis for PC (one relative at least 
with PC, with an age inferior to 60 years). The 
2014 NCCN (National Comprehensive Cancer 
Network) guidelines suggest to perform PB with 
PSA >3 ng/mL and consider also PSA velocity or 
PSA density in order to better discriminate the can-
didates to PB. The 2014 European Association of 
Urology (EAU) guidelines recommend to consider 
PSA as a risk index without a precise cut-off.

In cases of PSA range between 4 and 10 ng/mL 
(“grey zone”), the free PSA/total PSA ratio may 
improve the selection of candidates to a PB. In a 
meta-analysis the free PSA/total PSA ratio has 
been demonstrated to be the most informative 
parameter which provides a reduction of the num-
ber of useless biopsies [6]. The data about the util-
ity of the PSA density and of the PSA density of 
the transition zone (TZ) are still very controver-
sial, even though Stephan and colleagues have 
recently confirmed their utility when PSA ranges 
between 4 and 10  ng/mL but also when PSA is 
<4  ng/mL [7]. The PSA kinetics (PSA velocity 
and PSA doubling time) has progressively lost its 
importance because there are not so strong evi-
dences to support its routine use in PC diagnosis. 
Moreover, PSA kinetics is strongly influenced by 
PSA variations related to other variables not asso-
ciated with neoplasms. Nevertheless, a significant 
increase of PSA in the long time may suggest to 
perform a PB independently of total PSA [8].

The indication to perform a PB has to be con-
sidered when the diagnosis drives to a treatment 

which may improve the quantity or the quality of 
life and when one or more of the following clini-
cal conditions are present:

•	 Total PSA >10 ng/mL: indication to perform a 
PB is very strong.

•	 Total PSA range between 4 and 10  ng/mL 
(“grey zone”): the free PSA/total PSA ratio 
may improve the patients’ selection for PB. 
The data about the utility of PSA density and 
about PSA density in the TZ are still very con-
troversial. Thus, their systematic use is still 
not advisable.

•	 Total PSA range between 2.5 and 4  ng/mL: 
the indication is weak but suggested in case of 
relatives affected by PC (at least one relative 
with PC, with age inferior to 60 years), suspi-
cious DRE and very low PSA ratio (<10 %).

•	 Abnormal DRE: actually a single hypo-echoic 
lesion (not supported by an abnormal DRE or 
by a high PSA) does not represent a recom-
mendation to a targeted biopsy [1].

The data about pro-PSA and PHI (prostate 
health index) are still preliminary, and these 
parameters are not advisable in the routine use, 
also because of their difficult dosage methods [9].

In this scenario, some predictive models, such 
as nomograms, have been developed, with the aim 
to increase the predictive capacity of the PB 
results. These instruments are often based on 
familial history, age, DRE, TRUS results, PSA 
values and emptying symptoms. The use of nomo-
grams and risk calculators does not eliminate the 
uncertain features typical of oncologic patients, 
but they allow an evidence-based guide and facili-
tate the discussion with patients themselves.

28.3	 �Patient Preparation 
and Anaesthesia

It is possible not to assume the antibiotic prophy-
laxis in case of trans-perineal (TP) approach, 
because the risk of infectious complications is 
low (inferior to 1 %) [10]. The antibiotic 
prophylaxis is necessary with the trans-rectal 
(TR) approach because it allows the reduction of 
infectious complications. It has to be started 12 h 
before the procedure and it has to be continued 
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for 2–3 days. The most used drugs are quinolones 
and sulfamethoxazole that show similar results.

It has been demonstrated that the enema does 
not prevent the infections after TR PB.

Anaesthesia is mandatory while performing a 
PB with TP approach.

Many trials have been published about anaes-
thesia during PB with TR approach, and they have 
shown that all forms of anaesthesia (compared to 
placebo) provide the same efficacy in reducing 
pain both during and after the PB. Moreover, they 
are safe and easily reproducible, without signifi-
cant complications. The use of anaesthesia is ben-
eficial for patients, regardless of the number of 
cores. Using anaesthesia is beneficial in cases of 
saturation protocols (>20 cores) or repeated biop-
sies (HGPIN, persistently elevated PSA, etc.), 
especially in younger patients, who demonstrate 
anxiety and sensitivity levels higher than elderly 
patients [11]. The TR administration of an anaes-
thetic gel (lidocaine 2 %, 10 cc) is considered less 
efficacious than the peri-prostatic administration 
of lidocaine (2 %, 10 cc per side). Different anaes-
thesia techniques, both local and systemic, have 
been experimented, and despite the fact that the 
most effective method has not been established 
yet, the peri-prostatic administration of lidocaine 
actually represents the most advantageous tech-
nique in order to control pain.

28.4	 �How and How Many Cores 
in the Initial Setting

TRUS represents the standard-of-care technique 
when a decision is taken to perform PB. Two dif-
ferent types of probes are available: end-fire and 
side-fire probe configurations; the choice of probe 
remains operator-dependent. TRUS should be 
performed in both transverse and sagittal planes, 
with the best visualization of the biopsy needle 
path in the last one. Moreover, the TP approach, 
which is less popular, and the TR one have shown 
to be equivalent in PC DR when the same number 
of cores was used, as demonstrated by different 
authors and according to international guidelines.

The TP approach has an advantage in terms of 
sampling the apex, because of the direction of the 
biopsy needle.

28.4.1	 �Extended Biopsy

Since the diffusion of sextant scheme, several 
authors had shown limitations in PC detection of 
six-core biopsy and had reported high rates of 
false-negative biopsies. Therefore, over the last 
years, there has been increasing interest in defin-
ing more accurate PB schemes in order to 
increase PC DR, the so-called EPBx. As defined 
by the National Comprehensive Cancer Network, 
EPBx is essentially a sextant template with at 
least four additional cores from the lateral periph-
eral zone, as well as biopsies directed to lesions 
found on palpation or imaging. To date, little con-
troversy exists regarding the usefulness of the 
EPBx scheme compared with the sextant scheme 
in increasing the PC DR.

Nevertheless, the optimal number and loca-
tion of biopsies needed to identify all patients 
with PC at the earliest stage possible for optimal 
treatment, outcome and survival are still contro-
versial. In a systematic review, Eichler et  al. 
showed that there is no significant benefit in tak-
ing more than 12 cores and methods requiring 
more than 18 cores have a poor side-effect profile 
[3]; other investigators have advocated for addi-
tional biopsies. Particularly, Ploussard et  al. 
found that a 21-biopsy scheme improved the rate 
by 6.7 % overall (p < 0.001) with the six far lateral 
cores with the highest efficiency in terms of 
DR. The authors also identified a cut-off PSAD 
(0.20 ng/mL per gram) below which an extended 
21-core scheme might be systematically pro-
posed to significantly improve the overall DR, 
without increasing the rate of detected insignifi-
cant PC [12].

The search for and targeting hypo-echoic 
lesion on TRUS remains controversial. Some 
authors demonstrated that the cores directed to 
the hypo-echoic areas are not considered neces-
sary because their probabilities of being positive 
are equal to cores directed to the next adjacent 
area [13]. Conversely, Toi et al. found that biop-
sies taken when a prostate lesion is identified by 
TRUS are almost twice as likely to show cancer 
than when no lesion is visible. The cancers were 
found to be of higher volume and grade [13].

Even if the extended random PB scheme 
remains standard in the initial setting, many 
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patients demand advances beyond the “old-
fashioned” random biopsy, which is not consid-
ered the “future” (Figs. 28.2 and 28.3).

This is due to the fact that standard greyscale 
TRUS technology has limited specificity and sen-
sitivity to detect PC. This situation has led to the 
development of new imaging techniques suitable 
for TRUS, such as the contrast-enhancement 
US. Newly developed US contrast agents enable 
to delineate the neo-vascular anatomy of PC foci 
by enhancing the signal strength form of neo-
vessels. Nevertheless, the technique alone is not 
sufficient to predict which patient has benign or 
malignant disease.

Additionally, real-time elastography (RTE) is a 
relatively new imaging modality of PC detection. 
The differences in tissue stiffness, produced by 
compression and relaxation of the tissue, can be 
visualized under real-time conditions, with a mean 
sensitivity of about 80 % [14]. The major limita-
tion of this technique consists of dependence on 
user’s experience and on the pressure applied on 
the probe. The published trials have shown prom-
ising results of RTE in PC imaging and detection, 
especially in conjunction with TRUS, in order to 
reduce the cores’ number. Nevertheless further 
clinical studies are mandatory.

Nowadays, multi-parametric magnetic reso-
nance imaging (mpMRI) has demonstrated to 
have a high degree of accuracy for the detection 
of clinically significant PC and can be used to 
define a target area before PB [14–16] (Fig. 28.4). 
In the last 5 years, the role of image-guided tar-
geted biopsy has grown. The likelihood of detect-
ing cancer in such a visible lesion is definitely 
higher than with a random biopsy if the DR per 
core is considered [16]. mpMRI-targeted biop-
sies have demonstrated superiority over system-
atic random biopsies for the detection of clinically 
significant disease and representation of disease 
burden, while deploying fewer cores [16]. There 

is evidence that the Gleason score obtained in a 
targeted biopsy reflects the true Gleason score 
better than the Gleason score obtained by a ran-
dom PB [16]. In a recent review about mpMRI-
targeted biopsies, men with a clinical suspicion 
of PC, a PB that used MRI to inform the sam-
pling was associated with a DR of clinically sig-
nificant PC of 42 %. This approach might permit 
a reduction in the number of men who need to 
undergo biopsy if they are deemed to have a nor-
mal MRI [15]. The efficiency of the targeted 
sampling appeared superior to the standard 
approach (70 % vs. 40 %). Since the random PB 
was associated with a diagnosis of insignificant 
PC in 10 % of men biopsied, this cancer diagno-
sis might have been avoided if men had under-
gone targeted biopsy alone. The authors also 
concluded that adopting mpMRI-targeted biop-
sies rather than random PB, fewer men are biop-
sied overall, a greater proportion of men with 
clinically significant PC are biopsied, and fewer 
men are attributed a diagnosis of clinically insig-
nificant PC.

Conversely, other authors have shown that in 
cases of combining targeted and random biopsies 
during one PB session, a substantial number of 
cancers were detected in only the random cores 
[15, 16]. Relying on the targeted biopsy alone 
would have led to a significant rate of under-
detection in these studies. There is no doubt that 
EPBx might better characterize PC volume and 
cancer extent than just a targeted biopsy: the pos-
itive cores give us information on not only the 
cancer extent but also the number of negative 
cores. Targeted biopsies seem to reflect the true 
Gleason score, yet they might underestimate the 
extent of the cancer.

Probably the combination of both targeted 
and extended biopsies will show the most appro-
priate information about the correct characteris-
tics of cancer.
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Fig. 28.2  Moving the cores to the lateral aspect of the 
gland allows to detect more PC and to improve cancer 
definition
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Fig. 28.3  Limits of the random bioptic schemes. (a) Oversampling. (b) Undersampling. (c) Undersampling – missing
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Fig. 28.4  Drawing of a report of a mpMRI
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28.4.2	 �Saturation Biopsy

The concept of increasing the number of cores 
has led to the idea SPBx. In physics and chemis-
try, saturation refers to a condition or state in 
which a substance has reached its plateau con-
centration. Then, the rate of reaction tends to 
maximum and does not increase by additional 
substrate (Figs. 28.5 and 28.6). When applied to 
the field of PB, saturation should theoretically 
define a sampling technique that detects all 
PC. In this context, the curve shows that the rate 
of reaction tends to maximum and does not 
increase by additional substrate in which 20 or 
more cores are taken in a systematic fashion, in 
order to detect all PC [17].

Despite the fact that, in the last decade, several 
investigators have tried to optimize the number of 
cores in the single patient, most of the authors 
reported no significant benefit accrues by taking 
≥12 cores in the initial setting [3].

However, even if SPBx, as an initial strategy, 
remains unsupported by the literature, there is a 
recent evidence that the cancer DR considerably 
increases with an increasing number of cores. 
The Cleveland Clinic’s experience has previously 
reported that SPBx did not increase the cancer 
DR in a 2006 pilot study comparing 139 men 
who underwent SPBx with 87 men undergoing 
EPBx [4]. More recently, the same authors have 
reported that SPBx in the initial setting signifi-
cantly improved cancer detection compared with 
EPBx in men with PSA <10  ng/mL, without 
increasing the detection of clinically insignificant 
cancer. They have shown that men who under-
went SPBx had significantly higher DR than 
EPBx only when the PSA was <10 ng/mL, espe-
cially with a PSA <4 ng/mL (47.1 % vs. 32.8 %; 
p = 0.008) and when PSAD was <0.25 ng/mL per 
gram. The authors concluded that, if SPBx is to 
be considered for initial biopsy, it should be 
reserved for men with PSA <10 ng/mL [4].

Jiang et al. [18] performed a systematic review 
and meta-analysis. They concluded that SPBx 
scheme showed a significant advantage in PC 
detection. Their meta-analysis has demonstrated 
that an initial SPBx scheme is more efficient than 
an EPBx scheme in PC detection, especially for 

those men with lower PSA, higher PV or lower 
PSAD.  They concluded that the exact number 
and location of biopsy cores required for optimal 
PC detection should depend on the clinical char-
acteristics of individual patients. However, some 
of the studies selected were not directly related to 
the current clinical question.

In the initial setting, it is not clear whether it is 
always necessary to rely on the same scheme or 
to modify the number and location of the cores 
according to the different clinical parameters, 
such as PSA value, DRE findings or prostate vol-
ume. Scattoni et al. have performed SPBx in the 
initial setting in order to identify the most advan-
tageous PB scheme, defined as the combination 
of sampling sites that detected the 95 % of all 
cancers with the minimal number of biopsy 
cores. They have confirmed that the larger the 
number of cores taken, the higher the PC DR 
found, with a difference of about 10 % between 
the cancers detected with 24- and 14-core 
schemes. The analysis revealed that the most 
advantageous schemes for patients with DRE 
negative, PV ≤60 and age ≤65 were a combina-
tion of a 16-core biopsy, for patients with DRE 
negative and PV ≤60 and age >65 or DRE nega-
tive and volume >60 two different combinations 
of a 14-core biopsy (Figs. 28.7 and 28.8). Finally, 
the sampling that allows to detect 95 % of cancers 
in patients with DRE positive was a combination 
of a ten-core biopsy [17]. Thus they have shown 
that, in the initial setting, the scheme that per-
formed the best is a specific combination with a 
variable number and location of cores (10–16 
cores), according to the clinical characteristics of 
the patients.

In conclusion, the recommended approach in 
initial setting is still the extended scheme. 
However, there is now a growing evidence in the 
literature that:

	(a)	 SPBx might be indicated in patients with 
PSA <10 ng/mL or low PSA density or large 
prostate.

	(b)	 An individualized approach with more than 
12 cores according to the clinical characteris-
tics of the patients may optimize cancer 
detection in the single patient.
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Fig. 28.7  Baseline saturation biopsy: flow chart
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Fig. 28.8  Bioptic schemes to improve prostate cancer detection. A Apex, B Base, L Lateral, T2 Transition Zone
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28.5	 �Prostate Biopsy Strategy 
in Repeated Setting

Candidates to repeat PB include patients with a 
prior negative PB but with a persistent suspicion 
of PC on the basis of repeated PSA values and/or 
DRE findings (and other markers such us 
%FPSA, complexed PSA, PSAD, PSA velocity 
and urinary PCA3 score), previous peculiar his-
tological diagnosis (such as atypical small acinar 
proliferation of prostate (ASAP) or high-grade 
prostatic intraepithelial neoplasia (HGPIN)) and 
candidates to active surveillance or to focal ther-
apy. How and how many cores should be taken in 
these different scenarios is still unclear and 
schemes may significantly change in the different 
patients.

Based on the findings that even initial EPBx 
schemes miss almost a third of cancers, SPBx has 
been adopted to improve PC DR in patients with 
suspicious clinical findings following previous 
negative standard PB.

There is now a good evidence in the literature 
that SPBx are superior than EPBx in this setting. 
Zaytoun et  al. reported their experience at the 
Cleveland Clinic where they compared EPBx 
with SPBx in a clearly defined, heterogeneous 
population of patients undergoing repeat biopsy 
after a single prior biopsy that failed to diagnose 
PC [19]. They showed that office-based SPBx 
significantly increases DR in repeat biopsy com-
pared to EPBx. SPBx detected almost one-third 
more cancers. For patients with benign initial 
biopsy, SPBx demonstrated significantly greater 
PC detection. For previous ASAP and/or HGPIN, 
a trend for higher PC DR was demonstrated in 
the saturation group but did not reach statistical 
significance.

Similarly, Scattoni et  al. recently tried to 
identify the optimal combination of sampling 
sites (number and location) to detect PC in 
patients previously submitted to an initial nega-
tive prostatic biopsy [20]. They prospectively 
performed a TRUS-guided systematic 24-core 
PB in 340 consecutive patients after a first nega-
tive biopsy (at least 12 cores). Subsequently, 
they set the cancer-positive rate of the 24-core 
PB at 100 % and calculated PC DR for 255 

possible combinations of sampling sites. They 
reported that the more cores taken, the higher the 
cancer DR.  They showed a continuum of 
improvement of the cancer DR when increasing 
the number of cores, even if the cancer DR of the 
24 cores was significantly higher than only the 
mean DR rates of 14-core schemes. Moreover, at 
a given number of cores, the DR rates varied sig-
nificantly according to the different combination 
of sites considered [12].

All of these studies demonstrate that SPBx 
provides a higher cancer DR than the extended 
approach in the repeat setting and that the 
higher the number of cores, the higher the num-
ber of cancers detected (Figs. 28.9, 28.10, 28.11 
and 28.12).

Nevertheless, the regular use of SPBx in clini-
cal practice is not approved. The NCCN suggests 
performing a second extended protocol after an 
initial negative extended scheme and suggests 
considering SPBx only in patients with a high 
risk of cancer after multiple negative biopsies. 
The 2015 European Association of Urology 
(EAU) guidelines on PC do not indicate the tem-
plate that should be used. Consequently, the ideal 
strategy for a second PB procedure has yet to be 
fully elucidated [21].

Recently, interest has increased in defining 
more efficient biopsy schemes for PC detection 
with the minimum number of cores. Different 
variables, both clinical and not clinical, may have 
an impact on the cancer DR. Apart from the clini-
cal characteristics of the patients, some proce-
dural characteristics may have an even greater 
impact on the cancer DR.  Intuitively, adding 
more biopsies to prostatic areas not sampled by 
common extended schemes should increase the 
DR. It should be noted, however, that increasing 
the number of biopsy cores is not the solution to 
the problem and that the relationship between the 
number of biopsy cores and the resulting cancer 
DR does not correlate linearly. As a matter of 
fact, the curve tends to plateau, and the increase 
of cores taken in the template is not equivalent to 
the increase of cancer detected.

All of these data demonstrate that cancer detec-
tion is influenced not only by the number of cores, 
but also by the exact location of the cores. The 
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report by Delongchamps et al. is a reminder that 
the urologist needs to do a better job of biopsying 
the prostate. A fairly extensive 36-core biopsy per-
formed in 48 autopsied prostates (median volume, 
35 mL) missed 5 of 12 (42 %) cancers found on 
whole-mount pathologic analysis. In fact, the 
36-core biopsy offered no benefit over an 18-core 
protocol in terms of PC detection [22].

Adopting a scheme that is able to maximize 
the DR with the fewest number of cores repre-
sents a possible new modality of performing 
PB.  This approach is clinically preferable to 
adopting a saturation scheme that is unable to 
increase the cancer DR with the same proportion 
of increasing numbers of cores. Scattoni et  al. 
recently demonstrated that both the number and 
the location of biopsy cores taken affect cancer 
DR in a repeated biopsy setting [20]. They also 
showed that the “optimal” repeat biopsy scheme 
varies according to the clinical characteristics of 
the patients.

Analysis revealed that, for patients with previ-
ous ASAP diagnosis, the most advantageous 
scheme was a combination of a 14-core biopsy 
(without TZ biopsies). For patients with no previ-
ous ASAP diagnosis and percentage of free 
prostate-specific antigen (%fPSA) of 10 % or 
less, the most advantageous scheme was a 
14-core biopsy (including four TZ biopsies). The 
most advantageous sampling scheme for patients 
with no previous ASAP and %fPSA greater than 
10 % was a combination of a 20-core biopsy 
(including four TZ biopsies).

Moreover, the number of repeated biopsy is 
controversial, also because the DR is inversely 
related to the subsequent procedure.

Djavan and colleagues reported in 2001 an orig-
inal work on the risk of PC on repeat biopsies per-
formed 6 weeks after an initial negative set. These 
investigators found that cancer detection rates on 
biopsies 1, 2, 3 and 4 were 22 %, 10 %, 5 % and 
4 %, respectively, and that 58, 60.9, 86.3 and 100 % 
of patients who had RP had organ-confined disease 
on biopsies 1, 2, 3 and 4. The investigators 
concluded that biopsy 2 in all cases of a negative 

finding on biopsy 1 seems justified [23]. Similarly, 
Campos-Fernandes and colleagues, in a cohort 
with extended biopsies found that 18 %, 17 % and 
14 % of patients had PC in the second, third and 
fourth biopsies, respectively. PC detected at these 
sets of biopsies was significant in 85 % of cases 
[24]. Similarly, Tan and colleagues found signifi-
cant PC detected on third or greater PB [25].

Detection of clinically insignificant PC 
(according to Epstein’s criteria) is an inevitable 
risk of repeat biopsy, and its association with the 
number of biopsy cores is an issue of consider-
able debate. Moreover, SPBx has been evaluated 
as a staging tool to improve the characterization 
of low-volume and well-differentiated PC, but 
whether SPBx improves prediction of tumour 
insignificance remains open to debate. It should 
be also noted that, in general, cancer missed on 
initial PB is likely to be smaller or more insignifi-
cant than those cancers identified on the first 
attempt.

In this context, the real issue with PC detection 
is not overdiagnosis, since only diagnosis or misdi-
agnosis exists, but rather potential overtreatment. 
Detection and treatment of PC should always be 
considered independent processes, and concern 
about over-detection must be weighed against the 
risk of missing clinically significant cancers.

Finally, in patients with a diagnosis of PC, 
candidates to active surveillance, SPBx is prefer-
able even if not mandatory, while in cases of 
focal therapy, SPBx may not be sufficient and 
considered a surrogate to TP grid template 
biopsy. However, the optimal number and loca-
tion of PB in patients in active surveillance with 
a low-grade and low-volume PC and patients 
who are candidate to focal therapy have not been 
established.

In conclusions, SPBx clearly improves cancer 
detection if clinical suspicion persists after previ-
ous biopsy with negative findings and is able to 
provide an accurate prediction of prostate tumour 
volume and grade. Nevertheless, international 
guidelines do not strongly recommended SPBx 
in all situations of repeated setting.
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Fig. 28.9  The figure shows the correct direction of the 
two cores for the biopsy of the TZ zone of each lobe of the 
prostate (reprinted by Galosi AB personal comunication)

Fig. 28.10  The Cleveland Clinic experience

Fig. 28.11  Different schemes in the repeated setting

Base
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region

Apex
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Fig. 28.12  Site of the prostate where the tumours may be 
located
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�Conclusions

The issue about the number and location of 
the cores is still a matter of debate both in 
initial and in repeat setting also because the 
scenarios in which PB is required are chang-
ing. At present, EPBx is sufficient, in most 
of the cases, to provide adequate diagnosis 
and PC characterization in the initial setting. 
SPBx seems to be necessary in some cases in 
the initial setting (mostly when PSA <10 ng/
mL) and in the repeat setting. However, ran-
dom PB does not represent the future, while 
imaging target biopsy is becoming more 
popular.
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of the Bladder
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29.1	 �Indications

There are various different indications for posi-
tioning suprapubic drainage (Cystofix) [1–4]. It 
is nearly always the first choice in cases when 
ureteral catheterization is difficult or could be 
dangerous [5, 6], typically after ureteral trauma. 
Another indication is acute or chronic urine 
retention, in cases when ureteral catheterization 
is not advised. In acute forms, catheter inser-
tion may be needed as an emergency procedure, 
while in chronic forms the choice may be elec-
tive or due to particular patient conditions (in 
elderly or poorly compliant patients). In neuro-
logical conditions (spinal cord lesions, multiple 
sclerosis), this procedure is preferable to trans-
urethral catheterization because it guarantees 

long-term urine drainage, is simpler to manage 
[7–10], and has a lower incidence of complica-
tions due to infection.

Suprapubic cystostomy can also be useful for 
long-term drainage in cases of urinary inconti-
nence, and in some anatomical alterations such 
as hypospadias, and in ventral division of the 
male gland. It is also useful in women if they are 
prone to frequent expulsion of the ureteral cath-
eter balloon or else continual leakage around the 
catheter. Cystofix positioning is also indicated 
in some surgical and/or diagnostic maneuvers 
that require nonureteral bladder drainage (like 
in urological and colorectal surgery and urody-
namic tests) [11–15].

29.2	 �Contraindications

In various medical conditions, there are absolute 
or relative contraindications to positioning an 
epicystostomy. These include patients taking 
anticoagulant or antiaggregant therapy; patients 
with a pelvic fracture, in which case the catheter 
could inadvertently be positioned in the hema-
toma, posing a risk of infection and sepsis; 
patients with vascular grafts such as femorofem-
oral anastomosis; patients with bladder carci-
noma; and patients who have undergone 
abdominal surgery due to the risk of abdominal 
perforation.
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29.3	 �Ultrasound Assessment

The catheter must be inserted by a surgeon with 
adequate experience and familiar with the US 
device. In general, 3.5/5.0/7.5  MHz probes are 
employed [B], associated with a guiding device 
(Fig. 29.1).

The bladder must be well distended to ensure 
an optimal view (more than 300 ml), so that the 
bladder dome is palpable at least 5 cm above the 
pubic symphysis [16] (Fig. 29.2).

In patients who do not suffer from urinary 
retention, the distension can be achieved by fill-
ing the bladder with saline solution through a 
ureteral catheter or in particular cases during 
cystoscopy.

Transabdominal US allows the bladder to be 
examined on the longitudinal and transverse 
planes, showing the margins, the degree of fill-
ing, the viscera, and the catheterization region. In 
transverse scanning the probe is positioned paral-
lel to the pubic symphysis and the needle in 
medial position to the probe: it will appear as a 
luminous dot. Moving the probe from side to side 

can make it easier to see the needle, even if in this 
scan the needle may often be pushed beyond the 
correct location because of the difficulty in visu-
alizing the point due to echo artifacts. In longitu-
dinal scanning the probe is placed sagittally. The 
needle is pushed forward through the end of the 
probe, and so the needle point, needle, and course 
are visible at all times (Fig. 29.3).

In most cases, the bladder content is anecho-
genic; in patients already fitted with a catheter, 
there may sometimes be air inside the bladder that 
will appear as a hyperechogenic area in the bladder 
dome. The small intestine, unless it contains gas, 
will appear as a circular or linear compressible 
image. However, it should be borne in mind that 
only some authors have claimed that the ultrasound 
device is reliable in excluding the presence of a 
bowel loop in the suprapubic region [4, 17, 18].

Once the reference points have been identified 
(the peritoneal reflection, the pubic symphysis, 
and the best point for bladder puncture), after 
preparing the skin, a sterile drape is placed 
through which an opening will be created at the 
level of the incision zone.

Fig. 29.1  Ultrasound 
probe with puncture 
adaptor
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29.4	 �Positioning Technique

The puncture site is generally 2–4 cm above the 
pubic symphysis. In obese patients it is advisable 
to position the Cystofix above the skinfold in the 
suprapubic region, to reduce the risk of local 
infections and dermatitis.

The needle must be angled at 60–90° to the 
abdominal wall, to make sure that the catheter 
balloon does not rest on the trigone.

The procedure must be performed under local 
anesthesia infiltrating sufficient anesthetic (typi-
cally between 5 and 20 ml of 1 % lidocaine) to 
cover the calculated course of the catheter; more 
rarely, intravenous sedation may be administered 
(midazolam 2.5–5  mg) or regional or general 
anesthesia. In the specific case of a patient with a 
spinal cord injury at level T6 or above, local 
anesthesia is not enough to prevent a possible 
dysreflexia.

Antibiotic prophylaxis is always advisable to 
reduce the risk of infection [19], also bearing in 
mind that in long-term bearers of a catheter, colo-
nization of the urine with antibiotic-multiresistant 
bacteria is very probable. Moreover, interruption 
or modification of the anticoagulant or antiaggre-
gant therapy is recommended, to reduce the risk 
of bleeding.

On the market, various kits are available that 
can be used for the catheterization procedure: 
those for direct puncture (Fig. 29.4) or those for 
drainage with the Seldinger technique [20].

Direct puncture involves piercing the bladder 
at the suprapubic level, under US guidance, with 
a metal stylet of a suitable caliber, to be posi-
tioned in the bladder lumen. When urine is seen 
to flow, the drainage tube is inserted in the stiletto 
caliber, which is easily visible at US scanning 
(Fig.  29.5). The drainage is anchored with silk 
stitches to the skin and connected to a urine col-
lection bag (Fig. 29.6).

The Seldinger technique is the safest for 
inserting a suprapubic catheter. Once the needle 
has been positioned (mean caliber 1.2 mm) in the 
bladder under US guidance, the rigid Lunderquist-
type guidewire with a soft point is introduced 
(mean caliber 0.7  mm) and the needle is with-
drawn. At this point urine flow should be 

Fig. 29.2  Suprapubic bladder ultrasound

Fig. 29.3  Placing the needle during the maneuver 
(shadow)
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observed, confirming the correct position, and 
the skin incision area can be widened with a tri-
angular scalpel blade.

On the guidewire, progressive dilators up to a 
maximum of 12 F are fitted. The dilation must be 
achieved by sliding the dilators along the guide-
wire with a gentle “screwing” type maneuver. 
Excessive tension will increase the risk of twist-
ing the guidewire and damaging the bladder. 
During the maneuver, it is necessary to ensure that 
the dilator sheath follows the line of the guidewire 
at all times and the thread remains free.

Subsequently, a silicone balloon catheter is 
positioned, generally 8–10 F, proceeding along the 
guidewire. The Foley balloon is inflated with 
5–10  cc of physiological solution and then the 
guidewire is removed. The correct positioning of 
the catheter inside the bladder is demonstrated by a 
visible urine flow. Finally, the catheter can be fixed 
to the skin with a stapling device or silk stitches.

Alternative measures to US guidance include 
CT and MRI guidance that offer the maximum 
certainty as to the true positions of any bowel 
loops.

Fig. 29.4  Suprapubic 
catheter placement kit

Fig. 29.5  Drainage tube in the bladder (shadow)

Fig. 29.6  Suprapubic catheter in place after the 
procedure
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29.5	 �Management 
of Complications

Being an invasive procedure, the described supra-
pubic cystostomy entails various risks such as 
intra-abdominal bleeding and hematuria. If any 
of these should occur, immediate hemostasis 
must be applied.

Of the reported complications, lesions of 
abdominal organs are among the most severe. In 
some studies [7, 19, 21] the percentage of bowel 
lesions is 1–2 %, associated with a mortality rate 
at 30 days of 1.8 %. Other complications include 
infections of both the urinary tract and the access 
route.
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30.1	 �Introduction

Over the last decade, the simultaneous application 
of intensity-modulated radiotherapy (IMRT) and 
image-guided radiotherapy (IGRT) conformal 
techniques to the treatment of prostate cancer has 
made it possible to deliver extremely high doses of 
radiation to the cancer while to a large extent spar-
ing critical organs like the rectum and bladder. 
This approach is yielding a more successful local 
control of the disease, with limited side effects.

The positioning of fiducial markers in the pros-
tate is an essential part of the IGRT technique that 
allows maximal doses of radiation to be delivered 
to the tumor while reducing side effects to a mini-
mum. Thus, their use increases the accuracy, effi-
cacy, and safety of radiotherapy treatment [1, 2].

IMRT is an extreme form of three-dimensional 
conformal radiotherapy (3DCRT) that combines 

conformal geometric delivery with targeted con-
formal beam dosage. However, to perform this 
technique correctly, it is essential to make a highly 
accurate check at each session both of the patient’s 
position and of the tumor target area for IGRT.

Being a mobile organ, the prostate gland inevi-
tably undergoes changes of position both between 
one session and another and even during the same 
session. Such changes, largely attributable to the 
degree of filling of the bladder and rectum, can be 
by more than 10  mm on each orthogonal axis. 
Clearly, this poses a risk not only of underdelivery 
of the planned volume to the target but also of 
exceeding the tolerance dose to healthy tissue. To 
overcome this difficulty of alignment of the patient 
and the target organ, when planning the treatment 
schedule, around the planned treatment area (plan-
ning target volume, PTV), the radiotherapist will 
add a safety margin to the clinical target volume 
(CTV), in short, the CTV-PTV margin, of a mean 
size of 10 mm [2].

Fiducial markers confine patient setup and 
organ movement errors to a minimum, as well as 
limit the expansion margins (CTV vs. PTV). The 
reduction in the irradiated volume scatter will pro-
vide significant clinical benefit for the patient [3].

Should the volume of rectal wall included in 
the PTV still be too wide, posing a risk of delayed 
rectal toxicity, it is possible to resort to the inser-
tion of a tissue equivalent spacer between the rec-
tum and the prostate so as to protect the rectum 
from higher isodoses.
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30.2	 �US Technique

30.2.1	 �Patient Selection

In our practice, we reserve the insertion of fidu-
cial markers to patients with very-low-, low-, and 
intermediate-risk category of prostate cancer 
(according to the NCCN 2015 classification). In 
these cases, the target is generally only the pros-
tate gland or at most the gland and the base of the 
seminal vesicles [4]. In high- and very high-risk 
disease, instead, it is necessary to include within 
the target area also the seminal vesicles and/or 
pelvic lymph nodes, so there is clearly far less 
benefit gained from localizing just the prostate 
gland via these markers.

Another patient category that may benefit from the 
implantation of these markers (or even just one 
marker) is those who, after radical prostatectomy, 
present macroscopic recurrence of the disease. These 
patients are candidates for salvage radiotherapy, and 
the role of the markers is to make an extremely precise 
identification of the disease localization (the most fre-
quent site is the vesicourethral anastomosis) where 
boost radiotherapy needs to be delivered. The marker 
will be positioned only if a nodule is present at US and 
the recurrence is confirmed by histology (Fig. 30.1).

There is another small patient category eli-
gible for marker implantation, namely, those 
with a hip replacement with prosthesis, espe-
cially if this has been done bilaterally. In such 
cases, the prostate tissue is practically indistin-
guishable at the CT centering scan, due to the 
lack/distortion of the image caused by the metal 
prosthesis parts. In these cases, our protocol 
stipulates the positioning of intraprostatic mark-
ers, followed by radiotherapy centering with 
MVCT using the TomoTherapy System. The 
expected advantage, fully confirmed by our own 
experience [5], is that of being able to make a 
precise localization of the prostate via the mark-
ers on an artifact-free image.

However, fiducial markers are contraindi-
cated in the presence of bilateral prostatic calci-
fications (>7  mm) that are recognizable at 
centering CT. The markers are not considered 
indicated in this case because they are jumbled 
in with the calcifications and so only go to 
increase the CT “noise.” It should be remem-
bered that prostatic calcifications that have a 
clear-cut posterior acoustic shadow are easily 
visible at US, while hyperechogenic areas do 
not have a posterior shadow and so appear 
isointense at CT.

a b c

Fig. 30.1  Local recurrence (10  mm) after radical prostatectomy, confirmed by histology (a). After single fiducial 
marker implantation (gold, 12 mm) (b). The same case, after 5 years (c) with tissue athropy
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30.2.2	 �Patient Preparation 
and Materials Needed

Patient preparation is just the same as for transrec-
tal prostate biopsy: the patient will use a microen-
ema in the morning of the procedure. Antibiotic 
prophylaxis is indicated, as it is for biopsy, to be 
started the day of the examination and continued 
for 3–4 days after the implantation. A few days 
before, the radiotherapist will have provided the 
patient with the specific informed consent form, 
illustrating the relative risks and benefits that must 
be signed prior to commencing the procedure.

Unless contraindicated, there will be suspen-
sion of any antiaggregant/anticoagulant therapy 7 
days before; if necessary, this can be replaced by 
low molecular weight heparin. The hemorrhagic 
risk during the implant is less than during biopsy. 
The procedure can be performed without sus-
pending low-dose aspirin therapy.

US-guided implantation of markers can be 
done by either the transrectal or the transperineal 
approach. In the latter, a US device with an endo-
cavitary end-fire probe (6–8 MHz) is used, with 
disposable biopsy forceps. In patients with a his-
tory of infections or immune depression, instead, 
transperineal access using a linear/biplanar probe 
is advisable.

Transrectal access is the technique most com-
monly employed nowadays, and no particular 
complications have been reported. However, it is 
important to implement all possible precautions 

to prevent infection; from that standpoint, the 
transperineal approach is more advantageous. 
Nevertheless, in our experience, based on more 
than 100 cases performed using the transrectal 
technique and adopting proper precautions to 
prevent infection, no clinically relevant infec-
tions were recorded [4].

The materials needed include a local anesthesia 
needle (21 gauge, 25 cm length for the transrectal 
approach, spinal needle for the transperineal 
approach) and three needles containing the gold or 
carbon fiducial markers, mounted on an 18 gauge 
cannula that will release the markers, measuring 
0.35/0.9 mm in diameter x 3/4 mm in length, as 
well as an enema with povidone-iodine (2.5 cc in a 
2.5 ml syringe), to be administered rectally before 
the procedure. Carbon markers are preferable if a 
CBCT is available, because they produce less arti-
facts than gold markers (Fig. 30.2a), whereas gold 
is preferable for MVCT TomoTherapy (Fig. 30.2b).

Neither gold nor carbon markers preclude 
later magnetic resonance imaging.

The examination findings (two copies, one for 
the patient and one for the radiotherapy unit) will 
include images and a description of the proce-
dure: sites where the markers were positioned 
and the technique employed, any complications, 
and the antibiotic prophylaxis adopted. The 
marker labels must be attached to the patient’s 
radiotherapy record and archived with the signed 
informed consent form. The procedure is per-
formed in an outpatient regimen.

a b

Fig. 30.2  (a) Gold marker (arrow) image with TomoTherapy (IMRT), the same marker image with IGRT (b)
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30.2.3	 �US-Guided Marker 
Positioning Technique

With the patient in left lateral decubitus, an anti-
septic enema with 2.5  ml povidone-iodine is 
administered immediately prior to the procedure. 
This can be combined, before starting the proce-
dure, with a local application of anesthetic cream 
(lidocaine-prilocaine) or lidocaine spray to the 
rectum and anus as painkiller before probe inser-
tion to ensure patient comfort. Nowadays, hydro-
philic gels containing lidocaine and antiseptic 
(lidocaine and chlorhexidine gel (Farcosedan ®)) 
are available on the market in prefilled syringes, 
fitted with a plastic cannula for endorectal inser-
tion of the gel.

The endocavitary probe is introduced, and a 
periprostatic nerve block is then induced with 
10 ml of lidocaine 1 % bilaterally at the vesicle-
prostate angle under longitudinal US scanning.

The next steps are to prepare a sterile field, 
open the preloaded disposable needles (each con-
tains just one marker), and push the needle down 
through the cannula to release the marker in the 
prostatic tissue.

The three radiopaque markers (we employ 
0.9 × 3  mm) are positioned under US guidance; 
by convention, they are placed in the base and 
apex of the left lobe and mid gland in the right 
lobe. This arrangement may vary, but it is 

important in all cases to specify the final posi-
tioning in the record and to avoid overlap of the 
markers (Fig. 30.3).

The markers should lie on different planes, 
avoiding overlap on the spatial lines uniting them 
(Figs. 30.4, 30.5, and 30.6).

This spatial distribution is ideal in order to 
monitor the prostate position and movements. 
Once the ideal position has been identified with 
the aid of biopsy tracer on the US screen 
(Fig.  30.6c), the needle is inserted inside the 
gland parenchyma, at a depth of about 10  mm 
from the capsule margin to prevent one end of the 
marker from remaining in the rectum. The 
plunger is pushed to release the gold seed through 
the needle point and the barrel is retracted with 
the plunger fully inserted. The fiducial marker is 
left in position. Two scanning plane images are 
printed to document its position (Figs. 30.4 and 
30.5). Once the needle is withdrawn, checked to 
see that it is empty, it is thrown out, while the 
product label is attached to the record. If the 
marker is seen partially inserted in the rectum not 
the prostate, this suggests a partial spontaneous 
expulsion. If it is seen to be inserted in the rectum 
and only partially in the prostate, a US/radiologi-
cal control is necessary, and endoscopic removal 
of the marker is advisable with gastroenterolo-
gist. The positioning scheme of the markers is 
decided in concordance with the radiotherapist.
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a b c d

e f g

Fig. 30.3  Marker in the left lobe (a longitudinal, b axial), marker in the right base (c, d), marker in the right apex (e 
axial, f longitudinal). Marker in the left base between the capsule and seminal vesicle (g)

a b

Fig. 30.4  Marker (arrow) 
in the mid left prostate lobe 
in longitudinal view (a) 
and axial view (b) using 
end-fire probe. Posterior 
acoustic shadow cone is 
shown (star)
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a b
Fig. 30.5  Marker (arrow) 
in the far lateral right base 
in subcapsular space, 
longitudinal view (a) and 
axial (b), end-fire probe; 
posterior acoustic shadow 
cone is shown (star)
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a b

c

Fig. 30.6  Marker implantation at CT (a) and X-ray (b). Ultrasound view (c) during marker release from the tip of the 
needle (arrow) with posterior shadow cone (arrowhead)
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30.2.4	 �Spatial Triangulation 
of the Markers

The best scheme is termed the “triangulation 
scheme” that avoids overlap of the markers on 
the three orthogonal visualization planes. This 
scheme is successful when only one marker is 
visualized on each US scanning plane, not two 
simultaneously. Especially during the learning 
curve period, it is useful to make fluoroscopic 
X-ray controls after the procedure to correlate the 
US and radiographic geometries (Fig. 30.7a, b). 
In our experience, we did this in the first 50 cases, 
thereby progressively improving our awareness 
of when the markers were correctly positioned.

The implantation sequence we adopt is para-
urethral right apex, pericapsular/lateral right 
base, and medial left (halfway between the other 
two). To improve marker positioning and inter-
operator reproducibility, it is advisable to follow 
the biopsy pathway on the US screen. It is also 
wise to keep some distance away from cysts 
(that can dislodge the marker) and intraparen-
chymal small calcifications or hyperechoic 
areas that could mask it, as well as from the ure-
thral lumen (especially in cases with vesicoure-
thral anastomosis) and anterolaterally from 
Santorini’s anterior venous plexus (that could 
offer a migration route).

a b

Fig. 30.7  X-ray control (a anteroposterior; b latero-lateral): exact placement according to spatial triangulation rule – 
any marker is located on the same spatial plane
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30.2.5	 �Marker Inversion

It can be particularly difficult to achieve the 
desired triangulation in small glands (<25 cc) or 
glands with a short latero-lateral diameter 
(<4 cm). In such cases, it is difficult to insert two 
markers on the right while keeping the right basal 
marker higher than the medial left marker, 
because the space between the two may be so 
small as to cause overlap. We therefore advise 
inversion of the basal markers in such cases, posi-
tioning the medial marker in the right lobe rather 
than the left, as far laterally as possible to avoid 
overlap with the apex (mid) marker, and then 
inserting the basal marker on the left, as far crani-
ally as possible because if it is not in medial posi-
tion, being contralateral, it cannot overlap with 
the apex (mid) marker (Fig. 30.8).

30.2.6	 �Our Experience 
and Considerations 
on the Literature

Both a transrectal and a transperineal technique under 
US guidance have been described for positioning 
gold seeds as prostate markers, although the transrec-
tal technique is the most common. Only few authors 
have reported an endoscopic transurethral technique. 
The number of prostate markers implanted can vary 
from 3 to a maximum of 5 [6–9].

In our practice, we have established a stan-
dardized technique, positioning three radiopaque 
markers by transrectal access under US guidance 
with an end-fire probe. We adopt the “triangula-
tion” scheme described above, releasing markers 
at the lateral right base, distal right apex, and mid 
left of the prostate [5].

Basal marker inversion
in small prostate

Changes (arrows) from
standard implantation

BaseRight Left Right Left
Midline
urethra

Midline
urethra

Mid

Apex

Fig. 30.8  Marker inversion 
scheme used in small or narrow 
prostate gland with less than 4 cm 
in the lateral greatest dimension
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This positioning scheme is easily obtained in 
almost all prostates because the needle is very well 
visualized and an ample freedom of movement is 
guaranteed both by the transrectal technique with 
end-fire probe and by the transperineal technique 
using a biplanar linear probe, depending on the 
operator’s experience. An exception to this rule is 
small glands with a reduced latero-lateral diame-
ter, in which we implant one left basal marker, one 
right apex, and one right medial marker.

Our experience began in 2007; we evaluated 
results in 78 patients with low-risk prostate can-
cer and in 12 patients with local disease recur-
rence after surgery [4]. No major complication 
(bleeding, infection) has ever occurred after the 
insertion procedure nor any case of migration of 
the marker to the urethra or rectum. The optimal 
triangulation scheme was achieved in 95 % of 
cases. Minor complications (mild hematuria, 
hemospermia, and urinary irritant symptoms) 
were recorded in 10 % of patients. The procedure 
was well tolerated, with a mean visual analog 
score for pain of 2 (range 0–7).

In large glands or in cases with moderate to 
severe urinary obstruction symptoms, combining 
therapy for prostatic hyperplasia is recom-
mended, with 5-ARIs and alpha-blockers to 
reduce the gland volume and prevent worsening 
of the symptoms after the procedure or during the 
radiotherapy treatment. By contrast, it is not use-
ful to combine therapy with 5-ARIs in patients 
who have already undergone antiandrogen or 
androgen suppression therapy.

The advent of radiopaque markers for IGRT 
has resulted in:

	1. 	A significant reduction in the CTV-PTV as 
compared to the mean standard margin of 
10 mm used before them: 1 mm in the cranial 
and caudal direction, 3.5 mm anteriorly and 
3  mm posteriorly, and 2.5  mm on the right 
and 2 mm on the left.

	2. 	A mean reduction of PTV by 37 % (range 
23–59 %).

	3. 	Very low delayed toxicity, assessed in 57 
patients with a minimum follow-up of 12 
months (mean 36 months, range 12–89 
months): grade 1 rectal toxicity in 8/57 (14 %) 

and grade 2 in 5/57 (8 %) and grade 1 bladder 
toxicity in 8/57 (14 %), grade 2 in 1/57 (1.7 %), 
and grade 3 in 2/57 (3.4 %) using the LENT 
SOMA assessment scale. Our results are com-
parable with those in literature [6–9].

Deipolyi et al. [10] reported a 98 % success rate 
with their technique using three markers in 111 
patients with localized disease and a major early 
complication rate of 0.9 %, while Linden et al. [7] 
reported a 100 % success rate using 1–3 markers in 
98 patients, with no early complication.

Moman et al. [11] have described the largest 
case series of intraprostatic marker implantation: 
914 patients with the transrectal technique and 
end-fire probe, in which there were 2/914 cases 
of major early complications (severe infection) 
and 5/914 cases of marker migration to the ure-
thra or rectum. Kably et  al. [12] reported 75 
cases, with a 99 % success rate, 1.3 % major com-
plication rate, and 0.3 % of marker migration. 
Other experiences have been described by Gill 
et al. [13], Igdem et al. [14], and Langenhuijsen 
et al. [15], featuring similar results.

As compared to our experience, few studies in 
literature have quantified a comparable quantity 
of periprostatic tissue spared IGRT treatment, in 
terms of reductions in the CTV-PTV margin. 
Only Langenhuijsen et al. [16] reported a mean 
CTV-PTV circumference reduction by 3 mm and 
PTV reduction by 27 %.

It is difficult to make any comparative assess-
ment of the studies of delayed toxicity recorded 
using this method, because the radiotherapy tech-
niques were different, as were the doses and 
CTV-PTV margins adopted [17–19].

In any case, if the rectal volume included in the 
treatment field is too large or else the patient presents 
particular risk factors for delayed rectal toxicity, it is 
possible to insert a tissue equivalent between the rec-
tum and the prostate to protect from high isodoses 
[20]. Prostate-rectum hydrogen spacers offer a better 
safety margin on the posterior plane, exposing the 
rectum to less radiation [21], and permit dose escala-
tion to the target without underdosing the PTV and 
so making the treatment less radical.

Indeed, a combination of these treatments 
(markers plus spacers) is progressively gaining 
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ground as an additional option to IGRT/IMRT, in 
which small treatment volumes are usually 
adopted, with high dose gradients.

�Conclusion

Implanting radiopaque markers in the prostate 
allows a highly precise localization of the 
gland with IGRT and hence a correct applica-
tion of the treatment plan (3D-CRT or IMRT), 
delivering the maximum planned conformal 
dose to the target. This offers the clinical 
advantage of less side effects especially of 
delayed type.

Latest-generation linear particle accelera-
tors are all fitted with IGRT technology, and 
this radiotherapy technique is spreading rap-
idly. In our view, the urologist should know 
about this field so as to be able to cope with 
the radiotherapist’s needs. The technique is 
very similar to that of prostate biopsy, and so 
it has a low learning curve to attain a stan-
dardized expertise. We are convinced that it 
is important for the urologist to have some 
knowledge of these techniques so as to be 
able to interact efficaciously with the 
radiotherapist.
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Ultrasound Guided Treatment 
of Prostatic Cancer: Cryoablation

Andrea Benedetto Galosi and Luigi Quaresima

31.1	 �Introduction

Prostate cryoablation was introduced in the clini-
cal practice in 1995. Thanks to the intraoperative 
ultrasound imaging control, it was among the 
first treatment echo-guided approach in urology. 
The role of ultrasound is essential both for verify-
ing the positioning of cryoprobes and for moni-
toring the freezing phases. The liquid nitrogen, 
used by the first-generation machines, was then 
replaced by argon (an inert gas), which is based 
on the Joule-Thomson effect in the modern cryo-
probes. The argon in the transition – from liquid 
to gaseous  – allows to reach temperatures of 
−180 °C in a very short time.

Nowadays the prostate cryoablation is consid-
ered by the European Guidelines 2015 [1] as a 
possible treatment option (level of evidence 2, 
grade C) both as a primary treatment of localized 
prostate cancer and as a salvage treatment 
in localized prostate cancer relapsed after radio-
therapy [2].

We describe the procedure and the role of 
ultrasound in the cryoablation treatment, patient 
selection, and follow-up.

31.2	 �Ultrasound Criteria 
for Patients’ Selection

Cryoablation has a particular versatility and it is 
also applicable in large glands or unusual anat-
omy (median lobe, asymmetric gland, benign 
prostatic hyperplasia BPH) and is not affected by 
pubic bone anatomy; moreover this technique is 
less influenced by the restrictions that are related 
to brachytherapy and high-intensity focused 
ultrasound (HIFU). Cryoablation is indicated as a 
primary treatment of prostate cancer (cT1-T2 or 
limited T3a) and for the treatment for local recur-
rence after brachytherapy or radiation therapy. 
The critical analysis of case studies made it pos-
sible to identify clinical parameters that influence 
the cure rate of treatment and predict the zero set-
ting of the PSA with minimum mobility [3, 4]:

The following criteria should be evaluated 
before cryoablation:

	(a)	 Glandular volume ≤45 cc at the moment of 
treatment; the neoadjuvant hormonal therapy 
may be used to reduce the volume [5].

	(b)	 The absence of the third lobe with intravesi-
cal prostatic protrusion more than 14 mm, as 
this tissue could survive to the freezing or 
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request a later resection for obstructive 
symptoms.

	(c)	 The absence of a large defect of the neck for 
outcomes of surgery for BPH [6], as this 
asymmetry frequently may produce freezing 
of the prostatic urethra with the onset of 
sloughing syndrome.

	(d)	 The inability to adopt the lithotomy position 
is a contraindication, for example, a severe 
arthrosis or the coxal-femoral joint disease.

	(e)	 The absence of widespread glandular calcifica-
tions that do not allow the ultrasound monitoring.

	(f)	 The absence of urethral stenosis such as to 
enable the transit of catheter >16 ch (urethral 
warmer).

	(g)	 The absence of bulky disease (cT3b/T4 or N+).

The presence or absence of these factors lays 
the foundation for a correct patient identification 
suitable to cryoablation.

From an oncologic point of view, other crite-
ria are identified: the indication is for localized 
neoplasms of stage T1c, T2 up to T3a initially, 
excluding the bulky and seminal vesicle invasion 
[7–9].

Cryoablation can be performed under spinal 
and general anesthesia, in obese subjects with a 
history of colorectal surgery and/or pelvic radio-
therapy, with inflammatory bowel disease or hip 
replacement. It does not require the use of elec-
tric scalpels nor exposes at risk for blood transfu-
sion. It requires a complete bowel preparation, 
perineal, and suprapubic trichotomy.
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31.3	 �Surgical Technique

Cryoablation requires a transperineal approach 
for the placement of cryoprobes and an ultra-
sound monitoring using a biplane probe (convex 
+ linear). The ultrasound image orientation is 
identical to the CT: in the transverse scanning, 
the rectum is located at the bottom and at the top 
the pubic symphysis; the right side is located on 
the left side of the ultrasound monitor. In the lon-
gitudinal scanning, it easily studied the external 
sphincter, the prostatic apex, and the base.

The positioning of cryoprobes takes place by 
the transperineal tract with two possible 
approaches: (1) freehand (Fig.  31.1) and (2) 
transperineal grid (template or grid like that used 
for brachytherapy) (Fig. 31.2). The last one has 
the advantage of reducing the learning curve and 
reducing intra- and interoperator variability, but 
the times are longer and it always requires a cys-
toscopy to check the posterior urethra.

The current cryoablation equipment has the 
ultrasound probe incorporated in the cryo-
equipment and system. The ultrasound probe in 
the standard technique is supported by the opera-
tor, but it is possible to use a stepper to keep the 
probe in place, letting the surgeon’s hands free. 
The stages of cryoablation are summarized in 
Table 31.1.

Once diameters of the gland have been mea-
sured, the ultrasound images’ setting is com-
pleted in axial and longitudinal views. Six to ten 
cryoprobes are inserted in the prostate gland 
under ultrasound control through perineal path-
way (Fig.   31.3). Three to five cryoprobes are 
inserted in each side depending on the prostate 
volume, anatomy, and freezing power of cryo-
probes that depends on technology and diameter 
(from 3 or 1.7 mm) (Fig.   31.4). The operating 
table is set in flat position without inclinations or 
Trendelenburg position. The procedure takes 
place with distended bladder (>250 ml) with ure-
thral Foley catheter. The cryoprobes are posi-
tioned in order to cover uniformly the gland with 
temperatures at least below −20  °C and extend 
their effect to some mm beyond the capsule [6, 
9]: whole-gland treatment therefore does not pro-
vide a nerve-sparing technique. Subsequently we 

proceed to the insertion of thermocouples: in the 
soft tissue close to the capsule at the basal level 
bilaterally and in the subcapsular prostatic tissue 
in the apex, one additional thermometer is placed 
in the external urethral sphincter in the median 
and suburethral position. From three up to six 
thermometers can be used. Any additional ther-
mal sensors are positioned in order to evaluate 
the effect of the freezing process in a target area 
and to monitor the integrity of the external 
sphincter muscle. The thermometers are posi-
tioned in key points, at the edges of the gland to 
ensure homogeneous and complete ablation 
reaching target temperatures. Temperature con-
trol and ultrasound images provide the operator 
with an important feedback during the freezing 
procedure stages.

The urethroscopy is necessary in the learning 
phase or if a transperineal grid to place cryo-
probes has been used. A flexible urethroscopy is 
useful to verify whether the cryoprobes are not 
penetrated into the lumen of the urethra, while 
insertion in the bladder is avoided using ultra-
sound control. At this stage, some surgeons insert 
a suprapubic catheter as an alternative to trans-
urethral catheter. In our experience with the free-
hand technique, the ultrasound control is 
sufficient to exclude accidental transurethral 
placements [10]. We do not use routinely the 
suprapubic catheter.

Once the cystoscope is unthreaded, the guide-
wire is inserted on the warming catheter at 37° 
(called urethral warmer) which is useful to avoid 
damage of the urothelium and mucosa of the 
prostatic urethra. Leaving viable mucosa on the 
prostatic urethra prevents the urethral necrosis 
that is also called sloughing syndrome.

The freezing process begins with the activa-
tion of the gas Argon in the cryoprobes, starting 
from the anterior ones and then activation of 
probes located in the posterior/peripheral zone. 
This procedure aims to create an ice ball that 
gradually joins and reaches the peripheral area 
and incorporates the capsule. It is easy to monitor 
the freezing process by ultrasound, because the 
ice reflects the ultrasounds and appears as a thin, 
sharp hyperechoic edge with dark posterior 
acoustic shadow (Fig. 31.5). The temperature at 
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the level of the hyperechoic edge of the ice ball is 
equal to the freezing water (0°/−5  °C). The ice 
growing is ultrasound monitored both in axial 
and longitudinal planes until the posterior cap-
sule, the apex, and the base are covered by the 
hyperechoic edge. Meanwhile the freezing power 
is modulated in order to avoid an excessive 
increase toward the sphincter and Denonvillier’s 
fascia on the rectum. The Denonvillier’s fascia 
which covers the rectal adventitia is recognizable 
by ultrasound and should be always free from the 
ice ball edges (Figs.  31.6, 31.7, and 31.8). The 
first freezing cycle reaches temperatures about 
−40°/−20  °C in target areas for at least 5  min. 
Once the first cycle has been completed, it starts 
the heating stage of cryoprobes by activating the 
circulation of the helium gas; this stage takes 

15 min. The ultrasound monitoring shows during 
this phase the almost complete disappearance of 
the ice ball, and the glandular parenchyma comes 
back visible, as well as temperatures return all 
above zero. The second freezing cycle takes place 
right after and takes altogether 15 min reaching 
the target temperatures. In the end, the cryo-
probes are heated to allow an easy removal and 
are unthreaded. A compressive dressing is applied 
on the perineum. Finally the urethral warming 
catheter is removed, which is then replaced by a 
transurethral catheter using an hydrophilic guide. 
The time for the bladder catheter removal is about 
2 weeks. If the suprapubic catheter was inserted, 
spontaneous voiding is encouraged after 1 or 2 
weeks, and it will be removed soon after the post-
voiding residual urine will be less than 50 cc.

Fig. 31.1  Transperineal 
placement of cryoprobes 
using the “freehand 
technique”: cryoprobes 
(large white tubes) and 
thermometers (small 
white tubes with blue 
wires)
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Fig. 31.2  Transperineal 
placement of cryoprobes 
using the transperineal 
grid (template or grid 
like that used for 
brachytherapy)

  1. �Ultrasound study of the prostatic anatomy, stepper placement

  2. �Planning treatment strategy based on real-time transrectal ultrasound

  3. Cryoprobes

  4. Thermocouple placing

  5. Flexible urethroscopy

  6. Suprapubic catheter placement [optional]

  7. Urethral warmer

  8. �Denonvillier’s dissection (Onik’s technique) [optional]

  9. �1° Freezing – active heating with helium – 2° freezing

10. Perineal dressing

11. �Urethral warmer removal and transurethral catheter placement

Table 31.1  Stages of cryoablation
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a b

c
d

Fig. 31.4  Before cryoablation, the placement of four probes (a) or 6 (b) in axial view according the treatment planning, 
longitudinal view (c), completed prostate freezing (d)

Fig. 31.3  Treatment planning: cryoprobe (o) placements based on spatial distribution to obtain ice ball. Distance cap-
sule probe is 5 mm (D1, D2), distance between probes 9.9 mm (D3)
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a b

c

Fig. 31.6  Onik’s technique during cryoablation process 
(longitudinal view): yellow arrows show cryoprobe with 
growing ice ball in the prostate (P), prostatic capsule 

(arrowheads), and space between the rectal wall and pros-
tate (yellow bar)

a b

Fig. 31.5  Chiba needle (white arrow) to inject antibiotic solution in the space between two layers of Denonvillier’s 
fascia, during and after complete freezing of the prostate. Ultrasound longitudinal view
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Fig. 31.7  Cryoablation process and sloughing syndrome due to necrosis of the prostatic urethra

Fig. 31.8  Salvage cryoablation process in axial view: 
cryoprobe with ice ball (CP), space (yellow bar) between 
the capsule and rectal wall (arrowheads)
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31.4	 �The Rectal Dissection 
According to Onik’s 
Technique

The technique was defined by Onik [11] as infil-
tration of the solution (saline with antibiotic) 
into the Denonvillier’s fascia space; this solu-
tion cuts away the tissue and widens the space 
between the rectum and prostate gland, the aim 
being to provide extra safety space between 
these structures. This procedure is performed 
immediately before the freezing beginning and 
is repeated between the first and the second 
freezing cycle.

The rectal wall is from the prostate to have a 
safety margin from 1 cm up to 3 cm (Figs. 31.5, 
31.6, and 31.8). Through a thin needle long 
at least 12  cm and positioned in transperineal 
tract under ultrasound guidance, it is injected 
as a saline solution (60  cc) with an antibiotic 
(e.g., piperacillin 2  g) in order to increase 
also the liquid freezing temperature [10]. This 
space is the same that it is used for the anes-
thetic injection during biopsies. To facilitate the 
operation of rectal dissection, it is possible to 
apply a weight (1 kg) to the ultrasound probe 
to avoid the compression of the probe on the 
rectum. This technique is particularly useful in 
salvage cryoablation for local recurrence after 
radiation therapy. Using this technique, it is not 
possible to insert the thermocouple under the 
Denonvillier’s fascia. An alternative procedure 
for the protection of the rectum is the place-
ment of one to two thermometers in the pre-
rectal fascia.

31.5	 �Technical Aspects

The cryoablation involves the whole-gland abla-
tion including an oncological safety margin, 
which exceeds for some mm beyond the pros-
tatic capsule including extraprostatic tissue and 
parts of the neurovascular bundles. The cryoab-
lation of the prostatic apex occurs constantly in 
all procedures and it is verified with the presence 
of one or two thermometers that measure the 

nadir of temperature included between −20 ° and 
−40  °C. In cases with longitudinal length 
>39 mm of the prostate, it may happen that opti-
mal temperatures are not registered in the apex. 
This phenomenon is linked to 40 mm functional 
length of the cryoprobes. Therefore it suggested 
to carry out the procedure of retraction of cryo-
probes of 4–5 mm, also called probe pullback. 
This procedure allows to reach optimal tempera-
tures in the apex in the case they have not been 
reached with the initial treatment planning. 
During the apex ablation, the temperature of the 
external urethral sphincter is lowered, but it is 
good that it never reaches temperatures below 
0 °C. The only area, which remains at nonlethal 
temperatures, is the periurethral one where the 
warmer maintains the tissue at 37°.

31.6	 �Focal Ablation

The focal cryoablation of the prostate is consid-
ered a targeted treatment only in controlled clin-
ical trials [12–14]. There are possible technical 
changes in order to save and spare from treat-
ment healthy prostate tissue: true focal (target 
area plus mm of tissue around), regional (hemia-
blation, quadrant, hemiablation plus quadrant), 
or subtotal ablation (saving of the neurovascular 
bundles and subcapsular tissue). All these 
prostate-sparing treatments are defined as focal 
therapy.

Even experience with radical whole-gland 
treatment has shown that small amounts of glan-
dular epithelium can survive to the freezing in 
particular in peripheral areas located at the edges 
of the ice ball; this untreated area where prostate 
tissue may survive to cryoablation seems to be 
related to several factors:

	(a)	 Anatomical conformation that creates asym-
metry or protrusions of the parenchyma at 
the external limits of the gland

	(b)	 Large gland (>60 ml)
	(c)	 Tissue located in the anterior fibromuscular 

area or median lobe
	(d)	 Few millimeters of the periurethral tissue for 

the presence of the warming catheter
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	(e)	 Areas that can remain warm as they are 
related to large blood vessels

	(f)	 Incorrect procedure due to inadequate posi-
tioning of cryoprobes or incomplete freezing 
because of low freezing power

Temperature monitoring using thermometers, 
experience, and transperineal grid application 
avoids operator and machine variables. Also the 
repeated freezing process leading to target tem-

peratures (−40 °C) ensures the definitive ablation 
of neoplastic and normal cells [15]. The persis-
tence of vital tissue in the periurethral area is not 
to be considered a failure: it has a low relevance 
from an oncologic point of view since the peri-
urethral area is a possible site of necrosis 
(2–10 %) in a later stage [16]. Minimum PSA lev-
els between 0.2 and 0.8 ng/ml may be related to 
the persistence of vital glandular tissue, but they 
are easily monitored over the time [17].
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31.7	 �Ultrasound Follow-Up 
and Complications

After the prostate cryoablation, the eco-structure 
of the gland varies in relation with the elapsed 
time from the treatment with fibrotic and regres-
sive phenomena. A final healing appears after 8 
months with the disappearance of granulation 
tissue. The necrosis reabsorption is complete 
and is replaced by fibrosis. A check is scheduled 
each 3 months for the first 9 months and then 
twice a year.

The gland ultrasound volume initially 
increases in relation to the coagulative necrosis 
phenomena, edema (Fig. 31.5). The parenchyma 
is predominantly hypoechoic at the beginning; 
therefore, the appearance/disappearance of nod-
ules is not clinically relevant soon after cryoabla-
tion. A correlation also with the PSA is 
indispensable. The granulation tissue has an 
increased consistency than the glandular paren-
chyma. The role of ultrasound is not relevant 
because it is not correlated with the oncological 
outcome, which is mostly monitored through the 
nadir PSA [17]. Biopsies in the first 6 months 
after the surgery are not recommended as it 
increases complications. The only role of ultraso-
nography in the short term is to exclude the post-
void residual urine, to calculate the volume and 
the appearance of complications: rectal fistulas 
and sloughing. Rectal fistulas are a rare compli-
cation (0–0.9 %); in our experience on 180 cases, 
it has never been observed. It was observed 
mostly within the first 2 months with liquid 
stools, hematochezia, infection, and pain: sub-
jects at highest risk are those who have received a 
previous radiotherapy. The rectal examination 
and ultrasound may raise suspicion of fistula, 
while the urethrocystography, urethra cystos-
copy, and rectum endoscopy confirm the fistula 
and its extent. The healing is sometimes sponta-
neous with catheterization and parenteral nutri-

tion, but often it requires an intervention based on 
the extension of the necrosis of the rectal wall.

The sloughing syndrome includes symptoms 
and signs related to the necrosis of the prostatic 
urethral mucosa. It occurs in the 1–8 % of cases. 
The necrosis caused by freezing can be focal or 
over its entire length. This side effect is a conse-
quence of freezing which also extends to the ure-
thra. Necrotic tissue determines dysuria and 
lengthens the healing time as necrotic tissue is 
expelled through the urethra and the necrosis 
which is in contact with the urine may cause uri-
nary obstructive symptoms, frequency, infec-
tions, and sometimes perineal pain. In such cases, 
the ultrasound aspect is peculiar with the pres-
ence of iso-/hyperechoic patchy tissue with 
hypo-/anechoic lines with liquid and soft texture. 
In the short-term follow-up, it is good to report 
any hypo-/anechoic collections attributable to 
liquefaction both in intra- and in extraprostatic 
area. These are not abscesses but collections of 
necrotic tissue with variable fluid component 
[18]. A correlation with rectal examination 
should be performed. The treatment of sloughing 
is conservative (bladder catheter) and resolute in 
most cases. Only after 3 months, for a complete 
demarcation of necrotic tissue, in case of neces-
sity, a resection and endoscopic toilet only of the 
necrotic part can be performed.

In the follow-up >1 year [10], the coagulative 
necrosis of the first months is progressively 
replaced by fibrous and connective tissue. In the 
follow-up, the ultrasound anatomy of the prostate 
is still recognizable although the parenchyma 
becomes hypoechoic; the capsule remains recog-
nizable like the seminal vesicles and the bladder 
neck. It can be detected in some cases of anechoic 
liquid gaps (Figs.  31.9, 31.10, and 31.11). The 
glandular volume decreases and reaches average 
values of 10–14 cc. At the rectal examination, the 
gland is not palpable and the lodge appears empty 
as after prostatectomy.
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Fig. 31.11  Residual 
and untreated healthy 
prostatic tissue in the 
anterior zone. Histology 
after cystoprostatectomy 
performed for bladder 
cancer in patient who 
had prostatic 
cryoablation (SV 
seminal vesicles, F 
fibrosis, U urethra)

Fig. 31.9  Eco-power Doppler images 18 months after cryoablation, showing absent vascular signal and residual viable 
tissue in the anterior zone in fibromuscular stroma (middle)

a b

Fig. 31.10  Fluid collection (C) after cryoablation due to necrosis and sloughing syndrome (a, b) axial view
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31.8	 �Follow-Up

We assess PSA every 3 months for 2 years and 
then every 6 months for 5 years. Transrectal 
ultrasound and DRE at 3, 6, 12, and then yearly, 
while prostate biopsies were performed if PSA 
value was >0.5 ng/ml or raised in three consecu-
tive determinations. Multiparametric magnetic 
resonance was carried out before surgery and in 
the follow-up. Disease-free survival after prostate 
cryoablation is defined as absence of local or dis-
tant relapse and stable serum PSA and PSA value 
≤l.0 ng/ml. Biochemical recurrence was defined 
as serum PSA >1.0 ng/ml or any PSA value rais-
ing in three consecutive determinations above 
1.0  ng/ml. Local disease recurrence (cancer in 
postoperative gland biopsy), distant disease pro-
gression (metastatic disease assessed by imaging: 
bone scan, TC or MR, XR).

Distinction between local residual disease 
after ablation (persistence) from recurrence of 
disease has to defined. Persistence is identified in 
patients whose biopsies resulted positive for neo-
plasia at 6 months of treatment or early PSA fail-
ure (3 months PSA >1.0). Recurrent disease (>12 
months) is identified in patients who resulted 
positive for neoplasia after complete clinical and 
biochemical response after cryoablation.

Viable untreated tissue may be evaluated 
using high-definition transrectal ultrasound with 
power Doppler (Figs. 31.9 and 31.11) or multipa-
rametric magnetic resonance [19–21].

31.9	 �Results

The oncological results in terms of biochemical 
relapse at 5 years are 88 % for low risk, 80 % for 
the intermediate risk, and 43 % for the high risk 
and, at 10 years, 68 %, 74 %, and 36 %, respec-
tively [1, 2, 16, 19]. The rate of positive posttreat-
ment biopsies is variable according to the levels 
of PSA and varies from 5 to 21 % in different 
cases [20, 21], in which the biopsy is reserved 
only where occurs an elevation of PSA> 0.5–
1.0 ng/ml. Urinary incontinence is less than 3 %. 
The erectile dysfunction rate is 60–75 %. The 
PSA nadir is reached after 3–6 months after 

treatment. For PSA values, posttreatment com-
prised between 0.2 and 1.0 ng/ml; it is preferred 
to have a close follow-up in order to observe the 
PSA trend, which can be also linked to the persis-
tence of healthy vital tissue, which can also be 
documented by biopsy carried out not before 6 
months. The relapse of disease can be suspected 
in case of PSA values > 1.0 ng/ml, and in these 
cases, it is useful to perform a biopsy and/or CT/
PET with choline [21].

The relapse is likely high with PSA values ≥ 
2.0 ng/ml compared to the nadir after the treat-
ment: in such cases, the local biopsy is recom-
mended in combination with systemic staging.

In case of local relapse documented by biopsy, 
the possible treatment options are (a) a new treat-
ment of cryoablation that is executable with good 
chances of success (65 %); (b) external radiother-
apy, which is executable without difficulty or 
increase in complications; (c) hormonal therapy; 
and (d) monitoring, if PSA values remain stable.

31.10	 �Palliative Cryoablation 
and Particular Indication

The cryoablation can be used as a palliative treat-
ment or debulking in cases in which the urinary 
symptoms are associated with bleeding, pain, or 
local progression especially in previously irradi-
ated subjects. The haemostatic effect of freezing 
is known, thanks to the induced thrombosis in the 
vessels. The indication for these treatments must 
be evaluated in a multidisciplinary approach and 
entrusted to expert hands as an alternative to 
endoscopic resection, the cystoprostatectomy, or 
selective arterial embolization.

The treatment of local recurrence after radical 
prostatectomy and adjuvant radiotherapy was 
performed only on few cases with clear nodules 
defined by imaging. Oncological results were 
inconclusive. In our experience, we treated only 
few patients with cryoablation for nodular 
biopsy-proven local recurrence after prostatec-
tomy and salvage radiotherapy: both cases 
showed local and distant failure after 4 years of 
follow-up.
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�Conclusions

The cryoablation represents a valid option as 
primary treatment for prostate cancer in par-
ticular in patients unfit for surgery and radio-
therapy; it is a versatile treatment that 
improves obstructive urinary symptoms and 
has a positive impact on patient quality of life 
by eliminating the need of hormonal therapy. 
It is also applicable in elderly patients in 
whom are precluded further treatments. The 
salvage cryoablation represents an option for 
the local relapse after radiotherapy, provided 
that there is an early diagnosis and that there is 
not an androgen-independent pathology.

Hemiablation of the prostate using cryosur-
gery is the most popular technology used for 
focal treatment of prostate cancer. Evidence is 
based on case series with different selection 
criteria and methods of evaluation and treat-
ment protocol. Therefore, focal cryoablation 
is still considered as experimental and it is 
allowed in approved clinical trial.
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Ultrasound-Guided Treatment 
of Prostate Cancer: High-Intensity 
Focused Ultrasound
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32.1	 �Introduction

Prostate cancer (PC) is the most frequent neo-
plasm in men over 50 years of age; it represents 
the second most frequent cause of death from a 
tumour, following lung cancer, in industrialised 
countries [1].

The disease shows a large prognostic spec-
trum, which ranges from the indolent to the lethal 
form. These two extremes can be cured by two 
extreme kinds of therapy: “doing nothing” (“active 
surveillance”) and “destroying the prostate” 
(“radical surgical or radiotherapeutic treatment”).

The distance between these two extremes has 
been covered by the concept of focal therapy 
(FT). As a matter of fact, the aim of this type of 
therapy, which is adaptable to every single patient, 
treats only the affected part of the prostate [2].

For more than 18 years, “prostatic transrectal 
thermo-ablation” (PTTA) with high-intensity 
focused ultrasound (HIFU) has been added to the 
therapeutic arsenal for treating PC [3]. This treat-
ment, with the same aim of therapeutic efficacy 
as traditional therapy (consisting of surgery and 
radiotherapy), has different features: minimally 
invasive, reduced incidence of side effects (in 

terms of urinary incontinence and sexual impo-
tence), adaptability to the concept of FT, and 
short hospitalisation. In summary, HIFU therapy 
requires the prostate tissue to increase in temper-
ature to obtain coagulative necrosis.

The treatment is widespread, especially in 
Europe and in Japan, with about 500,000 proce-
dures executed in the past 18 years; in the USA, 
however, a study protocol, approved by the US 
Food and Drug Administration, is still ongoing 
[4, 5].

The first instrument available for PTTA/
HIFU was the Ablatherm (EDAP-TMS, Lyon, 
France), which is now in its third generation, to 
which the Sonablate (FOCUS Surgery, 
Indianapolis, IN, USA) has been added. 
Currently, the Ablatherm is more prevalent than 
the Sonablate, with regard to distribution, num-
ber of treatments, number of trials, and publica-
tions. The Focal One (EDAP-TMS) was recently 
specifically proposed for implementing PTTA/
HIFU [4, 6].

In 1996, the first treatments with the Ablatherm 
were carried out in patients with both localised 
PC and local recurrence after radiotherapy [3]. 
More recently, the use of PTTA/HIFU has been 
proposed as FT at the initial stage of PC and as 
salvage therapy in the case of local recurrence 
after radical prostatectomy [6].

In this chapter, the principles on which focused 
ultrasound is based, the history and technical devel-
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opment are introduced and the clinical results on the 
use of HIFU in the treatment of PC are analysed.

32.2	 �Historical Hints

The first report on the experimental applications 
of focused ultrasound on biological tissue was 
published in 1942 by Lynn and colleagues [7].

In the 1950s, the Fry Brothers (Francis and 
William) studied the possibility of treating neuro-
logical disorders, including Parkinson’s disease, 
generating small lesions in the cerebral cortex, using 
an extracorporeal approach, focusing ultrasound on 
the area considered to be pathological (Fig. 32.1) [8].

In the 1980s, Lizzi proposed a machine that 
used focused ultrasound for the treatment of 
glaucoma and intraocular neoplasms (which was 
rapidly substituted by a laser; Fig. 32.2) [9].

At the end of the 1980s, the INSERM (French 
National Institute for Medical Research), the 
Hospital of Lyon, and EDAP Technomed started 
a research programme on the interaction of HIFU 
with tissues. The main aim of this study was the 
use of focused ultrasound in the treatment of can-
cers: thus, the Ablatherm prototype, dedicated to 
the treatment of PC, was created (Fig. 32.3).

The crucial impulse for using HIFU in the 
treatment of cancers started at the beginning of 
the 1980s because of the development of diag-
nostic imaging, which led to the adequate plan-
ning and monitoring of treatments, with the 
help of ultrasound and magnetic resonance 
imaging.

A first clinical trial begun in 1992 by Gelet and 
colleagues (Fig. 32.4). This trial reported observa-
tions on 12 patients subjected to adenomectomy 
following prostate therablation with HIFU.  The 
specimen of prostate tissue revealed that the tissue 
lesions varied according to the ultrasound dosage 
with homogeneous coagulative necrosis and net 
margins if used with high dosages. In this study, no 
major complications were described, but anoma-
lies of rectal mucosa were found in a quarter of the 
patients [10].

Gelet and colleagues started the first clinical 
study on patients with PC in 1993; the first results 
were published in 1996 [3].

Since that moment, the method has been 
widely distributed, especially in Europe, involved 
in 30,000 treatments (both as first-line therapy 
and re-treatment/salvage treatment after radio-
therapy failure), using EDAP machines, exclud-
ing the Focal One (Fig. 32.5).

Fig. 32.1  Prof. W. Fry

Fig. 32.2  Prof. F.L. Lizzi
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Fig. 32.3  Ablatherm 
prototype

Fig. 32.4  Prof. A. Gelet
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Fig. 32.5  Spread of high intensity focused ultrasound (HIFU) over the last 30 years
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32.3	 �Physics Principles of HIFU

Focused ultrasound is based on the same princi-
ples as conventional ultrasound, which are inau-
dible sound waves with a frequency of > 
20,000 Hz. They are generated by a piezoelectric 
crystal, which vibrates, with a peculiar frequency 
for the crystal itself, if crossed by electricity. 
When ultrasound propagates across the human 
body, the energy also propagates and the waves 
attenuate; their passage across the tissues 
determines energy release, which is absorbed by 
the tissues themselves. This implicates the use in 
diagnostic imaging of low intensity ultrasound 
(720  mW/cm2) to induce minor perturbation in 
the tissues [11]. Conversely, in the case of HIFU, 
the high intensity, which ranges from 100 up to 
10,000  W/cm2, and the consequent release of 
energy, allow tissue damage, which may have 
therapeutic importance if applied to neoplastic 
lesions [4].

The HIFU source is represented by a piezo-
electric transducer with a spherical shape, which 
is able to generate and focus ultrasound on a fixed 
point. According to the voltage used, both the 
ultrasound frequency (range about 3–4  MHz in 
the case of HIFU used for thermoablation) and the 
power applied to the target (values ranging from 
1300 up to 2200 W/cm3) are established [12–14].

32.4	 �Thermoablation 
and Mechanism of Action 
of HIFU

The thermoablation is defined as the necrosis 
induced in human tissues by the increasing tem-
perature obtained by the transmission of energy 
and its conversion to heat. The ablation can be 
obtained with a temperature of 56 °C for 1 s [15, 
16]. This exposure causes immediate cell death, 
because of the denaturation of the protein, dam-
age to mitochondrial enzymes and cell cytosol, 
and of the formation of histone complexes [17, 
18]. Considering the pathological aspect, the 
damage is typical of coagulative necrosis, fol-
lowed by secondary fibrotic tissue involvement 
(Fig. 32.6) [3, 19].

The phenomena of evaporation and carbonisa-
tion are typical when the temperature is higher 
than 100  °C; these are not useful because they 
limit the transmission of thermal energy and the 
consequent extent of necrosis in the area 
(Table 32.1). Thus, the main aim of thermoabla-
tive treatments is to reach a temperature of about 
65 °C for a few seconds.

Thermoablative procedures are largely used 
in oncology in the treatment of neoplasm in the 
liver, lung, bone, kidney, prostate, thyroid, 
breast and pancreas; the procedures differ from 
each other because of the transmitting source, 
which can be electromagnetic waves, lasers, 
radiofrequencies, microwaves and HIFU.  The 
thermoablative effect of HIFU is caused by the 
controlled release of a large amount of energy 
inside the tissue, owing to the increasing inten-
sity of ultrasound waves and focus on a single 
site. The temperature increases in this way in a 
well-defined tissue volume and this volume is 
destroyed because of coagulative necrosis [20].

Thus, HIFU is able to induce an increasing 
temperature inside the tissue, in the fastest way 
(few seconds). The intensity, which is very high 
in the focal area (generally very small), rapidly 
decreases in the adjacent tissue zones. Starting 
from this concept, HIFU is causes tissue damage 
at the focused site, sparing the proximal areas 
(Fig. 32.7).

There are three mechanisms involved in the 
generation of tissue damage: thermal effect, 
mechanical effect and a cavitation effect.

The energy of the ultrasound is absorbed by 
biological tissues and transformed into heat with 
the change of the intracellular water into steam 
(thermal effect). A bubble is then formed with a 
rapidly increasing temperature and pressure [15]. 
When the resonance dimension is reached, the 
bubble implodes and generates cavitation, giving 
back the accumulated energy to the surrounding 
space (Fig. 32.8).

Consequently, there are shock waves with 
high pressure, the release of active free radicals 
and the manifestation of intense mechanical 
forces that participate in the determination of tis-
sue damage [18].
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Fig. 32.6  On the left, a pathological examination of a 
prostate biopsy 2 days after HIFU: evidence of coagula-
tive necrosis in the tissue. On the right, a pathological 

examination of a prostate biopsy 3 months after HIFU: the 
tissue has been completely replaced by fibrosis

Table 32.1  Effects of temperature on the tissues

Temperature (°C) Biological effect of tissue Exposure time

>300 Fusion <1 s

>100 Carbonisation <1 s

100 Formation of bubbles of vapour, 
mechanical ruptures

Seconds

56 Denaturation of proteins, coagulation 
of tissues

Seconds/minutes

>50 Reduction of enzymatic activity, 
inactivation of the mechanisms of 
cell reparation

Minutes

42–50 Hyperthermia, destruction of links Hour/minutes

US ray

Lesion

Fig. 32.7  Silicone gum block used as a target to explain 
the specific form of the elementary lesion. The area 
around the lesion is uninjured (Reproduced from Chapelon 
et al. [21])

Fig. 32.8  Specimen showing a coagulative necrosis sur-
rounding a cavitation area. The tissue slide comes from a 
site proximal to the focal point, in a perpendicular plane to 
the axis of the ultrasound (Reproduced from Chapelon 
et al. [21])
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32.5	 �Transrectal Prostate 
Thermoablation with HIFU

One of the peculiarities of HIFU is that it can be 
applied through the rectum with minimal risk of 
rectal injury.

The prostate is an ideal target for HIFU 
because it is located proximal to the anus, with a 
depth about 1–4 mm, respecting the internal rec-
tal wall, which is not influenced by respiratory 
movements (Figs. 32.9 and 32.10)

Elementary lesions caused by the HIFU 
machines currently available for curing PC have 
an elliptical shape, similar to a cigar (Fig. 32.11), 
with a maximum volume of about 300 mm3 and a 
length that differs according to the machine used, 
from 5 up to 26 mm and a width of 5 mm [22]. 
The effects of this kind of energy are summarised 
in the Table 32.2.

The overlapping of the single elementary 
lesions allows a homogeneous thermoablation 
of prostate tissue that has to be treated 
(Fig. 32.12).

Every single lesion requires 5  s, then a 
pause lasting a few seconds follows, before a 
new lesion is generated; the aim is the forma-
tion of bubbles, which may interfere with 
treatment.

It is possible following the treatment, after 
the planning phase, to monitor the progress of 
the thermoablation, with regard to both the  

single lesions in a plane and all the programmed 
planes (Figs. 32.13, 32.14, and 32.15).

The treatment can be executed under both spi-
nal and general anaesthesia and includes the 
introduction of a probe into the rectum, the fea-
tures of which vary according to the machine 
used. The probe allows both the distribution of 
ultrasound to the prostate parenchyma and the 
ultrasound monitoring of the procedure. The 
position of the patient, on the right side or in the 
lithotomy position, depends on the type of 
machine used. The duration of the treatment, 
which is usually about 2 h, depends on the pros-
tate volume that has to be treated.

When there is a cervical–urethral obstruction 
caused by glandular hyperplasia, a transurethral 
resection of prostate (TURP) may be associated 
with HIFU, even during same surgery. The TURP 
is also indicated when there are many fibrous 
calcifications in the prostate, because they may 
interfere with the diffusion of the HIFU inside 
the gland; the procedure is also suggested in the 
case of a large prostate to reduce the dimensions 
and consequently allow complete thermoablative 
treatment of the gland [23].

The action of focused ultrasound is already 
recognisable in the USA because of the hyper-
echogenicity acquired by the tissue during treat-
ment; instead, the RM represents the best method 
currently available to evaluate the extent of the 
necrosis produced by HIFU [24].

Retto

Ano
ProstataTesticolo

Scroto

Fascia spermatica

Pene

Uretra

Vescica

Fig. 32.9  Male anatomy
Fig. 32.10  Modality of action of HIFU probe
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Transducer

Focus

L/4
3L/4

D

Fig. 32.11  Modality of action of HIFU probe and tissue 
variation

Table 32.2  Effects of high intensity focused ultrasound 
(HIFU) energy

Thermal Mechanical Tissue

Heat induction 
into the focus

Generation of 
bubbles

Immediate: 
coagulative 
necrosis

Rapidly 
increasing 
temperature 
(>80 °C) 
induction into 
the focus

Collapse of 
the cavities

After 7 days: 
inflammatory 
response

Rupture of the 
cell 
membranes

After 14 days: 
induction of 
fibrosis

Fig. 32.12  Overlapping of the elementary lesions to cover the whole desired volume
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Fig. 32.13  First phase of the treatment: planning

Fig. 32.14  Second phase of the treatment: imaging

Fig. 32.15  Third phase of the treatment: treatment
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32.6	 �Machines

The machines currently available are: the 
Ablatherm® (EDAP-TMS), the Sonablate® 
(SonaCare Medical, Charlotte, NC, USA), and 
the Focal One® (EDAP-TMS).

Ablatherm  Starting from the prototype in 
1995 [3], in 2000, the Ablatherm Maxim was 
launched as the first commercial machine used 
in clinical practice, and in 2005, Ablatherm 
Integrate Imaging was created. The latter, 
compared with previous models, is equipped 
with dedicated software for patients previ-
ously subjected to radiotherapy and previous 
thermoablative HIFU.  The probe is also 
equipped with a transrectal probe, the end of 
which has both therapeutic (3 MHz), focusing 
at 40 mm and ultrasound (7.5 MHz), and real-
time visualisation during treatment. The 
Ablatherm executes the treatment in a single 
event with elementary elliptical lesions 19 up 
to 26 mm long in an anterior–posterior plane 
and only 5 mm wide.

Sonablate  The Sonablate 500 is the most 
recent SonaCare model and is equipped with a 
unique 4-MHz transducer for ultrasound visu-
alisation and treatment. It is equipped with mul-
tiple probes with different focusing (25–45 mm), 
and every single probe is able to produce ele-
mentary lesions 10 mm long in the anteroposte-
rior plane. This implies the necessity of 
executing more than one step to treat the entire 
prostate volume using more than one probe dur-
ing a single treatment.

Focal One  The Focal One is a new-generation 
machine, projected to better satisfy the needs of 
FT.  A transducer with dynamic focusing 
(dynamic focused transducer) consists of 16 iso-
centric rings that allow eight focal points simulta-
neously with a transducer distance ranging from 
32 to 67 mm. The elementary lesion produced at 
every single point is about 15 mm in length; start-
ing from this, there is the possibility of treating 
prostatic anteroposterior diameters of 15–40 mm. 
The activation of all eight focal points, or only a 
few of them, allows the treatment to be modelled 
as desired, with lesions that may be inserted at 
every site of the gland. The Focal One allows the 
acquisition of RM imaging, which can be com-
bined with the ultrasound images for better plan-
ning of treatment. Moreover, ultrasound study 
with contrast medium in the form of microbub-
bles administered during the procedure is possi-
ble (Sonovue®, Bracco, Switzerland): the 
absence of vascularisation in the treated sites 
may confirm the adequacy of the treatment.

A refrigeration system for the rectal wall is 
included in all the machines, to protect it from 
thermal damage; there are also safety systems 
that are able to identify any movements in the 
patients and to monitor the distance between the 
transducer and the rectal wall (Figs. 32.16, 32.17, 
and 32.18).

The Ablatherm is equipped with a bed where 
the patient is on the right-hand side with flexed 
knees; the Sonablate and Focal One use a stan-
dard operating bed with the patient in the lithot-
omy position in the former and on the right-hand 
side with flexed knees in the latter.
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Fig. 32.16  Safety control: temperature

Fig. 32.17  Safety control: movements

Fig. 32.18  Safety control: rectal wall
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32.7	 �Main Indications 
for Treatment

Over the last few years, the indications for and 
the limits of HIFU have gradually been defined. 
In summary, it is possible to establish the indica-
tions that are currently available.

Primary Treatment  This mainly addresses 
localised neoplasms with a low or intermediate 
risk: T1–T2; Gleason 3 + 3, 3 + 4, 4 + 3, iPSA 
<10 ng/mL or 10–20 ng/mL. HIFU is also possi-
ble for patients with locally advanced cancer, but 
with the aim of neoplastic debulking rather than 
oncologically radical results.

Salvage Treatment  First, failure after external 
radiotherapy (and after brachytherapy in selected 
cases) is becoming the standard indication for 
this category of patients. A salvage treatment is 
possible after the failure of the first 
HIFU.  Treatment after surgical failure is possi-
ble, although more difficult. In these cases, the 
decisive factor is the presence or absence of a 
definite and distinguishable lesion that may be 
the target of the treatment.

Data published by Gelet and colleagues, on 
290 patients subjected to HIFU after radiother-
apy failure, reported a 5-year cancer-specific 
survival of 80 % and a 5-year metastasis-free 

interval of about 79.6 % using the specific 
parameters for post-radiotherapy treatment 
(Fig. 32.19). Moreover, the side effects, in this 
setting of patients, have been described as lim-
ited. In particular, the incidence of urinary 
incontinence of first, second and third grade was 
about 25 %, 11 % and 8 % respectively 
(Fig.  32.20). Urinary obstruction showed an 
incidence of about 12 %. Urethral–rectal fistulas 
are sporadic events (0.4 %), similar to pubic 
osteitis (2.5 %) [25].

Focal Treatments  Focal treatments constitute 
the most promising future development, espe-
cially with the use of the new robotic technolo-
gies or imaging fusion. Moreover, the efficacy for 
low-risk patients is superior compared with 
nerve-sparing treatment. Thus, hemiablation of 
the prostate is technically feasible, or even zonal 
ablation, focusing on pre-defined areas with the 
help of the imaging (Fig. 32.21).

The results in terms of preservation of the 
quality of life and in terms of the incidence of 
side effects are promising.

Currently, the published trials demonstrate a 
risk of severe incontinence in less than 10 % 
(6–8 %) of patients and the risk of erectile dys-
function ranges from 10 to 60 %, depending on 
the techniques used [26].
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Fig. 32.21  Treatment modalities
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Ultrasound-Guided Treatment 
of Prostatic Cancer: Brachytherapy

Tommaso Cai

33.1	 �Introduction

Prostate cancer is, today, one of the most common 
causes of cancer death amongst Caucasian men 
[1]. With the introduction of the prostate-specific 
antigen (PSA) testing in the mid-1980s and the 
‘multicore’ schemes of prostate biopsy, prostate 
cancer incidence rate increased drastically, at 
about 12 % per year [2]. Recently, in Europe, data 
from Surveillance, Epidemiology, and End 
Results Program (SEER) showed that the distri-
bution of prostate cancer stage and grade has also 
dramatically changed, with localised and moder-
ately differentiated tumours becoming predomi-
nant [3]. The incidence of small, localised, 
well-differentiated prostate cancer is, then, 
increasing, suggesting that many men with local-
ised prostate cancer will benefit from mini-
invasive treatment, and it is estimated that 45 % of 
men with a PSA-detected prostate cancer are can-
didates for conservative management [4, 5]. For 
these evidences, recently the interest for the use of 
brachytherapy in prostate cancer increased. In 
fact, patients with low-risk prostate cancer are the 
most suitable candidates for brachytherapy [4].

33.1.1	 �History

Brachytherapy (the term is derived from the 
Greek word brachys, which means brief or 
short), defined as the delivery of radiotherapy 
from a source placed close to the target site, is 
one of the oldest forms of radiation therapy [6]. 
From year 1901, in which Pierre Curie loaned a 
quantity of radium to the famed dermatologist 
Henri-Alexandre Danlos for the purpose of treat-
ing cutaneous conditions, brachytherapy has 
been involved in the treatment of nearly all sites 
in radiation therapy [6]. In the 1970s, several 
centres used brachytherapy for prostate cancer 
treatment. Implants were placed into the prostate 
under direct vision after open pelvic lymphade-
nectomy. Unfortunately, long-term follow-up 
revealed less than satisfactory results in terms of 
cancer control. In 1983, Holm et  al. described 
the transperineal method with endorectal sonog-
raphy, in which the patient is positioned in a dor-
sal decubitus gynaecological position [7] 
(Fig. 33.1). From this first experience, the use of 
brachytherapy for localised prostate cancer 
patients increased.
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33.1.2	 �Eligibility Criteria 
for Transperineal 
Brachytherapy

Transperineal brachytherapy has been demon-
strated a safe and effective technique in all 
patients affected by prostate cancer if they have 
the following characteristics [8]:

•	 Stage cT1b-T2a
•	 No pathologic evidence of pelvic lymph node 

involvement
•	 No distant metastases
•	 Gleason score <7
•	 An initial PSA level of <10 ng/mL
•	 <50 % of biopsy cores involved with cancer
•	 A prostate volume of <50 cm3

•	 An International Prostate Symptom Score 
(IPSS) <12

33.1.3	 �Procedure

The brachytherapy procedure involves two phases:

•	 Treatment planning
•	 Treatment section

The treatment planning phase can be per-
formed prior to or at the time of brachytherapy 

using nomograms or treatment planning comput-
ers. Brachytherapy sources may be implanted 
temporarily or permanently:

	1.	 Permanent seed implants (low-dose-rate 
brachytherapy) (LDR)  – Low-dose brachy-
therapy treatments can be delivered with 
iodine or palladium seeds.

	2.	 A high-dose-rate brachytherapy (HDR) (pick-
up existing figure, sample HDR brachyther-
apy case) implant is a temporary seed 
containing iridium 192 (Ir-192).

33.1.3.1	 �Low-Dose-Rate 
Brachytherapy (LDR)

With the patient in gynaecological position, with 
urinary catheter and under general anaesthesia or 
spinal block, an ultrasound probe is inserted into 
the rectum and multiple measurements taken to 
assess the dimensions and configuration of the 
prostate and its relationship to other structures, 
such as the urethra (Fig. 33.2).

In brachytherapy, catheter reconstruction is 
one of the most important procedures in treatment 
planning and relates the source tracks and dwell 
positions to the patient’s anatomy (e.g. targets and 
organs at risk) [6]. All information obtained from 
the ultrasound study of the prostate are acquired 
and analysed by dedicated software in order  
to establish a treatment plan, individualised to  

Fig. 33.1  Brachytherapy 
for prostate cancer 
treatment (Picture  
taken from the  
Internet: http://www.
prostatecancertreatment.
co.uk/treatment-options/
brachytherapy)
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produce an ideal ‘bespoke’ plan of therapy for that 
person. The analysis phase is performed by a urol-
ogist, dedicated radiotherapist and physicist.

The dosimetric planning of the implant is 
generally performed in all patients during seed 
insertion. The dose is quantified in terms of the 
unit of absorbed energy per weight of tissue. In 
brachytherapy, the sharp radiation dose falloff 
allows a high degree of rectal sparing and per-
mits delivery of a higher total dose to the pros-
tate gland itself (Fig. 33.3). The average dose 
rates are 10  Gy/week for IMRT, 40  Gy/week 
for Pd-103 brachytherapy implants and 13 Gy/
week for I-125 brachytherapy.

The metal grid is set up and secured to the 
operating table. Through the grid, needles are 

inserted through the skin of the perineum into the 
prostate gland, under direct vision using the tran-
srectal probe. When the positioning of the nee-
dles is satisfactory and matches the defined 
radiotherapy treatment plan, the seeds are depos-
ited (Fig. 33.4). The time taken for this procedure 
ranges from 1 to 2 h.

33.1.3.2	 �High-Dose-Rate 
Brachytherapy

High-dose-rate (HDR) brachytherapy can be 
used as the only treatment for prostate cancer, or 
it can be used in combination with external beam 
radiation therapy (EBRT). In the first case, it is 
known as ‘HDR monotherapy’, and when given 
with external beam, it is known as ‘combined 
HDR and EBRT’:

•	 HDR monotherapy
–– Used for localised prostate cancer disease 

(T1c-T2b; PSA <15; GS ≤3 + 4).
•	 Combined high-dose-rate (HDR) brachyther-

apy and external beam radiation therapy 
(EBRT)
–– Used for patients with locally more 

advanced disease within or around the pros-
tate, those with higher PSA levels or higher 
pathology (Gleason 8–10) grade. EBRT is 
generally performed 2 weeks later.

High-dose-rate prostate brachytherapy, origi-
nally used as a boost together with external 

Fig. 33.2  Gynaecological patient’s position under anaes-
thesia (Picture taken from the Internet: http://tidsskriftet.
no/article/21010/en_GB)

Fig. 33.3  Treatment planning and dose calculation 
(Picture taken from the Internet: http://www.cancerthera-
pyadvisor.com/prostate-cancer/prostate-cancer-low- 
dose-brachytherapy-boost-survival-improvement/article 
/400686/)

Fig. 33.4  Seed implantation (Picture taken from the 
Internet: http://emedicine.medscape.com/article/453349- 
technique)
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beam treatment, has been receiving more 
attention as monotherapy for suitable patients, 
due to its better-controlled dosimetry, no resid-
ual radioactivity, higher dose rate and better 
suitability for low α/β ratio prostate cancer [6]. 
Typically, in a template-guided prostate HDR 
implant, 15–18 catheters are inserted through 
the perineum into the prostate, under the 
guidance of transrectal ultrasound (TRUS) 
(Figs. 33.5 and 33.6).

The treatment plan can be based either on the 
TRUS images or on a computed tomography 

(CT) scan of the patient with all the catheters in 
place (Fig. 33.7) [6].

In order to improve the catheter reconstruc-
tion and the dosimetric accuracy, the electro-
magnetic tracking (EMT) system to 
automatically track catheter position has been 
developed and introduced into clinical prac-
tice [6]. In this system a computer communi-
cates with the control box through a USB 
interface. Both transmitter and sensor are con-
nected to the control box [6] (see the figures 
below). 

USB

Control box

Transmitter

Sensor
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Figs. 33.5 and 33.6  The figure shows the temporary seed 
implant containing iridium 192 (Ir-192). Because no per-
manent seeds are left inside the body, there are no immedi-
ate radiation precautions. The catheters are kept in place to 
deliver a series of two to four radiation treatments over 1–2 
days, with about 6 h between treatments (Pictures taken 

from the Internet: Fig.  33.5  – http://www.slideshare.net/
jackinlawrence/prostate-hdr-technique - Fig. 33.6 – http://
www.intechopen.com/books/advances-in-prostate-cancer/
h igh -dose - r a t e - in t e r s t i t i a l -b rachy the rapy-as -
monotherapy-in-one-fraction-for-the-treatment-of-favora)
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Zhou et al., recently, reported their experience 
with EMT, in which they found that the perfor-
mance of an EMT system can be improved by 
reducing the interference from surrounding 
equipment, decreasing the distance from the field 
generator to the tracking area and choosing an 
appropriate sampling frequency. Moreover, they 

found an accuracy of 0.9 ± 0.2. Furthermore, 
Bharat et al., by using electromagnetic tracking 
system for catheter reconstruction in high-dose-
rate brachytherapy for prostate cancer treatment 
and attaching electromagnetic sensors to a robotic 
arm, found an accuracy of 0.26 ± 0.16 mm in the 
ideal environment [9].

Fig. 33.7  In the figure the prostate is detailed in yellow contour and urethra in green [6]
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33.2	 �Novel One-Stage Procedure: 
4D Brachytherapy

Recently, a new technique, named 4D brachy-
therapy, has been developed: a one-stage real-
time brachytherapy technique using stranded 
seeds with improved time efficiency and clini-
cal outcome. This technique utilises a nomo-
gram to calculate the seed requirement in 
advance of the implant [10]. This allows 
stranded seeds to be pre-ordered and loaded 
prior to the procedure rather than peropera-
tively [10]. The use of both stranded and loose 
seeds may reduce the risk of migration, whilst 
maintaining the flexibility to optimise the dose 
within the prostate and especially at the apex of 

the gland [10]. Recent data show significantly 
improved dosimetry: median D90 143 and 
153  Gy (P < 0.005) and median V100 88 and 
93 % (P < 0.005) for the Seattle technique and 
4D brachytherapy implant technique, respec-
tively [10]. Moreover, the use of 4D brachy-
therapy allows a reduced short-term urinary 
morbidity at 3 months and 1 year compared 
with the Seattle technique [10].

33.2.1	 �4D Brachytherapy Procedure [10]

	1.	 The five prostate measurements required to 
generate the seed order for 4D brachytherapy. 

a b c

	2.	 (a) Position of the stranded seeds around the 
periphery of the prostate (red); the anterior 
rectal wall (blue) and urethra (green) are also 
shown. (b) Sleeve of radiation created by these 

stranded seeds. (c) The completed radiation 
dose cloud (145 Gy) achieved by subsequently 
implanting the centre of the prostate with 
loose seeds [10]. 

a b c
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The combination of the stranded seeds with the 
placement of loose seeds centrally in the 4D 
brachytherapy procedure allows the apex of the 
prostate to be carefully implanted, minimising 
the dose to the membranous urethra and the 
penile bulb and thereby reducing the risk of ure-
thral stricture rate and optimising erectile func-
tion [10].

33.2.2	 �Side Effects and Tolerability

All side effects reported from brachytherapy pro-
cedure are summarised into three categories:

•	 Immediate side effects
•	 Short-term side effects
•	 Long-term side effects

After the procedure, the patient may report 
discomfort and swelling in the treatment area, 
sometimes accompanied by bruising. Generally, 
all side effects in the first couple of days after the 
procedure are caused by the instruments used 
during the procedure. These include slight bleed-
ing or burning beneath the scrotum or blood in 
your urine. After 2 weeks from the procedure, the 
patients may experience frequent, urgent or 
uncomfortable urination. These symptoms usu-
ally decrease in severity as time goes on, as the 
seeds lose their radioactive strength. The rate of 
significant urinary complications following 
implantation is as follows: urinary retention (1.5–
22 %); postimplantation transurethral resection 
of the prostate (TURP), which is required in up to 
8.7 % of cases; and incontinence (0–19 %) [4, 
11]. Chronic urinary morbidity can occur in up to 
20 % of patients [4]. Some authors demonstrated 
that previous TURP procedure increases the risk 
of postimplantation incontinence and urinary 
morbidity [4]. Erectile dysfunction develops in 
about 40 % of the patients after 3–5 years [4]. 
Recently, Chen et  al. showed that the urinary, 
bowel and erectile morbidity rates were 33.8 %, 
21 % and 16.7 %, respectively, with invasive pro-
cedure rates of 10.3 %, 0.8 % and 4 %, respec-
tively [12]. Finally, the incidence of grade III 
toxicity is less than 5 % [4].

33.2.3	 �Oncological and Functional 
Results

The EAU guidelines highlight that there have 
been no randomised trials comparing brachyther-
apy with other curative treatment modalities [4] 
and the outcomes are based on nonrandomised 
case series, with a median follow-up ranging 
from 36 to 120 months [4, 13]. The recurrence-
free survival after 5 and 10 years has been 
reported to range from 71 % to 93 % and from 
65 % to 85 %, respectively [4, 14, 15]. Moreover, 
a significant correlation has been shown between 
the implanted dose and recurrence rates [4]. 
There is no benefit from adding neoadjuvant or 
adjuvant ADT to LDR brachytherapy [4, 11].

33.2.4	 �Final Remark for the Everyday 
Clinical Practice

The European Association of Urology suggested 
that the use of brachytherapy should be limited to 
patients with cT1-T2a, Gleason score <7 (or 
3 + 4), PSA <10 ng/mL, prostate volume <50 mL, 
without a previous TURP and with a good IPSS.
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Bladder: Ultrasound Anatomy 
and Scanning Methods

Roberta Gunelli

Over the past 10 years, the study of the urinary 
bladder has been improved by an imaging tech-
nique that is easy to perform in an outpatient set-
ting, reproducible, and relatively inexpensive: the 
ultrasound scan. The potential for using ultra-
sound in both diagnostic and follow-up stages of 
benign and malignant diseases has led to its 
becoming an invaluable tool for the urologist. 
However, as ultrasound is also highly user depen-
dent, it has become crucial to establish accurate 
guidelines for the correct execution of the exam 
to reduce the risk of incorrectly interpreting blad-
der morphology which varies according to the 
different phases of bladder filling.

Despite the efforts of the most important inter-
national urological associations, there are still no 
universally accepted standards of practice for 
ultrasound. Thus, the impossibility of giving an 
unequivocal interpretation to a set of images built 
by the ability, or lack thereof, of the user high-
lights the need to define a basic set of best prac-
tice norms to avoid the biases of a poor execution 
of the scan. Regardless of the equipment used, it 
is indispensable for the physician performing the 
exam to have specific training in the use of the 
ultrasound in order to obtain the maximum infor-
mation and the most accurate results.

The following recommendations for a correct 
scanning technique are based on standardisation 
approaches proposed in the literature.

Main uses of static ultrasound of the bladder:

•	 Measurement of post-void residual urine 
volume

•	 Calculation of bladder volume
•	 Evaluation of the anatomical changes associ-

ated with bladder outlet obstruction
•	 Evaluation of the hypermobility of the bladder 

neck in women with stress incontinence
•	 Evaluation of haematuria of the lower urinary 

tract
•	 Evaluation of suspected intramural calculi
•	 Identification of congenital malformations 

(ureterocele, diverticula, etc.)
•	 Post-operative monitoring (bladder tampon-

ade, position of catheter, etc.)
•	 Follow-up of non-invasive tumours
•	 Follow-up of orthotopic neobladder after 

cystectomy

34.1	 �Equipment

A convex 3.5  MHz probe is used for the stan-
dard exam in adults (a transducer of higher fre-
quency − 7.5/10 MHz – can be used in paediatric 
patients and for measuring bladder wall thick-
ness). The scan lines are perpendicular to the 
transducer face.
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Transrectal or transvaginal probes are used for 
dynamic ultrasound imaging, e.g. in the assess-
ment of cystocele.

Bladder tumours can be staged using transrec-
tal probes.

Post-void bladder volume can be measured by 
an automated device.

On the technical and quality side, the ultra-
sound equipment need to be checked for calibra-
tion requirements at least every year.

34.2	 �Technique

The patient is usually examined in a supine posi-
tion; standing position can be useful to evaluate 
bladder neck mobility.

It may be necessary to put the patient in a lat-
eral recumbent position (right or left) when eval-
uating the presence of proliferating endovesical 
lesions to rule out prostatic involvement or to dif-
ferentiate between mobile bodies such as calculi 
or blood clots. When an oblique image is required, 
the probe is turned 40° with respect to its longitu-
dinal axis, and the bladder should not contain 
more than 250–300 cc to avoid the risk of poor 
visualisation of the ureters.

An adequate quantity of gel is indispensable 
for the correct transmission of the ultrasound 
waves.

A comfortably full bladder is needed for opti-
mal imaging, avoiding overdistension, especially 
in patients with outlet obstruction [1].

Usually the scan is performed with a sagittal 
view followed by a transversal one, and any mod-
ifications in the ultrasound appearance of the 
bladder wall (detrusor trabeculation, diverticula, 
endophytic tumours, diverticulosis, lithiasis) and 
bladder neck at rest (presence of third prostatic 
lobe, bladder neck open at rest) should be 
recorded.

The site and dimension of focal lesions (espe-
cially those of neoplastic origin) and other condi-

tions (diverticula, (Fig. 34.1) calculi, blood clots, 
etc.) must be accurately noted.

When indicated, distal ureters can be evaluated 
for dilation or the presence of other anomalies 
(intramural (Fig. 34.2) or juxtavesical calculi).

Echo Doppler is not generally necessary for 
bladder scanning but can be used to assess for the 
presence of ureteral jets (Fig. 34.3) and in the dif-
ferential diagnosis of bladder tumours [2].

It is recommended that small adjustments in 
gain and focus settings be made to improve both 
the quality of the images and the visualisation of 
the anterior wall (superficial to the skin) and pos-
terior wall (deep to the skin).

Second harmonic tissue imaging can be used 
to further enhance images and reduce reverbera-
tion echoes.

Bladder volume, if not obtained automatically, 
can be calculated using the ellipsoid formula: 
v = 0.52 × r1 × r2 × r3.

Post-void residual urine should always be 
evaluated by scanning the bladder immediately 
after voiding [9].

In the event of a significant post-void residual 
volume, the patient is asked to empty the bladder 
again, and the scan is repeated to obtain a reliable 
indication of the emptying capacity.

Detrusor thickness (normally ≤3  mm) is best 
assessed when the bladder is partially full (250–
300 cc), and it is based on the average of three mea-
surements made on the same image. To optimise 
results, the measurement should be made at the ante-
rior bladder wall, and a high-frequency (7.5 MHz) 
convex or linear probe should be used [1].

On ultrasound, the detrusor has a sandwich-like 
structure (hypoechogenic muscular wall between 
mucous structures that appear slightly hyperecho-
genic). The thickness of the bladder wall must 
always be measured in areas that are orthogonal to 
the ultrasound beam [3–10]. When measuring 
detrusor thickness (Fig. 34.4) or estimating bladder 
weight, it is necessary to calculate bladder volume 
capacity (reliable for values ≥250 cc) [11–12].
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Fig. 34.1  Diverticulum

Fig. 34.2  Intramural calculi

Fig. 34.3  Ureteral jet

Fig. 34.4  Evaluation of detrusor thickness
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34.3	 �Patient Preparation

	1.	 Fasting is not necessary.
	2.	 The bladder must be comfortably full 

(≥300 cc). Patients are asked to drink 500 cc 
of water 3 h before the exam and not to empty 
their bladder 2 h before the scan.

34.3.1	 �Example of Information 
Contained in Final Referral

	 1.	 Presence or absence of urinary bladder
	 2.	 Orthotopic site and symmetry
	 3.	 Shape
	 4.	 Degree of distension of the organ (indispens-

able for the reliability of the exam)
	 5.	 Presence of alterations in the bladder wall 

(evaluation of lesions >3 mm)
	 6.	 Presence of third prostatic lobe (if present, 

the volume and/or measurements of the pro-
trusion into the bladder should be indicated); 
intravesical prostatic protrusion

	 7.	 Presence and dimension of fixed or movable 
calcifications (diameter >3 mm)

	 8.	 Characteristics of the bladder neck
	 9.	 Presence of ureters with details on any dila-

tation, abnormal outlet or endoluminal 
calculi

	10.	 Presence of pelvic masses or extrinsic com-
pression of the bladder

	11.	 Quantification of post-void residual urine [9]

The referral should include:

•	 The patient’s name and other demographic 
information.

•	 The name of the unit/department providing 
the service and contact details.

•	 Date on which the exam was performed.
•	 Name of requesting physician.
•	 Relevant clinical information, including the 

indications for the exam.
•	 Type of ultrasound scan performed and type 

of transducer used. If endocavity techniques 
are used, the method should be specified.

•	 Orientation of the ultrasound image (if 
necessary).

•	 Appropriate anatomical and ultrasound termi-
nology. In the event of variations in normal 
dimensions, exact measurements should be 
given (e.g. increase in detrusor thickness, 
diverticula, endoluminal neoformations, etc.).

•	 Comparison between previous imaging stud-
ies and latest exam; recommendations for fur-
ther tests needed; hypothesis of differential 
diagnosis.

•	 It is important to describe any clinical condi-
tions preventing adequate filling of the blad-
der (urgency, incontinence, pain on full 
bladder).

•	 The final referral must be signed and dated.

If the results of the ultrasound exam are con-
sidered to require urgent follow-up action, it is 
recommended that the physician who performed 
the exam contacts the patient’s GP directly to 
ensure that the referral has been received. A 
description of the other pelvic organs should only 
be given when there is medical competence to do 
so. The degree of bladder distension must be 
specified as it could influence the visualisation of 
both the seminal vesicles and the ureters in the 
juxtavesical and intramural tract. Any difficulties 
encountered during the scan (collaboration and 
physical make-up of the patient, presence of 
meteorism) should be indicated, as should any 
limits of the exam which could influence its diag-
nostic value.

Images to attach to the referral (to be evalu-
ated on the basis of the overall clinical picture):

	1.	 Transverse image of the bladder.
	2.	 Longitudinal image of the bladder.
	3.	 Transverse/longitudinal image of the bladder 

with visualisation of the bladder neck.
	4.	 One or more images representative of any 

anomalies detected.
	5.	 If an obstruction of the juxtavesical ureter is 

detected (calculus or vegetative lesion), an 
oblique image is required.

A Web-based search was performed for guide-
lines and review articles published over the last 
10 years on the use of ultrasound for the evalua-
tion of the urinary bladder:
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•	 AIUM Practice guidelines for the perfor-
mance of an ultrasound examination in the 
practice of urology. American Institute of 
Ultrasound in Medicine (2011)

•	 AIUM Standards and guidelines for the 
accreditation of ultrasound practices. 
American Institute of Ultrasound in Medicine 
(2014)

•	 Standard per una corretta esecuzion 
dell’esame ecografico. Journal of Ultrasound 
2009 (SIUMB monograph)

•	 EAU Guidelines on urinary incontinence. 
European Association of Urology (2014)

•	 Guidelines on non-muscle-invasive bladder 
cancer (TaT1 and CIS). European Association 
of Urology (2014)

•	 Guidelines on pain management. European 
Association of Urology (2014)
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Neoplastic and Nonneoplastic 
Disease of the Bladder

Luigi Mearini, Elisabetta Nunzi, 
and Michele Del Zingaro

35.1	 �Introduction

The presence of blood in the urine as macroscopic 
(visible on gross examination) or microscopic 
(invisible, more than 3–5 red blood cells per high-
power field on microscopic urine analysis) hema-
turia is a very common problem that can represent 
many different common benign or malignant 
underlying diseases. The causes of hematuria can 
be broadly categorized into renal (glomerular and 
non-glomerular) and/or extrarenal.

Apart from a detailed history, which is essen-
tial in driving the diagnostic process in cases of 
hematuria and baseline laboratory evaluations, 
further investigation with noninvasive imaging 
studies [1] is imperative to confirm or exclude the 
presence of malignant disease.

The most common conditions of the bladder 
that cause hematuria include infection, inflam-
mation, stones, and malignancy.

Although hematuria’s characteristics and 
symptoms are suggestive of underlying disease 
(e.g., symptomatic hematuria with frequency 

suggests an infectious or irritative disease), most 
bladder cancers are asymptomatic.

Ultrasound scanning (US) is a useful, rela-
tively simple noninvasive imaging modality for 
the evaluation of the urinary bladder [2, 3]. The 
bladder is an abdominal organ ideally suited to 
US [4] for many reasons, including its superfi-
cial location and the acoustic properties of the 
fluid (urine) inside. The functions of the blad-
der include urine storage and removal, and 
when the bladder is filled with urine, its content 
should be anechoic upon US evaluation, thus 
permitting the ideal examination of its content 
and walls.

Before proceeding with bladder US, it is cru-
cial to remember that upon normal filling, the 
bladder wall appears as a typical three-layer 
structure with a detrusor muscle of medium 
homogeneous echogenicity, while the outer 
serosa layer and the inner mucosa (urothelial) 
layer are usually hyperechoic compared with 
the middle detrusor smooth muscle (muscularis 
propria) layer.
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35.2	 �Technology

The most common method used to scan the uri-
nary bladder is an external, suprapubic, abdominal 
approach using a convex 2.5−5-MHz probe. Linear 
probes with higher frequencies (7.5−16 MHz) can 
be used in specific cases. The bladder floor, includ-
ing the distal and intramural part of the ureter, can 
be visualized more accurately with a higher fre-
quency transrectal ultrasound scan (TRUS) in men 
or with a vaginal probe in women. A transurethral 
approach into the bladder with high-frequency 
miniprobes is an antiquated procedure and is not 
currently a standard approach due to its inva-
siveness and limits [5–7], although still promis-
ing with less invasive probe in tumor staging [8] 
(Figs. 35.1, 35.2, and 35.3).

The patient is usually examined in the supine 
position with a sufficiently full bladder  

(200–300 ml). Bladder US requires careful and 
complete scanning with transverse and longitu-
dinal sections.

The fine regulation of light is essential to obtain 
a significantly improved image quality and to cor-
rectly visualize the anterior wall (superficial com-
pared to the skin) and posterior wall (deep). The use 
of high-frequency probing or the use of a second 
tissue harmonic imaging tool improves the quality 
of the imaging by reducing some reverberation arti-
facts. Effectively, abdominal ultrasound is limited in 
the evaluation of the anterior bladder wall due to 
reverberation artifacts, such as the rain effect.

Echo-Doppler may be useful to assess the ure-
teral jet and make a differential diagnosis of a 
bladder lesion.

Table  35.1 briefly resumes the quality of 
images obtained by different approaches and 
probes.

BLADDER CANCER

Fig. 35.1  Historical 
image of transurethral 
US of the bladder. The 
picture demonstrates 
two small intraluminal 
bladder masses. Bladder 
wall is easily identified, 
showing that one of the 
bladder mass involves a 
small diverticulum

BLADDER CANCER

Fig. 35.2  Another 
“antique” image of 
transurethral US. Note 
the integrity of the 
echostructural pattern of 
bladder wall at tumor’s 
base
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BLADDER CANCER

Fig. 35.3  A deep 
infiltrating bladder mass 
seen at transurethral 
US. The echostructural 
pattern of anterior 
bladder wall is easily 
seen, and it 
demonstrates a diffuse 
interruption

Table 35.1  Synthetic overview of imaging quality according to different probes and approaches to the bladder

Abdominal Transrectal or transvaginal Transurethral

Instrument Convex 3.5–5- 
MHz probe

Linear biplanar  
7.5-MHz probe

Endoscopic 
probe 5–7.5 MHz

Overall view +++ + ++

Bladder wall appearance + + +++

Trigone ++ +++ −

Anterior wall +− − +

Lateral wall ++ − +

Bladder dome + − +

Surrounding organ ++ ++ −
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35.3	 �Report

The findings report should [9]:

•	 Include the name of the physician examiner, 
place, and date.

•	 Include the patient’s name, surname, and date 
of birth.

•	 Briefly include all clinical information and the 
indications for the specific investigation.

•	 Describe type of current ultrasound examina-
tion and the probe.

•	 Use standard anatomical and ultrasound 
terminology.

•	 Describe all abnormal findings, includ-
ing number, side, shape, dimension, and 
characteristics.

•	 Try to obviate to any difficulties or lim-
its encountered while performing the 
investigation; underline the diagnostic accu-
racy of current test.

•	 Suggest types of studies for further investiga-
tion; in case of serious findings, inform the 
patient and contact the patient’s doctor.

Example: Bladder Ultrasound Examination

Dr. Samuel Smith; Urology Department, NY 
City Hospital; June 26th, 2015

Patient: Richard Doyle; October 23th, 1947
Queries: asymptomatic hematuria
Abdominal bladder ultrasound by convex 

5-MHz probe
Ultrasound findings:
Bladder filling volume is sufficient for 

exhaustive examination. The bladder wall 
thickness is normal. The right and left ureteral 
jets are present. Presence of a polypoid 
hypoechoic mass in the right bladder wall, 

1.5 × 5 mm; the hyperechoic line of inner 
mucosa is not interrupted. Power Doppler 
images show considerable vascularity of the 
mass. The post-micturition volume is 20 ml.

Urologist consultation and cystoscopy are 
strongly suggested since these ultrasound and 
power Doppler images are suggestive of carci-
noma of the urinary bladder.

The exams included:
	1.	 Two pictures of the bladder in transverse 

and longitudinal scan
	2.	 Two pictures of the mass in transverse and 

longitudinal scan (Fig. 35.4)

BLADDER CANCER

Fig. 35.4  An example of exhaustive US report in case of bladder cancer. The two images describe in detail the 
bladder mass with a transverse and longitudinal scan

L. Mearini et al.
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35.4	 �Diagnosis

In the diagnosis of luminal defects of the bladder, 
it is of paramount importance to remember the 
normal bladder wall anatomy, which consists of 
mucosa, detrusor smooth muscle, and adventitia. 
This anatomical distinction is easily visualized 
by US, as the ultrasound appearance of the blad-
der wall is as a sandwich structure with a 
hypoechogenic muscular wall between the 
mucosa and adventitial layers, which are slightly 
hyperechogenic.

The possibility of distinguishing each compo-
nent of the bladder wall depends upon bladder 
wall thickness, which varies with the state of 
urine filling; the upper limits are 3 and 5 mm for 
a full bladder and empty bladder, respectively. 
The trigone represents an important landmark: it 
is the triangular area which lies between the two 
ureteral orifices and the internal urethral orifice; 
in this region, the musculature of the bladder 
floor is dense and usually hypertrophied, forming 
the interureteric ridge.

All these concepts explain why a bladder 
ultrasound scan requires adequate bladder filling 
and the limits of US evaluation in cases of detru-
sor hypertrophy or small lesions.

35.4.1	 �Neoplastic Bladder Disease

Most bladder tumors are transitional cell carcino-
mas, accounting for approximately 90 % of all 
primary malignant lesions. They are usually 
found in the region of the trigone or bladder base 
or on the lateral walls as unique or multiple 
lesions. According to their intrinsic characteris-
tics, they show different patterns in growth, with 

papillary, sessile (or infiltrative), and mixed pap-
illary and sessile shape.

On ultrasound [10], they appear as a papil-
lary (polypoid) or sessile (plaque with large 
base) lesions projecting into the lumen, usually 
quite echogenic and fixed with changes in the 
patient’s position. Ultrasound must describe the 
presence of wall alterations (assessment of 
lesions >3 mm), number, size, shape, and tumor 
staging.

In cases of superficial lesions, the bladder wall 
shows no echostructural alterations with a nor-
mal ultrasound appearance of the sandwich pat-
tern (Figs. 35.5, 35.6, 35.7, and 35.8). Endophytic 
tumors appear as hypoechogenic, fixed prolifera-
tive lesions; however, they are sometimes hyper-
echogenic due to the presence of superficial 
calcifications.

In cases of infiltrating lesions, the bladder 
wall shows an interruption [11] or deformation, 
and sometimes the bladder tumor extends beyond 
the bladder wall. The hyperechoic layer of blad-
der mucosa is interrupted (Figs. 35.9, 35.10, and 
35.11).

The diagnostic accuracy of US for bladder 
tumor diagnosis and staging [12] is generally 
considered to be poor (with a sensitivity ranging 
50–94 % [13]) in comparison with other diagnos-
tic modalities such as CT scan or MRI. This wide 
discrepancy in sensitivity is related to some 
tumor factors (e.g., size, location, macroscopic 
aspects), patient factors (gender, body mass 
index, bladder filling), and operator-dependent 
factors (different levels of experience [14]; more-
over, the type of US device and the technical 
modality of performing the ultrasound examina-
tion may explain such a wide variation in results 
for the diagnosis and staging of bladder cancer.

35  Neoplastic and Nonneoplastic Disease of the Bladder
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BLADDER CANCER

Fig. 35.6  A small, 
diffuse hyperechoic 
exophytic tumor at 
bladder wall. The 
normal hyperechoic 
internal layer is 
continued at tumor’s 
base. This is a typical 
pattern of superficial 
bladder cancer

BLADDER CANCER

Fig. 35.7  Another 
small exophytic bladder 
mass at bladder base

BLADDER CANCER

Fig. 35.8  Bladder scan 
by means of transrectal 
US. Abdominal US is 
negative

BLADDER CANCER

Fig. 35.5  A small 
exophytic tumor at 
bladder neck
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BLADDER CANCER

Fig. 35.9  Small 
bladder tumor at bladder 
neck. Despite small 
size, US shows partial 
interruption of the 
hyperechoic mucosa 
layer. This is a 
histologically confirmed 
case of infiltrating 
bladder cancer

BLADDER CANCER

Fig. 35.10  A 
transrectal US showing 
an infiltrating bladder 
cancer. The entire 
bladder wall is diffusely 
interrupted, and the 
mass seems to reach the 
plane of seminal vesicle

BLADDER CANCER

Fig. 35.11  A 
transverse and 
longitudinal picture of 
an infiltrating bladder 
cancer. The mass is 
partially exophytic with 
a large base, and the 
echostructural pattern of 
bladder wall is diffusely 
interrupted
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35.4.1.1  �Sensitivity and False-Negative 
Findings

The main limits of bladder ultrasound scanning 
depend upon spatial resolution and thus on the 
size, shape, and side of the bladder tumor.

Moreover, apart from the characteristics of 
bladder tumors, the ultrasound scan is limited by:

Bladder filling, which should be suboptimal in 
cases of acute or chronic cystitis

Bladder content, which is altered in cases of 
bladder catheterization by the balloon itself or 
by the presence of an air bubble or the con-
temporary presence of lithiasis

Bladder wall characteristics, such as in cases of 
progressive changes in the bladder wall 
observed in patients with lower urinary tract 

obstruction (bladder wall hypertrophy, diver-
ticulosis, trabeculations)

Size: bladder lesions smaller than 5 mm may 
not be identified on ultrasound, especially on the 
bladder dome. On the other hand, the ability to 
diagnose vegetating/papillary lesions >5  mm is 
high.

Shape: flat or slow-growing non-vegetative 
tumors, such as carcinoma in situ, are not diag-
nosed by imaging.

Side: during abdominal US, the rain effect at 
the anterior bladder wall reduces spatial resolu-
tion [15] (Fig. 35.12), even for tumors >5 mm. 
Some small wall defects at the bladder neck or 
trigone could be confused with a median lobe 
(Fig. 35.13).

BLADDER CANCER

Fig. 35.12  A large, 
exophytic mass at 
anterior bladder wall. 
Note the difficulties in 
the correct identification 
of tumor’s base, mainly 
due to the side of the 
tumor

BLADDER CANCERFig. 35.13  An 
infiltrating bladder 
tumor at the bladder 
neck. At transverse 
abdominal US, due to 
tumor’s side and 
reduced bladder filling, 
the ultrasound 
appearance of tumor is 
confusing. At linear 
transrectal US, bladder 
tumor is easily identified 
and distinctive from the 
normal prostate
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35.4.1.2  �Specificity and False-Positive 
Findings

A false-positive finding on an ultrasound scan 
is particularly frequent in cases of macroscopic 
hematuria or in cases of reduced bladder 
filling.

The most frequent cause of false-positive find-
ings is represented by bladder wall hypertrophy 
caused by lower urinary tract obstruction. Bladder 
wall hypertrophy or diverticulosis or trabecula-
tions could be confused with wall defects.

Other false-positive findings are represented 
by endovesical clots, which are frequent in cases 
of macroscopic hematuria independent from the 
primary cause. Clots appear as variably sized 
hyperechoic masses, usually on the bladder floor; 
they are mobile, depending on decubitus move-
ments. In cases of clot adhesion to the bladder 
wall, the use of color Doppler will show the 
absence of a color signal.

Other common conditions associated with 
false-positive findings include acute or chronic 
cystitis. In acute conditions (Fig.  35.14), there 
is diffuse increased hypoechogenicity and an 
increased thickness of the bladder wall at the 
mucosa layer, especially at the level of the bladder 
floor and at the trigone. Anechoic bladder content 
is substituted by fine, mobile echoic pattern.

In chronic conditions, increased hyperecho-
genicity and thickness of the bladder wall at the 
mucosa level is more nonspecific, except in cases 
of tuberculosis or bilharziasis.

Another common cause of false positives is 
the presence of small or irregular prostatic 
median lobes.

Another rare condition associated with false-
positive findings is the presence of urachal remnants.

Table  35.2 shows false-negative and false-
positive findings related to bladder and tumor 
ultrasound scan.

ACUTE CYSTITIS

Fig. 35.14  A typical abdominal US in case of acute cystitis. The bladder filling is markedly reduced, and the irregular 
increased thickness of bladder wall is diffused

35  Neoplastic and Nonneoplastic Disease of the Bladder
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35.4.2	 �Nonneoplastic Bladder 
Disease

There are a number of nonneoplastic and inflam-
matory disorders that can manifest as a focal or 
diffuse bladder wall and alterations of bladder 
content and can sometimes mimic malignancy; 
therefore, ultrasound examination represents one 
helpful diagnostic tool.

Diffuse bladder wall thickening can develop sec-
ondary to many nonneoplastic conditions, including 
acute or chronic infection or inflammation and 
detrusor hypertrophy, while focal bladder wall alter-
ations are derived from extrinsic causes, creating 
bladder filling defects, such as ureteral disease, ura-
chal remnants, the median lobe of an enlarged pros-
tate gland, and endometriosis. Alterations of content 
include bladder stones or clots.

35.4.2.1  �Acute Cystitis
Acute cystitis symptoms often include a strong, 
persistent urge to urinate with pelvic discomfort 
and the presence of hematuria or strong-smelling 
urine.

While all these symptoms strongly suggest the 
diagnosis, they influence the ultrasound examina-
tion of the bladder with a reduction in bladder 
filling and/or the presence of abnormal bladder 
content (clots). Despite this, US is helpful in 
excluding secondary causes of cystitis, such as 
bladder outlet obstruction and bladder calculi.

A typical ultrasound picture of acute cystitis is 
characterized by diffuse and increased hypoecho-
genicity and increased thickness of the bladder 
wall accompanied by reduced bladder filling. The 
trigone area is frequently altered.

35.4.2.2  �Chronic Cystitis
Chronic cystitis symptoms often include a 
chronic and persistent urge to urinate with pelvic 
pain and discomfort. It is derived from recurrent 
infection or other conditions, such as interstitial 
cystitis, cystitis cystica, cystitis glandularis, 
tuberculosis, schistosomiasis, and radiation and 
chemotherapy cystitis. Apart from the underlying 
cause, the most typical ultrasound feature of 
chronic bladder inflammation is the reduction of 
bladder filling.

BLADDER CANCER

LEFT URETER

Fig. 35.15  Another 
picture showing an 
infiltrating bladder 
cancer causing distal 
ureteral dilation. Note 
the reduced bladder 
filling caused by the 
tumor

Table 35.2  Main reasons for false-negative and false-positive findings at bladder ultrasound scan

False negative False positive

Bladder Filling (low or excessive) Filling (low)

Content (catheter, air, clots, stone) Content (clots, stone)

Detrusor hypertrophy Detrusor hypertrophy

Acute or chronic cystitis

Tumor Size (<5 mm)

Side (anterior bladder wall, bladder neck, or trigone) Side (median lobe)

Shape (flat lesion)
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Other aspects of US are mostly nonspecific. In 
chronic disease, the bladder wall presents irregu-
lar increased hyperechogenicity and increased 
thickness of the bladder wall. These US pictures 
should be diffuse or focal, the latter mimicking 
bladder tumors. This is typical of cystitis cystica 
or cystitis glandularis.

35.4.2.3  �Detrusor Hypertrophy
Patients with lower urinary tract obstruction sec-
ondary to benign prostatic enlargement develop 
progressive changes in the bladder wall and in 
detrusor muscle. The high-pressure discharge 
causes an increase in the proportion of smooth 
muscle (hyperplasia/hypertrophy of the detrusor) 
to changes in the advanced stages of bladder 
decompensation (fibrosis), hyperactivity, and 
decreased functional capacity.

US easily depicts detrusor hypertrophy by a 
diffuse increase of bladder wall thickness or 
detrusor wall thickness by measuring the thick-
ness of the hypoechoic detrusor muscle between 
the two layers of hyperechoic serosa and mucosa 
at a bladder filling of at least 250 ml. In the con-
text of lower urinary tract obstruction and detru-
sor hypertrophy, conventional US detects 
established indirect signs of bladder damage, 
such as the presence of diverticula, stones, and 
post-void residual urine.

35.4.2.4  �Ureteral Disease
Under normal conditions, US is relatively useless 
in studying the ureter. The lower end of the ureter, 
i.e., the vesicoureteric junction, is observed 
through the full bladder at the trigone level as a 
thin hypoechoic line within two hyperechoic lines.

In some circumstances, the ureteral orifices 
appear as protruding images, easily depicted on 
color Doppler examination when the urine 
reaches the bladder (ureteric jet).

The ureterocele is a particular thin-walled 
dilatation affecting the distal portion of the ureter 
which bulges into the bladder. The picture of US 
is that of a cystic structure projecting into the 
bladder, often near the normal location of the 
vesicoureteric junction. The associated ureter is 
usually noticeably dilated.

35.4.2.5  �Urachal Remnants
The urachus is an important fetal structure con-
necting the dome of the bladder to the umbilical 
cord during fetal life, in the Retzius space. At 
birth, the urachus is obliterated becoming a vesti-
gial structure anatomically known as the median 
umbilical ligament.

In the absence of normal involution process 
through complete obliteration, the urachus per-
sists in a number of different abnormalities, 
which depends on the location and degree of 
obliteration: patent urachus, urachal cyst, and 
urachal diverticulum.

In cases of patent urachus, US shows an 
hypoechoic tubular structure between the 
bladder and the umbilicus; in cases of urachal 
cysts, US shows a midline lesion just above 
the anterosuperior aspect of the bladder; it is a 
protruding, hypoechoic lesion, which commu-
nicates within the bladder in cases of urachal 
diverticulum.

35.4.2.6  �Prostate Median Lobe
Benign prostatic hyperplasia depicts a benign 
prostatic enlargement that causes progressive 
obstruction of the bladder outlet. This pros-
tatic enlargement, however, does not occur 
homogeneously; this is the case for prostatic 
protrusion into the bladder, creating the so-
called prostate median lobe. As a consequence, 
the hypertrophied median lobe of the prostate 
projects into the bladder lumen, simulating a 
bladder mass.

At US, a median lobe appears as a solid echo-
genic mass, which continues within the prostate 
and protrudes into the urinary bladder lumen.

Table  35.3 briefly illustrates most common 
ultrasound appearances of neoplastic and non-
neoplastic disease of the bladder.

35.5	 �New Technology 
in Ultrasound

Conventional US is an easily repeatable, safe, 
cost-effective, and a noninvasive technique 
which furthermore does not require a special 
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preparation; in the same session, it provides 
images of both the upper and lower renal tract. 
However, US is still considered to be an imag-
ing tool with low accuracy. The progressive evo-
lution of ultrasound devices and dedicated 
software has increased the diagnostic accuracy 
of this examination through the combination of 
different transducers and the use of color 
Doppler imaging [16, 17] (Fig.  35.16), which 
increases the accuracy in the detection of intra-
luminal filling defects of the bladder, reducing 
the limits introduced by patients or tumor 
characteristics.

35.5.1	 �Contrast-Enhanced 
Ultrasound

In the diagnosis of bladder disease and bladder 
cancer, conventional ultrasound relies on the 
detection of isolate bladder wall thickening or by 
the detection of a >5-mm mass protruding into the 
bladder lumen. These concepts easily explain the 
overall accuracy of US in the detection of bladder 
lesions which variably depends on several factors, 
including the US equipment, distension of the 
bladder, size, morphology, and location of the 
lesions. Consequently, conventional US has some 

Table 35.3  Most common ultrasound pattern of different bladder disease

Ultrasound appearance

Neoplastic 
disease

Superficial In small tumor (<5 mm), generally no echostructural alterations of the entire wall. 
Endophytic tumors appear as hypoechogenic, fixed proliferative lesions, but 
sometimes they are hyperechogenic due to the presence of superficial 
calcifications. Hypervascularization is observed on color Doppler

Infiltrating Interruption or deformation of the wall, which appears thickened; some extension 
beyond the bladder wall. Hypervascularization is observed on color Doppler

Nonneoplastic 
disease

Acute 
cystitis

Increased hypoechogenicity, diffuse increased thickness of bladder wall between 
the serosa and mucosa. Reduced bladder filling

Chronic 
cystitis

Irregular increased hyperechogenicity, increased thickness of bladder wall. No 
characteristic pattern except for reduced bladder filling

Detrusor 
hypertrophy

Increased detrusor thickness (>3 mm) with irregularities (trabeculations or even 
pseudo diverticula). Increased hypoechogenic tissue included between the two lines 
of hyperechogenic tissue representing mucosa and bladder serosa. Presence of 
diverticula with the formation of anechogenic paravesical areas with the presence 
of a sonic funneling to the bladder (diverticular neck)

Stone Hyperechoic lesion with acoustic shadow, mobile depending on decubitus 
movements

Clot Hypo-/hyperechoic lesion usually without acoustic shadow, mobile depending on 
decubitus movements. No vascularization is observed on color Doppler

Ureteral 
disease

Hyperechogenic image with posterior shadow included in the thickness of the 
ureteral wall in cases of ureteral stones. Anechogenic formation (cyst) at the level 
of the ureteral meatus with evidence on color Doppler of ureteral jet in cases of 
ureterocele. Hypo- or hyperechogenic image with ureteral dilation in case of 
infiltrative bladder cancer (Figs. 35.15) involving ureteral meatus

Urachal 
remnant

Hypoechoic structure between the bladder and the umbilicus in the Retzius space 
as a tubular structure, a hypoechoic cystic lesion just above the anterosuperior 
aspect of the bladder, or as a protruding, hypoechoic lesion. Different aspects of 
US depend upon the existence of complications, such as infection, stones, and 
carcinoma after puberty

Prostatic 
median lobe

Hypoechogenic area at the bladder neck, which continues within the prostate on 
transrectal ultrasound scan
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limits in detecting tumors that are small, or flat, or 
located on the anterior bladder wall or bladder 
floor in presence of BPH.

A common tumor characteristic is the pres-
ence of a proliferative pattern with an increase in 
vascularity, and this pattern is the basis for the 
use of contrast-enhanced US (CEUS) [18]. The 
contrast agents used in ultrasound equipment are 
characterized by a microbubble structure com-
posed of gas bubbles stabilized by a shell. This 
US contrast agent is exclusively intravascular and 
together with the aid of a specific contrast soft-
ware is very helpful in the detection of tissue or 
tumor microvascularization.

The most commonly used contrast agent is 
SonoVue (SonoVue, Bracco, Italy) at a standard 
intravenous dose of 2.4  ml using a 21-gauge 
peripheral intravenous cannula, followed by a 
5-ml saline flush.

After a complete baseline US evaluation of the 
bladder, dynamic CEUS was performed using the 
specific contrast software currently available. 
CEUS was performed using a low mechanical 
index [19] to avoid microbubble disruption (the 
power of the ultrasound beam must be set to a 
mechanical index of 0.06–0.09), and in these 
conditions, the dynamic real-time evaluation of 
bladder wall enhancement, including the arterial 
and venous phases, is achieved.

Under normal conditions and upon adequate 
bladder filling, the bladder wall appears as a thin 
2–3-mm wall demonstrating a progressive, dif-
fuse enhancement starting 15–20″” after the 
intravenous administration of contrast agent; 
this contrast enhancement usually lasts more 
than 2 min. In case of a neovascularization such 
as in case of bladder cancer, the contrast-
enhanced ultrasound scan depicts an early 
enhancement in a protruding papillary or sessile 
lesion or in a flat focal wall thickening, which is 
earlier than the rest of normal surrounding blad-
der wall. This typical enhancement is generally 
intense and homogeneous, while in some large 
invasive tumors, the enhancement may be more 
heterogeneous since large bladder tumors some-
times contain avascular necrotic areas. After the 
early arterial phase, a steady state with a signal 
plateau may be observed, followed by a slow 
washout pattern. In case of infiltrating bladder 
cancers, this typical contrast slow washout 
becomes faster.

The use of a US contrast agent improves the 
detection rate of bladder cancer, which is particu-
larly helpful in the differential diagnosis between 
tumors and clots and in cases of reduced bladder 
distension, stones, intravesical catheters, cystitis, 
and the prostatic median lobe. It is also beneficial 
as an adjunctive tool for the differential diagnosis 

BLADDER CANCER

Fig. 35.16  Infiltrating 
bladder mass at color 
Doppler transverse and 
longitudinal scans
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of bladder cancer from other benign bladder enti-
ties that mimic bladder cancer [20].

In bladder cancer staging, CEUS is helpful to 
determine wall invasion [21] by evaluating the 
early enhancement and a faster washout in inva-
sive bladder cancers and in differentiating low- 
and high-grade disease [22].

35.5.2	 �Three-Dimensional US (Virtual 
Cystoscopy) and Three-
Dimensional Contrast-
Enhanced Ultrasound

The use of conventional two-dimensional US is 
limited by many factors, including the expertise 
of the examiner, while the 3D images generated 
from software similar to CT or MR imaging over-
come many technical and examiner limits [23].

Three-dimensional US and three-dimensional 
contrast-enhanced ultrasound (3D CEUS) imag-
ing [24–26] are new imaging techniques that allow 
the examiner to review all the images that are spa-
tially reconstructed using different visual angles.

Three-dimensional sonography with virtual 
sonographic cystoscopy [27, 28] has some advan-
tages over other virtual techniques because cath-
eterization is not necessary [29]. The 3D images, 
however, depend upon the quality of image 
acquisition since 3D reconstruction represents all 
of the original artifacts. The most common cause 
of inadequate pictures is patient motion or trans-
ducer movement during acquisition, following 
the rule that the faster the data can be acquired, 
the less likely it is that artifacts will occur. Other 
common artifacts related to US itself (shadow-
ing, reverberations) are amplified by post-image 
processing.

35.6	 �Follow-Up of Bladder Cancer

At the time of presentation, approximately 75 % 
of patients with bladder cancer have superficial 
tumors confined to the mucosa (Ta) or the lamina 
propria, and despite the efficacy of transurethral 

resection and adjuvant therapy, most tumors will 
recur at follow-up. Despite the evidence that 
most recurrent tumors are of low stage and grade, 
10–25 % may progress to a higher grade and 
stage. This explains the need for stringent, long-
term follow-up to detect recurrence and/or the 
progression of bladder tumors.

After conservative treatment, the current 
guidelines recommend a cystoscopic surveillance 
protocol at 3 months initially, continuing at 
increasing intervals. The follow-up protocol usu-
ally includes a cystoscopy, which is effective but 
invasive; therefore, many investigators have 
sought noninvasive tests to replace it [30, 31]. 
Because bladder US may be able to detect small 
bladder tumors, many studies [32–35] have ana-
lyzed the sensitivity and specificity of US in the 
detection of recurrent tumors, resulting in a sen-
sitivity ranging from 50 to 74 % [36] and a speci-
ficity ranging from 83 to 90 % [37]. However, as 
for the primary diagnosis of bladder tumors, US 
is limited as an accurate tool for the detection of 
small or flat tumors, such as CIS.
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Functional Ultrasound: 
Assessment of the Weight 
and Thickness of the Detrusor

Cosimo De Nunzio, Fabrizio Presicce, 
and Andrea Tubaro

36.1	 �Introduction

Lower urinary tract symptoms (LUTS) are a 
clinical condition commonly found in men 
over 50 years and also tend to rise progres-
sively with age. Because of increased life 
expectancy, the number of patients with LUTS 
and the relative costs of diagnosis and treat-
ment are still growing in Western countries [1]. 
LUTS may include voiding and storage urinary 
symptoms or a combination of both, and they 
may be considered a consequence of benign 
prostatic obstruction (BPO) with its related 
effect on detrusor function [2, 3].

Urodynamic investigation with pressure-flow 
studies (PFS) is the gold standard for the evalua-
tion and grading of BPO and detrusor contractil-
ity. However, it represents an invasive procedure 
with possible side effects, which make its routine 

clinical application controversial and not univer-
sally used. Moreover, costs and invasiveness of 
PFS might not be justified by the actual clinical 
benefit for the patient [2, 4, 5].

PFS is also an expensive, invasive, time-
consuming procedure, associated with several 
complications in up to 19 % of investigated men, 
including macroscopic haematuria, urinary tract 
infections, sepsis, or urinary retention [6]. 
Therefore, over the last few years, several alter-
native methods to pressure-flow study have been 
proposed to predict BOO, as the ultrasound 
assessment of the bladder/detrusor wall thickness 
(BWT/DWT).

36.2	 �Background

The modification of bladder wall secondary to an 
obstruction has been evaluated in several studies 
mainly using animal models of BOO. All studies 
agree that a significant increase in the thickness 
and weight of the bladder is recorded, after par-
tially induced BOO.

Ghoniem et  al. reported that mean bladder 
wall thickness in control, partially obstructed 
and severely obstructed rabbits was 1.57, 2.04 
and 2.77 mm, respectively, with most thicken-
ing in the detrusor layer [7]. Histological analy-
sis revealed smooth muscle cell hypertrophy 
and hyperplasia, raised collagen deposition col-
lagen and increased expression of muscarinic 
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cholinergic receptors [7]. Analogous histologi-
cal patterns were observed in patients with BOO 
and detrusor overactivity (DO) and in those 
undergoing augmentation surgery for high intra-
vesical pressure [8]. Furthermore, smooth mus-
cle cell hypertrophy, collagen accumulation and 
increased bladder weight have been shown to 
partially regress after BOO relief in pig models 
[9]. Therefore, all this evidence suggested a 
close correlation between the thickness of the 
bladder wall and BOO.

Tubaro and Miano firstly proposed the similar-
ity between the effects of an increased workload 
in the myocardium and in the bladder detrusor. 
Notwithstanding the evident differences between 
the detrusor and the heart muscle fibres, at both 
levels increased outlet resistance may arise up in 
case of BOO and hypertension, respectively, lead-
ing to an early hypertrophic compensatory reac-
tion, eventually followed by decompensation 
leading to acute urinary retention and congestive 
heart failure, respectively [10].

With this knowledge in mind, Kojima in 1996 
suggested the ultrasound-estimated bladder wall 
(UEBW) as a proxy to predict BOO [11]. Two 
years later, Manieri et al. first proposed the evalu-
ation of the bladder thickness as a predictor of 
BOO [12]. After these initial experiences, several 
papers on the same topics were published, sug-
gesting that the evaluation of bladder weight and 
thickness as further area of application of ultra-
sound technology in the field of urology.

36.3	 �Bladder Wall Thickness 
(BWT)/Detrusor Wall 
Thickness (DWT)/
Ultrasound-Estimated 
Bladder Weight (UEBW): 
Measurement Techniques

In 2010 an International Consensus of the 
Incontinence Research Society (IRS) supported 
the standardization of measurement techniques to 
increase the reproducibility and comparability of 
the assessments [13]. The bladder wall can be 
measured either with an external approach 
(suprapubic and perineal) that intracavitary (tran-

srectal in male patients and transvaginal in 
female). There is little evidence comparing the 
different methods, but the available data show a 
good deal of overlap between the transrectal and 
suprapubic techniques; for this reason and 
because of less invasiveness, the latter was the 
method mostly adopted [13].

The resolution of the ultrasound image is fre-
quency dependent: a higher ultrasound frequency 
is associated to a better resolution. High-
frequency probes (i.e. 7.5 MHz) have a resolution 
of less than 0.13  mm, while ultrasonic probes 
with a frequency of 3.5 MHz have a resolution of 
about 0.3  mm. DWT ranges between 1.1 and 
1.8 mm in filled bladder of healthy male volun-
teers or non-obstructed patients and reaches 
about 2  mm or more in obstructed patients. 
Therefore, high-frequency probes are needed to 
capture small differences.

Furthermore, it is necessary to adequately 
enlarge the ultrasound images to allocate precise 
markers and place an accurate bladder assess-
ment. Digital ultrasound machines for clinical 
use are able to enlarge the image from 5 to 15 
times. If the image has not been properly 
enlarged, inaccurate placement of the markers 
would result in large differences in measurement 
and could lead to miscalculations.

During the ultrasound assessment, the inner 
and outer layers of the bladder wall appear hyper-
echoic (white) and represent the mucosa with 
submucosa and adventitia, respectively. The 
detrusor seems hypoechoic (black) and is “sand-
wiched” between the hyperechoic lines of the 
adventitia and mucosa. BWT assessment consists 
in the measurement of all three bladder layers; 
DWT includes only detrusor (Fig.  36.1). 
Therefore, the values of BWT are always higher 
than the values of DWT in the same patient, and 
the direct comparison of the two values is not 
possible [13]. Oelke et al. supported the need to 
exclusively evaluate DWT instead of BWT in 
order to minimize possible interferences consid-
ering that the detrusor is the only layer of the 
bladder involved in the process of thickening, 
whose muscle cells experience hyperplasia and 
hypertrophy due to the increased workload of the 
bladder [13]. Moreover, the adventitious and/or 
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mucosa may be affected by other diseases (e.g. 
inflammation or tumour), and the measurement 
of these layers may cause an increase in false-
positive BWT. However, in clinical practice, it is 
sometimes difficult to distinguish the adventi-
tious hyperechoic from fat perivesical causing 
erroneous placement of the markers [13].

The optimal solution for the correct measure-
ment is placing the probe’s beam perpendicular 
to the bladder wall, so that both the adventitia and 
the mucosa appear as straight and parallel lines. 
Video 36.1 shows the measurement technique of 
DWT proposed by Oelke et al.

A critical element to consider when making a 
measurement is that the BWT and the DWT 
depend on bladder filling in the range between 50 
and 250 ml. Khullar et al. firstly showed no sig-
nificant differences of BWT in almost empty 
bladder and those filled up to 50  ml [14]. 
Additionally, Oelke found that in healthy adult 
volunteers of both sexes, the DWT decreases rap-
idly between 50 and 250 ml of bladder filling (or 
up to 50 % of the capacity of the bladder), but 
then reaches a plateau with only small and insig-
nificant differences between 250 ml and the max-
imum bladder capacity [15] (Fig. 36.2).

Therefore, to avoid possible bias related to 
bladder filling, it is important to follow some rec-
ommendations: perform the assessment at the 

same volume, by inserting a catheter and filling 
the bladder until a preset value of 150 ml in the 
technique proposed by an Italian group coordi-
nated by Prof. Tubaro [12] (Video 36.2), or use 
an empty bladder as proposed in female patients 
by Khullar V or use at least 250 ml of bladder 
volume (Oelke technique). The latter option 
could be the more advantageous because it is less 
invasive than that proposed by Tubaro et al. and 
easier to perform. Notwithstanding all these tech-
niques, bladder volume is still a controversial 
issue in BWT/DWT assessment as detrusor 
thickness changes according to a different blad-
der volume (Video 36.3).

Kojima proposed an alternative approach to 
definitively overcome the influence of bladder 
filling [11]. The Japanese group adopted the 
UEBW as a parameter to evaluate detrusor thick-
ness instead of BWT/DWT. They considered the 
bladder as a ball, and the volume of the bladder 
wall was calculated by subtracting the volume of 
intravesical bladder to total volume. The UEBW 
was obtained by multiplying this parameter with 
the specific weight (Fig.  36.3). However, the 
technique presents the disadvantage that small 
errors of the volume evaluation (since based on 
measurements in the third potency) have a great 
impact on UEBW.

Another important issue in BWT/DWT assess-
ment is in which bladder site to perform the mea-
surements. Several evidences showed that all 
parts of the bladder (dome, anterior, posterior or 
lateral walls) presented the same thickness in the 
same patient at the same degree of bladder filling; 
therefore, any portion of the bladder can be used 
for the assessment of the thickness [13]. However, 
some authors recommend performing the mea-
surement at the level of the anterior wall. In fact, 
using ultrasound probes with high frequency and 
with high magnification, the anterior wall is the 
portion of the bladder better accessible. Finally, it 
is recommended not to be limited to a single 
measurement but performing at least three and 
calculating the BWT or DWT as the average of 
three measurements [13].

Applying all these recommendations, in 
selected centres, achieved excellent results in 
terms of reproducibility, since intraexaminer 

Fig. 36.1  The inner and outer layers of the bladder wall 
appear hyperechoic (white) and represent the mucosa with 
submucosa and adventitia, respectively. The detrusor 
seems hypoechoic (black) and is “sandwiched” between 
the hyperechoic lines of the adventitia and mucosa. BWT 
assessment consists in the measurement of all three blad-
der layers; DWT includes only detrusor
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Correlation between DWT and bladder filling volume
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Fig. 36.2  Correlation between DWT and bladder filling volume in three unobstructed male volunteers. The DWT 
decreases rapidly up to a bladder filling of 250 ml and then reaches a plateau (Adapted from Oelke et al. [15])

variability was less than 5 % and interexaminer 
ranged between 4 and 12 % [16, 17].

36.4	 �Bladder Wall Thickness 
(BWT)/Detrusor Wall 
Thickness (DWT) 
and Bladder Outlet 
Obstruction (BOO)

First in 1996, the Japanese group led by Kojima 
proposed a relationship between UEBW and 
BOO [7] assessed by pressure/flow study (PFS). 
They found that the mean UEBW was signifi-

cantly higher in obstructed patients (mean UEBW 
46.2  g) than in healthy ones (mean UEBW 
29.3 g). Choosing a threshold of more than 35 g 
for UEBW to predict BOO, ROC analysis showed 
87.9 % of diagnostic accuracy [11]. However, the 
study was conducted only on Asian patients; 
therefore, it is questionable that a threshold value 
of 35 g is applicable in other populations. 
Furthermore, all subsequent studies about UEBW 
were always conducted in Asian populations.

The first experience regarding the BWT 
assessment as tool to predict BOO in patients 
with prostatic hypertrophy dates back to 1998. 
Manieri et  al. showed that obstructed patients 
presented a significantly higher BWT than 
those without BOO (mean BWT 5.0 versus 
3.6  mm) and the degree of obstruction was 
directly correlated with the BWT [12]. A 
threshold value of 5 mm for BWT seemed the 
most accurate cut-off to distinguish between 
patients with or without BOO: patients with 
BWT less than 5  mm were not obstructed 
(Schaefer class < 2 at PFS) in 63 % of cases, 
while 88 % of those with BWT of 5 mm or more 
presented BOO (Schaefer class ≥ 3 at PFS). 
The BWT showed a diagnostic accuracy of 
0.8608 at ROC analysis [12].

ID=

TV=

3

ODT

ID

IV
3

OD=ID + T

BV=TV - IV

UEBW=BV × specific weight

3 ⋅ IV
4π

4π ⋅ OD3

Fig. 36.3  Formula and schematic design for UEBW 
measurement (Adapted from Kojima et al. [11])
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Afterwards, Oelke et al. successfully evalu-
ated the correlation between BOO and DWT, 
assessed according to their technique. Using a 
threshold value of 2 mm, they correctly classi-
fied 95 % of men with BOO [18]. The same 
technique was adopted by Kessler et  al., who 
measured the DWT in 102 patients with clini-
cal benign prostatic hyperplasia (BPH). Using 
the threshold values of 2.0, 2.5 or 2.9 mm, they 
correctly identified 81, 89 and 100 % of patients 
with BOO, respectively [17]. In a further expe-
rience, Oelke et  al. evaluated the DWT in 70 
patients with lower urinary tract symptoms. 
The values of DWT in non-obstructed, equivo-
cal, and obstructed patients, thus classified 
according to PFS results, were 1.33 mm (95 % 
CI, 1.17–1.48), 1.62 mm (95 % CI, 1.48–1.76) 
and 2.4 mm (95 % CI, 2.12–2.68), respectively. 
Moreover, they found a statistically significant 
difference of DWT (p < 0.001) between 
obstructed and non-obstructed patients and 
between patients with equivocal PFS for 
obstruction and obstructed patients. No signifi-
cant differences were observed between non-
obstructed and equivocal patients (p = 0.349) 
[19]. As described in their previous study, a 
threshold of 2 mm was the best cut-off for dis-
criminating patients with or without BOO with 
the highest specificity (97.3 %) and positive 
predictive value (95.5 %). Despite these expe-
riences seem to confirm a positive correlation 
between BWT and BOO, there are some con-
troversial studies showing no associations. 
Blatt et al. found no significant differences of 
BWT in patients with BOO (n = 39) compared 
to those with normal PFS (n = 69) [20]. 
However, inexperience with the measurement 
technique, the inclusion in the study of patients 
of both sexes and with mainly low-grade BOO, 
inappropriate placement of markers and assess-
ing the concomitant treatment with α-blockers 
may have led to these controversial results. 
Nevertheless, recently Franco et al. confirmed 
the effectiveness of BWT in predicting a con-
dition of BOO. They included in the study one 
hundred male patients with LUTS.  BWT was 
assessed according to Tubaro technique, and a 
threshold value of 6 mm was chosen to predict 

BOO.  BWT demonstrated a diagnostic accu-
racy evaluated by ROC analysis of 0.845 (95 % 
CI 0.78–0.91), even better than other non-inva-
sive methods of evaluation of BOO: maximum 
flow rate (Qmax) 0.779, the post-void residual 
(0.699) and prostate volume (0.626) [21]. 
Moreover, in the same study, Franco et al. eval-
uated the intravesical prostatic protrusion 
(IPP), another ultrasound parameter recently 
proposed as non-invasive technique for the 
assessment of BOO.  The addition of IPP to 
BWT has determined the best diagnostic accu-
racy, reaching 87 % [21].

Table 36.1 lists the results obtained in terms of 
diagnostic accuracy in the various experiences 
mentioned above.

BWT/DWT evaluation has been also proposed 
as a possible parameter to evaluate patients’ 
response to medical and surgical treatment in 
patients with LUTS/BPH. Tubaro et al. measured 
BWT in 32 LUTS/BPH patients undergoing 
transvesical adenomectomy (ATV) [22]. BWT 
values have been significantly reduced even after 
1 week from the operation, reaching a nadir at 6 
weeks, and remaining stable up to 12 months 
(mean BWT before surgery versus BWT 1-year 
after surgery: 5.2 ± 0.7  mm compared to 
2.9 ± 0.9 mm, p < 0.01) [22]. Moreover, Egilmez 
et  al. evaluated the modification of BWT in 
LUTS/BPH patients treated with α-blockers. 
After 3 months of treatment, the reduction of the 
BWT was directly correlated with the reduction 
of symptoms assessed by IPSS; they also showed 
that in these patients α-blockers can reduce the 
BWT of 23 % already after 1 month of treatment 
and this reduction seems to correlate with the 
improvement of Qmax [23].

36.5	 �Bladder Wall Thickness 
(BWT)/Detrusor Wall 
Thickness (DWT) 
and Detrusor 
Overactivity (DO)

The hypothesis that an increased bladder thick-
ness is related to an increased workload, 
Khullar V firstly proposed the use of BWT for 

36  Functional Ultrasound: Assessment of the Weight and Thickness of the Detrusor
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the diagnosis of Detrusor overactivity (DO) 
[14]. DO is a common condition in women and 
the incidence ranges between 9 and 43 %. DO is 
defined as a urodynamic observation character-
ized by involuntary detrusor contractions dur-
ing the filling phase that may be spontaneous or 
provoked [24]. According to Khullar, the 
increase of bladder contractions can determine 
the thickening and hypertrophy of the bladder 
wall over time. Therefore, the BWT/DWT eval-
uation may discriminate women with and with-
out DO. Khullar et al. assessed the BWT using 
a transvaginal approach, a bladder filling of less 
than 50 ml; BWT value was obtained from the 
average of 3 measurements acquired at the level 
of the dome, trigone and anterior wall, respec-
tively [14]. They found a significant difference 
in the mean BWT value between women with 
DO (6.7  mm) and without DO (3.5  mm). 
Khullar et  al. also confirmed this result in a 
larger series of 180 patients [25]. Moreover, the 
mean BWT value was 6.3 mm in women with 
DO vs. 3.9  mm in those with normal PFS or 
with stress/mixed incontinence. Adopting a 

threshold of 5 mm, the positive predictive value 
for diagnosis of DO was 94 %. Interestingly, in 
42 women with PFS normal, but with BWT 
greater than 5 mm, an additional assessment by 
urodynamic confirmed the presence of DO in 
36 women (85.7 %) [25]. Despite the encourag-
ing results obtained from Khullar et  al., we 
have to consider that the transvaginal approach 
can be as invasive as PFS; consequently, some 
authors proposed less invasive approaches to 
evaluate the BWT in female patients. 
Unfortunately the results were less satisfactory. 
Lekskulchai et  al. showed statistically signifi-
cant association between BWT and DO 
(p < 0.001) even by translabial approach [26]. 
However, in the ROC analysis, BWT measured 
by translabial approach reached only 0.606 as 
accuracy to predict DO [26]. While by 
suprapubic approach proposed by Chung et al., 
BWT even failed to show a significant correla-
tion with DO [27]. Consequently, considering 
this evidence, though more invasive, the trans-
vaginal approach appears the most effective. 
Table 36.1 lists the results obtained in terms of 

Table 36.1  Measurement techniques of BWT/DWT and outcomes

Studies
Bladder filling at 
measurement

Ultrasound 
approach (MHz)

Evaluated 
parameter Threshold value Outcome (AUC)

Male patients with BOO

Manieri et al. [12] 150 ml TAUS (3.5) BWT BOO if BWT 
>5 mm

0.860 (95 % CI 
not available)

Oelke et al. [18] Maximum bladder 
capacity

TAUS (7.5) DWT BOO if DWT 
>2 mm

0.955 (95 % CI 
not available)

Kessler et al. [17] Maximum bladder 
capacity

TAUS (7.5) DWT BOO if DWT 
>2.9 mm

0.88 (95 % CI 
0.81–0.94)

Oelke et al. [19] ≥250 ml TAUS (7.5) DWT BOO if DWT 
>2 mm

0.930 (95 % CI 
0.88–0.98)

Kojima et al. [11] 100–300 ml TAUS (7.5) UEBW BOO if UEBW 
>35 g

0.862 (95 % CI 
not available)

Blatt et al. [20] 200 ml TAUS (10–5) BWT Not calculable Not significant

Franco et al. [21] 150 ml TAUS (3.5) BWT BOO if BWT 
>6 mm

0.78 (95 % CI 
078–0.91)

Female patients with DO

Khullar et al. [25] <50 ml TVUS (5) BWT DO if BWT 
>5 mm

0.940 (95 % CI 
not available)

Lekskulchai et al. 
[27]

<50 ml TLUS (8–4) BWT DO if BWT 
>5 mm

0.606 (95 % CI 
not available)

Chung et al. [27] ≥250 ml TAUS (8) DWT Not calculable Not significant

TAUS transabdominal ultrasound, TVUS transvaginal ultrasound, TLUS translabial ultrasound

C. De Nunzio et al.
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diagnostic accuracy in the various experiences 
mentioned above.

Finally, similarly to LUTS/BPH male patients 
treated with surgical/pharmacological therapy, in 
female patients with overactive bladder, antimus-
carinic treatments may determine BWT reduc-
tion associated with a significant improvement of 
the clinical symptoms. In fact, Panayi et  al. 
assessed BWT according to the Khullar tech-
nique in a group of 58 female patients affected by 
DO. They evaluated BWT at baseline and during/
after treatment with antimuscarinic drugs. At 
baseline mean BWT value was 5.7 mm (5.6–5.9); 
after 6 weeks of treatment, a 20 % reduction of 
BWT was recorded [4.6  mm (4.4–4.8)], then 
keeping a plateau [4.6  mm (4.4–4.8)] until the 
12th week of treatment [28].

36.6	 �Latest Innovations in BWT/
DWT Assessment

As previously mentioned, BWT/DWT assessment 
could be a promising, non-invasive proxy to moni-
tor the effects of medical therapy in male patients 
with BPH and female patients with DO. In BPH 
patients, previous experiences only focused on the 
effects of alpha-adrenergic antagonists.

We have recently investigated the effect of 
dutasteride add-on therapy to alpha-adrenergic 
antagonist on DWT/BWT.  In this preliminary 
experience, combination treatment was associ-
ated with a significant reduction of DWT from 
2.5  mm (IQR, 1.8/4) to 1.6  mm (IQR, 1/2.4), 
p = 0.001, and BWT from 4.9 mm (IQR, 3.5/7) to 
2.9 mm (IQR, 2.4/3.7), p = 0.001. These prelimi-
nary results confirm the efficacy of dutasteride in 
reducing bladder outlet obstruction and the abil-
ity of BWT/DWT assessment to monitor the 
effects of LUTS/BPE medical treatment. 
Conversely, a recent study has cast doubt on the 
accuracy of BWT assessment in monitoring the 
efficacy of antimuscarinics in female patients 
with DO. After 12 weeks of follow-up, solifena-
cin treatment has been associated with improve-
ments in efficacy and patient satisfaction 
endpoints, but there has been no significant 
reduction found in BWT from baseline to 12 

weeks when compared with placebo (−0.24 mm 
vs. −0.16 mm, p = 0.095) [29].

Moreover, no previous study has investigated 
a possible correlation between increased BWT/
DWT and the presence of DO in male patients 
with LUTS; we recently have explored this asso-
ciation in a study presented at the 30th EAU con-
gress (Madrid 2015).

We enrolled 600 male patients with LUTS 
secondary to benign prostatic enlargement (BPE) 
in two tertiary hospitals. Patients underwent a 
standard diagnostic assessment of LUTS that 
included family history, physical examination, 
prostate-specific antigen measurement, uroflow-
metry, prostate volume and the evaluation of 
post-voiding residual volume. Furthermore, for 
each patient, they performed the assessment of 
BWT according to Manieri’s technique and a 
PFS.  To avoid the possible effect of BOO on 
BWT, we excluded patients with Schaëfer class 
≥2. Overall data from 196 patients (98 with DO 
and 98 without DO) were analysed. No signifi-
cant differences in the evaluated parameters 
between the two groups, except the BWT were 
observed. A significantly thicker bladder wall 
was recorded in patients with DO when com-
pared to patients without DO (4.3  mm versus 
3.6  mm, p = 0.001). Moreover, the accuracy of 
BWT to predict DO by ROC analysis was 0.705, 
CI: 0.59–0.75. According to these results, BWT 
could be an effective non-invasive predictor of 
DO in male patients with LUTS and with no evi-
dence of BOO.

Our findings suggested for the first time that 
BWT in male patients is related not only to BOO 
but it can also reflect the presence of DO. If this 
hypothesis is confirmed in further studies, it can 
reduce the significant value of a BWT evaluation 
to predict the presence of BOO in male patients 
with LUTS and with possible DO. In fact, these 
results showed that DO and BOO could equally 
contribute to the increase in BWT, observed in 
male patients with LUTS and BPH, and there-
fore the role of BWT as a proxy of BOO could 
be arguable and further investigated in patients 
with DO.

Despite this possible emerging limitation, 
recently Güzel et al. have explored the correla-
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tion between BWT, uroflowmetric parameters 
and IPSS in male patients with LUTS.  The 
authors have reported a positive association 
between BWT and IPSS, PVR and duration of 
LUTS, whereas a negative relationship was 
found between BWT and Qmax (p < .001). 
Furthermore, the authors identified several 
BPO risk factors as IPSS >19, Qmax <15 ml/
min and PVR >100  ml. A greater BWT was 
also observed in patients with more than one 
risk factor. BWT was 2.9 mm in patients with-
out risk factors, whereas BWT was 3.5, 4.1 and 
4.5 mm in patients with one, two or three risk 
factors [30].

Another possible innovation in BWT evalua-
tion is the development and implementation of 
automated systems. In particular, the 
BladderScanTM BVM 6500 (Diagnostic 
Ultrasound, Bothell, WA) has recently been 
developed. The instrument adopts a modern 
technology for measuring bladder volume. It 
achieves 24 isocentric bladder scans, and a spe-
cial algorithm allows the identification of the 
remaining parts and the inner edges of the blad-
der wall. In a validation study of the instrument, 
the variability between measurements was less 
than 5 % for bladder fillings between 200 and 
400  ml [31]. On-going studies should confirm 
the accuracy and the short learning curve of the 
instrument, allowing to overcome the limitations 
associated with the manual BWT/DWT 
assessment [32].

�Conclusion

Ultrasound assessment of the BWT/DWT 
seems to be an innovative non-invasive tech-
nique to evaluate the presence of BPO in 
patients with LUTS/BPE. However, the lack of 
standardization due to the different techniques 
and the influence of bladder volume represent 
an important limitation, and the EAU guide-
lines still consider BWT/DWT evaluation as 
an experimental procedure [33, 34]. However, 
if future clinical studies will overcome all 
these limitations, the ultrasound evaluation of 
bladder thickness could be used routinely in 
the evaluation and follow-up of patients with 

LUTS/BPE as an alternatively to pressure-flow 
study.
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Functional Ultrasound: Functional 
Female Echo-Dynamic Study

Del Zingaro Michele, Rosi Paolo, Luigi Mearini, 
Elisabetta Nunzi, Rosi Giovanni, and Guiggi Paolo

Ultrasound is a valid diagnostic tool for the study 
of female cervico-urethral dynamics especially 
during preoperative workup for women with a 
prolapse. The method is also very important for 
postoperative control. For these purposes, surface 
(transperineal or translabial) or endocavitary 
(transrectal, transvaginal, introital) probes can 
be used. Transperineal access is low cost and 
easy to perform; it allows sufficient study of ure-
throcele but tends to underestimate cystocele in 
some cases. Transvaginal US offers an excellent 
definition of anatomical details and a precise 
view of anterior defects (urethrocele) but again 
tends to underestimate a bladder prolapse (cysto-
cele) owing to the fact that the probe inside the 
vagina impedes the view of the bladder base [1].

Transrectal US offers a less precise imaging of 
anatomical details than the transvaginal method 
because the bowel content interferes with the 
imaging; it also causes considerable patient dis-
comfort. However, it does provide a good defini-
tion of both urethrocele and cystocele since the 
probe does not hinder the view of the descent of 
the bladder base. In any case, regardless of the 
US technique employed, some qualitative and 
quantitative parameters have been established for 

the purposes of standardizing the study of female 
cervico-urethral dynamics.

Among the most important are:

•	 The distance of the neck of the puborectal line 
that in normal subjects should be >2 cm; this 
is important in the assessment of urethrocele.

•	 The angle of mobility of the bladder base must 
be >30° in normal conditions; this is impor-
tant in the assessment of cystocele.

•	 The posterior urethrovesical angle must 
be >110°.

A very important anatomical element is the 
pubic arcuate ligament because it is a fixed point of 
reference for the evaluation of hypermobility of the 
urethrovesical junction. This cartilage structure 
binds the two pubic bones, seen as a hyperintense 
signal with a conic shadow, whereas the ligament 
point is weakly hyperintense and shadow-free.

US is a valid alternative to radiological exami-
nations (MRI, perineography, etc.) in the study of 
the dynamics of the female pelvic floor, because it 
provides highly reliable imaging. Owing to the 
multiplicity of US approaches now adopted, 
awareness has been raised that universal standards 
need to be established for these examinations.

The techniques most commonly adopted are 
the suprapubic, transperineal, transvaginal, and 
transrectal approaches. In any case, regardless of 
the type of access employed, some anatomical 
elements and assessment parameters are constant 
(Fig. 37.1a–c).
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Fig. 37.1  (a) Transvaginal US. Anatomical elements: a 
pubic arcuate ligament, C bladder neck, U urethra, and Ve 
bladder. (b) Transrectal US. Anatomical elements: A pubic 

arcuate ligament, Ve bladder, and Va vagina. (c) Perineal 
US. Anatomical elements: A pubic arcuate ligament, C 
bladder neck, U urethra, and Ve bladder

D.Z. Michele et al.
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37.1	 �Anatomical Elements

37.1.1	 �Urethra

In basal conditions the urethra has a virtual lumen 
and is seen at US as a thin echogenic line sur-
rounded by a hypointense; the course of the ure-
thra basically runs parallel to the vagina and is 
slightly downward arched.

37.1.2	 �Bladder Neck

The bladder neck is an important element in both 
static and dynamic measurements; it presents as 
a small groove at the level of the bladder base, 
continuing up from the urethra. Generally, what-
ever the US technique used, the urethra and the 
bladder neck can easily be seen. Only rarely is it 
necessary to apply a catheter to show up the 
course of the urethra and the position of the blad-
der neck.

37.1.3	 �Bladder Base

The bladder base is rounded and situated, in 
normal conditions, above the inferior margin of 
the pubic symphysis. The bladder neck and 
urethra-trigonal junction are closed in basal 
conditions and located about 2  cm above the 
pubic symphysis.

37.1.4	 �Pubic Symphysis

At US the pubic symphysis appears as an 
intensely echo-reflecting meniscus-like image, 
located vertically underneath the median third of 
the urethra. An important reference point when 
making an assessment of dynamic modifications 
of the bladder base is the pubic arcuate ligament. 
This appears as a weakly echogenic zone above 
the inferior margin of the pubic symphysis, on 
the median line. Anatomically, it consists of a 
cartilage that binds the two pubic bones.

When making quantitative assessments of 
cervico-urethral static conditions, the measure-
ment of some angles is extremely important:

•	 The angle of mobility of the bladder neck is 
included between the line perpendicular to the 
puborectal line, at the level of the arcuate lig-
ament, and the slightly downward arched 
bladder neck line.

•	 The angle of the urethral axis lies between the 
urethral axis and the puborectal line.

•	 The angle of mobility of the bladder base lies 
between the puborectal line and the line that 
joins the arcuate ligament to the lowest point 
of the bladder base.

In normal subjects the bladder base and neck lie 
near to, and slightly below, the line running perpen-
dicular to the puborectal line (distance <2 cm).

The distance between the bladder neck and 
the puborectal line must be >2 cm, the mobility 
angle of the bladder base >30°, the mobility 
angle of the bladder neck <45°, the urethral axis 
angle about 50°, and the posterior urethrovesical 
angle >110°.

An important point when assessing any pro-
lapse of the bladder neck and base is to carry out 
a stress test in the dynamic phase and during 
micturition.

The patient is asked to cough repeatedly and 
undergo a prolonged Valsalva maneuver (not less 
than 5 s), repeated several times, at least three, in 
order to obtain a more pronounced descensus. This 
will make it possible to obtain an objective evalu-
ation of an abnormal mobility of the bladder base, 
the urethra, and the bladder neck. It is extremely 
important to note any abnormal opening of the 
bladder neck under stress, and any urine leakage is 
a sign of a probable rhabdosphincter deficit that 
should be confirmed by a urodynamics test. In nor-
mal subjects, the position and shape of the urethra 
and bladder neck under stress are not much differ-
ent from those in basal conditions [2].

It is essential to keep the same orientation of 
the images in all the examinations. As regards 
qualitative parameters, it is important to note 
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any funneling of the bladder neck, the position 
(high or low) and mobility (fixed or hypermo-
bile) of the urethra, and the mobility of the blad-
der base (vertical, rotational shift, descensus).

Among the quantitative measurements men-
tioned above, the most important are undoubtedly 
the distance between the bladder neck and the 
puborectal line that indicates the degree of an ante-
rior defect (urethrocele) (Fig. 37.2) and the hyper-
mobility angle of the bladder base that defines the 
degree of a posterior defect (cystocele) (Fig. 37.3).

Optimal bladder filling for the examination is 
about 200 ml. If the bladder is too distended, the 
prolapse will be underestimated because the 
organs have no room to descend. As regards 

challenge tests, it should be remembered that the 
Valsalva maneuver provokes relaxation of the 
pelvic floor, whereas coughing causes contrac-
tion, so the Valsalva maneuver is better suited to 
testing to reveal descensus [3].

The longitudinal axis of the symphysis forms 
an angle of about 90° with the vagina and the rec-
tum; the ideal position of the probe is therefore in 
alignment with the vaginal and rectal axes, which 
will show, on the echogram, an image of the pubic 
symphysis lying at 90° to the probe plane [4].

As previously pointed out, the female pelvic floor 
in static conditions can be studied by ultrasound 
using both surface and endocavitary transducers 
(Table 37.1).

Fig. 37.2  Perineal scanning to assess urethrocele: a 
pubic arcuate ligament, C bladder neck, U urethra, Ve 
bladder, 1 distance of the neck to puborectal line, and 2 
puborectal line

Fig. 37.3  Perineal scanning to assess cystocele: a pubic 
arcuate ligament, C bladder neck, U urethra, Ve bladder, 
and 1 angle of the bladder base

Table 37.1  Classification of urethrocele and cystocele

Classification of urethrocele

Normal 
condition

The bladder neck is more than 
20 mm above the longitudinal axis 
of the pubic symphysis

Grade I 
urethrocele

The bladder neck lies between 20 
and 7 mm above the longitudinal 
axis of the pubic symphysis

Grade II 
urethrocele

The bladder neck lies between 
7 mm above and 7 mm below the 
longitudinal axis of the pubic 
symphysis

Grade III–IV 
urethrocele

The bladder neck lies more than 
7 mm below the longitudinal axis 
of the pubic symphysis

Classification of cystocele

Normal 
condition

Mobility angle of the bladder base 
> −50

Grade I 
cystocele

Hypermobility angle of the bladder 
base between −50° and −20°

Grade II 
cystocele

Hypermobility angle of the bladder 
base between −20° and +30°

Grade III–IV 
cystocele

Hypermobility angle of the bladder 
base > +30°
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37.2	 �Suprapubic Scanning

Surface ultrasound in suprapubic scanning is not 
practical for this type of investigation, because 
the bladder base is poorly imaged due to interfer-
ence of the pubic bone, especially during stress 
tests and in obese women.

37.3	 �Transperineal Scanning

Surface US with transperineal (translabial) 
access is low cost and easy to perform: linear 
or convex 5/7.5  MHz probes are used and 
applied in the perineal zone. This offers a rea-
sonably good study of urethrocele, but the 
image resolution, especially during the 
dynamic phase, is low. Moreover, if present, a 
urethrocele may be partly compressed by the 
external probe, resulting in underestimation of 
the lesion.

37.4	 �Transvaginal Scanning

In endocavitary transvaginal scanning, linear 
5–7.5 MHz probes are employed; to reduce patient 
discomfort, the examination is done in gyneco-
logical position. It allows a detailed morphological 
study of the anatomical structures that are of better 
quality, especially of the urethra, than with other 
US techniques because they are not affected by 
interference of the bowel content. A drawback of 
the method is that the presence of the probe in the 
vagina interferes with the descent of the pelvic 
structures under stress and hence can result in 
underestimation of a cystocele. Nevertheless, in 
the example shown, it can be seen that when using 
the right technique and with some experience, 
even a grade III cystocele can be assessed with this 
scanning approach. The issue of probe positioning 
can interfere with the visualization of grade III 
prolapse but does not create particular problems 
with grade I or II prolapse (Fig. 37.4).

a b

Fig. 37.4  (a) Transvaginal scanning: a pubic arcuate lig-
ament, C bladder neck, Ve bladder, and 1 angle of the 
bladder base. (b) Transvaginal scanning: A pubic arcuate 

ligament, C bladder neck, U urethra, Ve bladder, and 1 
distance of the neck to puborectal line
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37.5	 �Transrectal Scanning

In endocavitary transrectal scanning, linear 
5–7.5 MHz probes are used. The patient is placed 
in gynecological or orthostatic position. This 
examination offers a good morphological resolu-
tion of the anatomical structures. The study of the 
urethra may be less detailed than in transvaginal 
scanning because of the interference of the bowel 
content. However, with transrectal access there is 
no obstacle to the descent of the pelvic structures 
under stress, and so even high-grade cystocele can 
be correctly evaluated. Nevertheless, transrectal 
scanning is quite uncomfortable for the patient [5].

37.6	 �Enterocele

During all these scanning approaches, in the 
dynamic phase, it is possible to assess the pres-
ence of an enterocele that will progressively 
descend during the Valsalva maneuver, whereas 
it will rise toward the pelvis when the perineal 
plane contracts (Fig 37.5).

Fig. 37.5  Transvaginal scanning: the arrow shows an enterocele in basal conditions on the left and after Valsalva on 
the right; note the descent of the bowel loop
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Scrotum: Ultrasound Anatomy 
and Scanning Methods
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38.1	 �Introduction

Scrotum is a superficial anatomical structure and 
it can be easily assessed with clinical examina-
tion. Ultrasonography (US) is the initial imaging 
modality for evaluating pathologic conditions of 
the scrotum. However, magnetic resonance (MR) 
imaging is useful in case of equivocal sono-
graphic findings.

Indications of US examination include [1]:

•	 Testicular pain (torsion or inflammation)
•	 Testicular swelling/mass (inflammation or 

cystic vs solid mass)

•	 Trauma
•	 Causes of infertility (varicocele)
•	 Detection of absent or undescended testicle

38.2	 �US Anatomy

The scrotal sac includes many layers that are not 
easily visible at US in the absence of pathological 
processes. In detail, the scrotal wall consists of 
the following layers from superficial to deep: 
scrotal skin, superficial fascia, dartos muscle, 
external spermatic fascia, cremasteric fascia, and 
internal spermatic fascia [2, 3]. The normal scro-
tal wall thickness is approximately 2–8 mm and 
depends on the state of contraction of the cremas-
teric muscle. In pathological conditions, the 
thickness of the scrotal wall can increase, for 
example, in case of inflammation (associated 
with abscess or scrotal cellulitis), edema, or 
trauma (hematoma).

The testes are separated from the scrotum by 
the tunica vaginalis, a pouch of serous membrane 
derived from the processus vaginalis of the peri-
toneum. Tunica vaginalis is usually oblitered 
after the descent of the testis from the abdomen 
into the scrotum. It is reflected into the internal 
surface of the scrotum, consisting of a visceral 
and a parietal lamina. In normal condition, it 
contains a small amount of serous fluid (1–2 ml), 
while in case of incomplete obliteration of the 
processus vaginalis, a variable amount of fluid 
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can collect within the visceral and parietal layers. 
This condition is called hydrocele and is the main 
cause of painless enlargement of the scrotum. It 
can also be secondary to other pathological con-
ditions, such as inflammation (orchitis) or testic-
ular torsion.

The tunica vaginalis surrounds the tunica 
albuginea, a dense fibrous layer that binds each 
testis and helps to maintain its shape and integrity 
[4]. It typically appears on US as a thin hyper-
echoic line that envelops each testis, not easily 
visualized in the absence of intrascrotal fluid.

Testicle is an ovoid shape structure (round 
shaped in the newborn) with smooth surface. The 
size, shape, and echotexture depend on testoster-
one effects and change from newborns to adults.

The normal adult testis is 40–50 mm in length 
(L), 30–35 mm in width (W), and 20–25 mm in 
height (H). The volume is calculated as an ellip-
soid: V = L × W × H × 0.52.

The normal testicle appears slightly echogenic 
with a homogeneous echotexture, similar to the 
liver, while prepuberal testes typically show a 
lower echogenicity [5].

Mediastinum testis is a connective tissue con-
tinuous with the fibrous capsule of the testis (the 
tunica albuginea). It appears as a central echo-
genic band within the testis, extended in caudo-
cranial direction and easily visible in young 
patients.

Numerous fibrous thin septa extend from the 
mediastinum into the testis, dividing it into 250–
400 lobules, each of which contains from one to 
three seminiferous tubules that converge into a 
network of tubular spaces called rete testis. In 
normal conditions, the rete testis can be identified 
at US as a hypoechoic striated area adjacent to 
the mediastinum testis, while in case of ectasia, it 
appears as multiple small cystic or tubular 
anechoic dilated structures that replace and 
enlarge the testicular mediastinum [3]. The lack 
of mass effect and of internal flow helps to dif-
ferentiate this benign condition from a partially 
cystic tumor or an intratesticular varicocele.

The rete testis drains into 10–15 efferent duct-
ules and then into the epididymis. Epididymis is 
an extratesticular tubular structure situated on the 
upper and posterior lateral aspect of the testis. 

The maximal size is less than 10–12 mm (mean 
6–7 mm), and it can be divided into three main 
regions: the head, body, and tail. The head is a 
triangular structure that overlies the upper pole of 
the testis and is isoechoic to the testicular paren-
chyma; it is the only part that can be easily 
assessed in normal conditions, while the body or 
tail can be detected only in pathological condi-
tions (inflammation or hydrocele).

Four types of testicular appendages have been 
described: the appendix testis, the appendix epi-
didymis, the vas aberrans, and the paradidymis 
[3]. Only the appendix testis and the appendix 
epididymis can be recognized at scrotal US, 
especially when the amount of fluid into the tuni-
cal vaginalis is increased (hydrocele). The appen-
dix of the testis is a developmental remnant of the 
Müllerian duct; it appears as an ovoidal echo-
genic structure of a few millimeters situated at 
the angle between the epididymal head and the 
upper pole of the testis.

The appendix of epididymis is an embryonal 
remnant of the Wolffian duct; it may appear as a 
cystic structure on the top of epididymal head. 
Appendiceal torsion can occur: it is a cause of 
painful scrotal swelling and can mimic testicular 
torsion. Sometimes a long-standing torsion of the 
epididymal appendix can evolve into a calcific 
scrotal phlebolith that appears as a mobile calci-
fied structure with acoustic shadowing inside the 
amount of fluid between the layers of tunica 
vaginalis.

Spermatic cord is composed of testicular 
artery, pampiniform venous plexus, vas deferens 
(the continuation of epididymis), nerves, and 
lymphatics. On longitudinal scans, spermatic 
cord appears as a linear structure surrounded by a 
highly echogenic band, while on transverse scans 
it appears ovoid [5].

Testicular artery represents the main blood 
supply to the testis; it is a branch of the spermatic 
artery that originates from the abdominal aorta at 
the level of the renal hilum. Testicular artery fol-
lows the testis and penetrates the tunica albuginea 
at the mediastinum testis. Transmediastinal artery 
can mimic a focal testicular lesion at B-mode 
examination and appear as a hypoechoic area: in 
these cases color Doppler and spectral analysis 
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demonstrate an arterial flow signal through the 
vessel.

Pampiniform venous plexus is formed by the 
union of multiple spermatic veins from the testis 
and epididymis. The veins of the plexus ascend 
along the cord through the inguinal canal and 
converge on the right side into the inferior vena 
cava and on the left side into the left renal vein. In 
normal conditions, pampiniform plexus appears 
at color Doppler exam as a venous network along 
the spermatic cord. Abnormal dilatation of the 
pampiniform venous plexus is called varicocele. 
It appears as multiple tortuous anechoic tubular 
structures adjacent to the testis. Color Doppler 
imaging can be helpful in differentiating venous 
tubular structures from epidermoid cysts or sper-
matoceles. Sometimes intratesticular varicocele 
may mimic testicular cysts: color Doppler exam 
is required to differentiate these findings.

Bidirectional Doppler ultrasonography per-
formed with the patient in the upright position 
helps in grading the varicocele, by demonstrating 
spontaneous or Valsalva-associated reflux [5, 6].

38.3	 �Technique

The study should be performed in a comfortable 
and warm room to avoid the cremasteric reflex 
that may cause the testicles to ascend in the scro-
tal sac making imaging more difficult. In particu-
lar in early childhood, a fingertip should be 
placed over the inguinal canal to prevent move-
ment of the testicle [1, 5].

US examination is performed with patient in 
supine position with a towel draped between his 
thighs to support the scrotum and to help com-
parative views. Penis is displaced superolaterally 
against the abdomen.

In case of suspect varicocele, additional scan-
ning in the upright position is helpful to assess 
the retrograde flow from the internal spermatic 
vein into the cremasteric vein and the vein of the 
vas deferens.

The scrotum is examined with a linear high-
resolution and high-frequency (7.5–13  MHz) 
small-part transducer with appropriate placement 
of the focal zone (near focused for superficial 
structures). However, in case of marked scrotal 
enlargement or scrotal trauma, a lower-frequency 
curvilinear transducer may be employed, in order 
to have a larger field of view to assess the anat-
omy, the site of injury, and associated abnormali-
ties [1, 5, 7].

Transverse and longitudinal gray-scale scans 
of the scrotum and inguinal regions bilaterally 
are performed. Color Doppler examination 
should be then performed and optimized to be 

Fig. 38.1  B-mode transverse comparative scan is manda-
tory to compare size and echogenicity of both testes
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sensitive to low-velocity flow: low pulse repeti-
tion frequency (PRF) and the highest color gain 
(generally over 80 %) with acceptable signal-to-
noise ratio.

Basic scans include:

•	 Longitudinal scan of each testicle by starting 
from the asymptomatic hemiscrotum

•	 Transverse comparative scan: an image 
including both testicles in the field of view to 
allow side-to-side comparison of size, echo-
genicity, and vascularity (Fig. 38.1)

•	 Transverse and longitudinal scans of epididy-
mis (short and long axis)

•	 Longitudinal scan of inguinal region includ-
ing spermatic cord from external inguinal 
foramen to the head of epididymis

•	 Scrotal sac wall and layers

In case of a palpable abnormality on physical 
examination, it is useful to perform additional 
targeted scanning during palpation to correlate it 
with US findings.

38.4	 �Color Doppler and Power 
Doppler

Testicular vascularity should be assessed both 
with color Doppler and power Doppler study.

Doppler settings should be optimized to detect 
slow flow (low PRF and maximized color gain 
without artifacts). In case of acute scrotum, the 
examination should start from the asymptomatic 
hemiscrotum to adjust Doppler settings and then to 
assess symmetrical vascularity by comparing flow 
findings with the pathological side [8]. Comparative 
evaluation acquires crucial importance in case of 
testicular torsion or acute inflammation.

Power Doppler has higher (5×) sensitivity than 
color Doppler to detect low-flow velocities because 
its direction is insensitive [6]; however, it is very sus-
ceptible to movement, and it is difficult to apply in 
case of acute scrotum of children (Fig. 38.2).

Testicular vascularity should also be assessed 
both with power Doppler and spectral Doppler: 
power Doppler confirms the presence of intrates-
ticular flow, and spectral Doppler allows distin-
guishing an arterial waveform from a venous 
flow. Intratesticular arterial waveform typically 
shows a high diastolic flow with low resistance 
index (RI = 0.62; range 0.48–0.70), while the def-
erential or cremasteric artery shows a typical 
high resistive waveform without diastolic com-
ponent and with high resistance index (RI > 0.70).

In case of acute scrotal, the important distinc-
tion between an inflammatory and ischemic 
cause is on spectral Doppler, by assessing a low 
or high resistive flow.

In case of acute orchitis, the inflammatory 
process causes vasodilatation with a reduction of 
RI mean value (Fig. 38.3) [3].

In case of testicular torsion, color Doppler and 
power Doppler demonstrate reduced or absent 
intratesticular flow compared with the unaffected 
side, respectively, depending on incomplete or 
complete torsion (Fig. 38.4). If the torsion is par-
tial, the spectral Doppler can demonstrate a pre-
served arterial flow with increased RI. In case of 
complete torsion, no flow in the intratesticular 
vessels is demonstrated, and increased perfusion 
can be assessed in the extratesticular vessels near 
the scrotal wall with higher RI (Fig. 38.5) [9, 10].
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a b

Fig. 38.2  Color Doppler (a) and power Doppler (b) allow the assessment of the vascularity of the testis

a b

Fig. 38.3  Orchitis and epididymitis: power Doppler 
demonstrates a highly increased vascular signal of the 
inflammated testis (a) or epididymis (b) because of vaso-
dilatation. Longitudinal power Doppler image of both epi-

didymis and testis demonstrates no increased Doppler 
signal within the testis, but hyperemia and thickening of 
the epididymis (b)

Fig. 38.4  Testicular torsion: B-mode comparative evalu-
ation allows to detect enlargement and diffuse hypoecho-
genicity of the pathological testis (right side), compared 

to the normal one. Color Doppler demonstrates the com-
plete absence of intratesticular flow into the right testis
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38.5	 �CEUS

Ultrasonography with Doppler imaging is very 
effective at visualizing and measuring blood flow 
only in large vessels with rapidly moving blood, 
but is unable to accurately detect flow in smaller 
vessels and capillaries. The development of endo-
vascular contrast agents (as microbubbles) has 
subsequently allowed to obtain useful informa-
tion about vascularity, perfusion rates, and poten-
tial tumor detection.

CEUS demonstrated an accuracy similar to con-
trast-enhanced multi-detector computed tomogra-
phy (CE-MDCT) in detecting focal lesions, with 
the advantage of the real-time assessment of micro-
vascular perfusion by using time-intensity curves, 
without the use of ionizing radiation.

Second-generation microbubble contrast 
agents consist of gas microbubbles (air or perflu-
orocarbon) stabilized by a biodegradable shell of 
protein, lipid, or polymer.

The small size of microbubbles (from 1 to 
10 μm, as the size of a red blood cell) allows their 
passage unfiltered through the lungs, but the rela-
tive big size prevents entry into the interstitium 
allowing them to remain entirely intravascular 
(“pure blood pool” agents). Under US exposi-
tion, microbubbles oscillatory contract and 
expand themselves with the same resonance fre-
quency of US waves, by amplifying the US sig-
nal. After circulating for several minutes, 
microbubbles dissolve: the gas is exhaled by the 
lungs, whereas the biodegradable shell is metab-
olized by the liver [11]. Microbubble contrast 
agents are not excreted by the kidney and do not 
affect renal function: they can be safely adminis-
trated to patients with renal insufficiency. Other 
advantages of CEUS include its safety, simplic-
ity, patient tolerance, and lack of irradiation (con-
versely to CE-MDCT scans).

CEUS allows the visualization of testicle 
microvasculature and improves the detection of 
non-palpable focal lesions, in which color 
Doppler study shows several limitations [12]. 
In particular CEUS allows an accurate differen-
tiation between hypervascular lesions (highly 
suspect for malignancy) and hypovascular ones 
(demonstrating the absence of flow signal in 

Fig. 38.5  Testicular torsion: color Doppler demonstrates 
complete absence of intratesticular perfusion and 
increased para-testicular flow from collateralization of 
extratesticular vessels (epididymal and funicular vessels). 
At the upper aspect of the testis, the torted spermatic cord 
appears as a thickened, edematous, and ill-defined mass
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Fig. 38.6  Hypoechoic 
lesion on conventional US 
assessed with CEUS. The 
red ROI is drawn in a 
suspicious area, whereas 
the yellow ROI was drawn 
in an area representing the 
normal testicular 
parenchyma. The red 
time-intensity curve shows 
a higher fast filling 
hyperenhancement with 
reference to the normal 
testicular parenchyma and 
a rapid washout in the later 
phase, suggestive of 
testicular tumor

a b

Fig. 38.7  CEUS and 
acute testicular torsion. 
Conventional US (b) 
shows a normal-sized 
testicle. CEUS demon-
strates the complete lack 
of contrast enhancement 
within the testis due to the 
absolute absence of 
testicular blood flow (a)

benign lesions as epidermoid cysts, infarctions, 
abscess, and traumatic lesions). However, tes-
ticular neoplasms have a wide range of US pre-
sentation and sometimes can also appear as 
poor vascularized hypoechoic lesions on color 
Doppler. CEUS has a higher sensitivity in 
detecting vessels within the lesion, and time-

intensity curves can demonstrate contrast 
enhancement wash-in and washout (Fig. 38.6).

CEUS is acquiring an increasing role in the 
assessment of acute scrotum, by differentiating 
avascular necrotic areas from residual paren-
chyma in case of testicular torsion, infarction, 
abscess, and trauma (Fig. 38.7) [13].
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38.6	 �Elastosonography

Ultrasound elastosonography is a promising 
technique with a wide range of potential clini-
cal applications: it noninvasively measures 
mechanical properties of tissue and assesses 
the stiffness of a targeted lesion, a parameter in 
most cases associated with malignancy.

This technique is based on two methods: 
strain imaging, which represents how readily 
tissue deforms in response to an applied com-
pression, and shear wave elastography, which 
represents the differences in speed of sound 
through tissues of varying stiffness. The funda-
mental principle is that stiffer tissues deform 
less (low strain) and propagate sound faster than 
softer tissues [14].

US imaging combinated with elastosonogra-
phy creates the real-time sonoelastography 
(RTE): an elastogram superimposed to the 
B-mode ultrasound image of the tissue is created 
and updated in real time.

A targeted area of interest is focused on 
B-mode, and the selected portion of tissue is 
compressed by an external force: the degree to 

which it displaces is assessed and the strain 
ratio is calculated. The elastogram displays a 
color-coded map of the relative elasticity: 
from the softest tissue (red) to the hardest 
(blue) [15].

The testicle is a superficial structure, easily 
accessible by clinical examination. The main 
application of elastosonography is to assess non-
palpable small testicular nodules and 
pseudonodules, which is relevant in clinical prac-
tice for disease management [16].

Normal testicle shows a medium level of elas-
ticity (displayed in green; Fig. 38.8); sometimes 
the parenchyma below the tunica albuginea pres-
ents less relative strain (displayed in light blue) 
probably due to the limited tissue displacement 
determined by the fibrous covering [15].

Sometimes elastosonography shows limits in 
differentiating benign testicular lesions from 
potentially malignant ones: elastosonography 
pattern of epidermoid cysts is similar to malig-
nant lesions (they appear as “blue,” hard lesions) 
because they have high cellularity and higher 
density compared with the surrounding normal 
tissue (Fig. 38.8) [16].

a b

Fig. 38.8  Elastosonography. (a) A normal testicle has a 
medium level of elasticity (displayed in green), while 
malignant lesions (or epidermoid cysts as in b) appear as 

“hard” lesions (blue) because of the higher density com-
pared with the surrounding normal tissue

L. Barozzi et al.



469

References

	 1.	American Institute of Ultrasound in Medicine; 
American College of Radiology; Society of 
Radiologists in Ultrasound (2011) AIUM practice 
guideline for the performance of scrotal ultrasound 
examinations. J Ultrasound Med 30(1):151U5

	 2.	Akin EA, Khati NJ, Hill MC (2004) Ultrasound of the 
scrotum. Ultrasound Q 20:181–200

	 3.	Dogra VS, Gottlieb RH, Oka M, Rubens DJ (2003) 
Sonography of the scrotum. Radiology 227:18–36

	 4.	Nicola R, Carson N, Dogra VS (2014) Imaging of 
traumatic injuries to the scrotum and penis. AJR Am 
J Roentgenol 202(6):W512–W520

	 5.	Delaney LR, Karmazyn B (2013) Ultrasound of the 
pediatric scrotum. Semin Ultrasound CT MR 
34(3):248–256

	 6.	Blaivas M, Brannam L (2004) Testicular ultrasound. 
Emerg Med Clin North Am 22(3):723–748

	 7.	Pearl MS, Hill MC (2007) Ultrasound of the scrotum. 
Semin Ultrasound CT MR 28(4):225–248

	 8.	American Institute of Ultrasound in Medicine 
(2011) AIUM practice guideline for the perfor-
mance of an ultrasound examination in the practice 
of urology. J Ultrasound Med 30(1):146U5

	 9.	Ragheb D, Higgins JL Jr (2002) Ultrasonography of 
the scrotum: technique, anatomy, and pathologic enti-
ties. J Ultrasound Med 21(2):171–185

	10.	Hamm B, Beyersdorff D, Asbach P et  al (2008) 
Urogenital imaging. George Thieme Verlag

	11.	Correas JM, Bridal L, Lesavre A, Méjean A, Claudon 
M, Hélénon O (2001) Ultrasound contrast agents: 
properties, principles of action, tolerance, and arti-
facts. Eur Radiol 11:1316

	12.	Lock G, Schmidt C, Helmich F, Stolle E, Dieckmann 
KP (2011) Early experience with contrast-enhanced 
ultrasound in the diagnosis of testicular masses: a fea-
sibility study. Urology 77(5):1049–1053

	13.	Valentino M, Bertolotto M, Derchi L, Bertaccini A, 
Pavlica P, Martorana G, Barozzi L (2011) Role of 
contrast enhanced ultrasound in acute scrotal dis-
eases. Eur Radiol 21(9):1831–1840

	14.	Kamaya A, Machtaler S, Sanjani SS et al (2013) New 
technologies in clinical ultrasound. Semin Roentgenol 
48(3):214–23

	15.	Goddi A, Sacchi A, Magistretti G et al (2012) Real-
time tissue elastography for testicular lesion assess-
ment. Eur Radiol 22:721–730

	16.	Correas JM, Drakonakisb E, Isidori AM et  al (2013) 
Update on ultrasound elastography: miscellanea. Prostate, 
testicle, musculo-skeletal. Eur J Radiol 82:1904–1912

38  Scrotum: Ultrasound Anatomy and Scanning Methods



471© Springer International Publishing Switzerland 2017 
P. Martino, A.B. Galosi (eds.), Atlas of Ultrasonography in Urology, Andrology, and Nephrology, 
DOI 10.1007/978-3-319-40782-1_39

The Testicles: Cystic Lesions
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39.1	 �Introduction

Ultrasonography is the modality of choice for locat-
ing and characterizing palpable testicular lesions. 
Extratesticular palpable lumps are more common 
than intratesticular ones, and most of them are cys-
tic. In the testis, cystic lesions represent a subset of 
intratesticular lesions, of which the majority are 
benign. It is important for the practicing sonologist 
to recognize this benign subset of lesions and pre-
vent unnecessary surgical exploration.

39.2	 �Epididymal Cysts

Epididymal cysts are the most common scrotal 
masses, being reported in 20–40 % of asymptom-
atic individuals, 29 % of whom showing more 
than one cyst. They are either true cysts, likely of 

lymphatic origin, containing clear serous fluid 
and lined with epithelium, or spermatoceles filled 
with thicker, milky fluid containing spermatozoa, 
lymphocytes, and cellular debris, resulting from 
obstruction and dilatation of the efferent ductal 
system.

Both true epididymal cysts and spermatoceles 
appear either as anechoic, well-defined masses 
with increased through transmission (Fig. 39.1) 
or with corpuscolated fluid because of the pres-
ence of sperm, protein, white blood cells, and cell 
exfoliation. In practice, they are indistinguish-
able on ultrasound [1, 2]. Both lesions are benign; 
however, differential diagnosis is not necessary 
in the clinical practice.

Very large epididymal cysts may occasionally 
be difficult to differentiate from hydroceles. 
However, cysts displace the testis, whereas 
hydrocele envelops it.
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39.3	 �Cysts of the Tunica 
Albuginea

Tunica albuginea cysts typically manifest as 
small palpable masses, single or multiple, mim-
icking clinically a testicular neoplasm. Most 
commonly, they are along the upper anterior or 
lateral aspect of the testicle. The diagnosis is usu-
ally straightforward at ultrasound (Fig.  39.2) 
which shows a small, peripherally located, 
anechoic lesion within the layers of the tunica 
meeting all the criteria of a simple cyst [2–4]. 
The presentation with internal echoes or complex 
appearance raising concern for a neoplasm is 
very rare.

Occasionally, very small cysts may be difficult 
to identify. Combined ultrasound and palpation 
allow their identification in virtually all cases 
(Fig. 39.3). On the other hand, large cysts of the 
tunica albuginea may grow compressing the tes-
ticular parenchyma and simulating an intrates-
ticular cyst (Fig. 39.4).

Fig. 39.1  Epididymal cyst/spermatocele. Longitudinal 
ultrasonographic image showing an anechoic lesion with 
well-defined margins in the head of the epididymis 
(asterisk)

Fig. 39.2  Tunica albuginea cyst. Small, anechoic, palpa-
ble mass along the anterior aspect of the testis within the 
layers of the tunica albuginea (arrowhead)
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Fig. 39.3  Very small cyst of the tunica albuginea. Patient 
presented with a small palpable testicular lesion which 
was not initially identified on ultrasonography. Repeated 
investigation combined with palpation allows immediate 
identification of the palpable lesion which is characterized 
as a small cyst of the tunica albuginea (arrowhead). F fin-
ger of the sonologist

Fig. 39.4  Large cyst of the tunica albuginea (asterisk) 
compressing the testicular parenchyma and simulating an 
intratesticular cyst

Fig. 39.5  Simple testicular cyst. Small non-palpable 
incidentally detected anechoic lesion within the testis 
(asterisk)

39.4	 �Simple Testicular Cysts

Intratesticular cysts are usually non-palpable and 
thus detected incidentally. Similar to cysts else-
where in the body, they are usually well defined 
and anechoic with an imperceptible wall 
(Fig. 39.5) [1–4]. Testicular cysts are usually sol-
itary, but can be multiple, often associated with 
extratesticular spermatoceles. Simple testicular 
cysts can be categorized as benign. No treatment 
is required [5]. They can occur anywhere in the 
testis but are often near the mediastinum.
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39.5	 �Complex Testicular Cysts

When a cyst does not fulfill the typical criteria of 
a simple cyst because of intracystic content, 
septa, or vegetations, a cystic neoplasm must be 
ruled out [1, 6]. Content mobilization allows 
diagnosis of debris, and the presence of color sig-
nal is diagnostic for vegetation. Intracystic amor-
phous content, however, is often not mobile, and 
the absence of flows at color Doppler interroga-
tion is not sensitive enough to rule out vegeta-
tions. Complex testicular cysts often reduce in 
complexity and size or disappear during the fol-
low-up, revealing their benign nature (Fig. 39.6). 
CEUS is of help showing avascular cystic content 
in complex benign cysts, while virtually all 
tumors with cystic components, enclosed mature 
teratomas, display intralesional vascularization 
after microbubble contrast injection [7].

Fig. 39.6  Complex testicular cyst containing echogenic 
debris (arrowhead). The cyst disappeared during the fol-
low-up (not shown)

39.6	 �Epidermoid Cysts

Epidermoid cysts are benign germ cell lesions 
that often present with a characteristic ultrasono-
graphic pattern and can be correctly diagnosed 
preoperatively. They are true cysts with a well-
defined fibrous wall containing a variable quan-
tity of keratinizing, stratified epithelium. Their 
pathogenesis is uncertain: epidermoid cysts may 
result from monodermal development of a tera-
toma or due to squamous metaplasia of surface 
mesothelium. When an epidermoid cyst is sus-
pected at imaging, testicular-sparing surgery and 
intraoperative pathological analysis are sug-
gested. The ultrasonographic appearance of epi-
dermoid cysts varies with the maturation, 
compactness, and quantity of keratin present [2, 
3, 8]. Four ultrasonographic appearances have 
been described: type 1, classic “onion-ring” 
appearance with alternating hyperechoic and 
hypoechoic layers; type 2, densely calcified mass 
with an echogenic rim; type 3, cyst with a rim 
and either peripheral or central calcification; and 
type 4, mixed pattern, heterogeneous and poorly 
defined (Fig.  39.7). Occasionally, epidermoid 
cyst may resemble a simple cyst or a minimally 
complicated cyst with slightly inhomogeneous 
content and echogenic rim. Regardless of their 
appearance, they are hard at elastography, and 
intralesional vascularization is lacking both on 
color Doppler and CEUS modes [6, 9].

The appearance of epidermoid cysts on gray-
scale ultrasonography is often characteristic, but 
not pathognomonic. Teratoma and other tumors 
must be ruled out. Care must be taken for possi-
ble signs of malignancy such as any intralesional 
flow, irregular borders, or irregularities within the 
surrounding testicular parenchyma. Negative 
tumor markers increase diagnostic confidence.

M. Bertolotto et al.



475

a b

Fig. 39.7  Epidermoid cysts. (a) The lesion is avascular at 
color Doppler interrogation. It shows thin wall and rela-
tively echogenic content with onion-ring appearance. (b) 

Another patient with epidermoid testicular cyst showing 
parietal and internal calcifications
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39.7	 �Cystic Tumors

The presence of cystic components in testicular 
tumors is common. Tumors with prevailing cystic 
component, however, are rare [2, 8]. If a cystic 
lesion has any internal complexity, it must be 
considered a tumor, until its benign nature is 
demonstrated. Differential diagnosis between 
cystic tumors and benign complex cysts may be 
occasionally difficult based on conventional 
ultrasonographic modes only, as solid compo-
nents often lack vascularization on color Doppler 
interrogation. CEUS eases the differential diag-
nosis, showing in virtually all tumors the vascu-
larization of the solid components.

39.8	 �Tubular Ectasia of the Rete 
Testis

Dilatation of the rete testis is very common, often 
bilateral, and mostly seen in patients over 50 
years of age. It can be associated with either 

postinfectious, post-traumatic, or post-
prostatectomy epididymal obstruction. Possible 
contributing factors include epididymitis, testicu-
lar biopsy, and vasectomy. Epididymal 
abnormalities such as spermatoceles or dilated 
efferent ducts are frequently associated.

At ultrasonography the dilated rete testis pres-
ents with multiple, low-reflective, oval, or 
rounded structures within the mediastinum testis 
(Fig.  39.8) lacking vascularization on Doppler 
and contrast-specific modes [1, 3, 10].

Tubular ectasia of the rete testis is non-
palpable, easily differentiated from testicular 
tumors due to its unique localization in the region 
of the mediastinum testis, characteristic ultraso-
nographic features, and frequent coexistence of 
spermatoceles.

Papillary adenocarcinoma of the rete testis is 
an extremely rare extratesticular neoplasm with 
only a few sporadic reports in the literature pre-
senting with multilocular cystic appearance. The 
mass, however, is usually palpable and solid ele-
ments are associated.

Fig. 39.8  Tubular ectasia of the rete testis. Longitudinal 
ultrasonographic view showing multiple cystic or tubular 
anechoic structures localized in the testicular mediasti-
num. An extratesticular spermatocele is associated 
(asterisk)
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39.9	 �Cystic Dysplasia of the Rete 
Testis

Tubular ectasia of the rete testis must be differen-
tiated from cystic dysplasia of the rete testis, a 
malformation arising during the testicular devel-
opment due to malunion between the gonadal 
blastema and mesonephric ducts. The latter is 
usually detected in childhood, associated with 
ipsilateral urogenital lesions such as renal agen-
esis or multicystic dysplasia of the kidney. 
Clinically cystic dysplasia presents as an asymp-
tomatic scrotal swelling. The age of the patient at 
presentation, clinical features, associated lesions, 
and multilocular cystic appearance on ultraso-
nography allow preoperative diagnosis [11].

39.10	 �Intratesticular Varicocele

Varicocele may be intratesticular as well, associ-
ated or not with extratesticular varicocele. The 
involved testis is often hypotrophic. Intratesticular 

varicocele is usually idiopathic but can also be 
secondary to conditions producing renal vein 
obstruction. It is bilateral in approximately 25 % 
of published cases. Most of series report a preva-
lence in the left side.

The ultrasonographic findings are similar to 
those of extratesticular varicocele [3, 12]. 
Multiple anechoic, serpiginous, tubular struc-
tures of varying sizes are identified, showing 
venous flows at color Doppler interrogation and 
spectral analysis (Fig. 39.9) with flow velocities 
during the Valsalva maneuver. Differential diag-
nosis between intratesticular varicocele and other 
hypo-/anechoic lesions in the testis is straightfor-
ward, since these lesions do not show flow at 
color Doppler interrogation. Differentiation with 
other intratesticular vascular pathologies is pos-
sible. Arterial pseudoaneurysms, intratesticular 
arteriovenous malformation, or hemangiomas 
characteristically show high-velocity arterial 
waveforms.

a b

Fig. 39.9  Intratesticular varicocele. (a) Gray-scale ultra-
sonography shows intratesticular anechoic tubular struc-
tures within the testis. (b) Color Doppler interrogation 

obtained while standing during the Valsalva maneuver 
shows venous flows
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39.11	 �Testicular Abscess

A testicular abscess may develop secondary to 
severe epididymo-orchitis or may be secondary 
to mumps, trauma, or infarction. Ultrasonography 
shows a testicular lesion with mixed echotexture 
(Fig. 39.10), or a corpusculated fluid collection, 
or a markedly hypoechoic lesion with ill-defined 
margins, surrounded by a hypoechoic halo. 
Abscess lacks vascularity at color Doppler inter-
rogation in all cases. Hypervascularity of the sur-
rounding parenchyma can be observed [2, 3]. In 
rare situations, gas bubbles are observed in the 
abscess cavity appearing as focal hyperechoic 
spots with posterior shadowing. On CEUS the 
lesion does not enhance, but the surrounding 
parenchyma may show avid enhancement [6].

39.12	 �Intratesticular Hematoma

Single or multiple intratesticular hematomas are 
commonly encountered in patients with scrotal 
traumas. Hyperacute and acute hematomas may 
appear hyperechoic or isoechoic to the surround-
ing testicular parenchyma or have a diffusely het-
erogeneous echotexture. Chronic hematomas are 
usually hypoechoic. Intralesional flow is lacking 
at color Doppler interrogation.

Ultrasonography is the imaging modality of 
choice for the detection and the follow-up of 
intratesticular lesions discovered in trauma 
patients. A tumor must be ruled out. Tumors and 
intratesticular hematomas may have similar 
appearance at gray-scale ultrasonography, but the 
former are vascularized, while the latter are not 
[13, 14]. Besides lack of vascularity, ultrasono-
graphic appearance of hematomas changes dur-
ing the follow-up with progressive reduction in 
size till resolution (Fig. 39.11), while tumors do 
not change or increase in size.

Fig. 39.10  Testicular abscess. Longitudinal scan show-
ing a testicular lesion with mixed echotexture (arrow-
heads) lacking vascularization at color Doppler 
interrogation
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a b

c

Fig. 39.11  Time changes of intratesticular hematoma. 
(a) Scan performed 2 h after the trauma shows a nearly 
anechoic lesion. (b) Repeated scan obtained 1 month later 

shows a smaller, inhomogeneously hypoechoic lesion. (c) 
Two months after the trauma, the size of the lesion reduced 
further, and echogenicity increased
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39.13	 �Spermatic Cord Cysts

Spermatic cord cysts are revealed as palpable 
lesions along the course of the spermatic cord. 
They are usually slowly growing and asymptom-
atic. At ultrasonography the diagnosis is usually 
straightforward (Fig. 39.12) as the mass presents 
with the typical appearance of a simple or mini-
mally complicated cyst [15]. Differential diagno-
sis with a neoplasia is more difficult for 
epidermoid cysts, rarely occurring in this loca-
tion [16], which however lack vascularization at 
color Doppler and CEUS.

39.14	 �Cystic Appendages

Testicular and epididymal appendages are com-
monly identified at ultrasonography, more often 
in the presence of hydrocele or other scrotal fluid 
collections (Fig. 39.13). The appendix testis is a 
remnant of the Müllerian duct. It is usually ses-
sile and echogenic but may be pedunculated and 
with cystic appearance. The appendix epididymis 
is a remnant of the Wolffian duct. On histopatho-
logical examination it is almost invariably cystic, 
composed of multiple converging ducts. At ultra-
sound, however, it presents with cystic appear-
ance in only about 36 % of cases [17].

Fig. 39.12  Cyst of the spermatic cord. Axial ultrasound 
view of the inguinal canal showing a cyst (asterisk) adja-
cent to the spermatic cord (arrowheads)
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a b

Fig. 39.13  Cystic appendices (asterisk) of the testis (a) 
and of the epididymis (b) appearing as pedunculated cys-
tic masses arising from the upper pole of the testis (a) and 

from the head of the epididymis (b), respectively. T testis, 
H head of the epididymis
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�Conclusions

Most of benign scrotal cysts are characterized 
at gray-scale ultrasonography, and an ade-
quate diagnosis of virtually all scrotal cystic 
lesions is obtained combining different ultra-
sonographic modes. Other imaging modalities 
are rarely required. The sonologist should be 
familiar with normal and pathological ultraso-
nographic anatomy in order to make a correct 
diagnosis of these lesions.
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The Testicles: Solid Lesions
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40.1	 �Introduction

Testicular neoplasms are the most common 
tumors in the second and third decades of life. 
Seminoma is the most common single cell type in 
adult and yolk sac tumor and mature teratoma in 
prepuberal boys. Lymphoma and metastases are 
prevalent in elderly. Non-seminomatous germ 
cell tumors may present with a single cell type or 
have multiple histologic patterns in 40–60 % of 
cases. More than 10 % of testicular germ cell 
tumors are seen in patients with cryptorchidism. 
Sex cord and stromal tumors are typically small, 
usually discovered incidentally, and benign in 
about 90 % of cases. Mesenchymal tumors of the 
testis, both benign and malignant, are rare.

40.2	 �Role of Imaging

In patients with a scrotal mass, imaging is per-
formed to confirm the presence of a lesion and to 
assess whether it is intra- or extratesticular and 
what is its nature [1].

Ultrasonography is nearly 100 % sensitive in 
detecting the lesion and 98–100 % sensitive in 
differentiating intra- vs. extratesticular position. 
Simultaneous evaluation with palpation and 
ultrasonography is of help for identification and 
location.

Unfortunately, many solid lesions have no 
special ultrasonographic character to help in the 
identification of their nature, though some fea-
tures are more common in some histotypes.

Assessment of vascularity is of limited help. 
In general, it is not correlated with histology and 
varies with size. In an early study of 28 patients 
with surgically proven testicular tumors, 95 % of 
lesions greater than 1.5  cm demonstrated 
increased vascularity, while 86 % of lesions less 
than 1.5 cm were hypovascular [2]. The increased 
sensitivity of modern ultrasonographic equip-
ment allows nowadays detecting vessels within 
both benign and malignant nodules of very small 
size. Some truly avascular lesions do exist, 
however, and this finding can be useful to lower 
the probability of malignancy.
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40.3	 �Germ Cell Tumors

Germ cell tumors present as single or multiple 
masses, usually hypoechoic relative to normal 
testis. Seminoma is often homogeneous, lobu-
lated, or multinodular. It may be multifocal 
(Fig.  40.1). Embryonal cell carcinoma is usu-
ally hypoechoic with poorly defined margins 
and inhomogeneous echotexture. Cystic com-
ponents are present in 20 % of cases. Yolk sac 
tumor is usually inhomogeneous with echo-
genic hemorrhagic foci. Choriocarcinoma is 

markedly vascularized, usually with cystic 
components and hemorrhagic areas appearing 
as echogenic foci; in many patients widespread 
metastasis is present at time of diagnosis. 
Teratoma often presents as an inhomogeneous 
mass with cystic components and echogenic 
foci because of calcifications, cartilage, imma-
ture bone, and fibrosis. Mixed tumors have 
variable appearance. They usually have hetero-
geneous echotexture, irregular or ill-defined 
margins, echogenic foci, and cystic components 
(Fig. 40.2).

a

c

b

Fig. 40.1  Seminomas with different ultrasonographic 
appearance. (a) Small hypervascular, hypoechoic lesion 
(asterisk). (b) Large tumor involving most of the testis. (c) 

Two hypoechoic, hypervascular nodules in the same testis 
(asterisks)
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a

c

b

Fig. 40.2  Mixed germ cell tumors (arrowheads). (a) 
Lesion with solid and cystic regions containing semi-
noma, teratocarcinoma, and embryonal carcinoma. (b) 
Mostly solid lesion with a cystic area (asterisk) with com-

ponents of seminoma, choriocarcinoma, and embryonal 
carcinoma. (c) Lesion with calcifications containing tera-
toma tissue
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40.4	 �Sex Cord and Stromal 
Tumors

Small Leydig cell tumors usually present as well-
defined homogeneously hypoechoic lesions, 
often located peripherally in the testis, with 
prominent vascularization at color Doppler inter-
rogation. They are often more echogenic 

compared to seminoma (Fig.  40.3). Large-cell 
calcifying Sertoli cell tumors are usually echo-
genic masses with large areas of calcifications, or 
extensively calcified lesions. Non-calcifying 
Sertoli cell tumors are typically hypoechoic, 
well-circumscribed, round to lobulated masses. 
The ultrasonographic appearance of the other 
histotypes is not specific.

a

c d

b

Fig. 40.3  Two different patients with Leydig cell tumors. 
(a, b) Hypoechoic nodule displaying marked vasculariza-
tion at color Doppler interrogation. (c, d) Nearly isoechoic 

nodule with moderate vascularization at color Doppler 
interrogation
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40.5	 �Testicular Lymphoma

While primary testicular tumors usually present 
as a mass-forming lump that enlarges destroying 
and replacing the normal parenchyma, the hall-
mark of lymphoma and other infiltrating neo-
plasms, such as plasmacytoma, is an infiltrative 
growth pattern in which tumor cells surround and 
compress the seminiferous tubules and the nor-
mal testicular vessels. Focal lymphomatous 
involvement presents on ultrasonography as sin-
gle or multiple hypervascular lesions of decreased 
echogenicity. In diffuse lymphomatous infiltra-
tion, the testis is globally enlarged, with decreased 
echogenicity and marked hypervascularization, 
mimicking inflammation (Fig.  40.4). 
Identification of normal testicular vessels with a 
regular course crossing the lesion is a relatively 
specific feature characterizing lymphomas and 
other infiltrative tumors from mass-forming 
lesions. In a recent series of 43 pathologically 
proven testicular lymphomas, color Doppler 
ultrasonography demonstrated normal testicular 
vessels within the tumor in 72 % of cases [3]. 
Although color Doppler ultrasonography is 
able  to differentiate between infiltrative and 

mass-forming tumors, nonneoplastic diseases 
such as chronic granulomatous orchitis and other 
inflammatory conditions may have similar 
appearance. Therefore, differential diagnosis 
may be difficult in the absence of clinical signs 
and symptoms of inflammation.

Fig. 40.4  Primary diffuse large B-cell lymphoma of the 
right testis. The patient presented with progressively 
enlarging, painless right scrotal lump. The right testis was 
markedly enlarged and hard at palpation. Color Doppler 
interrogation shows diffuse involvement of the right testis 
by hypervascular lymphoma tissue with no circumscribed 
nodules. Normal testicular vessels are shown with normal 
course running into the tumor tissue. The left testis is 
normal
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40.6	 �Secondary Tumors

The ultrasonographic appearance of leukemic 
and lymphomatous infiltration is similar to pri-
mary lymphoma. Mass-forming metastatic 
deposits are very rare, often indistinguishable 
from primary neoplasms (Fig. 40.5). They pres-
ent with variable echogenicity and echotexture 
depending on the characteristic of the primary 
tumor.

40.7	 �Differential Diagnosis

Not all solid intratesticular lesions are neoplastic 
[4–7]. Granuloma, focal orchitis, abscess, infarc-
tion, fibrous pseudotumor, and hematoma can 
present as hypoechoic masses at ultrasonographic 
examination. The patient’s age at presentation is 
important. Germ cell tumors are prevalent in 
young, while lymphoma in elderly patients, and 
some histotypes are much more prevalent in pre-
puberal boys.

Clinical correlation is vital: many nonneoplastic 
conditions likely manifest with acute scrotum. One 
needs to be cautious, however, because also tumors 
can occasionally manifest with pain. Also history 
of fever or trauma may suggest a nonneoplastic ori-
gin, permitting conservative management. In any 
case, the ultrasound findings of traumatic and 
inflammatory changes evolve rapidly; if a nonneo-
plastic intratesticular pathology is suspected, a 
short-term follow-up ultrasonographic examina-
tion allows differential diagnosis with tumor.

Tumor markers can help in the differential 
diagnosis between testicular tumors and nonneo-
plastic lesions. Human chorionic gonadotropin 
(hCG) is elevated in virtually all patients with 
choriocarcinoma and with seminomas containing 
syncytiotrophoblasts. Increased α-fetoprotein is 
found in yolk sac tumors and in mixed germ cell 
tumors with yolk sac elements. Sertoli cell tumors 
may produce excessive estrogen or testosterone, 
resulting in precocious virilization or 
feminization. Normal serum tumor markers, 
however, do not rule out testicular neoplasms.

Fig. 40.5  Testicular metastatic deposits from melanoma 
involving the right testis in a 58-year-old patient with his-
tory of melanoma presenting with painless enlarging scro-
tal lump
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40.8	 �Contrast-Enhanced 
Ultrasonography (CEUS)

Although the sensitivity of the newest equipment 
allows identification of vascular signals in an 
increasing number of small testicular masses, 
several lesions less than 1.5 cm may still appear 
avascular at color Doppler interrogation and can-
not be distinguished effectively from nonneo-
plastic lesions. In our experience virtually, all 
testicular and extratesticular tumors display vas-
cularization at CEUS [8, 9]. Cystic components 
in mixed tumors and areas of necrosis or hemor-
rhage lack contrast enhancement.

In patients with scrotal tumors, CEUS does 
not allow a reliable differentiation among differ-
ent histotypes. The rate of the wash-in and the 
wash-out of contrast may help to differentiate 
malignant from benign tumors [10, 11], but data 
are not consistent enough to guide clinical 
management.

40.9	 �Elastography

The role of elastography in differentiating 
between malignant and benign nodules in the tes-
tes is currently still unclear. Increased tissue stiff-
ness has been reported in testicular malignant 
tumors, but there is an increasing evidence of sig-
nificant overlapping between benign and malig-
nant lesions [12].
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40.10	 �The Small and Non-palpable 
Testicular Lesion

Non-palpable solid testicular lesions may be inci-
dentally discovered in patients undergoing scro-
tal ultrasonography for non-related purposes. 
Intratesticular lesions <5  mm, in particular, are 
frequently detected and are benign in up to 80 % 
of cases, rendering orchiectomy an inappropri-
ately aggressive treatment. The practice of urolo-
gists has evolved to using serial ultrasound 
monitoring to follow small, incidental testicular 
lesions in patients with normal surrounding 
parenchyma and normal tumor markers 
(Fig. 40.6). Surgery is indicated for a lesion that 
shows increasing volume at follow-up [13, 14].

Although the significance of testicular micro-
lithiasis is debated, in the general population, 
hypoechoic nodules associated with microlithia-
sis rise concern for seminoma [15]. In 
Klinefelter’s syndrome, however, these nodules 

represent Leydig cell hyperplasia or Leydig cell 
tumors in most of cases. When infertile men first 
present for evaluation, Klinefelter’s syndrome is 
often undiagnosed. The very small testes volume 
and the symmetric appearance should raise the 
possibility of this diagnosis and help prevent 
inappropriate orchiectomies.

40.10.1  �Burned-Out Germ Cell  
Tumor

Patients with regressed or “burned-out” germ cell 
tumors present with widespread metastasis even 
though the primary tumor has involuted [13]. 
Histologic examination of the testis may reveal 
minute amounts of residual tumor or only fibrosis 
and scar tissue. Ultrasonography plays a vital role 
in the search for the primary regressed neoplasm. 
When visible, its appearance ranges from small 
echogenic foci to a relatively hypoechoic lesion.

a b

Fig. 40.6  Incidentally detected small, non-palpable tes-
ticular lesion in a 18-year-old patient. (a) First examina-
tion. (b) Follow-up examination. The lesion (arrowhead) 

remained stable after a follow-up of more than 1 year and 
was considered likely benign
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40.11	 �Other Pathological 
Conditions

Granulomatous orchitis from tuberculosis, syphi-
lis, fungi, and parasites can be difficult to differ-
entiate from tumors. These processes, however, 
tend to involve the epididymis first and to a much 
greater extent than the testis.

�Conclusion

Ultrasonography identifies scrotal lesions in 
virtually all cases and is highly sensitive to 
differentiate between testicular and extrates-
ticular masses. Other imaging modalities are 
indicated in selected cases only. However, 
ultrasonographic features of solid scrotal 
tumors are often nonspecific, and most of 
them have no special character to help identi-
fication of their nature.
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41.1	 �Introduction

The majority of cases of acute scrotum are due to 
one of these three causes: trauma, torsion and 
inflammation.

Acute scrotum syndrome of any origin always 
merits immediate evaluation to prevent testicular 
function and chronic irreversible complication [1].

Correct differential diagnoses between these 
conditions are mandatory because uncorrected 
diagnosis could lead to catastrophic consequence.

Often physical examination is not sufficient to 
avoid suspicious conditions that require surgical 
correction and then imaging.

High-resolution ultrasound is the imaging 
modality of choice for the examination of superfi-
cially located scrotal sac and its contents. 
Greyscale ultrasonography in combination with 
colour or power Doppler imaging is a well-
accepted technique for assessing scrotal lesions 
and testicular perfusion.

In this chapter, clinical features, greyscale and 
colour Doppler US appearance of testicular tor-
sion, trauma and inflammation are described.

41.2	 �Practical Considerations 
in the Colour Doppler 
and Ultrasonography 
Evaluation of the Scrotum

At the beginning of this discussion, we should 
remember that colour Doppler ultrasound is a 
highly operator-dependent examination.

In the clinical dilemma of the acute scrotal 
pain setting, the colour Doppler ultrasound is the 
primary imaging modality used.

The examination should be preferably done 
with a broadband high-frequency linear trans-
ducer (ideally up to 10 MHz).

It is a best practice, to begin the exam, analys-
ing the asymptomatic side first in order to familia-
rise the patient with the procedure and to obtain 
an impression of the normal appearances of the 
testis.

The comparison of the symptomatic side with 
the contralateral asymptomatic side is essential to 
exclude technical reasons as the cause of absent 
flow and to allow the diagnosis of unilateral 
increased flow to be made [2].

Increased flow diagnosis is achieved by includ-
ing both testes on the screen at the same time, 
with the Doppler box covering part of each of the 
testis in cross section.

To optimise detection of low velocity flow, the 
pulse repetition frequency (PRF) and filtration 
must be set low and a small colour sampling box 
should be used.
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We suggest to increase the gain until noise is 
seen and then slightly reduce it [3].

According to Lin, to optimise focal zone anal-
ysis, the sample volume of box flow should be 
inferior of the vessel lumen [4].

41.3	 �Testicular Torsion

Testicular torsion is the rotation of the testis along 
its longitudinal axis. During testicular torsion, the 
twist of spermatic cord elements results in initial 
blockage of venous drainage and a subsequent 
reduction in the arterial testis supply. Complete tor-
sion (>360°) leads to ischaemic irreversible testicu-
lar damage and testicular loss if not treated timely.

The torsion of the spermatic cord may be intra- 
or extravaginal.

Extravaginal torsion is a rare phenomenon that 
occurs in the newborns when the scrotum is not 
securely attached to the tunica vaginalis.

Intravaginal testicular torsion, accounting for 
65–80 % of the cases, is the most common type, 
and it may occur at any age although it is more 
common in the prepubertal age groups [5].

Male with intravaginal testicular torsion often 
presents an anatomical anomaly called ‘bell clap-
per deformity’ [6].

In this condition, the testicular mobility is 
increased because the tunica vaginalis is com-
pletely encircling the epididymis, distal spermatic 
cord and testis rather than attaching to the pos-
terolateral aspect of the testis. Bell clapper defor-
mity is more common in patients with a history of 
cryptorchidism.

In the clinical setting, symptoms can 
mimic other nonsurgical aetiologies such us 

epididymo-orchitis, testicular tumours, haemato-
cele and strangulated hernia.

The ability to differentiate torsion from other 
common causes of acute scrotal pain is crucial 
because if surgery is performed within 5–6 hours 
of pain onset, the salvage rate is 80–100 % and 
this value falls to 20 % if surgery is delayed for 
more than 12 hours [7].

As said before, physicians should also be 
aware that torsion is more frequent in patients 
with history of cryptorchidism. Furthermore, any 
patients with undescended testes who presents 
with sudden abdominal pain should always be 
evaluated for possible torsion.

On palpation the affected testis generally 
tends to be higher in the scrotum and is usually 
in horizontal position. Clinical examination is 
often difficult and non-specific as the scrotum 
may appear swollen and reddened. In patient 
with testicular torsion, the cremasteric reflex is 
difficult to elicit. Differently from orchitis, the 
patient does not feel any pain relief with the tes-
ticular elevation (Prehn’s sign). The epididymis 
in anterior position is another frequent clinical 
sign [8].

Body temperature, urinary sediment, leuco-
cyte, number and markers of inflammation are 
usually normal in the torsion and are important 
criteria for epididymo-orchitis [2, 9].

If the patient presents within an early time win-
dow, ultrasound examination is critical in estab-
lishing whether the patients need surgical repair.

Because clinical presentation could be similar 
to the differential diagnosis in patient with acute 
scrotum, simultaneous assessment of clinical 
examination, ultrasound and laboratory findings 
are necessary.
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41.3.1	 �Ultrasonographic appearances

Over the past few years, when testicular torsion is 
high on the differential diagnosis, ultrasound 
combined with colour and pulse Doppler, with the 
ability to reveal anatomical details and character-
ise testicular perfusion, has become the diagnostic 
imaging of choice.

It should be noted that colour Doppler ultraso-
nography is a procedure that largely depends on 
the operator experience [10].

US appearance of testicular torsion is variable 
depending on its duration and the degree of twist-
ing of the spermatic cord.

In the early period immediately after the onset 
of the torsion, greyscale US evaluation of the tes-
tis reveals no abnormality, though a progressive 
hypoechogenicity develops secondary to oedema.

Initially colour Doppler US evaluation should 
start from the asymptomatic side so that the 
greyscale and colour Doppler gain settings can be 
set optimally allowing a baseline for comparison 
with the structures on the affected side [7].

Despite the fact that an asymmetry in the find-
ings of the aforementioned evaluation may be a 
clue for the diagnosis of torsion, it should be kept 
in mind that bilateral involvement may occur in 
about 2 % of the cases.

US evaluation of the testis reveals no abnor-
mality in the early period after the onset of the 
torsion; importantly in this patient, a second 
retarded evaluation is required to improve the 
diagnostic accuracy.

Progressive hypoechogenicity develops sec-
ondary to oedema (Fig. 41.1).

After 4 h, the testis is enlarged with a more spheri-
cal morphology and diffuse hypoechogenicity.

It should be kept in mind that a partial infarct 
may result in a focal or partially hypoechoic pat-
tern (Fig. 41.2a, b).

As time passes, heterogeneous testis is seen 
due to focal haemorrhage and necrosis. In the late 
phases of torsion, the number of hyperechoic 
areas increases, a sign of intraparenchymal bleed-
ing (Fig. 41.3a, b).

As the testicular arteries supply the epididy-
mis, also this structure could be involved in the 
ischaemic process. If the epididymis is involved, 
it also became enlarged with heterogeneous and 
with hyperechoic areas due to haemorrhage.

Reactive hydrocele and thickening of scrotal 
skin are also seen (Fig. 41.4). Scrotal hyperaemia 
also known as the ‘rim sign’ is the cause of pitfalls 
of the major Doppler ultrasound. The collateral 
blood supply to paratesticular tissues, which is 
reactively increased, should not be erroneous.

On greyscale US, the testis appears more hori-
zontal that than the contralateral testis, and the 
mediastinum could be in abnormal position 
(Fig. 41.5a, b).

In chronic torsion, the testis appears small, hard 
and markedly hypoechoic to anechoic, and colour 
Doppler shows no flow in the testis and increases 
the flow in the paratesticular tissue, including the 
epididymis complex and dartos fascia.

At the accurate US scrotal analysis in patient 
with testicular torsion, as a consequence, the sono-
graphic ‘whirlpool sign’ could be detected and 
appear as a mass with concentric layers formed by 
coiling of the cord vessels secondary to the twisting 
of the spermatic cord (Fig. 41.6a, b) [11].
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Fig. 41.1  At longi
tudinal greyscale 
ultrasound evaluation, 
the right twisted testis 
appears enlarged and 
oedematous with initial 
diffuse 
hypoechogenicity 
compared to the left 
healthy testis

a b

Fig. 41.2  (a, b) US appearance of partial infarct. Longitudinal greyscale US examination shows focal hypoechoic 
areas interspersed with normal testicular parenchyma and hyperechoic scar

a b

Fig. 41.3  (a) Testicular torsion. In transverse greyscale 
US, imaging shows heterogeneous testis due to focal 
haemorrhage and necrosis. Colour Doppler shows absence 

of flow. (b) Intraoperative image shows ischaemic testis 
with haemorrhage and necrosis. Usually also the epididy-
mis could be involved in the ischaemic process
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Fig. 41.4  In testicular torsion, the transverse greyscale 
US shows reactive hydrocele (*) and thickening of the 
scrotal skin (#)

a b

*

Fig. 41.5  In testicular torsion, the mediastinum (*) of the twisted testis (a) is in different position compared to the 
contralateral healthy testis (b)

a b

Fig. 41.6  (a) At the US scrotal analysis of the twisted testis, the spermatic cord presents a spiral aspect also known as 
‘whirlpool sign’. (b) At colour Doppler ultrasound, flow can be detected in the vessels of the ‘whirlpool mass’
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41.3.2	 �Colour Doppler 
Ultrasonographic appearances

Colour and power Doppler are the modality of 
choice to assess the testicular perfusion.

The impossibility to detect any blood flow in 
the interested testis is the most important criteria 
for the diagnosis of testicular torsion; further-
more, the flow can easily be detected in the nor-
mal contralateral testis (Fig. 41.7a, b) [11].

As said before, the presence of blood flow into 
the testis does not exclude the possibility of tor-
sion. Again the contralateral same testis should be 
used as control and the examination should be 
repeated in a second time (Fig. 41.8a, b).

In suspected cases, where the blood flow is 
present, the blood flow resistance should be 
evaluated.

High-resistance blood flow pattern character-
ised by a decrease or reversal of diastolic flow in 
the spermatic cord suggests an impending testic-
ular infarction.

In general the presence of testicular blood flow 
should always been studied using quantitative 
spectral Doppler evaluation.

In normal testis, the spectral waveform of the 
intratesticular arteries shows low-resistance pat-
tern with high level of diastolic flow.

The mean resistive index (RI) value obtained 
in normal intratesticular arteries is 0.62 (range, 
0.48–0.75) [12].

The possibility of the diagnosis of prenatal tor-
sion with colour Doppler ultrasonography was 
described [13].

a b

Fig. 41.7  (a) In testicular torsion, the longitudinal US shows the absence of blood flow in the right twisted testis. (b) 
Flow can easily be detected in the normal contralateral testis

a b

Fig. 41.8  (a) The US evaluation shows the presence of blood in the normal testis; (b) flow can also be detected in the 
contralateral testis with incomplete torsion
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41.3.3	 �Incomplete or Partial Torsion

Incomplete torsion or partial torsion is a very 
challenging diagnosis because the blood flow 
appears normal; therefore, this condition is very 
difficult to discriminate with orchitis which can 
also cause partial ischaemia of the testicular 
parenchyma (Fig. 41.9).

Frequently it resolves spontaneously and the 
detorsion is characterised by increased reactive 
perfusion of the testis. Again clinical history and 
laboratory finding help to interpret this problem-
atic condition [2].

41.3.4	 �Torsion of the Appendices

Torsion of the appendix testis and appendix epi-
didymis can also cause acute scrotal pain, and the 
clinical presentation may be similar to that of tes-
ticular torsion. More than 90 % of twisted appen-
dices involve the appendix testis. During 
childhood appendiceal torsion is nearly frequent 
as the testicular torsion. Appendiceal torsion can 
be asymptomatic. The so-called blue dot sign may 
be found in appendiceal torsion and consists of 
small (5 mm) tender mass on the upper pole of the 
testis with a visible chrematistic blue dot through 
the scrotal skin. The twisted appendage has been 
described on US as a small mass onto the upper 
pole of the testis with no internal blood flow and 
increased periappendiceal vascular signals. 
Colour Doppler US aspect of the testis and epi-
didymis is normal, and the only accompanying 
sign is reactive hydrocele [2].

Fig. 41.9  US obtained in postoperative follow-up shows 
focal area of survived testicular parenchyma and hyper-
echoic foci of fibrosis. Power Doppler shows presence of 
vascular flow only in small part of tissue
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41.4	 �Trauma

Scrotal injuries most commonly occur in young 
men between 15 and 40 years and may result from 
either penetrating or blunt traumas.

Penetrating injuries include wounds from 
sharp objects and missiles as well as animal bites 
and self-mutilation [14].

Penetrating injuries to the scrotum require sur-
gical exploration with conservative debridement 
of non-viable tissue and reconstruction of the tes-
tis and scrotum.

In blunt trauma management, the assessment of 
the tunica albuginea integrity is essential because if 
it is intact the lesion can be usually managed con-
servatively, while immediate operation is necessary 
if albugineal disruption is suspected [15].

In the assessment of patient that present with scro-
tal trauma, ultrasound is the first-line imaging modal-
ity to evaluate testis integrity. US examinations would 
be considered also in polytraumatic patient that pres-
ent with scrotal swelling because often in these 
patients the examinations of the external genitalia are 
underestimated and often excessively delayed.

Today’s approach of early operative explora-
tion and repair in case of albugineal disruption is 
based on evidence that early diagnosis and inter-
vention result in salvage of the testis in a high per-
cent of cases [16].

Imaging helps urologists because clinical exami-
nation is difficult because scrotal swelling and pain 
could prevent evaluation of the scrotal content.

Colour Doppler examination allows direct 
evaluation of testicular perfusion and detection of 
ischaemic changes following contusion or post-
traumatic torsion.

Assessment of the tunica albuginea integrity is 
particularly important because if it is intact the 
lesion can be usually managed conservatively, 
while immediate surgery is necessary if albugin-
eal disruption is suspected [15].

41.4.1	 �Testicular Rupture

This severe condition is characterised by trau-
matic disruption of the tunica albuginea and 
extrusion of the testicular parenchyma into the 
scrotal sac (Fig. 41.10a, b).

Differently from the past, recent series, in 
which high-frequency probe is used, show that 
ultrasound is the imaging modality of choice in 
identification of testicular rupture for the diagnos-
tic high sensitivity and specificity [17].

Irregularity of the testis is the most significant 
predictor for diagnosis of testicular rupture, with 
sensitivity, specificity and accuracy of 90 % [18].

In patients with testicular rupture, as well as 
those 136 with other testicular parenchymal inju-
ries in which the tunica albuginea is not inter-
rupted, testicular echotexture may appear 
heterogeneous, with focal hyperechoic or 
hypoechoic regions corresponding to haemor-
rhagic or ischaemic areas.

On ultrasound, the normal tunica albuginea 
appears as a hyperechoic line outlining the testis. 
Colour Doppler interrogation is useful to deter-
mine viability of the injured testis. Tunica albu-
ginea rupture is almost always associated with a 
disruption of the tunica vasculosa. As a result, 
testicular rupture results in ischaemia at a portion 
of the parenchyma of variable extension, which 
must be removed during surgical repair. CEUS 
may be performed in equivocal cases to confirm 
partial or complete testicular ischaemia [19] 
(Fig. 41.11). Limitations have been described for 
ultrasound in assessing patients with testicular 
rupture. False-negative assessment may result 
from lack of contour irregularity in patients with 
small albugineal disruption. Conversely, intrates-
ticular and extratesticular haematomas may be 
isoechoic to the testis and mimic contour irregu-
larity, leading to a false-positive diagnosis of 
rupture.
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a b

Fig. 41.10  Testicular rupture. (a) US shows irregularity in the contour of the upper testis pole with extrusion of the 
parenchyma. (b) Surrending haematocele is present

Fig. 41.11  In testicular rupture, the power Doppler 
shows a portion of ischaemic parenchyma

41  The Testicles: Trauma, Inflammation and Testicular Torsion



502

41.4.2	 �Testicular Fracture

In this injury, the tunica albuginea is intact but one 
or more fracture lines break the testicular paren-
chyma. Similar to injuries of other parenchymas, 
such as liver, kidney and spleen fracture, lines in 
the testis are often difficult to identify at greyscale 
ultrasound. Only about 17 % of cases are seen. 
When visible, fractures appear as linear hypoechoic 
avascular bands extending across the testis 
(Fig. 41.12) [20]. Testicular shape and ultrasound 
appearance of the tunica albuginea are normal. 
Colour Doppler examination of the injured testis 
has achieved a very important role in the assess-
ment and the management of this patient.

Testicular fractures are treated conservatively 
if normal flow is identified, while emergent sur-
gery is recommended if flow is absent [20].

41.4.3	 �Posttraumatic Testicular 
Torsion

Testicular torsion is a rare manifestation of scro-
tal trauma which requires immediate operation. 
It especially occurs if predisposing factors, such 
as a ‘bell 210 clapper deformity’, are present. 
Clinical manifestations and ultrasound appear-
ance are similar to those of non-trauma-related 
torsion [21]. Findings vary according to the 
duration and degree of rotation of the spermatic 
cord.

Fig. 41.12  Testicular fracture. The linear hypoechoic 
avascular band extending across the testis represents an 
intraparenchymal fracture
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a b

Fig. 41.13  (a) US evaluation shows an intact albuginea and the presence of a subalbugineal haematomas. (b) Power 
Doppler investigation reveals a large portion of ischaemic parenchyma

41.4.4	 �Intratesticular Haematoma

Single or multiple intratesticular haematomas are 
commonly encountered in patients with scrotal 
traumas. Ultrasound is the imaging modality of 
choice for evaluation and follow-up of intratesticu-
lar haematomas. The sonographic appearance of 
intratesticular haematomas varies with time [21]. 
Hyperacute and acute haematoma may appear 
hyperechoic or isoechoic to the surrounding testic-
ular parenchyma or have a diffusely heterogeneous 
echotexture. Chronic haematoma is usually 

hypoechoic. Intralesional flows are lacking at 
colour Doppler interrogation. Differential diagno-
sis between haematomas and testicular tumours is 
important [22] because both have similar appear-
ance at greyscale ultrasound, but most tumours dis-
play vascularisation at colour Doppler interrogation, 
while haematomas do not [22]. Tumour can be 
excluded if the lesion shows progressive resolution 
during follow-up. In polytraumatic patients, 
because the perineum is not routinely enclosed into 
the scan volume, or is often overlooked, the testicu-
lar dislocation is often missed (Fig. 41.13a, b).
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41.5	 �Inflammation

Epididymitis due to bacterial infection is the most 
common cause of acute scrotal pain in adolescent 
boys and adult patient.

In sexually active men, epididymitis is mostly 
caused by sexually transmitted organisms 
(Chlamydia and Neisseria); in prepubertal patient, 
urogenital anomaly could be suspected, whereas 
in elderly patients, it is usually due to common 
urinary pathogens.

Usually epididymitis is secondary to ascending 
infection from the prostatic urethra and seminal 
vesicles, but can also occur from haematogenous 
spread. In 20–40 % of patients with epididymitis, 
the testis is involved; therefore, the term ‘epidid-
ymo-orchitis’ is more appropriate to describe this 
pathology; furthermore, the clinical management 
of these entities is the same.

Primary orchitis without involvement of the 
epididymis is rare but can be seen in HIV infec-
tion and in mumps.

The causative organism in epididymitis is usu-
ally bacterial and as has been said before varies 
according to the age of the patient.

According to the clinical course, epididymitis and 
orchitis are classified as acute or chronic processes.

Autoimmune phenomena are assumed to be 
the aetiological cause of non-specific granuloma-
tous orchitis.

Paediatric orchitis and mumps orchitis are of 
haematogenous origin.

Epididymo-orchitis is also seen in systemic 
infections such as tuberculosis, lues, brucellosis 
and cryptococcal disease [23].

41.5.1	 �Clinical Presentation

Patients with epididymo-orchitis classically pres-
ent with scrotal pain that is usually relatively 
acute in onset, fever, dysuria and a tender, some-
times enlarged, scrotum. As mentioned before, 
often the testis is involved in the inflammatory 
process, and we call the inflammation of these 
two entities epididymo-orchitis.

In the first assessment of patient presenting 
with scrotal pain, surgical cause must be excluded; 
in particular differentiation between torsion and 
epididymo-orchitis is mandatory.

The gradual onset associated with fever and 
leukocytosis is a distinctive feature in the differ-
ential diagnosis from torsion.

On clinical examination, scrotal elevation can 
relieve the pain caused by acute epididymo-orchitis 
but not pain caused by testicular torsion, a finding 
called Prehn’s sign.

Ultrasonography is the primary imaging 
modality used to exclude the surgical causes of 
acute scrotal pain.

The US examination should start from the 
asymptomatic side to familiarise the patient with 
the procedure and to obtain an impression of the 
normal appearances of the testis and then pro-
ceed to the

In acute epididymitis, initial imaging will indi-
cate that the testis on the affected side lies in its 
normal position in distinction with acute sper-
matic cord torsion, where the testis may be high 
riding with a more transverse orientation.
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41.5.2	 �Greyscale and Colour Doppler 
Sonographic Appearances

In acute epididymitis, ultrasonography shows an 
enlarged epididymis with the tail usually affected 
first (Fig. 41.14a, b).

The scrotal oedema could cause a separation of 
the various layers of the scrotal wall.

A reactive hydrocele with the thickening of the 
overlying skin may be initially present (Fig. 41.15).

The greyscale US appearance of acute 
epididymo-orchitis may be normal and often does 
not present specific sign.

The presence of blood flow within the testis at 
Doppler examination is the most useful sign in 
distinguishing the inflammation from the testicu-
lar torsion.

The testicular hilum is the predominant site of 
infective change with focal hypoechoic areas 
which may mimic a testicular tumour. Follow-up 
is important in these patients with focal orchitis to 
ensure resolution [24].

There are several Doppler parameters that an 
operator must bear in mind to achieve high-quality 
Doppler examinations.

The inflammatory process is characterised by 
the increased blood flow to the area of inflamma-
tion in particular when compared with the contra-
lateral normal side.

In acute phase of orchitis, Doppler examina-
tion could show the so-called septal accentuation 

that is due to an increased flow in the tunica vas-
culosa that appears as lines of colour flow radiat-
ing from the mediastinum testis out to the 
periphery. The ‘septal accentuation’ is supposed 
to be secondary to the fibrosis created by the 
inflammatory process. The physician must keep 
in mind that this pattern could be seen also in 
infiltrative process such as lymphoma or leukae-
mia [25]; therefore, in patient with this echo-
graphic pattern, the history of inflammatory 
process should be investigated (Fig. 41.16a, b).

Epididymo-orchitis can become abscesses; in 
this case, the colour Doppler examination shows 
the absence of flow into the lesions with increased 
flows in the outer margins (Figs.  41.17a, b and 
41.18a, b).

In these cases, the administration of intrave-
nous contrast agents containing microbubbles 
allows to check the presence or not of blood flow 
into the hypoechoic area. After the administration 
of microbubbles, the ischaemic area has no con-
trast enhancement.

This technique is particularly useful in the 
evaluation of the segmental ischaemia of the testis 
(Fig. 41.19a, b).

In most severe forms of epididymo-orchitis, 
there may be an obstruction of blood flow, and 
this condition can lead to ischaemia of the testis.

In the acute phase, the testis appears hypoechoic 
with no blood flow in the parenchyma and after 
will become hyperechoic with reduced size.
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a b

Fig. 41.14  Acute epididymitis. (a) The greyscale US shows an enlarged tail with heterogeneous appearance.  
(b) Colour Doppler investigation reveals an increase of vascular flow

Fig. 41.15  In severe epididymo-orchitis, reactive hydro-
cele with the thickening of the overlying skin may be ini-
tially present

a b

Fig. 41.16  (a, b) Colour-power Doppler image of patient with epididymo-orchitis demonstrating increased flow. The 
tunica vasculosa is seen as lines of colour flow radiating from the mediastinum testis out to the periphery

S. Bucci et al.



507

a b

Fig. 41.17  (a, b) Epididymo-orchitis can become abscesses; in this case, the colour Doppler examination shows the 
absence of flow into the lesions with increased flows in the outer margins

a b

Fig. 41.18  (a, b) Patient with epididymo-orchitis after 
BCG not responding to therapy. (a) Transverse US image 
shows focal heterogeneous parenchymal echotexture 

areas in the testis. (b) The colour Doppler image demon-
strates absence of flow within the lesion and surrounding 
increased flow

a b

Fig. 41.19  (a, b) In segmental ischaemic testis, (a) the 
administration of intravenous contrast agents containing 
microbubbles allows to check the presence or not of blood 

flow into the hypoechoic area. After the administration of 
microbubbles, the ischaemic area has no contrast enhance-
ment (b)
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41.5.3	 �Testicular Infarction

Complete testicular infarction and segmental tes-
ticular infarction are clinical conditions with 
many aetiological causes.

Complete testicular infarction could be due to 
untreated torsion of the spermatic cord, severe 
epididymo-orchitis or trauma [26]. The greyscale 
appearance varies over time. In the acute stage, 
the testis appears enlarged and hypoechoic. Over 
time, as results in ischaemic lesions, there is a 
decrease in size and an increase in reflectivity, and 
the colour Doppler ultrasound reveals poor or 
absent flow.

Segmental testicular infarction is an uncommon 
cause of acute scrotal pain in adult men. Often it is 
diagnosed following testicular surgery [27].

The aetiology of segmental testicular infarc-
tion in most cases is idiopathic; however, the asso-
ciation with all this condition is described: 
epididymo-orchitis [28], trauma, haematological 
disorders such as polycythaemia and sickle cell 
disease [29], vasculitides such as hypersensitivity 

angiitis [30] and polyarteritis nodosa [31] as well 
as previous scrotal or inguinal surgery.

At colour Doppler examination, the most sig-
nificant and frequent finding is absent vascularity 
within the lesion.

The greyscale ultrasound appearances of segmen-
tal infarction are variable, a focal hypoechogenic area 
is the usual finding, but hyperechogenic areas have 
also been documented [32] (Fig. 41.20a, b).

These differences may reflect whether the 
infarction is ischaemic (low reflectivity) or haem-
orrhagic (high reflectivity) in nature.

Infarcted lesions could be wedge shaped or 
rounded shaped.

It is suggested that the shape of the infarcted 
lesion depends on the type of ischaemic insult. 
Round lesions are secondary to an impairment of 
venous drainage system, and wedge-shaped 
lesions are due to arterial flow alteration [32, 33].

Segmental testicular infarction challenges cli-
nicians because the difficult differential diagnosis 
with tumour and sometimes additional imaging or 
surgical exploration is required.

a b

Fig. 41.20  (a, b) Segmental infarction. (a) The greyscale 
US image demonstrates a low reflective area at the lower 
half of the testis representing a segmental infarction. (b) 

The colour Doppler investigation image reveals the 
absence of vascularity
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Varicocele

Giovanni Liguori, Gaetano Chiapparrone, 
Stefano Bucci, Francesca Vedovo, Nicola Pavan, 
Carlo Trombetta, and Michele Bertolotto

42.1	 �Introduction

Varicocele is clinically defined as an abnormal 
dilatation of the veins of the pampiniform plexus 
with continuous or intermittent reflux of the 
venous blood. It is actually considered the most 
common correctable cause of male infertility, 
even though the mechanisms responsible for 
infertility are still unclear. The prevalence of this 
disorder in the general population is approxi-
mately 15–20 % [1], and it is involved in up to 
40 % of cases of men infertility [2–4].

42.2	 �Classification of Varicocele

Varicocele is assessed and graded clinically using 
the criteria introduced by Dubin and Amelar [5] 
(Table 42.1), but this evaluation is highly subjective 
and strongly depends on the expertise of the physi-
cian [6] since dartos hyperactivity and contraction 
of the cremaster muscle induced by palpation or 
Valsalva maneuver may mimic or mask testicular 
venous distension [7]. The subjectivity of the clini-
cal grading for varicocele is confirmed by Hargreave 
and Liakatas [8], who found disagreement in 26 % 
of patients examined by two experienced clinicians, 
and by a multicenter study on 141 subfertile men 
sponsored by the World Health Organization [9], 
which showed that compared with venography clin-
ical assessment of varicocele was approximately 
50 % sensitive, with a false-positive rate of 23 %. 
Using color Doppler ultrasound, Niedzielski et al. 
found reflux in only 39 % of patients in whom vari-
cocele was suspected on clinical evaluation [10].

Since clinical diagnosis and grading of varico-
cele is limited, several imaging methods have 
been introduced to evaluate this disease, includ-
ing gray-scale and color Doppler ultrasound. 
Color Doppler ultrasound is currently the imag-
ing modality of choice.

The only gold standard in varicocele’s diagnosis 
is retrograde phlebography of the spermatic veins, 
but it is not adequate as a routine screening test.

The most applied US classification in daily 
practice is the one proposed by Sarteschi et  al. 
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[11] (Table  42.2). Other classifications are the 
one proposed by Chiou et al. [12] and the most 
recent proposed by Iosa and Lazzarini based on 
an hemodynamic classification for qualitatively 
evaluating of venous reflux (Table 42.3).

42.3	 �Gray-Scale Ultrasound

The ultrasound appearance of varicocele consists 
of multiple, hypoechoic, serpiginous, tubular 
structures of varying size larger than 2–3 mm in 
diameter that are usually best visualized superior 
and/or lateral to the testis. When large, a varico-
cele can extend posteriorly and inferiorly to the 
testis [6, 13]. The size of dilated veins usually 
increases in the upright position and with a 
Valsalva maneuver. Low-level internal echoes are 
often detected in the dilated veins (Fig.  42.1), 
consistent with slow flow [13, 14]. Echoes are 
mobile during respiratory movements, during 
manual compression, and with a Valsalva 
maneuver.

Different threshold values of venous size are 
used for the diagnosis of varicocele. Most authors 
consider a cutoff value of 3 mm, but Gonda et al. 
reported a 95 % sensitivity with a cutoff of 2 mm 
[15]. Therefore, a diagnosis based only on the 
diameter of the vessels is characterized by a high 
number of false positives and negatives. 
Moreover, variability makes it difficult to com-
pare the results of diagnostic modalities and 
treatments.

Besides evaluation of varices, gray-scale 
ultrasound allows assessment of the testis as well. 
Accurate and objective measurement of testicular 
volume can be obtained more accurately than 
with physical examination or using an 
orchidometer.

A strong association between clinical varico-
celes and testicular damage was found, as 
reflected by testicular size [16–18]. According to 
Sigman et al., testicular hypotrophy is associated 
with a significantly decreased total motile sperm 
count and higher-grade varicoceles [19]. Zini 
et al. showed that also left subclinical varicocele 
may be associated with decreased left testicular 
volume [20]. Finally, Marks et al. showed that in 
patients with varicocele, a lack of testicular 
hypotrophy results in a higher postoperative 
pregnancy rate [18].

Table 42.1  Dubin and Amelar’s classification

Grade 1 Varicocele is detectable by palpation only 
during Valsalva maneuver

Grade 2 Varicocele is detectable by simple 
palpation

Grade 3 Varicocele is visible on inspection and 
palpation

Table 42.2  Sarteschi’s classification

Grade 1 Venous reflux at the emergence of the 
scrotal vein only during the Valsalva 
maneuver, hypertrophy of the venous wall 
without stasis

Grade 2 Supratesticular reflux only during the 
Valsalva maneuver, venous stasis without 
varicosities

Grade 3 Peritesticular reflux during the Valsalva 
maneuver, overt varicocele with early-stage 
varices of the cremasteric vein

Grade 4 Spontaneous basal reflux that increases 
during the Valsalva maneuver, possible 
testicular hypotrophy, overt varicocele, 
varicosities in the pampiniform plexus

Grade 5 Spontaneous basal reflux that does not 
increase during the Valsalva maneuver, 
testicular hypotrophy, overt varicocele, 
varicosities in the pampiniform plexus

Table 42.3  Iosa and Lazzarini’s classification

Grade 1 Venous reflux lasting >1 s only during 
Valsalva maneuver

Grade 2 Spontaneous, discontinuous venous reflux 
that is not increased by the Valsalva 
maneuver

Grade 3 Spontaneous, discontinuous venous reflux 
that is increased by the Valsalva maneuver

Grade 4:

  Level A Spontaneous, continuous venous reflux 
that is not increased by the Valsalva 
maneuver

  Level B Spontaneous, continuous venous reflux 
that is increased by the Valsalva maneuver
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Other studies, however, did not found a close 
relationship between testicular volume and 
subclinical varicocele [17], nor a correlation 
between testicular hypotrophy and clinical 
grading [21].

42.4	 �Color Doppler Ultrasound

At present, color Doppler ultrasound is the imag-
ing modality of choice for detection and grading 
varicocele [11, 12, 22–27]; it is more sensitive 
than clinical examination and can detect up to 
93 % of the reflux subsequently confirmed by 
spermatic venography [28].

In order to obtain a suitable evaluation of flow 
changes in the spermatic veins, ultrasound should 
be performed in the supine and then the upright 
positions, with and without a Valsalva maneuver.

Diagnosis is reached in case of prolonged 
venous flow augmentation or reflux. This must be 
differentiated from the mild and transient flow 
augmentation that can be seen with a Valsalva 
maneuver in normal men, lasting less than 1  s. 
According to Sarteschi and to the majority of 
investigators, we believe that in order to make a 
correct diagnosis of varicocele, it is necessary to 
detect a prolonged reflux that must be longer than 
2 s. Other authors, however, use a threshold value 
of 1 s to distinguish between physiological reflux 
and varicocele [17].

Fig. 42.1  Gray-scale appearance of varicocele. Multiple, 
hypoechoic, serpiginous dilated veins (arrowheads) larger 
than 2–3 mm are visible superior to the testis. Veins con-
tain low-level internal echoes
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Several classifications have been used for 
grading varicocele. We use the score system 
introduced by Sarteschi in 1993 [11] which 
divides varicocele into five grades according to 
the characteristics of the reflux, to its length, and 
to changes during Valsalva maneuver.

According to Sarteschi, grade 1 varicocele is 
characterized by the detection of a prolonged 
reflux in vessels in the inguinal channel only dur-
ing Valsalva maneuver, while scrotal varicosity is 
not evident in the previous gray-scale study. 
Grade 2 is characterized by a small varicosity that 
reaches the superior pole of the testis and whose 

diameter increases during Valsalva maneuver. 
Color Doppler interrogation clearly demonstrates 
the presence of a venous reflux in the supratestic-
ular region only during Valsalva (Fig. 42.2). Grade 
3 is characterized by vessels that appear enlarged 
to the inferior pole of the testis when the patient is 
evaluated in a standing position. Color Doppler 
ultrasound demonstrates a clear reflux only dur-
ing Valsalva maneuver (Fig.  42.3, Video 42.1). 
Grade 4 is diagnosed if vessels appear enlarged, 
even if the patient is studied in a supine position; 
dilatation increases in an upright position and dur-
ing Valsalva maneuver (Fig. 42.4). Enhancement 

Fig. 42.2  Sarteschi’s 
grade 2 varicocele. 
Color Doppler images 
obtained at rest and 
during Valsalva 
maneuver showing 
dilated veins in the 
supratesticular region 
with reflux during 
Valsalva

Fig. 42.3  Sarteschi’s 
grade 3 varicocele. Color 
Doppler images with 
spectral analysis 
obtained at rest and 
during Valsalva 
maneuver showing 
dilated veins to the 
inferior pole of the testis 
with reflux during 
Valsalva
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a

b

Fig. 42.4  Sarteschi’s 
grade 4 varicocele. Color 
Doppler images (a) and 
spectral Doppler analysis 
(b) obtained in supine 
position at rest and while 
standing during Valsalva 
maneuver. Dilated veins 
with reflux are visible 
also at rest. Reflux 
increases while standing 
during Valsalva

of the venous reflux during Valsalva maneuver is 
the criterion that allows the distinction between 
this grade from the previous and the next one. 
Hypotrophy of the testis is common at this stage. 
Grade 5 is characterized by an evident venous 
ectasia even in the supine position. Color Doppler 
interrogation demonstrates basal venous reflux 
that does not change substantially while standing 
and during Valsalva maneuver (Fig. 42.5).

The Sarteschi’s classification for varicocele is 
the most commonly used in Europe. Other 
authors, however, suggested different score sys-
tems. Hoekstra [29] and Hirsh [30], for instance, 
suggested two similar classifications, which 
score varicocele in 4 and 3°, respectively 
(Tables 42.4 and 42.5). Oyen [31] scores 3° for 
varicocele mainly based on the length of reflux at 
pulsed Doppler interrogation (Table 42.6).
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a

b

Fig. 42.5  Sarteschi’s 
grade 5 varicocele: 
ecocolor Doppler (a) 
and spectral Doppler 
analysis (b)

Table 42.4  Hoekstra’s classification for varicocele at color Doppler ultrasound

Grade 0 No dilated vein

Grade 1 Dilated veins <2.5 mm in diameter without flow reversal after Valsalva maneuver

Grade 2 Dilated and tortuous veins 2.5–3.5 mm in diameter and flow reversal after Valsalva maneuver

Grade 3 Dilated and tortuous veins >3.5 mm in diameter and flow reversal after Valsalva maneuver

Table 42.5  Hirsh’s classification for varicocele at color Doppler ultrasound

Grade 1 No spontaneous venous reflux, but inducible reflux with Valsalva maneuver

Grade 2 Intermittent spontaneous venous reflux

Grade 3 Continuous spontaneous venous reflux

Table 42.6  Oyen’s classification for varicocele at color Doppler and PW Doppler ultrasound

Grade 1 Slight reflux (<2 s) during Valsalva

Grade 2 Reflux (>2 s) during Valsalva, but no continuous reflux during the Valsalva maneuver

Grade 3 Reflux at rest during normal respiration or continuously during the entire Valsalva maneuver
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42.5	 �Spectral Doppler Analysis

Precise duration of the reflux can be only mea-
sured at pulsed Doppler interrogation [7, 32]. Brief 
reflux lasting less than a second is physiological. 
Permanent reflux is not palpable in only 20 % of 
cases, lasts more than 2 s, and has a plateau aspect 
throughout the abdominal strain (Fig.  42.6). It 
does not correlate with the diameter of the sper-
matic vein [32]. Intermediate reflux is never pal-
pable and lasts 1–2  s in most cases. It keeps 
decreasing during the Valsalva maneuver and stops 
before the end of the maneuver. It has been sug-
gested that, in the absence of palpable varicocele, 
only permanent reflux should be termed subclini-
cal varicoceles, because the Doppler features and 
changes after treatment are identical to those of 
palpable varicocele [32]. Iosa and Lazzarini 
focused their attention on venous reflux and they 
proposed a new hemodynamic classification. In 
this classification, continuous venous reflux indi-
cates complete valvular incompetence at the level 
of the spermatic cord; intermittent reflux indicates 
early-stage valve failure; and reflux lasting more 
than 1  s that occurs only during the Valsalva 
maneuver indicates that the valve is incontinent 
only when abdominal pressure is increased [33].

42.6	 �Patient Reporting

A correct ultrasound evaluation of patients with 
varicocele must integrate findings at gray-scale, 
color Doppler, and pulsed Doppler analysis. 
Regardless of the classification used, a series of 
gray-scale, color Doppler, and spectral Doppler 
parameters should be included in the medical 
report:

	1.	 Size and position of the varices at gray-scale 
ultrasound while supine; the size changes 
while standing and during Valsalva 
maneuver.

	2.	 Presence of flow at color Doppler interroga-
tion while supine and during spontaneous 
breathing at the level of the inguinal channel, 
in the supratesticular region, and around the 
testis; the flow changes in the same positions 
while standing and during Valsalva 
maneuver.

	3.	 Length and waveform characteristics of reflux 
at duplex Doppler interrogation while the 
patient is supine, while standing and during 
Valsalva maneuver.

	4.	 Size and echotexture of both testes.
	5.	 Incidental findings.

Fig. 42.6  Spectral Doppler analysis in varicocele showing a reflux during Valsalva lasting approximately 5 s
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42.7	 �Bilateral Varicocele

Based on several methods of examination, includ-
ing venography, Gat et al. showed that the preva-
lence of bilateral varicocele is probably much 
higher than originally thought [34]. In fact, many 
communicating vessels exist between the left and 
right testicular venous systems, either in the 
abdomen, in the pelvis, and in the scrotum. After 
the detection of left varicocele, it is therefore nec-
essary to study the contralateral side in order to 
detect any coexistence of contralateral venous 
ectasia and blood reflux.

In case of bilateral scrotal venous ectasia, it is 
mandatory to distinguish, by the use of color 
Doppler interrogation of the right inguinal chan-
nel, between the so-called “false” and “real” 
bilateral varicocele, because these two situations 
require two different types of treatment [7, 35]. 
False bilateral varicocele is characterized by the 
absence of reflux in the right inguinal channel. 
Scrotal venous ectasia is fed by the contralateral 
varicosity through communicant transrectal ves-
sels. In case of false bilateral varicocele correc-
tion on the left side usually leads to the regression 
of the right ectasia as well. Bilateral treatment is 
not recommended. Conversely, in real bilateral 
varicocele, venous ectasia is due to right gonadic 
vein reflux which is identified at color Doppler 
ultrasound. In these cases bilateral treatment 

must be performed. The limitation of this 
approach is that multiple communications 
between the right and the left testicular veins 
exist also in the abdomen and pelvis, which may 
be responsible to a “false” bilateral varicocele 
which cannot be diagnosed at color Doppler 
ultrasound.

42.8	 �Outcome After Varicocele 
Correction

There is increasing evidence that preoperative 
color Doppler ultrasound may be a useful tool for 
predicting the outcome of varicocele correction 
[36–39]. Liguori et  al. evaluated 113 patients 
with left unilateral varicocele before and after 
correction using retrograde or anterograde scler-
otization. During a postoperative control per-
formed at least 3 months after the procedure, 
seminal quality improved among the entire popu-
lation, regardless of patient age, and a better 
improvement in sperm density was found in 
patients with varicocele of grade 3–5, following 
the Sarteschi’s classification, compared with 
patients varicocele of grade 1–2. They concluded 
that evidence of venous basal renospermatic 
reflow at preoperative color Doppler ultrasound 
is the main predictive factor of a better seminal 
response to varicocele correction [39].
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42.9	 �Intratesticular Varicocele

Varicocele may rarely be intratesticular as well, 
within the mediastinum testis or in a subcapsular 
location. Less than 100 cases have been reported 
till now [40–51]. Some authors report a prevalent 
dilatation of the mediastinal veins [43, 47], while 
others do not [40]. Intratesticular varicocele is 
bilateral in approximately 25 % of published cases 
[47]. It is usually idiopathic, but can be also sec-
ondary to conditions producing renal vein obstruc-
tion, such as tumors, or renal vein thrombosis 
[44]. Association with cryptorchidism and previ-
ous orchiopexy has been reported [47, 52, 53].

With the exception of Das et al. [43], the dif-
ferent series report a high prevalence of left-sided 
intratesticular and associated extratesticular vari-
cocele, usually of high degree, and of testicular 
hypotrophy.

Incidence of intratesticular varicocele varies 
in the different studies between 0.4 and 2 % of 
patients with proved of clinically suspected 
extratesticular varicocele [43, 47–51]. 
Preoperative recognition is important because 
spermatic cord compression during sclerotherapy 
is recommended in order to prevent gonadal 
damage [46, 50].

The appearance of intratesticular varicocele at 
gray-scale and color Doppler interrogation is 
similar to that already described for the extrates-
ticular form (Fig.  42.7). Many authors report 
intratesticular veins of 2 mm or greater in diam-
eter that show increased flow velocities during 
the Valsalva maneuver. Others, however, consider 
any intratesticular venous structure showing 
reflux during the Valsalva maneuver, regardless 
of the diameter. In fact, obviously dilated intra-
testicular veins that show conspicuous reflux may 
be identified whose diameter is smaller than 
2 mm.

Differential diagnosis between intratesticular 
varicocele and other hypo-/anechoic lesions in 
the testes, such as cysts, tubular ectasia of the rete 
testis, hematoma, focal infection, and cystic 
intratesticular neoplasm, is straightforward, since 
these lesions do not show flow at color Doppler 
interrogation. Differentiation with other intrates-
ticular vascular pathologies is possible. Arterial 
pseudoaneurysms are usually posttraumatic and 
display a characteristic yin-and-yang flow pat-
tern, distinct from the venous flow of a varicocele 
[54], while intratesticular arteriovenous malfor-
mation or hemangiomas characteristically show 
high-velocity arterial waveforms [55, 56].

Fig. 42.7  Intratesticular varicocele. Dilated veins are appreciable within the testis showing flows at rest in the supine 
position

42  Varicocele



520

42.10	 �Secondary Varicocele

Increased pressure on the spermatic vein caused 
by various disease processes such as hydrone-
phrosis, cirrhosis, or an abdominal mass may 
cause secondary varicocele. Flow characteristics 
are different from most idiopathic forms, because 
secondary varicocele is constantly evident while 
supine and presents basal reflux that does not 
change substantially during Valsalva maneuver 
(Sarteschi’s grade 5). Neoplasm is the most likely 
cause of grade 5 varicocele in men over 40 years 
of age [13, 57]. Detection of a newly developing 
grade 5 varicocele on either the right or left side 
in older men should therefore prompt the investi-
gation for a mass.
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Scrotal Masses

Giovanni Chiriacò, Michele Bertolotto, 
Mariano Iannelli, Stefano Bucci, Nicola Pavan, 
Carlo Trombetta, and Giovanni Liguori

43.1	 �Introduction

A scrotal mass is often identified by the patient as an 
abnormal lump during self-palpation. Scrotal lumps 
can be caused by cystic lesions or solid tumours of 
the testis or paratesticular structures, trauma, inflam-
mations or testicular torsion, varicocele, fluid collec-
tions, inguinoscrotal hernia or tumours of the scrotal 
wall. When a patient presents with a scrotal mass, it 
is extremely important to collect a detailed history 

which includes duration of symptoms, whether the 
mass is painful or painless, change in size of mass, 
sexual history, concomitant lower urinary tract 
symptoms, previous history of surgery, infertility or 
mumps and family history of testicular cancer.

Ultrasound plays a prevailing role in the eval-
uation of patients with scrotal masses by provid-
ing highly effective informations about presence, 
location and extension of the disease process and 
by trying to identify its nature [1–6].
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43.2	 �Fluid Collections

Fluid collections are common findings at ultraso-
nography performed in symptomatic and asymp-
tomatic men. Most fluid collections are located in 
the vaginal sac and can be idiopathic or second-
ary to trauma, inflammation or tumour. 
Ultrasound findings in combination with clinical 
assessment are generally sufficient for the final 
diagnosis. Among them, hydrocele, inflamma-
tory collections and haematocele must be differ-
entiated [7].

43.2.1	 �Hydrocele

Hydrocele is described as an abnormal fluid-
filled collection between the visceral and pari-
etal layers of the tunica vaginalis of the scrotum 
[8]. Hydroceles can be differentiated from other 
testicular masses by transillumination of the 
fluid with a penlight. Patients with hydroceles 
also have a palpably normal spermatic cord and 
inguinal ring above the swollen area. Scrotal 

ultrasonography may be helpful in making the 
diagnosis [9, 10].

Idiopathic hydrocele, resulting from exces-
sive fluid production or failure of the mesothe-
lial lining to reabsorb the fluid, is frequently 
observed as the most common cause of scrotal 
enlargement. In adults acute hydrocele may 
occur in conjunction with an inflammatory pro-
cess (epididymitis or orchitis), as a sequel of 
trauma or torsion, or in the presence of a testicu-
lar tumour. Hydrocele is usually painless, 
although palpation of the underlying testis is 
frequently inhibited. At ultrasonography idio-
pathic hydrocele appearance is an extratesticu-
lar anechoic fluid collection with smooth 
borders (Fig. 43.1a).

A chronic hydrocele, which may occur 
secondary to recurrent inflammation or pro-
tracted epididymitis, additionally shows thick-
ening of the wall and is frequently septated 
(Fig. 43.1b).

Scattered reflections may be seen correspond-
ing to fibrin, debris and inflammatory aggrega-
tions [11].

a b

Fig. 43.1  (a) Scrotal hydrocele. Extratesticular fluid col-
lection with anechogenic appearance (asterisk). The testis 
(T) has normal size and echogenicity. (b) Long-standing 

hydrocele (asterisk) presenting with multiple thin avascu-
lar septa. The testis (T) is normal in size, but compressed 
and displaced posteriorly
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43.2.2	 �Pyocele and Extratesticular 
Scrotal Abscess

A pyocele or extratesticular scrotal abscess may 
occur as a complication of trauma, surgery or epi-
didymo-orchitis when the mesothelial lining of the 
tunica vaginalis is breached and infection ensues. 
Clinical history and physical examination of a 
painful scrotum help in making the diagnosis [7].

At ultrasound, a pyocele often appears as a 
complex heterogeneous extratesticular fluid col-
lection (Fig. 43.2).

In most cases, conservative treatment with 
antibiotics is sufficient. However, a scrotal 
abscess complicated by necrotizing infection of 
the perineum requires prompt surgery [12].

a b

c

Fig. 43.2  (a–c) Extratesticular inflammatory fluid collec-
tions. (a) Epididymal abscess. Patient with severe epididymi-
tis presenting with a complex cystic lesion (asterisk) in the tail 
of the epididymis displaying a fluid level (arrowhead). The 
testis (T) is normal. (b) Abscess of the scrotal wall (asterisk) 

presenting with an avascular fluid collection with mixed echo-
genicity. (c) Ultrasound scan in patients with inflammatory 
changes, acute scrotal pain and swelling showing a fluid col-
lection of mixed echogenicity (asterisk) between the layers of 
the tunica vaginalis, consistent with pyocele
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43.2.3	 �Haematocele

Haematocele is a collection of blood within the 
tunica vaginalis layers. It appears after a scrotal 
trauma or surgery but may also occur spontane-
ously or, more rarely, in association with clotting 
disorders, vasculitis or other inflammatory condi-
tions. Haematocele has rarely been described as 
the presenting feature of malignancy [13].

In the absence of a clear history of trauma, 
however, the exclusion of tumour is difficult and 
surgical exploration may be required.

Haematocele has a variable appearance on 
ultrasound, with a temporal change in character-
istics on repeat ultrasound. Acutely it is echo-
genic and becomes more complex and more 
hypoechoic with age (Fig. 43.3).

43.3	 �Inguinoscrotal Hernia

An inguinoscrotal hernia occurs when an intesti-
nal loop or part of the omentum passes into the 
scrotal cavity through an incompletely obliter-
ated processus vaginalis. Inguinoscrotal hernias 
are most common in preterm neonates, but they 
may also develop in adults. The diagnosis can be 
difficult at physical examination. Ultrasound 
may be indicated to differentiate an inguinoscro-
tal hernia from other conditions and to investi-
gate contralateral involvement [12].

At ultrasound, intestinal loops within the scro-
tum appear as a non-homogeneous mass, most 
commonly hypoechoic due to the fluid content of 
the bowel. The most useful finding is generally 
the presence of air bubbles within the cystic-
appearing mass (Fig. 43.4a). Peristalsis of bowel 
loops is possible to detect but the herniated loops 
are usually filled and without movement. Colour 
Doppler interrogation may demonstrate vascular-
ity of the intestinal wall. Hernias can also be 
diagnosed with CT, MR imaging and even plain 
radiography if the bowel loops contain gas [7] 
(Fig. 43.4b).

Occasionally, the bladder may herniate into 
the inguinal and femoral canals, the latter being 
more frequent in women. A predilection for the 
right side has been reported. Preoperative recog-
nition is important to avoid complications such as 
urinary leakage and sepsis [14].

Fig. 43.3  Haematocele. Patient with blunt scrotal trauma 
presenting with a fluid collection of mixed echogenicity 
(asterisks) between the layers of the tunica vaginalis
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43.4	 �Extratesticular Tumours

Extratesticular solid masses are malignant in 
about 3 % of cases [2, 3, 15, 16]. These tumours 
arise from paratesticular tissue. The paratesticu-
lar region is a complex anatomical area which 
includes the contents of the spermatic cord, tes-
ticular tunics, epididymis and vestigial remnants, 
e.g. the appendices epididymis and testis [17]. 
Histogenetically, this area is composed of a vari-
ety of epithelial, mesothelial and mesenchymal 
elements. Neoplasms arising from this region 
therefore form a heterogeneous group of tumours 
with different behavioural patterns. On rare occa-
sions, tumours from distant sites may metastasize 
to the paratesticular region [17]. Tumours occur-
ring in the paratesticular region may be clinically 
indistinguishable from testicular tumours, thus 
resulting in initial misdiagnosis. Most tumours of 
this region present as a scrotal mass or swelling, 
which may or may not be painful and is occasion-
ally accompanied by a hydrocele. The preopera-
tive distinction between the benign and malignant 
paratesticular tumour is rarely made, as there 
may be no specific finding, which results in dif-
ficulty in diagnosis and management.

The criteria which can help in the differential 
diagnosis are localization of the lesion and cor-
relation with clinical history and laboratory tests. 
Most of inflammatory masses, in fact, are associ-
ated with acute symptoms and positive laboratory 
results. Imaging findings are often non-specific 
and not helpful to differentiate among the differ-
ent types of lesions.

a

b

Fig. 43.4  (a) Inguinoscrotal hernia. Panoramic ultraso-
nographic view showing a bowel loop containing air 
(asterisk) within the scrotum. The testis (curved arrow) is 
normal. (b) Sagittal CT scan confirms scrotal herniation 
of a bowel loop (asterisk). The testis is normal (curved 
arrow)
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43.4.1	 �Tumours of the Epididymis

Adenomatoid tumours are the most common 
neoplasms of the epididymis. They are the sec-
ond in frequency of all extratesticular neoplasms, 
following the spermatic cord lipomas. Such 
lesions are benign [2, 3, 15, 16, 18] and usually 
seen at US as solid, slightly hyperechoic nodules 
(Fig. 43.5).

Leiomyomas are the second most common 
tumour of the epididymis. They have been 
described at US as solid, heterogeneous nodules 
with cystic areas and possible calcifications [19].

Papillary cystadenoma of the epididymis is a 
slow-growing tumour encountered in about 60 % of 
patients with von Hippel-Lindau disease. Sporadic 
papillary cystadenoma can be rarely found. They 
are nodules surrounded by a fibrous capsule and 
made of multiple cysts lined by papillary fronds. At 
ultrasound it can present as predominantly solid 
lesions, with small internal cystic spaces, or may be 
primarily cystic, with internal vegetations [20, 21].

Up to 40 % of such lesions are bilateral, and 
this finding is virtually diagnostic of von Hippel-
Lindau disease.

Other more unusual lesions such as extrates-
ticular Leydig cell tumours may be found at the 
epididymis. They are usually with non-specific 
ultrasound pattern.

Malignant tumours of the epididymis include 
sarcoma, metastases and adenocarcinoma and are 
rare. It must be remembered that testicular lym-
phoma can involve the epididymis and the sper-
matic cord and can be difficult to differentiate 
from an epididymal inflammatory disease with 
secondary infiltration of the testis. In lympho-
mas, however, the testis is more extensively 
involved than the epididymis.

43.4.2	 �Tumours of the Tunica 
Vaginalis

The tunica vaginalis is lined by mesothelial cells, 
and mesotheliomas have been reported. They are 
less common than those arising from the pleura 
and peritoneum; however, lesions of both the 
chest or abdomen and tunica vaginalis can be 
encountered, and about 50 % of patients have a 
history of asbestos exposure. They are almost 
invariably associated with hydrocele and can be 
suspected by the presence of irregular thickening 
of the tunica, with vegetating parietal nodules. 
Cystic mesotheliomas have been reported [2, 22].

Fibromas of the tunica vaginalis are benign fibro-
inflammatory reaction resulting in nodules (either 
single or multiple) at the tunica vaginalis or tunica 
albuginea. At ultrasound, they are seen as solid, 
hypoechogenic, non-specific lesions (Fig. 43.6).

Fig. 43.6  Surgically proved fibroma of the tunica vagi-
nalis testis presenting as a hypovascular, hypoechoic 
extratesticular mass (asterisk). T testis

Fig. 43.5  Surgically proved adenomatoid tumour of the 
tail of the epididymis presenting as a small, echogenic 
mass (asterisk) hypovascular at colour Doppler interroga-
tion. The testis (T) is normal
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43.4.3	 �Tumours of the Spermatic 
Cord

Most neoplasms of extratesticular structures are 
benign lipomas originating from the spermatic 
cord. Most of these lesions have a hyperecho-
genic structure at ultrasound. However, this is not 
the case in many patients, and a specific diagno-
sis may be not possible with this technique. 
Furthermore, differentiating a hyperechoic 
lipoma from adjacent fat can be difficult with 
ultrasound alone, and MR imaging is needed to 
evaluate the full extent of the disease process. A 
liposarcoma can be suspected by a more hetero-
geneous internal structure, however, and excision 
is needed to establish the diagnosis [23].

Spermatic cord may be involved in 40 % of tes-
ticular lymphoma that is the most common testicu-
lar neoplasm in man over 60 years (Fig. 43.7).

Although rare, other malignant extratesticular 
masses, such as rhabdomyosarcomas, leiomyo-
sarcomas, malignant fibrous histiocytomas and 
undifferentiated sarcomas, can be encountered.

43.5	 �Scrotal Wall Masses

Occasionally, a scrotal wall lesion presents as a 
scrotal mass [24]. Scrotal skin cancer is more 
common in persons with a history of psoralen 
plus ultraviolet A therapy or human papillomavi-
rus infection. Scrotal skin lesions that are erosive, 
vascular, hyperkeratotic or nonhealing or that 
change colour or have irregular borders should be 
biopsied to rule out cancer [25, 26]. Fournier 
gangrene is a necrotizing soft tissue infection that 
can present as a scrotal mass and is a surgical 
emergency [27].

Benign scrotal masses include scrotal edema 
(Fig. 43.8), genital warts, benign nevus, epider-
moid cysts (Fig. 43.9a–c), seborrhoeic keratosis 
and angiokeratomas.

Fig. 43.7  Diffuse large B-cell lymphoma involving the tes-
tis and the surrounding tissues. Longitudinal colour Doppler 
image showing a large infiltrating lesion involving the testis 
(T), the spermatic cord (curved arrows) and the scrotal wall 
(asterisk). Note the normal vessels of the spermatic cord 
running within the tumour mass (arrowheads)

Fig. 43.8  Scrotal edema in a cirrhotic patient presenting 
at greyscale ultrasonography with thickened scrotal wall 
(asterisk). The testis (T) and epididymis (curved arrow) 
are normal. A mild amount of hydrocele is associated
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a

c

b

Fig. 43.9  (a–c) Epidermoid cyst of the scrotal wall. 
The patient reported on a small painless lump within the 
scrotum since several months which did not increase in 
size. (a) Physical investigation shows the lesion (aster-
isk) in the context of the scrotal wall. (b) Greyscale 

ultrasonography shows a well-circumscribed, oval mass 
within the scrotal wall (asterisk) lacking vascularity at 
colour Doppler interrogation (not shown). (c) CEUS 
confirms that the lesion (asterisk) is completely 
avascular
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The Role of Intraoperative 
Ultrasound for Testicular Masses

Michele Bertolotto, Nicola Pavan, 
Massimo Valentino, Giovanni Liguori, 
Stefano Bucci, Libero Barozzi, 
and Lorenzo E. Derchi

44.1	 �Clinical Evaluation

Since ultrasonography is increasingly used com-
plementary to the clinical urological practice, 
incidental detection of non-palpable testicular 
nodules is also increased. This is not surprising, 
as the same phenomenon was observed in the 
past for the detection rate in the liver and kidney 
of incidental masses like haemangiomas and sim-
ple cysts, which were considered uncommon 

before the widespread introduction of the ultraso-
nographic modes. Indeed, ultrasonography dis-
closes the actual prevalence of the testicular 
nodules.

Ultrasonography is sensitive for testicular 
lesion detection, but its specificity is low. It is 
quite common to find testicular lesions without a 
clear interpretation, whose management may be 
problematic.

According to the literature, the prevalence of 
small (<1–1.5  cm), impalpable testicular 
lesions identified incidentally is between 0.21 
and 1 %, especially in the infertile patients. 
Overall, 207 cases have been described in the 
literature [1–7]. Among them, only 136/207 
(66 %) were tumours with a prevalence of 
benign histotypes (96/136, 70 %). In these 
series, up to 34 % of lesions were non-neoplas-
tic, including cysts, haematomas, segmental 
ischaemia, focal orchitis, abscesses and fibrotic 
areas. Recently, a prospective study described 
115 non-palpable testicular lesions [7]. Forty-
four were malignant tumours, 42 benign 
tumours and 29 non-neoplastic lesions, respec-
tively. According to these data, orchiectomy as 
a first approach cannot be recommended in 
these patients, and a variety of possible solution 
have been suggested [8, 9]. Active surveillance 
is an option. Another choice is targeted surgical 
biopsy under ultrasonographic guidance fol-
lowed by simple enucleation if histology shows 
a benign lesion.
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44.2	 �Preoperative Features

Since many incidentally detected non-palpable 
testicular lesions are non-neoplastic, the first step 
is to attempt a better characterisation. In some 
cases, repeated ultrasonography performed with a 
high-end equipment by a dedicated sonologist is 
enough. Simple and minimally complicated cysts, 
epidermoid cysts and segmental testicular infarc-
tion can be characterised in the majority of cases 
combining different ultrasonographic modes: 
greyscale and colour Doppler appearance, elastic-
ity features and enhancement after microbubble 
injection. Fat-, blood- and fibrous tissue-contain-
ing lesions, such as haematomas, spontaneous 
haemorrhage, fibromas and lipomas, can be char-
acterised with MR imaging [7, 10–13].

44.3	 �Therapeutic Approach

Whenever the characterisation of the lesion is not 
possible before the operation with imaging meth-
ods, it is mandatory to choose the therapeutic 
approach. A strategy is to schedule a strict fol-
low-up and operate only growing lesions [14]. 
The most commonly accepted strategy is testis-
sparing surgery, which allows removal of the 
lesion with maximal preservation of testicular 
parenchyma and its vasculature, frozen section 
examination of the surgical specimen and radical 
orchiectomy performed in case of malignancy 
only [15–17]. Intraoperative ultrasonography is 
an important step of this procedure [18].
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44.4	 �Intraoperative 
Ultrasonography in  
Testis-Sparing Surgery

After a preliminary clinical and ultrasonographic 
examination to confirm the presence, the side and 
the features of the lesion (Fig. 44.1), the role of 
the sonologist in the operating room is to find the 
lesion after the surgical exposure of the testis, to 
describe the best approach for the surgical exci-
sion (Fig. 44.2), to mark the position of the nod-
ule on the tunica albuginea and to determine the 
depth of the lesion in the testicular parenchyma. 
In case of deeply located lesions, a 30G needle is 
inserted into or near the nodule to guide identifi-
cation and dissection with minimum damage to 
the surrounding testicular tissue (Video 44.1).

Usually, the testis is exposed by an inguinal 
approach. In our clinical practice, ultrasound is 
performed before the funicular clamping to mini-
mise the time of ischaemia and evaluate the tes-
ticular vasculature. At this point, the spermatic 
cord is clamped, the tunica albuginea is incised 
above the lesion, the lesion is enucleated with a 
small edge of the adjacent testicular parenchyma 
and sent immediately to the pathologist for fro-
zen section analysis and the albuginea is closed 
(Fig. 44.3). Ultrasonography is then repeated to 
confirm the complete removal of the nodule. 
Tumour enucleation procedures should be per-
formed under cold ischaemia with the testicle 
being placed in crushed ice while the frozen sec-
tions are analysed. Before removing the funicular 
clamp, the lesion is analysed to determine the 

type of tumour. If the analysis shows a malignant 
neoplasm, radical orchiectomy will be per-
formed. Ideally, frozen ischaemia should last no 
more than 30 min, to minimise damage of the tes-
ticular parenchyma. This is the most critical step 
of the operation, because assessing the type of 
lesion on frozen sections may be difficult and 
time-consuming; the most important differential 
diagnosis between seminoma and Leydig cell 
tumour, in particular, may be problematic. In 
some centres, the surgeon prefers to remove the 
clamp before the results of the pathological anal-
ysis. Macroscopic findings during surgery may 
help the surgeon determine the possible nature of 
a testicular lesion. A golden-brown appearance 
and very well-defined margins are suggestive of a 
Leydig cell tumour, while whitish lesions are 
more suggestive of seminoma. It is important to 
repeat ultrasonographic investigation after the 
removal of the clamp and before placing again 
the testis inside the scrotum to rule out complica-
tions and to assess the testicular vascularisation 
(Fig. 44.4).

A definite benefit of testis-sparing surgery is 
that a significant proportion of patients do not 
have malignant tumours and are definitively 
treated with an organ-sparing approach. Despite 
excellent results reported in the literature, results 
are variable in the clinical practice. The proce-
dure is potentially associated with recurrence, 
and clamping of the spermatic cord should be 
kept to minimum in order to grant viability of the 
operated testis. A trained multidisciplinary team 
is necessary.
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a

b

Fig. 44.1  (a, b) A 32-year-old infertile patient with a hypoechoic, non-palpable lesion of 1 cm, soft at elastography (a). 
The lesion is markedly vascularised at colour Doppler interrogation (b)
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a

c

b

Fig. 44.2  (a–c) Intraoperative ultrasonography during testis-sparing surgery. Panoramic view of the procedure (a) and 
detail of the ultrasonographic investigation of the exposed testis (b). Intraoperative identification of the lesion (c)

a b

Fig. 44.3  Lesion enucleation (a) and appearance of the operated testis after the suture of the tunica albuginea (b)
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44.5	 �Postoperative Evaluation

After testis-sparing surgery, frequent follow-up 
examinations are necessary, particularly when 
the lesion was malignant, with assessment of the 
serum hormonal levels and tumour markers, as 
well as ultrasonographic examination. According 
to our clinical practice, we perform an ultrasound 
evaluation 48 h after the surgical procedure, to 
report the presence of early postoperative com-
plications such as large haematomas and isch-
aemic changes, reported in less than 1 % of the 
operated patients. We repeat ultrasound 4–6 
weeks later, after disappearance of postoperative 
oedema and formation of the fibrotic scar 
(Fig.  44.5). When testis-sparing surgery is per-
formed for a malignant neoplasm, scrotal ultraso-
nography is repeated every two months in the 
first year and every 6 months thereafter to assess 
the presence of recurrences. Other investigations 
involving abdominal CT/MR, chest x-ray or 
other imaging modalities are performed, with the 
same timing and indications as for radical 
orchiectomy.

Little has been written on the ultrasono-
graphic appearance of the operated testis, and 
appearance of recurrent tumour has not been 
reported, an occurrence which, however, is 
extremely rare, with only two anecdotal cases 
reported. A recent study describes the ultraso-
nographic findings observed in testis of patients 
who have undergone testis-sparing surgery and 

Fig. 44.5  Colour Doppler investigation obtained 6 weeks 
after the operation shows the postoperative scar (*)

Fig. 44.4  Ultrasonographic evaluation of the operated 
testis after clamp removal and before moving the testis 
back inside the scrotum. No residual lesion nor testicular 
haematomas are identified. Colour Doppler interrogation 
shows good vascularisation of the parenchyma. Final his-
tological diagnosis: Leydig cell tumour
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surgical biopsies [19]. Hypoechoic and hypo-
vascular lesions at the site of surgery were seen 
in the majority of patients with either linear or 
irregularly triangular shape, interpreted as 
scars. Retraction of testicular surface was 
detected in two cases. A peritesticular haema-
toma was observed in one patient early after the 
operation. No recurrent tumour was reported. 
However, only one malignant tumour was pres-
ent in this series. Conclusions were that 
hypoechoic and hypovascular scars are “nor-
mal” postoperative pattern following testis-
sparing surgery. Such findings have to be 
correctly interpreted and not misinterpreted as 
recurrences.

�Conclusions

Intraoperative ultrasonography is an impor-
tant tool to detect non-palpable testicular 
masses and guide surgical removal during 
testis-sparing surgery with minimum damage 
of the surrounding parenchyma. The use of a 
needle inserted into the lesion is helpful to 
guide the surgical procedure in deeply located 
nodules, reducing the operative time. The 
most challenging aspect is the timing to obtain 
an intraoperative histopathological diagnosis. 
This conservative approach is justified when 
imaging features suggest a benign tumour and 
in patients with a single testis or bilateral 
small multiple lesions.

Accurate selection of patients is the key to 
success: it is important to perform this proce-
dure only to patients that accept a strict clini-
cal and ultrasonographic follow-up.
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Penis: Ultrasound Anatomy 
and Scanning Methods

Ferdinando Fusco, Massimiliano Creta, 
and Vincenzo Mirone

45.1	 �Penile Anatomy

The human penis is made up of three cylindrical 
bodies consisting of endothelium-lined cavern-
ous spaces: a pair of connected corpora caver-
nosa along its dorsolateral aspect and a midline 
corpus spongiosum along its ventral surface 
which anteriorly forms the glans penis [1, 2]. The 
corpora are covered by three different fascial lay-
ers: the tunica albuginea, the deep Buck’s fascia, 
and the superficial Colles fascia. The tunica albu-
ginea surrounds each corpus individually [1, 2]. 
The tunica albuginea is a strong structure of het-
erogenous thickness and anatomy. The tunica 
albuginea of the corpora cavernosa is a bilayered 
structure with multiple sublayers [3]. Inner layer 
bundles support and contain the cavernous tissue 
and are oriented circularly [3]. Radiating from 
this layer are intracavernous pillars acting as 
struts, which augment the septum and provide 
essential support to the erectile tissue [3]. Outer 
layer bundles are oriented longitudinally [3]. 
These fibers extend from the glans penis to the 

proximal crura, where they insert into the inferior 
pubic ramus [3]. There are no outer layer fibers 
between the 5 and 7 o’clock positions [3]. Elastic 
fibers normally form an irregularly latticed net-
work on which collagen fibers rest [3]. The cor-
pus spongiosum lacks both the outer layer and 
the struts. There is variability in albugineal thick-
ness and strength in various locations. Thickness 
ranges from approximately 0.8 mm at the 5 and 7 
o’clock positions (just lateral to the corpus spon-
giosum) to 2.2 mm at the 1 and 11 o’clock posi-
tions [4]. The two corpora cavernosa are separated 
by the septum penis, an extension of the tunica 
albuginea [1]. The septum between them is 
incomplete in humans, although complete in 
some other species. The distal penile ligament is 
an aggregation of the outer longitudinal layer of 
the tunica albuginea and acts as a buttress for the 
glans penis [5]. The Buck’s fascia and the Colles 
fascia represent outer layers that cover all the 
three corpora [2]. Buck’s fascia surrounds both 
cavernosal bodies dorsally and splits to surround 
the spongiosum ventrally. The blood flow to the 
penis is supplied by the cavernosal, dorsal, and 
urethral arteries, which are branches of the inter-
nal pudendal artery [2].F. Fusco (*) • V. Mirone 
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45.2	 �Technical Requirements

The penis is an organ ideally suited to ultrasound 
imaging because of its superficial location [6]. 
Penile ultrasound should be done in real-time 
B-mode scanning, using a linear probe [7, 8]. 
High-frequency (7.5 MHz or more) transducers 
are used to obtain high-resolution images of the 
penis [7, 8]. The use of real-time spatial com-
pounding and adaptive image-processing tech-
nique is useful to reduce artifacts. Additionally, 
dynamic enhancement of the margins improves 
the visualization of tissue conspicuity and 
increases the diagnostic confidence [9].

45.3	 �Scanning Protocol

Penile ultrasound can be performed in the flaccid 
and erectile states. Tumescence and erection 
allow a better evaluation of the different anatomi-
cal features of the penis [10]. It is recommended 
to perform the examination in a quiet, private set-
ting with the room warm and darkened, so that 
the patient is comfortable and relaxed. The 
patient should lie on the examination table in a 
supine position with legs together providing sup-
port for external genitalia, and the penis should 
be in the anatomical position, i.e., lying superi-
orly against the anterior abdominal wall [11, 12]. 
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An alternative position is dorsal lithotomy with 
the penis lying on the anterior abdominal wall 
[11, 12]. During the examination, the patient may 
be asked to gently hold the corona just under the 
glans penis and stretch the shaft along the ante-
rior abdominal wall in order to help keep the 
penis immobilized [13]. A sufficient amount of 
sonographic acoustic gel should be used on the 
surface of the penis to obtain good-quality 
images, and excessive compression by the trans-
ducer should be avoided, especially in patients 
with trauma [12]. The urethra is easily compress-
ible, so minimal pressure should be maintained 
while scanning [11].

The external portion of the penis is examined 
starting at the level of the glans and moving down 
to the base of the penis [12]. The transducer can 
be placed on the ventral and/or dorsal aspect of 
the penis (Figs.  45.1 and 45.2). The dorsal 
approach is easier for the flaccid phallus, while 
the ventral approach is often performed with 
placement of legs in the lithotomy position and is 
often better with a fully erect phallus [11]. A lat-
eral approach has been also described (Fig. 45.3) 
[14]. The external portion of the penis is scanned 
in at least two planes: longitudinal and trans-
verse. Transverse images should be obtained in 
the proximal, mid, and distal portions. 

Longitudinal images should be obtained of both 
the right and left corpora cavernosa including the 
cavernosal artery. The anterior urethra is best 
examined after distention of the lumen achieved 
by either a retrograde or an antegrade approach 
[12]. The retrograde technique is generally pre-
ferred [12]. This technique requires the introduc-
tion of normal saline solution, a lubricant or an 
anesthetic jelly via either a Foley catheter or a 
syringe placed directly in the urethral meatus 
until the urethra appears fully distended on 
sonography [12]. After distension, a flexible 
penile clamp is applied to the glans to maintain 
urethral distension [12]. The antegrade technique 
requires the patient’s voiding, and, if a full stream 
is achieved, a clamp is placed at the distal end of 
the penis to preserve distention [12]. The urethra 
is examined from the dorsal surface of the penis 
and, if needed, additional scanning from the ven-
tral surface can be performed [12]. The distal bul-
bar urethra can be examined through the scrotum 
[12]. Longitudinal scans are more useful than 
transverse scans because of their wide field of 
view, and transverse scans are used to further 
examine detected focal lesions [12]. The non-
external portions of the corpora cavernosa and 
the proximal bulbous urethra are best examined 
through a transperineal approach (Fig. 45.4) [12].

a b

Fig. 45.1  Penile sonographic technique, ventral access. 
The penis is in the anatomic position, lying on the anterior 
abdominal wall. The patient keeps the penis immobilized 
by holding the corona just under the glans penis and 

stretching the shaft along the anterior abdominal wall. The 
probe is placed longitudinally (a) and transversally (b) on 
the ventral surface of the penis
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a

b

Fig. 45.2  Penile sonographic technique, dorsal access. 
The probe is placed longitudinally (a) and transversally 
(b) on the dorsal surface of the penis

Fig. 45.3  Penile sonographic technique, lateral access to 
the penile shaft longitudinally from the right side of the 
penis

Fig. 45.4  Penile sonographic technique, transperineal 
approach

F. Fusco et al.



547

45.4	 �Normal Ultrasound Anatomy 
of the Penis

The sonographic appearance of the penis varies 
according to the degree of rigidity. In the flaccid 
state, the corpora cavernosa appear as two, dorsally 
located, circular structures with homogeneous 
mixed echotexture and intermediate echogenicity 
as a result of the innumerable interfaces created by 
their complex system of vascular sinusoids. The 
corpus spongiosum appears as a ventrally located 
circular structure with homogeneous echotexture 
and higher echogenicity with respect to the corpora 
cavernosa (Figs. 45.5, 45.6, 45.7, and 45.8) [11]. 
The glans is more echogenic than the corpora cav-
ernosa [5]. The normal urethra is visualized as a 
tubular anechoic structure with a thin, smooth 
echogenic wall, and the lumen distends to at least 
4 mm in diameter [12]. When collapsed, the urethra 
appears as a transverse line. The tissue layers sur-
rounding the corpora are only partially identifiable 
in the flaccid state [15]. Skin, subcutaneous tissue, 
and dartos cannot always be readily separated [15]. 
An extremely thin hyperechoic line identifies the 
interface formed by the deep fascia of the penis 
[15]. The Colles fascia is barely visible [5, 16]. The 
tunica albuginea and the Buck’s fascia are usually 
stuck together and appear as a thin (usually less 
than 2 mm) echogenic layer surrounding the cor-
pora [5, 16]. The two distinct layers become appre-
ciable only when fluid extravasation accumulates 
between them or very high-frequency transducers 
are used [5]. In some cases, vascular structures may 
provide a suitable interface to separate small por-
tions of the Buck’s fascia from the underlying 
tunica albuginea in normal conditions as well. In 
particular, the Buck’s fascia becomes visible at 
ultrasound near dilated circumflex veins, and a 
subtle echogenic line representing the Buck’s fas-
cia is usually recognized in the dorsal aspect of the 
penis dividing the plane of the deep vessels from 
that of the superficial vessels [5]. The thickness of 
the tunica albuginea in the flaccid state is about 
1–3  mm [16]. The echoes from the tunica albu-
ginea are specular reflections and thus are demon-
strated with efficiency only when the ultrasound 
beam is perpendicular to them. Perpendicular 
insonation, in particular, is of paramount 

importance to evaluate the echogenicity of the 
plaques [9]. The penile septum appears as an echo-
genic structure with back attenuation dividing the 
corpora cavernosa that can hamper visualization of 
the tunica albuginea in the dorsal aspect of the 
penis [5]. The distal penile ligament is recognized 
at ultrasound as a linear structure more echogenic 
than the surrounding glanular tissue located cen-
trally within the glans dorsal to the distal urethra 
[5]. Several penile vessels can be identified at gray-
scale ultrasound. The cavernosal arteries appear as 
a pair of dots located slightly medially in each cor-
pus cavernosum. On longitudinal scans, they pres-
ent as narrow tubular structures with echogenic 
wall (Fig. 45.9) [15, 17]. The diameter of the nor-
mal cavernosal arteries ranges from 0.3 to 05 mm 
in the flaccid state. The dorsal arteries are visible in 
the dorsal aspect of the shaft as anechoic structures 
with a similar diameter to the cavernosal arteries 
[5]. Dorsal veins present with less echogenic wall 
compared to the arteries [5]. When the penis 
becomes erect, the two corpora cavernosa enlarge 
and the sinusoids dilate [1, 15]. The echogenicity 
of the corpora cavernosa progressively decreases 
during tumescence starting from the region sur-
rounding the cavernosal arteries because of sinu-
soids dilatation [5]. During maximal penile rigidity, 
a fine echogenic network is appreciable in the cor-
pora cavernosa due to sinusoidal interfaces 
(Fig. 45.10) [5]. Sinusoidal spaces at the base of the 
penis are normally larger with respect to the 
remaining portions of the shaft. Blood entrapped 
within the sinusoids often appears slightly corpus-
culated [5]. During erection, the fibrous layers that 
envelop the corpora can be best visualized. The 
tunica albuginea thins and its thickness is about 
0.5 mm [16]. The intracavernous pillars are recog-
nizable on transverse scans as straight echogenic 
lines thicker than the sinusoidal walls, which run 
from one side to the other of the tunica albuginea 
[5]. The diameter of the normal cavernosal arteries 
increases to 0.6–1.0  mm after an intracavernosal 
injection of vasoactive agents. Moreover, during 
the onset of erection, cavernosal artery pulsation is 
evident in normal subjects [5, 18]. As occurs for the 
cavernosal arteries, also the diameter of the dorsal 
arteries increases during erection but to a lesser 
extent compared with the cavernosal arteries [5].
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Fig. 45.8  Longitudinal scan obtained on the dorsal 
aspect of the penis at the level of the glans showing the 
glans (g), the corpus cavernosum (cc), and the tip of the 
corpus cavernosum (t)

Fig. 45.5  Normal gray-scale ultrasound anatomy. Axial 
scan on the ventral aspect of the penis showing the paired 
corpora cavernosa (cc), the corpus spongiosum (cs), the 
penile septum (open arrows), the tunica albuginea (a), the 
Buck’s fascia. And the cavernosal arteries (arrowheads)

Fig. 45.6  Normal gray-scale ultrasound anatomy. Axial 
scan on the dorsal aspect of the penis

Fig. 45.7  Transverse scan obtained on the dorsal aspect 
of the penis at the level of the glans showing the glans (g) 
and the urethra (u)
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a b

Fig. 45.9  Longitudinal scans obtained on the ventral aspect of the penis showing the cavernosal artery while flaccid (a) 
and during the onset or erection (b). The diameter of the artery increases during erection

a b

Fig. 45.10  Longitudinal (a) and axial (b) scans obtained on the ventral aspect of the penis during the onset or erection 
showing the sinusoids dilated
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45.5	 �Reporting

The following details must be described and doc-
umented with appropriate images: size, echo-
genicity (hyper, hypo, iso), and symmetry of the 
corpora cavernosa [7]. The size and echogenicity 
of each corpus cavernosum should be compared 
to the contralateral side [8]. Moreover, any 
alterations of the layers and of the septum, either 
echogenic or structural, must be documented by 
accurate measurements both on longitudinal and 
transverse scans [7]. Any palpable alteration or 
penile anomaly must be closely studied directly 
on the involved zone, and documented by appro-
priate images [7].
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Penile Color Doppler Ultrasound 
in the Diagnosis of Erectile 
Dysfunction

Carlo Bettocchi, Carlos Miacola, Matteo Matera, 
Giuseppe Lucarelli, and Fabrizio Palumbo

46.1	 �Introduction

Ultrasound penile examination is an indispens-
able tool in clinical urology, included among the 
diagnostic tests available to the clinician for the 
study of problems of erectile dysfunction (ED), 
both as baseline examination and integrated by a 
color Doppler imaging study.

Penile echo-color Doppler is widely used in 
the diagnosis of ED, thanks to its ability to study 
the vascular system of the penis and penile blood 
flow, analyzing and highlighting any major 
changes. This study is important because erection 
is a complex hemodynamic event regulated by 
the smooth muscle tone of arterioles and venous 
sinusoids of the corpora cavernosa [1]. Alternative 
imaging modalities in the investigation of ED 
such as MRI and angiography, as well as the 
penile anatomy and the physiology of erection, 
will not be addressed. Erectile dysfunction is, 
along with premature ejaculation, the primary 
male disorder in sexual medicine. The advent of 
new oral therapies has completely changed the 
diagnostic and therapeutic approach [2]. 
Etiologically, erectile dysfunction is subdivided 

into psychogenic and organic forms; in 1959 
Wershub reported that 90 % of cases of erectile 
dysfunction were psychogenic in origin; nowa-
days this percentage distribution has changed 
considerably, and organic forms have been seen 
to be more frequent than psychogenic, thanks to 
the use of new and more sophisticated equipment 
and diagnostic techniques.

46.2	 �Physiology of Erection

The maintenance of penile flaccidity and the 
erectile response are controlled via intercommu-
nicating supraspinal and spinal reflex pathways. 
During the flaccid state, antierectile neural input 
acts, primarily via sympathetic efferents, to limit 
blood flow to the penis to a quantity sufficient to 
meet physiologic needs but insufficient for erec-
tion. In the flaccid unstimulated penis, the resting 
smooth muscle tonicity of the cavernosal arteri-
oles and sinusoids is elevated, resulting in a high-
resistance vascular bed with a resultant low 
volume inflow and outflow.

Following either physical or psychological 
sexual stimulation, proerectile neural signals are 
sent to the penis primarily via parasympathetic 
tracts. Nitric oxide (NO) is the main proerectile 
neurotransmitter. The resultant molecular cas-
cade leads to a decrease in intracellular Ca2+ and 
arteriolar smooth muscle relaxation. This relax-
ation allows for an increased blood flow and 
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subsequent corporal engorgement with increas-
ing penile rigidity. As the corpora become 
engorged, the emissary veins are compressed 
within the tunica albuginea, limiting venous out-
flow. The increased arterial inflow and limited 
venous outflow increase intracorporeal pressure 
and lead to erection, and when this pressure nears 
systolic pressure, a reduction in inflow will also 
normally occur. As the proerectile input ceases, 
the secondary molecular messenger cGMP is 
hydrolyzed, allowing for a rise in intracellular 
Ca2+, a subsequent smooth muscle contraction, a 
decreased penile blood flow, and a return to the 
flaccid state physiology.

46.3	 �Indications

Currently this examination provides the most 
secure information for a diagnosis of arteriogenic 
erectile dysfunction, but even this tool is unable to 
discriminate between organic and psychogenic 
forms [3]. The examination is performed at base-
line (penile ultrasound), albeit this is of little diag-
nostic significance, and in dynamic (PDS) 
conditions, after intracavernous injection of a phar-
macostimulant agent (ICI).

PDS aims to examine the cavernosal arteries 
and the response of their spectral Doppler wave-
forms after intracavernosal injection of a pharma-
costimulant agent, commonly a prostaglandin E1 
(PGE-1) derivative such as alprostadil. The fun-
damental principle is repeated sampling of these 
waveforms in a stepwise manner until maximal 
peak systolic and minimal diastolic velocities 
have been reached.

The positive aspects of this exam are low inva-
siveness, simplicity of execution, and the capacity 
to diagnose a deficient arterial flow and evaluate 
the dynamics of vascular erectile function. The 
major negative aspect is the presence of false pos-
itives for a frequent incompetence of the cavern-
ous vein (ICV), due to the need to achieve a good 
relaxation of the trabecular smooth muscle.

Indications for Ultrasound Penile  
Examination [3]
	1.	 Erectile dysfunction
	2.	 Priapism
	3.	 Penile fibrosis and Peyronie’s disease
	4.	 Penile or urethral abnormalities (found at 

physical examination)
	5.	 Neoplasms of the penis
	6.	 Trauma
	7.	 Dorsal vein thrombosis
	8.	 Disorders of the urethra (cysts, diverticula, 

stenosis)
	9.	 Presence of foreign bodies or calculus in the 

urethra

Indications for PDS [3]
	1.	 Erectile dysfunction (nonresponders to oral 

medication)
	2.	 Post-traumatic ED
	3.	 Candidates for a penile implant
	4.	 Peyronie’s disease patients considered candi-

dates for surgery
	5.	 Post-priapism ED
	6.	 Lifelong (primary) ED
	7.	 Medicolegal situations
	8.	 If requested by the patient
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46.3.1	 �Technical Execution

Informed consent should be obtained, especially 
with regard to the low risk of priapism following 
intracavernosal injection.

Pharmacological stimulation in the echo-color 
Doppler penile examination is obtained by intra-
cavernous injection of vasoactive substances in 
standardized or individualized dosage to evaluate 
the erectile response of the patient. In recent 
years, a number of substances with different 
pharmacodynamics, such as papaverine, the 
α-blockers (phentolamine, phenoxybenzamine, 
etc.), the prostaglandin (PGE-1), and ultimately 
nitrates [4], have been adopted. The currently 
most commonly used and standardized drug for 
this examination is PGE-1 that has a dual action 
on the mechanism of erection: (a) blocking the 
release of norepinephrine from adrenergic 
terminals and (b) stimulation of adenylate cyclase 
resulting in an increase of cAMP [5]. In order to 
improve the efficacy and tolerability of this diag-
nostic procedure, different schemes of adminis-
tration and different doses of PGE-1 (10, 20, or 
even 40 micrograms) have been employed. 
Currently, the dosage most frequently used is 20 
micrograms (about 90 % of PGE-1 is metabo-
lized locally in the penis and the remaining 10 % 
in the liver at the first pass). Prepared at the time 
of the test, the PGE-1 is administered in the cor-
pora cavernosa, laterally and perpendicular to the 
tangent of the cavernous body, after disinfection 
of the skin, holding the penis with the thumb dor-
sally, at 12 o’clock, and with the index finger 
ventral to 6 o’clock, stretching the penis and 
blocking the skin veins.

The comprehensive review provides three mea-
surements performed bilaterally at 3, 10, and 
20 min from the drug injection. The third measure-
ment, at 20 min, is performed after inviting the 
patient to achieve an optimal erection on his own. 
Owing to the nature of the problem under investi-
gation, a quiet, private, and comfortable environ-
ment is essential for satisfactory PDS results. Many 
patients will be anxious, and a detailed explanation 
of the procedure is required prior to commencing: 
a significant percentage of patients has high values 
of diastolic flow arising from a minor compliance 
of the corpora cavernosa due to a hypertonic sym-
pathetic response linked to anxiety. It is also useful 
to ask the patient to make a comparison between 
the erection achieved in the clinic and the one he 
normally reaches under normal sexual stimulation. 
For the execution of the color Doppler, a 7 MHz 
convex probe is used; the probe is grasped between 
the thumb and fingers, placing it between the cav-
ernous body and the spongy body of the urethra, 
directing it in a latero-medial and lateral tilted 
direction, at a penoscrotal angle. Measurements at 
3 and 10 min are performed on the dorsal aspect of 
the penis, proximal to the pubis. The third measure-
ment is performed on the ventral side of the penis 
at the penoscrotal level. The Doppler angle used 
during this examination is important: for the ultra-
sound examination to be deemed valid, it is impor-
tant to maintain a Doppler angle of <60 °. The 
determination of specific hemodynamic parame-
ters substantially allows a condition of inadequate 
arterial flow to be diagnosed and possibly an inad-
equate veno-occlusive function (Figs.  46.1 and 
46.2). Three flow parameters are usually evaluated 
during the execution of PDS:
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Fig 46.1  Longitudinal 
scans on the left corpus 
cavernosum showing the 
cavernous artery

Fig 46.2  Physiological changes of cavernous arteries’ 
Doppler. (1) In the flaccid state, they are observed at low 
flow speed and high strength. (2) After administration of 
PGE appear flows at high speed and low resistance and 

then (Step 2) appear at early diastole incision. With the 
increase of rigidity, (3) the diastolic flow disappears (Step 
3), and when it reaches the erection, (4) it is observed on 
the reverse diastolic flow (Step 4)
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	1.	 Maximal peak systolic velocity (PSV)
	2.	 End-diastolic velocity (EDV)
	3.	 The resistance index (RI)

The maximal peak systolic velocity is 
expressed in centimeters per second (cm/s) and 
corresponds to the maximum flow rate during 
systole. For a proper evaluation, the accurate 
positioning of the angle of correction has a fun-
damental importance; it must be less than 60 ° 
and corrected for the direction of flow, also using 
a narrow sampling port, aligned along a straight 
portion of the cavernous artery. The evaluation of 
arterial flow must be performed in the artery ori-
gin segment. The end-diastolic velocity is 
expressed in centimeters per second (cm/s) and 
defines the residual flow in a vessel at the end of 
the diastolic phase. In physiological conditions, 
the blood flow increases during the phase of 
tumescence, determining filling of the sinusoids 
that press against the tunica albuginea, which is a 
relatively inextensible fibroelastic membrane. 
This determines compression of the sub-
albugineous venules until interruption of the 

venous outflow occurs, and the achievement of a 
higher intracavernous pressure than diastolic 
pressure. The resistance index is the equivalent of 
the semiquantitative end-diastole speed, the 
resulting formula being:

RI = PSV-EDV/PSV. RI is expressing periph-
eral resistance to blood flow.

Pathological 
values

Borderline 
values

Normal 
values

PSV <30 cm/s 25–30 cm/s >35 cm/s

EDV > 5 cm/s 4.5–5 cm/s < 5 cm/s

RI < 0.90 0.85–0.90 > 0.90

Objective evaluation of the erection is always 
associated with hemodynamic parameters and is 
expressed in fifths (x/5), based on the five basic 
stages of erection:

	1.	 Lack of response (1/5)
	2.	 Mild tumescence (2/5)
	3.	 Tumescence insufficient for penetration (3/5)
	4.	 Rigidity sufficient for penetration (4/5)
	5.	 Complete rigidity (5/5)
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46.4	 �Diagnostic Values

Threshold values for the diagnosis of ED, distin-
guishing organic/vascular and psychological 
causes, are expressed in the table below accord-
ing to the interpretation of hemodynamic param-
eters accompanied by the objective evaluation of 
the erection (Figs. 46.3 and 46.4).

PSV RI Etiologic diagnosis

> 35 cm/s > 0.90 Psychogenic

> 35 cm/s < 0.85 Venogenic (veno-occlusive 
dysfunction)

< 25 cm/s > 0.90 Arteriogenic (arterial insufficiency)

< 25 cm/s < 0.85 Mixed (arteriogenic + venogenic)

According to many authors’ experience and 
according to the American Urological Association 
(AUA) guidelines, when erection exceeds 2–3 h 

duration, along with an inversion of telediastolic 
velocity, a pharmacological “reverse” is indicated 
in order to prevent the possible need for surgical 
detumescence. We usually inject an alpha-
selective adrenergic agonist (1  mg ethylephrine 
or phenylephrine) solution with a 1:10 dilution 
ratio. One milliliter injections are made every 
5  min into the corpora with a 21G butterfly as 
needed, up to 1  h; the alpha-adrenergic action 
antagonizes the vasodilator effects of injection 
with PGE-1 [6]. Blood pressure and pulse fre-
quency must be controlled.

In particular, it has been shown that the admin-
istration of varying amounts (0.3, 0.5, or 1 ml) of 
ethylephrine 10 mg/1 ml in patients with an IR 
>90 and optimal clinical response at the end of 
PSD with FIC determine complete detumescence 
in all cases with no local or systemic side effects, 
including iatrogenic priapism [7, 8].

Fig. 46.3  Arteriogenic 
erectile dysfunction. 
Longitudinal scan. When 
fully turgid after 
intracavernosal 
administration of 20 
micrograms prostaglandin 
E1 shows flows with low 
speed
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Fig. 46.4  Arteriogenic 
erectile dysfunction. 
Longitudinal scan. When 
fully turgid after 
intracavernous 
administration of 20 
micrograms of 
prostaglandin E1 shows 
flows with high-speed peak 
that do not progress 
beyond the beginning stage 
of diastole
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�Conclusions

Nowadays, PDS with FIC is the ultrasound 
examination that can provide the most reliable 
and complete information for the study of the 
vascular system of the penis, especially when 
investigating the pathophysiology of erectile 
dysfunction. It is the most effective diagnostic 
tool available to the clinician to establish or rule 
out a vascular etiology of the disease, although 
we cannot disregard the importance of a careful 
sexual history and physical examination of the 
patient suffering from erectile dysfunction.
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Penile Ultrasound in Induratio 
Penis Plastica (IPP)

Marco Bitelli

Diagnostic imaging, especially ultrasound (US) 
scanning, is a mainstay in the evaluation and fol-
low-up of Peyronie’s disease (PD), or induratio 
penis plastica.

Diagnostic imaging for PD is substantially 
based on US  – mainly penile ultrasound and 
colour Doppler sonography  – and examination 
with soft x-rays. Magnetic resonance imaging 
(MRI) and computed tomography (CT) have a 
minor role. A further recently introduced imaging 
modality, sonoelastography (SEL), is based on 
the different elasticity of healthy and pathologi-
cal tissue.

US imaging is not considered as a first-line 
examination by EAU 2010 guidelines (level of 
evidence 3, grade of recommendation C) [1], 
which in fact mention only home (self) photo-
graph of a natural erection as a means to evaluate 
PD. However, in clinical practice the vast major-
ity of urologists, andrologists and radiologists 
assess PD plaques by ultrasound due to its high 
diagnostic accuracy, reproducibility and 
cost-effectiveness.

US imaging is also a key approach to evaluate 
disease progression through the various stages [2].

Colour/power Doppler imaging provides 
objective data to assess vascular erectile function 
as well as the possible influence of tunica albu-
ginea fibrosis on the veno-occlusive mecha-
nism – a common problem in subjects with PD. It 
also provides valuable information to assess the 
scope for surgical management [3, 4], since the 
arising of vascular impairment concomitant with 
or subsequent to PD onset may respond to a com-
bined surgical approach including penile curva-
ture correction with a dermal patch and 
implantation of a penile prosthesis [3].

The accuracy, hence the diagnostic perfor-
mance, of US is substantially affected by two fac-
tors, operator skill and equipment. As in other US 
diagnostic modalities, the procedure is heavily 
operator dependent with quite a steep learning 
curve. The scanner should be a last-generation 
machine endowed with the most recent image 
processing algorithms and a 5–12  MHz linear 
array transducer.
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47.1	 �Baseline Ultrasound 
Scanning (B Mode)

It involves examination of all the anatomical 
structures of the penis (corpora cavernosa, tunica 
albuginea, Buck’s fascia, intercavernous septum, 
corpus spongiosum and dorsal neurovascular 
bundle) with reporting of any abnormalities, par-
ticularly fibrous plaques.

Plaques may affect the dorsal, ventral and lat-
eral tunica albuginea or the septum, with or with-
out involvement of adjacent cavernous tissue.

The most frequent PD findings on B-mode 
ultrasound include:

•	 Hyperechoic lesion without posterior acoustic 
shadowing
The intact tunica albuginea is depicted as a thin, 
predominantly hyperechoic line with variable 
echogenicity enveloping the corpora cavernosa 
bilaterally. Lesions appear as thickened and/or 
abnormal hyperechoic areas of the tunica or 
septum without posterior shadowing. Such 
findings account for 40–60 % of patients with 
early disease (inflammatory stage) [5, 6].

•	 Hyperechoic lesion(s) with posterior acoustic 
shadowing
This is the most common US presentation.
The lesion is depicted as a hyperechoic thick-
ening of the tunica or septum with variable 
attenuation (posterior acoustic shadowing) 
due to plaque calcification [7] and is typical of 
stable disease (Figs. 47.1 and 47.2).
These two presentations account for the 
majority of PD cases. Some patients however 
demonstrate less common findings that are 
often difficult to interpret.

US examination approaches 100 % sensitivity 
in detecting and measuring calcified plaques.

•	 Hypoechoic/isoechoic lesions
Plaques occasionally present as hypo-/
isoechoic lesions with focal thickening 
around the corpora cavernosa [8]. Such 
lesions are typical of early disease, which is 
characterized by mild fibrosis, strong inter-
stitial oedema [5] and retraction of the tunica 
albuginea at the level of the lesion, all of 
which result in penile curvature. In patients 
receiving stimulation with prostaglandin E1 
(PGE1), US imaging depicts the actual extent 
of the lesion, which is often difficult to assess 
in the flaccid penis, and can sometimes docu-
ment hyperechoic lesions that are detectable 
only under pharmacostimulation.

•	 Focal defects of the tunica albuginea
Focal defects of the tunica associated with a 
thickened posterior area are found infre-
quently, except in large series. The surround-
ing tunica may not be thickened, but it may 
have an abnormal undulating appearance 
(Fig. 47.3).

•	 “Hourglass” deformity
It is a hypoechoic or hyperechoic lesion of 
the tunica that involves its whole circum-
ference, especially its proximal portion. 
Pharmacostimulation results in an hourglass 
shape of the shaft portion affected by fibrosis. 
It is not necessarily associated with a calcified 
plaque and may merely be the result of a circu-
lar lesion of the tunica [8].
Negative US findings in presence of a clini-
cally palpable plaque are frequently 
reported, but have not been specifically 
investigated.
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Fig. 47.1  Hyperechoic lesion(s) with posterior acoustic 
shadowing

Fig. 47.2  Hyperechoic lesion of septum

Fig. 47.3  Focal defect of 
the tunica albuginea
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47.1.1	 �Colour Doppler Penile 
Ultrasonography

Colour Doppler penile ultrasonography is another 
useful US modality in the workup of suspected 
PD.  It provides information on lesion morphol-
ogy, structure and size as well as on vascular 
erectile function. The accuracy of US imaging, 
hence its diagnostic performance, depends on 
operator skill and equipment type. As in other US 
diagnostic modalities, there is a fairly steep learn-
ing curve. The scanner should be a last-generation 
machine endowed with the most recent image 
processing algorithms and a 5–12  MHz linear 
array transducer.

Before beginning the examination with the 
patient in supine position, accurate palpation is 
important since it allows to locate the plaque (or 
plaques in multifocal disease), assess its consis-
tency and make a rough evaluation of its size, to 
form an idea of what will be depicted on the 
screen. Longitudinal and transverse scans need to 
be obtained along the ventral and dorsal aspects 
of the penis, including the urethral bulb and the 
crura by passing the transducer under the scro-
tum and along the perineum. All penile structures 
need to be assessed, including the tunica albu-
ginea, corpora cavernosa, corpus spongiosum 
and glans, before evaluating the plaque(s). The 
examination consists of two phases, baseline and 
dynamic. The baseline phase involves investiga-
tion of tunica thickening (diffuse or localized); 
identification of plaque number, site and size; and 
assessment of any septum involvement. 
Longitudinal and transverse diameter and thick-
ness are then measured, and plaque volume is 
calculated, usually automatically by the scanner. 
Any calcifications need to be identified, counted 
and individually measured for size. Plaque size 
and calcification are the main parameters to 
assess response to therapy.

The dynamic phase begins with intracaverno-
sal injection of PGE1 (usual dose 2.5/10 μcg). 
Spectral Doppler is essential to measure flow 
velocity at the level of the cavernous arteries and 
is commonly evaluated from the penile base, 
where the Doppler angle ensures more accurate 
measurement. Colour Doppler examination 

allows measuring peak systolic velocity (PSV) 
and end-diastolic velocity (EDV), which enable 
calculation of the resistance index (RI) and detec-
tion of normal helicine arteries and any 
cavernosum-spongiosum or cavernosum superfi-
cial shunting. Such measurements are performed 
at precise intervals, usually 5, 15 and 30  min 
from PGE1 injection.

The erection induced in the dynamic phase 
also enables a photograph to be taken and calcu-
lation of the so-called angle of curvature, another 
useful measure for follow-up evaluation.

The subsequent morphological colour/power 
Doppler study of the microcirculation provides 
information on any associated vascular deficits, 
especially in patients with vasculopathy, diabetes 
or cardiovascular risk factors, where the three 
branches of the helicine arteries are difficult to 
depict if their angle is <90°, a finding that in turn 
is responsible for erectile dysfunction due to pre-
dominantly distal arterial disease.

The dynamic phase also depicts any site-
specific venous leakage around the plaques – i.e. 
venous outflow on the edges of the hyperechoic 
lesion – which develops about 12 months from 
disease onset in patients with erectile dysfunction 
and a veno-occlusive defect documented by 
Doppler ultrasonography. These findings are seen 
in 12–20 % of patients and are responsible for 
secondary venous outflow [9] (Fig. 47.4).

In some patients with severe PD, persistent 
cavernosum-spongiosum shunts seen close to 
the plaques are associated with a higher PSV 
and a lower RI compared with the other 
cavernosum-spongiosum shunts, supporting the 
hypothesis that blood loss may also occur 
through these vessels [10].

According to some studies, Doppler examina-
tion can detect hyperperfusion around the plaques 
as a sign of inflammation in the active disease 
stage, whereas the absence of colour signal 
around them should be considered as a sign of 
disease stabilization [11, 12].

The most common vascular abnormality seen in 
PD patients is impaired veno-occlusive function 
[13]. In particular, they present an increased inci-
dence of venous leakage than their peers [14]. 
Whereas in normal erection the venules draining the 
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corpora cavernosa are passively compressed by the 
expanded cavernosal tissue and the tunica albuginea, 
in PD patients the reduced elasticity of the tunica 
albuginea limits such stretching, preventing vein 
compression. As a consequence, Doppler flowmetry 
shows high diastolic velocity throughout the exami-
nation, with lower than normal RI values [15]. The 
severity of the veno-occlusive impairment is propor-
tional to plaque extension and disease stage.

In patients with diseased deep cavernosal tis-
sue due to plaque extension and severity or where 
the severe retraction involves its compression, the 
course of the cavernosal artery is affected, result-
ing in upstream perfusion deficit and signs of sec-
ondary arteriogenic deficiency. In such patients 
the reduced systolic values are accompanied by 
arterial entrapment on morphological colour/
power Doppler (Fig. 47.5).

Fig. 47.4  Site-specific 
leak

Fig. 47.5  Arterial 
entrapment secondary to 
plaque extension
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47.1.2	 �Penile Radiography with Soft 
X-Rays

This technique exploits mammography units and 
applies x-rays with a wavelength >0.1 nm, which 
are especially suited to the examination of tissues 
like those of the penis. The approach is useful 
especially because of its ability to differentiate 
calcifications from surrounding fibrotic tissue, 
which, on US, share a similar echogenicity, 
affording more accurate measurement.

47.1.3	 �Penile Sonoelastography

Healthy and diseased human tissues are charac-
terized by appreciable differences in their elastic 
properties. Indeed some conditions affecting tis-
sues, such as tumours, induce changes that reduce 
soft tissue elasticity and mobility. This finding 
has inspired the notion that tissue elasticity may 
be assessed in  vivo using US waves, i.e., US 
imaging, at least to examine the organs or glands 
lying close to the surface.

The method evaluates the change in radiofre-
quency pulses in a primary structure before and 
after manual compression (freehand SEL). The 
elastogram thus obtained is superimposed on the 
B-mode image as an overlay. The different elas-
ticity of scanned tissues is shown in the form of a 
colour scale that ranges from red (elastic) to 
green (intermediate) and blue (stiff).

The examination lasts a few minutes and is usu-
ally the final scan after conventional US imaging 
has depicted suspicious nodules. Very few studies 
have used SEL to study penile conditions, and 
most of them have examined PD plaques.

In PD patients the fibrotic areas are blue. SEL 
is valuable in that it documents plaques in the 
septum, especially plaques that cannot be 
detected by B-mode US [16, 17]. In addition SEL 
can provide useful data, especially in early dis-
ease, by depicting changes in tissue inflammation 
around plaques [18].

47.1.3.1	 �Penile CT
CT examination can detect calcified PD plaques 
and determine their degree of calcification. 

However, it does not accurately depict non-
calcified plaques. The information that is obtained 
from CT scanning does not justify its cost; there-
fore, the technique is seldom used to study PD 
plaques.

47.1.3.2	 �Penile MRI
MRI is the main diagnostic imaging approach 
used to evaluate penile trauma and fracture, 
penile carcinoma and selected PD patients.

In the latter subjects, MRI has proved less sen-
sitive than US in depicting plaque extension and 
their relationship with adjacent structures, espe-
cially in the case of stable calcified plaques. 
Gadolinium-enhanced MRI has proved effective 
in detecting enhancement around plaques as a 
sign of active inflammation [19] and is more sen-
sitive than grey-scale US scanning in assessing 
non-calcified plaques at the base of the penis 
[20]. It may also offer valuable information as an 
objective measure of response to therapy in 
patients receiving conservative drug treatment.

MRI is considered as a second-line diagnostic 
approach, but not due to poor diagnostic accuracy 
or sensitivity but rather because it cannot be used 
in routine clinical practice, also due to its poor 
cost-benefit ratio compared with US, which has 
become the mainstay of urological and andro-
logical clinical practice.

MRI enables optimal visualization of penile anat-
omy, but does not provide significant advantages 
over standard diagnostic imaging techniques.
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Penile Trauma and Priapism

Michele Bertolotto, Massimo Valentino, 
Francesca Currò, Mariano Iannelli, Gladiola Kaso, 
and Libero Barozzi

48.1	 �Introduction

Since the penis is mobile and largely protected by 
its position, it is much less frequently injured 
than other parts of the body. However, it can be 
wounded as a result of various injuries, including 
road or work accidents, gunshot wounds, burns, 
sexual activity and, in the case of mental distur-
bance, self-mutilation.

When a person sustains a penile injury, imaging 
can be required to better assess the damage and 
lead to appropriate therapy, either surgical or con-
servative. From the clinical point of view, the first 
important distinction is between penetrating and 
non-penetrating traumas. Moreover, it is important 

to assess whether a non-penetrating penile trauma 
occurred when the penis was flaccid or erect, since 
the resulting injuries are essentially different.

Because of its panoramicity, multiplanar capa-
bility and excellent tissue contrast, magnetic res-
onance imaging is the best diagnostic tool for the 
evaluation of the integrity of the tunica albuginea 
even in patients with severe pain and swelling of 
the penis. Ultrasonography, however, is often the 
only available method in emergency. In expert 
hands, when performed with high-end equipment 
using high-resolution and high-frequency probes, 
colour Doppler ultrasonography can provide 
enough clinically useful information to guide the 
management of the patient.
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48.2	 �Penetrating Injuries 
to the Penis

Diagnosis of penetrating traumas to the penis is 
usually straightforward. Imaging is rarely required 
but in complex situations which need careful pre-
operative assessment and in complex traumas 
involving the pelvis [1]. In patients with genital 
gunshot wounds, ultrasonography can have a role 
to identify haematomas, localized bullets and 
other foreign bodies retained within the penis and 
guide retrieval. Exact location of these bodies is 

important to ease extraction and to avoid unneces-
sary manipulation of the cavernous tissue, which 
can further affect the erectile condition of the 
patient. Colour Doppler interrogation of caverno-
sal arteries allows evaluation of associated vascu-
lar injuries. During the follow-up, cavernositis 
and abscess formation can be evaluated.

Rarely high-flow priapism may follow iatro-
genic penetrating traumas. Shunting procedures 
performed in patients with low-flow priapism or 
needle insertion in the shaft can result in injury of 
a cavernous artery or of its branches [2, 3].
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48.3	 �Non-penetrating Injuries 
to the Erect Penis

Most of the traumas to the erect penis result from 
sudden bending of the shaft during sexual fore-
play, intercourse or masturbation. Penile fracture 
consists in rupture of the tunica albuginea of one 
or both corpora cavernosa associated with ure-
thral injury in 10–20 % of cases.

Diagnosis of albugineal disruption is based on 
characteristic history of severe pain with a crack-
ing or popping sound during acute bending of the 
erect penis, followed by immediate detumes-
cence, penile swelling and deformity. However, 
imaging may be required, particularly in patients 
with atypical clinical presentation, limited penile 
haematoma and minor penile deformity or, on the 
contrary, with severe local pain or swelling that 
prohibits a thorough physical examination of the 
penis [4].

When available, MR imaging is the best 
modality in the evaluation of patients with penile 
fracture. Because of its multiplanar capability 
and excellent tissue contrast, MR imaging pro-
vides superb soft-tissue definition, depicting 
interruption of the cavernosal low-signal-
intensity tunica albuginea even in patients with 
severe pain and swelling of the penis [5–7]. This 
capability makes MR imaging particularly help-
ful in determining the need for surgical interven-
tion, which is largely based on the integrity of the 
tunica albuginea. However, MR imaging often is 
not performed in the acute setting. In expert 
hands, ultrasonography is able to detect the inter-
ruption of the echogenic line of the tunica albu-
ginea [1, 8]. It can evaluate the length of the 
albugineal defect, determine whether cavernosal 
tissue is severely injured or not and examine for 
associated vascular injuries and haematomas 
(Fig.  48.1). This evaluation requires a skilled 

sonologist and use of high-end equipment. 
Identification of associated urethral injury can be 
difficult on ultrasound.

In traumas with intact tunica albuginea, extra-
albugineal haematomas may result from rupture 
of the dorsal vessels or their branches [1]. Venous 
injuries are relatively more frequent than arterial 
injuries, and rupture of small venous collaterals is 
more common than injury to the main branches. 
Torn veins collapse and are not visible directly 
with ultrasonography, but occasionally they may 
undergo posttraumatic thrombosis and present at 
ultrasonography as noncompressible enlarged 
vessels with echogenic content (Fig. 48.2). If an 
arterial injury is associated, a posttraumatic arte-
riovenous fistula may develop [8]. Doppler inter-
rogation shows dilatation of the injured vein; 
high-velocity, low-resistance arterial flows; and 
high-velocity turbulent venous flows. Isolated 
rupture of the deep dorsal vessels usually produce 
haematomas confined to the space beneath the 
Buck’s fascia, involving only the penile shaft. 
When the Buck’s fascia is disrupted, or superficial 
penile vessels are injured, the haematoma spreads 
through the subcutaneous tissue and in the space 
between the Colles’ and the Buck’s fascia involv-
ing the pubis, the scrotum and the perineum with 
characteristic “butterfly” configuration (Fig. 48.3). 
If an arterial lesion is associated, a posttraumatic 
arteriovenous fistula may result and be identified 
at colour Doppler interrogation.

Injury to the erect penis may produce iso-
lated disruption of the penile septum [9]. 
Ultrasonographic evaluation allows identifica-
tion of the resulting haematoma as a well-defined 
cystic-like area in the septal region (Fig.  48.4). 
Aspiration under ultrasound guidance is recom-
mended to prevent circumscribed septal fibro-
sis and its associated symptoms, such as penile 
shortening or focal lack of rigidity.
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Fig. 48.4  Isolated septal haematoma. The patient pre-
sented with a lump in the mid-shaft 10 days after severe 
bending of the erect penis during intercourse associated 
with pain. Axial ultrasonographic scan shows a well-
defined cystic-like lesion within the septum (asterisk), 
consistent with posttraumatic haematoma

a b

Fig. 48.1  Penile fracture of the right corpus cavernosum. 
(a) Axial T2-weighted scan shows the lesion as a ventral 
interruption (arrowhead) of the low-signal-intensity 
tunica albuginea. There is an associated extraalbugineal 
haematoma (asterisk). The left corpus cavernosum is 
intact. (b) Corresponding ultrasonographic scan showing 

the same features. The injury is identified as a ventral 
interruption of the echogenic line of the tunica albuginea 
(arrowhead) with associated extraalbugineal haematoma 
(asterisk). Curved arrows indicate the corpus spongio-
sum, which is intact in this patient

Fig. 48.2  Posttraumatic thrombosis of a superficial 
penile vein. Axial ultrasonographic view obtained with 
the transducer on the dorsal aspect of the penis shows 
blood extravasation in the superficial tissues (asterisks). A 
noncompressible enlarged vessel with echogenic content 
is seen (arrowhead) lacking vascularization at colour 
Doppler interrogation. The tunica albuginea is intact. C 
corpora cavernosa. Curved arrow indicates the corpus 
spongiosum

Fig. 48.3  Extracavernosal haematomas. Arrowheads 
indicate haematoma between the tunica albuginea and the 
Buck’s fascia. Asterisks indicate haematoma spreading 
outside the Buck’s fascia
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48.4	 �Non-penetrating Injuries 
to the Flaccid Penis

Non-penetrating traumas to the flaccid penis usu-
ally follow blunt perineal injuries. The caverno-
sal crura are crushed against the pelvic bones. 
Ultrasonography allows evaluation of extratuni-
cal and cavernosal haematomas (Fig. 48.5) and of 
the tunica albuginea which is usually intact in 
these patients [1, 8]. Cavernosal artery disruption 
with formation of an arterial-lacunar fistula pres-
ents clinically with high-flow priapism. Colour 
Doppler ultrasonography is currently considered 
the imaging modality of choice in patients with 
high-flow priapism since it is sensitive, non-
invasive and widely available [10]. Greyscale 
ultrasonography demonstrates the area of lacera-
tion of the cavernosal tissue as a hypoechoic 
region within the echogenic corpus cavernosum. 
In this area, colour Doppler interrogation demon-
strates a characteristic arterial colour blush, con-
sistent with extravasation of blood from the torn 
artery. Doppler interrogation of the fistula results 
in high-velocity, turbulent flows (Fig. 48.6, Video 
48.1). Besides the arterial-lacunar fistula, the 
penile vasculature can be evaluated to identify 
the feeding vessels [10].

A careful Doppler technique allows a better 
evaluation of all vascular structures involved. 
Optimization of the colour Doppler parameters to 
detect low-velocity flows allows evaluation of the 
penile vessels and eases identification of the 
colour blush from the torn artery. However, visu-
alization of high-velocity flows is not correct, and 
aliasing hampers visualization of the exact site of 
the cavernosal tear. When colour Doppler veloc-
ity scale is increased, depiction of lower-velocity 
flows is reduced, and the cavernosal tear is imme-
diately recognized as a circumscribed colour spot 
displaying aliasing [10].

Besides identification of the arterial-lacunar 
fistula, colour Doppler ultrasonography allows 
evaluation of the penile vasculature to identify 
haemodynamically significant feeding vessels, 
providing useful information in patients undergo-
ing embolization [11]. Usually the main feeding 
vessel is a cavernosal artery; a variety of collater-
als can be associated, however. In particular, dor-

sal to cavernosal artery communications represent 
large vascular pathways that are able to feed the 
fistula and may be responsible to treatment fail-
ure after embolization of the torn cavernosal 
artery. Also intracavernosal arterial communica-
tions can connect the proximal portion of the torn 
artery with the contralateral cavernosal artery and 
be responsible of treatment failure. Cavernosal-
spongiosal communications and other small col-
laterals can feed the fistula as well [11].

In patients with high-flow priapism, high-
velocity systolic flows are observed at Doppler 
interrogation in both cavernosal arteries also 
when only one vessel is torn. Large communica-
tions exist between the corpora, and nitric oxide 
released at the level of the fistula diffuses freely 
in the contralateral side. Diastolic flow is vari-
able, depending on blood pressure within the par-
tially erected bodies. The firmer the erection, the 
lower the diastolic pressure.

Superselective embolization of the torn artery is 
currently the treatment of choice for high-flow pri-
apism [12]. After the procedure, colour Doppler 
ultrasonography is performed to assess the results. 
Complete closure of the arterial-sinusoidal fistula 
can be found, or the fistula may be still patent 
despite arteriographic evidence of occlusion fed by 
non-obliterated collaterals [10, 11]. In our experi-
ence, if the fistula is smaller and penile turgidity is 
reduced after embolization, spontaneous closure 
will likely occur within few days due to reduced 
hyperoxygenation and endothelial shear stress. 
When a more significant blood supply is demon-
strated at colour Doppler interrogation and penile 
turgidity remains unchanged in the following days, 
repeat angiography should be considered.

During the follow-up of patients with high-
flow priapism, we recommend colour Doppler 
ultrasound 1–2 months after embolization to rule 
out the appearance of a recurrent fistula. 
Recanalization of the embolized cavernosal 
artery can be observed also when non-
reabsorbable embolization material has been 
used [10, 13]. In patients with erectile dysfunc-
tion, the study should be performed after intra-
cavernosal prostaglandin injection to determine 
whether the functional impairment is caused or 
not by insufficient penile blood flow [10].
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Fig. 48.6  Posttraumatic 
high-flow priapism. 
Duplex Doppler 
interrogation of the 
cavernosal artery tear 
showing high-velocity, 
turbulent flows

Fig. 48.5  Intracavernosal haematoma (H) in the right 
corpus of a patient who crushed the base of the penis 
against the petrol tank of his motorbike
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48.5	 �Ischaemic Priapism

Imaging is usually not required in patients with 
ischaemic priapism because this condition is con-
sidered a urological emergency, and diagnosis is 
based on clinics and corporeal aspiration of non-
oxygenated blood. However, there is increasing 
evidence that the degree of venous outflow 
obstruction and ischaemia varies from person to 
person. Some patients regain potency even after 
days of priapism. On the contrary, other patients 
lose potency in a much shorter period of time. In 
patients with low-flow priapism, greyscale and 
colour Doppler ultrasonography provide infor-
mation of prognostic value. The corpora caver-
nosa initially present with normal echogenicity 
and echotexture, and the corpuscolate component 
of blood tends to sediment downwards forming a 
fluid-fluid level. In more advanced situations, the 
corpora present with increased echogenicity, 
probably associated with tissue oedema. 
Occasionally echogenic material obliterates the 
cavernosal arteries [14]. In long-standing isch-
aemic priapism, wide echotexture alterations are 
recognized, consistent with fibrotic changes. 
Colour Doppler interrogation of cavernosal arter-
ies may show different flow characteristics. High-
peak systolic velocity and holodiastolic flow 

reversal can be appreciable. In other cases, pro-
gressive reduction of the peak systolic velocity is 
observed, till termination.

In our clinical experience, if the cavernosal 
arteries are patent with high-velocity flows, the 
patient will likely recover erectile function after 
the treatment within few weeks (Fig. 48.7), while 
patients with obliterated arteries usually develop 
irreversible erectile dysfunction (Fig. 48.8) [14].

The treatment of low-flow priapism typically 
follows a pattern of least invasive to more inva-
sive procedures starting from penile aspiration, 
irrigation with saline and cavernosal injections of 
alpha-adrenergic receptor agonists. If these rela-
tively simple measures fail, a variety of surgical 
shunts can be created between the glans and cor-
pora cavernosa. When transglandular shunts are 
manufactured, they can be identified on greyscale 
ultrasonography as anechoic tubular ways with 
irregular margins extending from the glans deep 
into the corpora cavernosa. Interruption of the 
tunica albuginea at the tip of the corporeal bodies 
is identified [15]. Colour Doppler interrogation is 
not able to investigate the patency of the shunt 
because of very low-velocity flows. When this 
information is needed, microbubbles can be 
injected into the corpora and followed along the 
course of the shunts towards the glans.
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a

b

Fig. 48.7  Low-flow 
priapism lasting since 
12 h. (a) Greyscale 
ultrasonography shows 
normal echotexture of 
the corpora cavernosa. 
(b) Spectral Doppler 
interrogation of the 
cavernosal arteries 
shows high-velocity 
flows (50 cm/s) with 
diastolic flow reversal. 
Priapism relieved with 
blood aspiration and 
injecting alpha-
adrenoreceptor drugs
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a b

Fig. 48.8  Low-flow priapism lasting since 3 days. (a) 
Greyscale ultrasonography shows increased echo-
genicity of the cavernosal tissue, consistent with 
oedema. (b) Colour Doppler interrogation shows 

obliteration of the cavernosal arteries. Small vessels 
feed the periphery of the cavernosal bodies. The patient 
underwent surgical shunting but developed irreversible 
erectile dysfunction
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48.6	 �Stuttering Priapism

Stuttering priapism, also known as recurrent isch-
aemic priapism, is a variant of the ischaemic type 
characterized by repetitive, transient, painful and 
self-limiting episodes of priapism. Pathophysiology 
is poorly understood and treatment is not yet clearly 
defined. It is often idiopathic or associated with 
various haematological disorders. If left untreated, 
stuttering priapism may evolve into the classic 
form of acute ischaemic priapism and lead to erec-
tile dysfunction due to fibrosis of corpora caver-
nosa. Imaging appearance of stuttering priapism is 
poorly investigated. In our series of five patients 
investigated during the priapic episodes, colour 
Doppler interrogation showed high-velocity, high-
resistance flow in the cavernosal arteries with dia-
stolic flow disappearance or reversal, similar to 
cavernosal waveform changes observed in normal 
erection. When turgidity faded, relatively high-
velocity, low-resistance flows are recorded, consis-
tent with hyperafflux. The greyscale appearance of 
the cavernosal tissue is normal.

48.7	 �“Malignant” Priapism

Invasion of the corpora cavernosa by tumour 
tissue, either primary or secondary malignan-
cies, can present with penile stiffness and pain 
simulating low-flow priapism. In these patients, 
greyscale ultrasonography can show circum-
scribed tumour nodules within the corpora cav-
ernosa (Fig. 48.9) or diffuse infiltration of the 
shaft [14, 16]. When metastases spread from 
adjacent organs, disruption of the tunica albu-
ginea can be identified along the pathway of 
tumour invasion. Doppler interrogation usually 
shows hypervascular cavernosal bodies due to 
tumour lesion vascularity; cavernosal artery 
flows are variable. Venous stasis can be associ-
ated, resulting from infiltrations of the normal 
venous leakage pathways. Contrast-enhanced 
ultrasound (CEUS) often eases differentiation 
between normal cavernosal tissue and tumour 
infiltration, which usually displays different 
enhancement kinetics.

Fig. 48.9  Metastatic involvement from prostate cancer. 
A 79-year-old patient with already known prostate cancer 
presented with painful induration of the penis. Colour 
Doppler ultrasonography shows tumour tissue growing 
within the corpora cavernosa, most prominent in the crura 
(arrowheads), consistent with metastatic deposits of the 
prostatic cancer
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48.8	 �Scarring and Fibrosis

Untreated albugineal disruption can result in seg-
mental fibrosis characterized at ultrasonography 
by echogenic foci within the corpus cavernosum 
showing reduced expansion during erection. The 
lesions are already visible on ultrasonography 
when the penis is flaccid, but they are more 
prominent with erection when the surrounding 
sinusoids are distended with blood. During the 
erection, the fibrotic scars may cause penile 
bending. Cavernosal-spongiosal communications 
can remain patent near the scar also when the 
penis is erect with high-velocity, low-resistance 
flows, causing venous leakage and venous-
occlusive erectile dysfunction.

Low-flow priapism is a well-known cause of 
diffuse cavernosal tissue fibrosis. Cavernosal tis-
sue damage leading to fibrotic changes can occur 
also in patients with stuttering priapism and, occa-
sionally, with long-standing high-flow priapism. 
Other situations associated with diffuse cavernosal 
tissue fibrosis are penile irradiation or denervation 
and cavernositis. At ultrasonography diffuse cav-
ernosal fibrosis is recognized as hyperechogenic 
tissue prevailing around the cavernosal arteries 
and replacing the sinusoids of the corpora caver-
nosa. Little or no changes are appreciable after 
prostaglandin intracavernosal injection. Doppler 
interrogation usually shows pathological wave-
form changes in the cavernosal arteries consistent 
with veno-occlusive dysfunction. Peak systolic 
velocity is variable. When impairment of the cav-
ernosal artery inflow is present, small peripheral 
vessels can be demonstrated feeding the outer por-
tions of the corpora through collaterals from extra-
albugineal vessels. After microbubble contrast 
agent injection, the corpora characteristically dis-
play reduced enhancement around the cavernosal 
arteries and prominent vascularization of the sub-
albugineal space.

�Conclusions

In patients with penile traumas, an excellent 
depiction of the tunica albuginea is obtained at 
greyscale ultrasonography with identification 
of tears and other pathological changes. Side, 
site and anatomical relationships of fluid 

collections can be readily identified, and 
colour Doppler interrogation allows full eval-
uation of the penile vasculature and of its 
changes. Colour Doppler ultrasonography is 
the imaging modality of choice for the diagno-
sis of high-flow priapism and to evaluate 
penile blood flow changes after angiographic 
embolization of the injured vessel. In low-
flow priapism, greyscale and colour Doppler 
modes can have a prognostic value. If the 
sonologist is confident with ultrasonographic 
penile anatomy and its changes, other imaging 
techniques such as cavernosography and mag-
netic resonance imaging are rarely needed to 
evaluate patients with penile traumas and 
priapism.

References

	 1.	Bertolotto M, Calderan L, Cova MA (2005) Imaging of 
penile traumas – therapeutic implications. Eur Radiol 
15(12):2475–2482. doi:10.1007/s00330-005-2900-0

	 2.	Bertolotto M, Ciampalini S, Martingano P, Mucelli 
FP (2009) High-flow priapism complicating ischemic 
priapism following iatrogenic laceration of the dorsal 
artery during a winter procedure. J  Clin Ultrasound 
JCU 37(1):61–64. doi:10.1002/jcu.20479

	 3.	Liguori G, Garaffa G, Trombetta C, Capone M, 
Bertolotto M, Pozzi-Mucelli F, Belgrano E (2005) 
High-flow priapism (HFP) secondary to Nesbit opera-
tion: management by percutaneous embolization and 
colour Doppler-guided compression. Int J Impot Res 
17(3):304–306. doi:10.1038/sj.ijir.3901251

	 4.	Pavan N, Tezzot G, Liguori G, Napoli R, Umari P, 
Rizzo M, Chiriaco G, Chiapparrone G, Vedovo F, 
Bertolotto M, Trombetta C (2014) Penile fracture: ret-
rospective analysis of our case history with long-term 
assessment of the erectile and sexological outcome. 
Archivio Italiano Di Urologia, Andrologia Organo 
Ufficiale [Di] Societa Italiana Di Ecografia Urologica 
e Nefrologica/Associazione Ricerche In Urologia 
86(4):359–370. doi:10.4081/aiua.2014.4.359

	 5.	Pretorius ES, Siegelman ES, Ramchandani P, Banner MP 
(2001) MR imaging of the penis. Radiographics: a review 
publication of the Radiological Society of North America, 
Inc 21 Spec No:S283–298; discussion S298–289. 
doi:10.1148/radiographics.21.suppl_1.g01oc24s283

	 6.	Choi MH, Kim B, Ryu JA, Lee SW, Lee KS (2000) 
MR imaging of acute penile fracture. Radiographics 
Rev Publ Radiol Soc N Am Inc 20(5):1397–1405. 
doi:10.1148/radiographics.20.5.g00se051397

	 7.	Avery LL, Scheinfeld MH (2013) Imaging of penile 
and scrotal emergencies. Radiographics Rev Publ 

48  Penile Trauma and Priapism

http://dx.doi.org/10.1007/s00330-005-2900-0
http://dx.doi.org/10.1002/jcu.20479
http://dx.doi.org/10.1038/sj.ijir.3901251
http://dx.doi.org/10.4081/aiua.2014.4.359
http://dx.doi.org/10.1148/radiographics.21.suppl_1.g01oc24s283
http://dx.doi.org/10.1148/radiographics.20.5.g00se051397


578

Radiol Soc N Am Inc 33(3):721–740. doi:10.1148/
rg.333125158

	 8.	Bertolotto M, Mucelli RP (2004) Nonpenetrating 
penile traumas: sonographic and Doppler features. AJR 
Am J  Roentgenol 183(4):1085–1089. doi:10.2214/
ajr.183.4.1831085

	 9.	Brant WO, Bella AJ, Garcia MM, Tantiwongse K, 
Dean RC, Lue TF (2007) Isolated septal fibrosis or 
hematoma  – atypical Peyronie’s disease? J  Urol 
177(1):179–182. doi:10.1016/j.juro.2006.08.065; dis-
cussion 183

	10.	Bertolotto M, Quaia E, Mucelli FP, Ciampalini S, 
Forgacs B, Gattuccio I (2003) Color Doppler imag-
ing of posttraumatic priapism before and after selec-
tive embolization. Radiographics Rev Publ Radiol 
Soc N Am Inc 23(2):495–503. doi:10.1148/
rg.232025077

	11.	Bertolotto M, Zappetti R, Pizzolato R, Liguori G 
(2008) Color Doppler appearance of penile 
cavernosal-spongiosal communications in patients 
with high-flow priapism. Acta Radiol 49(6):710–714. 
doi:10.1080/02841850802027026

	12.	Ciampalini S, Savoca G, Buttazzi L, Gattuccio I, 
Mucelli FP, Bertolotto M, De Stefani S, Belgrano E 
(2002) High-flow priapism: treatment and long-term 
follow-up. Urology 59(1):110–113

	13.	Savoca G, Pietropaolo F, Scieri F, Bertolotto M, Mucelli 
FP, Belgrano E (2004) Sexual function after highly selec-
tive embolization of cavernous artery in patients with high 
flow priapism: long-term followup. J Urol 172(2):644–
647. doi:10.1097/01.ju.0000132494.44596.33

	14.	Bertolotto M, Pavlica P, Serafini G, Quaia E, Zappetti 
R (2009) Painful penile induration: imaging findings 
and management. Radiographics Rev Publ Radiol Soc 
N Am Inc 29(2):477–493. doi:10.1148/rg.292085117

	15.	Bertolotto M, Serafini G, Savoca G, Liguori G, Calderan 
L, Gasparini C, Mucelli RP (2005) Color Doppler US of 
the postoperative penis: anatomy and surgical complica-
tions. Radiographics Rev Publ Radiol Soc N Am Inc 
25(3):731–748. doi:10.1148/rg.253045100

	16.	Bertolotto M, Serafini G, Dogliotti L, Gandolfo N, 
Gandolfo NG, Belgrano M, Prefumo F (2005) 
Primary and secondary malignancies of the penis: 
ultrasound features. Abdom Imaging 30(1):108–112

M. Bertolotto et al.

http://dx.doi.org/10.1148/rg.333125158
http://dx.doi.org/10.1148/rg.333125158
http://dx.doi.org/10.2214/ajr.183.4.1831085
http://dx.doi.org/10.2214/ajr.183.4.1831085
http://dx.doi.org/10.1016/j.juro.2006.08.065
http://dx.doi.org/10.1148/rg.232025077
http://dx.doi.org/10.1148/rg.232025077
http://dx.doi.org/10.1080/02841850802027026
http://dx.doi.org/10.1097/01.ju.0000132494.44596.33
http://dx.doi.org/10.1148/rg.292085117
http://dx.doi.org/10.1148/rg.253045100


Part VII

New Technologies



581© Springer International Publishing Switzerland 2017
P. Martino, A.B. Galosi (eds.), Atlas of Ultrasonography in Urology, Andrology, and Nephrology, 
DOI 10.1007/978-3-319-40782-1_49

3D US

Pasquale Martino and Silvano Palazzo

49.1	 �Introduction

The use of 3D ultrasonography in urology is a 
recent acquisition that has been developed in the 
last few years. The versatility of the 3D US 
device, as well as the huge potential offered by 
image acquisition on a third scanning plane, 
makes this a highly promising tool in the urolo-
gist’s hands for use in diagnostic workup and to 
make a close study of the diseases more com-
monly observed in clinical practice. The multi-
plane images and pictures of the surfaces that can 
be obtained in 3D optimize the knowledge of the 
anatomical structures, guaranteeing more 
detailed images and, in practice, better measure-
ments and diagnostic insights than traditional 
ultrasound.

The history of three-dimensional ultrasound is 
very recent. The first 3D device was presented to 
the public during the International Congress of 
Radiology held in Paris in 1989. The 3D method 

in current use is the fruit of technological evolu-
tions and, in particular, of computer processing 
of the ultrasound images obtained.

These 3D devices are designed to acquire a 
large number of images in a very short time. The 
images are memorized and can be inspected by 
the operator and selected according to the infor-
mation they offer. Three images are displayed 
simultaneously on the monitor, representing the 
sagittal, transverse, and coronal images of the 
organ under study. The latter plane is an artificial 
section obtained by computer processing of the 
images obtained on the other two scanning planes 
(Fig.  49.1). While immobilizing the image on 
one of the three planes, it is possible to move the 
cursor over the other two planes to follow the 
anatomical structures, delineate pathological 
areas, and define margins and relationships.

The US device also makes it possible to per-
form Doppler studies of the arterial and venous 
vessels and, thanks to the software applied, sub-
traction studies can be made, thereby visualizing 
the entire vascular tree of the organ under study, 
“cleared” of US images taken simultaneously 
that are extraneous to the specific investigation 
(Fig. 49.2).

Due to its peculiar characteristics, very precise 
technical requisites are needed for the 3D US 
device. First of all, the probe must be suitable for 
pyramidal scanning of the organ along a single lin-
ear direction. Various probes are currently avail-
able for both surface and endocavitary scanning.
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Fig. 49.1  3D reconstruction scheme (computer processing of the images obtained from sagittal, transverse, and coro-
nal plane scans of the organ)

Fig. 49.2  Doppler 3D image of the arterial vessels of the 
kidney
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49.2	 �Uses

The organ that has been most closely studied in 
urology with the 3D US device is surely the pros-
tate. Owing to its particular anatomical position, 
the prostate gland is ideally suited to US studies 
of normal or pathological characteristics. 
Although the ultrasound devices in most com-
mon use can provide considerable information on 
the organ under study, their 2D view and impos-
sibility of scanning the coronal plane pose limita-
tions. These were not recognized as limits until 
magnetic resonance imaging with an endorectal 
bobbin demonstrated the far greater diagnostic 
and staging potential of three-dimensional study 
of the prostate gland.

The fact that 3D US is a novelty, and so its use 
in clinical practice is still limited, means that its 
full potential has not yet been entirely realized. 
Most research has been focused on understand-
ing this novelty in terms of the images obtained 
with 3D US.

Scanning the coronal plane makes it possible to 
reveal some anatomical details that cannot other-
wise be assessed. In fact, the central zone of the 
gland is only visible on the frontal plane. It appears 
as a cuneiform hypoechogenic area, surrounded by 
the isoechogenic peripheral gland. The transition 
zone is a tenuous, symmetrical hypoechogenic area 
lying to the sides of the proximal urethra. Moreover, 
it is possible to follow the complete course of the 
ejaculatory ducts up to their outlet in the verumon-
tanum region (Fig. 49.3).

With increasing biological aging of the organ, 
the transition zone tends to become much more 
voluminous. This modifies the appearance of the 
prostate on the coronal plane; it has been shown, 
in fact, that the increased tissue volume in BPH 
occurs exclusively in this prostatic zone.

The remarkable reliability of volumetric cal-
culations of the prostate done with the 3D US 
device fitted with a multiplanar transrectal probe 
is due to the highly precise definition of the 
images. The practical advantage of correct 
volumetric measurements of the prostate is that it 
allows assessment of the true efficacy of surgical 
treatment, as well as its feasibility in benign pros-
tatic hyperplasia and in prostatic carcinoma. 

Naturally, a more accurate estimate of the disease 
extent allows a better assessment of the diagnos-
tic and prognostic factors [1]. In fact, 3D US can 
overcome the difficulties encountered using con-
ventional TRUS for local staging of cancer. The 
visualization of an additional scanning plane can 
clarify the anatomical relationships between the 
tumor and surrounding healthy prostate tissue, 
including the capsule. A precise view of the 
whole length of the ejaculatory ducts can demon-
strate any invasion by the tumor, that is, the first 
step toward involvement of the seminal vesicles, 
a well-known unfavorable prognostic factor. In 
addition, the bladder-prostate angle is more eas-
ily visualized and investigated [2] Video 49.1.

Thus, 3D US can play a major role in the diag-
nostic workup of prostatic carcinoma. As is well 
known, the disease mostly originates in the 
peripheral zone of the gland, but in 20 % of 
tumors it arises in the transition zone. Some 
important studies have demonstrated a greater 
incidence of tumors in the transition zone if the 
biopsy is done under 3D rather than the usual 2D 
ultrasound guidance. This higher percentage of 
tumors identified in the TZ does not seem to be 
due so much to being able to visualize anomalous 
areas as to a better visualization of the transition 
zone thanks to the coronal plane scans. In short, a 
precise visualization of the transition zone on the 
coronal plane allows targeted biopsies to be per-
formed, resulting in a demonstrated increase in 
the number of diagnoses of carcinoma in this 
prostate area. In short, 3D US allows a greater 
diagnostic accuracy of prostatic biopsies, reduc-
ing the number of false-negative cases [3]. In 
addition, the biopsy course followed can be 
recorded, which can be an extremely useful point 
if any further biopsy needs to be done.

The 3D ultrasound method is also indicated 
in cases where a dynamic assessment of pros-
tatic lesions is required, when planning ablative 
treatments as an alternative to traditional sur-
gery. Its use has been proposed to determine 
BPH areas to be treated with interstitial laser 
therapy, for example. This method demands a 
highly precise positioning of the laser fibers, 
and this can be guaranteed, thanks to the clear 
differentiation of the different prostatic zones 
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that can be obtained with 3D US. In particular, a 
much better precision of ultrasound-guided 
puncture in the prostate apex and base regions 
has been shown using the 3D device. 
Furthermore, this technique allows a perfect 
insertion of cryoprobes in the prostate in patients 
undergoing cryoablation of the gland.

Some studies have also been focused on its 
promising role for the assessment of bladder 
tumors. A higher diagnostic sensitivity of 3D 
than traditional US has been demonstrated, above 
all in patients with hematuria, with small lesions 
and with bladder infections. Although the gold 
standard for tumoral forms is cystoscopy, the 
greater accuracy of 3D US can reduce the need to 
perform this invasive diagnostic procedure [4]. 
The method has also been used in the follow-up 
of kidney transplant patients to exclude rejection. 
3D echocolordoppler enables a precise definition 
of the volumetrics, as well as identifying and 
visualizing arterial and venous anastomoses, fol-
lowing the course of the vessels along their main 

axis. It can also show the vascular tree up to the 
arcuate vessels, allowing a more accurate mea-
surement of the resistance index, an essential 
parameter in the study of rejection [5] (Fig. 49.4).

Moreover, the 3D US device offers consider-
able aid in the diagnosis of vascular diseases in 
the andrology field. The possibility of displaying 
the arterial and venous vascularization of the 
penis, “isolating” it from the parenchyma, allows 
a precise assessment to be made, both anatomical 
and functional, of the vascular flow and corre-
lated diseases (Fig. 49.5).

This type of ultrasound has also been tested 
for the assessment of micturition anomalies in 
young boys with suspected vesicoureteral reflux. 
A promising role in diagnosis and patient follow-
up has been illustrated, demonstrating the better 
definition of the degree of reflux [6, 7]. Finally, 
thanks to its greater accuracy, it can be useful to 
define the morphology and function of the pelvic 
floor in women (e.g., in patients with bladder 
exstrophy epispadias complex) [8].

Fig. 49.4  Echocolordoppler of a transplanted kidney

Fig. 49.3  Course of the ejaculatory ducts (arrow) and 
their outlet in the verumontanum region
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�Conclusion

At the current state of the art, the 3D US 
method offers the clinician many different 
advantages, namely [5]:

•	 Standardization of the procedures, reduc-
ing the operator-dependent variables

•	 A very high definition of the images
•	 An optimal visualization of the volumes 

and vascularization
•	 The depiction of anatomical structures and 

pathological lesions on the coronal plane, 
offering a large amount of extra information 
as compared to conventional ultrasound

•	 Improved diagnosis and staging procedures 
of space-occupying urological masses

•	 The possibility of use also for interven-
tional and intraoperative purposes
Nowadays, although 3D US is still rela-

tively underused, it is a safe, rapid, replicable, 
and relatively inexpensive method that can 
improve the clinical approach to patients 
affected by urological diseases. It will likely 

play an ever more important role in the diag-
nosis, therapy, and follow-up of urological 
diseases.
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50.1	 �Introduction

The mechanical properties of the living tissue can 
be evaluated with an imaging method defined as 
ultrasound elastography. This technique gives a 
visual representation of the tactile information 
usually provided by physical palpation of the tis-
sue. It has opened new clinical applications of US 
providing complementary information to gray-
scale and color Doppler ultrasound.

Diseases of kidney, prostate, testis, and penis 
directly affect the biomechanical properties that 
can be studied with sonoelastography which has 
been shown to aid in the characterization of focal 
and diffuse disease. It has been also applied in the 
guidance of tissue biopsies and in the monitoring 
of therapeutic applications.

There are several elastography methods avail-
able for clinical users, depending on the way in 
which the stress is applied.
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50.2	 �Principles of Elastography

The elasticity of biological tissue differs depend-
ing on the direction and rate of deformation. 
Differences in the elasticity of soft tissues can be 
evaluated after externally applying a stress force 
and measuring strain or after applying a radia-
tion force impulse and measuring the propaga-
tion speed. The former is referred to as strain 
imaging and the last as ARFI imaging and shear 
wave imaging. Both strain and ARFI/shear wave 
imaging require mechanical excitation that can 
be divided into a manual compression (by hand) 
and an acoustic radiation force impulse (ARFI) 
or external mechanical vibration. The main dif-
ferences between these technologies are the 
following:

	1.	 In strain elastography, strain induced by quasi-
static methods such as manual compression or 
cardiovascular/respiratory pulsation is esti-
mated, and the distributions of strain or nor-
malized strain values within a region of 
interest (ROI) are displayed.

	2.	 In ARFI, focused acoustic radiation force 
“pushing” pulses are used to deform the tis-
sue. The resulting tissue displacement is mea-
sured within the focal region of each push 
within a specified ROI, and the distribution of 
displacement or its normalized values within 
the ROI is displayed.

	3.	 In shear wave, speed measurement and imag-
ing using acoustic radiation force impulse 
excitation, focused acoustic radiation force 
pushing pulses of short duration are used to 
generate shear waves, and the speed of the 
shear waves propagating away from the push-
ing location is measured. The information can 
be reported as either an average value within a 
ROI or as a color-coded image.

Strain imaging was first developed in the 
1970s and named elastography by J. Ophir [1]. 
Through various investigations of approaches for 
measurement of strain and its imaging [2–4], the 
method of strain elastography has been 

commercialized, with the pressure applied manu-
ally, similar to palpation or by cardiovascular 
pulsation and is currently being used in various 
fields of clinical medicine. Strain is a relative 
indicator of stiffness, which changes depending 
on the degree of compression. An example is 
shown in Fig. 50.1. For clinical use, the display 
method of the elastogram is superimposed as a 
colored image on the B-mode image. The color 
scale was firstly proposed by Ueno [5], but at 
present, in most equipment, users can select the 
color scale as desired. Because strain imaging is 
qualitative, it is difficult to perform quantitative 
comparisons between cases. Therefore, pseudo-
quantitative methods such as the strain ratio [6] 
can be used. Recently, elasticity score has been 
proposed for suggesting a possible cancer.

ARFI imaging has been introduced in 2001 
[7]. Similar to FibroScan®, focused acoustic 
radiation force pulses are used to monitor the tis-
sue displacement (as a measure of deformation) 
within the ROI. The tissue displacement response 
is inversely related to the tissue stiffness. ARFI 
imaging does not rely on transducer compres-
sion, and thus it has the advantage of being able 
to be compared between cases.

Shear wave imaging is are the most recent 
elastographic method. In shear waves imaging, 
the waves propagate in a direction orthogonal to 
the direction of the tissue displacement, and the 
system estimates the speed of shear wave propa-
gation through tissues, which is (almost) related 
to the underlying material stiffness. This tech-
nique is displayed in a color-coded image similar 
to strain imaging but without the disadvantages 
of the handheld deformation and a better resolu-
tion and deepness penetration.

Strain imaging and shear wave imaging have 
the advantages of being easy to use and provide 
elasticity images with a high spatial resolution in 
a manner similar to palpation (i.e., tissue defor-
mation). Currently, many manufacturers produce 
ultrasonographic equipment with a strain elastog-
raphy function. ARFI can be used to obtain a 
quantitative assessment of a focal lesion detected 
by the B-mode US.

M. Valentino et al.
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Fig. 50.1  Strain elastography of the prostate. The movie shows the normal pattern of the prostate. Using manual com-
pression it is possible to estimate the strain of the prostate. The information are reported on the display as a colored 
image on the B-mode image
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50.3	 �Kidney

Few studies have attempted to apply elastogra-
phy in the imaging of renal masses. Fahey and 
colleagues investigated the use of acoustic radi-
ation force impulse (ARFI) imaging for real-
time visualization of abdominal malignancies, 
including renal masses [8]. Clevert and col-
leagues reported shear wave velocity values in a 
small series of 12 solid renal cell carcinomas, 
using ARFI [9]. Tan and colleagues demon-
strated the feasibility of real-time elastography 
in differentiating angiomyolipomas from renal 
cell carcinomas, by the use of both elasticity 
patterns and strain ratios [10]. In our opinion 

more experience is necessary to evaluate the 
potential role of elastography in separating 
benign and malignant tumors.

Sonoelastography has been also proposed as 
noninvasive method to detect fibrosis in chronic 
kidney diseases. Several studies have been per-
formed on renal transplants because the superficial 
location allow a more accurate measurements. Most 
of them were performed with high-frequency 
probes (Fig. 50.2). The results reported in the litera-
ture are quite controversial, and the number of 
enrolled patients for biopsy is quite limited [11].

In pediatric patients with VU reflux, ARFI val-
ues decrease in the kidneys with secondary reflux 
compared to the normal kidney [12].

Fig. 50.2  Strain 
elastography of 
transplanted kidney. 
Elasticity map of the 
kidney transplant acquired 
with a 5–12 MHz linear 
probe, showing higher 
values in the cortex than in 
the medulla
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50.4	 �Prostate

It is well known that B-mode US has a limited sen-
sitivity and specificity (40–50 %) for prostate can-
cer detection. The use of US-based elasticity 
imaging for the detection of prostate cancer relies 
on the fact that these tumors can be detected 
because they are firmer than the surrounding nor-
mal parenchyma. Usually, the normal gland has a 
green-coded strain with blue parts near the capsule 
(Fig. 50.3). In the prostate having a benign pros-
tate hyperplasia, the map is less homogeneous and 
the blue areas are more present. Normally periure-
thral zone appears firmer due to its sphinterial 
component. Prostate carcinoma (Pca) appears as a 
firmer area with respect to the surrounding paren-
chyma (Fig. 50.4). For Pca detection, strain elas-
tography and shear wave imaging are used. In the 
case of strain elastography, the tissue to be exam-
ined is compressed by the examiner using the 
ultrasound probe. The comparison of ultrasound 
images before and after compression makes it pos-
sible to make conclusions about the stiffness of the 
tissue based on the degree of deformation. 
Adequate application of compression and the 
interpretation of the color-coded images in real 

time are difficult to standardize and yield hetero-
geneous, examiner-dependent results. In shear 
wave elastography, the forces are applied directly 
by the ultrasound probe, and the stiffness of the 
tissue is calculated based on the propagation speed 
of the shear waves in the tissue. The main advan-
tage of this method is the high intraindividual and 
interindividual reproducibility [13]. In general, the 
firmer areas are suspicious of cancer, but prostati-
tis, fibrosis, atrophy, or nodule of benign prostate 
hyperplasia can also be associated with increased 
stiffness. False-negative findings can be also pres-
ent in Pca with a Gleason score ≤7 in which nor-
mal tissue and prostate cancer cells can relay next 
to one another [14].

Several recent studies demonstrated that this 
technique is promising. These studies are of two 
types. The first type of studies evaluated the tech-
nique as a diagnostic tool for Pca detection [15]. 
Most of these studies showed that elastography 
improved the detection rate of Pca and the detec-
tion increased with higher Gleason scores [16]. 
The second type of studies is based on elastography-
targeted biopsy results and evaluated the method as 
a tool to support TRUS-guided systematic random 
biopsy [15].

Fig. 50.3  TRUS image with strain elastography of a 
70-year-old patient: Homogeneous prostate tissue of 
medium hardness (green) is visible. The region of the 

capsule or the neurovascular bundle and the urethra typi-
cally appear soft (red). Periurethral zone appears as harder 
areas (blue)
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Fig. 50.4  TRUS image with strain elastography of the prostate of an 84-year-old patient. A blue area is clearly visible 
in the right base (arrow). Prostate biopsy confirmed a prostate cancer (Gleason score 3 + 4)
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50.5	 �Testis

Elastosonography can be used also to discrimi-
nate malignant from benign testicular lesions. At 
elastosonography the normal testicles show 
mainly a medium level of elasticity (displayed in 
green); some linear “red” structures within the 
testes are related to fluid component, such as ves-
sels and cysts (not ever). After some anecdotal 
reports, in 2012 Goddi et al. have published an 
interesting paper about 88 patients having 144 
focal lesions [17]. They proposed a 5-point scale 
based on Itoh classification for breast lesions [5], 
finding a strong correlation with the biological 
characteristics of the tissues. In their research, 
the results of the elastograms gave 28 TP, 110 
TN, 2 FP, and 4 FN cases, accounting for 87.5 % 

sensitivity, 98.2 % specificity, 93.3 % PPV, 96.4 % 
NPV, and 95.8 % accuracy in differentiating 
malignant from benign lesions in the 144 nod-
ules/pseudo-nodules. Similar results were found 
by Aigner et  al. [18] in 50 patients, reaching a 
sensitivity of 100 %, a specificity of 81 %, a nega-
tive predictive value of 100 %, a positive predic-
tive value of 92 %, and an accuracy of 94 % in the 
diagnosis of testicular tumors. In our experience, 
elastosonography is useful in the differentiation 
of malignant lesions from most of benign lesions 
(Fig. 50.5) [19].

According to Huang DY [20], this new ultra-
sound technique, together with color Doppler 
ultrasound and contrast-enhanced ultrasound, 
should aid in the characterization of both benign 
and malignant intratesticular lesions.

Fig. 50.5  Strain elastography of the testis. In the lower part of the testis, a hypoechoic nodule is visible. The strain 
image shows a soft lesion (arrow) corresponding to a benign lesion. The final diagnosis was a Leydig cell tumor
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50.6	 �Penis

Recently some authors have proposed elasto-
sonography for studying the penis. Shear wave 
elastography has been used for evaluating 
Peyronie’s disease. Riversi et  al. proposed the 
technique complementary to B-mode US in the 
cases in which US and clinical examination 
were discordant, improving the accuracy of 
B-mode US in detecting penile lesions [21]. 
Richards et al. found that elastosonography was 
an additional way to characterize, localize, and 
deliver therapy to a lesion in patients with 
Peyronie’s disease in which palpation and 

B-mode US have failed to demonstrate a plaque 
[22]. Elastosonography can identify the firmer 
areas nonvisible at B-mode US (Fig.  50.6). 
Since stiffness of corpus cavernosum penis tis-
sue is closely associated with age and sex hor-
mone levels, Zhang JJ et al. [23] proposed to use 
elastosonography for evaluating the tissue struc-
ture of the penis. Because the change of tissue 
structure of the penis has important effects on 
penis erection and evaluating the tissue struc-
ture of corpus cavernosum penis is of great sig-
nificance in the cases of impotence, they 
proposed to use elastosonography instead of 
penis biopsy.

Fig. 50.6  Strain elastography of the penis. The plaque (arrows) is clearly displayed as hard (blue) tissue in comparison 
to the surrounding softer (red and green) tissue
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�Conclusions

In conclusion, based on the available results, it 
seems that elastosonography allows for better 
diagnosis in urological diseases, especially in 
distinguishing benign from malignant lesions 
of the prostate and testis and in identifying the 
invisible plaque in the Peyronie’s disease. In 
kidney diseases, quantification of tissue stiff-
ness using ultrasound is more complex, due to 
high tissue heterogeneities.

Therefore, more experience is needed in pre-
clinical models and in patient cohorts with path-
ological correlation to better understand which 
are the physical factors of variation and the his-
topathological causes of elasticity changes.
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HistoScanning

Carmen Maccagnano and Vincenzo Scattoni

51.1	 �Introduction

HistoScanning (HS) is an ultrasound (US) method 
used since 2006. The first area of interest con-
cerned the ovarian neoplasms, and the HS sensi-
tivity and specificity were 98 and 77 %, 
respectively, in this clinical scenario [1, 2]. Thus, 
HS was used for prostate in 2006 for the first time.

The prostate HistoScanning (PHS) is able to 
individuate the variations in the morphology of 
the prostate tissue, caused by elasticity, vascular-
ization, lymphatic drainage and patterns of cel-
lular growth.

PHS detects specific changes in the tissue 
morphology by extracting and quantifying statis-
tical features from backscattered ultrasound data. 
The core of HS consists of ‘characterization 
algorithms’ applied on these data (i.e. the ‘radio-
frequency, RF, data’ or the ‘raw data’) before 
they are transformed by the built-in software of 

US machines necessary for forming the grey-
scale video image. HS works on a personal com-
puter and can be embedded in computers installed 
in US machines. The characterization algorithms 
exploit the physical changes to sound waves that 
result from the interaction of the ultrasound beam 
and the cancer tissue. These can be summarized 
as energy loss, erratic spatial distribution of 
energy and increased entropy. One important 
attribute of these characterization algorithms is 
that they can be applied in discrete regions of 
interest (ROIs) throughout the prostate. Thus, the 
presence or absence of prostate cancer (PC) can 
be ascertained within small and discrete volumes 
of tissue. The identification of cancer within 
ROIs means that once identified, PHS can spa-
tially orientate the cancer within the gland. This 
enables both the location of the cancer to be 
determined and its volume [3–6] (Table  51.1) 
(Fig. 51.1).
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51.2	 �Method of Examination 
and Imaging Processing

The patient urinates and takes an enema 3 h 
before the exam, in order to reduce the possible 
artifacts. The bed position is on the right side, 
with flexed knees. Thus, a preliminary prostate 
trans-rectal ultrasound (TRUS) is executed using 
a 9 MHz probe with the aim of defining the glan-
dular volume, which can be visualized.

During the imaging acquisition time (whose 
duration is about 45 s), the silence and no move-
ment by the patient are necessary. The probe auto-
matically rotates on a sagittal plan with 180° from 
the right to the left lobe and vice versa. This leads 
the acquisition of 895 frames (a frame every 1/5 of 
grade). In this context, the operator has to manu-
ally define the margins of the prostate.

Thus, the total volume of the prostate is 
divided in single volumes of about 0.04 ml, with 
the help of a specific algorithm. These volumes 
are defined as ‘tagged units’; the number of the 
units is related to the dimensions of the gland. 
The suspicious adjacent ‘tagged units’ are con-
sidered all together, and the total volume is shown 
to the operator (Fig. 51.2) with red colour and in 
the three plans: axial, sagittal and coronal 
(Fig. 51.3, 51.4, 51.5 and 51.6).

In this context, the artifacts play a fundamen-
tal role in interpreting the images (Table 51.2).

Table 51.1  Cell and tissue features that influence the 
interaction between the ultrasound beam and the cancer 
tissue

Cell features Tissue features

Cell density Vascularization

Cell irregularities Elasticity

Water content

Transmit

Reflect

Fig. 51.1  Principle of ‘backscattered ultrasound’ in a 
heterogeneous medium
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Fig. 51.2  3D reconstruction of the prostate with the help 
of PHS algorithm, with a resolution of about 0.2 mm. The 
visualization and the study of the images are interactive

Fig. 51.3  Suspicious lesions are red marked. The margin of the prostate is evidenced with a continuous green line and 
it has to be traced by the operator
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Fig. 51.4  The 2D images in the different plans are real-time visualized, in order to modify the position of the probe, 
according to the preference of the operator

Fig. 51.5  Single-focus lesion with a volume of 0.78 ml. The total volume of the prostate is about 32 ml
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Fig. 51.6  Basal bilateral lesion

Table 51.2  Features causing artefacts in PHS images

Operator related Patient related Anatomical

Excessive compression on the rectum (the 
compression in the medium part of the prostate is 
higher than the rest of the gland. The use of rotating 
piezoelectric crystals inside the probe may solve 
this problem)

Movements during the 
execution of the exam

Sphinteric muscular structures [1]

Operator’s experience about US
The interpretation of HS images is made by the 
same urologist who will execute PBx, accordingly 
also to HS results

Number of past PBx  
(first vs repeated) [3]

Calcifications

Learning curve of about 80 procedures [3] Seminal vesicles

Urethra

Large prostates (reduction of 
evaluable tissue) [4]
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51.3	 �Possible Indications 
of Prostate HistoScanning

51.3.1	 �Prostate Biopsy

As it was shown that it can accurately visualize 
and locate lesions as small as 0.50 mL inside the 
prostate, PHS has the potential to assist in 
addressing many of the issues facing current 
biopsy procedure techniques [7–12].

Nevertheless, the role of PHS as guidance for 
prostate biopsy (PB) is still a matter of debate, also 
because most of the published trials are retrospective 
and involve a small number of patients (Table 51.3).

The first studies reported a sensitivity of about 
90 % and a detection rate (DR) of about 100 % for 
neoplastic lesions, especially for multifocal neo-
plasms or for establishing the side where cancer 
is located [3, 7–12].

De Coninck and Coll. have reported an increase 
of the DR of about five times comparing to random 
PB; this is due to the reduction of both the error 
sampling and the percentage of false positives [1].

Salomon and Coll. have demonstrated that 
there is accuracy of about 91 % for lesion of not 
being cancer if PHS does not individuate a neo-
plastic focus with a diameter < 0,2  mm. This 
implicates a reduction of about 40 % of extempo-
raneous specimens of the margins.

On the contrary, Hamann and Coll. have reported 
a DR of about 35 % if PHS is used as guidance for 
PB, especially with trans-perineal approach [3].

Moreover, in a retrospective study of 2014, 
Schiffmann and Coll. have reported high percent-
age of false-positive cases (77 %) in the general 
population. Similarly, the sensitivity and speci-
ficity are low, even when increasing the volumet-
ric cut-off from 0.2 to 0.5 ml.

In conclusion, the sensitivity, the specificity 
and the predictive positive value are lower com-
paring with the DR of standard PB [14, 15].

Recently Javed and Coll. have evaluated the 
ability of prostate PHS to detect, characterize and 
locally stage PC, by comparing it with TRUS-
guided PBx, trans-perineal template prostate 
biopsies (TTBs) and whole-mount radical pros-
tatectomy specimens. The PHS-targeted biopsies 
had an overall cancer DR of 38.1%, compared 
with 62.5% with standard TRUS-guided biop-
sies. The sensitivity and specificity of PHS for 
localizing tumour to the correct prostate sex-
tant, compared with standard TRUS-guided 
biopsies, were 100 and 5.9 %, respectively. The 
PHS-targeted biopsies had an overall cancer 
DR of 13.4 %, compared with 54.4 % for stan-
dard TTB.  PHS had a sensitivity and specific-
ity for cancer detection in the posterior gland of 
100 and 13 %, respectively, and for the anterior 
gland, 6 and 82 %, respectively. No correlation 
between total tumour volume estimates from 
PHS and radical prostatectomy pathology was 
found (Pearson correlation coefficient −0.096). 
Sensitivity and specificity of PHS for detecting 
tumour foci ≥0.2 mL in volume were 63 % and 
53 % respectively. The authors concluded that in 
these three independent studies in 105 patients, 
PHS did not reliably identify and characterize PC 
in the routine clinical setting [4].

51.3.2	 �Active Surveillance

The use of PHS in active surveillance is based on 
both the ability of diagnosing small neoplastic foci 
and on reduction of necessity of executing reclas-
sification PB (which is actually about 28 %).

Table 51.3  Trials about PHS and PBx

Author Sensitivity Specificity Positive predictive value Negative predictive value

Schiffmann [13] 84.1 27.7 29.5 89.2

Javed [4] 100 19.2 – –

Nunez-Mora [11] 93.5 79.5 67.5 96.5

Simmons [7] 100 82 – –

Braeckman [8] 100 83 80 100
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51.3.3	 �Surgical Planning

This argument is one of the most controversial. In 
this context, Javed and Coll. have demonstrated 
that that a significant statistical correlation between 
the total amount of the cancer individuated by 
PHS and the final pathologic exam does not exist. 
Moreover, a correlation between the volume ana-
lysed according to sextants and the final patho-
logic exam has not been proved. The same absence 
of correlation has been reported also for the identi-
fication of the ‘index lesion’. The eventual defini-
tion of lesions proximally located to the 
neurovascular bundles has to be considered more 
useful in the context of surgical planning, espe-
cially for ‘nerve sparing’ techniques [4, 10].

51.3.4	 �Focal Therapy

The possibility of planning focal therapy may 
depend on the individuation of the side affected by 
neoplasm [4]. This indication is still a matter of 
debate. Particularly, Javed and Coll. have reported 
no correlation between the side of the lesion in the 
gland identified by HS and the final pathologic 
specimen after radical prostatectomy [4].

�Conclusions

PHS is a promising method, but lack of strong 
scientific data does not support its routine use 
in the clinical setting. The small number of 
patients in the trials, the law quality of the tri-
als and the several biases of the selection of 
the patients are the major limits of the studies 
that have been published at the present.
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US Contrast Media in Renal 
Disease

Libero Barozzi, Diana Capannelli, 
Massimo Valentino, and Michele Bertolotto

Contrast-enhanced ultrasound (CEUS) is a new 
technique that employs microbubble contrast 
agents and complementary harmonic pulse 
sequences to demonstrate parenchymal perfusion.

CEUS is widely employed in several fields of 
clinical practice. The 2011 updated European 
Federation of Societies for Ultrasound in 
Medicine and Biology (EFSUMB) Guidelines 
and Recommendations on the Clinical Practice of 
CEUS have identified the current indications for 
the administration of US contrast agents for the 
study of different parts of the body, including the 
kidneys [1].

CEUS is useful in the detection and charac-
terisation of lesions, by differentiating solid neo-
plastic masses from pseudotumours, graduating 
complex cystic lesions according to the Bosniak 
system [2, 3] and detecting renal ischaemia, 
infections and trauma. CEUS demonstrated an 
accuracy similar to contrast-enhanced multi-
detector computed tomography (CE-MDCT) in 
detecting focal lesions, with the advantage of the 
real-time assessment of microvascular perfusion 
by using time-intensity curves. Other advantages 
of CEUS include its safety, simplicity, patient tol-
erance and lack of irradiation (conversely to 
CE-MDCT scans) [4–6].

Microbubble contrast agents are not excreted 
by the kidney and do not affect renal function: 
they can be safely administrated to patients with 
renal insufficiency. Current contraindications are 
known hypersensitivity to any of the contrast 
agent components (even if US contrast agents 
have low rate of anaphylactic reactions) and 
recent acute cardiopulmonary diseases.

The main limit of this technique is that con-
trast agents are not concentrated in the collecting 
system, and CEUS cannot give information about 
urinary excretory system.

CEUS has the same limitations of conven-
tional US: poor sonic window due to bowel gas, 
ribs or patients with large body habitus (obesity) 
prevents good quality images. In these cases, 
CE-MDCT can give more information.
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52.1	 �Microbubble Contrast 
Agents

Microbubble contrast agents consist of gas 
microbubbles (air or perfluorocarbon) stabilised 
by a biodegradable shell of protein, lipid or poly-
mer. The small size of microbubbles (from 1 to 
10 μm, as the size of a red blood cell) allows 
their passage unfiltered through the pulmonary 
capillary bed but prevents entry into the intersti-
tium allowing them to remain entirely intravas-
cular (“pure blood pool” agents) [4, 5, 7]. Under 
US exposition, microbubbles oscillatory con-
tract and expand themselves with the same reso-
nance frequency of US waves, by amplifying the 
US signal.

After circulating for several minutes, micro-
bubbles dissolve: the gas is exhaled by the lungs, 
whereas the biodegradable shell is metabolised 
by the liver.

52.2	 �Technique

The kidney has a single arterial blood supply, con-
versely to the liver. After endovascular bolus injec-
tion of the contrast agent, microbubbles diffuse to 
the blood pool. The renal cortex rapidly enhances 
from 15 to 20 s after microbubble injection, while 
the vessels of the renal medulla are progressively 
filled from 30 to 35 s and completely filled after 40 
to 50 s. Corticomedullary differentiation is evident 
only in the early phase and lasts for 20–40 s. This is 
because the renal medulla presents a lower global 
perfusion than the renal cortex. During the later 
phase (45–120 s), the enhancement is homogeneous 
and the differentiation between cortex and medulla 
is lost (Fig. 52.1). The lesion contrast enhancement 
is evaluated in comparison with the surrounding 
parenchyma [4]. Kidneys are highly vascularised 
and the contrast enhancement is faster than other 
abdominal organs: this allows the characterisation 
of renal parenchyma but also the evaluation of liver 
(in the remaining 3 min after kidneys) and spleen 
(that retrains the contrast agent for as long as 7 min).

a b

Fig 52.1  (a) Early phase (20 s after microbubbles injection) corticomedullary differentiation is evident due to the rapid 
and intense enhancement of the renal cortex. (b) Late phase (45 s after microbubbles injection) corticomedullary dif-
ferentiation is lost because of progressive and later enhancement of medulla
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52.3	 �Renal Infections

The diagnosis of acute pyelonephritis is based on 
clinical evaluation and laboratory findings [1]. 
Conventional baseline US can demonstrate 
increased size of the kidney and cortical scarring, 
suggestive of previous episodes of infections. 
CEUS plays an important role when the patient is 
still febrile after 72 h despite of antibiotic treat-
ment and a complicated pyelonephritis is sus-
pected. As CE-MDCT, CEUS can show focal 
parenchymal areas of pyelonephritis that appear 

as wedge-shaped areas of reduced enhancement 
because of the parenchymal oedema (Fig. 52.2).

Sometimes pyelonephritis can complicate 
with parenchymal abscessualization: a focal 
inhomogeneous nonenhancing area with intense 
peripheral uptake (Fig. 52.3).

Purulent material in pelvicalyceal system can 
be easily detected as echogenic material with no 
contrast uptake, since contrast agents are not con-
centrated in the collecting system. This finding is 
useful to differentiate pus from uro-endothelial 
tumours [5].

a b

c d

Fig 52.2  Contrast-enhancement CT shows an inhomogeneous parenchymal enhancement (a). Baseline US (b) demon-
strates a wedge-shaped ipoechogenic area with poor vascularisation on colour Doppler evaluation (c). CEUS confirms 
the lack of contrast enhancement in this area (d)

52  US Contrast Media in Renal Disease
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Fig 52.3  Renal abscess. CEUS shows a poor-defined area of lack of contrast with intense peripheral enhancement

L. Barozzi et al.
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52.4	 �Renal Ischaemia

The kidney has a rich blood flow but can undergo 
a variety of vascular injuries.

CEUS demonstrates high accuracy in detect-
ing kidney parenchymal ischaemia, comparable 
to CE-MDCT. CEUS shows a higher sensibility 
in comparison to colour of power Doppler by 
detecting smaller blood vessels with slower blood 
flow. Microbubbles reach the microvasculature 
and amplify the US signal, allowing a direct eval-
uation of parenchymal perfusion.

Renal ischaemia appears as single or multiple 
focal triangular or wedge-shaped area of absent, 
diminished or delayed contrast enhancement, 
easily detectable in comparison with the sur-
rounding normal parenchyma (Fig. 52.4).

CEUS may also provide more precise infor-
mation about tissue vitality: it can differentiate 
infarcts from areas of diminished perfusion. Even 
if both injuries appear at colour Doppler as 
non-vascularised areas, only infarcts show com-
plete lack of contrast enhancement after injection 
of microbubbles.

a b

Fig 52.4  Baseline US examination shows an ipoechogenic area involving the upper pole of the right kidney (a). CEUS 
demonstrates a well-defined, triangular-shaped area of enhancement defect, suggestive of renal ischaemia (b)

52  US Contrast Media in Renal Disease



610

52.5	 �Kidney Transplant

The renal transplant represents the ideal applica-
tion of CEUS because the organ is superficial and 
well vascularised. An important advantage is that 
microbubbles are not nephrotoxic and do not 
compromise the renal function, conversely to CT 
contrast agents. Renal transplant can undergo a 
wide range of possible complications in the early 
postoperative period. The main important is the 
acute rejection. The first-line evaluation is typi-
cally performed with spectral Doppler measure-
ments in order to assess abnormal values in 
resistance index (RI).

Spectral Doppler assessment only provides 
indirect information about the parenchymal per-
fusion, whereas microbubble contrast agents 
allow a direct visualisation of microcirculation. 
CEUS findings are also earlier than abnormal RI 
[8–10].

In acute rejection, the parenchymal perfusion 
is delayed. The time-intensity curves can demon-
strate a diffuse delayed and slow contrast 
enhancement of the renal parenchyma. In a later 
phase, CEUS can also show perfusional defects 
(Fig.  52.5). CEUS is also useful in monitoring 
the antirejection therapy, by assessing an 
improved parenchymal perfusion [11].

a b

Fig 52.5  Normal kidney transplant: regular and homogeneous perfusion (a). Acute rejection in kidney transplant: 
CEUS demonstrates a wide lack of parenchymal perfusion at the upper pole of the kidney transplant, due to insufficient 
blood supply through the superior polar arteriosus anastomosis (b)
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52.6	 �Cystic Lesions

Renal cysts are a common finding, but any cyst 
that does not show the typical features of a benign 
cyst is by definition “complicated” and requires 
further assessment.

CEUS can be useful in differentiating benign 
cysts from cystic tumours. Even if the Bosniak 
classification system was developed on the basis 
of contrast-enhancement findings of cystic renal 
masses on CE-MDCT [2, 3], CEUS can provide 
useful information for the management of these 
lesions: surgical treatment or observation.

CEUS is acquiring an increasing role in the 
assessment of indeterminate cystic lesions 

(Bosniak IIF and III) by detecting the presence 
and the enhancement of solid components. 
Recent comparative studies [12, 13] between 
CEUS and CT revealed that CEUS imaging was 
superior to CT in terms of detecting additional 
septa, thickness of the wall or septa and solid 
components. Microbubble contrast agents 
circulate in the microvessels of septa and walls, 
and CEUS provides the evaluation of sophisti-
cated internal structures of cystic renal masses 
with a higher resolution than CE-MDCT. In par-
ticular, the demonstration of solid components is 
the key factor in differential with the categories 
III and IV that are considered malignant and must 
be surgically removed (Figs. 52.6 and 52.7).

a b

Fig 52.6  Baseline US examination shows a cyst with thin septa (a). CEUS demonstrates an enhancement of these 
septa, suggestive of Bosniak II category (b)

52  US Contrast Media in Renal Disease
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a b

c d

Fig 52.7  Contrast-enhancement CT scan shows a com-
plicated cystic lesion with grossly thickened walls (a), 
well marginated, without significant CE of the walls (b), 
suggestive of Bosniak category III. Baseline US examina-
tion shows echoic content (solid/haemorrhagic echo in the 

liquid content of the cyst) and confirms the CT finding of 
thickened walls (c). CEUS demonstrates a well-enhancing 
mural nodule (arrow) within the lesion, suggestive of 
Bosniak IV category (d)

L. Barozzi et al.
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a b c

Fig 52.8  Contrast-enhancement CT scan shows a heterogeneous solid lesion, with intense peripheric enhancement (a). 
Colour Doppler examination shows an increased vascularisation, both intralesional and peripherical (b). CEUS demon-
strates an intense peripherical hyperenhancement, suggestive of renal clear cell carcinoma (c)

a b

Fig 52.9  Time-intensity curves display two different patterns of solid lesion contrast enhancement. In the first case (a), 
the lesion time-intensity curve (red) shows a higher fast filling hyperenhancement with reference to the normal renal 
parenchyma, suggestive of renal clear cell carcinoma, whereas in the second case (b), the lesion time-intensity curve 
(red) shows a later and lower enhancement with reference to the normal cortex, suggestive of ipovascularizated solid 
malignant lesion

52.7	 �Solid Masses

The majority of renal tumours are renal cell carci-
nomas, whereas oncocytomas and angiomyolipo-
mas represent a small part of renal solid lesions.

Renal malignancies have a rich blood supply, 
and CEUS can show an increased and heteroge-
neous enhancement (Fig.  52.8), fast filling and 
rapid washout (Fig. 52.9). However, the kidney 
itself has abundant blood supply, and the lesion 
may appear isoechoic to the surrounding renal 
cortex [5, 14].

CEUS is not currently used for differentiating 
between benign and malignant solid lesions. 

Even if several studies propose new methods for 
qualitative and quantitative assessment of con-
trast enhancement, solid malignancies do not 
show a specific perfusion pattern [5, 15]. In par-
ticular, specific analysis with time-intensity 
enhancement curves can help in differentiating a 
hyperenhancing from a hypoenhancing lesion 
(Fig. 52.9).

CEUS may also provide useful information 
in case of haemorrhage by detecting an under-
lined lesion into the haematoma that appears 
on conventional US evaluation as a large het-
erogeneous mass.

52  US Contrast Media in Renal Disease
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52.8	 �Trauma

CEUS with second-generation contrast agents 
shows a high sensitivity both in lesion detection 
and grading, but CEUS should be reserved for the 
assessment of stable, low-energy isolated trauma 
patients with unilateral pain. These patients have 
low risk for multiorgan and severe traumatic 
involvement, are haemodynamically stable and 
can be conservatively treated and evaluated dur-
ing the follow-up [16, 17].

Instead, the modality of choice for the first-
line evaluation in emergency room of severe trau-
matic patients is the conventional focused 
assessment with sonography for trauma ultra-
sound (FAST-US). FAST-US allows to exclude 
free abdominal, pleural and pericardial fluids, but 
it has low sensitivity in detection of parenchymal 
traumatic lesions, which may be isoechoic and 
can be missed [18].

CE-MDCT remains the reference examination 
in high-energy multitrauma because of high spa-
tial resolution, very fast execution and higher sen-
sibility. CE-MDCT also allows to exclude active 
bleeding, multitraumatic involvement of deep 
organs (pancreatic trauma) and gut perforations.

The main indication of CEUS is in the 
second-line evaluation of patients with low-
energy isolated abdominal trauma. CEUS  
demonstrates an accuracy similar to CE-MDCT 
in detecting and grading renal traumatic 
lesions. Parenchymal lacerations and haemato-
mas appear as nonenhancing areas after con-
trast injection.

The main limit of CEUS in kidney traumatic 
lesions is the impossibility to visualise pelvicaly-
ceal and ureter injuries, since contrast agents are 
not concentrated in the collecting system. In 
these cases, CE-MDCT should be always per-
formed in CEUS-positive patients to exclude 
active bleeding and urinomas.

52.9	 �Urinary Excretory System

The main limit of CEUS in the study of urinary 
excretory system is that contrast agents are not 
concentrated in the collecting system, and only 

voluminous pelvicalyceal neoplastic masses can 
be detected.

CEUS is also acquiring an increasing role in 
the assessment of vesicoureteral reflux in chil-
dren, because of the safety of the technique and 
the lack of irradiation (conversely to retrograde 
cystourethrography). After intrabladder adminis-
tration of microbubble, CEUS is able to assess 
and quantify the grade of vesicoureteral reflux.
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US Contrast Media in Prostatic 
Disease

Vincenzo Scattoni and Carmen Maccagnano

53.1	 �Introduction

Contrast-enhanced ultrasound (CEUS) is a recent 
developing technology with high diagnostic 
accuracy.

The contrast ultrasound media are constituted 
by microbubbles with a diameter which ranges 
from 1 up to 7 μm, similar to that of red cells [1]. 
They are able to persist in the vascular bed for a 
long time and to design the microvascularization 
[2, 3, 4]. This may be particularly useful in case 
of neoangiogenesis (i.e., cancer foci) (Video 
53.1) (Figs. 53.1 and 53.2).

The wall of the bubble is made of denatured 
albumin or phospholipids, and its thickness is 
about 10–200 nm [2]. The microbubbles contain 

a gas with high molecular weight of low solubil-
ity, i.e., perfluorocarbon or sulfur esafluorate.

The SonoVue® is a 2nd-generation contrast 
medium made by stabilized microbubbles of sul-
fur esafluorate (Table  53.1). Currently, it is the 
most used contrast medium for the diagnosis of 
prostate cancer, with transrectal approach.

The ultrasound technology needed to image 
microbubble contrast agents is available with 
most of the modern ultrasound devices. As tumor 
is usually associated with a higher blood flow, 
targeted prostate biopsies may be performed. 
However, the method is limited by the hypervas-
cularity of benign prostatic hyperplasia (BPH) 
and prostatitis, which can lead to false-positive 
results.
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Fig. 53.1  The CEUS image shows an increasing vascularization in the left peripheral zone, which is hypoechoic in the 
US with gray scale (white arrows). The pathologic exam confirmed a cancer in the identified lesion

Fig. 53.2  Image with gray scale on the right, which 
shows a hypoechoic area in the left apical region; on the 
left, the enhancement caused by the contrast medium is 

evident, 28 s after the administration. The lesion is highly 
suspicious for cancer

V. Scattoni and C. Maccagnano
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Table 53.1  Ultrasound 2nd-generation contrast media currently in use

Commercial name Company Content of the microbubbles

SonoVue BR1, Bracco, SpA Stabilized microbubbles of sulfur 
esafluorate

OPTISON FS069, Mallinckrodt Inc. Microbubbles of perfluoropropane 
covered by albumin

Imavist AF0150, Alliance Pharmac. Corp. and 
Schering AG

Microbubbles of perfluorohexane

DEFINITY MRX115, DuPont-Merck, Inc. Liposomes full with perfluoropropane

Sonazoid NC100100, Nycomed Imaging as/
Amersham ltd

Microbubbles of perfluorocarbon

53  US Contrast Media in Prostatic Disease



620

53.2	 �Contrast-Enhanced 
Ultrasound as Guidance 
for Prostate Biopsy

In 2012, Halpern and colleagues have demon-
strated a significant benefit of CEUS comparing 
to systematic biopsy (PBx) in individuating 
aggressive neoplasms (Gleason score > 7) and 
with large volume (>50 % of the core affected by 
cancer) [5]. Moreover, Frauscher et  al. have 
reported an important increase of detection rate 
(DR) of prostate cancer (PCa) with CEUS, with a 
probability 2.6 times higher than PBx in individ-
uating PCa [6].

Mitterberger and colleagues have reported a 
higher PCa DR with the help of CEUS used 
together with Doppler during PBx (26 % vs 
20 %). Additionally, the Gleason score was higher 
in the first group [7] (Fig. 53.3, 53.4, 53.5, and 
53.6). This approach has the potential to perform 
targeted biopsies and to reduce the number of 
cores that can be taken.

In a meta-analysis about the performance of 
CEUS in patients affected by PCa, Li et al. have 
concluded that CEUS represents a promising 
instrument in the identification of PCa, even if it 
actually cannot substitute PBx [8].

In a recent review, Walz and colleagues have 
identified six studies about the use of CEUS as 
guidance for PBx. The authors have reported a 
higher DR using CEUS compared with standard 
PBx. The improvement of cancer DR has ranged 
from 2 up to 18 % [9].

False positives may be due to benign prostatic 
hyperplasia (BPH) and prostatitis, both acute and 
chronic [10–12] (Fig. 53.7). Nevertheless, Zhao 
and colleagues have reported that the percentage 
of false positives with CEUS is significantly infe-
rior compared with standard US with gray scale 
[12]. Currently, there are no precise parameters 
of reference. The study of the intensity curves of 
wash-in and washout may potentially improve 
the DR and reduce the percentage of false 
positives.

False-negative cases may be due to low neo-
plastic volume or well-differentiated and not 
aggressive cancers (low Gleason score) or a 
localization in the transition zone where the can-
cer is visible with more difficulty [12].

Initially the neoplastic lesions usually show 
small dimensions and low malignancy. 
Consequently, they may show a vascular micro-
density that is too small to be detected because 
they are not able to generate signals for CEUS 
[13–16]. Moreover, the lesions localized inside 
the transition zone may have a vascularization 
similar to normal prostatic tissue [17, 18].

Particularly, SonoVue® is the most used con-
trast media and is able to define the microvascu-
larization of both the lesion and the adjacent 
tissue, especially due to the real-time observation 
of its behavior. The recommended dosage is 
≥2.4 ml [23, 24]. There are other contrast media 
and the list is provided in Table 53.1. The main 
clinical indications for the use of CE-TRUS are 
resumed in Table 53.2.

V. Scattoni and C. Maccagnano
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a b

c

Fig. 53.3  An 84-year-old patient with prostate-specific antigen (PSA) of 8.8 ng/mL. (a) The image with gray scale 
demonstrates a round hypoechoic area in the left median region (arrows). (b) The color Doppler image demonstrates an 
increasing vascular flow in the region (arrows). (c) The CEUS image evidences a significant enhancement in the lesion, 
20 s after the administration of the contrast medium. The pathologic exam evidenced BPH. The guided biopsy docu-
mented PCa Gleason score 3 + 3
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a b

c

Fig. 53.4  A 70-year-old patient with PSA of 3.3 ng/mL. (a) The image with gray scale does not demonstrate altera-
tions in the basal region of the prostate. (b) The color Doppler image demonstrates a symmetric, significant increasing 
vascular flow in the basal region of the prostate. (c) The CEUS image evidences a mild enhancement in the lesion in the 
left basal zone (arrows), 19 s after the administration of the contrast medium. The guided biopsy documented PCa 
Gleason score 3 + 2
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a b

c

Fig. 53.5  A 76-year-old patient with PSA of 4.1 ng/mL. (a) The image with gray scale demonstrates a hypoechoic area 
in the left median region (arrows). (b) The color Doppler image demonstrates an increasing vascular flow in the region 
(arrows). (c) The CEUS image evidences a significant enhancement in the lesion, which shows irregular morphology, 
17 s after the administration of the contrast medium. The final pathologic exam evidenced BPH

a b

c d

Fig. 53.6  A 62-year-old. (a) The image with gray scale 
does not identify neoplasms. (b) Power Doppler image 
after administration of contrast medium. (c) Power color 

Doppler after administration of contrast medium. (d) The 
CEUS image evidences a significant increase of vascular-
ization (arrows)
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a b

a1 b1

Fig. 53.7  BPH appearance with contrast medium. (a) Central region of the prostate, normal. (b) Peripheral zone of the 
prostate, normal. (A1) Central region of the prostate, BPH. (B1) Peripheral region of the prostate, BPH

Table 53.2  Main clinical fields of use of ultrasound 2nd-generation contrast media

Diagnosis Follow-up Experimental

Guidance for prostate biopsy Active surveillance Planning and follow-up of 
brachytherapy

Identification of index lesion and 
surgical planning

Post high-intensity focused 
ultrasound

V. Scattoni and C. Maccagnano
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53.3	 �Specific Contrast Media 
for Prostate Cancer

The contrast media for a specific disease are very 
recent; they are constituted by microbubbles with 
additional ligands directed to specific sites. The 
possible target receptors for PCa are molecules 
upregulated during the angiogenesis, especially 
the vascular endothelial growth factor (VEGF) 
receptors [19, 20].

Particularly, the prostate-specific membrane 
antigen (PMSA) is a type II transmembrane gly-
coprotein exposed on the membrane of the pros-
tatic cells, with different levels of expression 
among normal prostatic tissue, BPH, first 
diagnosis-PCa, hormone-refractory PCa, and 
metastasis, respectively.

Loading nanoscale microbubbles with PCa-
targeted specific ligands or antibodies is critical for 
specific ultrasound imaging in PCa. It has been 
shown that targeted nanoscale microbubbles can 
significantly increase peak intensity and duration of 
contrast enhancement than blank nanoscale micro-
bubbles in transplanted prostate tumors. Increased 
peak intensity and prolonged duration of enhanced 
contrast are the main characteristics of targeted 
nanoscale microbubbles enhanced imaging.

Actually, it represents the most important tar-
get of both imaging and immune-mediated thera-
pies [21, 22].

53.4	 �Role of Contrast-Enhanced 
Ultrasound in Benign 
Prostatic Hyperplasia

The BPH localizes in the central zone of the 
gland, and its pathogenesis is complex. Some 
trials have demonstrated higher levels of the 
angiogenetic growth factors in the urine of 
patients affected by BPH compared with the 
levels in normal tissue. It suggests that an 
increased angiogenesis may play a fundamen-
tal role in the pathogenesis of the BPH itself 
[25, 26].

Some trials have shown that an increase in the 
vascularization proximally to BPH nodules and a 
reduction of the microvascularization in the 
peripheral can be easily identified. This effect is 
due to the compression of the adenoma on the 
peripheral gland.

Shi and colleagues have recently demon-
strated that the enhancement induced by the con-
trast medium is visible in an initial time in the 
central portion and later in the peripheral one 
during the wash-in dynamic phase. Moreover, the 
peak intensity, the medium time of passage, and 
the extinction time in the central zone have been 
longer compared to the peripheral zone. The 
diagnostic accuracy, the sensitivity, and the spec-
ificity were about 95.6 %, 95 %, and 96.7 %, 
respectively [27].
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53.5	 �Role of Index Lesion

In the context of the definition of PCa, often mul-
tifocal, the “index lesion” (IL) is identified as the 
largest focus, and, consequently, it is directed 
related to the whole volume of the neoplasm and 
the risk of neoplastic recurrence, the Gleason 
score, and the prognosis of the patient [28–31].

Particularly, the dimensions of the IL repre-
sent one of the most important criteria in order to 
evaluate an eventual focal therapeutic approach 
with sparing of the neurovascular bundles or of 
the urinary sphincter, with the final aim of mini-
mizing the side effects.

In this context, despite the fact that focal ther-
apy should be considered as an experimental 
therapy, the most recent trials have demonstrated 
that the treatment of the IL is sufficient to control 

the cancer, even in patient affected by multifocal 
neoplasms.

Currently, there are no imaging methods able to 
precisely identify the IL.  According to a patho-
logic point of view, the microvascular density of 
the prostatic neoplastic tissue is significantly 
higher than that of the adjacent tissue. This feature 
is well delineated by the contrast medium [32].

Moreover, the contrast medium has revealed 
as particularly efficient in the identification of the 
more aggressive lesions, i.e., in pT3 or Gleason 
≥7 or with larger dimensions (cut off of 15 mm) 
(Fig. 53.8 and 53.9) [33, 34].

The more frequent site of the IL is the periph-
eral zone, whereas the identification is resulted 
more difficult in the transition zone, probably 
due to a heterogeneous enhancement, related to 
BPH [35].

a b c

Fig. 53.8  Patient with PSA 9.91 ng/mL and clinical stage pT2c. (a) The basal image with gray scale demonstrates a 
hypoechoic area in the right peripheral zone (white arrows). (b) The CEUS image demonstrates fast and significant 
increasing vascular flow in the region (white arrows). (c) The final pathologic exam evidenced adenocarcinoma Gleason 
4 + 4 without infiltration of the capsule (dashed line)

a b c

Fig. 53.9  Patient with PSA 9.91 ng/mL and clinical stage pT2c. (a) The basal image with gray scale does no evidence 
lesions. (b) The CEUS image demonstrates fast and significant increasing vascular flow in the right peripheral zone 
(white arrows). (c) The final pathologic exam evidenced an index lesion with adenocarcinoma Gleason 3 + 4 with infil-
tration of the capsule (dashed line) and adenocarcinoma Gleason 3 + 3 in the adjacent region (dashed line)
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53.6	 �Role of Contrast-Enhanced 
Ultrasound in the Follow-Up 
of Focal Therapies

The role of CEUS may result particularly intrigu-
ing in the patients submitted to ablative therapies, 
where the efficacy of the therapy itself may 
involve a vascular response [36]. In 2011, Rouvier 
and colleagues have demonstrated that the CEUS 
may be used for differentiating the treated tissue 
from the untreated one in patients submitted to 
high-intensity focused ultrasound (HIFU). The 
enhancement has been judged as low, mild, and 
high in 6, 34, and 60 % of the sites, respectively 
[37]. Even if this method is not able to differenti-
ate the benign from the malignant tissue, the 
CEUS constitutes a promising technique.

�Conclusions

The CEUS may be executed in day off clinic 
context and is an easily repeatable, technically 
feasible, and safe method. Despite these con-
siderations, actually, its main limit is the 
absence of a standard definition of enhance-
ment, also because the images per se may be 
influenced by several local anatomical factors 
and by the interpretation of the single 
operator.
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54.1	 �Introduction and Technique

Ultrasound (US) is recognized as a useful first-line 
imaging modality, being esteemed its characteris-
tics such as real-time scanning, no radiation, easy 
performance, and cost-effectiveness. However, it 
is regarded inferior to computed tomography and 
magnetic resonance because of its low ability to 
depict organ vascularization especially for tumor 
characterization.

Recently a new generation of contrast media 
specific for ultrasound has been developed. This 
new technique, named “contrast-enhanced ultra-
sound” (CEUS), improved the diagnostic perfor-
mance of US in numerous pathological conditions 
changing the status of US.  In fact, CEUS pro-
vides unique information on the vascularization 
of the pathologic lesions obtaining fundamental 
diagnostic advantages without the need of more 
complex diagnostic procedures.

Ultrasound contrast agents (UCAs) are ele-
ments able to interact with the US beam, increas-
ing the echoes and producing an intense signal. 
The first generation of UCAs was able to improve 
the Doppler signal from vessels of large to inter-
mediate diameter, allowing increased detection of 
arteries and veins and improved demonstration of 
their luminal abnormalities. These UCAs used a 
stationary imaging, were affected by signal arti-
facts which interfere with lesion assessment, and 
were substantially unable to demonstrate signal 
from small vessels located within tumors [1]. 
Subsequently, a second generation of UCAs was 
produced. It consists of microbubbles stabilized 
with different substances, having a diameter less 
than 8μm which guarantees that the UCA can 
pass the pulmonary circulation and reach various 
organs [2]. These new UCAs have long activity 
(about 8–10 min) and strong harmonic response. 
The UCAs interact with the US beam, developing 
nonlinear resonance with the generation of har-
monic imaging. At low mechanical index (<0,2), 
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they are not destroyed and permit a real-time 
imaging. The UCA is introduced in the circula-
tion following intravenous injection at a dose of 
1.2–2.4 ml followed by a rapid flush of 5–10 ml of 
saline solution (Video 54.1). In the examination 
of the superficial structures, like testis, it is advis-
able to use a higher dose (4.8 ml), as the harmonic 
response to the high-intensity probes is lower due 
to the greater rupture of the microbubbles.

Numerous clinical experiences of its use are 
reported in the literature, although these substances 
obtained the clearance to be only used in echocar-
diography, liver pathology, breast disease, and 
micro- and macrovessel examination. The official 
registration does not include the authorization to 
study other organs as the kidney and the urogenital 
tract. The product has not been registered to be 
used in pediatric patients, in pregnancy, and in 
breastfeeding women. To obtain more extensive 

information for the clinical use of SonoVue, the 
technical leaflet can be downloaded from the 
Agenzia Italiana del Farmaco (AIFA) website 
[www.farmaci.agenziafarmaco.gov.it/aifa]. 
Moreover, the microbubbles actually used have 
showed an excellent safety profile with no signs of 
toxicity on different organs as the kidney, liver, and 
brain. Adverse reactions are very rare, and when 
they appear, they are short lasting and mild [3].

The use of US contrast media in urology and 
andrology has been proposed in many clinical 
studies regarding the kidney, prostate, bladder, 
and scrotal pathology. The European Federation 
of Societies for Ultrasound in Medicine and 
Biology (EFSUMB) has recently published 
guidelines and recommendation on the nonhe-
patic applications of contrast media, and the doc-
ument can be downloaded from the EFSUMB 
website [www.efsumb.org].
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54.2	 �Kidney

54.2.1	 �Renal Masses

CEUS is frequently employed in the character-
ization of cystic lesion of the kidney. Numerous 
comparative studies have shown that its diagnos-
tic accuracy is equivalent to computed tomogra-
phy (CT) with iodinated contrast injection [4]. 
The contrast-enhanced imaging techniques used 
have a very high sensitivity in the detection of the 
signals coming from the resonating bubbles and 
identification of the enhancement at the level of 
cystic wall, intracystic septa, focal wall thicken-
ing, or small nodules. The cystic wall thickness is 
measured after contrast injection, because this 
measurement is frequently difficult with tradi-
tional gray-scale imaging, due to echoes coming 
from debris usually present in the cyst (Fig. 54.1). 
CEUS has been also proposed to investigate solid 
renal lesions [5], but the information obtained are 
usually inferior to those acquired with CT or MR 
imaging with contrast media.

Renal clear cell carcinoma is the most com-
mon renal malignancy, and it is the lesion most 
usually studied with CEUS.  Solid renal 
tumors < 3  cm in size appear usually as 
hypoechoic masses at gray-scale sonography; in 
30% of cases, they can be slightly hyperechoic. 

When the lesion reaches a diameter superior to 3 
cm, it shows frequently an inhomogeneous inter-
nal structure. At color Doppler imaging, these 
masses have a mild increased peripheral arterial 
vascularization, and seldom internal vessels are 
identified. When the neoplastic lesion is over 
4 cm in size, the echostructure is that of an inho-
mogeneous mass due to intratumoral necrotic or 
hemorrhagic areas and calcifications. At CEUS, 
renal carcinoma has a homogeneous or inhomo-
geneous enhancement in comparison to normal 
renal parenchyma in the arterial phase, with pro-
gressive enhancement reduction in the late phase 
(Fig.  54.2). The detection of a hypervascular 
peripheral rim, sometimes observed, is due to the 
tumoral pseudocapsule [6]. Angiomyolipoma 
(AML) is a benign tumor and usually appears as 
a hyperechoic well-defined solid mass at gray-
scale sonography. After microbubbles injection, 
it is homogeneously enhanced and hypoenhanced 
in the arterial and late phase [7]. Renal oncocy-
toma, another benign tumor, usually is detected 
as a homogeneous hypoechoic mass with a cen-
tral stellate scar. At color power Doppler imag-
ing, they can show a wheel aspect. After contrast 
injection, the enhancement is diffuse and homo-
geneous in the arterial phase, with the depiction 
of the central scar as a hypoechoic area 
(Fig. 54.3).
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a b

Fig. 54.2  Hypoechoic mass of the right kidney (a). CEUS (b) shows enhancement of this tumor (black arrows). It was 
an adenocarcinoma

a b

Fig. 54.1  Complex cyst type 3 (a). CEUS demonstrates thick septa of the cyst (b)
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a b

c

Fig. 54.3  Large mass of the right kidney (a) with central vessel at color Doppler (b). After contrast injection, there is 
a strong enhancement with depiction of a central scar (black arrow), suggestive of oncocytoma (surgery confirmed) (c)
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54.2.2	 �Segmental Renal Ischemia

Thromboembolic disease is the most common 
cause of renal infarction and is observed in patients 
with cardiovascular diseases. Gray-scale sonogra-
phy is not able to detect ischemic areas, and even 
color power Doppler, commonly used to detect 
great vessels’ pathology, usually is not useful in old 
patients with reduced kidney perfusion. The CEUS 
is particularly useful in the diagnosis of this disease 
and has the advantages compared to CT and MR 
which require the use of nephrotoxic contrast agents 
[8]. The ischemic areas appear as nonperfused areas 
or show a late enhancement compared to the nor-
mally perfused adjacent renal tissue. The ischemic 
parenchyma shows sometimes a triangular shape, 
with the base at the renal capsule (Fig. 54.4).

54.2.3	 �Acute Cortical Necrosis

Acute cortical necrosis is a rare cause of acute 
renal failure, and it is the consequence of a dif-
fuse and rapid renal cortical ischemic necrosis, 
without medullary parenchyma involvement. The 
process can be multifocal or diffuse and is com-
monly bilateral. CEUS is proposed as a diagnos-
tic procedure in patients with rapidly evolving 
renal failure and when an acute tubular necrosis 
can be excluded. Acute cortical necrosis diagno-
sis at CEUS is characterized by a markedly hypo-
perfused cortex (Fig. 54.5) [8].

Fig. 54.4  Renal ischemia visible as a hypoechoic area of 
triangular shape (black arrows)

Fig. 54.5  Renal cortical necrosis (black arrows)

M. Valentino et al.



635

54.2.4	 �Acute Pyelonephritis 
and Renal Abscess

The diagnosis of acute pyelonephritis is based on 
clinical data, and imaging is usually not neces-
sary. This can be employed when clinical 
improvement is not observed during therapeutic 

observation or when a renal abscess is suspected. 
Gray-scale sonography is not diagnostic or shows 
nonspecific signs. At CEUS, the involved paren-
chyma appears as a hypoperfused area of triangu-
lar shape (Fig.  54.6) [9]. The renal abscess is 
characterized as a hypoechoic area with periph-
eral contrast enhancement (Fig. 54.7).

Fig. 54.6  Acute pyelonephritis visible as hypoechoic 
area (arrowheads)

Fig. 54.7  Renal abscess

54  US Contrast Media in Andrology
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54.2.5	 �Renal Trauma

UCAs can be used in trauma with the aim to 
detect posttraumatic lesions of abdominal organs 
not visible on gray-scale sonography [10]. 
Kidney traumatic lesions show a reduced or 
absent contrast enhancement, appearing as hypo- 
or anechoic lesions. Parenchymal changes are 
more evident in the venous phase, even if they 
can be detected in all the phases of contrast flow. 
Parenchymal lacerations appear as hypo-anechoic 
areas with well-defined margins, while contu-
sions appear as hypo-anechoic areas with shad-
ing margins (Fig.  54.8). In subcapsular renal 

hematomas, an anechoic fluid collection can be 
seen around the kidney’s profile. In hematuria 
with persistent bleeding, CEUS is able to detect 
bubbles flowing into the hematoma, easily identi-
fied in the arterial phase of the examination. 
Traumatic lesions of the main arterial vessels are 
characterized by absence of typical contrast 
enhancement of the renal parenchyma. The 
lesions of the excretory tract cannot be detected 
with CEUS, because the bubbles are not filtered 
by the glomeruli and do not pass in the urinary 
tract. Other imaging techniques are necessary to 
identify lesions when they are clinically 
suspected.

a b

Fig. 54.8  Renal trauma with fracture of the posterior labrum (black arrows) (a) confirmed at CT (white arrow) (b)

M. Valentino et al.
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54.3	 �Vesicoureteral Reflux

The urine reflux from bladder into the upper uri-
nary tract can be unilateral or bilateral and is sec-
ondary to congenital or acquired anatomical or 
functional anomaly of the ureterovesical junc-
tion. The vesicoureteral reflux (VUR) is the most 
common urologic pathology in children, and it is 
observed in 1–2% of all pediatric population and 
in 30–40% of children with urinary tract infec-
tions. VUR is the main cause of chronic renal 
damage in infancy. The cystosonography (blad-
der sonography with retrograde contrast intro-
duction), named also voiding urosonography 
(VUS), is performed after bladder catheterization 
and subsequent transcatheter introduction of the 

US contrast [11]. Preliminary baseline urinary 
tract (kidney and bladder) sonography is manda-
tory to detect possible pathology, followed by 
endovesical infusion of saline solution and the 
contrast medium. For this type of investigation, a 
concentration of 0.5/100  ml of UCA is used. 
Real-time observation and video registration are 
mandatory to document the bladder distension 
and the bubbles’ flow into the ureters and renal 
pelvis. This observation must be performed dur-
ing the filling phase and during voiding 
(Fig.  54.9). With CEUS, it can be applied the 
International Reflux System for the radiology 
voiding cystourethrography. Based on the grade 
of distension of the upper urinary tract, five 
grades of VUR are recognized.

Fig. 54.9  Vesicoureteral reflux with UCA in the pelvis
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54.4	 �Prostate

CEUS has been employed to detect prostate 
carcinoma non-visible on gray-scale sonogra-
phy or to guide biopsy in selected cases. Some 
preliminary studies showed very suggestive 
results, which have not been confirmed  
in other research. The method is still consid-
ered as a procedure subject to clinical 
investigation.

Some studies have shown focal areas of dis-
turbed enhancement in the arterial phase, some-
times with increased vascularization and sometimes 
with reduced vascularization compared to adjacent 
glandular tissue. In the late venous phase, a focal 
hypoechoic area can be detected (Fig.  54.10). 
Selected use of contrast medium has been proposed 
in patients in active surveillance, after hormonal 
therapy and radiotherapy, or in patients proposed 
for high-intensity focused ultrasound (HIFU) [12].

Fig. 54.10  Prostate cancer CEUS shows hypoechoic area (black arrow) in the late peripheral gland

M. Valentino et al.
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54.5	 �Scrotum

54.5.1	 �Testicular Anatomy

The testis and epididymis show an intense and 
early enhancement after contrast injection, with 
visualization of the feeding artery, followed few 
seconds later by the visualization of venous and 
homogeneous parenchymal enhancement (Video 
54.2). This intense enhancement disappears com-
pletely after 3 min of observations.

54.5.2	 �Testicular Tumors

The majority of testicular masses are easily 
detected in gray-scale imaging employing 

up-to-date machines and the vascularization 
identified with color power Doppler. In clini-
cal practice, nonvascularized hypoechoic tes-
ticular lesions are observed, and the distinction 
between tumoral and nontumoral lesions is 
difficult or nonattending. CEUS allows to 
identify tiny areas of vascularization in all 
neoplastic lesions [13], detecting cystic or 
fibrotic areas from cellular proliferating nod-
ules. The method is particularly useful in the 
detection of vascularization of very small 
hypoechoic nodules (Fig.  54.11). The proce-
dure is not able to distinguish between differ-
ent testicular tumors, but this problem is 
clinically less relevant because all solid and 
vascularized testicular lesions must be 
removed.

Fig. 54.11  Small seminoma of the upper pole of the testis. CEUS demonstrates strong enhancement of the nodule
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Fig. 54.12  Epidermoid cyst of the testis. CEUS demonstrates the absence of enhancement

54.5.3	 �Complex Cystic Lesions

Simple intratesticular cystic lesions without 
internal echogenic signal are easily character-
ized by gray-scale sonography. More difficult 
is to define the nature of so-called complex 
cysts that show some internal echoes. Most 
frequently these aspects are due to solid 
parenchymal material. CEUS allows with 
great certainty to separate easily the solid 

abnormality from nonviable material present 
in the cyst.

The most typical complex cyst observed in 
the clinical practice is the epidermoidal cyst 
which appears as a solid mass at gray-scale 
sonography, with an onion-like internal struc-
ture. CEUS allows to demonstrate the com-
pletely avascular nature of the lesion (Fig. 54.12) 
and confirms the benign nature, without the need 
of other imaging tests [14].
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54.5.4	 �Segmental Testicular 
Infarction

It is a rare pathology, commonly idiopathic, but 
can be observed in patients with coagulation 
abnormalities, vasculitis, testicular torsion, infec-
tion, or trauma. Gray-scale sonography associ-
ated with color Doppler is usually diagnostic for 

their typical morphology. Sometimes the lesion 
can mimic a hypovascular tumor, and in these 
cases, CEUS is more accurate showing the avas-
cular nature of the lesion. Subacute segmental 
infarction characteristically shows a perilesional 
rim of enhancement (Fig. 54.13), while appear-
ance of chronic infarction is not characteristic as 
the lesion presents as a hypovascular nodule [15].

a b

Fig. 54.13  Segmental testicular infarction. Color Doppler image shows a hypoechoic nonvascular lesion (white arrows) 
(a). After contrast injection, the lesion (white arrows) shows no enhancement confirming its avascular nature (b)
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54.5.5	 �Scrotal Trauma

In scrotal trauma, gray-scale sonography and 
associated color Doppler are the main diagnostic 
procedures for a correct diagnosis. The extent of 
the traumatic lesion is sometimes difficult to 
quantify because it is difficult to separate a sim-
ple contusion, hematoma, or complete rupture of 

the testis. CEUS is very useful because it allows 
to detect the fracture extension and the hematoma 
and separate it from viable residual parenchyma 
which is enhanced by contrast medium 
(Fig.  54.14). The use of the contrast medium 
allows to identify the albuginea rupture, to 
quantify the residual testicular tissue, and to 
guide therapeutic solutions [13].

Fig. 54.14  Scrotal trauma. CEUS depicts the interruption of the tunica vaginalis (white arrow) and the large hematoma (H)

M. Valentino et al.



643

54.6	 �Penis

CEUS of the penis can be performed by intro-
ducing the contrast intravenously or directly 
into the corpora cavernosa, without or after 
vasoactive drugs injection to obtain erection 
[16]. At CEUS, the maximum enhancement is 
obtained during the initial phase of erection 
when the blood inflow is high and the intracor-
poreal pressure low. The cavernosal and the 
helicine arteries show an intense enhancement, 
with refilling of the sinusoids. When the con-
trast injection is performed during rigid erec-
tion, the arterial and sinusoid enhancement is 
reduced and delayed. Direct intracavernosal 
contrast injection shows a bilateral spread of 
microbubbles with homogeneous enhancement 
of both corpora cavernosa. CEUS of the penis 
has been employed in the investigation of penile 
malformations instead of radiologic caver-
nosography in congenital penile curvature or 
hypoplasia. The use of CEUS in erectile dys-
function and in Peyronie’s disease has not 
shown clinical value, as reported in rare clinical 
reports. In penile traumas, contrast injection can 
be useful to confirm or detect the site of the 
albuginea tear, with bubble extravasation from 
the corpora cavernosa (Fig. 54.15). It is conceiv-
able that it can allow the detection of smaller 
tears and of urethral tears. Primary and meta-
static tumors of the corpora cavernosa display 

early inhomogeneous enhancement, less intense 
than the normal corporal bodies, followed by 
rapid washout. Tumor spreading within corpora 
cavernosa can be better evaluated as areas of 
reduced enhancement after 1–2  min after the 
injection. In diffuse metastatic involvement of 
the erectile tissue, the lesion can be barely visi-
ble at gray-scale ultrasound, while CEUS shows 
an extensive alteration of the normal penile vas-
culature and inhomogeneous enhancement of 
the penis. There are few experiences reported on 
the use of CEUS in penile scars and fibrosis and 
in cases of acute penile ischemia.

Fig. 54.15  Penis trauma. CEUS detects the site of the 
albuginea tear, with bubble extravasation from the corpora 
cavernosa (arrow)
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�Conclusion

The use of CEUS in the clinical practice 
improves significantly the diagnostic role of 
ultrasonography. Intravenous injection of gas 
containing bubbles increases the sensitivity 
and specificity of sonography, and the diag-
nostic performance is very similar to that of 
CT and MR imaging, without the need of radi-
ation and iodinated or gadolinium-based con-
trast media.

To be useful, CEUS needs technical skill of 
the physician and adequate technology. Its 
more extensive use in uro-andrologic pathol-
ogy can improve the diagnostic possibilities 
offered by gray-scale sonography, reducing 
time and cost of assistance.
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Ultrasound MRI Fusion Biopsy 
in Prostate Gland

Francesco Porpiglia and Matteo Manfredi

55.1	 �Introduction

Until recently, the diagnosis of prostate cancer 
(PCa) has been based on blinded, systematic, 
template-based sampling strategy under transrec-
tal ultrasound (TRUS) guidance. This test has 
undergone considerable modification in order to 
improve the sampling efficiency: from the origi-
nal six cores [1] to the standardized 12 cores [2, 
3]. Nevertheless, 12-core TRUS biopsy conferred 
an incremental benefit in terms of detection; there 
is a wide consensus that it remains prone to 
errors. These principally comprise undersam-
pling of significant and oversampling of insignifi-
cant PCa [4–6].

The introduction of multiparametric magnetic 
resonance imaging (mp-MRI) has made it possi-
ble to change the way in which prostate biopsy is 
done, allowing to direct biopsies to suspicious 
lesions rather than randomly. The subject of this 
chapter relates to the use of a software to assist in 
targeting an MRI-derived suspicious lesion.

55.2	 �Interpretation 
of Multiparametric MRI

The MRI acquisition and reporting by the radi-
ologist is the initial step of all MRI targeted 
biopsy strategies. mp-MRI includes three com-
ponents: high-resolution T2-weighted MR 
images (T2WI) and at least two functional MRI 
techniques including diffusion-weighted imaging 
(DWI) and dynamic contrast-enhanced MRI 
(DCE-MRI) [7–9] (Fig. 55.1). MR spectroscopic 
imaging (MRSI) remains an optional technique 
in most centers. The use of an endorectal coil 
(ERC) to increase the spatial resolution of the 
technique is still under debate, especially with 
the recent improvement in signal-to-noise ratios 
achieved by the use of the 3-T scanner [10].

To describe suspected lesions diagnosed by 
MRI in a standardized manner, radiologists use 
standardized suspicion scores and graphical tem-
plates to show locations. The most used scores 
are the 1–5-point Likert scale (based on radiolo-
gist’s subjective score) or the prostate imaging 
reporting and data system (PI-RADS) score 
(based on determined criteria) [11–13]. In par-
ticular, concerning PI-RADS score, the inter-
reader agreement performs well, and the 
inter-reader reproducibility improves with 
increasing experience.F. Porpiglia (*) • M. Manfredi 
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a b c

d e

Fig. 55.1  Images from a 59-year-old male with serum 
PSA 7.92 ng/mL, and one previous biopsy underwent an 
mp-MRI. The MRI demonstrated a PI-RADS 5 right pos-
terior apex to mid-peripheral zone lesion (white arrow) on 

axial T2W (a), DWI (b), ADC (c), and DCE (d, e). MRI/
US fusion software-based targeted biopsy demonstrated 
Gleason score 7 (3 + 4) prostate cancer (67 % in three 
cores)
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55.3	 �MRI-Guided Targeted Biopsy

An MRI targeted biopsy can be performed in 
three ways: in-bore MRI targeted biopsy, MRI/
US fusion visual targeted biopsy, and MRI/US 
fusion software-based targeted biopsy. These 
three approaches are all informed by tumor loca-
tion diagnosed by the MRI. It is just the manner 
in which the target volume is “represented” to the 
operator that differentiates them.

Concerning in-bore MRI targeted biopsies, 
needles are introduced only into the areas of 
interest by performing a transrectal or transperi-
neal biopsy. Serial MRI scans are performed to 
confirm biopsy needle placement (Fig.  55.2). 
Multiple studies demonstrated that in-bore MRI 
targeted biopsies are feasible with a median 
detection rate significantly higher than random 
biopsies. Moreover, this approach reduces the 
number of sampled cores with a real-time feed-
back of its placement, allowing a high likelihood 
of hit target [14, 15]. Nevertheless, in-bore MRI 
targeted biopsy is time-consuming and costly, not 
commonly available, and performed in prone 
position under general anesthesia.

The simplest targeted strategy concerns the 
use of MRI/US fusion visual targeted biopsies 
directed to the suspicious areas highlighted on 
the MRI. The first step, as in the other strategies, 
is represented by the detection of suspicious 

lesions on MRI.  Then the urologist performs a 
standard US-guided biopsy, either by a transrec-
tal or a transperineal approach, trying to direct 
the needles toward the areas suspicious on mp-
MRI. Many authors suggest better efficiency and 
accuracy compared to standard biopsy [16, 17]. 
The most important disadvantage relates to the 
learning curve and reproducibility of this strat-
egy. This approach requires an experienced urol-
ogist to translate the information of the mp-MRI 
onto real-time US, which can be challenging 
according to the deformation and the anatomical 
characteristics of the prostate.

Finally, MRI/US fusion software-based tar-
geted biopsies represent a novel approach devel-
oped to improve the accuracy of prostate biopsy, 
allow dissemination of the technique, and permit 
the storage of images for future resampling. MRI/
US fusion software-based targeted biopsy devices 
allow to align the pre-biopsy MR images with 
intraoperative TRUS in order to enable the urolo-
gist to perform targeted biopsy directed toward 
MR-visible lesions. This approach combines the 
high diagnostic accuracy of MRI for detecting 
PCa with TRUS, which represents a procedure 
well mastered by urologists. The process of 
coregistration of MRI and US images is automa-
tized by the use of a fusion device, and therefore 
the results are likely to be more consistent across 
different centers.

a b

Fig. 55.2  In-bore biopsy. (a) Needle-in control scans are performed in two different planes (axial and coronal); (b) 
targeted cores are taken from each lesion using an MRI-compatible, 18G, fully automatic biopsy gun
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55.3.1	 �Coregistration of MRI and US 
Images

MRI to US cognitive fusion is complicated by the 
significant deformation of the prostate shape that 
occurs between TRUS and MRI (with or without 
an endorectal coil). The software-based registra-
tion method corrects this effect to achieve better 
diagnostic accuracy [18].

There are two different methods to register 
MR images to live TRUS: rigid and elastic regis-
tration. Both of them aim to align the MR and US 
images through the identification of landmarks 
present on both corresponding images. The outer 
shape of the prostate is used to match the MRI 
contour to the live US image.

Elastic registration allows deformation, warp-
ing, and dimensional changes between images, 
based on mathematical algorithms. As every 
prostate is different in density and elasticity, 

these calculations are estimations. Rigid registra-
tion permits only rotational and translational 
variations between images, without changing the 
images themselves. The urologist needs to make 
some adjustments in case of error due to the rigid 
registration, using manual correction of the align-
ment and targeting or using different degrees of 
pressure/insertion depth of the US probe 
(Fig. 55.3) [19].

While overlapped images obtained from rigid 
registration usually have discontinuous borders 
looking less pleasant to the eye than elastic regis-
tration, it is difficult to define which method is 
able to achieve better accuracy. Elastic registra-
tion should guarantee better matching, but some 
experts think the cognitive adjustment might 
overcome the issues encountered with rigid regis-
tration and allow better spatial precision, espe-
cially in patients having unusual gland 
dimensions.

a bMiniminal TRUS Deformation in the Setting of ERC Use Increased Manual TRUS Deformation Mimics ERC

Image Overlay
(no fusion)

Image Overlay
(no fusion)

TRUS

MRI + ERC

MRI /US Fusion MRI /US Fusion
TRUS

MRI + ERC

Rigid

Elastic

Rigid

Elastic

Fig. 55.3  Elastic and rigid methods to register MR images to live TRUS. (a) MRI/US registration with minimal 
US-probe deformation and use of an endorectal coil (ERC) for MRI; (b) MRI/US registration with increased manual 
US-probe deformation that can mimic ERC deformation. In middle images in (a) and (b) is shown the simple overlap 
of US and MR images, resulting in reduced correlation between imaging modalities. Rigid registration permits only 
rotational and translational variations between images. Elastic registration allows local deformation, e.g., caused by an 
endorectal coil or TRUS probe. ERC endorectal coil (Reproduced from Logan et al. [19])
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55.3.2	 �Fusion Platforms

MRI/US fusion software-based targeted biopsy 
first of all requires a diagnostic mp-MRI with a 
report scheduling all the suspicious lesions edited 
by an expert uro-radiologist (Fig. 55.4). mp-MRI 
images are loaded in the specific software and 
regions of interest are then outlined. The patient 
is positioned, and a TRUS is performed, with MR 
images superimposed on real-time US images 
(Fig.  55.5). Targeted biopsies directed to 
mp-MRI-suspicious lesions are then performed 
(Figs. 55.6 and 55.7).

A standardized report of the biopsy session 
should be provided, including a detailed notifica-
tion of MRI/US fusion software-based targeted 

biopsies, and eventually standard biopsies, that 
were performed. It can be done in the same man-
ner as for mp-MRI, using a standardized diagram 
of the prostate, including drawings of the sam-
pled lesions. The report must underline how good 
the MRI/US fusion software-based targeted 
biopsy matched the mp-MRI one (e.g., visibility 
of the lesion). All this information will be useful 
for analyzing the final histopathology results 
(Fig. 55.8).

The different devices currently in use to 
allow MRI/US fusion software-based targeted 
biopsy are reported in Table 55.1. To date, there 
are no available studies directly comparing the 
different platforms in terms of accuracy, nor 
detection rate.

55  Ultrasound MRI Fusion Biopsy in Prostate Gland
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Fig. 55.4  mp-MRI report scheduling all the suspicious lesions classified by PI-RADS score

a b

Fig. 55.5  Superimposition of MR and US images: the outer shape of the prostate is used to match the MRI contour to 
the real-time US image. (a) Longitudinal view; (b) transversal view
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Fig. 55.6  Targeted biopsies directed to mp-MRI-suspicious lesions: transrectal approach

Fig. 55.7  Targeted biopsies directed to mp-MRI-suspicious lesions: transperineal approach

55  Ultrasound MRI Fusion Biopsy in Prostate Gland
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55.4	 �Indications of MRI/US Fusion 
Software-Based Targeted 
Biopsy

55.4.1	 �Main Indications

•	 Re-biopsy in men with persistent suspicion of 
PCa after first negative prostate biopsy: persis-
tently increased PSA and/or positive digital 
rectal examination (DRE) [20–25] and/or 
diagnosis of extensive high-grade prostatic 
intraepithelial neoplasia (HG-PIN) or atypical 
small acinar proliferation (ASAP) of the pros-
tate [26]. As expected, a number of studies 
have shown that in this subgroup of men, MRI/
US fusion software-based targeted biopsy 
allowed the detection of more clinically sig-
nificant PCa than standard biopsy [27].

•	 Follow-up of patients under active surveil-
lance (AS). Many authors evaluated fusion 
systems to perform confirmatory targeted 
biopsy in patients under AS. Hu et al. recently 
proved in a series of 113 patients that confir-
matory MRI/US fusion software-based tar-
geted biopsy resulted in reclassification in 
36 % of men, ranging from 24 to 100 % 
according to the MRI score, from low to high 
grade, respectively [28]. Sonn et  al. demon-
strated that in a series of 171 patients, MRI/
US fusion software-based targeted biopsy was 
three times more likely to identify cancer than 
standard biopsy (21 % versus 7 % ,respec-
tively), and of the men with clinically signifi-
cant PCa initially enrolled for AS, 38 % had 
disease detected only on targeted biopsies 
[29]. Moreover, MRI/US fusion software-
based targeted biopsy permits to track the 
location of all biopsy cores, allowing the urol-
ogist to perform a re-biopsy in the same suspi-
cious areas, which is mandatory in the correct 
follow-up of patients under AS.

55.4.2	 �Other Indications

Other indications, as recommended by many 
authors but to be confirmed by further studies, 
could be:

•	 The follow-up of men suspicious for local 
recurrence after local treatment [30]

•	 The guidance of focal therapy [31]
•	 The characterization of suspicious lesions 

even at the first biopsy [32, 33]

55.5	 �Results of MRI/US Fusion 
Software-Based Targeted 
Biopsy

55.5.1	 �Standard Biopsy Versus MRI/
US Fusion Software-Based 
Targeted Biopsy

The two approaches did not differ significantly in 
overall detection of PCa. When considering a 
core-by-core analysis, Rastinehad et  al. reported 
an increased detection rate of MRI/US fusion soft-
ware-based targeted biopsy with respect to stan-
dard biopsy (37.9 % vs 12.5 %, respectively, 
p < 0.001) [34]. The detection rate of clinically sig-
nificant PCa seems higher performing a MRI/US 
fusion software-based targeted biopsy than per-
forming a standard biopsy. In the study of Siddiqui 
et  al., MRI/US fusion software-based targeted 
biopsy diagnosed 30 % more high-risk cancers 
versus standard biopsy (p<0.001) and 17 % fewer 
low-risk cancers (p = 0.002) [35]. On the other 
hand, two recently published randomized con-
trolled trial (RCT) concluded that detection rates 
for any cancer and clinically significant PCa did 
not significantly differ between the two approaches, 
as reported later (see Sect. 55.6) [36, 37].

Concerning the length of biopsy positive 
cores, Puech et al. reported a statistically signifi-
cant longest core cancer length in MRI/US fusion 
software-based targeted biopsy compared to 
standard biopsy (mean: 7.3  mm ± 3.8 vs 
4.6 mm ± 3.1, respectively; p = 0.0001) [38].

In all studies reporting the data, MRI/US fusion 
software-based targeted biopsy necessitates fewer 
cores to diagnose PCa compared to standard biop-
sies. In the systematic revision of Valerio et  al., 
MRI/US fusion software-based targeted biopsies 
detected more clinically significant cancers using 
fewer cores compared with standard biopsy 
(median, 9.2 vs 37.1, respectively) [27].
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Finally, in terms of more accurate grading of 
PCa, Lanz et al. published a study including 125 
men undergoing radical prostatectomy for PCa 
diagnosed both by MRI/US fusion software-
based targeted and standard biopsy. Targeted 
biopsy detected 126 lesions in 115 patients. The 
primary Gleason grade, secondary Gleason 
grade, and Gleason score of the 126 individual 
tumors were determined accurately in 114 (90 %), 
75 (59 %), and 85 (67 %) cases, respectively [39].

55.5.2	 �Template Systematic Biopsy 
vs MRI/US Fusion Software-
Based Targeted Biopsy

Radtke et al. reported a comparative analysis of 
294 consecutive patients undergoing systematic 
transperineal biopsy and MRI/US fusion 
software-based targeted biopsy. The authors 
reported that sampling efficiency was in favor of 
the second method, with 46.0 % of MRI/US 
fusion software-based targeted biopsy versus 
7.5 % of systematic biopsy cores detecting PCa 
with a Gleason score ≥7. However, as 12.8 % 
Gleason score ≥7 was missed by the targeted 
approach, the authors concluded that the gold 
standard for cancer detection is a combination of 
systematic and targeted cores [40].

55.5.3	 �MRI/US Fusion Visual 
Targeted Biopsy vs MRI/US 
Fusion Software-Based 
Targeted Biopsy

Only two studies directly compared MRI/US 
fusion software-based targeted biopsy with MRI/
US fusion visual targeted biopsy [37, 40], thus 
indicating the need for further studies. In details, 
Puech et al. reported that in 79 MR imaging tar-
gets among 95 patients, positivity for cancer was 
47 % with cognitive and 53 % with MRI/US 
fusion software-based targeted biopsy (p = 0.16) 
[38]. The same results were reported in a pro-
spective study in 125 consecutive men by Wysock 
et  al. concluding that MRI/US fusion software-
based targeted biopsy was more often histologi-

cally informative than visual targeting but did not 
increase cancer detection [41]. Moreover, Cool 
et  al. reported the results of 225 simulated tar-
geted biopsies on suspected lesions on MRI, with 
MRI/US fusion visual targeted biopsy sampling 
the 45–48 % of clinically significant lesions com-
pared with 100 % obtained with MRI/US fusion 
software-based targeted biopsy [42]. 
Delongchamps et al. indirectly compared various 
targeted biopsy approaches in a consecutive 
series of patients. They reported that rigid and 
elastic MRI/US fusion software-based targeted 
biopsies performed significantly better than stan-
dard biopsies (p = 0.0065 and 0.0016, respec-
tively), while MRI/US fusion visual targeted 
biopsy did not perform better (p = 0.66) [32]. 
Finally, in a preliminary study including 32 con-
secutive patients, Mouraviev et  al. divided 32 
consecutive patients into three groups based on 
the method used to target the suspected lesion. 
They concluded that MRI/US fusion software-
based targeted biopsy (using two different plat-
forms) increases diagnostic accuracy compared 
with MRI/US fusion visual targeted biopsy [43].

55.5.4	 �In-Bore MRI Biopsy vs MRI/US 
Fusion Software-Based 
Targeted Biopsy

Recently, Arsov et al. compared in a prospective 
randomized trial the PCa detection between in-
bore MRI biopsy and MRI/US fusion software-
based targeted biopsy + 12-core standard biopsy 
in 210 patients with at least one negative standard 
biopsy. They reported that PCa detection (p = 0.7), 
detection rates for significant PCa (p = 0.7), and 
the highest percentage tumor involvement per 
biopsy core (p = 0.4) were similar between the 
arms [44].

55.6	 �Future Perspectives

The most important issue that will have to be 
addressed with the current use of MRI/US fusion 
software-based targeted biopsy concerns its role 
in the diagnostic pathway. The actual scenario is 
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represented by an existing test, the standard 
12-core biopsy. The new test, the MRI/US fusion 
software-based targeted biopsy, could add on or 
replace the existing test. In most studies, patients 
underwent standard prostate biopsy in combina-
tion with MRI/US fusion software-based targeted 
biopsies in the same session. The first high-
quality study with a very large sample size that 
examined the utility of MRI/US fusion software-
based targeted biopsy against standard biopsy 
combined was published by Siddiqui et al. In this 
paper, there was little utility to include standard 
biopsy in the protocol as 200 men would be 
needed to be additionally sampled in order to 
diagnose one additional high-risk PCa, missed by 
MRI/US fusion software-based targeted biopsy. 
Further, the two combined approaches lead to a 
change in Gleason score risk stratification in 
15 % of cases, of which 2 % increased to high-
risk PCa [35]. Two RCT were recently published 
comparing MRI/US fusion software-based tar-
geted biopsy and standard biopsy. In the study by 
Baco et  al. [36], including 175 patients, the 
2-core MRI/US fusion software-based targeted 
biopsy was comparable to 12-core standard 
biopsy in terms of clinically significant PCa 
detection (38 % vs 49 %, respectively, p = 0.2) 
and was more effective for MRI-detected PCa 
with a PI-RADS score of 4–5 [36]. They con-
cluded that the traditional biopsy may be replaced 
by two-core MRI/TRUS targeted biopsy. Tonttila 
et  al. reported similar results for one-/two-core 
MRI/US fusion software-based targeted biopsy 
and 12-core standard biopsy in terms of any can-
cer (64 % vs 57 %, respectively, p = 0.5) and clini-
cally significant (55 % vs 45 %, respectively, 
p = 0.8) PCa [37]. Further evidence about the role 
of MR/US fusion software-based targeted biopsy 
in the pathway of PCa diagnosis will be acquired 
in the near future when the results of ongoing tri-
als will be available [45–47].

The next aspect to evaluate before adopting 
the new procedure as a new standard of care will 
be cost-effectiveness. Certainly, the time spent to 
coregister MRI and US images and to perform 
the biopsy is longer for MRI/US fusion software-
based targeted prostate biopsies compared to the 
standard approach. Recently, Shoji et al. reported 

that the number of cases to perform a MRI/US 
fusion software-based targeted prostate biopsy 
within 20 min was five [48]. With regard to cost, 
while the fusion biopsy itself has some intrinsic 
expenses, the greatest increase in cost is due to 
the necessity to perform MRI on each patient. 
Nevertheless, some initial studies have shown 
that the overall cost-effectiveness might be still in 
favor of a software-based approach [49].

�Conclusions

In men at risk with mp-MRI-suspicious lesion, 
the MRI/US fusion software-based targeted 
approach seems to have valuable features to 
be added in the standard diagnostic pathway 
of PCa for achieving accurate risk stratifica-
tion. Although it seems to detect more clini-
cally significant PCa as compared to standard 
biopsy, whether this approach should replace 
or support the TRUS-guided random biopsy 
will be determined by ongoing trials.
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US and Arteriovenous Fistulas for 
Hemodialysis

Antonio Granata, Pasquale Zamboli, 
Pasquale Fatuzzo, and Fulvio Fiorini

56.1	 �Introduction

Arteriovenous fistula (AVF) created with native 
vessels is the vascular access of choice for hemo-
dialysis: the AVF is associated with a lower inci-
dence of complications and longer survival than 
prosthetic grafts or central venous catheters  
[1, 2]. Nephrologists and vascular surgeons find 
it increasingly difficult to locate native vessels 
suitable for creation of a well-functioning, persis-
tently patent AVF because of increasing 

prevalence among requiring dialysis patients of 
advanced age and comorbidities, such as diabetes 
mellitus and vascular disease [3].

Preoperative mapping and identification of 
suitable vessels by Doppler ultrasound (DUS) 
has a central role in increasing the number of 
AVFs created with native vessels. Indeed DUS 
also improves AVF survival by facilitating post-
operative monitoring and surveillance with early 
diagnosis and rapid correction of complications 
[4–8].
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56.2	 �Preoperative Vascular 
Mapping

Selection of vessels for constructing an AVF was 
based for decades exclusively on physical exami-
nation of the upper limbs. Although this approach 
provides acceptable information on the superficial 
venous circulation (vessel palpability, caliber, 
patency, and course), it furnishes much more lim-
ited data on the arterial vessels (pulse palpability 
and patency of the arterial circulation of the hand 
based on the results of the Allen test) [9–11]. In 
addition, physical examination alone is insuffi-
cient in a considerable percentage of patients 
(~25–50 %) [10]. DUS is more time-consuming 
than physical examination and requires both 
experienced examiner and special equipment. 
However, it provides more information on the 
superficial and deep veins of the arm and a wealth 
of additional data on the arterial circulation. It is 
completely noninvasive, safe, and repeatable [9]. 
DUS allows simultaneous visualization of the 
anatomy (B-mode imaging) and blood supply 
(color and Doppler imaging) of the upper arm. It 
can be performed directly by the physician who 
will be creating the vascular access. International 
guidelines recommend its use in all patients who 
are candidates for an AVF, as a natural comple-
ment to the physical examination [12].

56.2.1	 �Technical Requirements 
and Examination Technique

The ultrasound scanner used to map the upper 
extremity vasculature must be equipped with a 
linear probe with minimum frequencies of 7 MHz 
for the B-mode examination and 5 MHz for the 
Doppler study [13]. The patient should be exam-
ined in the supine position with the trunk moder-
ately elevated or, alternatively, may be seated in 
front of the operator with the forearm resting on 
a stand. Most examiners prefer the supine posi-
tion because it simplifies the assessment of the 
vascular structures of the arm and is more 

comfortable for the patient [13, 14]. The exami-
nation should be carried out in a comfortably 
warm room, and the gel should also be warmed to 
avoid triggering vasoconstriction of the struc-
tures being examined [13, 14]. Ideally, the arte-
rial district should be evaluated with transverse 
and/or longitudinal scans from the root of the arm 
toward the hand while the venous district from 
the periphery toward the thorax. A thorough 
examination of the circulation of the arm must 
include B-mode assessment of morphological 
aspects as well as color and Doppler evaluation 
of arterial and venous blood flow.

56.2.2	 �Preoperative Arterial 
Mapping

Preoperative arterial DUS should include eval-
uation of subclavian, axillary, brachial, radial, 
and ulnar arteries [15]. DUS allows thorough 
assessment of the arterial circulation of the arm 
based on a series of morphological and func-
tional parameters [10] including vessel diame-
ter, wall thickness, wall alterations, vessel 
course, steno-obstructive lesions blood flow, 
and artery’s ability to dilate. The internal diam-
eter of an artery can be measured on either lon-
gitudinal or transverse scans [14], but the 
former allows better visualization of the intimal 
layers of vessel walls, thereby facilitating more 
precise measurement of the internal diameter of 
the vessel [9] (Fig. 56.1).

AVF failures were found to be quite frequent 
when small-caliber (<1.5–1.6 mm) arteries were 
used to create the fistula. Malovrh et al. reported 
immediate and early failure rates of 55 and 64 %, 
respectively, when the arteries used had diame-
ters of ≤1.5  mm, whereas much lower rates (8 
and 17 %, respectively) were observed when the 
arterial diameters were >1.5 mm [17] Silva et al. 
proposed a minimal diameter of 2  mm, which 
was associated with an early failure rate of 8 % 
and a 1-year primary patency rate of 83 % [5]. 
However, AVF success rates of approximately 
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50 % have been reported even when the arterial 
diameter is <1.5 mm [18]. Definitively, the likeli-
hood of AVF patency and survival increases with 
the diameter of the artery used to create the fis-
tula [5, 10, 11, 17, 19].

Indeed, diameter is only one of the factors that 
affect the probability of successful AVF creation, 
and it has to be evaluated in conjunction with the 
functional status of artery and with the optimal site 
for AVF construction [9]. Arterial wall changes are 
common in patients with chronic renal insuffi-
ciency, diabetes, and atherosclerosis [10]. An 
increased thickness seems to be closely correlated 
with fistula failure [20]. Calcifications are easy to 
identify as areas of hyperechogenicity (with or 
without posterior shadowing) within the arterial 
wall and irregularities of the intimal lamina. They 
do not represent contraindications to the creation 
of a fistula although they can influence its outcome 
and/or render surgery more difficult [14].

DUS is also a very accurate method for identi-
fying stenotic arterial lesions, obstructive arterial 
lesions [21], and vascular abnormalities such as 
brachial artery bifurcation in the most proximal 
portion of the arm.

Functional study involves the assessment of 
blood flow and the artery’s ability to dilate. Blood 
flow can be evaluated by measuring the vessel 
diameter and mean flow velocity (cm/s) on longi-
tudinal scans. Malovrh et al. [10] found that suc-
cessful radial-cephalic AVF construction was 
associated with radial artery flow exceeding 
50 ml/min, and in the study by Sato et al. [22], a 
preoperative radial artery flow of 20 ml/min was 
associated with an increased risk of “primary 

AVF failure” within 8 months of surgery. After 
surgery, adequate fistula maturation is associated 
with dilation of the artery that feeds the AVF. As 
a result, blood flow within the vascular access 
increases, and the previously triphasic (high 
resistance) arterial spectrum becomes biphasic 
(low resistance).

The artery’s ability to increase its caliber 
(distensibility) can be estimated preoperatively 
on the basis of variations in the radial artery 
Doppler spectrum during the reactive hyper-
emia test [10]. Ischemia is induced by having 
the patient make a fist for 2 min, and the increase 
in arterial flow (reactive hyperemia) is observed 
immediately after the hand is reopened [10]. 
During the phase of ischemia, the Doppler spec-
trum of the artery is normally triphasic, reflect-
ing high resistance. If the vessel is capable of 
dilatation, the arterial spectrum becomes bipha-
sic during the phase of reactive hyperemia [10] 
(Fig. 56.2). Spectral variation can be quantified 
by calculating the resistance index (RI) 
[RI = (peak systolic velocity  – end diastolic 
velocity)/peak systolic velocity]: the greater the 
intensity of the reactive hyperemia, the lower 
the RI will be [10]. Malovrh et al. [10] demon-
strated that the absence of reactive hyperemia 
(reflected by an RI > 0.7 after the fist is opened) 
indicates insufficient increase in arterial flow 
during the test, which is predictive of immediate 
postoperative AVF failure.

The reactive hyperemia test provides an excel-
lent index of artery’s functional status and is par-
ticularly useful for selecting the surgical site (wrist, 
forearm, and elbow) for AVF construction.
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Fig. 56.2  Reactive hyperemia test. Left: ischemic phase (closed fist) with high-resistance triphasic Doppler spectrum. 
Right: reactive hyperemia (opened hand) with low-resistance biphasic Doppler spectrum (arrows)

Fig. 56.1  Preoperative arterial mapping. DUS allows 
thorough assessment of the arterial circulation of the arm 
based on morphological and functional parameters. Left: 
B-mode evaluates vessel diameter, wall thickness, wall 

alterations, vessel course, and possible steno-obstructive 
lesions. Right: ECD allows blood flow direction assess-
ment by codifying red flow moving toward the probe and 
blue flow moving away
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56.2.3	 �Preoperative Venous 
Mapping

Preoperative venous DUS involves evaluation of 
the superficial and deep venous systems of the 
upper limb from the wrist up to the central veins. 
With ultrasound, direct visualization of the proxi-
mal portions of the subclavian vein and the 
innominate vein is not always possible [13]. A 
tourniquet is placed around the root of the arm, 
and the superficial venous circulation is exam-
ined with transverse scans, beginning with the 
cephalic vein, from the wrist to the point where it 
drains into the deep venous system [9]. The full 
course of the basilic vein should also be exam-
ined, but this is often done only if the cephalic 
vein is not suitable for AVF creation [9]. A map 
of the whole superficial venous circulation can be 
drawn (Fig. 56.3).

Several ultrasound parameters can be helpful 
in deciding whether a superficial vein can be used 
to create an AVF. They include the appearance of 
the vein wall, the course of the vessel, its patency, 
caliber and distensibility, and the presence of col-
lateral circuits [9, 13].

A normal vein is characterized by thin, regular 
walls, and a completely anechoic lumen [23]. 
The course of the vein must be sufficiently linear 
(for a distance of at least 8–10 cm), and it should 
lie less than 6 mm below the skin surface to facil-
itate venipuncture [24]. Vein patency is assessed 
by exerting intermittent pressure with the trans-
ducer which causes complete collapse of the ves-
sel walls [9]. Noncompressibility of the vein 
under the transducer’s pressure is a sign of 
obstruction and is often associated with the pres-
ence of echogenic material in the lumen [23]. 
Patency can be confirmed using the color Doppler 
module with a low pulse repetition frequency or 
verifying the presence of the Doppler trace in a 
longitudinal scan [23]. A normal venous Doppler 
spectrum is characterized by continuous, low 
velocity flow, which becomes increasingly phasic 
as the examination proceeds toward the central 
veins; the absence of such flow confirms the 

presence of an obstruction. The presence at the 
level of the subclavian and internal jugular veins 
of flow that varies in velocity with the respiratory 
and cardiac activity is an indirect index of the 
patency of the ipsilateral innominate vein and the 
superior vena cava, whereas a monophasic curve 
is indicative of steno-occlusion [10, 13, 14].

Fistulas created with small-caliber veins 
(<1.6 mm) are at high risk for early failure [11], 
but there is no consensus on the minimum 
cephalic vein diameter that will ensure good mat-
uration of a radial-cephalic AVF. Silva et al. [5] 
suggest a minimum diameter of ≥2.5 mm when a 
tourniquet has been applied; in the absence of a 
tourniquet, Mendes et al. [25] propose a diameter 
of >2 mm. Well-documented indications on the 
minimum diameter for the veins of the arm are 
also lacking, but a value of at least 3 mm is rec-
ommended [14]. After the AVF has been created, 
the vein tends to dilate as a result of the increased 
blood flow. The vein’s ability to dilate (venous 
distensibility) can be evaluated during preopera-
tive mapping. The diameter of the vessel is mea-
sured before and at least 2 min after placement of 
a tourniquet (or a sphygmomanometer cuff 
inflated to a pressure of 50–60 mmHg), and the 
percentage of increase is evaluated [14, 26]. 
Malovrh et al. [10] concluded that venous disten-
sibility is a predictor of outcome since the mean 
percentage of vein dilatation observed in veins 
used for successfully constructed AVFs was 48 
versus 11 % in those used for fistulas that ended 
in immediate failure. Lockhart et  al. [27, 28] 
reported that cephalic veins with a pretourniquet 
diameter of ≥2.5  mm and smaller veins with a 
post-tourniquet diameter ≥2.5 mm were equally 
useful for creating dialysis fistulas. They con-
cluded that distensibility testing should be used 
mainly to identify the actual maximum diameter 
of apparently small-caliber arm veins.

The presence of accessory veins less than 
5 cm from the site chosen for the anastomosis can 
alter the functionality of the fistula [11], while 
higher frequencies of non-maturation are reported 
when the AVF is near large collateral veins [29].
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Fig. 56.3  Examples of preoperative vascular mapping. 
Left: arterial mapping with radial artery Doppler analysis 
showing a normal high-resistance flow. Right: superficial 

vein mapping is enabled by a tourniquet placed around the 
root of the arm; cephalic vein is characterized by continu-
ous, low velocity flow
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56.3	 �AVF Maturation 
and Calculation 
of Blood Flow

Arteriovenous anastomoses with native vessels 
have been associated with a high incidence of 
early occlusion and failure to mature (FTM) dur-
ing the postoperative period. The incidence of 
FTM for radiocephalic AVFs ranges from 30 to 
60 % [15, 30]. When AVF does not appear clearly 
mature on inspection, ultrasound examination 
and assessment of hemodynamic parameters 
(AVF blood flow, RI) can help to determine 
whether the AVF is suitable for cannulation or 
whether it has instead failed to mature. In obese 
subjects, even well-developed veins can be 
difficult to visualize or palpate; in these cases, 
DUS can reveal whether the fistula is mature, and 
US mapping of the outflow veins can facilitate 
the first cannulation and simplify subsequent 
punctures [15]. “The Rule of Six,” incorporated 
by the K-DOQI guidelines [24], identifies ultra-
sound features that confirm fistula maturation: 
flow volume of >600 ml/min, outflow vein diam-
eter of ≥6 mm, and outflow vein depth of ≤6 mm 
below the skin surface.

For slowly maturing AVFs, it is important to 
assess maturation with periodic calculation of 
flow volume at the brachial artery level. Serial 
measurement of AVF flow volumes during the 
first month after surgery can help distinguish fis-
tulas that will mature correctly from those des-
tined to fail. Maturation is likely if blood flow 
through the fistula is 250–500 ml/min on postop-
erative day 1 and 500–900 ml/min 1 month after 
construction of the anastomosis [33]. If lower 
flow rates are encountered, proper maturation is 
unlikely, and the fistula will probably become 
unsuitable for use in dialysis wing to problems of 
thrombosis or low flow.

56.3.1	 �Calculation of AVF Flow 
Volume

Calculation of the AVF flow volume by DUS is a 
simple procedure that can be completed in a few 

minutes with high reproducibility. The following 
formula is used to calculate flow volumes: area x 
mean velocity x 60, where area is the cross-
sectional area of the vessel in square centimeters 
(since the vessel is cylindrical, its section is a 
circle whose area is calculated as the square of 
the radius × 3.14). Mean velocity (in cm/s) is that 
of the red blood cells measured from the Doppler 
trace recorded at the site used to measure area, 
and 60 is the number of seconds in a minute 
(since flow volumes are expressed in milliliters 
per minute) [13, 32]. Vessel diameter and mean 
flow velocity can be measured on a single longi-
tudinal scan of the vessel. The vessel diameter is 
measured on the appropriately enlarged B-mode 
image. The pulsed Doppler module is then acti-
vated and the PRF adjusted to eliminate artifacts, 
and the mean flow velocity is calculated from the 
time/velocity curve (using the time-averaged 
velocity option available on most scanners) 
(Fig. 56.4).

Measuring the flow volume at the level of the 
inflow artery improves accuracy and reproduc-
ibility. In clinical practice, brachial artery is the 
preferred site for the flow volume measurement 
of distal and proximal/proximalized AVFs [13, 
24, 32, 33]. It is easy to sample and does not col-
lapse under normal transducer pressures. Just 
above the elbow crease, there is an oblique seg-
ment of the brachial artery, where the sample vol-
ume can be easily positioned at an appropriate 
insonation angle. Finally, its laminar flow allows 
one to record suitable tracings for precise calcu-
lation of the mean velocity. In prosthetic grafts, 
the flow volume can be measured directly in the 
prosthetic conduit, which is more regular in cali-
ber than a native outflow vein and more resistant 
to pressure exerted with the transducer.

Sample volume should be oriented parallel to 
the direction of blood flow and the angle of 
insonation maintained at <60°. The sample vol-
ume must always be positioned at the center of the 
vessel, but the amplitude should be adjusted to 
allow sampling of 50–70 % of the vessel lumen. 
Acquisition of velocity data must be as precise as 
possible; this can be achieved by careful regulation 
of the PRF to eliminate all types of artifacts.
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Blood velocity

(cm/sec) (cm)

Flow (ml/min) = Mean velocity x Area x 60 seconds
         (cm/sec)     (r2 π)

r2 π

Fig. 56.4  Calculation of the AVF flow volume. Left: 
theoretical basis of the formula used to calculate blood 
flow volume of a blood vessel. Right: example of AVF 

flow volume calculated at the level of the brachial artery, 
manually with the proposed formula (AVF flow volume) 
and with scanner software (Flow by diameter)
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56.4	 �AVF Monitoring/Surveillance 
(Follow-Up and Early 
Detection of Complications)

Measurement of blood flow is considered the best 
means of surveillance for a vascular access [24]: 
reduced flow volumes or values that decrease over 
time are predictive of thrombosis for both native 
and prosthetic AVFs [32, 34, 35]. DUS can docu-
ment a low AVF flow volume and simultaneously 
explore possible causes [13, 15, 32]. Anyway, 
AVF examination through DUS should be used 
when monitoring/surveillance methods have 
revealed anomalies or when problems arise that 
prevent regular dialysis (difficult venipuncture, 
insufficient blood flow, high venous pressure, 
and prolonged bleeding after removal of fistula 
needles) (Fig. 56.5).

To minimize the risk of underestimates caused 
by hemodynamic factors (e.g., hypotension), 
DUS should not be used to calculate AVF flow 
volumes during the immediate post-dialysis 
period: measurements made between one session 
and the next or immediately before a dialysis ses-
sion are preferable.

The examination should include the following 
steps: study of arterial inflow side of the fistula 
(including AVF flow volume), study of anasto-
motic chamber, and study of venous outflow side 
of the fistula. A thorough evaluation of the AVF 
includes exploration of each of these three areas 
with both transverse and longitudinal scans and 
assessment of morphological (B-mode) as well 
as hemodynamic aspects (with color Doppler and 
Doppler analysis) (Fig. 56.6).

A well-functioning AVF will be charac-
terized by a flow rate of 700–1,300  ml/min  

[32, 33]. Values of <500  ml/min [13, 24] and 
<300 ml/min [13, 32] are considered predictive 
of access dysfunction and imminent thrombo-
sis, respectively (Fig. 56.7). In a vascular access 
that has previously been stable with flow vol-
umes of >1,000  ml/min, further investigation 
is warranted when consecutive monthly mea-
surements reveal a decrease in flow volume of 
>25 % over a relatively short period of time 
(1–4 months) [15, 16, 24, 31, 34].

DUS calculation of AVF flow volume can also 
be useful for assessing the effectiveness of a ther-
apeutic intervention carried out to resolve a com-
plication. The absence of an increase in flow of at 
least 20 % after such an intervention (e.g., percu-
taneous transluminal angioplasty to eliminate 
stenosis) indicates that the treatment has failed 
and an alternative solution is needed [24].

Fig. 56.5  Early detection of hematoma secondary to 
incorrect venipuncture. AVF provides vascular access for 
hemodialysis allowing repeated needle insertions. 
Bleeding from the AVF with development of hematoma is 
a frequent complication which can be easily detected by 
ultrasound. Echo guide can also help in the correct can-
nulation in case of hematoma surrounding the vessel
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Fig. 56.6  Stenotic complication of AVF venous outflow. 
Doppler examination should always be performed with a 
beam-steering transducer to maintain the correct angle of 
incidence (30°–60°) relative to the direction of flow. Right 

PRF regulation is essential to avoid false positive: high 
PRF is required to sample faster fluxes in AVF. Stenosis is 
revealed by the dramatic blood flow acceleration which is 
codified with aliasing in color map

Fig. 56.7  Spectral 
analysis identifying 
AVF stenosis. In case of 
stenosis, when angle of 
incidence, PRF, gain, 
and focus are correctly 
set, the sample volume 
located in the color-
aliasing area identifies a 
marked spectral 
broadening due to 
stenotic blood flow 
acceleration. Post-
stenotic turbulence may 
promote aneurismal 
enlargement of the 
outflow vein
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56.4.1	 �Morphological Assessment 
(B-Mode)

The study typically begins with an examination of 
the brachial artery. On a longitudinal view, a normal 
artery appears as a completely anechoic band 
delimitated by two three-layered walls. The brachial 
artery is followed down to the antecubital crease, 
where it divides into radial and ulnar arteries, which 
run along the lateral and medial side of the forearm, 
respectively. The AVF inflow artery, generally the 
radial artery, is characterized by a constant, regular 
increase in caliber and modest tortuosity, which are 
more marked in high-flow AVFs.

Exploration of the arterial side of the fistula 
proceeds distally to the surgical anastomosis, 
which frequently has a winding course. Vessel 

pulsatility at the anastomotic region is so marked 
that it produces a “thrill” caused by the turbu-
lence of the flow. It is characterized by fine, rapid, 
palpable, and sonographically documented vibra-
tions involving the tissues surrounding the vessel 
[23, 32]. The sonographic image of the 
anastomotic region can help us to define the AVF 
type: end-to-end (E-E), side-to-end (S-E), or 
side-to-side (S-S) (Fig. 56.8). The outflow vein is 
characterized by tortuosity, ectasia, and segmen-
tal variations in caliber that are generally due to 
wall damage caused by repeated venipuncture. 
The vessel walls generally appear to be mildly 
thickened as a result of intimal hyperplasia, a 
phenomenon that renders the vessel capable of 
withstanding repeated venipuncture with large 
caliber needles [23, 32].

Fig. 56.8  Ultrasound scans of the anastomotic region of 
various AVF types. Longitudinal sonographic image of 
the anastomotic region can help to define the AVF type. 
Top: side-to-end AVF (S-E). Centrum: side-to-side AVF 
(S-S). Bottom: end-to-end AVF (E-E). If nonlinearity of 

the anastomotic chamber precludes acquisition of such 
images, the presence or absence of arterial and distal 
venous segment with respect to the anastomosis site can 
be used to identify AVF type
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56.4.2	 �Color Doppler Examination

The appearance of color confirms the patency of 
the vessels being examined. As a general rule, the 
scanner is usually set to “map” arterial flow in red 
(flow moving toward the transducer) and venous 
flow in blue (moving away from the transducer) 
(Fig. 56.9). Pulse repetition frequency (PRF) is 
one of the most important settings that need to be 
adjusted for a proper flow metric analysis. The 
PRF selected for AVFs is usually higher (1,000–
6,000 Hz) than those commonly used to study the 
upper limbs, because of the higher flow velocities 
in AVFs [23, 32].

This is a “dynamic” setting, which has to be 
readjusted several times during the examination 
to eliminate aliasing (especially near the anasto-
mosis, where the flow is faster) and to avoid 
noncoding of the venous flow, which can occur, 
for example, during exploration of the outflow 
vein after assessment of the AVF with a high 
PRF [23, 32]. Lower PRFs (<1,000 Hz) can be 
used when a vessel seems to be patent on the 
basis of morphological findings and responses 

to compression maneuvers, but intraluminal 
flow signals are lacking. This can occur, for 
example, at the level of large venous aneurysms, 
where flow slows considerably as a result of the 
large caliber of the lumen. Low PRFs are also 
recommended during exploration of collateral 
vessels near a thrombosed or complex AVF [23, 
32]. On color Doppler imaging, the inflow artery 
of the AVF is characterized by relatively homo-
geneous, laminar flow (with maximum velocity 
at the center of the lumen and the lowest values 
near the vessel walls). Near the anastomosis, 
there is an increase in flow velocity (reflected by 
lighter colors, even white) and turbulence 
(reflected by a disorderly alternation of reds and 
blues within the same luminal segment). Areas 
of vortex flow are often observed at this level, 
especially near the anastomosis. They are 
reflected by alternating intraluminal color sig-
nals with a typical spiroidal configuration [23, 
32]. Moving away from the AVF, the caliber of 
the vessel tends to decrease, vortexing dimin-
ishes, and the venous flow gradually becomes 
more homogeneous and regular [23, 32].

Fig. 56.9  Echo color Doppler of the anastomotic cham-
ber. Left: color map with intermediate PRF identify radial 
artery, cephalic vein, and their anastomotic chamber in 
unique scan. Arterial flow moving toward the transducer is 
shown in red, while venous flow moving away from the 

transducer is shown in blue. Color aliasing at anastomosis 
level points out the presence of turbulent flow. Right: 
radial artery anastomosis with cephalic vein can be 
affected by significant stenosis that prevent to set the 
appropriate blood pump flow
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56.4.3	 �Doppler Ultrasound 
Assessment

On Doppler ultrasound imaging, the inflow 
side of a normal AVF is characterized by an 
appreciable reduction in peripheral resistance 
relative to the contralateral limb, with copious 
anterograde flow during the entire diastolic 
phase [23]. As the transducer moves closer to 
the anastomosis, flow through the afferent 
artery undergoes a progressive and constant 
increase in velocity that involves both the sys-
tolic and diastolic phases, and spectral broad-
ening is observed, which is maximal in vicinity 
of the anastomosis, where it reaches the base-
line with the disappearance of the acoustic 
window [23]. At the level of the anastomosis, 
purely turbulent flow profiles are observed, 
with loss of arterial phasicity, a broad spectrum 
extending above and below the baseline, and 
high peak systolic velocities that are extremely 
variable in subsequent moments [23]. On the 
venous side, near the anastomosis, flow is 
“arterialized” with obvious systolic–diastolic 
phasicity and a particularly broad spectrum. As 
the distance from the AVF increases, arterial 
phasicity is progressively lost, the mean flow 
velocity diminishes, and the spectrum takes on 
the characteristics of regular venous flow [23].

�Conclusions

The native AVF is the vascular access of 
choice for patients who require hemodialysis: 
it lasts longer and is associated with fewer 
complications than other types of vascular 
access; for hemodialysis patients, these bene-
fits translate into better quality of life and lon-
ger survival.

DUS is fundamental for identifying vessels 
that are suitable for creating an AVF (preop-
erative mapping) and for early detection of 
complications (surveillance). Indeed, DUS is 
the only surveillance method that allows one 
to monitor AVF blood flow and simultane-
ously explore possible causes of vascular 
access malfunction.
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US-Assisted Positioning of Central 
Venous Catheter

Anna Clementi, Pasquale Zamboli, 
Viviana Rosalia Scarfia, Fulvio Fiorini, 
and Antonio Granata

57.1	 �Introduction

Central venous catheter placement is a common 
procedure which has been introduced in the clini-
cal setting over the past 50 years. It is performed 
in 8 % of hospitalized patients, and more than 5 
million central venous catheters are placed every 
year in the United States [1, 2]. A central venous 
access is usually necessary for specific intrave-
nous therapies, such as chemotherapy, parenteral 
nutrition, central venous and arterial pressure 
monitoring, heart pacemaker positioning, and 
extracorporeal therapies, such as plasma 
exchange and hemodialysis.

Since the introduction of Seldinger technique 
in 1953, central venous catheter insertion has 
become an easier and safer procedure [3, 4]. The 
addition of ultrasound (US) has been shown to 
decrease complications even further. Ultrasounds, 

indeed, allow clinicians to visualize internal jug-
ular vein and its anatomical features, as well as 
needle direction. Moreover, US-guided central 
venous catheter placement is characterized by a 
lower incidence of unsuccessful attempts, and it 
requires less time to be performed [5–8]. 
International guidelines recommend the use of 
ultrasounds in case of central venous catheter 
positioning [9–13].

In the following paragraphs, we will describe 
internal jugular vein catheterization, but this 
technique can be used in case of other central 
vein catheter placement as well.

57.2	 �Type of Ultrasound Scanner

Ultrasound scanner characteristics may vary 
widely depending on manufacturing companies 
and the type of monitors available on the market. 
Anyway, it is possible to perform US-guided cen-
tral venous catheter placement with all ultra-
sound scanners (B-mode, color Doppler, and 
pulsed Doppler). In particular, B-mode (bright-
ness mode) provides bidimensional images of tis-
sues in a gray scale, whereas color Doppler and 
pulsed Doppler provide information about both 
direction and speed of blood flow. Ultrasound 
scanner should be placed in front of the operator, 
thus avoiding an excessive head and arm rotation, 
which may lead to a difficult control of the probe 
and the needle, with an increased risk of 
complications.
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Fig. 57.1  Right probe position. The probe should be kept 
between the inch and the other fingers of the hand

57.3	 �Type and Position 
of Ultrasound Probe

Central veins used for venous catheter place-
ment are situated few centimeters under skin 
surface; the use of linear probes (high-frequency 
probes of 5–12 mHz) allows to obtain high-reso-
lution images of deep tissues. The probe should 
be kept between the inch and the other fingers of 
the hand (Fig.  57.1), which should lay on the 
patient’s body, in order to reach a stable position 
of the transducer and, subsequently, a stable 
image of the needle and the vein to be cannu-
lated. It is important that the probe is well ori-
ented because the wrong position of the 
transducer during the catheter placement may 
lead to an incorrect visualization of the needle 
progression in respect of the anatomical struc-
tures near the vein. Probe marker (a bright led 

located on a side of the transducer) is usually 
positioned at the left of the operator and the 
scanner, so that the left of the patient is visual-
ized on the left of the scanner and the needle 
movements through the patient’s tissues corre-
spond to those of ultrasound images.
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57.4	 �Ultrasound Setting

Ultrasound setting is fundamental before starting 
to perform any US-guided procedure. Indeed, 
each type of setting is characterized by specific 
parameters, such as probe frequency, total gain, 
focus position, and number, which allow to 
obtain the best quality of ultrasonography images 
in respect of the anatomical region which should 
be studied. Usually, vascular setting is the ideal 
modality for central venous catheter placement 
[14, 15].

Once ultrasound setting is completed and the 
vein to be cannulated is visualized, total gain 
(image brightness in B-mode), depth (number of 
tissue centimeters under the probe), and focus 
position (depth corresponding to the one of the 
vein to be cannulated) might be modified in order 
to improve the quality of the ultrasonography 
image even further [14, 15].

57.5	 �Ultrasound Scan 
and Anatomy

Central vein to be cannulated may be visualized 
in a longitudinal scan (in plane – the long axis) 
where the probe is positioned in parallel to the 
longitudinal axis of the vein or in a transversal 
scan (out of plane  – the short axis) where the 
probe is positioned perpendicularly to the longitu-
dinal axis of the vein (Fig. 57.2a, b) [14–16]. In 
the transversal scan, both the artery and the vein 
appear as round anechoic images (Fig.  57.3). 
Usually, the vein presents thinner walls than the 
artery, collapses with a slight probe pressure in 
the absence of thrombosis, and dilates in case of 
increased venous blood flow (Valsalva maneuver, 
Trendelenburg position) [14–16]. Conversely, the 
artery does not collapse. In the longitudinal scan, 
both the vein and the artery appear as ribbon 
images with an anechoic lumen delimited by par-
allel and echogenic walls [14–16]. The use of 
color Doppler and pulsed Doppler may help clini-
cians in distinguishing the artery from the vein. It 
is important to remember that red and blue colors 
indicate only blood flow direction in respect of the 
probe (the red color indicates that flow is toward 
the probe, while the blue color indicates that the 
flow is leaving). Pulsed Doppler provides graphic 
and acoustic images of both arterial and venous 
flow. In particular, arterial flow is characterized by 
a Doppler wave with a typical systolic peak 
(Fig. 57.4) and an acute sound which are expres-
sions of the cardiac systolic activity. On the con-
trary, venous flow is characterized by a Doppler 
wave which changes according to respiratory and 
cardiac activity and the hydration state.
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Fig. 57.3  Transversal scan. Carotid artery (yellow 
arrow); internal jugular vein (white arrow); sternal part of 
sternocleidomastoid muscle (green arrow); clavicle part 
of sternocleidomastoid muscle (red arrow); jugular dim-
ple (white star); trachea (orange arrow)

Fig. 57.4  Pulsed 
Doppler image. Carotid 
artery (yellow star); 
internal jugular vein 
(white star); arterial 
flow (yellow arrow); 
venous flow (white 
arrow)

a b

Fig. 57.2  (a). Longitudinal scan (in plane). Carotid artery (yellow arrow); internal jugular vein (white arrow); needle 
tip (red arrow); sternocleidomastoid muscle (green arrow) which appears edematous due to previous anesthetic admin-
istration (b). Transversal scan (out of plane). Carotid artery (yellow arrow); internal jugular vein (white arrow)
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57.6	 �Preoperative Evaluation 
of the Patient

Before central venous catheter placement, even if 
ultrasounds are not used, it is important to per-
form an ultrasonography evaluation of the vein 
which should be cannulated [14–16]. Echo color 
Doppler allows clinicians to rule out the presence 
of thrombosis (Fig.  57.5) and possible vascular 
injury due to previous catheter placement 

(Fig.  57.6), as well as to evaluate anatomical 
characteristics of the vein (Fig. 57.7). Before the 
procedure, chest evaluation should be performed 
as well to confirm the presence of “pleural slid-
ing” (Fig.  57.8). Indeed, after central venous 
catheter placement, it will be possible to rule out 
the presence of pneumothorax, a possible com-
plication of the technique which is characterized 
by “pleural sliding” loss in real-time ultrasonog-
raphy [17].

Fig. 57.7  Anatomical variation of internal jugular vein 
(white star); carotid artery (yellow star)

Fig. 57.8  B-mode illustrating the pleural sliding (white 
arrows). The pneumothorax US pattern is characterized 
by pleural sliding loss which becomes evident in real-time 
US

Fig. 57.5  Internal jugular vein thrombosis. Carotid artery 
(yellow star); internal jugular vein (white star)

Fig. 57.6  Vein thrombosis secondary to central venous 
catheter placement (green star)
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57.7	 �Ultrasonography Techniques

There are two different techniques of ultrasound-
guided central venous catheter placement 
[14–16]:

	1.	 “Static” ultrasound-guided technique
	2.	 “Dynamic” or “real-time” ultrasound-guided 

technique

In the first one, ultrasonography is used only 
to identify the vein to be cannulated and confirm 
the absence of thrombosis. The exact region 
should be marked with an indelible pen and the 
procedure is performed without ultrasounds 
[14–16].

In the “dynamic” ultrasound-guided tech-
nique, the probe is used during all the procedure 
in order to follow the needle trajectory in real 
time (clip) [14–16]. This technique has been 
shown to be superior to the first one [18]. In the 
“dynamic” ultrasound-guided technique, it is 
possible to keep the needle free (ultrasound 
assisted procedure) or to allocate the needle in a 
system which does not allow to change its direc-
tion or angulation (ultrasound-guided procedure) 
[14–16]. According to our experience, the ultra-
sound assisted procedure should be preferred 
because it allows clinicians to correct needle 
direction and inclination, if necessary.

In the transversal scan of the “dynamic” 
ultrasound-guided technique, the needle appears 
as a hyperechoic image (Fig. 57.9), and its trajec-
tory may be followed in real time with minimal 

hand movements. Conversely, in the longitudinal 
scan the needle is visualized entirely and more 
clearly. Nevertheless, according to our experi-
ence longitudinal scan is not the scan of choice in 
case of central venous catheter placement in the 
neck for several reasons.

First of all, when using linear probes, catheter 
insertion point results to be too far from the clavi-
cle in the longitudinal scan, thus inducing kinking 
and malfunctioning of permanent catheters for 
hemodialysis (which require thoracic tunneling). 
Secondly, during vein cannulation the operator 
may have problems in distinguishing the vein 
from the artery in the longitudinal scan, while 
transversal scan allow clinicians to change the 
needle trajectory more easily. Dynamic technique 
requires more experience since a perfect coordi-
nation between eyes and hands is necessary.

Fig. 57.9  Needle direction
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57.8	 �Material

Ultrasound-guided central venous catheter place-
ment requires:

	 1.	 Kit for central venous catheter placement 
(catheter of different dimensions and length 
depending on clinical characteristic of the 
patient, guidewire, venous dilator, 18-gauge 
needle, and syringe to perform venipuncture)

	 2.	 10–20  ml syringes to administer anesthetic 
to aspirate blood from the catheter

	 3.	 10–20 ml syringes with saline solution and 
heparin for catheter washing

	 4.	 Antiseptic towels, gloves, and albs
	 5.	 Mask, glasses, and headset
	 6.	 Disinfectant (chlorexidine is preferred)
	 7.	 Antiseptic gauzes
	 8.	 Needle holder, surgical tweezer, and sutures
	 9.	 Local anesthetic (lidocaine 1–2 %)
	10.	 Scalpel
	11.	 Ultrasound scanner with a high-resolution 

linear probe
	12.	 Antiseptic gel
	13.	 Antiseptic probe and cover
	14.	 Elastics to fix probe and cover
	15.	 Monitor with ECG and oximeter

57.9	 �Procedure

	 1.	 The patient should lay in a supine position. 
Trendelenburg position should be kept if 
internal jugular vein has to be cannulated in 
order to increase venous return and to reduce 
air embolism risk.

	 2.	 Evaluation of the anatomical referral points 
of the region where the catheter should be 
inserted is fundamental (Fig.57.10).

	 3.	 Antiseptic towels should be positioned and 
the region should be disinfected.

	 4.	 Ultrasound probe with antiseptic gel and 
cover should be positioned in order to obtain a 
clear image of the vein to be cannulated and 
of the near anatomical structures; some gel or 
disinfectant solutions (chlorexidine or iodopo-
vidone) or saline solution can be used as 
means of ultrasound conducting (Fig. 57.11).

	 5.	 When administering local anesthetic, use 
ultrasound probe in order to avoid stinging 
the vein or the artery and to deliver an exces-
sive amount of the drug, thus altering the 
regional anatomical structure.

	 6.	 The needle should be positioned under the 
probe and the syringe should be kept in aspi-
ration, until blood is drawn.

	 7.	 Once the blood is drawn into the syringe, the 
probe should be removed, the syringe sepa-
rated from the needle, which should not be 
moved.

	 8.	 It is important to verify that the blood comes 
out from the needle continuously and not in 
a pulsatile way.

	 9.	 Insert the guide into the needle and push it 
into the vein without tissue resistance 
(Fig. 57.12); in case of cardiac rhythm alter-
ations, it is important to remove the guide 
until cardiac rhythm becomes normal.

	10.	� Remove the needle, leaving the guide in situ, 
and cut the skin near the guide with a scalpel.

	11.	 Insert the guide into the dilator in order to 
reach the tissues and the vein.

	12.	 Remove the dilator and insert the guide into 
the catheter into the vein.

	13.	 Remove the guide and verify the correct 
functioning of the catheter.
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	14.	 Verify the correct position of the tip with an 
chest X-ray or a endocavitary ECG.

	15.	 In case of long-term catheter, tunneling 
should be performed after local anesthetic is 
administered.

	16.	 Fix the catheter with surgical sutures and 
perform an antiseptic medication.

	17.	 Perform chest or abdominal X-ray (in case 
of internal jugular vein and subclavian vein 
or femoral vein, respectively) in order to 
confirm the right catheter placement and 
identify possible complication of the 
procedure.

Fig. 57.10  Anatomical referral points

Fig. 57.11  Sterile probe and cover

Fig. 57.12  Needle guidewire
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�Conclusion

The use of ultrasounds for central venous 
catheter placement reduces the incidence of 
complications related to the technique and 
allows the clinician to perform a correct pro-
cedure. Anyway, operator experience about 
ultrasonography anatomy and surgical tech-
nique is fundamental for a successful central 
venous catheter placement.
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58.1	 �Introduction

Acute urinary tract disorders are a common com-
plaint of patients who present to the emergency 
department. The pain is often poorly localized and 
it can have a variety of causes. Laboratory and 

clinical findings are neither sensitive nor specific 
for determining the cause of the pain. Accordingly, 
imaging is an important tool for diagnosis and 
management. The most common conditions for 
these patients are renal colic, renal infection, 
hematuria, acute scrotal pain, and trauma.
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58.2	 �Renal Colic

Renal colic is secondary to ureteral obstruction 
by stone. It is a common cause of visits to the 
emergency department and often requires imaging 
evaluation [1]. In most institutions, non-enhanced 
multidetector computed tomography (MDCT) is 
considered the gold standard technique to evalu-
ate these patients because of its accuracy in the 
detection of stones as well as of other patho-
logical conditions mimicking renal colic [2]. 
Moreover, ultrasound (US) is considered accurate 
to diagnose renal colic [3]. Ultrasound (US) is a 
safe, noninvasive and non-expensive technique 
able to evaluate patients with renal colic. It can 
be safely managed also by the emergency clini-
cian [4]. However, its use remains controversial 
as it has good capability to identify dilatation of 
the excretory system but can have difficulties in 
directly demonstrating the stones, especially in 
the ureters. Several papers, including a recent 
multicenter comparative study between US and 
CT, have demonstrated the usefulness of US in the 
diagnosis and management of renal colic patients 
[5]. In the 2014 guidelines on urolithiasis of the 
European Association of Urology, it is stated that 
in patients with renal stone disease, US should 
be used as the primary procedure [6], and CT 
should be reserved for those patients who do not 
improve with conservative treatment or on suspi-
cion of a non-urologic process. The US diagnosis 
of renal colic is based on the detection of stones 
and the consecutive obstruction of the excretory 
system (Fig. 58.1). The detection of dilatation of 
the excretory tract is considered very useful in 
the context of renal colic, but this sign may be 
absent, as calculi cannot be cause dilatation, and 
the degree of dilatation does not reflect the sever-
ity of obstruction. Stones are identified at US as 
hyperechogenic images with posterior shadow-
ing. Small calculi (<5 mm) may be not recognized 
because of a hyperechogenicity of the pelvis or the 
absence of posterior shadowing, and their detec-
tion in the ureters can be masked by overlying 
intestinal loops and gas, especially in the middle 
part of the ureters. Renal calculi must not be con-
fused with vascular or parenchymal calcifications, 
clots, or arcuate arteries; all of them can appear 

as hyperechoic foci. The sensitivity of US in the 
detection of lithiasis varies greatly depending on 
the studies, with a wide range of sensitivities that 
usually depends on the size and location of the 
stones. [7]. A complete study should include the 
kidney, ureterovesical joint (UVJ) and ureters. The 
presence of UVJ edema is considered a useful sign 
of a recent stone passage that can help to confirm 
the diagnosis of renal colic. Regarding the detec-
tion of ureteral stones, the visualization of the ure-
ter can be improved by compressing the area with 
the transducer or changing the patient’s position. 
Sometimes dilatation of the excretory tract may 
be not present because the patient is dehydrated. 
For this reason, the US study should be performed 
after patient hydration to ensure a better visualiza-
tion of the pelvis and the ureter and to distend the 
urinary bladder allowing the visualization of the 
terminal ureter and to appreciate the ureteral jet 
(produced by the passage of urine from the ure-
ter into the bladder). The accuracy of diagnosing 
renal obstruction and stones can improve with the 
use of Doppler US and color Doppler identifying 
secondary signs. An absent, asymmetric, and/or 
reduced ureteric jet from the ureteric orifices eval-
uated by color Doppler is an additional indicator 
of obstruction. However, the presence of a posi-
tive ureteral jet does not rule out the presence of 
ureteral stones [7] since ureteral stones quite often 
only cause partial obstruction. Increased resistive 
index may be a useful sign of acute obstruction, 
distinguishing between obstructive and nonob-
structive dilatation [8]. A renal RI> 0.70 and/or a 
10 % difference between the kidneys is considered 
as diagnostic of obstructive uropathy. Another 
useful sign for a better identification of the stones 
is the twinkling artifact [9]. This artifact is a 
mixture of red and blue pixels on color Doppler 
secondary to the “noise” produced from rough 
interfaces composed of sparse reflectors such as 
urinary stones (Fig. 58.2). The artifact should be 
useful for confirming the findings of grayscale, 
especially in doubtful cases due to the small size 
of the stone or its location in difficult-to-visualize 
ureteral portions. In the study of Ripolles et  al., 
the sensitivity of US using the twinkling arti-
fact for detecting renal calculi was 90 % and the  
specificity 100 %.
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ba

Fig. 58.1  Renal colic. The right kidney shows moderate hydronephrosis (a). The pelvis is enlarged (P) due to a stone 
(arrow) inside the proximal ureter (b)

a b

Fig. 58.2  Renal stone. In (a), the stone is identified as hyperechogenic foci with posterior shadowing (arrowheads). 
Using color Doppler (b), the stone produces the twinkling artifact, a mixture of red and blue pixels (arrow)
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58.3	 �Pyelonephritis

It is a common diagnosis, mostly related to gram-
negative enteric bacteria [10]. Urinalysis and 
urine culture are usually sufficient to confirm the 
diagnosis. Imaging is only necessary in the 
patients who do not demonstrate clinical improve-
ment within 72 h of initiating antibiotic therapy. 
The purpose of imaging is to assess for an 
obstructing stone and rule out complications 
(such as abscess). US findings are usually normal 
in the setting of pyelonephritis; therefore, it is 
useful to exclude obstruction as a cause for the 
infection. US can be used to look for dilatation of 
the pelvicalyceal system, but, when present, 
echogenic mass is the most reliable sign of pyo-
nephritis [11] (Fig.  58.3). In the case of renal 
abscess, US is able to show a hypoechoic mass 
that lacks internal flow on color Doppler flow 

images (Fig.  58.4). Less common findings are 
focal hypoechoic region with decreased vascular 
flow, renal enlargement, and loss of the sinus fat 
and/or corticomedullary differentiation [12]. 
Xanthogranulomatous pyelonephritis is a chronic 
destructive granulomatous process that is 
believed to result from an atypical, incomplete 
immune response to subacute bacterial infection. 
US typically demonstrates an enlarged kidney, 
with a large amorphous central echogenicity that 
corresponds to a renal pelvis staghorn calculus. 
The calculus is generally associated with acous-
tic shadowing. A loss of normal renal architec-
ture is seen in most cases, but, because the disease 
is usually diffuse, a discrete inflammatory mass 
is uncommon. Although the US findings in dif-
fuse xanthogranulomatous pyelonephritis are 
characteristic, US is usually followed by CT for 
definitive assessment [13].

a b

Fig. 58.3  Acute pyelonephritis. The (a) shows an echogenic mass in the upper part of the left kidney (arrowheads). At 
color Doppler (b), the mass appears without vascularization, confirming the diagnosis
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a b

Fig. 58.4  US (58.4a) demonstrated a large mass in the 
middle part of the left kidney (arrows). Immediately, he 

underwent a contrast enhanced CT (58.4b) that confirmed 
the large abscess (arrowhead)
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58.4	 �Hematuria

The major and proper concern in the investiga-
tion of hematuria is the detection of bladder can-
cer. Other causes are renal stones, pyelonephritis, 
urinary tract and prostate cancer, and prostate 
hyperplasia. Anticoagulants could also be a cause 
for hematuria, although they should never be 
accepted as the cause without the exclusion of a 
urinary tract or prostate cancer [14]. US is man-
datory in the clinical evaluation of hematuria to 
detect eventually bladder tumors because it is 
easy to perform and safe for the patient. At US, 
most tumors appear as non-mobile, papillary, 
hypoechoic masses or as an area of focal wall 

thickening (Fig. 58.5). Doppler imaging demon-
strates flow within the mass, aiding differentia-
tion between tumor and blood clot. Also moving 
the patient on his flank allows the differentiation 
with the clots. Transabdominal ultrasound can-
not, however, provide useful information regard-
ing tumor staging and depth invasion. CEUS is 
not usually present in the assessment of bladder 
cancer. Moreover, it can be useful to identify a 
bladder mass when the bladder is full of clots. 
Recently, three-dimensional US and CEUS have 
been proposed for the detection of bladder can-
cer. The ability of three-dimensional US has been 
demonstrated by several studies, but nowadays it 
remains not applied in the clinical practice [15].

a b

Fig. 58.5  Bladder cancer. The tumor appears as papillary hypoechoic masses (a). At color Doppler, the flow within the 
mass is appreciable, allowing the differentiation with a clot (b)
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58.5	 �Acute Scrotal Pain

Grayscale US together with color Doppler is the 
imaging modality of choice for evaluating 
patients who present with acute scrotal pain. 
Disease processes are mainly related to testicular 
torsion and epididymo-orchitis and less fre-
quently may be due to intratesticular tumors with 
hemorrhagic complication. All these pathologies 
have the same symptom of pain at presentation, 
and US-CD evaluation helps in differentiating 
patients who require surgical from patients for 
whom can managed conservatively.

Acute epididymo-orchitis or epididymitis 
is the most common cause of acute scrotum 
in adolescent boys and adults. Epididymitis 
first affects the tail of the epididymis and then 
spreads to involve the body and head of the 
epididymis. Orchitis develops in 20–40 % of 
cases of epididymo-orchitis by direct spread 
of infection. At US, the epididymis is enlarged 
and hypoechoic; sometimes it can appear hyper-
echoic if hemorrhage is present [16]. Secondary 
signs are reactive hydrocele or pyocele and 
scrotal wall thickening. In the case of testicu-
lar involvement, US shows the enlargement 
and inhomogeneous testicular parenchyma. 
At CD examination, the epididymis and testis 
show clearly increased colored signals: this is 
the most important criterion for the diagnosis 
of epididymo-orchitis (Videos 58.1 and 58.2) 
[17]. Sometimes, it may be difficult to differenti-
ate focal areas of heterogeneity from neoplastic 
lesions. In this case, the use of CEUS is able to 
achieve the differential diagnosis [18].

Torsion of the testis is the most important 
urological nontraumatic emergency. The ability 
to differentiate torsion from other causes of 
acute scrotal pain like epididymo-orchitis is 
crucial. Apart from clinical history and physi-
cal examination, US can usually suggest the 
proper diagnosis addressing the correct man-
agement of the patients. US findings depend on 
the duration of torsion and the degree of twist-
ing of the spermatic cord. In the period immedi-
ately following torsion, the testes may appear 
normal on grayscale images. After 4–6  h, the 
testis becomes swollen, enlarged, and diffusely 
hypoechoic. Necrosis, vascular congestion, and 
hemorrhage occur after 24 h, producing a het-
erogeneous echotexture within the testes [19]. 
In the same time, the testis appears completely 
avascular. The absence of testicular flow at 
color and power Doppler is considered diag-
nostic of ischemia (Videos 58.3 and 58.4). For 
obtaining the correct diagnosis, the scanner 
must be optimized for detection of slow flow, 
using the contralateral testis adjusting the color 
gain for the lowest repetition frequency and the 
lowest possible threshold setting. According to 
Baker et al., color Doppler has a sensitivity of 
88.9 % and specificity of 98.8 % [20]. In the set-
ting of testicular torsion, normal testicular 
echogenicity is a strong predictor of testicular 
viability [21]. Another sign is the twisting of 
the spermatic cord. In the torsion of the testis, 
spermatic cord is twisted, changing in size and 
shape, and appears as a round or oval homoge-
neous extratesticular mass with or without 
blood flow.
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58.6	 �Trauma

58.6.1	 �Kidney

Renal injuries account for 8–10 % of blunt abdomi-
nal trauma [22]. The sensitivity of focused assess-
ment with sonography for trauma (FAST) is 67 % 
for all urological injuries and 56 % for isolated uro-
logical injuries [23]. The sonographic appearance of 
renal injuries are parenchymal abnormalities char-
acterized by a hyperechoic, hypoechoic, or mixed 
echogenicity, with or without perirenal free fluid 
(Fig. 58.6). The major limitation of US is its poor 
ability to detect the lesion of the renal pelvic disrup-
tion of the proximal ureter, the major renal vascular 

injuries, and the renal parenchymal fragmentation 
accompanied by hemorrhage. A better performance 
of US can be obtained by using contrast agents. In 
our experience, contrast-enhanced sonography was 
found to be more sensitive than sonography and 
almost as sensitive as CT in the detection of traumatic 
abdominal solid organ injuries [24]. With CEUS, a 
laceration is a clear hypoechoic band, associated 
with a nonhomogeneous collection surrounding the 
kidney when a subcapsular hematoma is present. 
In the case of avulsion of the renal hilum, CEUS 
shows total absence of parenchymal enhancement. 
Active hemorrhage is identifiable as an extravasa-
tion of microbubbles into the hematoma and indi-
cates a potentially life-threatening injury [24].

a b

c

Fig. 58.6  Renal trauma. This 19-year-old man arrived in 
the emergency room after an abdominal blunt trauma pre-
senting hematuria. At this B-mode image (a), his left kid-
ney appears normal without any parenchymal abnormalities. 

After i.v. injection of ultrasound contrast medium (b), it 
was possible to visualize a fracture in the middle part of the 
kidney (arrowheads). The following contrast-enhanced CT 
(c) confirmed the diagnosis (arrow)
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58.6.2	 �Scrotum

Testicular trauma usually is blunt trauma result-
ing from sport injury, motorcycle accident, direct 
blow, and straddle injury, or more rarely is pene-
trating trauma. Penetrating injuries often undergo 
immediate surgical exploration and imaging is 
not performed. In blunt traumas, imaging helps 
urologists in improving patient’s management. 
Usually clinical examination is difficult due to 
scrotal swelling and pain. Ultrasonography is the 
first-line imaging modality, and MR imaging has 
a secondary role when ultrasound is inconclu-
sive. Scrotal traumas include rupture of the testis, 
testicular fracture, hematoma, hematocele, and 
epididymal injury. The task of the imaging is to 
recognize the rupture of the tunica albuginea 
because in this case an immediate surgical explo-
ration is required. US findings in testicular trauma 
include heterogeneous testis with irregular, 
poorly defined borders, contour abnormality, 
scrotal wall thickening, and hematocele 
(Fig. 58.7). Color and power Doppler are helpful 
because either can detect disruption of the normal 

capsular blood flow of the tunica vasculosa [25]. 
Direct visualization of a fracture line is rare as it 
is seen only in 17 % of cases [26]. Hematocele 
appears as an echogenic collection, different 
from hydrocele. The presence of hematocele-
associated hyperechoic or hypoechoic changes in 
the testicular parenchyma suggests testicular rup-
ture. Color Doppler sonography in posttrauma 
patients may reveal focal or diffuse hyperemia of 
epididymis, which is called traumatic epididymi-
tis [27]. Limitations have been described for 
ultrasound in assessing patients with testicular 
rupture. False negative assessment may result 
from lack of contour irregularity in patients with 
small albugineal disruption. Conversely, intrates-
ticular and extratesticular hematomas may be 
isoechoic to the testis and mimic contour irregu-
larity, leading to a false-positive diagnosis of rup-
ture [28]. Contrast-enhanced US has been 
reported as useful in scrotal trauma [18]. In our 
experience, all testicular fractures were correctly 
diagnosed with a clear depiction of the fracture, 
its relation with the tunica albuginea and the 
presence of hematoma.

Fig. 58.7  Testicular 
trauma. This 
compounded image 
shows a heterogeneous 
testis with focal 
abnormality 
(arrowheads) in the 
lower part of the testis 
and large hematocele
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58.6.3	 �Penis

Injury to the penis may result from penetrating and 
blunt trauma or from acute bending of the erect shaft. 
Ultrasonography is the preferred imaging technique 
for evaluating patients with penile trauma because it 
can accurately depict the nature and extent of injury. 
The main role of sonography in these patients is to 
exclude albugineal tears because extratunical and 
cavernous hematomas can be treated conserva-
tively, but surgery is required when rupture of the 
tunica albuginea cannot be excluded. US can detect 
the tear as an interruption of the thin echogenic line 
of the tunica albuginea with associated hematoma 
(Fig. 58.8). Associated urethral injuries may be dif-
ficult to detect. Evaluation of the urethra with sonog-
raphy can help identify interruption of the urethral 
wall, but retrograde urethrography may be needed 
[29]. In the absence of external penetrating traumas, 
an indirect sign of urethral injury is the presence of 
air in the cavernosal bodies [30].

Fig. 58.8  Penis trauma. Rupture of the penis with hema-
toma in the cavernosal body (arrowhead) and hematoma 
(asterisk)
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59.1	 �Introduction

These recommendations have been drawn up by 
the “Imaging” work group of the Società Italiana 
di Urologia (SIU) in collaboration with the 
Società Italiana di Ecografia Urologica 
Andrologica Nefrologica (SIEUN). The special-
ists involved in the work include urologists, 
andrologists, nephrologists, and radiologists.

The aim of this work is to support specialist 
urologists in clinical practice, supplying a series 
of recommendations to be followed during the 
phases of ultrasound diagnosis of renal, prostatic, 
bladder, scrotal, and penile diseases. The recom-
mendations are based on a review of the litera-
ture, on previous recommendations, and on the 
opinions of the experts (5-7). This document is 
the first to be devoted to this sector, although the 
American Urological Association (AUA) and the 
American Institute of Ultrasound in Medicine 
(AIUM) recently (November 2011) published 
practical guidelines for the performance of ultra-
sound in the urological field [www.aium.org].
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The references will serve to make a con-
structive comparison with other clinical expe-
riences. These recommendations were 
developed and drawn up with the aim of ensur-
ing minimum standards of excellence for ultra-
sound imaging in urological practice, based on 
the assumption that ultrasound plays an essen-
tial part in this practice.

Doctors specializing in urology can gain par-
ticular skills and training in the use of ultrasound 
scanning during their residency years, in post-
graduate dedicated courses organized by univer-
sities, and in training courses organized by 
urological scientific societies (SIU, SIA, EAU, 
AUA) and dedicated societies (ESUI, SIEUN), 
both nationally and internationally.

For the urologist, US scanning is an integral 
part of the processes of diagnosis and follow-up to 
manage diseases of the urinary tract and male gen-
itals in patients of all ages, in both a hospital and 
an outpatient setting. The ability to perform and 
interpret diagnostic imaging studies has become 
an integral part of clinical practice in all nations, 
also in order to optimize resources and provide 
patients with efficacious, rapid care. US scanning 
has been defined as the urologist’s stethoscope. 
This also applies in the andrological field.

Urologists must combine skillful use of sophis-
ticated imaging devices with a deep knowledge of 
the physiological and pathological processes 
affecting the human body. If the diagnostic test 
will be performed in another department, they 
must be able to select the best test or series of tests 
to be made for the specific patient, to optimize the 
management of the urological patient.

These recommendations may be useful to 
ensure minimum shared or reference standards in 
the urological and andrological fields also for 
other medical specialists who perform urological 
US scanning, such as radiologists, internists, ger-
iatricians, gynecologists, or other doctors who 
study the urinary tract.

The aims of the present recommendations are:

•	 To define the purpose of each specific ultra-
sound investigation (to clarify what each 
investigation aims to discover)

•	 To define the indications

•	 To establish the requisite technological stan-
dards of the devices

•	 To outline the method of performance of the 
investigation

•	 To establish the expected accuracy of the 
investigation in question

•	 To indicate the reporting method

Apart from their utility as a theoretical-
practical tool for making a correct ultrasound 
examination of the genitourinary apparatus, the 
recommendations we propose have the aim of 
guiding the urologist in the assessment of the 
risks and benefits of diagnostic imaging so as to 
optimize the management of the urological 
patient (“patient care is optimized when urolo-
gists coordinate the use of imaging techniques 
and dedicated devices in the most advantageous 
place for their patients”  – see [AUA, AIUM 
develop joint guidelines for urologic ultrasound 
exams]).

Below, brief recommendations regarding the 
equipment, documentation, reporting of the find-
ings, training requirements, and patient safety in 
ultrasound studies are listed.

59.1.1	 �Equipment

Ultrasound scanning must be performed with 
devices that can provide images in real time, thanks 
to the use of transducers that can optimize the pen-
etration of the ultrasound waves inside the tissues, 
with excellent resolution obtained by setting appro-
priate frequency intervals. The advised transducer 
frequencies are 3.0–5.0 MHz for abdominal scan-
ning, 6.0–9 MHz for transrectal, and 7.0–12.0 MHz 
for genital scanning, while intraoperative renal or 
testicular scanning can be done with the transducer 
set at 6–10 MHz in linear mode. The correct setting 
of the device must also include the generation of 
good documentation of the investigations made.

59.1.2	 �Documentation

Each ultrasound investigation must be concluded 
with the production of appropriate, unequivo-
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cally clear images, recorded on a durable support 
(digital format is preferable) and saved in the 
patient’s clinical files. The operator must check 
that the images are correctly recorded on the 
electronic support and readable in terms of con-
trast and luminosity.

The ultrasound images must also be labeled 
with the patient’s personal data and those of the 
health-care facility where the investigation is 
made (hospital department or outpatient clinic). 
The date and type of probe are automatically 
specified by the device.

59.1.3	 �Reporting of Findings

Apart from acquiring full documentation of the 
investigation, complete reporting of the findings 
must be made, specifying any conditions during 
the execution phase that could affect the reliabil-
ity or accuracy of the test (e.g., anatomical 
causes [bowel gas, malformations], causes 
depending on the patient [poor compliance, pain 
during the test], conduction in emergency 
regime, etc.). The report must include the name 
and signature of the doctor. Ultrasound scanning 
is performed for specific purposes, and the sim-
ple production of images, even of good quality, 
can never replace a description of the clinical 
picture and the interpretation of the findings by 
the operator.

59.1.4	 �Training Requirements

Adequate training is an essential prerequisite 
for the correct performance and interpretation 
of ultrasound investigations. This training must 
be obtained both by residents at the specialist 
schools and by those who are already special-
ists in urology. They should all undergo regular 
updating of their ultrasound scanning skills, the 
former during their specialist studies and the 
latter at regular periodical updating courses. 
The main scientific societies are active in orga-
nizing such updates and issue certificates of 
attendance at such training and updating 
courses.

59.1.5	 �Patient Safety

Ultrasound procedures must be performed only 
for the specific indications of the case, like any 
other imaging technique. In fact, like all special-
ists, urologists should comply with the principles 
of ALARA (1), reducing to a minimum patients’ 
exposure to acoustic energy (2).

In addition, the operator must ensure that the 
ultrasound probe is clean and protected, to comply 
with the guidelines of the CDC (Centers for 
Disease Control and Prevention) for the standards 
of disinfection and sterilization of the devices (3, 
4), as well as the technical recommendations spec-
ified by the manufacturers of the various devices.

Regular periodical controls of the devices must 
be made, with the collaboration of the manufactur-
ers and complying with the safety norms they list.

59.1.6	 �Process of Assessment 
of the Recommendations

An assessment of the true effectiveness of these 
recommendations in modifying behavior and 
improving the clinical outcome will be made using 
control procedures that are currently being defined.

59.1.7	 �Updating

In the expectation of upcoming technological 
and/or diagnostic advances, the present recom-
mendations will be integrated by further publica-
tions, likely every 3 years.

59.2	 �Ultrasound Scanning 
of the Kidney

59.2.1	 �Introduction

The kidneys are a pair of organs located at the ret-
roperitoneal level: each kidney is situated along 
the lateral margin of the psoas muscle that lines it 
posteriorly, while it is adjacent to the bowel anteri-
orly. The right kidney lies about 2–3 cm lower than 
the left. The kidneys have the function of purging 
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the organism of a great number of substances and 
also play a part in many metabolic pathways (pro-
tein, lipid, and glucides), including the metabolism 
of hormones and vitamins, as well as control of the 
blood pressure. Healthy kidneys are easily assessed 
by ultrasound scanning because the parenchymal 
component is well delineated by the capsule and 
has a different echostructure from the perirenal fat 
and the pyelic structures.

59.2.2	 �Measurements

Measurements of the kidney length are made by 
scanning along the major axis parallel to the adja-
cent psoas muscle. The oblique plane of this long 
axis is measured by scanning the superior pole 
more medially and the inferior plane more 
laterally/anteriorly. The angle between the long 
axis and the sagittal plane ranges between 8 and 
10° (8). Variations in this angle produce the vari-
ability between ultrasound measurements of the 
length and measurements made with conventional 
radiology or urography (9). With ultrasound scan-
ning it is easy to make reliable, repeatable real-
time measurements of the kidney long axis.

It is clear that to make a precise measurement 
of the kidney axis, it is necessary to identify the 
superior and inferior poles: this may be complex 
in cases of a malrotated, ectopic, ptosic, or scoli-
otic kidney. Measurement of the interpolar renal 
diameter is more accurate when the patient is 
placed in supine decubitus, slightly turned toward 
the contralateral side. Oblique posterior longitu-
dinal scanning is performed with the patient 
holding the homolateral arm above the head and 
breathing deeply, to shift the kidney under the 
ribs. Measurements in prone position tend to 
result in an underestimation of the kidney length, 
but may need to be done if the kidney is poorly 
visualized in other scans (10).

In clinical practice ultrasound measurement of 
the kidney volume is not performed because it is 
difficult to do and highly error-prone, even if it 
can be useful to assess renal anomalies (11). 
Renal volume can be assessed by measuring the 
three orthogonal diameters and applying the fol-
lowing formula:

volume V = 0.49 × L × W × AP
where L is the length of the major axis (longi-

tudinal scan), W is the length measured at the 
renal hilum (transverse scan), and AP is the 
anteroposterior diameter again measured at the 
hilum (transverse scan) (12). The photos on 
which the measurements were based should be 
stored in the documentation of the investigation.

It may soon be possible to make ultrasound 
measurements of the renal volume using 3D 
probes that allow a greater precision than the 
common 2D probes (13).

In any case, correct measurement of the vol-
ume of the kidneys requires good operator skills 
and knowledge of the renal anatomy, consisting 
of four different components:

	1.	 The hyperechogenic external capsule
	2.	 The hypo-isoechogenic parenchyma as com-

pared to the echostructure of the liver and 
spleen, between the capsule and pelvis, con-
sisting of:
	(a)	 The external echogenic cortex, being the 

functional portion
	(b)	 The internal hypoechogenic medulla, cor-

responding to the medullary pyramids 
with a triangular structure and the base 
toward the outside

	3.	 The kidney sinus, hyperechogenic due to the 
presence of many interfaces consisting of the 
intrarenal adipose tissue

59.2.3	 �Indications

Renal ultrasound scanning is indicated in the first 
approach to patients with renal disease and in the 
follow-up. The investigations include:

•	 Assessment of the kidneys, in normal or ecto-
pic sites

•	 Assessment of the ultrasound morphology
•	 Diagnostic workup in patients with acute or 

chronic kidney disease
•	 Assessment of any dilation of the excretion 

pathways and differential diagnosis between 
obstructive and non-obstructive acute renal 
failure (ARF)
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•	 Identification of space-occupying lesions 
(cysts and tumors)

•	 Searching for stones
•	 Echo-color Doppler assessment of the renal 

vascularization (both with color-power 
Doppler and, in selected cases, contrast-
enhanced ultrasound [CEUS])

•	 Assessment of the intrarenal resistance 
indexes (RI) at the level of the interlobar and/
or arcuate arteries in nephropathic, hypertense, 
diabetic, and nephroangiosclerotic patients

•	 Guidance of renal needle biopsy performed in 
the course of kidney disease or to exclude 
cancer

•	 Guidance of renal puncture in the course of 
hydronephrosis and abnormal cysts inducing 
symptoms

•	 Assessment of kidney transplant(s) (just like 
the native kidney) and complications

•	 Intraoperative guidance in conservative kid-
ney surgery, percutaneous lithotripsy, and 
nonsurgical ablation of expanding lesions

•	 Postsurgical monitoring or endourological 
treatments

59.2.4	 �Preparation 
for the Investigation

Although no specific preparation is considered 
strictly necessary, some suggestions are made 
with the aim of optimizing the performance of 
the investigation. If the patient is asked to refrain 
from drinking fizzy drinks and eating fermented 
cheeses, vegetables, fruits, wholemeal foods, and 
pulses. In cases of a “sluggish” bowel, the patient 
should take a laxative the evening before. Since 
renal studies should always include a study of the 
bladder, this should be repleted but not 
distended.

59.2.5	 �Specifications of the Minimum 
Requirements for the  
Echograph and Probes

To study the kidney, a latest generation echo-
graph, if necessary portable, should be used, of 

average range equipped with color-power 
Doppler module and, if possible, suitable soft-
ware for contrast enhancement. Multifrequency 
convex probes allow the study of the native and 
transplanted kidney, but for facilities that receive 
kidney transplant patients, it is very useful to be 
able to employ a multifrequency linear probe. A 
thermal printer is indispensable, as is a magnetic 
image storing system. A recent generation US 
device offers pre-settings of the parameters to be 
assessed for each organ and probe, especially 
during echo-color Doppler investigations. These 
settings are defined during the installation but 
must be checked by the operator, updated, or 
modified according to the need and the character-
istics of the tools available, as approved by the 
manufacturer.

59.2.6	 �Parameter Assessed

	 1.	 Position of each kidney:
•	 presence/absence
•	 ptosis/ectopia
•	 malrotation
•	 dysmorphic anatomy

	 2.	 Kidney size (14):
•	 Maximum interpolar diameter (normal: 

right, 10.6 ± 1.3 cm; left, 10.1 ± 1.1 cm)
•	 Transverse diameter (normal: right, 

4.9 ± 0.6 cm; left, 5.3 ± 0.7 cm)
•	 Parenchymal thickness (normal: 1.5–

2.0  cm) [measurement of cortical thick-
ness is not always possible due to poor 
cortico-medullary differentiation, and 
suffers from high inter- and intraobserver 
variability, so it is not commonly used] 
(15, 16)

	 3.	 Assessment of the kidney outline that may 
feature the persistence of fetal lobes in the 
tract between two consecutive pyramids and/
or the presence of grooves (scars after pyelo-
nephritis) at one or more calyces.

	 4.	 Check for stones (hyperechogenic image 
measurable by posterior shadow cast).

	 5.	 Check for distension of the kidney, ampulla, 
and calyces (pyelic ectasia, calico-pyelic 
ectasia, or hydronephrosis).
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	 6.	 Check for distension of the ureter 
(hydroureteronephrosis).

	 7.	 Check for space-occupying lesions and dif-
ferentiate between fluid (cysts) and solid 
lesions (neoplasia).

	 8.	 Assess renal vascularization using color and 
power Doppler to identify “minus” signs (16).

	 9.	 Assess renal vascularization by contrast 
enhancement (CEUS) that improves diag-
nostic confidence in the assessment of defi-
ciency signs (18).

	10.	 Assess the intrarenal resistance indexes (RI), 
vn < 0.70 (17) (optional, depending on the 
clinical picture).

59.2.7	 �Facsimile of Findings Report

59.2.7.1	 �Kidney Ultrasound
Kidneys in situ, maximum longitudinal/trans-
verse size within normal limits (right cm…../……; 
left cm……/……..), regular outlines. Parenchyma 
thickness normal (………cm). Regular echo-
genicity of parenchyma. No direct or indirect 
signs of kidney stones.

Regular excretion pathways with no ectasia or 
calico-pyelic dilation (or distinguish ectasic/
pyelic, calico-pyelic dilation, associated or not 
with ureteral dilation). No space-occupying 
lesions. Adrenal loggia, no expanding lesions.

59.2.7.2	 �Renal Eco-Color Doppler
Intrarenal resistance indexes (interlobar or arcu-
ate arteries) within normal limits (RI < 0.70)

Systolic peak velocity (SPV) of the renal 
arteries at the ostium, initial, medial, distal, and 
anterior and posterior segmentary tracts within 
normal limits. Flowmetry normal. Pervious renal 
veins. At power Doppler, good vascular appear-
ance of parenchyma

Minimum imaging documentation to be 
included:

	1.	 Two images per kidney: transverse and longi-
tudinal scans with measurements.

	2.	 Orientation of images (liver/spleen on left).

	3.	 Arrow on the photo, indicating organ ana-
lyzed and side.

	4.	 Accessory images illustrating any anomalies.
	5.	 If the bladder is described in the findings, at 

least one bladder scan image must be 
included.

59.3	 �Ultrasound of the Bladder

59.3.1	 �Indications

•	 To measure post-voiding residue
•	 To measure bladder filling volume
•	 To assess anatomic modifications/complica-

tions associated with obstruction (diverticuli, 
trabeculation/columnar thickening, stones, 
detrusor thickness)

•	 To assess hypermobility of the bladder neck in 
women with stress incontinence

•	 To assess hematuria originating in the lower 
urinary tract

•	 To assess lower urinary tract symptoms  –  
LUTS

•	 To check for suspected ureteral stone migrat-
ing intramurally

•	 To check for congenital malformations (ure-
terocele, diverticuli, etc.)

•	 Postsurgical monitoring (vesical bleeding, 
position of the catheter, etc.)

•	 Follow-up in non-infiltrating cancer
•	 Follow-up of bowel loop orthotopic bladder 

after cystectomy

59.3.2	 �Tools

During standard investigations in the adult, a con-
vex 3.5 MHz probe (range 3–5.5 MHz) is used 
(in pediatric patients a higher-frequency trans-
ducer can be used). To measure bladder volume 
in post-voiding controls, automatic equipment 
can be used. In dynamic studies (e.g., assessment 
of cystocele), transrectal or trans-vaginal probes 
can be used. To stage bladder tumors, transrectal 
probes can be used.
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59.3.3	 �Technique

Use adequate amounts of gel.
For optimal imaging of the bladder, it should 

be full but not overdistended, especially in cases 
of obstruction. The patient should be lying supine 
(supine or lithotomic or in orthostatic position in 
cases of use of a transrectal probe).

The bladder wall and lumen will be assessed 
during the investigation, with both transverse and 
sagittal scans (25).

Systematic search and documentation must be 
made of any changes in the echographic appear-
ance of the bladder wall and neck at rest, trabecu-
lature of the detrusor, endophytic neoplasia, 
diverticuli, stones, and the presence of a third 
prostatic lobe. Any focal lesions observed (in 
particular masses) and other diseases (diverticuli, 
stones, clots, etc.) must be described, specifying 
site and size.

When indicated, the distal ureters should be 
assessed to exclude dilation or other anomalies 
(intramural or juxtavesical stones).

Echo Doppler study may be useful to assess 
ureteral jet and make a differential diagnosis of 
bladder tumors (33).

Fine regulation of the light is essential to 
obtain a significantly improve image quality and 
correctly visualize the anterior wall (superficial 
as compared to the skin) and posterior wall 
(deep). Use the second tissue harmonic imaging 
tool to improve the imaging and reduce reverber-
ation artifacts.

Calculate bladder volume (ellipsoid formula, 
v = 0.52 × r1 × r2 × r3).

Always assess post-voiding residue (to mea-
sure the residue, scan the bladder immediately 
after voiding, using automatic measurement 
tools, on the basis of the ellipsoid formula, if 
available).

In cases of a significant post-voiding residue, 
the patient should be asked to make a further 
attempt to void and then the measurements 
repeated until a reliable indication of the voiding 
capacity is obtained.

In cases of assessment of the detrusor thick-
ness (not normally more than 3 mm), the study 

will be conducted with moderate bladder filling 
(calculated as between 250 and 350  ml, with 
250  ml as threshold value); the mean of three 
measurements made on the same image is 
calculated.

To obtain the best results, the assessment must 
be made at the level of the anterior wall/apex, and 
it is better if a high-frequency (7.5 MHz) convex 
or linear probe is employed.

The ultrasound appearance of the detrusor is 
as a sandwich structure (hypoechogenic muscu-
lar wall between the mucosa and adventitial lay-
ers that is slightly hyperechogenic).

The detrusor thickness must always be mea-
sured in areas that are orthogonal to the ultra-
sound focus (19–21).

The findings report should include:

•	 The patient’s name and surname.
•	 The name of the service where the investiga-

tion was performed and the telephone number 
(in case further clarification should be 
required).

•	 The date of the ultrasound examination.
•	 If possible include all pertinent clinical infor-

mation, including the indications for the 
investigation.

•	 The type of ultrasound examination per-
formed, and if endocavitary techniques are 
employed, the method must be specified.

•	 Specify the orientation of the image, if differ-
ent from standard (superior part on the right of 
the screen).

•	 Use appropriate anatomical and ultrasound 
terminology; in cases of variations from nor-
mal sizes, the measurements must be specified 
(e.g., increased detrusor thickness, diverticuli, 
endoluminal masses, etc.).

•	 Compare with previous imaging studies if 
available; suggest types of studies for further 
investigation, any differential diagnosis 
hypotheses.

•	 Name and signature of the examiner and date.
•	 If the results of the ultrasound are considered 

by the doctor performing the investigation to 
be of particular clinical importance and unex-
pected, such as to require urgent intervention 
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to guarantee proper patient care, ideally the 
doctor who did the investigation should con-
tact the patient’s doctor directly to check that 
the findings report has been received.

•	 Describe the state of other organs in the abdo-
men only if qualified to do so.

•	 Pay attention to the degree of distension of the 
bladder that can negatively affect the 
visualization of the ureters in the juxtavesical 
tract and the seminal vesicles.

•	 Use the tissue harmonic imaging tool to 
reduce reverberation artifacts and obtain bet-
ter detail.

•	 Indicate any difficulties encountered while 
performing the investigation (patient’s collab-
oration and constitution, presence of bowel 
gas), underlining any limits of the test and so 
its diagnostic value.

59.3.4	 �Example of Final Report

	 1.	 Presence or absence of the bladder
	 2.	 Orthotopic site and symmetry
	 3.	 Shape
	 4.	 Degree of bladder distension [essential for 

reliability of investigation]
	 5.	 Presence or absence of wall alterations 

(assessment of lesions > 3 mm)
	 6.	 Presence or absence of a third lobe (in cases 

where present, volume, and/or degree of 
extension into the bladder: intravesical pros-
tatic protrusion)

	 7.	 Presence and size of calcifications (diameter 
>3 mm), fixed or mobile with patient’s move-
ments in decubitus

	 8.	 Characteristics of the bladder neck (in man, 
protrusion of prostate)

	 9.	 Presence of the ureters and any dilation or 
abnormal outlet or stones

	10.	 Presence of pelvic masses and ab-extrinseco 
compression of the bladder

	11.	 Quantification of post-voiding residue

Note
It is necessary to calculate the bladder filling vol-
ume only if needing to measure the detrusor 
thickness or estimate the bladder weight (reliable 
for values ≥ 250  ml) or if needed for clinical 
reasons.

Describe any clinical conditions that prevent 
adequate bladder filling (incontinence, pain due 
to reduced compliance).

Images to be included (not all are always 
indispensable, depending on the clinical picture)

	1.	 One image of the bladder in transverse scan.
	2.	 One image of the bladder in longitudinal scan.
	3.	 One image of the bladder in transverse/longi-

tudinal scan showing the bladder neck.
	4.	 One or more images of any anomaly.
	5.	 In cases of a lesion obstructing the juxtavesi-

cal ureter (stone or vegetating lesion), oblique 
scanning must be done.

59.3.5	 �Preparation for Investigation 
and Patient Position

	1.	 The patient does not need to be fasting.
	2.	 The bladder must be repleted with at least 

300 cc; to ensure this it is necessary:
	(a)	 For the patient to drink at least 500 cc of 

fluids during the three hours before the 
investigation

	(b)	 For the patient to refrain from urinating 
within two hours before the investigation

	(c)	 For the patient to feel the urge to urinate 
(this latter parameter is extremely subjec-
tive and not always reliable)

The investigation is normally performed with 
the patient in supine position. Lateral right or left 
decubitus may rarely be necessary, in cases where 
a lesion, likely of prostatic origin, extends into 
the lumen and its mobility must be checked.
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In cases requiring oblique scanning, this is 
done by rotating the probe by about 40° to its lon-
gitudinal axis, taking care that the bladder filling 
is not more than 250–300 cc (otherwise the ure-
ters would appear crushed by the bladder volume 
itself).

59.3.6	 �US Parameters to Evaluate 
Bladder Modifications in 
Patients with Bladder Outlet 
Obstruction

Progressive changes in the bladder wall are 
observed in men with lower urinary tract obstruc-
tion secondary to benign prostatic enlargement 
(BPE).

The high pressure discharge cause initially an 
increase in the proportion of smooth muscle 
(hyperplasia/hypertrophy of the detrusor) to 
changes in the advanced stages of bladder decom-
pensation (fibrosis), hyperactivity and decreased 
functional capacity. Early identification of blad-
der changes by noninvasive transabdominal ultra-
sound can move towards therapeutic choices that 
can prevent further organ damage in the bladder 
wall.

Measurement of the Bladder Wall Thickness 
(BWT) or Detrusor Wall Thickness (DWT) by 
US is reliable, at least 3 measurements of the 
anterior bladder wall taken at a filling volume 
of ≥ 250 ml. In particular, the DWT [thickness 
of the muscle hypoechoic between two layers 
hyperechoic serosa and mucosa] is considered 
the best diagnostic tool to measure detrusor 
hypertrophy using cut-off value > 2.9 mm in 
men. US derived measurements of bladder 
weight (Estimated Bladder Weight, EBW) is 
another noninvasive tool for assessing bladder 
modifications in patients with Bladder Outlet 
Obstruction (BOO): cut-off value 35 gr. 
Technique for measuring the BWT and EBW 

relies in conventional US 7.5-4 MHz or using 
the automatic system of calculation (BVM 
6500 3.7 MHz). The variability of measuring 
intra (4.6 to 5.1%) and interoperator (12.3 %) is 
acceptable. Also conventional US detects estab-
lished signs of bladder damage: diverticulosis, 
trabecolations in the bladder wall (pseudo-
diverticula), calculi and post-void residual 
urine (> 50 cc). Furthermore the Intravescical 
Prostate Protrusion (IPP), easy measured by 
transabdominal ultrasound, is strongly corre-
lated to obstruction in men with BPE (cut-off 
12 mm). Measure, quantify and monitor the 
cervico-urethral obstruction in men with symp-
tomatic BPE is possible by non-invasively US 
monitoring the response of the bladder wall. 
Early identification has the advantage of adopt-
ing therapeutic measures sufficient to prevent 
progression of bladder damage measuring 
DWT, EBW in addition to established US 
parameters (20, 21, 31).

59.3.7	 �Diagnostic Accuracy

In the diagnosis and follow-up of bladder tumors 
or hematuria, it should be noted that the standard 
method is ureterocystoscopy. Ultrasound scan-
ning is an alternative for noninvasive low-grade 
tumors and for the initial assessment of hematuria. 
Cystoscopy allows the operator to assess and 
solve any doubts about the integrity and regular-
ity of the bladder wall raised at ultrasound scan-
ning. Bladder lesions smaller than 5 mm may not 
be identified at ultrasound. Not all bladder tumors 
are observed at ultrasound: slow-growing non-
vegetative tumors like carcinoma in situ are not 
diagnosed by imaging. The diagnostic capacity 
for vegetating/papillary lesions >5  mm is high, 
even if in some circumstances differential diag-
nosis with clots may be difficult despite echo-
color Doppler.
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59.3.7.1	 �Nonneoplastic Diseases

Parameter Pattern

Acute cystitis Wall thickness and
echogenicity

Increased hypoechogenicity, increased 
thickness of the bladder wall, between 
the serosa and mucosa

Chronic cystitis No characteristic pattern, assessment of 
post-micturition residue, search for 
foreign bodies in the bladder

Bullous cystitis Wall thickness,
echogenicity

Increased bladder wall thickness, 
anechogenic areas
Wall hypoechogenicity

Diverticuli Presence/absence Formation of anechogenic paravesical 
areas with the presence of asonic 
funneling to the bladder (diverticular 
neck)
Transrectal scanning can better reveal 
the diverticular neck
Color Doppler can enable DD between 
tumors and endodiverticular clots, 
although it is not the ultimate test
In doubtful cases CEUS or other 
radiological or endourological imaging 
should be done

Detrusor hypertrophy Thickness detrusor wall (calculated 
at ≥ 250 ml of filling, as mean of three 
measurements, the hypoechogenic 
tissue included between two lines of 
hyperechogenic tissue: mucosa and 
bladder serosa)

Increased (>3 mm) with irregularities
(trabeculatures or even 
pseudodiverticuli) low-level evidence, 
recommendations need to be verified on 
vast scale, evidence levels based on 
opinions of experts and case series 
Parameter to be assessed, advised by 
experts. For use in clinical studies

Ureterocele Anechogenic formation (cyst) at the 
level of the ureteral meatus with 
evidence at color Doppler of ureteral jet

Juxtavesical ureter lesion Juxtavesical ureter obstructive lesion 
(stone or vegetating lesion)

Hyperechogenic image with posterior 
shadow included in the thickness of the 
ureteral wall (between hyperechogenic 
serosa)
Eco-color Doppler: useful to identify 
color signals (artifacts) in the shadow 
area and in DD of vegetating lesions 
also with eco-power Doppler
Evidence or not of urethral jet at color 
Doppler

Stones Hyperechogenic images with shadow, 
mobile depending on decubitus 
movements

Hyperactive bladder Bladder weight
(UEBW, ultrasound-estimated 
bladder weight)

No consensus in literature as to 
standardized cutoff values to be used in 
clinical studies
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59.3.7.2	 �Neoplastic Diseases
Although staging is not currently approved on the 
basis of the ultrasound findings, we report indica-
tions for a possible interpretation.

Parameter Pattern

Superficial lesions Bladder wall structure Generally no echostructural alterations of the wall
Endophytic tumors appear as hypoechogenic, 
fixed proliferative lesions, but sometimes they are 
hyperechogenic due to the presence of superficial 
calcifications. At color Doppler 
hypervascularization is observed

Infiltrating lesions Bladder wall structure Interruption/deformation of the wall that appears 
thickened, sometimes extension beyond the 
bladder wall

59.3.7.3  �Ultrasound of the Pelvic Floor (19, 22–24, 26–30, 32, 34–38)

Trans-perineal Introital Trans-vaginal Transrectal

Instruments Convex
3.5–5 Mhz 
probe

Sector end-fire
5–7.5 Mhz probe

Linear biplanar
7.5 Mhz probe

Linear biplanar
7.5 Mhz probe

Patient position Lithotomic Lithotomic
Orthostatic

Lithotomic
Orthostatic

Quality of image + + +++ +++

Measurement of 
mobility

++ ++ +++ +++

Invasiveness + + ++ +++

Artifacts in 3–4 grade 
cystocele

++ ++ +++ +

Addendum: possible use of 3D studies, espe-
cially for postsurgical assessment (sling). 
Clinical studies to assess the presence of fun-
neling of the neck, hypermobility of the neck-
urethra complex, cystocele, and ureteral fixity. 
No standards have yet been established for 
mobility parameters (among proposals see 

Schaer et  al. Int Urogynecol J Pelvic Floor 
Dysfunc 1996, Pajoncini C. in Atlante di eco-
grafia uro nefrologica ed andrologica 1996 
ed.CIC, Merz et al. Ultraschall Med 2004, Tunn 
R. et  al. Update recommendations on ultraso-
nography in urogynecology. Int Urogynecol J 
2005 16, 236–241).
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59.3.8	 �Reference Texts

A literature search of guidelines and reviews on 
the use of ultrasound in bladder studies published 
in the last 10 years was made:

•	 AIUM Practice Guideline for Documentation 
of an Ultrasound Examination  – 2008 
American Institute of Ultrasound in Medicine

•	 AIUM Official Statements Training Guidelines 
for Physicians Who Evaluate and Interpret 
Diagnostic Ultrasound Examinations 
American Institute of Ultrasound in Medicine 
2011

•	 Standards and Guidelines for the Accreditation 
of Ultrasound Practices. 2011 American 
Institute of Ultrasound in Medicine

•	 Documento SIUMB per le linee guida in 
Urologia
Giornale Italiano di ecografia I.R. al vol.8 n.4 
2005

•	 EAU Guidelines on Urinary Incontinence
Eur Urol 59 (2011) 387–400

•	 Guidelines on Non-muscle-invasive Bladder 
Cancer (TaT1 and CIS)
EAU 2012

•	 Guidelines on Pain Management
EAU 2012

59.4	 �Prostate and Seminal 
Vesicles

59.4.1	 �Prostatic Ultrasound Scanning 
with the Suprapubic 
Technique

59.4.1.1	 �Method
The prostate must be analyzed on two orthogonal 
planes: transverse and longitudinal. In this study 
it is essential to examine:

•	 Juxtavesical ureters
•	 Bladder
•	 Prostate
•	 Seminal vesicles

The prostate diameters to be assessed are 
latero-lateral, anteroposterior, and cranio-caudal.

In cases of an obstructive lesion of the juxta-
vesical ureter (stone or vegetating lesion), oblique 
scans must be made.

Images to be included (not all are always 
indispensable, depending on the clinical picture)

	1.	 One image of the bladder in longitudinal/
transverse scan

	2.	 One image of the prostate in transverse scan 
showing the bladder

	3.	 One image of the prostate in longitudinal scan 
showing the bladder

	4.	 One image of the right juxtavesical ureter in 
oblique scan

	5.	 One image of the left juxtavesical ureter in 
oblique scan

	6.	 One or more images of any anomalies

Report of the findings

	1.	 Date and place of performance of the 
investigation

	2.	 Patient data (including birth date)
	3.	 Mention of clinical history and diagnostic 

purpose
	4.	 Value of the last total PSA blood test
	5.	 Comparison with previous tests if available

Both the images and findings must be easy to 
read by other operators and at later dates. The 
findings must therefore be reported as unambigu-
ously as possible. In cases of any diagnostic 
doubt, this must be pointed out, indicating possi-
ble hypotheses and suggesting any further instru-
mental investigations that may help to solve any 
doubts.

59.4.1.2	 �Terminology
	1.	 Identification of the medial lobe and its size 

and relations with the pelvic floor
	2.	 Any picture of cervico-ureteral obstruction 

due to prostatic hypertrophy causing severe 
detrusor impairment and any presence of 
bladder stones [Table 59.1].
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Table 59.1  Stones and hyperechogenic prostatic images

Pathologic mechanism Size Macroscopic evidence Number Site

(Increased 
intraprostatic pH and 
increased precipitation 
of calcium salts)

Endogenous
 � Amyloid bodies
 � Reaction to foreign 

body in intra-acinar 
site

Macrolithiasis (max. 
diameter ≥ 2 mm)

Disseminated 
±posterior shadow

Single Periureteral

Exogenous
 � Stasis of prostatic 

secretion
 � Intraprostatic
Reflux
 � Prostatitis

Microlithiasis (max. 
diameter ≤ 2 mm)

Thickened ± posterior 
shadow

Multiple Lobar
Perinodular
Ejaculatory ducts

59  Practical Recommendations for Performing Ultrasound Scanning



708

59.4.1.3	 �Indications

	1.	 To assess the size and volume of the prostate 
gland before medical, surgical, or radiation 
treatment (in particular, to assess the volume 
displacement caused by the third lobe and cor-
relations with detrusor hypertrophy and the 
presence of bladder pseudodiverticuli and 
diverticuli)

	2.	 To assess the patient with lower urinary tract 
symptoms

	3.	 To assess congenital anomalies

59.4.1.4	 �Essential Parameters 
to Be Specified in the Final 
Report

Prostate
	1.	 Presence or absence of the prostate
	2.	 Orthotopic or heterotopic site
	3.	 Shape
	4.	 Size
	5.	 Presence or absence of a third lobe (if present, 

volume and/or size of protrusion into the blad-
der: intravesical prostatic protrusion)

	6.	 Presence and size of any gross calcifications 
(diameter >5 mm)

	7.	 Presence and size of any gross abscesses/cysts 
(diameter >5 mm)

	8.	 Presence of the ureters and any dilation or 
anomalous outlet

	9.	 Quantification of post-voiding residue

Note
Lesions of any nature with a diameter of ≤ 5 mm 
are not identifiable with suprapubic ultrasound 
scanning. The suprapubic technique cannot visu-
alize the echostructure of the peripheral zone of 
the prostate due to technical image resolution 
limitations.

Seminal Vesicles
	1.	 Presence or absence
	2.	 Site
	3.	 Symmetry

Bladder

An accurate description of the bladder is 
essential; see previous chapter.

59.4.1.5	 �Preparation for Investigation 
and Patient Position

	1.	 The patient does not need to be fasting.
	2.	 The bladder must be repleted with at least 

300 cc; to ensure this it is necessary:
	(a)	 For the patient to drink at least 500 cc of 

fluids during the three hours before the 
investigation

	(b)	 For the patient to refrain from urinating 
within two hours before the investigation

	(c)	 For the patient to feel the urge to urinate 
(this latter parameter is extremely subjec-
tive and not always reliable)

The investigation is normally performed 
with the patient in supine position. Lateral right 
or left decubitus may rarely be necessary, in 
cases where a lesion, likely of prostatic origin, 
extends into the lumen, and its mobility must be 
checked.

In cases requiring oblique scanning, this is 
done by rotating the probe by about 40° to its lon-
gitudinal axis, taking care that the bladder filling 
is not more than 250–300 cc (otherwise the ure-
ters would appear crushed by the bladder volume 
itself).

59.4.1.6	 �Facsimile of the Final Report
Mention of clinical history:_________________

Diagnostic purpose: ____________________
Last total PSA value
The bladder…
Yes/no hyperechogenic bladder images 

depicting stones, nor dilation of the juxtavesical 
and intramural bilateral ureters

The prostate is shown in orthotopic/heterotopic 
site and is grossly triangular, size within normal 
limits (more/less), (LL × AP × CC), having a theo-
retical calculated volume of about ___ml.

Presence of third lobe protruding into the 
bladder by ____cm

Post-voiding residue is about cc.
Mild/fair/marked tenderness or pain on palpa-

tion of the hypogastrium at the start/throughout 
the duration of the investigation
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59.4.1.7	 �Diagnostic Accuracy
It is important to note that the elective method for 
the study of the prostate gland includes the use of 
endocavitary probes (see relative chapter). In fact, 
suprapubic ultrasound scanning is not contem-
plated in the guidelines for the study of the pros-
tate drawn up by the main scientific societies due 
to its limited diagnostic power (see references).

In particular, it is thought that prostate ultra-
sound results in an overestimation by more than 
30–50 % of the true prostate volume.

According to some authors, moreover, the use 
of the ellipsoid formula to calculate the prostate 
gland volume with the aid of suprapubic ultra-
sound leads to an error of about 20 %.

59.4.1.8	 �Notes on Clinical Practice
	A.	Attention must be paid to the degree of disten-

sion of the bladder that can affect the visual-
ization of the juxtavesical ureters and seminal 
vesicles.

	B.	 Use the tissue harmonic imaging tool to 
reduce reverberation artifacts and obtain bet-
ter detail.

	C.	 Indicate any difficulties encountered while 
performing the investigation (patient’s col-
laboration and constitution, presence of 
bowel gas), underlining any limits of the test 
and so its diagnostic value.

	D.	 Remember that if the prostate is larger than 
normal, its morphology may vary, especially 
in cases of prostatic hyperplasia.

59.4.1.9	 �Devices and Transducers 
Used

Convex transducer with a frequency of 3.5 MHz 
or multifrequency 5–2 MHz probes depending on 
the patient’s constitution and how deeply the 
gland is located

59.4.2	 �Transrectal Prostatic 
Ultrasound

59.4.2.1	 �Method
The investigation is dynamic, and apart from lon-
gitudinal and transverse scans, with the probe 
inclined more cranio-caudally than for the study 

of the bladder, oblique scans will also be per-
formed to study the seminal vesicles that gener-
ally lie on the transverse/oblique plane.

The prostate must be analyzed on two orthog-
onal planes: transverse and longitudinal, from the 
apex to the base of the gland.

At the same time, it is essential to study:

•	 The urethra sphincter, Cowper’s glands
•	 The seminal vesicles
•	 The juxtavesical tract of the ureters
•	 The deferens ducts
•	 The bladder (insofar as it is explorable)

Additionally, any gross alterations of the rec-
tal wall should be pointed out and referred to the 
competent specialist colleague.

The diameters to be assessed are latero-lateral, 
anteroposterior, and cranio-caudal, to calculate 
the total volume and also the volume of the tran-
sition zone (periureteral hypertrophy).

For the seminal vesicles, the diameters 
assessed are anteroposterior. The apparent size of 
the latter may be affected by the degree of disten-
sion of the bladder, by ejaculation and by forms 
of obstruction.

Images to be included (not all are always 
indispensable, depending on the clinical picture)

	1.	 One image of the prostate in transverse scan 
(indicating the diameters of both the entire 
gland and adenoma)

	2.	 One image of the prostate in longitudinal scan 
(indicating the diameters of both the entire 
gland and adenoma)

	3.	 One image of the prostate in transverse scan 
showing the bladder

	4.	 One image of the prostate in longitudinal scan 
showing the bladder

	5.	 One image of the seminal vesicles in trans-
verse scan

	6.	 One or more images of any anomalies
	7.	 Any images of the juxtavesical ureter in longi-

tudinal scan

Calculation of total prostatic volume and tran-
sition zone volume  It is important to note that 
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all latest generation ultrasound devices automati-
cally calculate the volume of the prostate, blad-
der, and seminal vesicles. If this is not possible, 
multiply the three diameters by 0.52 according to 
the ellipsoid formula. Data on the volume of the 
entire gland and adenoma are clinically essential 
for therapeutic and surgical workup purposes.

Orientation of the ultrasound images  The 
ultrasound probe always appears at the bottom of 
the image. In transverse scans: the patient’s right 
side is conventionally on the left side of the image 
(as also in CT and MR images). In longitudinal 
scans: the superior/proximal part/patient’s head 
is conventionally on the left side (as in abdominal 
ultrasound imaging) and the distal part on the 
right side.

Documenting the findings
	1.	 Date and place where the investigation was 

performed
	2.	 Patient data (including birth date)
	3.	 Mention of clinical history and diagnostic 

query
	4.	 Value of the last total PSA blood test
	5.	 Outcome of rectal exploration that should 

always be done before the investigation
	6.	 Comparison with previous examinations, if 

available

Both the images and findings must be easy to 
read by other operators and at later dates. The 

findings must therefore be reported as unambigu-
ously as possible.

In cases of any diagnostic doubt, this must be 
pointed out, indicating possible hypotheses and 
suggesting any further instrumental investiga-
tions that may help to solve any doubts.

59.4.2.2	 �Terminology
	1.	 Hypoechogenic pars adenomatosa, as com-

pared to pars peripherica of the prostate
	2.	 Identification of medial lobe and its size and 

relationships with the bladder floor
	3.	 Presence of calcifications (diameter ≥3 mm) 

that appear hyperechogenic with a posterior 
shadow (possibly showing signs of previous 
inflammation)

	4.	 Presence of focal hyperechogenic areas with 
no posterior shadow (diameter ≥3 mm) (pos-
sibly showing signs of previous 
inflammation)

	5.	 Presence of abscesses of hypo-/anechogenic 
areas (diameter ≥ 3  mm) that appear preva-
lently with a fluid anechogenic or dyshomoge-
neous component, possibly showing 
inflammation processes in active phase. 
Anechogenic/echogenic areas of inflamed 
abscesses [Table 59.2]

	6.	 In a picture of cervico-ureteral obstruction 
due to prostatic hypertrophy causing severe 
detrusor impairment, any presence of bladder 
stones [Table 59.1]

	7.	 Dilation/cysts of the ejaculatory ducts
	8.	 Perviousness and funneling of the cervical or 

anastomotic region in surgical scars

P. Martino and A.B. Galosi



711

Ta
b

le
 5

9
.2

 
D

efi
ni

tio
n 

of
 u

ltr
as

ou
nd

 c
ha

ra
ct

er
is

tic
s 

of
 d

if
fe

re
nt

 d
is

ea
se

 p
ic

tu
re

s

D
is

ea
se

 p
ic

tu
re

M
or

ph
ol

og
y

E
ch

og
en

ic
ity

V
as

cu
la

ri
za

tio
n

M
ar

gi
ns

Pe
cu

lia
ri

tie
s

D
if

fe
re

nt
ia

l d
ia

gn
os

is

Pr
os

ta
tic

 
hy

pe
rt

ro
ph

y
In

cr
ea

se
d 

si
ze

 d
ue

 
es

pe
ci

al
ly

 to
 

en
la

rg
ed

 p
ar

s 
ad

en
om

at
os

a

Sh
ow

in
g 

pa
rs

 
pe

ri
ph

er
ic

a 
se

pa
ra

te
 

fr
om

 p
ar

s 
ad

en
om

at
os

a,
 

th
an

ks
 to

 a
n 

ev
id

en
t 

cl
ea

va
ge

 p
la

ne
 a

nd
 

di
ff

er
en

t e
ch

og
en

ic
ity

 
(p

ar
s 

ad
en

om
at

os
a 

is
 

hy
po

ec
ho

ge
ni

c 
an

d 
dy

sh
om

og
en

eo
us

 a
s 

co
m

pa
re

d 
to

 p
ar

s 
pe

ri
ph

er
ic

a)

N
o 

va
ri

at
io

n
Fr

ee
Sh

ow
s 

pa
rs

 p
er

ip
he

ri
ca

 
se

pa
ra

te
 f

ro
m

 p
ar

s 
ad

en
om

at
os

a,
 th

an
ks

 to
 

a 
cl

ea
va

ge
 p

la
ne

 a
nd

 
di

ff
er

en
t e

ch
og

en
ic

ity
 

(p
ar

s 
ad

en
om

at
os

a 
is

 
m

or
e 

hy
po

ec
ho

ge
ni

c 
th

an
 p

ar
s 

pe
ri

ph
er

ic
a)

T
he

re
 m

ay
 b

e 
no

du
la

r 
ov

al
 o

r 
ro

un
de

d 
ar

ea
s,

 
w

ith
 d

is
tin

ct
 m

ar
gi

ns
, 

an
d 

an
 is

oe
ch

og
en

ic
 

ap
pe

ar
an

ce
 to

 th
e 

su
rr

ou
nd

in
g 

pa
re

nc
hy

m
a,

 e
xp

re
ss

in
g 

pr
os

ta
tic

 h
yp

er
pl

as
ia

 
in

tr
a-

ad
en

om
at

ou
s 

ar
ea

s 
or

 f
oc

al
 p

ro
st

at
iti

s 
ar

ea
s

A
bs

ce
ss

 a
re

as
, i

n 
ve

ry
 

hy
po

ec
ho

ge
ni

c 
im

ag
es

C
al

ci
fic

at
io

n 
ar

ea
s,

 in
 v

er
y 

hy
pe

re
ch

og
en

ic
 im

ag
es

T
um

or
al

 a
re

as
 (

po
ss

ib
le

 o
nl

y 
w

ith
 b

io
ps

y)

A
cu

te
 p

ro
st

at
iti

s
In

cr
ea

se
d 

gl
an

d 
si

ze
L

es
s 

th
an

 n
or

m
al

In
cr

ea
se

d 
D

op
pl

er
 

si
gn

al
, c

or
re

la
te

d 
to

 
in

cr
ea

se
d 

va
sc

ul
ar

iz
at

io
n 

du
e 

to
 

in
fla

m
m

at
or

y 
pr

oc
es

se
s

N
or

m
al

ly
 f

re
e,

 
so

m
et

im
es

 b
lu

rr
ed

 
in

 c
as

es
 o

f 
su

bc
ap

su
la

r 
ab

sc
es

s 
an

d 
di

re
ct

 
in

vo
lv

em
en

t o
f 

th
e 

m
ar

gi
ns

In
 c

as
es

 o
f 

ab
sc

es
s,

 th
is

 
w

ill
 s

ho
w

 d
is

tin
ct

 
m

ar
gi

ns
 a

nd
 a

 h
ig

hl
y 

hy
po

-/
an

ec
ho

ge
ni

c 
co

nt
en

t. 
H

yp
er

ec
ho

ge
ni

c 
le

si
on

s 
m

ay
 b

e 
pr

es
en

t w
ith

in
 

th
e 

ab
sc

es
s 

ar
ea

, 
sh

ow
in

g 
an

 ir
re

gu
la

r 
m

or
ph

ol
og

y 
de

m
on

st
ra

tin
g 

pa
rt

ia
l 

co
lli

qu
at

io
n 

of
 s

uc
h 

ab
sc

es
se

s

N
eo

pl
as

ia
, e

sp
ec

ia
lly

 in
 

ca
se

s 
of

 s
us

pe
ct

ed
 a

bs
ce

ss
 

co
lli

qu
at

io
n

59  Practical Recommendations for Performing Ultrasound Scanning



712

D
is

ea
se

 p
ic

tu
re

M
or

ph
ol

og
y

E
ch

og
en

ic
ity

V
as

cu
la

ri
za

tio
n

M
ar

gi
ns

Pe
cu

lia
ri

tie
s

D
if

fe
re

nt
ia

l d
ia

gn
os

is

C
hr

on
ic

 p
ro

st
at

iti
s

In
cr

ea
se

d 
si

ze
 o

r 
no

 c
ha

ng
e

Te
nd

en
cy

 to
 b

e 
in

cr
ea

se
d,

 in
 c

as
es

 w
ith

 
ca

lc
ifi

ca
tio

ns
 a

s 
in

fla
m

m
at

or
y 

ou
tc

om
es

V
ar

ia
bl

e
Fr

ee
In

 c
as

es
 o

f 
in

ve
te

ra
te

 
ch

ro
ni

c 
pr

os
ta

tit
is

, t
he

re
 

m
ay

 b
e 

a 
dy

sh
om

og
en

eo
us

 
ap

pe
ar

an
ce

, w
ith

 
al

te
rn

at
in

g 
hy

po
-

is
oe

ch
og

en
ic

 a
nd

 
hy

pe
re

ch
og

en
ic

 a
re

as

N
eo

pl
as

ia
, e

sp
ec

ia
lly

 in
 

ca
se

s 
of

 g
ra

nu
lo

m
at

ou
s 

pr
os

ta
tit

is
 o

bs
er

ve
d 

in
 

su
bj

ec
ts

 w
ith

 a
 h

is
to

ry
 o

f 
en

do
ve

si
ca

l c
he

m
o-


im

m
un

op
ro

ph
yl

ax
is

 w
ith

 
B

C
G

P. Martino and A.B. Galosi



713

59.4.2.3	 �Indications
	1.	 To assess the size and volume of the gland for 

medical/surgical workup, regardless of the 
type of treatment or underlying disease

	2.	 Prostatic biopsy guidance
	3.	 Suspected prostatitis and/or prostatic abscess
	4.	 To examine congenital anomalies
	5.	 In infertility of the couple (morphological 

study of the seminal tracts)
	6.	 Study of the bladder neck

•	 Functional diseases of the bladder neck 
(sclerosis, iatrogenic stenosis, or ndd)

•	 Neurological bladder
•	 Outcome of surgery of the cervico-prostatic 

region (prostatic trans-vesical adenomec-
tomy, endoscopic resection or enucleation 
of prostatic adenoma, endoscopic incision 
of the bladder neck)

•	 Identification and examination of cysts of 
the bladder neck or third prostatic lobe

	7.	 Postoperative controls (post-disobstructive 
surgery or radical prostatectomy)

	8.	 Posttreatment controls for prostatic tumors 
(radiotherapy, HIFU, cryotherapy)

59.4.2.4	 �Essential Parameters That 
Must Be Specified in Final 
Report

For All Types of Report
Preliminarily, transrectal exploration must be 
performed, indicating the presence, size (X2–3), 
surface, consistency, margins, presence or 
absence of a medial groove, any nodules, their 
characteristics and localization, and tenderness 
or pain on palpation of the gland.

Prostate
	 1.	 Presence or absence of the prostate
	 2.	 Orthotopic or heterotopic site
	 3.	 Symmetry
	 4.	 Size/volume of the gland (latero-lateral, 

anteroposterior, and cranio-caudal, to be 
multiplied by 0.52, according to the ellipsoid 
formula, if the device does not make an auto-
matic calculation)

	 5.	 Size/volume of the transition zone/adenoma
	 6.	 Presence or absence of a third lobe (if pres-

ent, volume and/or measurements of protru-
sion into the bladder)

	 7.	 Presence and size of calcifications (diameter 
≥3 mm) [Table 59.1]

	 8.	 Presence and size of abscesses/cysts (diam-
eter ≥3 mm)

	 9.	 Presence and size of intraprostatic cysts or 
bladder neck cysts (diameter ≥3 mm)

	10.	 Echostructure of the peripheral portion
	11.	 Integrity of the prostatic capsule
	12.	 Presence of the ureters and any dilation or 

anomalous outlet
	13.	 Any pain elicited during the investigation 

[Table 59.2]

59.4.2.5	 �Addendum in Particular 
Cases

Presence of the deferens and any dilation

Urethra
Any lesions evident at ultrasound. Morphology 
and function of the internal urethral sphincter 
(only in cases of ultrasound performed for func-
tional purposes)

Seminal Vesicles
	1.	 Presence or absence
	2.	 Site
	3.	 Symmetry
	4.	 Morphology
	5.	 Any dilation (>12 mm in anteroposterior site)

Bladder
	1.	 Morphology of walls
	2.	 Morphology of content
	3.	 Presence of vegetation and description
	4.	 Presence of stones

Prostatic Biopsy Guidance
	1.	 In cases of suspected tumor areas, describe:

•	 Site
•	 Size
•	 Morphology
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•	 Ultrasound appearance
•	 Margins
•	 Relations of lesion with the capsule, blad-

der neck, and seminal vesicles in cases of 
basal nodules with extracapsular 
extension
If several nodules are present, each must be 
detailed as described above.

	2.	 In cases of multiple prostatic biopsy sampling, 
indicate:
•	 Type of patient preparation
•	 Antibiotic prophylaxis administered
•	 Results of preliminary rectal exploration 

(and any agreement between increased 
consistency areas at palpation and suspi-
cious ultrasound images)

•	 Type of anesthesia (site, drug, and dosage)
•	 Number of samples, specifying the scheme 

adopted
•	 Course of procedure
•	 Indications for patient care in days after the 

maneuver
•	 Any home antibiotic therapy

Assessment of Congenital Anomalies
In particular, apart from studying alterations of 
the course of the juxtavesical ureters, transrectal 
prostatic ultrasound is able to demonstrate intra-
prostatic cysts. Cystic lesions appear as round or 
oval, with distinct margins and asonic content. 
The definition of the site is particularly impor-
tant, namely:

	1.	 Vesical
	2.	 Medial posterior: mullerian/prostatic utricle
	3.	 Paramedial/lateral: ductal dilatation/cysts of 

the ejaculatory duct
	4.	 Due to retention

Morphologic Study of the Seminal Tract
Ejaculatory ducts:

	1.	 Presence or absence
	2.	 Presence or absence of calcifications and any 

obstruction caused
	3.	 Any dilation

Deferens ducts:

	1.	 Presence or absence
	2.	 Presence or absence of calcifications or 

lesions and any obstruction caused
	3.	 Any dilation

Seminal vesicles:

	1.	 Diameters (latero-lateral, anteroposterior, and 
cranio-caudal)

	2.	 Any dilation
	3.	 Any congestion
	4.	 Anomalies with the deferens

Study of the Bladder Neck
	1.	 Morphology
	2.	 Symmetry
	3.	 Any calcifications
	4.	 Any cysts

Study of the Prostatic Loggia After Radical 
Prostatectomy or Other Treatments
Presence of areas suggesting disease recurrence 
in the perianastomotic region:

•	 Site
•	 Size
•	 Localization with respect to the anastomotic 

region and rectal wall
•	 Ultrasound appearance
•	 Margins
•	 Vascularization
•	 Presence/absence of seminal vesicle residues

The ultrasound data must necessarily be cor-
related with the total PSA values and clinical his-
tory, because subsequent treatments for 
postoperative urinary incontinence may modify 
the echostructure and mimic lesions (macroplas-
tique, collagen, Bulkamid).

If biopsy samples are taken from the perianas-
tomotic region, all suspicious areas should be 
sampled; this can be done under ultrasound 
guidance.
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59.4.2.6	 �Preparation 
for the Investigation 
and Patient Position

The patient must undergo at least one enema two 
hours before the investigation, to avoid artifacts 
caused by fecal matter in the rectum.

Fasting is not necessary.
The patient must not urinate for at least two 

hours before the investigation (the bladder must 
be repleted).

The investigation is normally performed with 
the patient in lateral left decubitus. If this is 
impossible, it can be done in lateral right decubi-
tus or semilithotomic position.

Facsimile of Final Report

Standard Transrectal Prostatic Ultrasound
Mention of clinical history:___________________

Last total PSA value:____________________
Preliminary rectal exploration shows the 

prostate in situ, enlarged (X), with a smooth sur-
face, parenchymatous consistency, distinct mar-
gins, and flattened medial groove. No tenderness 
or pain on palpation.

The prostate, investigated with a transrectal 
“end-fire” ultrasound probe with variable fre-
quency, is visible in situ and roughly triangular 
in shape; the size is X X mm (LL X AP X CC), for 
a theoretical calculated volume of about cc. A 
central nodular area of hyperplasia is present, 
with a dyshomogeneous echostructure and theo-
retical calculated volume of about cc.

Along the cleavage plane of the nodular 
hyperplasia, and in the periureteral site, calcifi-
cations are evident, likely the outcome of previ-
ous inflammatory processes.

Within the nodular hyperplasia area, there are 
gross calcifications as well as some anechogenic 
images compatible with cysts due to 
retention/microabscesses.

The peripheral gland shows a substantially 
homogeneous structure, with no signs of disease 
foci in course.

The seminal vesicles are orthotopic and nor-
mal in shape.

The bladder is in situ, moderately distended. 
No ultrasound alterations of the posterior blad-

der wall are apparent, insofar as the area is visi-
ble through the transrectal acoustic window. 
Post-voiding urinary residue is ….

Transrectal Prostatic Ultrasound to Study 
the Seminal Vesicles
The prostate is described as above.

No evidence of obstructive lesions of the ejac-
ulatory ducts and deferens ducts bilaterally.

The seminal vesicles are orthotopic and nor-
mal in shape. The maximum diameters of the 
right seminal vesicles are X X X mm (CC × AP × 
LL), for a theoretical calculated volume of about 
cc. The maximum diameters of the left seminal 
vesicle are X X X mm (CC × AP × LL), for a theo-
retical calculated volume of about cc. Post-
voiding urinary residue is cc.

Deferens present, symmetrical and not dilated.

Prostatic Ultrasound of the Perianastomotic 
Region After Prostatectomy
The perianastomotic region appears 
homogeneous/dyshomogeneous, showing areas 
of… in size, localized at the level of…, with…
margins, vascularized, suspicious for growth 
processes.

59.4.2.7	 �Diagnostic Accuracy
The diagnostic accuracy of transrectal prostatic 
ultrasound varies according to the diagnostic query.

In particular, as regards assessing the size of 
the prostatic adenoma, the diagnostic accuracy of 
transrectal prostatic ultrasound is extremely high, 
while the risk of overestimation of the true pros-
tatic volume and weight (later measured in the 
various studies on the anatomic piece) ranges 
between 4 and 10 %.

As regards the identification of prostatic nod-
ules suspected of growth processes, it should be 
noted that 60 % of them appear hypoechogenic, 
30 % isoechogenic, and 10 % hyperechogenic. 
Therefore, the overall diagnostic accuracy of this 
method alone is about 30 % (this is why in most 
cases prostatic biopsy sampling is done ran-
domly, in the absence of ultrasound areas raising 
suspicion).

The presence of a hypoechogenic image alone 
is not the only criterion indicating the need for 
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prostatic biopsy. The criteria for mapping pros-
tatic biopsies are clinical and based on the PSA 
values and trend, on rectal exploration, on the 
presence of risk factors, and also on the prostatic 
volume and ultrasound findings.

Granulomatous prostatitis (acute or chronic) 
can induce hypoechogenic modulations that are 
indistinguishable from those of neoplasia.

Finally, as regards the use of transrectal ultra-
sound to assess the perianastomotic region, the 
diagnostic accuracy of this investigation is strictly 
linked to the total PSA value. The positive pre-
dictive value is about 65 %, and the negative pre-
dictive value about 20 %.

For all lesions suspected to be cancerous, 
ultrasound alone can never replace biopsy.

59.4.2.8	 �Notes on Clinical Practice
•	 Use tissue harmonic imaging to reduce rever-

beration artifacts and obtain better detail.
•	 Indicate any difficulties encountered while 

performing the investigation (patient’s collab-
oration and constitution, presence of bowel 
gas, presence of artifacts due to insufficient 
bowel cleansing), underlining any limits of the 
test and so its diagnostic value.

•	 If the prostate is larger than normal, its mor-
phology may vary, especially in cases of pros-
tatic hyperplasia.

•	 When performing ultrasound guidance for 
prostatic biopsy sampling, it is useful to ask 
the patient to void the bladder after the diag-
nostic phase

•	 The longitudinal diameter of the seminal vesi-
cles varies according to the size of the gland 
and also the degree of bladder repletion.

•	 In cases with many gross calcifications along 
the cleavage plane between the pars adenoma-
tosa and pars peripherica, in the periureteral 
intra-adenomatous site, the shadow created by 
the calcifications may make ultrasound explo-
ration of the bladder or pars peripherica 
difficult.

59.4.2.9	 �The Role of Eco-Color 
Doppler

Color Doppler and power Doppler are generally 
used to identify neovascularization foci, possibly 

expressing abscesses (vascularization absent in 
the center) or tumors.

59.4.2.10	 �New Technologies
The limited sensitivity and specificity of gray 
scale ultrasound in transrectal prostatic ultrasound 
have led to the adoption of new technologies 
based on the different vascular pattern identifiable 
in neoplastic foci and hence on Doppler tech-
niques. The use of 3D ultrasound and histoscan-
ning seems to be able to reduce the overall number 
of cores necessary, contributing to a better defini-
tion of the target, but such investigations should 
only be considered in clinical studies.

The Use of Contrast Medium
Recent studies have not reported any increased 
sensitivity in the detection rate of prostatic tumors 
by contrast-enhanced ultrasound (CEUS), as 
compared to extensive mapping.

Elastosonography
The use of elastosonography increases the detec-
tion rate by about 20 % as compared to traditional 
ultrasound, ultimately leading to a reduction in 
the number of necessary cores.

However, operator experience and the degree 
of pressure exerted on the tissues strongly limit 
large-scale use of this technique.

3D Ultrasound
Thanks to the inclusion of the coronal plane, 3D 
ultrasound provides information helping to assess 
the seminal vesicles and ejaculatory ducts, as 
well as offering a better detection rate of prostatic 
tumors, according to some studies.

59.4.2.11	 �Devices and Transducers 
Used

Real-time endocavitary transducer (transrec-
tal) with a frequency ≥ 6  MHz (or anyway 
high)

High frequency is used because the prostate is 
superficial as compared to the probe plane (inter-
nal rectal wall):

•	 A linear monoplanar probe: for prostate sec-
tions along the longitudinal plane
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•	 A convex-linear or biconvex biplanar probe: 
associates transverse and longitudinal scan-
ning, through two orthogonal convex probes

•	 A variable frequency probe (end-fire): allows 
transverse, longitudinal, and oblique 
scanning

59.5	 �Ultrasound of the Scrotum

59.5.1	 �Indications

	 1.	 To evaluate the acute scrotum: testicular 
trauma, ischemia, suspected torsion, and 
infectious or inflammatory diseases

	 2.	 To assess palpable masses in the inguinal or 
scrotal site

	 3.	 To assess any asymmetry and increased vol-
ume of the scrotum

	 4.	 To assess a possible scrotal hernia
	 5.	 For diagnosis and staging of varicocele
	 6.	 To evaluate male infertility
	 7.	 In follow-up of previous lesions shown at 

ultrasound
	 8.	 To assess cryptorchidism
	 9.	 To search for an occult primitive tumor in a 

patient with germinal tumor metastases
	10.	 In follow-up of patients with a primitive tes-

ticular tumor, lymphoma, or leukemia
	11.	 In follow-up after testicular surgery
	12.	 In diagnostic workup for anomalies observed 

at other imaging studies like CT, MRI, or 
PET

	13.	 To assess intersexual conditions

59.5.2	 �Essential Parameters 
in the Study of the Scrotum

	1.	 The scrotal wall
	2.	 The testicular volume
	3.	 The testicular echostructure
	4.	 The epididymis (volume and echostructure)
	5.	 Vascularization
	6.	 The pampiniform plexus

59.5.3	 �Preparation 
for the Investigation 
and Patient Position

The investigation must be performed in a dark-
ened room, to protect the patient’s privacy, and 
the room temperature must not be cold because 
this could elicit the cremasteric reflex, in a more 
accentuated form in children that could cause the 
testicle to rise up.

Initially, the patient should lie supine with a 
scrotal support to facilitate exposure. The penis 
will be positioned superiorly or supero-laterally.

After examining the content of the scrotal sac 
in clinostatic position, the investigation should be 
continued with the patient in orthostatic position, 
making a careful evaluation of the venous flow of 
the spermatic cords. B-mode study will already 
reveal the presence of varicose veins, but it is 
convenient to go on immediately to color Doppler 
study to examine the characteristic patterns of 
varicocele.

59.5.4	 �Notes on Clinical Practice 
and Indications for Echo-Color 
Doppler

The first task in scrotal ultrasound is to make a 
correct calculation of the testicular volume. The 
formula most commonly used today is the ellip-
soid (volume in ml = product of the three diame-
ters (in cm) × 0.52).

The testicles must be assessed on two planes: 
longitudinal and transverse. The transverse plane 
is focused on the superior medial and inferior tes-
ticular portions, and the longitudinal plane on the 
central portion, as also medial and lateral. Once 
the whole testicle has been measured, the investi-
gation continues with the epididymis (head, 
body, and tail). The testicular measurements and 
echogenicity should then be compared with those 
of the contralateral testicle.

Color Doppler can be helpful, especially in 
cases of acute pain. In this case, too, both  
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longitudinal and transverse scanning are useful, 
as well as comparison of the two testicles. The 
Doppler parameters must be set to analyze slow 
flow. Should it be impossible to visualize the 
flow, power Doppler can be employed to high-
light the images.

Color Doppler is essential in the diagnosis and 
staging of varicocele.

59.5.5	 �Devices and Transducers

The investigation is conducted using a real-time 
scanner, preferably with a linear transducer. The 
transducer is set to scanning mode at the highest 
frequency of the device. In the latest ultrasound 
devices, the frequency may range from 8 to 

15  MHz or more. The transducer length may 
range between 4 and 8 cm. Resolution must be 
sufficient to discriminate different ultrasound 
characteristics in any lesions observed. If there is 
a markedly increased volume of the scrotum, the 
use of lower frequencies is indicated to make a 
correct study of the gonads; alternatively, it is 
possible to rely on the trapezoid assessment 
available in more modern ultrasound devices.

The Doppler frequencies must be as high as 
possible to optimize the resolution and show the 
blood flow. Modern devices offer a frequency 
range of 5–10 MHz.

59.5.6	 �Important Notes in Clinical 
Practice

Table 59.3  Lesions of the scrotal wall

Cause Ultrasound appearance
Second-level 
investigations

Noninflammatory Heart failure
Idiopathic lymphedema
Lymphatic and venous 
obstruction
Epidermoid cysts

Thickened scrotal wall, with 
alternating hyperechogenic 
and hypoechogenic layers 
(onion-like appearance)

Inflammatory Cellulitis Thickening of the scrotal 
wall and presence of 
hypoechogenic areas, 
showing increased blood 
flow

Fournier gangrene Thickening of the scrotal 
wall with signs of 
inflammation; gas may be 
visible as numerous 
hyperechogenic foci

CT, MRI

Table 59.4  Inguinal or scrotal swelling

Ultrasound appearance Second-level investigations

Inguinal hernia Shows bowel wall, presence of 
peristalsis, and hyperechogenic area if 
omentum present. Distinguish direct or 
indirect if inferior epigastric art. Shown 
by Doppler. Presence of stricture (SS 
90 %, SP 93 %)

CT

Hydrocele Anechogenic fluid collection 
surrounding the testicular parenchyma

Hematocele Appearance similar to cysts, with septs 
and loculiPyocele
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Table 59.5  Spermatic cord

Ultrasound appearance Second-level investigations

Varicocele Multiple tortuous vascular structures, 
hypoechogenic with variable diameters 
exceeding 2 mm
Color Doppler set for low flow to show a 
characteristic flow pattern, with phase 
alterations and retrograde filling during 
Valsalva (SS and SP 100 %)

Spermiogram

Tumors of spermatic cord Lipoma, sarcoma, and rhabdomyosarcoma 
have the same nonspecific ultrasound 
appearance

CT, and better MRI, to enhance 
visualization of the tissues

Table 59.6  Epididymis

Ultrasound appearance

Orchi-
epididymitis

Epididymis enlarged and 
hyperechogenic or hypoechogenic. 
A reactive hydrocele may be 
present, and if there is testicular 
involvement, the didymis will be 
enlarged, with a dyshomogeneous 
ultrasound appearance. The 
Doppler will show hyperemia and 
increased blood flow (peak systolic 
rate > 15 cm/s)

Chronic 
epididymitis

Epididymis enlarged and increased 
echogenicity and possibly 
calcifications

Epididymis 
masses

Spermatocele and epididymis cysts 
are shown as hypoechogenic 
lesions that may be as much as 
1–2 cm in diameter, with acoustic 
enhancement in the posterior wall. 
They may contain protein fluid or 
spermatozoa with a low 
echogenicity

Adenomatoid tumors can be hypoechogenic, 
isoechogenic, or hyperechogenic
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Table 59.7  Testicle

Ultrasound appearance
Second-level 
investigations

Testicular torsion Absence of intratesticular blood flow (SS 86 %, 
SP 100 %)
Increased testicular volume and reduced 
echogenicity (4–6 h)
After 24 h, dyshomogeneous echostructure due to 
vessel congestion, hemorrhage, and infarction
Spiral appearance under the torsion point that 
appears as a homogeneous extratesticular oval or 
rounded mass, with or without blood flow

Orchitis Hyperemia and dyshomogeneous ultrasound 
appearance Increased or enhanced intratesticular 
blood flow

Testicular microlithiasis Multiple echogenic foci with no shadow (at least 
five microliths per field)

Benign lesions Cysts of tunica albuginea: may be uniloculated or 
multiloculated, with calcifications

Simple cysts: may be multiple or solitary, 
generally adjacent to the mediastinum. They 
appear anechogenic and with no wall

Epidermoid cysts: ultrasound appearance of a 
halo with a central area and increased 
echogenicity or else as a mass defined by an 
echogenic circle or else a classic “onion” 
appearance. The Doppler will not show blood 
flow

Ectasia of rete testis: visible at US as fluid-filled 
tubular structures. Possible presence of cysts

Intratesticular varicocele: multiple, anechogenic 
tortuous tubular structures. Blood flow shows 
characteristic reflux during Valsalva

Malignant lesions Seminomatous tumors: homogeneous 
hypoechogenic lesions, with uniform smooth 
margins. Very often the tumor occupies much of 
the parenchyma

Tumoral markers

Non-seminomatous tumors: may have very 
variable US appearance; dyshomogeneous 
echostructure (71 %), irregular or with poorly 
defined margins (45 %), echogenic foci (35 %), 
and a cystic component (61 %)

Tumoral markers

Lymphomas: testicles homogeneously 
hypoechogenic or with multifocal hypoechogenic 
lesions of various diameters. The didymis, in 
diffuse forms, appears hypervascularized (d.d. 
with orchitis)

Testicular trauma Rupture or interruption of the albuginea, irregular 
echostructure with poorly defined margins. 
Color-power Doppler can help to show the 
vascular pattern of the parenchyma, capsule

MRI
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59.5.7	 �Facsimile of Findings Report

59.5.7.1	 �Scrotal Echo-Color Doppler
Toshiba Aplio: examination performed with lin-

ear probe 11.5 MHz
History: Previous right orchiectomy for embryo-

nal testicular K. Known left varicocele
Didymi: left didymis in situ with normal echo-

structure and volume, markedly hyopotrophic 
approx. 3.5 cc (ellipsoid formula calc. 0.52 x 3 
diameters)

Epididymi: normal echostructure and size; small 
cyst of head of left epididymis. Small scrotolite 
present

Vascularization of didymus-epididymis: within 
normal limits

Left pampiniform plexus: severe peritesticular 
ectasia with vessel diameter exceeding 4 mm

Color Doppler investigation of pampiniform 
plexus in orthostatic position

Left pampiniform plexus: basal reflux little modi-
fied by functional maneuvers

Diagnostic conclusion: left varicocele, grade V 
according to Sarteschi classification

Images to be included (not all are always 
indispensable, depending on the clinical picture)

	1.	 One image of each testicle and epididymis in 
transverse scan

	2.	 One image of each testicle and epididymis in 
longitudinal scan

	3.	 One image of both testicles and epididymi for 
direct comparison

	4.	 One image of the prostate in longitudinal scan 
showing the bladder

	5.	 One or more images of the pampiniform 
plexus at rest and under Valsalva

	6.	 One or more images of any palpable 
anomalies

59.5.8	 �Reference Texts

•	 American Institute of Ultrasound in Medicine; 
American College of Radiology; Society of 
Radiologists in Ultrasound. AIUM practice 
guideline for the performance of scrotal ultra-

sound examinations. J Ultrasound Med. 2011; 
30 (1): 151–5

•	 Practice Guideline for the Performance of an 
Ultrasound Examination in the Practice of 
Urology http://www.auanet.org/content/
education-and-meetings/aium-ultrasound-
guidelines.cfm

59.6	 �Ultrasound of the Penis

Penile US is an essential tool in urological clini-
cal practice both as an investigation in itself and 
integrated with color Doppler of the penile 
vascularization.

59.6.1	 �Indications

Indications for penile US:

	1.	 Erectile dysfunction
	2.	 Priapism
	3.	 Penile fibrosis and plastic induratio penis
	4.	 Penile or urethral anomalies observed at phys-

ical examination
	5.	 Neoplasia of the penis
	6.	 Penile trauma
	7.	 Thrombosis of the dorsal vein
	8.	 Urethral disorders (cysts, diverticuli, 

stenosis)
	9.	 Stones or foreign bodies in the urethra or 

penis

59.6.2	 �Technique of Investigation

At least two scans must be performed: transverse 
and longitudinal. The probe is positioned dor-
sally or centrally to obtain a better visualization 
of the corpi cavernosi, the intercavernous sep-
tum, the tunica albuginea and Buck’s, and the 
urethra.

The transverse scan must be done in the 
proximal, medial, and distal portions of the 
penis. The longitudinal scan must be done on 
the two corpi cavernosi, visualizing the caver-
nosum artery. In addition, to study the crural 
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portion of the corpi cavernosi, the transducer is 
placed perineally. Size, echogenicity (hyper, 
hypo, iso), and symmetry of the corpi cavernosi 
must be described and documented with appro-
priate images.

Any alterations of the tuniche, either echo-
genic or structural, must be documented by accu-
rate measurements both on longitudinal and 
transverse scans. Any palpable alteration or 
penile anomaly must be closely studied directly 
on the involved zone and documented by appro-
priate images.

Assessment of the vascular integrity is done 
by integrating color Doppler.

To study the urethra, hydrosoluble gel is 
injected through a catheter positioned at the level 
of the navicular fossa; longitudinal scans are 
done to study any alterations of the urethral 
lumen.

59.6.3	 �Specific Devices

Penile US is done in real-time B-mode scanning, 
using a linear probe with a frequency of 
7.5/10 MHz and more.

59.6.4	 �Penile Echo-Color Doppler

Penile echo-color Doppler is generally performed 
in the following cases:

•	 Erectile dysfunction (after intracavernous 
injection (FIC) of PGE1)

•	 La Peyronie’s disease
•	 To assess penile morphology and vasculariza-

tion after trauma
•	 In cases of blood collection or infection

59.6.4.1	 �Methodology
Assessment Pre-FIC

•	 The investigation must be performed in calm 
surroundings avoiding outside interruptions. 
Detailed explanation of the different phases 
must be given, as well as of the possible com-
plications, obtaining written informed 
consent.

•	 The basal study must include longitudinal and 
transverse scans to make an accurate study of 
the corpora cavernosa, corpus spongiosum, 
and intercavernous septum and morphology of 
the cavernous arteries, the gland, and the ure-
thra. The cavernous arteries are shown as par-
allel lines, fine and echogenic, and any 
anatomical variants, even lacking clinical sig-
nificance (e.g., duplication of the cavernous 
artery must be documented).

FIC
•	 Single intracavernous injection of PGE1  in 

basal cavernous site, at variable doses (2.5 
mcg in young, psychogenic men with a high 
risk of priapism due to correlated disease) and 
if necessary redosing. Remember that a state 
of anxiety in the patient could delay the effect 
of the drug.

POST FIC Assessment
•	 Spectral Doppler must be done at 0, 5, 10, 15, 

20, 25, and 30 min after FIC at the level of the 
proximal third of the cavernous arteries and/or 
in the crural site.

•	 Measurement of peak systolic velocity (PSV), 
telediastolic velocity (TDV), and resistance 
index (RI) using an ideal spectral angle of 60°.

•	 Manual or visual stimulation is not usually 
necessary to obtain an adequate erection.

•	 If the flowmetry result is considered adequate, 
the investigation can be interrupted before the 
measurements at 25 and 30 min.

•	 After flowmetry it is useful to make a morpho-
logical study of the penile vascularization by 
power imaging, to assess the microcirculation, 
describing whether the helical branches are 
visible or not, and their angle of incidence on 
the cavernous artery (normally >90°). This 
method is also used to visualize traumatic 
lesions.

•	 The dynamic phase after FIC is also useful to 
study Peyronie’s disease plaques, both in 
B-mode and color-power imaging, as well as 
fibrosis, structural variations, and any zones of 
venous leakage around the plaques.
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•	 Describe the degree of erectile response in 
terms of tumescence and rigidity at 20/30 min 
after FIC.

Diagnostic Criteria
•	 B-mode: Detailed description of the anatomi-

cal symmetry of the corpi cavernosi, fibrous 
septum, any plaques or calcifications of the 
intracavernous zone or tuniche, and any 
hypoechogenic lesions.

•	 Arterial compartment: Any increased diame-
ter post FIC, intravascular flow. Values of PSV 
>35 cm/s are considered normal in the litera-
ture, between 25 and 35  cm/s “borderline” 
that should be integrated with the degree of 
erectile response; values < 25 cm/s are consid-
ered pathologic.

•	 Venous compartment: With an increased 
intracavernous pressure and so increased 
PSV, there is a decrease in TDV that may 
become negative with inversion of the dia-
stolic wave, a sign of integrity of the veno-
occlusive mechanism. A persistence of TDV 
values > 5–7 cm/s throughout all the phases of 
the test indicates a deficit of the veno-occlu-
sive mechanism.

•	 It is important always to integrate flowmetry 
data with the degree of erectile response to 
FIC because a poor rigidity (low dosage of 
PGE1, a state of anxiety) and hence a minor 
arterial inflow will limit the degree of 
response of the venous compartment and 
hence the sensitivity and specificity of the 
test.

•	 In the findings, note the patient’s psychoemo-
tional approach to the test.

After the Test
•	 Ascertain complete detumescence before the 

patient leaves, informing him of the possi-
bility of a prolonged erection/priapism and 
the management of this complication, as 
well as how to obtain further assistance if 
necessary.

•	 Produce an accurate report with appropriate 
images both of the flowmetry and the 
morphology.

59.6.4.2	 �Tools
High-frequency 7.5  MHz or more linear trans-
ducer, US device equipped with color-power 
spectral Doppler, and high Doppler frequencies 
are advisable (higher than 10 MHz) because they 
provide optimal resolution and facilitate the 
examination of intravasal flow.

59.6.4.3	 �Facsimile of Final Report
Test performed with linear probe (7.5/10) MHz.

Test performed in basal conditions and after 
drug infusion of … mcg of prostaglandins 
(PGE1); patient gave written informed consent to 
the procedure.

Normal conformation of the corpi cavernosi 
that appear symmetrical and of the corpus spon-
giosum of the urethra; otherwise describe any 
alterations/irregularities of the tunica and septum, 
such as hyper-reflection, hyperechogenicity, and 
any images suggesting induratio penis plastica.

Cavernous arteries present, with a twisted 
course, pulsating.

After FIC, increased volume of the corpi caver-
nosi with dilation and straightening of the cavern-
ous arteries that appear pulsating/non-pulsating.

Erectile response to FIC at ….minutes (poor/
fair/good/excellent) for tumescence and rigidity 
with/without deviation of the penile axis (in cases 
of deviation, describe whether it is dorsal, ven-
tral, or lateral, and the degree)

Grade of EAS (erection assessment scale): 
1–5 (no erectile response/full rigidity)

Flowmetry study performed in crural site: 
measurement of the systo-diastolic velocities 
with spectral Doppler analysis at 5, 10, 15, 20, 
25, and 30 min after FIC.

PSV (peak systolic velocity) equal to ….cm/s 
on left and …cm/s on right at …minutes after 
FIC showing normal/reduced arterial inflow.

TDV (telediastolic velocity) …cm/s with/
without progressive reduction or with/without 
negativization of the diastolic wave at 20/30 min 
after FIC, showing integrity/deficit of the veno-
occlusive mechanism.

IR </=/> 1
Phase 3 obtained at …minutes
Phase 4 obtained/not obtained at ….minutes
Morphological study performed with color-

power Doppler:
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Cavernous arteries morphologically normal, 
well distended, and straightened.

Good/fair/poor visualization of the helicine 
branches by 1°, 2°, and 3° presenting an angle of 
incidence </> 90°, demonstrating integrity/defi-
cit of the microcirculation

(In cases of IPP) presence/absence of peri-
plaque venous leakage

At ….. minutes after FIC, there is/is no pro-
gressive penile detumescence.

Psychoemotional attitude to test: poor/fair/
good

Images to include (not all are indispensable, 
depending on clinical picture)

	1.	 Two basic images
	2.	 Six Doppler spectral images with relative 

flowmetry values
	3.	 Two images showing microcirculation
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