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Preface

Renal sonography forms a basic part of routine diagnostic strategy. This
textbook summarizes eighteen years of experience in diagnostic ultrasound.
We want it to serve as a guide to both imagers and mere consumers of
information. That is why we shall emphasize practical advice and diagnostic
pitfalls; it is also why we shall often deal with the relations of sonography with
other diagnostic procedures, which it may complement or replace, precede or
follow, the purpose being to achieve efficiency at low cost.

We shall limit our subject matter to the kidney itself and the neighboring
retroperitoneal compartments, dealing only briefly with the lower urinary
tract, which requires specialized procedures.

We devoted considerable space to renal sonography in our book Clinical
Atlas of Ultrasonic Radiography, published in 1973. Since then, nothing has
changed and everything has changed. Nothing, because even then the
differential diagnosis between a solid and a cystic mass, the etiologic diagnosis
of a nonsecreting kidney, and the positive diagnosis of a traumatic juxtarenal
hematoma were quite reliable, making possible drastic reductions in the
indications for instrumental roentgenologic examinations. Everything, be-
cause improved resolution and grey scale imaging (already partially achieved
in 1973, thanks to real time) have profoundly refined both anatomic and
pathologic ultrasonic studies. And now high resolution real time imaging has
revolutionized renal examination techniques, whereas Doppler is entering
routine ultrasonic diagnosis.

Our Lord Almighty, when creating the liver, the pancreas and the
gallbladder, only created, in his infinite wisdom, one of each. Alas for the
sonographer, He stuttered a bit when dealing with the kidneys, doubling the
opportunities for abnormalities, and therefore for diagnostic difficulties.
Please forgive Him — but never forget.

Iwould like to express my deep gratitude to the colleagues who kindly agreed
to contribute their own documents to this book: Professor TRAN MINH of
Lyon, France, Professor DIARD of Bordeaux, France, M. LAFORTUNE MD, M.
CReVIER MD, J. Y. QUELLET MD, J. BOURGEAULT MD, and S. ETHIER MD, of
Montreal, Canada, P. L. CooPERBERG MD, of Vancouver, Canada, Dr. BARC
from Vannes, France, and Dr. PETIGNY, from Audincourt, France.

I wish also to thank most warmly my wife, who once again managed to find
all the documents I keep losing daily, and my secretary, Miss CHEVAL, for her
permanent help. My thanks go also to Messrs. GAUDRON and BERNARD,
photographers.

Last but not least, we must also thank our friends who kindly took care of
our wives during the long evenings we spent dealing with rotten kidneys and
secondhand bladders.

Besangon, Autumn 1986 FrANCIS S. WEILL
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1 Echoanatomy: Tissue Echopatterns

We shall deal first with the kidney itself, then con-
sider the kidney with regard to other retroperito-
neal structures. Subsequently we shall examine the
organ’s less-direct relationships. We shall also re-
view briefly the basic tissue echopatterns.

1.1 The Kidney Itself

The gross echopattern of the kidney is quite similar
to the pattern of anatomical sections. The similar-
ity is particularly evident for the organ’s shape
(Figs. 1.1, 1.2). It is also evident when one observes
the juxtaposition of the parenchyma, which is
rather sonolucent, and the sinus, where echoes
from the pelvis, major calices, related vessels, and
surrounding fat give a pattern of strong reflections
(this is the pyelovascular central area, PCA).

Shape

On sagittal or coronal sections the kidney’s shape
appears so similar to what it is on conventional X-
ray images that it does not deserve a detailed de-
scription. It should nevertheless be emphasized
that the outline of the renal capsule is smooth and
regular. There is no local bulging, with just a few
exceptions to be mentioned below. The two renal
poles taper regularly.

On transverse sections, the shape of the organ
differs according to the level of section. The upper
or lower third of the kidney has a round or oval
shape, but in the hilar area the internal contour is
deeply indented by the renal sinus (Fig. 1.3).

There exist a few nonpathological variations: a
local bulge is often encountered on the left side, at
the level of the lower pole of the spleen, on coronal
sections. This corresponds to the classical dro-
medary hump (Fig. 1.4a). Another variation is that
of fetal lobulation, with multiple bulges, a pattern
which we shall study more in detail later on.

Hypertrophy of the margin of the renal sinus can
bulge enough to mimic a tumor (Fig.1.4b, c).

Lastly, internal sagittal scans often show an ante-
rior indentation, due to the anterior aperture of the
renal hilus. This pattern should not be confused
with the true retraction of chronic pyelonephritis
(see Fig.1.5).

Size

The vertical length of the kidney varies from 11 to
14-15 cm (MEescHAN 1966). Length discrepancies
between right and left kidneys classically should
not exceed 1.5 cm, providing that the orientation of
the sections is similar on both sides. Ultrasonic
measurements are, however, true measurements,
without the drawbacks of the geometrical projec-
tion that has to be taken into account in conven-
tional roentgenology. When one compares the size
of the two kidneys on transverse sections, their dif-
ferences in situation must be kept in mind in order
to avoid confusing a mere difference of level of sec-
tion with a real size abnormality.

Pyelovascular Central Area. Renal Pelvis

The renal pelvis can be visualized as a small pouch,
of liquid echopattern, well delineated by the pelvic
walls, with a diameter of 1-3 cm (Fig.1.6). The
shape and size of the pelvis vary according to hy-
dration and urinary bladder repletion (Morin and
Baker 1979). On transverse sections, the pelvis can
extend outside the sinus (Fig. 1.7).

With normal hydration and proper oblique sec-
tions, the major calices are differentiated from the
neighboring arteries and veins and are well individ-
ualized within the rich echotexture of the PCA. The
outline of the PCA is star shaped (see Figs. 1.2,
1.11). Its radial branches mark the columns; apart
from these radial expansions, the general shape of
the PCA is smoothly rounded without particular
local bulgings or indentations. It may be divided
into two separate areas of reflection. This does not
necessarily mean kidney duplication; the division

1



Fig.1.1a—c. Renal anatomical preparations: a Frontal cut,  area, with sections of major calices and vessels; sin, sinusal
b oblique cut, ¢ transverse cut. cor, cortex; col, column; pyr,  fat; ve, vein. Note the rounded pattern of a pyramid when ob-
pyramid; cal, calix and caliceal infundibulum; centr, central  liquely cut



Fig.1.2a—e. Sections of the right kid-
ney. a Sagittal sections. Arrowheads
mark the pyramids, which are more
sonotransparent than the columns;
between the pyramids arrows point
to the central zone. b—e Four sec-
tions of the right kidney. b Sagittal
section; ¢ oblique section; d trans-
verse section; e coronal section.
Note (open arrows in b, d) section of
the musculus quadratus lumborum
and, in ¢ and e, the section of the
psoas muscle

Fig. 1.3af. Successive parallel transverse

sections of left kidney (dorsal scanning,

patient in prone position). Note the vari-

ations in diameter between upper pole
(a, b), middle part of the kidney (c—)

and lower pole (f). Note also hilar iden-
tation (arrow) in ¢



Fig. 1.4. a Dromedary hump: cortical hump (arrows) appear
on coronal scan. b, ¢ Pseudotumor: hypertrophy of sinus
margin. b Right intercostal scan of normal kidney. ¢ Parallel,
more internal scan. Oval sonolucent area (arrows) corre-
sponds to upper margin of renal sinus. This pattern is not
pathologic. L, liver

Fig. 1.5a—c. Anterior aperture of the renal sinus. a Coronal »
section shows anterior cortical depression (arrowhead). b The
depression pattern is explained by transverse section: poste-
rior sinusal margin extends further internally than anterior
margin, as shown by linear landmarks. Sagittal section pass-
ing between the lines deals with anterior sinusal apperture.

¢ Another example

4



Fig.1.7 a, b. Transverse sections of renal pelvis (arrowheads).
a Intrasinusal pelvis; b extrasinusal pelvis

Fig. 1.6. a, b Coronal section of left collecting system (arrow-

heads). ¢ Slightly distended collecting system (left coronal
section)



can be due to large columns (Fig.1.8). We shall
look at the usual pattern of columnar hypertrophy
later.

Sinusal lipomatosis has several appearances.
The first appearance is considered by most authors
as the only true pattern of sinusal lipomatosis. It
consists of a widening of the central zone, whose
echogenic echotexture extends peripherally
(Fig.1.9a, b).

Another pattern has been described by YEH
(1977). It corresponds to multiple central cystic
areas (see Fig.4.13 p. 66); for a long time we consid-
ered such an appearance as rather typical of sinusal
lipomatosis. However, the fatty nature of this pat-
tern has been brought into discussion by other
authors for theoretical and objective reasons.

In our opinion the theoretical objection does not
hold, since it relies on the argument that fat is never
sonotransparent. But fat within the abdominal wall
is always transparent. We shall see later on that fat
can be rather transparent in the juxtarenal com-
partments. In some patients liver scans show a
sonotransparent hilar fat pad.

The objective arguments are much more rele-
vant. CRONAN et al. (1982) punctured the central
cystic areas and proved their true cystic nature in
all cases. That pattern definitely corresponds then
to juxtapyelic cysts and not to sinusal lipomatosis.

But, on the other hand, we believe that sinusal li-
pomatosis can indeed be transparent: a sonotrans-
parent pattern can be encountered, less transpar-
ent, however, than that of cysts and with less regu-
lar contours (Fig.1.10a).

Correlation of computed tomography (CT) with
densitometry is quite convincing in such cases
(Fig.1.10b), even taking into account the possibil-
ity of partial volume artifacts. In a similar case,
Cronan (personal communication) has found a
magnetic resonance imaging (MRI) correlation in
favor of fluid. A larger series of MRI correlative
studies is, however, required.

Finally, we consider that there are two patterns
in sinusal lipomatoses: (a) a widening of the echo-
genic central zone and (b) a sonotransparent cen-
tral zone (sonotransparent, but not cystic).

Renal Parenchyma

In average imaging conditions (low attenuation,
excellent image resolution), ultrasound scans dis-
close the pattern of the pyramids, columns, and
cortex. A linear reflection may even show the
arcuate arteries (Cook et al. 1977), (Fig. 1.11). An
exceptionally sharp delineation of the pyramids is

6

encountered in the transplanted kidney rejection
process (see Fig. 8.14, p. 135).

Under good technical conditions and in a well-
hydrated patient, minor calices may also be visual-
ized. They appear as small, well-delineated echo-
free areas, in direct relation with the distal part of
the pyramids (Fig.1.12). This corresponds to the
lobar architecture of the kidney. However, if the
image quality is lower, the pyramids are not as
sharply individualized. The renal parenchyma ap-
pears then as a homogeneous area between the
PCA and the renal contour; it is less echogenic than
the liver. Exactly as on conventional intravenous
urogram (IVU) images, its width does not vary
abruptly.

Abnormal lobulations may be outlined within
the parenchyma (Fig.1.13). Their sonolucent pat-
tern constitutes another kind of pseudotumor in
the normal kidney, along with the nonpathological
marginal bulges mentioned above. Oblique sec-
tions of the pyramids may appear as pseudolobula-
tions (Fig.1.14, see also Fig.1.1a). We have al-
ready referred to a pattern of division of the PCA
due to columnar hypertrophy (Fig. 1.8a, b). Co-
lumnar hypertrophy also gives rise to sonolucent,
isoreflective nodules adjacent to the central area,
which they can depress (Figs.1.8¢, 1.15). Colum-
nar hypertrophy has the same level of echogenicity
as the surrounding parenchyma. It does not have
its own boundary, and it does not bulge out of the
renal contour (Fig. 1.8d).

In Table 1.1 we have summarized the steps in ul-
trasound evaluation of the kidney. Table 1.2 lists
the different kinds of pseudotumor.

Table 1.1. Ultrasound evaluation of the kidney

Shape and size (comparative)

Regularity of contours

Width of parenchyma

Homogeneity of parenchyma (taking into account whenever
possible individualization of pyramids and minor calices)

Echogenicity of parenchyma

Shape and size of pyelovascular central area; diameter of
pelvis

Doppler

Table 1.2. Pseudotumors in normal kidney

Sinus lipomatosis

Marginal fetal lobulation

Marginal infrasplenic hump (dromedary hump)
Intraparenchymal lobulation

Pseudolobulation due to pyramids

Columnar hypertrophy

Hypertrophy of margin of hilus




Fig. 1.8 a—e. Columnar hypertrophy. a First pattern: the cen-
tral zone is divided (arrows) into two distinct areas (right sa-
gittal scan). b Similar pattern, with rounded border (arrows)
(left coronal scan). Note the coronal section of the aorta (ar-
rowhead) and cava (double arrowhead). ¢, d Third pattern:
rounded nodule (arrows) impressed on the central zone (right
coronal scan). e Schematic representation



Fig.1.9a,b. Sinusal lipomatosis: widening of the central

echogenic zone
Fig.1.104a, b. Sinusal lipomatosis: a Sonotransparent area
(arrowheads) in the central zone. b Noncontrasted CT. The
sinus (arrowbox) shows a density of —50 HU



Fig. 1.11 a—f. Cortex, columns, and pyramids. a, b Right kid-
ney. a Sagittal section; C cortex: Co, columns; p, pyramids;
b transverse section. Note the stellar shape of the central
zone; c—e left kidney; ¢ oblique section; d coronal section;

e transverse section. Pyramids are indicated by arrowheads.
f Linear reflection on the arcuate artery (arrowhead). Note
the section of the psoas muscle (arrows)



Fig. 1.12. Minor calyces (black arrowheads) adjacent to pyra- »

mids (white arrowheads)

Fig. 1.13a—c. Fetal lobulation. a, b First case. a Coronal cut
shows superficial nodule (arrowheads), with impression on
the central zone. b Transverse cut shows merely external
bulging. Contrast-enhanced CT confirms absence of tumoral
process. ¢ Another case, also evaluated by CT in a further
step
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Fig. 1.14. Pseudolobulation due to obliquely cut pyramid (ar-
row) (see also Fig.1.1a, b)

Fig.1.15a, b. Nodular pattern of columnar hypertrophy (ar-
row). a Sagittal section, b transverse section (real time)



1.2 The Kidney as a Part
of the Retroperitoneal Compartment

Juxtarenal Compartments

The analysis of juxtarenal fluid collections requires
a precise knowledge of the anatomy of the juxtare-
nal compartments, a region which was thoroughly
studied by MEIERS (1977). The particular architec-
ture of that region is based on the perirenal fascia
(Zuckerkandl’s fascia anteriorly, Gerota’s fascia
posteriorly) (Fig. 1.16a).

The perirenal compartment extends form the re-
nal capsule to the perirenal fascia, the anterior and
posterior pararenal compartments surrounding the
perirenal fascia and compartment. The perirenal
fascia is continuous cranially, but open caudally:
the three compartments merge in the lower part of
the retroperitoneal space. The posterior perito-
neum constitutes the anterior limit of the anterior
pararenal compartment, within which the pancreas
is located. This explains the migration of fluid of
pancreatic origin to the perirenal compartment, or
even to the kidney, within its capsule. The anterior
pararenal compartment also contains the retroperi-
toneal segments of the colon, which represent a
classical anatomical relation of the kidney.

The architecture of the juxtarenal compartments
is rather ill defined on anatomical specimens
(Fig.1.16b). But it is readily displayed on CT
scans, because of the particular radiological trans-
parence of fat (Fig.1.16c). On sonograms the jux-
tarenal compartments are not visualized in lean pa-
tients (Fig.1.17). But they are clearly displayed in
fat subjects (Fig.1.18). The echogenic pattern of
the juxtarenal fat, due to its richness in connective
fibers, is a classical feature. However, the echogen-
ity of fat is extremely variable. Juxtarenal fat is, in
fact, sonotransparent when abundant. In such con-
ditions the fascias and compartments are easily
identified (Fig.1.18a,b). Even the lateroconal
fascia can be visualized (Fig.1.18c). Recently,
Kunin (1986) described bridging septa within the
perirenal compartment, whereas RASTOPOULOS et
al. (1980) demonstrated that the anterior pararenal
space extended posteriorly within two sheets of the
posterior renal fascia.

The kidney and the surrounding fatty layer move
according to the respiratory cycle (Fig.1.19). This
classical effect is particularly well demonstrated in
real time.

Due to the high reflectivity gradient existing be-
tween the perirenal fat and the renal cortex, the spe-
cific role of the renal capsule in delineating the
limits of the kidney’s image remains unclear. In

fact, the capsule proper is not sharply delineated in
images of transplanted kidneys, in which the ab-
sence of perirenal fat should bring about a better
individualization of this element. But the capsule
becomes apparent in case of perirenal or subcapsu-
lar hematoma (see Chap. 10).

Bone and Muscle

Because of the intense reflection of ultrasound
upon bone, skeletal elements do not figure in this
chapter, except that we should recall that they are
liable to cast acoustic shadows (Fig. 1.20). The sec-
tion through the psoas muscles is well delineated
between the kidneys and the spine. This muscular
pattern must be kept in mind to avert confusion
with pathological masses (Fig.1.21). The quadra-
tus lumborum and paraspinal muscles are also
readily identified.

Vessels

The pattern of the aorta and of the vena cava, in
both sagittal and transverse sections, is classical
(Fig.1.22). The aorta and vena cava can also be dis-
played on coronal scans. Their image is then rather
similar to that in an angiogram (Fig.1.23). The
coronal approach is particularly efficient in
Doppler studies (DUBBINS 1986).

Caval kinetics are visibly influenced by respira-
tion (WEILL 1973): the vena cava expands during
expiration and collapses during inspiration.

Arteries and veins possess specific ultrasonic
patterns: high-resolution scans show the thick pul-
sating wall of arteries. The arterial lumen, probably
because of intense, rapid turbulence, is not abso-
lutely echo-free (Fig.1.22). These morphological
features are displayed both in the aorta and in its
branches. Veins, on the other hand, have thin walls.
As mentioned above, they expand during expir-
ation. Transmitted pulsations may be observed, in
association with respiratory kinetic changes. The
venous lumen is echo-free, typically liquid, with
one exception: in real time examination (sonos-
copy) a few fugitive intraluminal echoes are often
seen moving with the blood flow. These momen-
tary echoes are particularly clear in the caval
lumen, proximal to the confluence of the renal or
hepatic veins (Fig. 1.24).

Proper scanning planes, mainly in real time,
make it possible to visualize the renal vessels. The
right renal artery is retrocaval (Figs.1.24, 1.25). It
must not be confused, on transverse sections, with

11



12



Fig.1.17a, b. Juxtarenal fat (arrowheads) in a lean patient.
a Sagittal scan; b transverse scan

the right crus of the diaphragm (CALLEN et al. 1979)
(Fig.1.26). The left renal artery usually originates
from the anterolateral aspect of the aorta
(Fig.1.27). The right renal vein is short and oblique
(Fig.1.28). The left renal vein runs more horizon-
tally, curling around the anterior wall of the aorta
(Fig.1.29). A Valsalva maneuver may contribute to
a better display of the renal veins.

Normal lymph nodes may appear on transverse
scans, proximal to the large vessels (Fig.1.29).
Their maximum diameter is 15 mm (see Chapt. 6).

Fig.1.18 a—c. Juxtarenal compartments: ultrasonic study in
fatter subjects. a Sagittal section in first subject: perirenal
fascia (arrow) is visualized between sonotransparent fatty
layers of perirenal and anterior pararenal compartments.
b Sagittal section in other subjects. Arrows indicate the
perirenal fascia. Note the sonotransparency of fat. ¢ Perire-
nal (arrows) and lateroconal (open arrow) fascias

13



Fig.1.19a, b. Respiratory mobility of the kidney. a Sagittal
cut (prone position), in neutral apnea. Lowest rib is shadow-
ing (arrow) renal upper pole. b Deep suspended inspiration:
upper pole has moved caudally, below shadow
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< Fig.1.22a—c. Aorta and vena cava. a Transverse section (4,
aorta; C, vena cava; SM A, superior mesenteric artery; PV,
portal vein; L, liver; S, spleen; P, pancreas; K, kidneys). b Sa-
gittal section of aorta (arrowheads). Arrows point to SMA
and inferior mesenteric artery (IMA) origins. Note esopha-
gogastric junction (open arrow). ¢ Sagittal section of inferior
vena cava (IVC) (arrowheads), hepatic vein, and portal vein
(arrows)

Fig.1.23a, b. Coronal section of aorta (arrowheads) and cava
(double arrowhead). Note left renal artery (arrows) and origin
of the iliac arteries

<< Fig.1.20. a Shadows of ribs (arrows). b Shadows of ribs and
transverse apophyses (arrowheads). ¢ Transverse section:
shadows of duodenal gas (single arrow) and of spine (double
arrow). PV, portal vein; 4, aorta; C, cava; P, pancreas; L,
liver

< Fig.1.21. a Psoas muscle. Transverse section (GB, gallblad-
der; K, kidneys; S, spine). b Transverse section shows right
kidney in contact with muscle quadratus lumborum (arrow-
head), and adjacent internally to psoas muscle (open arrow).
¢, d Coronal sections of psoas muscle (arrows). Arrowhead in
d points to the colon
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Fig.1.25a, b. Right renal artery. a Transverse section: the ar-
tery (arrowheads) runs posterior to IVC (double arrowhead),
anterior to normal lymph node (open arrow). b Sagittal sec-
tion of artery (arrowhead) behind the IVC
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Fig.1.24a, b. Caval intraluminal turbu-
lences displayed on sagittal real time sec-
tions. Note, in b, the anterior bulging of the
right renal artery, particularly marked dur-
ing inspiration (arrow). In a retrocaval so-
nolucent line corresponds to the right crus
of the diaphragm

Fig.1.26. Right crus of the diaphragm (RCD) displayed on
a real time transverse scan. L, liver; 4, aorta; C, vena cava

Fig.1.27. The left renal artery is seen proximal to the aorta
(transverse section). L, liver; P, pancreas; PV, portal vein;'
SV, splenic vein; SM A, superior mesenteric artery; C, IVC;
A, aorta; LRV, left renal vein



Fig.1.28a, b. Right renal vein (black arrowheads) a, b two ad-
jacent oblique sections. Note how splenoportal confluence is
close to IVC (white arrowheads). Both vessels are separated
by the virtual space of Winslow’s foramen. Note image of
normal lymph node (open arrow)

Fig.1.29a-d. Left renal vein. a, b
Preaortic course of the vein. Trans-
verse section. The left renal vein
(LRY) curls around the aorta (4).
C, IVC; SV, splenic vein, arrow-
head, SMA; P, pancreas. b Another
example. P, portal vein; M, SMA;
V, left renal vein; C, IVC; A4, aorta
and origin of the left renal artery; R,
right kidney; LN, normal lymph
node. ¢, d Initial course of the vein
(small arrowheads). Note again the
vicinity of the pancreas (broad ar-
rowheads)
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Adrenal Gland

The suprarenal area is displaced on frontal scans,
or slightly oblique scans, as a strongly echogenic,
triangular area. It lies between kidney, aorta, and
spleen on the left side, and between kidney, liver,
and vena cava on the right side. In fact the right ad-
renal is partly retrocaval, whereas the left gland is
prerenal.

In good acoustic conditions the adrenal can be
fully visualized with its particular shape. On the
right side its retrocaval segment is commonly
displayed. But in most subjects sonograms show
only an echogenic triangle of suprarenal fat. We
shall study the ultrasonic appearance of the normal
adrenal in more detail in Chap. 11.

Retrocaval Kidney

A retrocaval position of the right adrenal is classi-
cal. We have also encountered a retrocaval right
kidney (Fig. 1.30) in 0.2% of patients. This unusual
situation is immediately recognized on a transverse
section. But on a sagittal section the image pro-
duced by a retrocaval kidney will suggest a tumoral
mass — until a succession of sweeping real time
scans show it is simply a matter of morphological
and topographic variation (WEILL et al. 1979), due
to hypertrophy of the upper margin of the renal
hilus.

Pancreas

The right kidney is not directly adjacent to the pan-
creas (Fig. 1.31). Even if it was adjacent to the pan-
creas, the right kidney is separated from it by the
perirenal fascia. We have stated already that the
fascia does not constitute a solid barrier to fluid mi-
grations of pancreatic origin, which can involve the
kidney. The close relationship of the pancreas to
the left renal vessels must be emphasized.

This fact does not seem widely recognized: many
sonologists advocated an oblique scanning direc-
tion for examining the pancreas, on the grounds
that the left part of the pancreas is in contact with
the upper third of the kidney (MEIRE 1979). This
would mean that the left part of the pancreas is lo-
cated above the level of the renal hilus. We studied
the pancreas of 100 normal subjects in real time,
with the subjects standing. A direct relationship be-
tween the left renal vessels and the pancreas was
found in 62%. This ultrasound study was supple-
mented by that of 17 anatomical preparations (16
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dissections and 1 transverse scan of frozen ca-
davers) (WEILL et al. 1980). The relationship be-
tween the renal vessels and the pancreas was found
in 9 of these 17 preparations — a result which should
be no surprise, since it has already been given in the
classical textbook, Gray’s Anatomy and since pre-
cisely that relationship makes it possible to achieve
splenorenal anastomoses. As shown by retrograde
pancreatography, it is the tail of the pancreas only
which ascends frankly in the direction of the splenic
hilus, above the level of the renal vessels.

1.3 Less Direct Renal Relationships
Right Side

The right lobe of the liver could be said to be di-
rectly related to the kidney, even though the two
organs are separated by the virtual space of Mori-
son’s pouch (hepatorenal peritoneal recess)
(Fig. 1.16b). Depending on the development of the
right lobe of the liver, this relationship may extend
along the entire anterior and lateral aspect of the
kidney, or may cover a smaller area only.

Liver tissue is usually more echogenic than renal
parenchyma. Sagittal sections of the liver often
show a posterior bulge (infrarenal hump) just be-
low the kidney’s lower pole (WELL 1978)
(Fig. 1.11a).

As mentioned above, the relationship between
the liver and right kidney strictly speaking is not di-
rect, since two peritoneal membranes separate the
organs. Morison’s pouch is, in normal conditions,
only a virtual, invisible space, but it can also con-
tain fluid (ascites, blood, pus, liquid resulting from
peritoneal inflammation or from acute pancreatic
autodigestion). When it contains fluid, ultrasonic
scans will display a thin sonolucent strip between
liver and perirenal fat; we term this the “crescent
moon sign” (WEILL 1978, 1980) (Fig.1.32).

The gallbladder, though also separated by the
peritoneal membranes, is often in close relation to
the anterior aspect of the right kidney (Fig.1.33,
see also Figs.1.30b).

When the right kidney is not entirely covered by
the right lobe of the liver, the right colonic flexure
lies proximal to it. In anterior scanning, gas in the
colon may cast an acoustic shadow on the kidney.
The ascending colon, which is located in the ante-
rior pararenal space, may extend up to the renal
lower pole.



Fig.1.30a—c. Pseudoretrocaval mass. a Sagittal caval scan
displays an oval mass (arrows) posterior to vessel, with slight
forward bulging into vascular lumen. C, IVC. b Parallel,
more external section shows right kidney (K). In fact, mul-
tiple sections during sweeping movement of real time head
confirms the continuity of “mass” and right kidney (X). GB,

Fig.1.31a, b. Relation of the pancreatic tail (white arrows) to
the left kidney (black arrows). a Transverse section; b sagittal
section (open arrows points to the colon, close to the kidney
within the anterior pararenal compartment)

gallbladder. ¢ Transverse section clearly shows kidney in the
retrocaval situation. PV, portal vein; BD, bile duct; C, IVC;
A, aorta; K, right kidney. Note in a retrocaval sonolucent
oval element adjacent to the upper limit of the kidney. It
could correspond to the right adrenal

Fig. 1.32. Fluid (arrowheads) in Morison’s pouch
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Fig. 1.33a, b. Relation of kidney to gallbladder (arrowhead).
a Sagittal section; b transverse section

Fig.1.34a, b. Relationship between the left kidney (LK) and
massively enlarged spleen (SP). a Transverse section; b sa-
gittal section of left upper quadrant

Fig.1.35a—c. Relation of the left kidney to normal-sized
spleen (coronal sections). Note in a and b (arrows) the perire-
nal fascia
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Left Side

The left kidney’s upper and lateral aspects are in
close relationship to the spleen. A massively en-
larged spleen will entirely cover the left kidney,
mimicking the relationship of the liver with the
right kidney (Fig. 1.34). But in normal conditions
the area of contact is limited to the renal upper pole
and to the upper half (or third) of the lateral cortex.
As on the right side between the liver and right kid-
ney, there is a peritoneal recess between the spleen
and left kidney. It is smaller than Morison’s pouch,
owing to the presence of the phrenicocolonic liga-
ment, but a crescent moon sign may still be ob-
served here when intraperitoneal fluid is present.

Intercostal or frontal scans visualize very clearly
the vascular elements of the splenic hilus, in the
vicinity of the upper third of the kidney’s outer con-
tour (Fig. 1.35).

The descending colon is located in the anterior
pararenal space, in direct relationship to the ante-
rior aspect of the left kidney. Acoustic shadows
caused by gas in the descending colon often make
it difficult to display the left kidney in anterior
scans. Conversely, posterior scans of the prone pa-
tient usually show the descending colon in front of
the kidney (Fig. 1.36).

Fig. 1.36. Vicinity of the left kidney (K) and descending colon
(Co). Note acoustic shadow due to colonic gas. SP, spleen.
Sagittal scan in prone position

1.4 Basic Tissue Echopatterns:
Pitfalls and Artifacts

Tissue Echopatterns

The differentiation between solid tissue and fluid
collections is now classical and does not deserve de-
tailed study. A fluid collection is sonotransparent
and shows posterior enhancement (Fig.1.37) (see
also ascitis, Fig.1.32, and the gallbladder,
Fig. 1.33). Conversely, solid tissues are character-
ized by multiple echoes, whose pattern corresponds
to normal and pathological architectures. The pat-
tern of some fluid collections is less specific due to
attenuating fluid, such as pus.

Fig. 1.37. Typical liquid pattern of benign cyst. Note poste-
rior enhancement

Fig. 1.38. Pseudosolid pattern of blood-filled cavity in a case
of necrotized carcinoma: sagittal cut shows typical heteroge-
neous area (arrow). Rounded area filled with homogeneous
echoes corresponds to almost pure blood disclosed by punc-
ture: level of density at CT was 70 Hounsfield units
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Some scattered echoes can then appear, whereas
posterior enhancement is less marked or even ab-
sent. A similar pattern is encountered in slightly at-
tenuating tissues, in edema for instance (“semi-
solid” pattern). Thus, some ultrasonic patterns are
quire unspecific before puncture. However, the
density resolution of present machines has ren-
dered such situations much rarer.

On the other hand, the pattern of thick fluid, of
blood, or of pus with debris or gas bubbles can be
quite similar to that of solid tissues (Fig.1.38). In
such cases CT densitometry will show a lower
density, and puncture will definitely demonstrate
the presence of fluid. In some collections an
echogenic component can accumulate in a de-
pendent position, creating a fluid-fluid level (see
Fig.4.7, p. 63).

The gallbladder, the renal pelvis, and the vessels
(see Figs. 1.22-1.25,1.33, 1.37) display wall images.
Gerota’s fascia (Figs.1.18, 1.35) is an example of
what we term an image of septation. However, if
such images indicate the existence of an interface,
they do not necessarily correspond to an anatomi-
cal entity. This is particularly in the case of multiple
layers of tissue, as in the gastric wall or in the wall
of the urinary bladder. Some interfaces may corre-
spond to artifacts.

Artifacts
Shadowing

We have already encountered acoustic shadows be-
hind bone (Fig. 1.20). Calcifications, such as lithi-
ases and, on the other hand, gas bubbles also give
rise to acoustic shadows (Fig.1.39). But all
shadows are not caused by focal reverberation. The
tangential distortion of the ultrasonic beam by
cystic or solid elements gives rise to a linear shad-
owing called refraction artifact (Figs.1.40, 1.41).
Within the normal kidney such shadows can arise
from vessels or major calices and also from the re-
nal margin (Fig.1.41). Pathological processes can
also give rise to such shadows.

Fig. 1.39. a Shadows (arrows) of caliceal stone (arrowhead). »
b, ¢ Shadows of intestinal gas (arrowheads). b Transverse sec-
tion of urinary bladder and of hemorrhagic cyst in right
ovary (open arrow). The shadow posterior to the bladder is
due to gas-filled colonic loop (arrowhead). ¢ Sagittal section
of bladder and uterus (open arrow). Shadows are due to gas-
filled colon and rectum (arrowheads)
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Fig. 1.40. Refractive shadow (arrowheads) arising from the
margin of the vena cava, running through the right kidney

Margin Artifacts

The ultrasonic beam, even when focused, is far
from being an ideal line. Even in the area of op-
timal focusing, its sectional diameter reaches sev-
eral millimeters. It can thus deal with the lateral
part of a fluid collection and with adjacent tissue si-
multaneously. The latter appears then within the
liquid pattern, mimicking a sediment (Figs.1.42,
1.43).

Mirror Artifacts

Mirror artifacts arise when a first interface A is lo-
cated a short distance from a curved and strongly
reverberating interface B. The ultrasonic beam first
traverses A; reflected by B, it follows a new course
and encounters B a second time (Fig. 1.44) before
coming back along the same course. The display of
an echo on the screen is related to the calibration
of the machine, which converts a duration (the time
required by the sound pulse to come back from B
to A) into a distance, related to the sound’s veloc-
ity. Thus, the machine converts the time of propa-
gation ABB into a new signal, posterior to the in-
terface B. This gives rise to a symmetrical, mirror-
like pseudoimage of A (Fig. 1.45).

The third echogenic line which is often encoun-
tered along the diaphragm (Fig.1.45a) is a mirror
artifact: the line proximal to the liver corresponds
to the diaphragm. The medial line, classically
depicted as the diaphragmatic image, corresponds
to the pleura. The third line is a mirror artifact of
the first line (WINSBERG 1983).

Comet-tail Artifacts

Intense reverberation can occur between the adja-
cent surfaces of a metallic clip or of a small stone,
giving rise to adjacent harmonics. Once again the
machine transforms a duration into a spatial sig-
nal. Thus the successive delays separating succes-
sive reverberations are displayed as multiple signals
along the y-axis, giving rise to an echogenic strip
made of adjacent echoes (Fig.1.46). Similar arti-
facts, due to resonance phenomena, appear poste-
rior to gas bubbles.

< Fig.1.41a, b. Refractive shadow (arrowheads) arising from

the kidney margin: a Sagittal section; b transverse section.
Note, in b, large juxtapyelic cyst (open arrow)

23



24

<« Fig.1.42a—c. Margin artifact. a Scheme: /, ultrasonic beam
passes through cyst; image of cyst is clearly outlined; 2,
course of beam is more lateral; it deals with cyst and neigh-
boring tissue. Pseudosediment (arrows) is displayed. b Jux-
tarenal hepatic cyst displayed in conditions of Al. ¢ Pseu-
dosediment (arrows) appears: conditions of scanning are
those of A2. Note, in ¢, refractive shadow

Fig.1.43. Margin artifact: two similar images of different
meaning. Transverse suprapubic scan shows an ovarian cyst
(broad arrow), adjacent to urinary bladder (open arrow). The
posterior echogenic area within the cyst corresponds to solid
tissue (arrowhead). Similar pattern within the bladder (ar-
rows) corresponds to margin artifact

Fig. 1.44. Mirror artifact: the duration of the course BB’ is
converted into a distance and induces the image of a pseudo-
object C (BB'=CB)



Fig.1.45a-d. Examples of mirror artifacts. a The three
diaphragmatic lines: 1, diaphragm; 2, pleura; 3, mirror of line
2. b Transverse section of right kidney: mirror artifact (small
arrowhead) of pelvis (broad arrowhead). ¢ Transverse section

of aorta and right renal artery (black arrowhead) with their
mirror image (white arrowheads). d Mirror image of hepatic

vein (small arrowheads) and vena cava (broad arrowheads)
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Fig.1.46a, b. Comet-tail-like artifacts arising from air
bubbles within the digestive tract
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Velocity Artifacts

Ultrasound progressing through fluid is deceler-
ated, whereas it is accelerated through solid elastic
tissue. Once again the display of the signal on the
screen represents the time required by the sound
propagation at average velocity. Changes in veloc-
ity induce changes in the location of the signal
(FrLLy 1982).

The phenomenon of velocity artifacts explains
the flattened appearance of large biliary or renal
stones. It also explains why while puncturing large
cysts or large masses the tip echo does not always
appear where expected.

The study of so many artifacts must not induce
the feeling that sonography is a constant succession
of pitfalls. The display of an artifact means that a
local interaction between sound and a particular
interface is occurring. This also means that the ar-
tifact will be modified or will disappear if that inter-
action is modified, that is, if the direction of the
beam is altered. Such changes in the direction of
sound are absolutely constant during a real time ex-
amination. And real time has become, as we shall
see in Chap. 2, practically the only procedure uti-
lized in daily routine. In real time, artifacts are fu-
gacious; they are erased immediately under echo-
scopic monitoring. They must be kept in mind in
order to be identified, and then suppressed, thanks
to a dynamic technique of examination — thus
avoiding, for instance, the diagnosis of stones
whenever a shadow is outlined. But artifacts are
also useful clues to existing interfaces.



2 Examination Techniques

The scanning planes used in renal examinations
will be logically inferred from the successive steps
of the previous anatomical study; we shall first scan
the kidneys along their longer axis, using sagittal
and coronal sections (Fig.2.1). To these two longi-
tudinal scanning directions, we shall add oblique
scans, corresponding to intercostal scanning. And,
of course, we shall eventually scan the kidneys
across, using transverse sections.

To proceed from mere organ sections to inci-
dences in the patient, it is still necessary to specify
the different scanning directions with reference to
superficial anatomical landmarks and to describe
the patients’ positioning.

Classically, the kidney is examined with the help
of posterior scans carried out on the prone patient.
Anterior scanning with the patient supine is advo-
cated for the right kidney, using the liver window.
In fact, thanks to the high-resolution real time now
available, the successive steps of ultrasonic renal
examinations have been fundamentally modified:
as we shall see later on, most examinations are now
carried out in decubitus and in the standing posi-
tion. We shall study incidences and section planes
in more detail later on.

2.1 Technical Data

This study will in fact be very short: we do not in-
tend to deal in detail with ultrasonic technology,
since this book is primarily focused on clinical ap-
plications. Details can be found in another book by
one of us (WEILL 1982).

There are two main methods of creating an ultra-
sonic (echographic) image: real time and contact
scanning.

Contact Scanning
In this mode, a transducer is moved across the skin

of the examined area, in a given geometrical plane
(Fig.2.2).

The summation of the different echoes, created
at the interfaces encountered by the moving ultra-
sonic beam, builds up a laminagraphic image.
Image construction in contact scanning needs a
rather long time, from a few tenths of a second
when using single-sweep scanning to a few seconds
in the case of compound scanning. Contact scans
are sequential; they are carried out following a pre-
viously chosen scanning direction, using parallel
sections every 5, 10, or 15 mm.

In contact scanning machines, it is very easy to
change transducers, and therefore the frequency
and beam focusing. On machines of the latest gen-
eration, the echo display is digital, with a large dy-
namic range of gray shades.!

Real Time

In real time, the image is continuous, dynamic, and
fluoroscopic. In fact, real time imaging corre-
sponds to a rapid succession of images. The sum-
mation effect is achieved by retinal retention. In
mechanical devices the transducer(s), instead of be-
ing manually displaced, constantly revolve auto-
matically in a fluid-filled enclosure which is applied
to the skin (Fig.2.3). In some real time heads the
transducer is static. The linear movement of the ul-
trasonic beam results from reflection on an oscillat-
ing mirror.

The frequency of the successive section images,
which are displayed on a cathode ray tube, is high
enough (15-30 revolutions/s) to obtain, as said be-
fore, a retinal summation. Mechanical devices give
rise to sectorial fields. The image is digitized and
can be frozen into a single frame, which is photo-
graphed. The real time images in this book were ob-
tained with this type of machine.?

! The machine used for the illustrations in this book is a Pho-
sonic (Searle).

2 Combison 100 (Kretztechnik), Diasonics DS1 and
DRF 1.

27



28

Fig. 2.1 a—d. Scanning direc-
tions used in renal examina-
tion. a Sagittal sections.

b Coronal sections. ¢ Oblique
sections. d Transverse sections

Fig. 2.2. Contact scanning: the transducer (7)) and its panto-
graphic attachment (P)



Fig.2.4a, b. Principle of an electronic array. a The multiple
adjacent transducers: according to triggering phases, the
wave front is oblique, transverse, or convergent. b External
appearance of array

Other real time machines have arrays (Fig.2.4)
of numerous small transducers (60, 120, 240, or
480). The successive dephased triggering of these
transducers gives rise to the equivalent of a me-
chanical displacement of the ultrasonic beam. Dif-
ferent triggering modalities (switched arrays,
phased arrays) result in different kinds of fields
(parallel scans, sector scans). They also make beam
focusing and even dynamic focusing possible.
These electronic devices possess a higher image fre-
quency than mechanical devices.® Curved linear ar-
rays are now also available. With rare exceptions,
phased arrays do not yield ideal results in abdomi-
nal examinations, but they have built-in Doppler
capabilities.

In real time machines, it is necessary, in order to
change frequency, to change the whole real time
“head,” whether this is a mechanical rotating de-
vice or an electronic array.

Real time permits great flexibility of method,
with constant information feedback. Since the
image is continuously displayed on the monitor
screen, the direction of scanning can be immedi-
ately modified and adapted, according to the
shape, size, or orientation of the anatomical struc-
ture under examination.

On the other hand, thanks to the continuous dis-
play, an infinite number of close parallel scans in
different directions can be obtained if sweeping
movements are communicated to the real time
head. The sequential steps of the contact scanning
technique are therefore replaced by a continuous
examination process. There is no “blind space” left
out by the different sections. The whole organ vol-
ume is scanned across. Such a multidirectional
sweeping scanning eventually enables one to
achieve an effortless, natural three-dimensional
cerebrovisual reconstruction.

Another advantage of real time is its flexibility in
intercostal scanning.

It is our current experience that with high-reso-
lution real time, small renal lesions (0.5 cm in diam-
eter) (Fig.4.2a) are displayed which were not visu-
alized with conventional, sequential contact scan-
ning. On the other hand, contact scanning was able
in selected cases, thanks to larger fields, to provide
invaluable information. Currently we use only
large field, high-resolution real time.

3 The image frequency could be easily increased. However,
30 to 40 is an upper limit: with higher frequencies the sound
pulse would not have time enough for its course down to
the deeper interfaces and back.
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Peroperative Sonography

Ultrasound has entered the operative theater (S1-
GEL 1982). Peroperative sonography enables the
surgeon to localize at once renal stones or small re-
nal tumors, thus markedly shortening the duration
of surgery. A small renal time head, of high fre-
quency, set within a sterile glove, is directly applied
on the renal capsule, without coupling gel. Sector-
ial heads or small arrays are utilized.

2.2 Technological Prospects

A completely automatic examination mode is pos-
sible thanks to special machines using a water bed
(Kossorr 1974). The patient lies in the prone posi-
tion, in contact with a flexible membrane which is
deeply depressed; the body is almost surrounded by
fluid. Several transducers, moving synchronously,
scan across the water window.

However, automatic scanning has not met the
expectations, while high-resolution real time has
become widely diffused.

Transmission imaging, which brings about a
summation image, instead of a section, was an-
nounced as clinically and commercially available
by GREEN in 1978. But it was never produced out
of research laboratories.

Digitization makes possible the pre- and post-
processing of the signal. It should also make possi-
ble its quantified analysis, which would represent
an important step toward tissue characterization.
But quantified analysis of attenuation has not yet
(1985) achieved really specific results. We shall
mention research based on the analysis of dif-
fracted ultrasound frequencies, on the one hand,
and on measurements of sound velocity on the
other hand. Permanent bidimensional monitoring
enables one to now propose duplex Doppler for
evaluating the renal blood flow — not without diffi-
culties due to the deep location of the renal vessels.
This obstacle disappears when dealing with the
transplanted kidney.

2.3 Technical Factors of Image Quality
Suppression of Kinetic Blurring

In contact scanning, rapid single sweeps reduce the
time taken for image construction and therefore
lessen the risk of kinetic blur. This risk does not
exist in real time.
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Axial and Lateral Spatial Resolution

Axial resolution, i.e., resolution along the axis of
the ultrasonic beam, is related to its frequency. Lat-
eral resolution (i.e., resolution along an axis per-
pendicular to the beam) is related to focusing: both
parameters are transducer dependent.

Frequency. It would seem logical to increase the fre-
quency of the beam in order to increase the spatial
resolution. But as the frequency is increased, at-
tenuation also increases. A compromise frequency
of 3.5 MHz is used; a frequency of 2.5 MHz may be
necessary in a large patient (the more so since the
thick posterior abdominal muscles attenuate much
more than the thinner anterior muscles).

Unfortunately, most companies abandoned the
low frequency despite its evident advantages in
stout patients. A frequency of 5 MHz will be
chosen for studying lean patients or children, and
also for evaluating fluid collections, in cases of hy-
dronephrosis or cysts for instance.

Focusing. The depth of focusing is 5-10 cm (5 cm
for children). Some real time sector scanners op-
erating with several revolving transducers have
multiple different focusing depths.* On the other
hand, some electronic arrays have dynamic focus-
ing. So do sectorial scanners operating with an os-
cillating mirror and an annular array.

“# So does the machine used in this book.

dB

L1 1 1 1 1 1
cm

Fig.2.5. TGC curve. 4, delay; B, slope; C, maximal far gain



Fig. 2.6 a—c. Effect of TGC setting
on image quality. a Satisfactory
adjustment. Echo amplitude is
similar in superficial areas and
depth. The curve is displayed on
the right. b Slope is steeper (small
arrowhead). The image is imbal-
anced with too intense amplifica-
tion in depth and too poor en-
hancement in superficial layers
(broad arrowhead). ¢ Now the
slope is flatter (small arrowhead).
Echo amplitude at depth is insuffi-
cient (broad arrowhead)
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Total Gain and Time Gain Compensation Settings

Total Gain. This setting is easy to adjust immedi-
ately if the echo intensity is too low or too high. In
fact an average setting is usually convenient for
most patients.

Time Gain Compensation (TGC). The progressive
attenuation of the ultrasonic beam in the deeper tis-
sues is an unavoidable physical phenomenon. In
order to obtain a good balance of the echo intensity
from surface down to depth, it is necessary to am-
plify selectively the deeper echoes. The depth of the
interfaces and of their echoes is evaluated by the
machine, since the latter is able to measure the time
needed by ultrasonic waves to travel from the
transducer down to the interface and back. This
evaluation makes it possible to set a TGC curve in
relation to depth (Fig.2.5).

An average setting is suitable for most patients
(Fig.2.5, 2.6a). Bad adjustments bring about im-
portant image defects and artifacts (Fig. 2.6b, c).
Small adjustments are sometimes necessary, on the
spot, during examinations: a permanent display of
the TGC curve is absolutely mandatory. A proper
TGC setting is mandatory when changing from a
child to a large adult patient, from a heavily
attenuating patient to a weakly attenuating one, or
even from the supine to the prone position. A new
setting is also necessary when changing frequency,
attenuation being directly related to frequency.

The different parameters we have just examined
are summarized in Table 2.1.

Table 2.1. Image quality parameters

Intrinsic to the transducer or real time head:
Frequency
Focusing
Adjustable by the user:
Total gain
Time gain compensation
Pre- and postprocessing

2.4 Positioning and Scanning Directions
Real Time

Right Kidney. The patient assumes the supine posi-
tion. The real time head is applied sagittally on the
right upper quadrant, immediately below the costal
edge. The patient is asked to breathe deeply in and

32

hold the breath. The real time head is then moved
from left to right and from right to left, in order to
carry out a succession of parallel sagittal scans
through the liver window (Fig. 2.7). If the kidney is
in a high position, the real time head will be angled
cephalad, so as to scan across the whole organ, up-
per pole included. A few successive suspended in-
spirations will be enough for the required single-
frame images to be obtained. Intercostal scans are
then carried out with normal respiration, before
coronal scans in deep suspended respiration are
performed.

The patient is then positioned in left lateral decu-
bitus. A series of intercostal scans (Fig. 2.8) are first
carried out, in neutral apnea, followed by coronal
scans (Fig.2.9). The lateral positioning helps to
bring the liver clear of the costal edge, especially in
deep suspended inspiration. This increases the area
of the liver window. Transhepatic sagittal cuts are
then repeated. A series of transverse scans are then
performed with a sweeping movement of the real
time head along the anterior and lateral wall of the
right upper quadrant (Fig. 2.10).

Left Kidney. The patient is placed in the supine po-
sition, or in an incomplete left anterior oblique po-
sition. The real time head is vertically applied on
the axillary line, under the last rib, with a cephalad
angulation, in order to scan across the kidney along
a frontal (coronal) plane (Fig.2.11). The patient is
asked to take a deep breath and hold it. A sweeping
succession of parallel frontal scans is then carried
out.

The orientation of the real time head is then
adapted to that of the intercostal spaces, in order
to carry out a series of intercostal scans (Fig.2.12).
Intercostal scanning is easier in the left lateral decu-
bitus position.

Thanks to a sweeping movement of the real time
head from the lateral thoracic wall to the posterior
wall of the lumbar fossa, intercostal scans are
transformed into oblique and posterior sagittal
scans which also show the aorta and branches. The
scanning phases are thus multiplied, ensuring a
thorough and complete study of the renal volume.
In some patients the gas-filled left colon impedes
the lateral approach. Posterior scans are then in-
valuable.

On the left side, intraintestinal gas is liable to in-
terrupt the propagation of the ultrasonic beam in
anterior scanning: sagittal scans are therefore only
rarely possible by anterior approach. Sagittal scans
are more successful by posterior approach; this is
possible, in real time, using the same position of lat-
eral decubitus.



Fig.2.7 a, b. Sagittal real time examination of medial retro-
peritoneal compartment and right kidney. a Sweeping trans-
lation, back and forth, or real time head. b Cephalad rotation
of real time head permitting display of whole kidney, liver
and diaphragm. Deep suspended inspiration is mandatory
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Fig.2.9a—c. Right lateral axillary scanning. a Positioning of
patient. b Scanning direction. ¢ Coronal display of kidney,
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suprarenal area and liver thanks to cephalad rotation of real
time head. Deep suspended inspiration is again necessary

Fig.2.10. Transverse real time examination of right kidney.
Patient lies in supine position. A better positioning is
achieved by left lateral decubitus, or, failing this, left poste-
rior oblique position. Deep suspended inspiration is neces-
sary
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Fig.2.13a—c. Posterior scanning. a Sagittal scanning: note
slight angulation. b Transverse representation of scanning
direction during sagittal examination. Note slight angula-
tion. ¢ Transverse scanning



When the spleen is small, the left kidney may lie
in a high position. It can then be useful to have the
patient standing. With the help of a deep suspended
inspiration, the kidney will then be brought more
effectively clear of the costal edge. In fact, we now
use scanning with the patient in the upright position
systematically at the end of the procedure.

These successive phases of real time examination
show, in addition to the kidneys, the retro-
peritoneal compartment, the liver, and the spleen:
an ultrasonic examination must always be a com-
prehensive radiological and clinical examination,
as we shall again emphasize later. Even carried out
as a complete upper abdomen examination, a real
time renal examination only lasts a few minutes in a
normal subject. Screening examination of the lower
urinary tract (see Chap. 12), in complement, only
takes a few seconds.

Ureter. On both sides, lateroposterior scanning
yields images of the upper half of the abdominal
ureter.

Contact Scanning

All the positions and scanning directions just de-
tailed for real time scanning were also be used in
contact scanning. We used to carry out contact
scans only for large lesions, whose diameter is
frankly superior to the field covered by wide-angle
sector scanning. We then used, on the right side,
anterior transhepatic sagittal scans, performed in
decubitus. We also used, on both sides, classical
posterior scans, the patient lying in the prone posi-
tion. Posterior scanning includes bilateral trans-
verse scans and sagittal scans (Fig.2.13).

In view of the orientation of the kidney, sagittal
scans should in fact be slightly oblique (Fig.2.13 a);
the scanning plane should also have an axial angu-
lation of 10° (Fig.2.13b).

2.5 Particular Problems

Critically Ill Patients;
Recently Operated Patients;
Traumatized Patients

It is impossible, in such patients, to use the prone
position. The anterior and lateral approach, so
easy with small real time heads, is then especially
suitable. To scan a recently operated area, it is ad-
visable, after removing the dressing, to fix on the
skin a sterile adhesive mylar sheet, of the kind sur-

geons use to prepare the operative field (A. Eisen-
scher 1977, personal communication). The ultra-
sonic beam passes very easily across such a thin
plastic membrane if less than S MHz.

Newborn and Infant

Here again real time is particularly useful since it
enables one to avoid kinetic blurring. A frequency
of 5-7 MHz, with superficial focusing and water-
delay, is particularly convenient. The main require-
ment is adapting the focusing to the area of inter-
est. Even without a special transducer, excellent
images can be obtained at 3.5 MHz, provided that
focusing is brought from a depth of 7-10 cm to a
depth of 3-5 cm. This can be achieved by interposi-
tion of a water delay, the simplest being a perfusion
bag of saline. However, with such a water delay,
harmonics are displayed at a depth equivalent to
the course of ultrasound in water. The best inter-
mediate medium currently available is a thick block
of flexible plastic.®

When examining infants (and, more rarely, very
lean adults) in the prone position, it may be helpful
to lie them on a pillow, so as to correct the lumbar
lordosis.

Puncture Techniques

Ultrasonically guided puncture (HoLM et al. 1975)
will remain an essential complement to mere imag-
ing in many cases, until reliable noninvasive tissue
characterization methods become available. Punc-
ture under ultrasonic guidance can also be carried
out in order to position a renal or vesical catheter
either for infusion of contrast medium or for drain-
age. That technique also permits the nonoperative
extraction of renal stones. Puncture was first car-
ried out with B scanners (Fig. 2.14). It relies now on
real time, which permits one to monitor the nee-
dle’s progression on the screen.

Guided puncture may be carried out with real
time and contact scanning. Contact scanning
guided puncture relies on a special transducer
(Fig.2.14) through which a central canal permits
the passage of a sterile needle. The puncture itself
is blind, but the puncture direction and depth are
evaluated on the organ section image, displayed on
the monitor screen.

In real time there are different technical modali-
ties. A steerable tunnel-shaped guide may be fixed

5 Kitecho —3M—
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Fig.2.14. Special contact scanning transducer for guided
puncture

on the side of a real time head (HoLm 1975)
(Fig.2.15a). There are also (SAITOH et al. 1979 a, b)
special hollow real time arrays (Fig.2.15b),
through which the puncture needle passes. Free
puncture, without direct coupling to the real time
head, is also possible. With these real time devices
it is possible to monitor on the screen the progress
of the needle. This enhances the precision of the
procedure. We perform puncture under real time
guidance, with a linear array, but without any par-
ticular steering device.

2.6 General Management
of Ultrasonic Examinations

A simple renal ultrasonic checkup can be carried
out on the nonprepared patient. Some preparation
is nevertheless advisable for a comprehensive ab-
dominal examination: as we stated before, a correct
examination must be comprehensive: the discovery
of a renal tumor will be followed by the evaluation
of the retroperitoneal space and of the liver. The
discovery of a pelvic dilatation associated with the
presence of liver metastases will lead to the search
for a pelvic mass. In the presence of cystic renal le-
sions, hepatic scans are mandatory. These are only
a few examples: like any radiological examination,
sonography is a clinical procedure which would be
artificial and fruitless if limited to the particular or-
gan initially suspected to be abnormal.

The best preparation, in our opinion, does not
rely on complete fasting. Conversely the patient is
advised to drink freely, since gastric and intestinal
repletion enables a better examination to be made
of the central part of the retroperitoneum, whereas
bladder filling ensures a correct analysis of the
lower urinary tract. Ingesting sweetened fluid pro-
vides some calories and renders waiting less un-
pleasant, particularly for older people.

Thus, our patients replace full breakfast by swee-
tened tea or coffee for a morning examination. For
an afternoon examination, breakfast is allowed,
whereas lunch is replaced by tea or coffee. During
the procedure a complementary gastric filling is ob-
tained whenever colonic gas impedes correct visu-
alization of the retroperitoneum. Ingestion of
300 ml at least is required. The patient is then ex-

38

Fig.2.15a, b. Devices used for real time guided puncture.
a Lateral guide (Holm). b Central channel through real time
head (Saitoh)

amined in the following positions: decubitus, right
and left lateral decubitus, and upright position.

In the majority of cases, renal ultrasonic exami-
nations are considered in a few standard clinical
conditions only:

1. Presence of a palpable mass

2. Abdominal pain, with or without accom-
panying hyperthermia

3. Hematuria

4. Unexplained fever

5. Discovery of liver, bone, or lung metastases

6. Abnormalities disclosed by an intravenous
urogram (IVU): a nonsecreting kidney, presence of
a “urographic’ renal mass, etc.

A particular item is the frequency with which
renal abnormalities are disclosed by comprehensive
upper abdomen examinations carried out for non-
renal purposes: in the course of a digestive ultra-
sonic screening examination; the right kidney is
scanned across while the liver is evaluated, and the
left kidney while the pancreas and the spleen are ex-
amined.



3 Hydronephrosis

Ultrasonic images of hydronephrosis are encoun-

tered in the following clinical conditions:

— Abdominal pain, with or without fever

— Presence of a palpable mass

— Complementary ultrasound after discovery of a
nonsecreting kidney on an IVU

— Evaluation of anuria or renal insufficiency

— Evaluation of the lower urinary tract and pelvis

— Systematic complementary renal evaluation dur-
ing an obstetrical ultrasonic examination

— Abdominal screening

3.1 Beginning Hydronephrosis

Beginning hydronephrosis will be evaluated at the
level of the renal pelvis on the one hand, and at the
level of calices on the other.

Pelvis Dilatation. In Chap. 1 we gave the maximum
anteroposterior diameter of the normal renal pelvis
as 3 cm. A dilated pelvis may appear with two dif-
ferent patterns. One is that of an intrarenal pouch,
giving rise to an echo-free pattern inside the reflec-
tive central area, with convex limits (Fig.3.1). The
other is that of a pouch in the renal sinus, internal
to the kidney rather than intrarenal (Fig.3.2). In
both patterns the dilatation gives rise to a convexity
of contours — intercostal, coronal and poserolateral
scans make possible a precise analysis of the ure-
teric junction.

Fig.3.1a, b. Beginning di-
latation of intrasinusal pel-
vis. a Sagittal scan of left
kidney in prone position
shows enlarged pelvis (ar-
rows). b Oblique cut of right
kidney. Diameter of
rounded, dilated pelvis (ar-
rows) is 3.5 cm. Shadowing
posterior to gall bladder
(GB) is due to sound bend-
ing

Fig. 3.2. Extrasinusal di-
lated pelvis (arrows) (trans-
verse cut)

Caliceal Dilatation. Infundibular dilatation gives
rise to small fluid-filled peripheral pouches
(Fig. 3.3). Fluid-filled areas will appear inside the
reflective zone due to a dilatation of the major
calices (Fig.3.4). Multidirectional real time scans
will display the confluence of the different parts of
the dilated collecting system. Intercostal scans
show at best the general architecture of the dilated
collecting system (Fig. 3.5).

There may be a discrepancy between the sizes of
the calices and the pelvis. Ultrasonic scans may dis-
play a widely dilated pelvis while calices are only
moderately dilated or even of normal size (Fig. 3.6).
In such cases, the pelvis seems to act for a while as
a valve, particularly after the rapid onset of an ob-
struction.

As we mentioned in Chap.1, according to
MoRIN and BAKER (1979) the amount of water in-
take and the degree of bladder repletion must both
be considered when evaluating the size of the col-
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lecting system in borderline cases: a moderate di-
latation may only signify increased secretion and
ureteral blockage due to urine retention in the blad-
der. In such cases the seemingly dilated collecting
systems are symmetrical. A further examination
when the patient is fasting and after vesical evacu-
ation must then be considered, rather than carrying
out immediately an excretory urogram. ROSEN-
FIELD (1979 a, b) advocates increasing the water in-
take to display borderline dilatations better. In the
pregnant woman a moderate dilatation of the col-
lecting system is normal (Fig. 3.6). In case of func-
tional disorders (pain, signs of infection), dilatation
of the affected side alone, or more pronounced on
the affected side, is a relevant sign.

Fig. 3.3. Discrete caliceal dilatation (arrows)

Fig.3.4. Multilocular pattern due to dilatation of major
calices. Similar pattern arise from multiple parapelvic cysts

Fig.3.5a—d. Pelvicaliceal dilatation. Four parallel left pos-
terolateral scans. Note, in d, junctional dilatation- (arrow-
head). Note also display of aorta
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Fig. 3.6 a—c. Pelvicaliceal dilatation
in 6 months pregnancy. a Dilated
pelvis and calices (arrows). b Pelvis.
¢ Pelvis and initial ureter (arrows)

3.2 Frank Hydronephrosis

We term frank hydronephrosis a condition in
which a markedly dilated pelvis (over 5 cm in an-
teroposterior diameter) is associated with dilated
infundibula and calices (Figs. 3.7, 3.8). Such images
of dilatation affecting the entire collecting system
are quite similar to those seen on a conventional X-
ray urogram. The communications existing be-
tween the infundibula and the pelvis, and corre-
sponding to the dilated calices themselves, are
usually evident on most of the ultrasonic scans. If
not, a multidirectional real time study of the col-
lecting system will clearly display the confluences
as defects, interrupting the infundibular and
caliceal walls (Fig.3.9). Pelvicalyceal confluences
are usually well demonstrated on intercostal scans.
The dilated calices outline then, above the pelvis,
the “Mickey mouse” pattern (Figs.3.6a, 3.7a,
3.8b, 3.9¢). Cortical atrophy can be demonstrated
(Figs. 3.8, 3.9).

Ultrasonic evaluation of hydronephrosis calls
for a thourough analysis of the different territories
of the kidney.

The discovery of a dilatation limited to only part
of the collecting system has important etiological
significance: a partial dilatation can be due to an in-
flammatory process, €.g., a renal tuberculosis, or to
a pelvicaliceal urothelial tumor. In such cases
sonography can only provide hypotheses, which
will be checked by an IVU or by an instrumental
opacification if necessary.

Partial hydronephrosis can also correspond to
dilatation of one of the nephrons of a duplicated
kidney (Fig.3.11). In some cases, a bladder exami-
nation is then likely to display a ureterocele
(Fig.3.11). Acute dilatation may be complicated by
a rupture, with developing urinoma (“‘uriniferous
cyst”) (see Chap. 10, Fig. 10.8).

Pelvic-Ureteric Junction. We have already stressed
the interest in assessing the pelvic-ureteric junction.
This particular segment is best visualized by inter-
costal, coronal and posterolateral sections. Such
sections also readily show the first centimeters of a
dilated ureter. It is therefore quite easy to differ-
entiate a mere junctional syndrome from a uretero-
hydronephrosis (Figs. 3.5d, 3.6c, 3.12-3.15).

Fig. 3.7 a, b. Frank hydronephrosis. a Sagittal scan: pelvis di-
ameter is 9 cm. Pelvicaliceal communications are readily
demonstrated. b Transverse scan: pattern is multilocular but
pelvicaliceal communication is displayed (arrow). Parenchy-
mal thickness remains normal
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Fig.3.8a—c. Bilateral hydronephrosis. a, b Right kidney.
a Sagittal scan: communicating multilocular pattern; paren-
chyma is thinned. b Intercostal scan shows “Mickey mouse”
pattern (arrowheads). ¢ Left kidney
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Fig.3.9a—c. Right hydronephrosis. a, b Sagittal scans. ¢ In-
tercostal scan. Note, in a and b, interrupted septations (ar-
rowheads). Note in ¢ “Mickey mouse” pattern (arrowheads)



Fig. 3.10. Dilated lower nephron in duplicated kidney. Diam-
eter of pelvis of upper nephron (small arrowhead) is normal.
Dilatation is due to junction narrowing

Fig.3.11 a-e. Pseudocystic pattern. a Sagittal section shows
cystic pattern in right upper pole (arrows). b Parallel scan
shows irregular posterior wall (arrow): collection corre-
sponds to hydronephrosis in the upper nephron of the dupli-
cated kidney. ¢, d Oblique pelvic sections demonstrate the di-

lated ureter (arrow) behind the urinary bladder. e Transverse
section of the bladder discloses septation proximal to the
posterior wall (arrow), corresponding to wall of ureterocele.
(Courtesy of M. Crevier, J.Y. Oueled, and J. Bourgeault,
Montréal)
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Fig.3.8a—c. Bilateral hydronephrosis. a, b Right kidney.
a Sagittal scan: communicating multilocular pattern; paren-
chyma is thinned. b Intercostal scan shows “Mickey mouse”
pattern (arrowheads). ¢ Left kidney
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Fig.3.9a—c. Right hydronephrosis. a, b Sagittal scans. ¢ In-
tercostal scan. Note, in a and b, interrupted septations (ar-
rowheads). Note in ¢ “Mickey mouse” pattern (arrowheads)



Fig.3.13a—d. Hydronephrosis with dilated ureter. a, b Coro-
nal scans of the right kidney; ¢ coronal scan of the dilated

ureter (arrowheads); d transverse scan of the dilated ureter
(arrowhead)
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Fig. 3.14a—d. Junctional syndrome. a—c Three intercostal scans of the pelvis; d transverse scan. Ureter is not dilated
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3.3 Major Hydronephrosis

In major hydronephrosis a large abdominal mass is
present. Ultrasonic scans disclose a multilocular
pattern (Figs.3.16-3.18), rather similar to that of
multiple adjacent cysts. But there are communica-
tions between the different pouches, whose walls
are discontinuous (Fig.3.19). This constitutes a
specific characteristic. It is not always possible, in
such cases, to differentiate the dilated pelvis from
hugely dilated calices.

The thickness of the parenchyma is markedly re-
duced (Fig. 3.16-3.19). The parenchyma may grow
so thin as to possess the same pattern as a pelvis or
intercaliceal wall (Fig. 3.15). In the presence of this
kind of multilocular pattern, it is advisable to carry
out high-frequency scans (5-7 MHz). Such scans
will display, from time to time, scattered echoes, or
a sediment layer, which indicate infection or hem-
orrhage (see Fig.3.20). Pyonephrosis will be stud-
ied in Chap.7.

Fig.3.15a—c. Neonatal junctional syndrome. a, b Coronal
scans; ¢ intercostal scan; junction (arrowhead) is narrowed.
Distal ureter is not dilated

Fig.3.16. Major hydronephrosis. This patient underwent
ureteral ligation during removal of malignant pelvic tumor.
Cortical atrophy is diffuse. Dilated ureter, pelvis, and calices
are clearly demonstrated (left intercostal scan)
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Fig.3.17a—c. Major hydronephrosis with pseudopolycystic
pattern in hugely swollen kidney. a, b First case; ¢ another
case (three sagittal scans)

Fig. 3.18 a—d. Neonatal hydronephrosis (4-month-old infant) »
with pseudopolycystic pattern. a Right sagittal scan; b right
transverse scan below the liver; ¢ right transverse scan in the
iliac fossa; d transverse scan of the left kidney in the iliac
fossa; both kidneys come in contact. Arrowheads indicate the
iliac bone
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Fig.3.19. Transverse abdominal scan shows massively en-
larged extrasinusal pelvis. Dilated collecting system occupies
entire right hemiabdomen

Fig.3.20 a—d. Infected hydronephrosis. Four scans. Note, in  dependent accumulation of infected urine (arrowheads) with,
a and b, thickened septations (arrowheads). Note,incandd,  in d, “fluid-fluid” level (arrowheads)
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3.4 Differential Diagnosis

Juxtapyelic cysts are often multiple. They develop
within the echogenic pattern of the renal sinus.
They can therefore mimick a beginning hydro-
nephrosis (Fig. 3.21). But the pattern of interrupted
septations, which characterizes hydronephrosis, is
not present. And if finally the diagnosis remains
unsettled, an intravenous pyelogram (IVP) will
demonstrate the absence of pelvic dilatation. An-
other process can mimick early caliceal dilatation:
in papillary necrosis the pyramids are replaced by
cavities which communicate with the calices (HOFF-
MAN et al. 1982) (Fig.3.21 d). Correct display of the
arcuate artery enables one to identify the definite
lobular architecture.

Other problems of differential diagnosis arise
with large hydronephrotic fluid collections. The
possibility of a polycystic disease will be discussed
later. The true renal origin of the fluid collection
should also be discussed. While a moderately di-
lated collecting system is clearly renal in origin,
large multilocular collections may arise from other
tissues or organs (septated ascites, mesenteric cysts,
cystic mesenchymonas, cystic lymphangiomas, ab-
dominal overian cysts, etc.). If the collection is re-
nal, multiple scans in different scanning directions
will show the abscence of a renal image, whether
normal, distorted, or flattened.

Another reason why multiple scans must be car-
ried out, even if the diagnosis of hydronephrosis is
patent, is the possibility of associated other renal
lesions. We shall examine that possibility later.

Fig. 3.21. a— Pseudohydronephrotic pattern of multiple jux-
tapyelic cysts, of which one is particularly large. a Sagittal
scan; b intercostal scan; ¢ transverse scan; d another process:
papillary necrosis. The fluid-filled cavities are not mere di-
lated minor calices. Location of the fluid, adjacent to the ar-
cuate arteries (arrows) demonstrates that the fluid extends
further than the calices through the destroyed pyramids, in
the direction of cortex
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3.5 Ureteral Dilatation

We have already dealt with the junction and initial
segment of the ureter. Despite a few successes
(Figs. 3.12, 3.13, 3.22, 3.23), the lower abdominal
ureter itself is usually not visualized. The anterior
approach is compromised by intestinal gas,
whereas the iliac bone impedes coronal and pos-
terolateral sections. Sometimes, however, the di-
lated abdominal ureter can be displayed by para-
sagittal scans (Fig.3.24). A dilatation of the jux-
tavesical ureter can be observed through the
acoustic window of the full urinary bladder
(Fig.3.25, see also Fig.12.3d, e).

Fig.3.23a-d. Totally dilated right urinary tract, discovered
at the occasion of acute renal insufficiency with bilateral hy-

Fig.3.22a—c. Left hydronephrosis with dilatation of the
ureter. a Coronal scan of the kidney; b junction and abdom-
inal ureter; ¢ abdominal ureter — dilatation accompanies
anastomosis with the sigmoid colon

dronephrosis. Ureteral scans show stop due to ureteral ex-
tension of the bladder carcinoma (arrowheads)
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Fig.3.24 a—d. Ureterohydronephrosis: IVU showing nonse-
creting left kidney in patient complaining of dysuria. a Coro-
nal scan shows pelvic dilatation. b, ¢ Two left parasagittal
sections demonstrate dilatation of the ureter. Note in ¢ sec-

Fig.3.25. Dilated pelvic ureter (arrows) displayed thanks to
the acoustic window of the full bladder

Fig.3.26a, b. Large pelvic mass: corporeal uterine carcinoma
(arrow). a Transverse scan; b sagittal scan; ¢, cervix; m,
shadow of iliac bone
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tion of the iliac vessels (arrow) posterior to the dilated canal.
d Parallel section of the bladder shows stop (arrow) on the
ureter, due to infiltrative tumoral process

3.6 Complementary Pelvic Examination

Whether bilateral or unilateral, hydronephrosis
can be due to the presence of a pelvic mass
(Figs.3.26-3.28) or to lower urinary tract abnor-
malities. The pelvic examination may disclose a
pelvic mass, a dilated bladder with postmictional
residue, or a prostatic or bladder lesion (see
Chap. 12). As stated above, a dilated ureter can be
visualized thanks to the fluid window provided by
the bladder (Fig. 3.25).

In many cases, a primary ultrasonic diagnosis of
hydronephrosis will lead (except in pregnant
women) to the performance of a conventional in-
travenous urogram. If, after intravenous injection
of contrast medium, the kidney is found to be non-
secreting, sonography can still help in the realiza-
tion of antegrade opacification by guided puncture
(see Fig.8.15).



Fig. 3.27. Large pelvic mass: right sagittal scan shows hydro-
nephrotic kidney (arrow) and compressing ovarian cyst (C).
Note acoustic shadow arising from the cyst. L, liver

Fig. 3.28. Complementary transverse caudal scan shows in-
tracystic growths

Fig.3.29a, b. Bilateral lithiasis. a Right kidney: small echo-
genic focus (arrowhead) with posterior shadow (arrow).
b Left kidney. Similar image in minor calix
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3.7 Renal Lithiasis

In most cases renal stones, like gallstones, produce
their own reflective area, with an acoustic shadow
behind it. The images are nevertheless different
according to the presence or absence of a pelvi-
caliceal dilatation.

Without associated dilatation, lithiasis gives rise
to an intense echo, pelvicaliceal in topography,
with posterior acoustic shadowing (Figs.3.29—
3.32). Since the central zone is strongly echogenic,
the proper contrast of the stone can be low
(Fig. 3.30). Correct analysis of the shadow is there-
fore of utmost importance; lithiasic shadows per-
sist despite changes in the scanning direction,
whereas refractive shadows arising from intrasi-
nusal elements are fugacious. Lithiasic shadowing
is related to extrinsic and intrinsic factors, i.e., co-
incidence between the ultrasonic beam and the
stone, focusing and frequency, the crystalline struc-
ture of the stone, and its size. Shadows fail to ap-
pear only exceptionally even when dealing with
noncalcified calculi. When the collecting system is
dilated, urine around stones introduces a particular
contrast (Figs. 3.33, 3.34).

Staghorn calculi disrupt the pelvicaliceal ultra-
sonic architecture. Due to their size, the ultrasonic
beam does not coincide everywhere with the calcu-
lus. The shadowing is therefore often much less in-
tense than expected (Fig. 3.35). Some staghorn cal-
culi are much less evident than small stones with a
thin, intense shadow.

The presence of a peripheral area of reflection, at
a distance from the infundibula, with an acoustic
shadow, signifies parenchymal calcification
(Fig. 3.36).

Intrarenal arterial calcifications, fortunately
rare, can cause difficult diagnostic problems (KANE
1983).

The threshold of visibility of renal stones, in our
experience, is 3—4 mm. Sweeping real time scans
can even show the thin acoustic shadow of smaller
stones.

Sonography is finally, in this respect, as sensitive,
if not more, as a plain X-ray of the abdomen, the
more so since most noncalcified stones cast
acoustic shadows.

That optimistic opinion must be balanced by the
failure of ultrasound in the ureteral calculi — with
the exception of juxtavesical calculi, which can be
demonstrated thanks to the acoustic window of the
repleted urinary bladder. Such impacted stones
bulge within the lumen of the bladder (Figs.3.37,
3.38). A sudden or recent impaction is not necessar-
ily accompanied by a ureteric dilatation (Fig. 3.37),
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since it appears only progressively. However, ul-
trasound associated to a plain film of the abdomen,
yields sufficient results in most cases of renal colic
(HiLL 1985); if the display of the stone is clear, IVU
has no utility. Follow-up examinations will moni-
tor the evolution of the pelvic and ureteral dilata-
tion, whereas plain films will demonstrate the stone
migration. Some diagnostic problems can arise
from weakly reflective stones, which do not cast
acoustic shadows. Intrapelvic or caliceal reflection
due to blood clots must then be discussed. Posi-
tional changes and follow-up examinations are
likely to disclose modifications of the dubious
areas. Urothelial tumors can also give rise to intra-
pelvic reflective areas without acoustic shadowing.
Here we are confronted for the first time (but not
for the last) with the limitations of ultrasound, used
alone, when ultrasonic patterns are not specific. CT
is instrumental in such cases. Finally, let us also
keep in mind the peroperative ultrasonic localiza-
tion of calculi (Cook 1977).

Fig.3.30. Lithiasis (arrowhead) with shadow (arrow). (Sa-
gittal scan of the right kidney)



< Fig.3.314a, b. Lithiasis (arrowhead): the shadow is more rele-
vant than the proper image of calculus. a Right sagittal scan;
b coronal scan

Fig.3.33a, b. Lithiasis (arrowhead) within hydronephrosis in
the right kidney. a Sagittal scan; b transverse scan

«Fig. 3.32. Lithiasis (arrowhead). Shadow is ill defined
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Fig.3.34a, b. Lithiasis (arrowhead) within left hydro-
nephrosis
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Fig.3.35a, b. Left staghorn calculus in hydronephrosis.
a Posterior sagittal scan; b intercostal scan; calculus (arrow-
heads) and shadows are ill defined

Fig. 3.36. Extracaliceal calcification (arrowhead)



Fig.3.38 a—c. Juxtavesical lithiasis. a Left collecting system is
dilated; b ureter is also dilated; ¢ section of urinary bladder
show stone impacted in terminal ureter (arrowhead)

Fig. 3.37 a—c. Juxtavesical lithiasis. a Right kidney: there is no
dilatation; b sagittal scan of the urinary bladder shows stone
(arrowhead) impacted in terminal ureter; ¢ transverse scan of
stone
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4 Renal Cysts

This chapter basically deals with one type of image:

the ultrasonic cystic pattern. But that image can be

the expression of many different lesions:

— Benign cysts, solitary or multiple

— Parapelvic cysts

— Multicystic and polycystic processes of the infant
and adult

— Acquired cystic disease of the hemodialyzed pa-
tient

— Parasitic cysts

— Cystic tumors

Moreover, we shall still have to consider, in ad-
dition to these different kinds of true renal cysts,
several varieties of pseudocystic lesions. We shall
discuss them at the end of this chapter, when deal-
ing with the differential diagnosis of cysts.

In Table 4.1, we have grouped the pathogenesis
of different cystic processes, as reported by Gross-
MANN et al. (1983). MELLINS (1984) has also con-
tributed with a comprehensive developmental ap-
proach.

Table 4.1. Pathogenesis of different cystic processes

Type of cystic process
Multicystic displastic
kidney

Multilocular renal cyst
Infantile polycystic disease

Adult polycystic disease

Benign cysts, solitary or
multiple
Parapelvic cysts

Acquired polycystic disease
of the hemodialyzed
patient

Pathogenesis

Developmental hydrone-
phrosis consecutive to
pelvic or ureteral
atresia

Pathogenesis unknown

Congenital, recessive; dilata-
tion of tubules

Congenital, dominant,
medullary cysts

Pathogenesis unknown

Pathogenesis unknown;
lymphangiectasia con-
sidered

Tubular ectasia?

Basal membrane alteration?

The Renal Cystic Pattern

This pattern associates an echo-free area, remain-
ing echo-free at higher gain and higher frequency;
a well-delineated, continuous smooth limit, due to
the cyst’s thin proper wall; and an enhancement of
the posterior interface, with a posterior area of in-
creased reflection, due to free sound transmission
through the fluid contents (Fig.4.1). Despite this
typical pattern, the ultrasonic cystic image is non-
specific. It merely indicates the presence of a fluid-
filled pouch with poorly attenuating contents.

Fig.4.1. a Typical cystic pattern: contents of right upper pole
cyst (arrow) are echo-free. Note perirenal fat, thin proper
wall, and posterior reinforcement. b Central cyst. Note pos-
terior enhancement and refractive shadows
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4.1 Benign Cysts
Diagnostic Circumstances

The ultrasonic diagnosis of simple cysts is usually
made in one of the following clinical conditions: (a)
a mass disclosed on an IVU (a “urographic” mass);
(b) (rarely) abdominal pain or palpable mass; and
(c) abdominal ultrasonic screening. Ultrasound
and CT in daily routine demonstrate the frequency
of benign cysts, particularly in older patients. Ex-
ceptional, but possible, in children, benign cysts are
usually encountered in adults over 30 years of age.
They are encountered in 20% of patients over 60
years of age.

Ultrasonic Pattern

This pattern is of course exactly the pattern we just
depicted above. Possible morphological variations
are related to the cyst’s size and location.

Size. As we shall see again later, familial studies of
polycystic kidneys show the smallest diameter of vi-
sualized cysts to be 3 mm. Conversely, a giant cyst
may grow up to a diameter of 15 cm. Any interme-
diate size may be encountered (Figs. 4.2-4.4).

Location. Any location is possible: cortical, the cyst
bulging out of the renal cortex (Figs.4.2a—¢, 4.3 b,
c), cysts of the renal poles (Fig.4.1a), intraparen-
chymal cysts (Fig.4.3), or central cysts (Figs.4.1b,
4.2f). Such central cysts are different from para-
pelvic cysts, which develop within the fat of the re-
nal sinus itself. We shall study them later on.

Anterior and posterior cortical cysts are readily
visualized, whereas on conventional urograms they
are often overlooked. The relation of a cortical cyst
to the proximal parenchyma must be assessed: in a
simple benign cyst the neighboring parenchyma
makes a clear angle with the cystic wall, exactly as
it does on a conventional nephrotomogram
(Fig.4.2b). This pattern is particularly evident in
peripheral cysts arising from the renal margin
(Fig.4.2¢). Cortical cysts bulge within the perirenal
fat, which remains continuous; they do not traverse
it beyond the perirenal fascia.

The discovery of a cystic pattern calls for mul-
tidirectional scans in order to evaluate the entire
surface of the cystic wall and confirm the absence
of tumoral growths. On the other hand, comple-
mentary high-gain scans may show the presence of
intracystic echoes; the significance of this particu-
lar intracystic pattern will be discussed later.
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After completion of these two complementary
technical steps, it is possible to confirm that the cyst
is benign. At least for asymptomatic cysts of the
adult, no other diagnostic procedure has to be con-
sidered, with the exception of a follow-up examina-
tion a few months later. Such a conservative atti-
tude is supported by the reliability of ultrasound
and by the high frequency of asymptomatic simple
cysts in patients over 50 years of age, a frequency
disclosed both by ultrasonic examinations and by
CT. Nevertheless, we shall later discuss in greater
detail the management of ultrasonic cystic images.

Multiple Benign Cysts

This multicystic process is different from the poly-
cystic disease, which we shall study later on. Mul-
tiple benign cysts are not congenital; they are much
less evolutive and do not bring about renal insuffi-
ciency. All the cystic patterns described above can
associate (Fig.4.5).

Atypical Cysts — Tumoral Cysts

The appearance of a cyst may be atypical, when
compared with the standard pattern depicted
above, because it has a different shape or a differ-
ent pattern of contours or contents. The shape may
be less circular, less regular (Fig. 4.6 a).

The cystic wall may lose its smooth, thin pattern
(Fig.4.6b). This can be due merely to a progressive
collapse. Parietal elevations could be consistent
with an intracystic tumor. In fact, most elevations
correspond to incomplete septations (Figs.4.3a,
4.8,4.9).

The fluid contents may be moderately reflective,
sometimes even at low frequency, sometimes only
on high-frequency cuts. The abnormal reflection
may consist either in scattered echoes, or in
grouped echoes constituting a dependent layer
(Fig.4.7). These patterns are encountered in the
presence of intracystic hemorrhage or infection
(JACKMAN and STEVENS 1974; CHON et al. 1976).

The cystic contents may even show a solid pat-
tern, due to blood clots (WEILL 1974; FRIDEY 1975);
the diagnosis of cyst then risks not being consid-
ered. Such confusions are exceptional thanks to the
density resolution of present equipment. The cystic
wall can now be readily displayed. CT imaging and
densitometry are helpful in such cases.

In a few cysts the wall may calcify, giving rise to
a shell sign, that is, a strong linear reflection with
acoustic shadowing behind it. Special diagnostic



Fig.4.2a-f. Small cysts (arrowheads). a—e Cortical cysts.
f Central cyst. In e arrowheads indicate the renal contour.
Note in a—d rim of perirenal fat. Note in a and e parenchymal
angle bordering cyst
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a—C

a

Fig.4.3a—c. Different cystic sizes and locations. a Six-cen-
timeter cyst in right upper pole, bulging slightly out of the re-
nal contour (arrow). A thin strip of perirenal fat still delin-
eates cystic upper limit. Note parenchymal angle (thin ar-

Fig.4.4a, b. Larger cysts. a Left lower pole cyst (posterior
scanning in prone position), 8 cm in diameter. Cyst, of corti-
cal origin, is almost pediculated. b Giant right anterior cor-
tical cyst, 12 cm in diameter, pushing the kidney downward

Fig.4.5a,b. Multiple cysts (arrowheads). a Right kidney;
b left kidney
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row). b Six-centimeter cysts in right lower pole, bulging out
of the renal contour (arrow). Fatty limit is hardly seen.
¢ Same cyst in transverse section. Development of the cyst is
internal. Perirenal and pericystic fat is better outlined

b

(anterior scanning). No proper limit other than the cystic
wall is displayed between the cyst and renal cortex. A reflec-
tive cleavage plane, corresponding to perirenal fat, would in-
dicate an extrarenal cyst



problems arise from calcified cysts, which we shall
discuss later.

Some cysts are multilocular (Fig. 4.8). Their diag-
nosis is easy if their components have benign fea-
tures. Image interpretation is more difficult if sep-
tations are interrupted (Fig.4.9) or incomplete. A
small intracystic elevation can also be present
(Fig.4.10) which, if irregular, can require a punc-
ture (Fig.4.11), since misdiagnosing a small intra-
cystic malignant tumor is always of concern (see
Fig.5.25). Larger intracystic tumors are of course
readily recognized (Fig.4.15).

Fig.4.7af. Atypical cyst. a,b Transverse a and left sagittal
b sections display giant anterior cyst in left kidney. ¢ New sa-
gittal scan with 5 MH tranducer instead of 2.5 shows depen-
dent echoes with horizontal line of separation (arrows). d Pa-
tient is placed in erect position. Horizontal level of separa-
tion is displayed again; this indicates presence of thick fluid.

Fig.4.6a, b. Atypical cysts. a Shape of lower pole cyst is ir-
regular. b Flattened cyst with irregular walls (arrow). This is
collapsing cyst. There is also a moon crescent sign, a sonolu-
cent strip between liver and kidney indicating fluid in Mori-
son’s pouch. Acoustic shadow (arrow) is due to colonic gas

Puncture confirms puriform contents. e,f Another case. Pa-
tient with adult polycystic disease complains of acute pain in
right flank. e Multiple renal cysts; f parallel scan shows echo-
genic pattern within cyst (arrows) in sensitive area, due to
hemorrage
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Fig.4.10a, b. Cyst with incomplete septation: parietal eleva-
tion (arrowhead). a Sagittal scan; b transverse scan

Fig.4.8a, b. Septated cortical cyst of the left kidney

Fig.4.9. Septated cyst (arrows septation). Posterior septum
mimics growth
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Parapelvic Cysts

Parapelvic cysts correspond perhaps to lymphangi-
ectesia, but in fact their precise pathogenesis re-
mains uncertain. They develop within the sinus and
when small remain surrounded by echogenic fat
(Fig.4.12). They are often multiple (Figs.4.13,
4.14). If adjacent they can mimic a hydronephrosis;
however no confluence between the cystic elements
is observed (see Fig. 3.3 and 3.4, p. 40).

Fig.4.12 a—c. Parapelvic cyst. a Sagittal section; b transverse

Fig.4.11a, b. Atypical cyst. a, b Two parallel scans show section; ¢ coronal section finally shows two cysts

parietal elevation (arrowhead) which could correspond to a
tumoral process. No abnormal cell was found at puncture
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Fig.4.13a-d. Several examples of multiple parapelvic cysts.  other case —coronal sections show multilocular pattern in the
a, b First case; a sagittal section; b coronal section; ¢, d an-  central zone

Fig.4.14a—d. Multiple parapelvic cysts. a, b First case; a sa-
gittal section; b coronal section; ¢, d another case: left coronal
sections show a sinusal multilocular pattern
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Fig.4.15a,b. Malignant cysts (intracystic carcinomas).
a Transverse section shows enlarged right kidney with exter-
nal fluid collection. Large tumoral growth (arrow) bulges
into cystic mass. b Another case: oblique posterior section

Differential Diagnosis
Diagnosis of Small Cysts

Small cysts may be misinterpreted as dilated infun-
dibula. In such cases a follow-up examination after
water intake, showing an increasing dilatation,
may give relevant results (ROSENFIELD 1980). How-
ever, IVU remains mandatory in most cases when-
ever a definite differentiation is required.

Diagnosis of Medium-Sized Cysts

Exceptionally, a localized infundibular dilatation
may possess a cystic-like pattern. Usually a mul-
tidirectional real time examination will also show a
dilated calix and permit differentiation. A similar
problem arises when hydronephrotic dilatation oc-
curs in one of the nephrons of a duplicated kidney.
If the relief of the dilated infundibula and calices is
not apparent, the hydronephrotic pattern will
mimic a cyst (see Fig.3.11). An IVU will show an
incomplete collecting system. Last but not least, a
cyst can be associated with hydronephrosis
(Fig.4.16). Unless the cyst is bulging out of the cor-
tex, this diagnosis is very difficult with ultrasound
alone.

In areas where the parasite is endemic, echi-
nococcal cysts must be considered. There is no
possibility of ultrasonic differentiation between a
young echinococcal cyst and a simple cyst. We shall
discuss this problem later. Collected abscesses,
which we shall discuss in Chap. 7, may have echo-
free contents mimicking a cyst. However, atterna-
tion is usually higher within abscesses than in
simple cysts. The abscess wall is thicker than that
of simple cysts, while the clinical data are usually

shows several intracystic growth (arrows). Positional changes
are necessary to confirm such reflective areas to be tumoral,
and not merely dependent echoes in thick, heterogeneous
fluid

Fig.4.16a, b. Association of cyst with hydronephrosis
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Fig.4.17a,b. Cyst of the upper pole of the right kidney.
a Right recurrent subcostal section: the cyst could be hepatic.
b Sagittal section confirms the renal location of the cyst (ar-
rowhead)
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quite relevant. When clinical features are less rele-
vant, a puncture will confirm the diagnosis. A simi-
lar problem can arise from a tuberculous abscess. In
such cases IVU usually displays different foci of ab-
normalities. The sonolucent pattern of a sinus lipo-
matosis cannot be misinterpreted, if high frequency
is used, as a parapelvic cyst.

A few years ago we misinterpreted an anterior
cortical cyst as a dilated gallbladder. Such a gross
error can be ruled out by a comprehensive study of
the different organs of the right upper quadrant.

Another critical point is the differentiation be-
tween cysts in the renal upper pole or anterior cor-
tex, and intrahepatic posterior cystic lesions. A
layer of reflective perirenal fat can constitute a
well-delineated limit at the level of the renal upper
pole. But the anterior fat layer is sometimes too
thin to outline a separation (Fig. 4.17). Cysts of the
adrenal are more difficult to identify.

On the left side, splenic cysts must be discussed
in cases of upper pole lesions; cysts of the mesen-
tery root may mimic an anterior cortical renal cyst.
If the topographic diagnosis is important, CT will
help. A rare pitfall is the presence of an aneurysm
(Fig.4.18). Real time may show the arterial con-
fluence with the aneurysmal sac, as well as lesional
pulsations. Duplex Doppler yields in such cases in-
voluable information. Evidence of a calcified wall
on a plain X-ray of the abdomen (a mode of in-
formation which is not forbidden to ultrasound
users) may prove conclusive, although simple cysts
may exceptionally possess a calcified wall. In fact
calcified walls are also encountered in echinococcal
cysts and in a few renal cell carcinomas.

Finally, contrasted, enhanced CT or digitized
angiography will give specific images, avoiding
puncture, a procedure not usually recommended in
aneurysms. When calcified, echinococcal cysts
have usually lost their liquid pattern, since they are
mature. But the acoustic shadowing of the calcified

Fig.4.18a, b. Aneurysm of the left renal ar-
tery. a Transverse section shows, on the left
side of the aorta (4), an enlarged renal artery
(arrow). Pulsations enabled it to be differenti-
ated from the left renal vein. b Sagittal sec-
tion of aneurysm. Such a pattern can mimic a
cyst if it is closer to the renal sinus



wall can mask the solid pattern of the old daughter
vesicles. Some tumors, such as cystadenomas, have
a cystic pattern. The presence of some thick septa-
tions, and of solid elements, is relevant, and should
lead to CT and puncture.

Diagnosis of Large Cysts

Large and giant cysts, like any large abdominal
mass, are liable to cause topographic diagnostic
problems, since their true origin may remain un-
clear. The kidney is deformed and flattened exactly
as it would be by an adrenal, hepatic, or splenic cyst
of similar size (Fig.4.4b). The triangle-shaped pa-
renchymal margin adjacent to the cyst is not always
evident. As mentioned for smaller cysts, a strip of
perirenal fat may persist and delineate the cyst, but
otherwise conventional procedures (CT rather than
IVU or hepatosplenic nuclear imaging) will be con-
sidered. The huge dilatation of some hydro-
nephroses should not be confusing thanks to the
analysis of intercaliceal septations (see Chap. 3).

Fig.4.19a-d. Cyst-like necrotized tumors. a, b First case.
a Sagittal scan in the prone position shows fluid collection
(small arrow) in the lower pole. Limits are irregular; contents
are heterogeneous with floating debris. The lesion bulges
anteriorly (broad arrow) (S, spleen). b Parallel more internal

Diagnosis of Atypical Cysts

The most difficult diagnostic problems arise from
atypical cysts corresponding, as stated above, to in-
fected lesions, or hemorrhage, or pseudocystic le-
sions. Collected abscesses (see Chap. 7) may mimic
a cyst — but the clinical conditions are quite differ-
ent. A very difficult problem arises with pseudo-
cystic, necrotized tumors. The cystic walls are less
smooth, and thicker. There are usually debris float-
ing in the fluid contents, or at least scattered echoes
(Fig.4.19, see also Figs.5.23 and 5.24). Anyway, in
the presence of an atypical cyst, an ultrasonically
guided puncture is mandatory in order to collect
material. If the cystic fluid is hemorrhagic, CT and/
or selective angiography must be considered.

Some atypical pancreatic pseudocysts may enter
the renal capsule and mimic a cyst. Here again,
puncture is the key to diagnosis.

The possibility of “sentinel” cysts must be kept
in mind (Fig. 4.19b); discovery of a true simple cyst
does not dispense with the need for complete renal
scanning, to search for a tumor.

scan also shows a sentinel cyst (C). ¢, d Another case. ¢ An-
terior cystic lesion (small arrow). The shape of the cyst is ir-
regular. So is the posterior lesional limit (sagittal scan in su-
pine position). d Scanning in the prone position shows better
the intracystic tumoral growth (braod arrow)
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The points discussed above are brought together
in Table 4.2. Our own results are reported in Table
4.3. They show a reliability similar to that pub-
lished by other authors.

Table 4.2. Differential diagnosis of cystic patterns

Pseudocystic Dilated infundibulum
patterns  Partial hydronephrosis in a duplicated kidney
Collected abscess
Tuberculous abscess
Renal artery aneurysm
Intracapsular extension of pancreatic fluid
collection

Gallbladder hydrops
Neighboring hepatic, splenic, or adrenal cysts
Neighboring cyst in mesenteric root

Pitfalls

Collapsed old benign cysts
Septated benign cysts
Hemorrhagic benign cysts

Cyst with intracystic carcinoma
Infected benign cysts
Necrotized and cystic tumors
Echinococcal cysts

Atypical
cysts

Calcified
“cysts”’

Calcified aneurysm

Calcified renal cell carcinoma
and other tumors

Calcified echinococcal cyst

Calcified benign cyst

Calcified old multicystic dysplastic kidney
old abscesses

Table 4.3. Reliability of diagnosis of cysts (personal results)

Successful diagnosis of simple cyst 167
False-positive (necrotized carcinoma) 1
False-negative (solid pattern due to hemorrhage) 3
Correct diagnosis of atypical cyst (tumor, infection) 7
Atypical cysts which proved benign after puncture 12
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Clinical and Radiological Management

The different points discussed above lead to the fol-

lowing management policies:

— The cyst is clearly renal, evidently benign, soli-
tary, asymptomatic: no other examination pro-
cedure has to be considered, except a follow-up
examination a few months later. Any increase in
size or any change in echotexture should lead to
a puncture, taking into account the slight risk of
small intracystic carcinoma arising from the
cystic wall.

— The cyst is accompanied by abdominal pain; the
size and location of the cyst are such that they
may give rise to pelvic compression: CT will be
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carried out, followed if necessary by puncture.
An active policy is also commendable in young
patients.

— The cyst is atypical: puncture is performed. In
the case of hemorrhagic content, a CT scan will
be carried out, complemented if necessary by
angiography.

— The size of the cyst is such that its renal origin is
not certain: CT scanning, and in some case angi-
ography, will be considered.

— We shall consider later the particular case of
cysts diagnosed in countries with endemic echi-
NOCOCCOsis.

Finally, complementary procedures will be neces-

sary in about 1% of cases only.

Puncture

The area of entry, posterior or lateral, will be
chosen so that the minimal volume of parenchyma
is pierced. It should be as far as possible from the
hilus. If the puncture route is not strictly posterior
it is wise to check that no intestinal loop is inter-
posed, particularly before inserting a catheter.

After precise localization, puncture is easy if the
cyst is over 3 cm in diameter (Figs. 4.20, 4.21). The
smallest cyst we have punctured had a diameter of
2 cm. A follow-up examination after the procedure
enables one to check the emptiness of the cyst, tak-
ing into account the possibility of injecting ethanol
in order to prevent recurrence (Fig.4.20a) (note
that, paradoxically, even ethanol must be steril-
ized).

In fact, cysts are punctured essentially to collect
material for cytological study. Complete evacu-
ation is almost impossible when a fine needle is
used, which is the best way to prevent puncture
complications.

As we said above, careful ultrasonic analysis of
cysts permits the confirmation of a benign cyst in
most cases, thus reducing dramatically the number
of punctures.



Fig.4.20a—e. Puncture. a, b First case. a Upper pole cyst.
b Follow-up examination after puncture. c—e Another case.
¢ Sagittal scan of huge cyst of the lower pole of the kidney,
which is indicated by black arrowheads. White arrowhead

4.2 Polycystic Processes
Polycystic Processes of the Neonate and Child

We shall deal briefly only with the rarest of such
processes.

Multicystic Dysplasic Kidney

Multicystic dysplasic kidney is the most common
of renal masses in the neonate (GROSSMANN 1983).
It is unilateral and has the pattern of a multilocular
cystic mass (Fig.4.21a, b). It corresponds
(Table 4.1) to a hydronephrosis arising in utero
from ureteral or pelvic atresia. The cystic elements
correspond to dilated calices. They can display con-
fluences in the pelvic area. If not operated on, or
misdiagnosed, multicystic dysplasia can decrease in
volume during the first years of life. It appears later
on as a unilateral cystic process, sometimes within
calcified walls.

points to tip echo of the needle. d Kidney (black arrowheads)
and cyst at the end of the procedure. e Cyst after injection of
15 ml sterile alcohol

Multilocular Cysts

This is a benign tumoral entity, which has some-
times been confused with Wilms’ tumor. It has been
termed “cystic nephroma,” “cystic hemartoma,”
“cystic lymphangioma,” “Perlmann tumor,” and
even “Wilms’ tumor.”” Pathology can show areas of
nephroblastoma. Multilocular cysts are perhaps a
benign variety of Wilms’ tumor. Encountered in
the child and adult, its pattern is usually more
cystic in children, with rather thick and echogenic
septations and solid areas (Fig.4.21c, d).

Infantile and Juvenile Polycystic Disease

In this rare anomaly, there may be small cysts. The
size of the kidney is increased. But the main fea-
tures arise from diffuse tubular ectasia: multiple re-
flections on the enlarged tubules give rise to an in-
creased reflectivity of the medulla. The paren-
chyma becomes diffusely reflective, with a loss of

)



Fig.4.21a-d. Rare multicystic processes. a, b Multicystic
dysplasia. a Fetal transverse section shows a multicystic mass
(arrows) (Courtesy of Dr. Cattin, Besangon). b Follow-up
after birth. ¢, d Multilocular cyst: palpable mass in the left

the parenchymal-central differentiation (Fig. 4.22)
(ROseNFIELD et al. 1977a,b, 1979a, b; ARTAUD
1980). Liver scans are likely to show periportal
echogenic areas and biliary dilatations (Fig.4.23)
(ROSENFIELD et al. 1977a, b, 1979a, b; ARTAUD et
al. 1980) due to the associated congenital fibrosis.
The prognosis is very poor, a few days usually. Sur-
vival for several months or years is exceptional.

Adult-Type Polycystic Disease of the Infant
Adult-type polycystic disease of the infant shows
the same features (Fig.4.24) as the polycystic dis-
ease of the adult, which we shall consider next.
Polycystic Disease of the Adult (PCD)

Typical Patterns

The multiple cysts of polycystic disease (PCD) give
rise to:
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flank of an infant. Two coronal sections. Multilocular cysts
are associated with the solid mass. (Courtesy of Prof. Tran
Minh, Lyon)

1. Increased renal size, particularly evident on
transverse scans: the renal diameter is three or
even four times the diameter of the spine
(Figs.4.24, 4.25).

2. Multiple cortical bulgings (Fig. 4.26).

3. A multilocular pattern, with fluid-filled areas of
variable size (Figs.4.26, 4.27).

This pattern of abnormally large, multilocular
kidneys, which may occupy the entire half of the
abdomen (Fig.4.24), is typical.

Asymptomatic Polycystic Disease

Large and giant kidneys represent the later evolu-
tion of the multiple cysts’ growth. Systematic study
of the members of a family in which a case of PCD
has been discovered permits diagnosis of less-ad-
vanced cases — and, incidentally, is a good test of
the image quality of your machine. Along with ob-
vious cysts, several centimeters in diameter, mul-
tidirectional real time scans frequently show very
small cysts whose diameter is only a few millimeters
(Figs. 4.28, 4.29). We ceased screening families of



Fig.4.22a—c. Infantile polycystic disease. a IVU shows en-
larged kidneys with tubular ectasia. b Transverse scan in the
prone position shows massively enlarged kidneys. Parenchy-

mal-central differentiation has almost disappeared. ¢ Sagittal
scan of the right kidney in the prone position shows the same
echotexture. (Courtesy of Prof. Diard, Bordeaux)
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PCD patients, since the disclosure of the disease
generates anxiety in young subjects.

Atypical Polycystic Disease

The interfaces of multiple adjacent microcysts give
rise to numerous echoes, and on occasion to a mis-
leading echotexture of solid type (WEILL et al.
1974). We have encountered that echotexture only
once, before the gray-scale era, and we made a false
diagnosis of solitary cyst. A partial pattern of that
kind is illustrated in Fig.4.29. Like that of simple
cysts, the pattern of some of the cysts of a PCD
may alter, especially after a hemorrhage or infec-
tion (Fig. 4.30).

The ultrasonic diagnosis of adult polycystic dis-
ease is so reliable that other procedures are not
usually necessary. Ultrasound enables one to avoid
IVU, which could aggravate a renal insufficiency.
However, other pathological processes can be as-
sociated. Precise analysis of the remaining renal tis-
sue, laminated and deformed, is hazardous in the
case of multiple large cysts. CT is valuable, particu-
larly after onset of pain, in order to localize a hem-
orrhagic cyst, demonstrate a calculus, or show an
exceptional renal cell carcinoma.

Associated Extrarenal Cysts

In about 20% of cases there are associated hepatic
cysts, either solitary or multiple (Figs.4.30-4.33).
Posterior hepatic cysts are difficult to differentiate
from anterior right renal cysts. We have already
discussed this problem in connection with simple
cysts. Other locations, pancreatic for instance, are
exceptional.

Differential Diagnosis

We shall consider comprehensively the differential
diagnosis of multiple cysts at the end of this chapter
(see Table 4.4).

Acquired Polycystic Disease
of the Chronically Dialyzed Patient (APD)

Sonographic follow-up of chronically dialyzed pa-
tients showed the frequency of acquired cysts in
dialyzed patients (FETISOFF 1981; MONNET-GUI-
CHARD 1982; ANDERSEN 1983). Such cysts become
more numerous as dialysis is pursued.
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Table 4.4. Diagnosis of multiple renal collections

Extrarenal
collections

Multiple hepatic cysts
Multiple splenic cysts
Septated ascites
Multilocular ovarian cyst
Cystic lymphangioma
Malignant mesenchymoma

Intrarenal
collections

Multiple benign cysts
Cystic tumors
Unilateral multicystic disease
Polycystic disease
Multiple echinococcal cysts
Hydronephrosis
Benign cysts associated with other
abnormalities:
Cyst + hydrocalices
Cyst + hydronephrosis
Cyst + pseudocystic tumor
Multiple abscesses
Multiple tuberculous abscesses
Tuberculous abscesses associated with dilated
calices

Pitfalls Tumor with multiple necrotized cavities

Lymphomatous nodules

In some series, cysts are found in over 70% of
patients. APD has essentially two patterns:

1. Cysts in small altered kidney (Fig.4.34a)

2. A polycystic pattern, with external bulges, in
swollen kidneys, resembling congenital polycystic
disease (Fig.4.34b).

Chronically dialyzed patients require a regular
ultrasonic follow-up: hemorrhage can occur in
some cysts; but the main complication is renal cell
carcinoma, which seems to develop only in patients
who have acquired cysts.

Echinococcal Cysts

In countries where echinococcosis is endemic, dis-
covery of a renal cyst requires immunological tests.
Only young echinococcal cysts can mimic simple
cysts, whose pattern is exactly the same. Echi-
nococcosis can even mimic hepatorenal PCD: we
have encountered multiple renal and liver echi-
nococcal cysts in three cases. The multilocular pat-
tern of large echinococcal cysts due to giant
daughter vesicles is, however, rather typical
(Fig.4.35). Mature echinococcal cysts contain
daughter vesicles which give rise to a solid echotex-
ture (WEILL et al. 1973b). In the case of calcified
walls a shell sign is seen. The gamut of cysts with
calcified walls is depicted in Table 4.2, p. 70.



Differential Diagnosis of Multiple Cysts
Extrarenal Processes

Discussion of multiple hepatic cysts adjacent to the
kidney is of little interest in cases of PCD, since
multiple renal cysts are also present anyway. The
discussion is more important in the case of multiple
echinococcal cysts. CT is the best complementary
procedure in such cases. A hepatic cyst can com-
press a kidney in exactly the same way as an upper
pole cyst would, and vice versa; IVU and scintigra-
phy are absolutely unspecific in this regard. Multi-
locular patterns are encountered in septated as-
cites, in intraperitoneal tumors (abdominal ovarian
cyst, cystic lymphangioma), and also in retroperi-
toneal tumors (malignant mesenchymoma). Mul-
tiple ultrasonic scans will show the kidney as an in-
dividual image, even if it is flattened. In the case of
inconclusive images, CT will lead to a correct diag-
nosis.

Intrarenal Processes

Hydronephrosis is diagnosed by the images of
communication between adjacent fluid-filled septa-
tions. Very confusing patterns arise from associ-
ated lesions: hydrocalices and cyst, hydronephrosis
and cyst, benign cysts, and pseudocystic tumors.
Any doubtful pattern must lead to a puncture. The
pattern of some tumors (cystadenomas, hemarto-
mas) can be multicystic; here again, CT and/or
puncture are required.

Difficulties can also arise from multiple ab-
scesses (bacterial or tuberculous — see Chap.7).
Puncture will ensure a correct diagnosis if IVU is
not specific or if clinical symptoms are irrelevant.
Polycystic disease can also be mimicked by quite a
different process — at least if the examination is not
thorough: Multiple sonolucent nodules are en-
countered, in enlarged kidneys, in some cases of re-
nal localization of lymphoma (see Fig.8.11)
(KAuUDE 1978, Chap. 8). Even if such nodules are
pseudocystic at first glance, a high-sensitivity
study, which is mandatory for all liquid masses,
will show a lack of posterior reinforcement, and a
few scattered echoes. Differentiation of true multi-
cystic tumors, as cystadenomas, is achieved by CT
and puncture. The differential diagnosis of mul-
tiple cysts is summarized in Table 4.4.

Fig.4.23a,b. Infantile polycystic disease. a Sagittal cut of left
kidney in prone position shows abnormal echoes in paren-
chyma. Parenchymal-central differentiation is altered. b Sa-
gittal section of liver displays fluid-filled elements corre-
sponding to enlarged bile ducts accompanying congenital fi-
brosis (courtesy of Prof. Diard, Bordeaux)
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Fig.4.24a, b. Polycystic disease, adult type, in infant 11  cystic kidneys are so enlarged that the internal contours (ar-
months old. a Coronal scan. Section is presented with cranial ~ row) are in contact (arrow); their volume occupies the entire
side above, as in conventional X-ray tomography. The poly-  abdomen. b Transverse scan (arrows kidneys)

Fig.4.25a-d. Polycystic disease. a Transverse scan in the  multiple adjacent typical cysts. b Parallel, more caudal scan.
prone position. Both kidneys (arrows) are enlarged (compare ¢ Sagittal scan of the right kidney (prone position). d Sagittal
diameter with spine) (broad arrow). Both renal sections show  scan of the left kidney (prone position)

Fig.4.26a, b. Polycystic disease. Parallel sagittal real time
scans. Cysts are smaller than in Fig.4.25. Note cortical
bulges (arrows)
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Fig.4.27a, b. Polycystic disease with cysts of varying size.
a Right kidney; b left kidney

Fig. 4.28. Polycystic disease. Small cysts disclosed by syste-
matic familial examination after diagnosis of typical pattern
in sister. Note 3-mm cyst (arrow)

Fig.4.29a, b. Polycystic disease. Small cysts. a Sagittal sec-
tion: along with frank cysts, there are small elements (small
arrow) in several areas. Cysts are so small that multiple cystic
walls bring about solid pattern (broad arrow). In such areas

renal tissue is not easily differentiated from liver. b Trans-
verse section: note the unsharp cleavage plane (arrow) with

liver
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Fig.4.30 a—d. Polycystic disease. a—¢ Transverse and sagittal
scans show multiple hepatic and renal cysts (arrows). d Left

Fig.4.31a—c. Polycystic disease of liver and kidneys. a—¢
Three right parasagittal scans. a Hepatic (arrowheads) and
renal cysts. b, ¢ Renal cysts
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oblique section with postprocessing demonstrates intracystic
echoes due to infection (arrow)



Fig. 4.32 a—e. Polycystic disease of liver and kidneys. a, b Sa-
gittal and transverse scans of right kidney. ¢, d Coronal and
transverse scans of left kidney. e Transverse scan of cysts in
left lobe of liver
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Fig.4.33a—e. Polycystic disease of liver and kidneys. a, ¢ b transverse scan; ¢ medial sagittal scan; d right kidney; e left
Liver sections; d, e renal sections; a subcostal recurrent scan;  kidney

Fig.4.34a, b. Acquired polycystic disease of the chronically  cystic disease. (Courtesy of Dr. Monnet-Guichard, Annecy,
dialyzed patient. a Cysts in small kidney with loss of differ- ~ France)
entiation. b Polycystic pattern mimicking congenital poly-
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Fig.4.35a—d. Multiple cysts in the right kidney and liver.  pancreatic tail (arrow). Your diagnosis? (Answer at bottom
a Transverse scan. b Close-up view. ¢ Normal characters.  of page*)
d More caudal transverse section also discloses cyst in the

* Such grape-like multiple adjacent cysts are typical of giant
daughter vesicles in echinococcal cysts.
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5 Renal Tumors

5.1 Malignant Tumors
Renal Cell Carcinoma

Renal tumors give rise to changes in the organ’s
size (in the case of the largest tumoral masses), the
organ’s shape (except in the case of small para-
pelvic tumors), and the balance between the paren-
chyma and the central pyelovascular area. The con-
tours and echotexture of the tumor are the next
points of analysis, as well as, finally, the proximal
relations of the tumoral process.

Changes in Size

When the tumor is wider than the kidney, and
moreover when its craniocaudal development is
greater then the organ’s axial length, its appearance
is that of a mass of variable shape (Fig.5.1). Most
tumors, however, only give rise to a partial, local
tumefaction (Figs. 5.2, 5.3).

Changes in Shape

The various morphological changes are illustrated
in Fig. 5.4. Whether central or peripheral, once the
tumor has developed beyond the parenchyma, it
gives rise to a superficial bulge, breaking the kid-
ney’s even contours. Small tumors produce a local-
ized relief (Fig.5.5). Larger tumors cause more
striking changes. A localized swelling of the distal
or medial part of the kidney is then associated with
distortion of the contours (Fig. 5.6). In some cases
the tumoral bulge is sharp enough to form a defi-
nite angle with the neighboring cortex (Fig. 5.5a).

Relative Proportions of Parenchyma
and Central Area

We described in Chap.1 the even thickness of the
parenchyma, the smooth, if scalloped, limits of the

Fig.5.1a, b. Huge renal cell carcinoma swelling whole right
kidney. Perirenal fat is ill defined around upper pole of mass.
a Sagittal scan; b transverse scan
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Fig.5.2. Small renal cell carcinoma. Tumoral nodule (ar-  Fig.5.3. Small renal cell carcinoma: anterior cortex of left
rows), 3 cm diameter, bulges slightly out of anterior cortex of ~ kidney bulges forward (arrows). The tumoral area is abnor-
right kidney. Fatty limit has disappeared mally echogenic

Normal

Fig.5.4. Shape of the kidney in different tumoral locations

Fig.5.6. Left renal cell carcinoma: global swelling (arrows) of
upper lobe .

Fig.5.5a, b. Marginal tumors. a Lower pole renal cell carci-
noma gives rise to prominent bulging (arrows). This kind of
external development is hardly seen on IVU images, unless
frankly hypervascularized. b Posterior nodule (arrow).
Nodule is separated from depressed perirenal fat by thin
layer or normal cortex. Central zone is frankly depressed
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«Fig.5.7a, b. Large carcinoma of right lower pole. a Sagittal
scan; b transverse scan. In a, fatty rim is well delineated; in
b, extension through perirenal fat is visualized (arrowheads)

Fig.5.9a, b. Cortical tumors. a Small mass, poorly echo-
genic, bulges out of anterior contour and produces im-
pression on central zone (arrowheads); perirenal fat is thin-
ned. b Small cortical carcinoma (arrowhead) with impression
on thinned perirenal fat

<«Fig.5.8a, b. Renal cell carcinoma of left upper pole. a Coro-
nal scan shows mass (arrowhead) bulging out of internal cor-
tex. Central zone is depressed (arrow). b Transverse scan

85



Fig.5.10a—d. Tumor of upper pole (7). a, b Two sagittal
scans; ¢ transverse scan of mass; d parallel scan, more caudal
through renal vein (arrowhead) and cava (c). Note in a and

pyelovascular central area and its intense, homoge-
neous reflectivity. Like the parenchyma, the central
area has equal thickness along most of its longest
axis (Fig. 1.2). That regular appearance is subject to
specific changes in the case of marginal and of cen-
tral tumors.

Marginal Tumors. The parenchymal thickness is in-
creased at the level of the tumor, changing the ratio
parenchyma/central area. This can be observed in
the medial part of the kidney or at the level of the
upper or lower pole (Figs. 5.7, 5.8 a, b). This abnor-
mality is related to the classical observation of cor-
tical index changes on conventional urograms. A
related abnormality is the impression of the tumoral
nodule on the limit of the pyelovascular central area
(Figs. 5.5b, 5.9, 5.10a, b). This type of abnormality
can be quite similar to the pattern of a columnar
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b, impression of mass on central zone. Note also integrity of
perirenal fat

hypertrophy (Fig. 5.10c, d; see also Fig. 1.8d), not
taking into account changes in echotexture.

Central Tumors. These develop inside the central
area and press outward, broadening and distorting
it (Figs.5.11, 5.12). If the tumor is completely out-
lined by the limits of the central echogenic area, it
possesses a regular pattern quite similar to that of
a sinusal lipomatosis.

Tumor Contours

If the tumor bulges out of the renal cortex, its con-
tours are usually well delineated. In fact, at least for
a while, this sharp delineation is due to the perma-
nence of echogenic perirenal fat (Figs.5.5, 5.7 and
5.10). Sometimes the tumor bulges, coming into



Fig.5.11. Central, parapelvic renal cell carcinoma (arrows)
developing inside central echogenic area

Fig.5.12. Central tumor (arrows): urothelial tumor arising
from renal pelvis

Fig.5.13a, b. Left lower pole carcinoma: two coronal scans.
The tumor invades the perirenal fat (arrow) and comes into
contact with the fascia (arrowhead)

Fig.5.14. Schematic representation of varying tumoral echo-
textures
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contact with the perirenal fascia (Fig.5.13). Once
the tumor has expanded beyond the renal area the
contours are much more difficult to assess
(Fig. 5.1); we shall discuss this again later.

The delineation of the limits of intraparenchy-
mal tumoral nodules also depends on the tumor’s
echotexture: strongly echogenic, homogeneous
nodules possess a sharper boundary than heteroge-
neous nodules or sonolucent nodules (Fig.5.10),
whose only clear limit may be constituted by the
central pyelovascular area (Figs.5.9, 5.10), or by
the perirenal fat.

Echopatterns of Tumors

We differentiate five types of tumoral echotexture
(Fig.5.14):

Type I: sonolucent, of the semisolid type
(Figs. 5.6 and 5.15).

Type II: corresponding to the presence, in an
echotexture of type I, of a few echogenic nodules
(Figs.5.7, 5.8 and 5.13).

Type III: heterogeneous, associating multiple
echogenic areas and sonolucent (or sonotranspar-
ent) areas (Figs. 5.1 and 5.9). Calcified foci can in-
duce acoustic shadows.

Type IV: containing areas of frank and diffuse
echogenicity (Figs. 5.5b, 5.10, 5.18, 5.19).

Type V: necrotized tumors — to be dealt with
later (see also Fig. 4.19).

A personal study (1980) of 45 cases, constituting
a technically homogeneous series examined with
the latest generation machines (but representing
only a small part of our series of over 250 cases)
showed the following distribution among the dif-
ferent types:

Type I 60%
Type I1 29%
Type 111 4.5%
Type IV 2%
Type V 4.5%

Necrotized Tumors

The advent of a necrotizing process in large tumors
(over 6 cm in diameter, in our experience) brings
about a liquid echopattern. Such a pseudocystic
echopattern constitutes classically a major concern
for the sonologist dealing with renal cystic images,
owing to the risk of misinterpreting a malignant
process as.a benign lesion. In fact, the pattern of
these rare necrotized lesions is quite different from
that of simple cysts (HILL and SANDERS 1978). In-
stead of being thin, with the same thickness every-
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Fig.5.15a—. Two carcinomas of the left upper pole. a, b
First case: two intercostal scans. The mass is mostly sono-
transparent, with few echogenic areas. It produces an im-
pression on the central zone (arrowheads). ¢ Another case:
sonotransparent echotexture (arrowheads)



Fig.5.16a, b. Tumoral echotexture of type II: presence of a
few echogenic nodules

Fig.5.17a, b. Tumoral echotexture of type III: heterogenecous  Note, in a, compression of vena cava (C) and mesenteric-por-
pattern with strongly reflective areas and sonolucent zones.  tal confluence (P)

Fig.5.18a, b. Tumoral echotexture of type IV: presence of
fields of diffuse reflectivity (arrows, tumor)

Fig.5.19a, b. Tumoral echotexture of type IV (arrows, tu-
mor). Note, in b, acoustic shadow (broad arrow) due to tu-
moral calcification
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where, the “cystic wall” is several millimeters thick,
while its thickness varies from place to place. The
inner limit of the wall is irregular, or, at least, has
lost its smoothness (Fig.5.20), with rare excep-
tions. Lastly its contents are not really sonotrans-
parent (Fig.5.21), especially when a higher fre-
quency is used. There may even be necrotic debris,
either floating or dependent.

Only once have we observed a renal cell carci-
noma of true cystic appearance. Its wall was a thin
and smooth as that of a benign cyst, except in a
small area. The contents were echogenic, since it
was hemorrhagic (Fig.5.22), as proven by punc-
ture.

In large necrotized renal cell carcinomas, several
cavities of necrosis may be encountered.

Necrotized tumors are one of the different kinds
of atypical cysts we studied in Chap.4; such cysts
require puncture. Hemorrhagic content is sufficient
evidence to suspect a tumoral process, even before
a cytological study. CT scanning will then follow
the puncture; it would be carried out anyway in
order to evaluate the tumoral extension.

Other liquid patterns may accompany tumoral
processes: hemorrhage arising from a renal mass,
whether benign or malignant, can induce subcapsu-
lar hematomas — which are sometimes the first
symptom of the disease (BARRET et al. 1980).
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Fig.5.20a, b. Echotexture of type
V: necrotized tumor. a Oblique
scan display area of sonolucency
(broad arrow). Growth (arrows)
bulges out of upper limit. b Sa-
gittal scan in prone position also
show thick and irregular wall (ar-
rows). (Courtesy of M. Lafortune,
Montréal)

Fig.5.21a, b. Echotexture of type V: necro-
tized tumors. a Area of sonolucency (broad
arrowhead) occupies upper pole. Posterior
wall delineation is irregular. Anterior wall is
thick and blurred (arrowheads). b Another
case. Two necrotized areas occupy upper half
of the right kidney (). Anterior wall of ante-
rior necrotized zone is 1 cm thick (arrows).
Sonolucent nodules indicate involvement of
perirenal fat (broad arrow)

Cystic Tumors

True cystic patterns are encountered exceptionally
in renal cell carcinomas (Fig. 5.23). Cystic patterns
are more common in cystadenocarcinomas. In that
type of tumor some septations are thick, whereas
solid tissue is displayed in some areas. Contrast-en-
hanced CT enables that particular pattern to be
precisely analyzed.

Intracystic Carcinomas

In intracystic carcinomas, the cystic image is quite
similar to that of a simple cyst, but multidirectional
scans can show the presence of growths. The
threshold of visibility for tumoral growths is about
4 mm (Figs. 5.24, 5.25). The puncture fluid may be
free of blood but cytological studies are usually
positive.

Pediculate Tumors

Exceptionally, a renal cell carcinoma may dramati-
cally bulge out of the renal cortex, to which it even-
tually remains attached only by a pedicle
(Fig.5.26). In such cases, even multidirectional



Fig.5.22a—c. Cystic carcinoma. a Transverse scan shows a
large renal mass (arrowheads). b, ¢ Sagittal scans: echotexture
of mass is slightly echogenic, homogeneous, without attentu-
ation, and corresponds to blood, as confirmed by puncture.
The wall is thin, except at the upper pole of the mass (arrow-
heads)

Fig.5.23. Renal cell carcinoma (arrowhead) with cystic com-
ponent (small arrowhead)

Fig.5.24 a, b. Intracystic malignant tumors. a Elevation (ar-
row) in a cystic element with a thick wall (Courtesy of Dr.
Petigny, Audincourt). b Elevation (small arrowhead) in small
cyst. Note rather thick wall with small elevation on other side
of cyst (large arrowhead)

91



Fig.5.25. Tumoral growth (arrowhead) in cystic renal cell
carcinoma (atypical cyst)

Fig. 5.26. a—c Pediculated renal cell carcinoma. a Transverse
scan shows tumor (7) of type IV, connected to kidney by a
narrow anterior pedicle (arrows). b Sagittal scan shows tu-
mor (T) compressing (arrow) vena cava (C). ¢ More external,
parallel scan shows a more classical tumoral pattern. d Onco-
cytoma: heterogenous but well delineated intrarenal nodule
(transverse scan of right kidney)
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Fig.5.27. Urothelial tumor. Area of moderate echogenicity
(arrows) indicates tumoral spread inside the upper part of the
echogenic central area. (Courtesy of M. Lafortune, Mon-
tréal)

Fig.5.28. Pelvic urothelial tumor (small arrows). In fact, the
echogenic nodule (broad arrow) and the cortical bulge
(crossed arrow) indicate a wide spread beyond the pelvic
limits

Fig.5.29a, b. Left nephroblastoma in a S-year-old girl.
a Transverse scan of a mass (arrowhead). b Sagittal scan.
Note ill-defined contour of mass (arrowhead) close to liver



scans are likely to show the spleen (or liver), the
kidney, and the mass as distinct entities. The final
ultrasonic diagnosis is then liable to be falsely that
of an independent retroperitoneal mass, arising
from muscle, connective tissue, or nervous ele-
ments. CT scans will lead to similar conclusions,
unless the pedicle itself is cut across. Even angi-
ography can remain inconclusive in such cases. Of
course the arterial opacification will show the tu-
moral network originating from branches of the re-
nal artery; but, since ultrasound and CT showed an
independent mass, the angiographic images will be
interpreted in favor of a sarcoma arising from the
perirenal connective tissue. We have encountered
two renal cell carcinomas of this kind. Our diagno-
sis was that of an extrarenal sarcoma.

Bilateral Tumors

About 5% of renal cell carcinomas are bilateral:
even if, in most cases, the occurrence of the tumor
is not simultaneous, discovery of a renal tumor
does not mean a careful contralateral examination
can be dispensed with.

Tumors with subcapsular hematoma: as stated
above, rarely, the initial manifestation of a renal
tumor is a spontaneous subcapsular hematoma.

Oncocytomas

Often listed among benign renal tumors, oncocyto-
mas are now considered as belonging to the group
of renal cell carcinomas, but without generalized
malignant potential. They represent about 5% of
such tumors; they are usually well delineated, even
capsulated (GORNEY et al. 1984) (Fig.5.26d). They
display often a central, scar-like pattern, echogenic
on ultrasound scans, hyperdense on CT scans, of
specific value (QUINN et al. 1984).

Urothelial Carcinomas
Pelvic

At an early stage, pelvic urothelial tumors appear
as intrapelvic growths (MAKLAD et al. 1977), pro-
vided there is sufficient pelvic dilatation to give ul-
trasonic contrast between the urine and tumoral
polyps. We personally have never encountered
such images. The tumor will later occupy the entire
pelvic cavity, creating a zone of heterogeneity amid
the central pyelovascular reflectivity (Fig.5.27)

(ANGER et al. 1979). As we said above, sinus lipo-
matosis can mimic a pelvic tumor.

Intrapelvic growths are particularly well visual-
ized on contrast-enhanced CT sections. After IVP,
CT should be performed as the first procedure
whenever an intrapelvic urothelial tumor is sus-
pected.

Basically infiltrating, urothelial tumors extend
along the calices toward the medulla. They then
give rise to areas of reflectivity, contrasting with the
dilated infundibula. Reflective areas were predom-
inant in the four cases of diffuse tumors we encoun-
tered (Fig. 5.28).

Caliceal

Urothelial caliceal tumors possess the same echo-
pattern as renal cell carcinomas.

Wilms’ Tumors and Mesoblastic Nephromas

These tumors, encountered mostly in children, are
usually already large when discovered. Their echo-
texture has been reported as mostly sonolucent,
with areas of cystic necrosis (GOLDBERG et al.
1975a, b; GATES and MiLLER 1977). In our experi-
ence the echotexture in Wilms’ tumors is variable
and can correspond to any of the types described
under renal cell carcinoma (Figs.5.29, 5.30). Ne-
crotized cavities, unique or multiple, are possible,
as are also bilateral Wilms’ tumors.

On the right side, the limits between a large
Wilms’ tumor and the liver can be poorly delin-
eated. If the tumoral pattern is multifocal (Type
I11), a false diagnosis of hepatic metastatic nodules
is possible (Figs.5.30, 5.31). Wilms’ tumors can
arise in horseshoe kidneys (GAY et al. 1983). The
pathology of renal tumors is complex: some tumors
related to Wilm’s tumors are not malignant or have
attenuated malignancy.

Mesoblastic nephromas are benign tumors which
can reach a large size, with features very similar to
those of a Wilms’ tumor. Large renal tumors diag-
nosed before the age of 1 year are usually mesoblas-
tic nephromas (HARTMAN et al. 1981).

We already mentioned when considering cystic
processes (Chap.4) the relationship existing be-
tween Wilms’ tumors and multilocular cysts (also
termed multilocular cystic nephroma, cystic
adenoma benign nephroblastoma, Perlman’s tu-
mor). Those cystic tumors are well capsulated (see
Figs.4.21¢c, d). Their pattern is less specific when
the cysts are smaller and less numerous. The tumor
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Fig.5.30. Wilms’ tumor in a 5-year-old child. Section of the
huge mass (arrows) is larger than the liver section (L). Echo-
texture is of type III, with sonolucent areas suggesting necro-
sis. The cleavage place between the liver and the mass re-
mains delineated

Fig.5.31. Wilms’ tumor in a 14-year-old child. Transverse
scan: echotexture of the mass is of type IV. No delineation
exists between the renal tumor (7) and the liver. Hepatic or
renal situation of nodules (arrows) is difficult to evaluate.
Note enlargement of left lobe of liver
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is usually benign but local recurrences and me-
tastases have been reported (BAMER et al. 1983;
MADENWELL et al. 1983). Benign and malignant
foci can coexist within the same tumoral mass.
Thus the complexity of the histology has brought
us back to the field of benign tumors while studying
malignant tumors. But we still have to examine a
few other processes.

Renal Sarcomas

Our experience of renal sarcomas is too limited to
permit a description of their ultrasonic pattern. To
our knowledge there is no such description in the
literature.

Renal Metastases

Renal metastases give rise to changes in the size,
shape, and contours of the kidney quite similar to
those due to primary tumors. Diffuse infiltration
with nephromegaly, as in lymphomas, is also en-
countered. The echotexture of metastases (Figs.
5.33, 5.34) is variable. As in the field of liver me-
tastases, we would not attempt to propose a histo-
logical correlation. The occurrence of bilateral re-
nal cell carcinomas is sometimes discussed since the
second tumor could correspond to a metastasis.
But there exist true cases of bilateral tumors, with
different histological patterns.

Nonfunctioning Kidney

Tumors are responsible for about 5% of nonfunc-
tioning kidneys, by diffuse parenchymal infiltra-
tion, by vascular involvement, or by an obstruction
of the collecting system. This is the case with renal
cell carcinomas as well as with urothelial tumors.
The ultrasonic patterns depicted above will enable
an etiological diagnosis to be made.

Renal Lymphomas

Multinodular lymphomatous localizations will be
studied in Chap.8. Most lymphomatous infiltra-
tions give rise to localized sonolucent swellings
(Fig. 5.35) similar to those arising from other tu-
moral processes. Diffuse infiltration, with nephro-
megaly, is also possible.

<Fig.5.32. Follow-up after radiotherapy: tumoral volume has
decreased. Sharp delineation exists again (sagittal scan).
Note shadowing due to sound-bending



Fig.5.33a, b. Renal metastasis (breast carcinoma). a Sagittal
scan: isoreflective nodule (arrows) broadens posterior paren-

Fig.5.34a, b. Metastases of an osteosarcoma. a Double
nodule (arrowheads) in the left lobe of the liver; b mass (ar-
rowheads) in the left kidney

chyma and dislocates echogenic central area. b Transverse
scan. (Courtesy of M. Lafortune, Montreéal)

Diagnosis
Histology

It can be concluded from what has been said that
no echotexture study, however thorough, can per-
mit a histological diagnosis. The latter is to be
found at the tip of the puncture needle. The punc-
ture of malignant tumors is advocated by the Dan-
ish school (RasmusseN, HoLM). Their opinion trig-
gers stress and horror in French surgeons, and also,
no doubt, in many of their colleagues in other
countries. Puncture should nevertheless become a
normal step of the diagnosis, at least when ul-
trasound (and CT) has shown such an extension
that no surgical therapy can be endeavored. A cyto-
logical or histological diagnosis achieved by means
of guided puncture will then allow one to proceed
to embolization, radiotherapy, and chemotherapy,
without a fruitless surgical operation. Puncture is
also invaluable in the case of masses for which the
diagnosis of inflammatory process is considered
(focal bacterial nephritis, xanthogranulomatous
pyelonephritis; see Chap.7). In focal bacterial
nephritis, for instance, no surgery is required.

Relations with Neighboring Tissues

In the next chapter we shall study evaluation of the
extension of malignant tumors. But we wish to
underscore two points at this stage: The first is the
ill-defined character of the limits of some large tu-
mors: the differentiation between hepatic, adrenal,
and renal tumors is then difficult (Figs.5.8, 5.31,
5.32). CT is usually conclusive; selective angiogra-
phy is only rarely required. The second is the im-
portance of a kinetic study of the kidney during the
respiratory cycle. The amplitude of the respiratory
displacements of the kidney is easy to display in
real time. A loss of mobility suggests spread of the
tumor beyond the renal area.
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5.2 Benign Tumors

We shall not involve ourselves in the discussion,
still open, about the histological particularities of
benign tumors (Table 5.1). Thanks to studies by
Durry et al. (1977) and LEE et al. (1978) the echo-
pattern of benign tumors has been well clarified.
More recently, angiomyolipomas have been studied
by Bosniak (1981), HARTMAN (1981), and KRATZ
(1981).

Changes in renal shape and size are not specific
in benign tumors. What is more specific is their
shape, usually rounded, and their echotexture.
Probably because of their rich vascularization, and
mainly, because of their fatty contents, they are
strongly echogenic. Ultrasonic scans usually show
circular areas (Figs.5.36, 5.37), rather well delin-
eated, or larger fields of reflection (Fig.5.38). We
saw above that this kind of echopattern (type IV)
is encountered in only 4% of renal cell carcinomas:

Table 5.1. Classification of benign renal tumors according
to GOUYGEN et al. 1976

Epithelial tumors: adenomas

Non-epithelial tumors @ with one kind of tissue only
lymphoangioma
hemangioma
fibroma
biomyoma
hemangiopericytoma

® with several kind of tissue
embryonic
teratoma

tumoral dysplasia
angiomyolipoma
multiocular cyst
cystadenoma
hamartoma
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Fig.5.35a, b. Renal deposit of
lymphoblastosarcoma. a
Transverse scan shows sono-
lucent hepatic nodule (arrow).
The left kidney (arrowhead) is
enlarged. b Intercostal section
of left kidney. Lower pole is
swollen and sonolucent.
Lower part of the central area
has disappeared

in the presence of a strongly echogenic mass, a be-
nign tumor must be considered, and, in first place,
an angiomyolipoma. For once, histological confir-
mation is available without a microscope, thanks
to density evaluation on CT scans (HANSEN et al.
1978): the presence of fat is very specific for these
tumors. This diagnosis is important since it can
lead to a partial, instead of a total, nephrectomy —
or even to no surgery at all.

Angiomyolipomas can be multiple (Fig.5.37).
We once encountered an ultrasonic pseudoimage
of angiomyolipoma which, according to CT,
merely corresponded to the extension of perirenal
fat within a cortical depression (Fig. 5.39). The ap-
pearance of angiomyolipomas of the adrenal is
similar to that of such tumors arising from the renal
upper poles: the fatty cleavage plane which often
enables one to recognize the suprarenal location of
a mass is ill defined. Exceptionally angiomyolipo-
mas can have a sonotransparent echotexture
(Fig. 5.40), without any specificity.

Adenomas usually appear as rounded masses,
with an echogenic pattern (Fig. 5.41), but CT does
not display fatty contents. CT will also make it pos-
sible to consider, if not to confirm, a diagnosis of
renal hemangioma. Rarely, a cystic or multicystic
pattern is also encountered. Such patterns lack
specificity regarding the benign tumor’s precise na-
ture: benign cystic cystadenoma, cystic hamar-
toma, multilocular cyst — a variety of tumoral pro-
cesses which we studied already above. Careful
multidirectional studies can display associated
solid areas or intracystic growths. CT will contrib-
ute to the morphological analysis. But only punc-
ture and cytological studies are able to lead to a
precise diagnosis. However, the final diagnostic
management is rather simple: the most important
step is to separate angiomyolipomas, which never



degenerate, from other so-called benign tumors,
which can have a malignant potential. Removal of
adenomas, for instance, is mandatory, whereas an-
giomyolipoma are not necessarily operated on. On
the other hand, the precise histological diagnosis
between malignant and less malignant processes
(with the exception of angiomyolipoma) requires a
detailed pathologic analysis — often surgery. Thus,
all non-fatty tumors will be removed.

Fig.5.36a, b. Angiomyolipoma (arrow). a Sagittal scan
shows an echogenic nodule, b transverse scan

Fig.5.37 a—d. Multiple small angiomyolipomas in right kid-
ney. The left kidney was removed because of a large angio-
myolipoma. a Sagittal scan: nodule in upper pole (arrow-

head); b coronal scan: another nodule (arrowhead); ¢, d trans-

Verse scans
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Fig.5.38a—-d. Angiomyolipoma (arrowheads). a, b Two sa-
gittal scans; ¢, d two transverse scans. Note associated lithia-
sis in b and d (arrows)
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Fig.5.39a, b. A typical nodular pattern. a Ultrasonic scan
shows echogenic nodule consistent with angiomyolipoma
(arrowhead). b CT scan shows mere expansion of fat within
depressed renal cortex (arrowhead). Other area of retraction
is displayed anteriorly. These scans are typical of an old in-
farction

Fig.5.40a, b. Angiomyolipoma: unusual sonolucent pattern
of pediculated tumor of lower pole (arrow). a Intercostal

scan; b sagittal scan

Fig.5.41. Pattern similar to that in Fig. 5.38 in large adenoma

(arrow). (Courtesy of M. Lafortune, Montréal)
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5.3 Differential Diagnosis
Large Tumors (Over 10 cm in Diameter)

As we pointed out above in connection with large
cysts and multilocular masses, the larger a tumor,
the more difficult its origin is to establish. A mass
in one of the upper quadrants, once its growth is
sufficient to bring the mass and the abdominal
walls into contact, can show the same pattern
whether renal, hepatic, or splenic. Other intra- or
retroperitoneal masses must also be considered
(Figs.5.42, 5.44).

It is possible to identify a mass as nonrenal once
the image of the kidney itself is displayed, even
deformed or flattened (Fig. 5.42). The possibility of
exceptional pediculate renal tumors must neverthe-
less be kept in mind. As stated before, right masses,
originating apparently from the kidney, may lack a
line of separation from the liver: the diagnosis of a
renal tumor then has to be weighed against that of
a hepatic tumor. The same problem arises with ad-
renal tumors (see Chap. 11).

As seen from the last figures in this chapter, the
old technique of manual scanning can be useful in
the study of large masses, since the surface of their
section extends beyond the field covered by real
time machines. When dealing with large masses,
CT is instrumental for a precise delineation. Angi-
ography can be considered in order to study the
anatomical origin of the tumoral blood supply.

Medium-Sized Tumors (4-10 cm in Diameter)

Medium-sized tumors are the easiest to evaluate.
They do not usually bring about any problem of
differential diagnosis — except for a few inflamma-
tory processes, e.g., focal bacterial nephritis, which
we shall study later. In any case, complementary
procedures are necessary in order to assess the tu-
moral spread: they will also correct possible, but
rare, diagnostic errors.

We have already discussed the diagnosis of ne-
crotized tumors in connection with cysts (see
Chap.4). Cystic tumors have also been discussed
above.

Small Tumors (Under 4 cm in Diameter)

Inflammatory processes are again one of the diag-
nostic possibilities to be discussed (see Chaps. 4, 7).
But one of the first candidates for discussion must
be a pseudotumor. Hypertrophy of the sinus margin

100

and nonpathological cortical humps (see Chap.1)
give rather specific ultrasonic patterns. Regenera-
tion nodules encountered in chronic pyelonephritis
are usually accompanied by cortical atrophy, with
local indentations. When such deformities are ab-
sent, a correct diagnosis is impossible without com-
plementary procedures (see Fig.5.45). Abnormal
lobulation, or columnar hypertrophy are readily
recognized.

Sonotransparent areas within the central zone
can correspond to urothelial tumors and sinusal li-
pomatoses; echogenic foci within the pelvic lumen
are urothelial tumors, blood clots, pus, and sha-
dowfree lithiasis (exceptional). Such abnormalities
are studied in detail by CT. The diagnosis of
urothelial tumors are summarized in Table 5.2.

Table 5.2. Differential diagnosis of urothelial tumors

Central sonotransparent areas
urothelial tumors
sinusal lipomatosis
columnar hypertrophy

Intrapelvic echogenic foci
urothelial tumors
blood clots
pus
shadow-free calculi

In Chap.9 we shall study in a synoptic way the
differential diagnosis of renal masses. In any case,
as we have seen, the diagnostic management is very
stereotyped. After a primary ultrasonic diagnosis,
it relies, if necessary, sometimes on IVU, mostly on
CT scans, often on puncture, less often on angio-
grams. In fact, careful ultrasonic evaluation of
small deformities and small masses is likely to lead
to false-positive diagnoses rather than false-nega-
tive ones. In this context we advocate a military at-
titude. According to traditional military wisdom,
the private wandering across the barracks yard is
instructed thus: “If it doesn’t move, sweep it or
whitewash it. If it moves, salute it.”” Well our advice
in the presence of a renal abnormal image which
does not correspond, without any doubt, to a be-
nign process is to use a CT broom, sometimes an
angiographic brush, and to salute it with a needle.
In most institutions, the diagnosis of renal tumors
relies on the association of ultrasound with CT.
Since CT permits one to check the contralateral re-
nal function, IVU is often not carried out. Angi-
ography is performed more in order to permit em-
bolization rather than for diagnosis. Preoperative
arterial topography can be demonstrated by intra-
venous digitized angiography.



Reliability

Several statistical studies have shown a rate of suc-
cessful diagnosis of 96%—98% (PLAINFOSSE et al.
1980). Our own success rate in 1974, before the use
of gray scale, was 89% (Table 5.3).

These different statistical results make it possi-
ble, in our opinion, to answer the question: Is
sonography a reliable screening procedure for renal
tumors? The answer is definitely yes, except for
urothelial pelvic tumors. Multidirectional high-res-
olution scanning makes it possible to establish the
normality of the renal parenchyma; the only risk is
that of a few false-positive diagnoses, demanding

Fig. 5.42 a,b. Huge mass of the left upper quadrant (broad ar-
rows). a Transverse scan: relation of the mass to the liver
could lead to consideration of hepatoma. The left kidney
(small arrows) is flattened. There is a cleavage plane between

Fig.5.43a, b. Retroperitoneal nonrenal tumor. a Transverse
scan. There are masses in the right lumbar fossa and the left
upper quadrant. The left kidney (broad arrow) and spleen
(small arrow) are distinct from the left mass: the other scan

complementary procedures, €.g., in the presence of
a pseudotumor, as a columnar hypertrophy.

Table 5.3. Reliability of sonography in 133 masses (cysts
excepted: see also Table 4.3, p. 70)

Successful diagnosis 119

of cancer
False-negative 1 (pseudocystic tumor)
False-positive 3 (cysts with hemorrhage)

“False™ false-positive 10

We term “false” false-positive inflammatory masses or
columnar hypertrophy, considered as probably benign, but
evaluated by complementary procedures as possible malig-
nant masses

the mass and the kidney. b Coronal scan (left axillary scan-
ning). Note the aorta (4) and vena cava (C). Angiography
and surgery finally showed a retroperitoneal malignant mes-
enchymoma, arising from the perirenal tissues

showed the right mass to be distinct from the right kidney.
b Sagittal scan of the left mass. The final diagnosis was dou-
ble localization of rhabdomyosarcoma
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Fig.5.44. Juxtarenal mass. Delineation of the mass from the
kidney is sharp, thanks to the echogenicity of intact perirenal
fat. The mass is hepatic (hepatocarcinoma)

Fig.5.45. Pseudotumor due to chronic pyelonephritis. The
patient complained of pain thought to be of biliary origin.
Intercostal scan of the right kidney shows a well-delineated
nodule. Since the renal contours were smooth, chronic pyelo-
nephritis was not considered. The nodule was thought to be
tumoral. Surgery led to the correct diagnosis
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6 Evaluation of Tumoral Spread: The Retroperitoneal Space

Once the diagnosis of a malignant renal tumor has
been made, the tumor’s spread must be evaluated.
This demands the assessment of direct spread
across the perirenal tissues, of lymphatic and ve-
nous spread in the retroperitoneal space, and of he-
matogenous spread, particularly to the liver.

The evaluation of the spread of renal tumors is
also based on CT. However, after the ultrasonic di-
agnosis of tumor, a thorough ultrasonic evaluation
of the tumoral extension can give reliable results
particularly on sagittal sections, whereas CT only
yields transverse scans.

6.1 Direct Spread

We have already mentioned, in Chap. 5, two signs
of local extension:

1. Disappearance of the perirenal fat image, the
reflective layer becoming thinner and distorted, be-
fore being directly involved (Figs. 5.13, 6.1)

2. Disappearance of the kidney’s respiratory mo-
bility

But with ultrasound it is very difficult to demon-
strate an involvement of the paraspinal muscles,
whereas this kind of abnormality is readily dis-
closed by CT scans.

Fig. 6.1 Direct tumoral spread: tumor (broad arrows) has in-
vaded the perirenal fat. The involved fatty area has a hetero-
geneous, sonolucent echotexture (small arrows)

6.2 Lymphatic Spread

Ultrasonic evaluation of the retroperitoneal com-
partment gives excellent results, provided intestinal
gas does not interfere. This problem can usually be
corrected by examining the patient in the lateral de-
cubitus and in the standing position. Fluid filling of
the stomach may also help.

A personal comparative study (DROUET 1983;
DROUET et al. 1983) showed that, with regard to
lymphomatous lymph nodes, ultrasound achieved
almost as good a result as CT in the diagnosis of
adenomegaly. In another study (MANIERES 1984)
we checked on normal lymphographies and CT the
criteria for adenomegaly. Lymph nodes over
15 mm in diameter on transverse sections must be
considered pathological (30 mm adding together
two perpendicular diameters). The maximum di-
ameter of lymph nodes within the mesentery (see
Fig. 6.10), rarely involved in renal carcinoma, and
within the hepatoduodenal ligament, more often
involved, is smaller (Fig.6.2c).

Juxtahilar lymph nodes distort the renal vessels
(Fig.6.3) and are liable to push them forward.
Other lymph nodes are displayed at a distance from
the kidney, in the vicinity of the large vessels
(Fig.6.4). Yet other lymph nodes are retrocaval
(Figs. 6.5, 6.6). Hypertrophy of the upper margin of
the renal sinus may mimic such a retrocaval adeno-
pathy (see Chap. 1, Fig.1.30) if the examination is
not thorough enough.

Enlarged juxtacaval lymph nodes can often be
followed posterior to the ipsilateral renal vein, and
even the contralateral vein (Fig.6.6). Thus meta-
static lymph nodes of renal carcinomas can extend
to the contralateral side (Fig. 6.7), even sometimes
involving the contralateral renal hilus (Fig.6.8).
Most of those metastatic lymph nodes have a poly-
cyclic shape. Some of them, mimicking lymphoma-
tous lymph nodes, give rise to a continuous per-
vascular cuff (Fig. 6.8).

Retroperitoneal lymph nodes push forward the
mesenteric vessels (Fig.6.8, 6.9) (the mesenteric
vein sign — WEILL 1978) and even the splenic vein
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Fig. 6.2 a—c. Metastatic lymph nodes 1 year after left nephrec-
tomy for renal cell carcinoma. a Transverse scan shows sono-
transparent lymph node, 20 mm in diameter (white arrow-
heads), pushing the pancreas (black arrowheads) forward.
b Sagittal section of lymph node. ¢ Longitudinal section of
the vena porta (black arrowhead) shows several lymph nodes
(white arrowheads) within the hepatoduodenal ligament. The
patient also had hepatic and splenic deposits (see Fig. 6.25)
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Fig. 6.3a, b. Metastatic lymph nodes. a Real time transverse
scan of right kidney shows external, echogenic renal cell car-
cinoma (7). Several lymph nodes (LN) are displayed in the
vicinity of the right renal vein (RRV). Note the reflectivity of
the lymph nodes, much higher than that of lymphomatous
adenopathies. b Parallel, more cranial contact scan. D, right
crus of diaphragm; 4, aorta

Fig.6.4a, b. Metastatic
lymph nodes. a Transverse
scan. Sonolucent tumoral
mass of the left kidney up-
per pole (broad arrows) is
shown between the spine
and spleen (S). The group
of lymph nodes (small ar-
rows) located between the
tumor and the pancreas (V,
portal vein, M, SMA) gives
rise to a multilocular pat-
tern. b Sagittal section
through the aorta (4)
shows multiple pre- and
retrovascular lymph nodes
(arrows)



Fig.6.5a, b. Renal carcinoma with adenopathies. a Between
right renal cell carcinoma (broad arrows) and aorta (4) trans-
verse scan displays several metastatic lymph nodes (arrows).

Cava (C) is pushed forward. b Sagittal scan through the cava
shows retrovascular tumoral extension (broad arrows) and
metastatic lymph nodes (small arrows)

and pancreas, in one piece (Figs. 6.2, 6.8d). Meta-
static lymph nodes have smooth contours. Their
echotexture is variable, as is their level of reflectiv-
ity. They may be frankly echogenic (Figs. 6.3, 6.5,
6.6); but most adenopathies are sonolucent
(Figs.6.2, 6.4, 6.7, 6.8) as in a lymphoma.

In small tumors, and when the ultrasonic study
of the retroperitoneal space has been satisfactory,
without intestinal acoustic shadowing, its results,
whether positive or negative can be sufficient. But
CT scans can add valuable information when the
superficial location of the mass or its size are
consistent with a spread beyond the limits of the
renal area. Moreover, CT scans can display, better
than ultrasound, an involvement of the most cra-
nial abdominal lymph nodes, in the vicinity of the
diaphragmatic crura. As we shall see later, CT is
also instrumental in the study of tumoral spread to
the renal vein: finally, after a positive ultrasonic di-
agnosis, CT represents a commendable step in the
evaluation of renal carcinoma.

Fig. 6.6 a, b. Metastatic lymph nodes 1 year after left nephrec-
tomy for renal cell carcinoma. a Sagittal scan shows a retro-
caval mass (broad arrowhead). Cava is pushed forward and
flattened (small arrowheads). b Transverse scan shows poly-
cyclic lymph nodes (broad arrowheads) pushing forward right
renal vein, cava, and left renal vein (small arrowheads)

105



Fig.6.7 a—e. Renal carcinoma with extensive adenopathies.  nodes (arrowheads); one of them is located left of the medial
a, b Two sections of right kidney show mass (arrowheads) in  sagittal plane. e Global transverse scan confirms that the
upper pole. ¢ Transverse scan shows lymph nodes (white ar-  lymph nodes (arrowheads) extend to hilus of left kidney (dou-
rowheads) pushing forward renal vein (black arrowheads).  ble arrowhead)

d Transverse scan shows anterior to spine two large lymph
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Fig. 6.8 a—d. Extensive metastatic lymph nodes 2 years after
right nephrectomy for carcinoma. a Left coronal scan shows
lymph nodes (black arrowheads) in the hilus of remaining left
kidney. Note coronal section of the aorta (white arrowheads).
b Transverse scan of the kidney and lymph node. ¢ Sagittal

scan through aorta (open arrow) shows ganglionic perivascu-
lar cuff (broad arrowheads). Note anterior displacement of
mesenteric vessels (small arrowhead). d Transverse section of
lymph nodes (arrowheads). Pancreas (small arrowheads) is
pushed forward with splenic vein

Fig.6.9a, b. Retroperitoneal lymph nodes: the mesenteric
vein sign. a Sagittal scan shows ganglionar mass (M) pushing
forward the SMV (arrows). L, liver. b Another case: preaortic

lymph nodes (LN) push forward the SMV (VM). A, aorta;
L, liver
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6.3 Intracaval Extension

The vena cava, with its specific respiratory kinetics,
constitutes one of the constant elements displayed
by sagittal and transverse real time scans. The dis-
appearance of its respiratory expansion and the
presence of echoes within the vascular lumen are
relevant signs of venous obstruction (TAYLOR
1975). Transverse sections can show thrombosis of
the renal vein (Figs. 6.11, 6.12). Finally, renal carci-
nomas involving the venous network give rise to
three different patterns.

1. Images of diffuse thrombosis, as those we just
saw above. They correspond to both a tumoral ex-
tension and a thrombosis above and/or below the
tumoral growth, with no delineation between them.
They are confirmed by Doppler studies.

2. Images of tumoral extension, with a mass bul-
ging within the cava lumen, which widens
(Figs.6.13b, 6.14, 6.15). The intraluminal growth is
surrounded by blood, except where it reaches its
maximal diameter. Transverse scans carried out at
that level mimic a complete obstruction
(Fig. 6.15 a—b). The tumoral growth can also widen
the renal vein (Fig.6.13b). The blood flow, above
or below, can remain free or come to a stop
(Figs.6.13c). In most cases the associated throm-
bosis can be evaluated with precision (Fig.6.15c),
taking into account the caval kinetics and the sono-
transparence of the caval lumen. Thrombosis be-
low the tumoral extension (i.e., topographically,
above the kidneys) can induce an acute Budd-
Chiari syndrome, with hepatomegaly and loss of
the transparence of the lumen of the hepatic veins
(WELLL 1981).

3. In the last pattern, tumoral foci adhering to
the venous wall are encountered (Fig. 6.16; see also
Figs.6.18, 6.20).

Tumoral emboli are sometimes demonstrated
within the lumen of the hepatic veins (Fig.6.17).
These patterns of caval involvement are also dis-
played in other malignant processes: malignant
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Fig. 6.10a, b. Polycyclic lymph nodes
in the mesenter (arrows). Lymph
nodes are centered by the mesenteric
vessels. The two layers of ganglia, on
both sides of the vessels, have been
compared to a sandwich pattern. 4,
aorta

pheochromocytoma (Fig.6.18), malignant mela-
noma (Figs.6.19, 6.20), and choriocarcinoma
(Fig. 6.21). A mere compression of the vein, due to
precaval lymph nodes or to a prevascular tumoral
bulging (Fig.6.22) must not be confused with an
obstruction.

When screening for small growths, the relief of
the right renal artery, which bulges forward
through the posterior venous wall during deep sus-
pended respiration (Fig. 6.22) can constitute a pit-
fall.

An accessory but relevant sign of caval obstruc-
tion is the discovery of collateral channels, as for
instance a dilated ovarian vein (EISENSCHER 1979).
The various features of caval obstruction are sum-
marized in Table 6.1.

Table 6.1. Caval obstruction

Patterns Loss of kinetics

Solid pattern of lumen

Intraluminal growths

Display of collateral channels

“Silent” doppler
Pitfalls in  Compression by tumor or lymph nodes

diagnosis Forward bulging of right renal artery

Etiology Tumoral spread

Primary thrombosis

Thrombosis secondary to tumoral spread or
compression

Retroperitoneal fibrosis

CT scans, carried out in order to assess the retro-
peritoneal space, can also display intracaval
growths; CT is reliable in the evaluation of the re-
nal vein.

CT scans also make possible the evaluation of
the caval wall: a thickened wall is a sign of direct tu-
moral involvement, whereas in thromboses the wall
is not altered. Direct tumoral involvement of the
venous wall is also often accompanied by an in-
crease in density after contrast injection. This kind
of information is better yielded by CT. But ul-



trasound shows much more precisely than CT the
cranial extension of a tumor thrombus.

Conventional cavagraphy is performed if ul-
trasound and/or CT have shown an abnormal vena
cava, particularly if radical surgery, with caval re-
section, is being considered. Failure of ultrasound
or CT, or inconclusive results, also represent an in-
dication for cavagraphy. But cavagraphy yields
litte information regarding the cranial extension of
thrombi. This is precisely the most important fea-
ture to be evaluated, since cranial extension may re-
quire surgery under heart-lung bypass. MRI will of
course give excellent results when commonly avail-
able.

Fig.6.11a, b. Renal cell carcinoma. Venous involvement.
a Transverse scan shows renal mass (broad arrows). Echotex-
ture of venous lumen is solid in right renal vein and cava (ar-
rows), and also in left renal vein (LRV). Pancreas (P) and
splenic vein (V) are pushed forward. M, SMA, 4, aorta.
b Parallel scan

Fig. 6.12 a—. Renal cell carcinoma with venous involvement.
a Sagittal scan of right kidney show mass in lower pole (ar-
rowhead). b Transverse scan shows right renal vein and IVC
swollen and occupied by solid tissue. ¢ Sagittal section of
IVC shows intraluminal tumoral tissue (arrowheads). Distal
to the tumoral involvement, behind the liver, IVC is free;
caval lumen proximal to tumoral involvement is enlarged
and has solid echotexture due to thrombosis
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Fig. 6.14. Transverse scan of carcinoma (black arrowhead)
and IVC with endoluminal tumoral growth (white arrow-
heads). Note section of right renal artery posterior to IVC

Fig. 6.13 a—c. Right renal cell carcinoma with venous involve-
ment. a Sagittal scan of tumor in lower pole (arrowhead).
b Transverse section of tumor (broad arrowhead) and
IVC with endoluminal tumoral growth (small arrowheads).
c Sagittal scan of invaded IVC (arrowheads)
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Fig. 6.15a—d. Invaded vena cava. a Global
transverse scan: right kidney is swollen.
Tumoral mass has developed within IVC
(arrowhead), whose lumen is almost com-
pletely obstructed. b Real time transverse
scan also shows an enlarged and obstructed
IVC. ¢ Sagittal section: cava is enlarged by
mass (black arrowhead); proximal to mass
vein is thrombosed (white arrowhead).

d Real time section of endoluminal mass

Fig. 6.16. Sagittal scan of cava (C) shows multiple parietal
growths (arrows). Some of them are obstructing lumen (white

arrow). Primary tumor is renal . . . .
) ¥ Fig. 6.18. Sagittal section of vena cava (C): multiple parietal

growths (arrows) due to spread of malignant pheochromocy-
toma (P)

<Fig. 6.17. Hepatic deposits (broad arrow) of renal carcinoma,
tumoral embolus (small arrow) within right hepatic vein
(HY). C, vena cava
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Fig.6.19a, b. Endoluminal mass (arrowhead) due to spread  Fig.6.21a, b. Caval parietal growths (arrowhead) due to
of melanosarcoma. a Sagittal scan; b transverse scan spread of choriocarcinoma. a Transverse scan: growths de-

velop within the right renal vein and cava. b Sagittal scan

Fig.6.22. Venous compression: a pitfall. Sagittal scan
through vena cava (C) shows vessel flattened by tumor

(broad arrows). Pseudogrowth (small arrow) corresponds to
Fig. 6.20. Sagittal scan of vena cava: parietal growth (arrow-  forward bulging of the right renal artery. P, portal vein; G,
head) due to spread of melanosarcoma gallbladder
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6.4 Metastatic Spread

A deposit (or another primary tumor) may be
found in the contralateral kidney (see Chap. 5). The
discovery of a renal abnormality does not dispense
with a thorough contralateral examination. Mul-
tiple tumors can appear as the manifestation of a
general disease, as tuberous sclerosis, or as Von
Hippel-Lindau disease.

We have described elsewhere (WEILL 1978, 1980,
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