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Kidney

Topography

The urogenital system is located retroperitoneally. The kidneys are situated next to liver and
spleen, close to psoas muscle and the large abdominal vessels. Dorsal to the kidney lies the
iliopsoas muscle, ventrally is either the liver or spleen, medially and ventrally are the large
abdominal vessels. The longitudinal axis points from cranial-medial to caudal-lateral and
from cranial-dorsal to caudal-ventral. This is important for the accurate measurement of
renal length. In its short axis, the renal hilum points in a ventral medial direction [Figure 1—

4],

Figure1l Normal position of kidneys and ureters.

Legend

I Voins
_ Arteries
I Renal Cortex
_ Renal Medulla
I Urinary Tract




EFSUMB ECB2nd Edition Kidney .... 26.03.2020 13:06 3

Figure 2 In the sagittal plane, the longitudinal axis points in a dorsal cranial to ventral

caudal direction.

Figure 3 In the frontal plane, the longitudinal axis points in a medial cranial to lateral

caudal direction.
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Figure4 The short axis points in a dorsal lateral to ventral medial direction.

Anatomy

The macroscopic structure of the kidney is well depicted on sonography. In obese patients,
the outer kidney capsule limits the perirenal fat body and the inner kidney echogenic
capsule represents a kidney contour. The parenchyma can be differentiated in the echogenic
renal cortex as well as the 12—15 echo poor pyramids that point conically towards the limit
of the kidney sinus. Between the pyramids, the kidney cortex reaches up to the sinus. The
bases of the pyramids are limited by the light reflex of the arcuate artery. In the longitudinal
axis, the more echogenic and inhomogenous oval kidney sinus can be seen in the middle of
the parenchyma; in cross-section it appears semi-circular [Figure 5 and 6].

The renal artery and vein are observed emerging at a right angle from the renal hilum. The
right kidney vein merges directly into the vena cava, whereas the left vein first crosses the
aorta ventrally. The right renal artery points behind the vena cava to the renal hilum [Figure
1and 7].

The ureters emerge from the renal hilum caudally. They then proceed along the psoas
muscle and cross the iliac vessels to reach the ureteral orifices of the bladder
retroperitoneally [Figure 1]. This anatomical course is important when looking for ureteric

stones.
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The urinary collecting system is easily recognised when there is urinary obstruction. With the
patient lying in the prone position, the renal pelvis should be easily visible in most cases. The
exit of the ureter can be seen in this position [Figure 8].

The basic functional unit of the kidney is the renal lobule [Figure 9 and 10], which consists of
a renal pyramid with the surrounding kidney cortex and is a similar size to a rats kidney,
which has one lobule only. In the human kidney between 12 and 15 lobules merge together.
Occasionally evidence of this merging (or lobulation) can be seen [Figure 11], especially

during childhood, and this is a normal variation [Figure 12].

Figure 5 Longitudinal view: right kidney lies behind the liver and lies on m.psoas.

Figure 6 Cross-section view: left kidney behind spleen.
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Figure 7 Renal vessels. RRA, right renal artery; LRA, left renal artery.

Figure 8 Ureter outlet in prone position clearly visible as tubular structure.
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Figure 9 A renal lobule includes a single pyramid surrounded by the cortex.

Figure 10 Two adjacent lobules of a calf kidney. The lighter kidney cortex and darker

pyramids are clearly visible.
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Figure 11 Lobulation, areas of renal lobule fusion are easily recognisable, especially in

children.

Figure 12 Foetal lobulation in an 8-year-old child.

Normal findings

Size

The normal kidney measurements ([1]) are as follows:

Length (A): 9—13cm (measured in longitudinal section)
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Width (B): 4—6cm (measured in cross-section)

Depth (C): 4—6cm (measured in cross-section)

Using the ellipsoid formula, the kidney volume is calculated by:

Volume in millilitres = A x B x C x (11/6)

Normal kidney volume is 90-170ml/1.73m?. Correct measurement of the kidney volume
should involve both the longitudinal- and cross-axis of the kidney [(1,2)]. Kidneys with a
volume greater than 200ml/1.73m? BSA are enlarged and kidneys with a volume under

80ml/1.73m? BSA are shrunken [(1, 2)].

Parenchymal and cortical thickness

The parenchymal thickness is measured from the tip of the renal pyramid to the surface of
the kidney [(2)]. Normal parenchymal thickness is 14-18mm. Parenchymal thickness can be
useful but the measurement should always be carried out in the same place, i.e. at the same
pyramides [Figure 13]. This is particularly important while monitoring a transplanted kidney,
but should also be taken into account when assessing chronically diffuse diseases of the
parenchyma. The cortical thickness is measured from the tip of renal pyramid to the kidney
cortex surface [Figure 13]. The normal cortical thickness is 8—10mm. The cortex narrows in
chronic diseases of the parenchyma and is associated with kidney insufficiency. As a result

cortical thickness correlates with the degree of the kidney insufficiency [(3, 4)].
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Figure 13 Measurement of parenchymal (P) and cortical (C) thickness.

The vascular supply of the kidneys is divided into five segments the upper pole, lower pole,
upper anterior, lower anterior and posterior segment. In only 60% of the population will all 5
segments originate from a single renal artery. In 8% the upper pole artery originates directly
from the aorta, in 6% the lower pole artery and in 5% both pole arteries. Segment arteries
divide themselves shortly before entering the kidney parenchyma. First, they give rise to the
interlobar arteries then branch into the arch arteries. Further divisions of the arch arteries
consist of the vasa recta leading into the renal medulla and the interlobular arteries leading

into the kidney cortex.

Examination technique

The patient is first examined supine. The longitudinal axis is looked for along the edge-cut, a
section which runs in a dorsal-cranial to ventral-caudal direction and in a medial cranial to
caudal lateral direction. The kidney is first measured in the longitudinal plane and then in the
short-axis and cross-section. The ribs can sometimes obstruct a clean cross-section. If this
occurs, it is recommended the examiner finds a space between the ribs and asks the patient
to breathe deeply. The whole kidney can then be examined properly and in detail. The
kidney sinus is usually easily examined when the patient (either child or adult) is in the prone
position. This position is usually successful for the identification of the renal pelvis and the
outlet of the ureter. The kidneys can be positioned quite high and the left kidney can be

subphrenic. In these cases, examination in a standing position is usually successful. This can
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lead to the observation of a floating kidney (the kidney moves >5cm while standing). It is
important to observe the respiratory displacement of the kidney and to compare it with the
respiratory displacement of the liver (and the spleen on the left side) and the psoas muscle.
Single focal space demands can then be distinguished from each other, e.g. cysts in kidney or
spleen. A lack of displacement in comparison with the psoas muscle suggests a perinephric
abscess or infiltration of the kidney by a retroperitoneal tumour.

To assess renal perfusion, a spectral analysis of the kidney parenchymal artery is obtained
while the patient lies in prone [Figure 14]. Spectral curves are evaluated from arteries at the
point where they are about to dip into the kidney parenchyma. Renal arteries and veins are
assessed with the patient in supine position. Outlets of the renal arteries can be observed in
the longitudinal axis [Figure 15—-16] as well as in cross-section [Figure 8]. In cross-section, the
entire length of the arteries can be seen on colour duplex ultrasonography (CDUS). Spectral

analysis can be derived from a cross-section as well as in the longitudinal axis.

Figure 14 Spectral curves from interlobar artery (representing renal parenchyma).
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Figure 15 Longitudinal axis for renal artery outlets.

Figure 16 Longitudinal axis for renal artery outlets. Left renal artery dorsal, right ventral.

Sonographic assessment criteria

Deviation from the normal kidney shape can be used on its own or in combination with
other criteria to assess pathological state. Position and form, size, contour, echo-pattern,

architecture and perfusion should all be considered.
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Position and shape

Owing to its complex genesis, the kidney can show many normal variations. They can be
ectopic with abnormal localisations (e.g. pelvis kidney) or an anomaly of rotation e.g.
ventrally-directed kidney pelvis [Figure 17]. An altered kidney form can be seen in various

fusion anomalies (e.g. horseshoe kidney, cake kidney, etc.).

Figure 17 (a) Normal and (b) malrotated right kidney in the short axis.

Size

During acute disease of the kidney (e.g. acute glomerulonephritis or acute pyelonephritis)
the main observation is a general enlargement of the kidney’s size (length >14cm, volume
>200ml/1.73m? BSA). However, during chronic diseases (e.g. chronic glomerulonephritis or
pyelonephritis) the kidney is diminished (length <9 cm, volume <80ml/1.73m? BSA). Cortical

thickness correlates with the degree of kidney insufficiency [(1).

Contour

As part of the normal variation of lobulation [Figure 11], the usually smooth contour is
characterised by a wavy outline with fine drafts. These are the traces of the fusion of single

lobule. Lobulation is often seen in small children and babies, rarely in adults and occasionally
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in adult patients who suffer from chronic kidney disease. Junction fusion defects are
sometimes observed between individual lobules [Figure 18].

Like junction fusion defects and lobulation, vascular scars are located between the renal
pyramids. Vascular scars are wedge-shaped and mostly acute-angled defects of the contour
[Figure 19]. In contrast, pyelonephritic scars shows a flat and concave outline. In the
epicenter of the scar lies the renal pyramid [(5)]. This is caused by shrinkage in the single

renal lobule [Figure 20].

Figure 18 Junction fusion defect.

Figure 19 Vascular scar.
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Figure 20 Pyelonephritic scar.

Echo-pattern

The echo-pattern of the normal kidney is fine-grained and homogeneous. In adults the
kidney cortex shows slightly less echo than the liver and spleen. The renal pyramids are
easily recognisable and very hypoechoic. The kidney cortex is a complex structure that
consists of interlobular arteries, glomerular and convoluted tubules [Figure 21]. An increase
of interstitial water (e.g. as a result of oedema, inflammation or congestion) causes the
amount of interface to increase (similar to liver haemangioma) and the kidney cortex to
appear richer in echo [Figure 22]. Only when a certain water level is reached will a decrease
in echo in the cortex be seen [Figure 23]. This can be observed in acute right heart failure or
severe pyelonephritis.

In contrast to the renal cortex, the medullary pyramids contain parallel tubular structures,
which have little influence on sonographic behaviour with changes in interstitial water.
Therefore, the sonographer should be aware that there are many chronic and acute diseases
of the kidney parenchyma, which are characterised by a more intense echo in the cortex of
the kidney and easily identified renal pyramids.

Another modification is an enriched echo-pattern in the renal pyramids, which in most cases

is due to the storage of either calcium or uric acid [Figure 24].
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Figure 21 Renal vessels are filled with red Silastic’. Arcuate and interlobular arteries and
glomeruli are visible. A micropunctured tubule (with convoluted tubules, loop

of Henle and collecting duct) is filled with white Silastic”.

Figure 22 Large kidney with a hyperechoic cortex.
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Figure 23 Large kidney with hypoechoic cortex.

Figure 24 Kidney with hyperechoic renal pyramids.

Architecture

The architecture is defined by the complex outer structure of the kidney. Any deviations
from the normal architecture create a set of modifications, which cannot be described by
the above criteria. In polycystic kidney disease (PCKD) or advanced chronic pyelonephritis,
the generalised destruction of normal architecture is usually observed. As a result of the

destroyed architecture, it is possible to recognise neoplastic modifications.
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Perfusion

Evaluation of kidney perfusion is an important sonographic criterion. It can be assessed by
CDUS [Figure 14], power wave Doppler sonography (PWDS), spectral analysis and contrast-
enhanced ultrasound (CEUS). PWDS provides a rough estimate of the overall perfusion in the
kidney parenchyma [Figure 25]; it should be spread uniformly within the parenchyma. CEUS
is @ more subtle assessment, which is important to assess for renal infarction [(6-9)] or acute
pyelonephritic changes [Figure 26a, b]. With the values set for pulse repetition frequency
(PRF) a representation of renal arteries (the segmental, interlobar, arcuate and interlobular
arteries) becomes possible including a depiction of their branches [Figure 14].

Spectral analysis of the interlobar arteries allows the quantitative evaluation of kidney
parenchyma perfusion. The maximum systolic velocity (Vmax) and the minimum end-diastolic
velocity (Vmin) are detected and the resistive index (RI) (Vmax—Vmin/Vmax) is calculated. These
values play an important role in monitoring transplanted kidneys and the evaluation of
diffuse renal parenchymatous disease [(10-12)]. Normal Rl values lie between 0.55-0.75 and
are age-dependent. For example, in an 80-year-old patient an Rl of 0.75 is normal, whereas

in a 30-year-old patient an Rl of 0.70 is too high.

Figure 25 Power Doppler sonography: the whole vasculature of kidney is by this technique

visible, unlike color Doppler, the angle of incidence does not matter
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Figure 26 Patient with acute lobar pyelonephritis on an upper pole (a). Contrast-
enhanced ultrasound (CEUS) in the same patient shows a visible perfusion

defect 18s after contrast injection, which is typical for acute pyelonephritis (b).
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Specific sonographic findings

Variations of the kidney are classified into different groups using the sonomorphological
criteria below. In a single disease, more than one criterion is considered abnormal. In such
cases, the dominant criterion is used for classification and additional criteria complement

the findings.
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Diffuse changes of renal parenchyma

Abnormal kidney position and shape

The human kidney has a complex genesis. It develops in three steps: the pronephros, which
corresponds to the primitive kidneys of fish, and performs the basic function of the glomeruli
and proximal tubules. The structure of the pronephros appears in the human embryo at the
fourth week of pregnancy. The structure never transgresses the rudimentary tubular stage
and, unlike the fish kidney, will never produce urine. The largest part of the pronephros
forms the structure for the urinary collecting system of the next kidney stage.

The development of the mesonephros can be seen towards the end of the fourth week of
pregnancy, immediately caudal of the rudimentary pronephros. They consist of large and
elongated organs with fully formed glomeruli. They function as interim kidneys for a period
of approximately four weeks until the permanent kidneys are fully developed. The tubules of
the mesonephros open in the Wolffian duct, which is the caudal continuation of the
pronephros duct and distally ends in the cloaca. While the mesonephros regresses towards
the end of the first trimester, some of the tubules persist and develop into the efferent ducts
of the epididymis. The development of the metanephros or the definitive kidney begins in
the fifth week. After approximately four weeks the kidneys begin to function. The
permanent kidney develops from two main sources: the ureteric bud and the metanephric
blastema. The ureteric bud forms a protuberance of the Wolffian duct close to its connection
at the cloaca. The metanephric blastema is derived from the caudal portion of the
nephrogenic cord. The ureteric bud later evolves into the ureter and the extended middle
section evolves into the renal pelvis. The top of the bud branches several times and evolves
into the calices and the collecting duct. The ampullary end of the arch-like collecting duct
develops into the glomeruli and tubules in the metanephric blastema. Each collecting duct is
therefore linked to proximal and distal tubules as well as to the loop of Henle and to the
glomerulus. It forms the functional unit of the kidney, i.e. the nephron. The development of
the glomeruli is already complete by the 32nd week of pregnancy when the final number of
glomeruli is reached. In cases of disturbed development, the ureteric bud plays a central role

because of its impact on the complex modifications to the architecture of the kidney. In


http://en.wikipedia.org/wiki/Pronephros
http://en.wikipedia.org/wiki/Wolffian_duct
http://en.wikipedia.org/wiki/Wolffian_duct
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some cases, a disturbance of the fusion processes of a single renal lobule can occur. This

leads to a series of anomalies to the structure, position and form of the kidneys [(13)].

Agenesis

If there is no interaction between the ureteric bud and metanephric blastema, the kidney
will not develop on that side. This will also happen if the ureters and collecting duct are
missing and there are abnormalities in the area of the epididymis. If the kidney is not found

in the typical position, it can be assumed agenesis has occurred.

Aplasia

In the case of a faulty interaction between the ureteric bud and metanephric blastema
kidney aplasia can occur. Sometimes, minimal traces of the kidney (only a few millimetres)
can be seen and, occasionally, anechoic tubular malformations in the area of the blind-

ending ureters can appear [Figure 27].

Figure 27 Tubular anechoic ureteric malformation in case of renal aplasia: tubular

Structures on the left side of bladder, blind ending.
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Dysplasia

A poor interaction between the ureteric bud and metanephric blastema will result in a
multicystic organ with mostly degenerated tubular structures. In only a few cases will intact
nephrones develop. They fulfil excretory functions, but usually this is lost shortly after birth.
The multicystic dysplastic kidney (MCDK) will usually appear on only one side [Figure 28].

Sometimes only a part of the kidney will show this dysplasia.

Figure 28 Multicystic dysplastic kidney in an 8-year-old child.

Rotation anomaly

A failed or excessive rotation sometimes occurs when the renal hilum leaves the kidney,
which normally happens ventrally [Figure 17]. Anomalies of rotation are often associated
with kidney dystopia.

A rotation anomaly can result in limited or unusual sections of the parenchyma that can

generate images, which are easily mistaken for a solid mass.

Double kidney

In the case of a double system, a particularly long kidney can be found that usually has an
incision in the parenchyma and a parenchyma bridge [Figure 29]. The demonstration of two

arteries and ureters is proof of a double kidney.
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Figure 29 Double kidney with two renal arteries.

Sigmoid kidney

The sigmoid kidney is another form of the double kidney. The caudal part is malrotated and

the other part shows an inconspicuous renal hilum [Figure 30].

Figure 30 Sigmoid kidney with a normal upper and malrotated caudal part.
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Horseshoe kidney

In a horseshoe kidney, the kidneys are fused at the lower pole and the parenchymal bridge is

located in front of the aorta and should not be confused with a solid mass [Figure 31].

Figure 31 Horseshoe kidney.

Pancake kidney

The cake kidney is located in front of the sacrum. The kidney is completely merged with two

ureters [Figure 32].
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Figure 32 Pancake kidney.

Hypoplastic kidney

The hypoplastic kidney consists of an overall reduced, but otherwise normally developed
kidney. In most cases, the parenchyma is less than 13mm thick and the total volume is less

than 80ml/1.73m? BSA.

Ectopic kidney

Ectopic kidneys are kidneys that are not in their normal position. Failure to show the kidney
in @ normal position does not necessarily mean aplasia or agenesis. The kidneys should be
looked for elsewhere in the retroperitoneum. For example, the pelvic kidney is found deep
in the abdomen. These ectopic kidneys are often supplied by the iliac artery (similar to a

transplanted kidney).

Nephroptosis

This is a dynamic position anomaly. When the patient is in a lying position the kidney is in its

normal location, but in standing it can drops by more than 5cm.
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Enlarged kidneys

Kidneys count as enlarged when their longitudinal diameter is more than 14cm or has a
volume of over 200ml/1.73m? BSA. The width of the parenchyma is usually over 18mm and
the cortical width over 10mm. Enlarged kidneys are further sub-divided into kidneys with

normal cortex echo-intensity, with hyperechoic cortex and with hypoechoic cortex [(14)].

Enlarged kidneys with echo-normal cortex

A compensatory renal hypertrophy or a solitary kidney leads to an increase in volume and
parenchymal thickness, which in most cases exceeds 20mm. The cortex is usually echo-
normal or slightly hyperechoic. The renal pyramids are normally inconspicuous in these

cases.

Enlarged kidneys with hyperechoic cortex

The identification of an enlarged kidney with a hyperechoic cortex and conspicuous
medullary pyramids is non-specific [(15-17)]. The increase of echogenicity is caused by an
interstitial oedema and/or by infiltrates [(18, 19)]. Often, these are acute diseases.
Normalisation of the kidney size and the echogenicity of the kidney cortex is observed after
successful treatment or they resolve on their own (acute and quickly progressive
glomerulonephritis, acute interstitial nephritis or acute pyelonephritis). In cases of bilateral
disease normalisation of kidney function occurs. The findings are non-specific and further
assignment of the disease is only possible by the following clinical criteria:

e acute nepbhritis;

e nephrotic syndrome;

e acute renal failure;

e acute pyelonephritis;

e infiltrative nephropathies

e acute urinary tract obstruction.

Acute nepbhritis
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Acute nephritis syndrome is defined clinically by glomerular haematuria, erythrocyte casts,
hypertension, renal failure and/or oedema. This could be caused by acute
glomerulonephritis or systemic disease (polyarteritis nodosa, Wegener’s granulomatosis,
etc.) The definitive diagnosis of acute glomerulonephritis is made through a renal biopsy
[Figure 33]. Kidneys with acute nephritis show enlargement, a hyperechoic cortex and

hypoechoic clearly visible renal pyramids [(20)].

Figure 33 Acute glomerulonephritis (immunoglobin A nephropathy).

+ Abstand 2.00 cm

Nephrotic syndrome

The nephrotic syndrome is defined by proteinuria of greater than 3.5g/24h/1.73m? BSA. The
kidney cortex is hyperechoic. In most cases there is little enlargement and instead they are
surrounded by an anechoic sharp edge due to edema caused by hypoproteinaemia. Precise

classification of the disease responsible is only possible after renal biopsy.

Diabetic nephropathy

Diabetic nephropathy can also cause nephrotic syndrome. Even in the early stages kidney
enlargement can be seen. Initially the kidney cortex is discrete, but it becomes more
hyperechoic. The kidney can be enlarged or of normal size in the dialysis stage even with

increasing renal failure [Figure 34].
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Figure 34 Diabetic nephropathy with nephrotic syndrome. Plasma-creatinine 190 umol/I.

Acute renal failure

Acute renal failure is defined as less than 3 months. There will be no renal anaemia and the

level of serum creatinine will increase weekly or even daily.

Acute interstitial nephritis

Acute interstitial nephritis is a disease arising from a reaction to various medications (e.g.
penicillin, non-steroidal anti-inflammatory drugs, etc.) or infections (e.g. leptospirosis). Its
sonomorphology is characterised by enlarged kidneys, a hyperechoic cortex and clearly
visible hypoechoic renal pyramids [(14)]. This disease is assumed on the basis of a
characteristic case history, its progress, sonomorphology and evidence of eosinophil

leukocytes in the urine; although a definitive diagnosis can only be given on renal biopsy.

Acute tubular necrosis

If acute tubular necrosis emerges during circulatory shock, the kidneys do not usually show
any enlargement and the cortex is not any more echoic than normal. In many cases, the
kidneys are inconspicuous on ultrasound. This differs from a crash kidney, in which
inhomogeneous, hyperechoic and hypoechoic areas of the cortex and an overall
enlargement of the kidney are found. Similar results are also seen in cases of toxicity-caused

tubular necrosis, e.g. aminoglycosides [(21)].
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Acute pyelonephritis

Severe cases of pyelonephritis show a diffuse enlargement of the organ with an hyperechoic
cortex and prominent hypoechoic pyramids. A thickening of the renal pelvis wall [(22)] is
detectable in most cases (>3 mm; normal is <2mm). Owing to a disturbance in renal pelvis
motor activity, a slight dilatation can be observed [Figure 35]. The typical findings of fever,
lumbar pain and high C-reactive protein make acute pyelonephritis likely. The distinction
between an acute pyelonephritis and a simple urinary tract infection is usually made on
CEUS [(8)] combined with clinical presentation. The less perfused areas in the kidney
parenchyma are shown and allow a diagnosis of pyelonephritis to be made, similar to MRI
[(23)]. Pyelonephritis can lead to focal modifications where often only a single lobulus is

affected.

Figure 35 Acute pyelonephritis in a 18-year-old female. The cortex and medulla are

hyperechoic and the pelvis wall is thickened (3.8 mm).
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Infiltrative nephropathies

The category of infiltrative nephropathies includes diseases that show large hyperechoic
kidneys, such as storage diseases, lymphomas and leukaemias. Of all storage diseases,
amyloidosis is the most clinically relevant and manifests as nephrotic syndrome. The echo

compaction of the kidney cortex and the kidney cortex itself is very strong in these cases.
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The whole kidney is diffusely infiltrated [(24)] by amyloid [Figure 36]. Niemann-Pick disease
is a very rare lipid storage disorder and has a similar appearance. A diffuse infiltration of the
kidney by non-Hodgkin‘s lymphoma or leukaemia can also result in the manifestation of a
large kidney with hyperechoic cortex and even more echoic and less prominent renal

pyramids [(25)].

Figure 36 Amyloidosis with nephrotic syndrome and normal creatinine. Large kidney with

hyperechoic cortex.

Acute urinary tract obstruction

In cases of a renal colic with an acute urinary obstruction, an enlargement of the affected
kidney and a hyperechoic cortex can be observed [Figure 37]. The kidney pelvis then
becomes extended and at this stage a significantly raised Rl is seen (increased RI>0.10 on the

affected side).
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Figure 37 Acute urinary tract obstruction in very early stage. No hydronephrosis but

enlarged kidney with hyperechoic cortex.

Enlarged kidneys with hypoechoic cortex

This has been observed during cases of severe acute right heart failure, renal vein
thrombosis and in Hantavirus infection. Attenuated echogenicity of the cortex with an
overall enlarged kidney has been described. A part of the inflamed kidney parenchyma can

also appear hypoechoic in cases of focal pyelonephritis.

Small kidneys

Small kidneys are defined as kidneys with a longitudinal diameter of less than 9cm or a
kidney volume below 80ml/1.73m? BSA. Small kidneys occur in kidney hypoplasia, vascular
diseases of the kidney and in cases of chronic disease of the kidney parenchyma. In the same
way as enlarged kidneys, small kidneys are further sub-divided into kidneys with normal

cortex echo-intensity hyperechoic cortex or hypoechoic cortex [(14)].

Small kidney with normal cortex echo-intensity

Kidney hypoplasia



EFSUMB ECB2nd Edition Kidney .... 26.03.2020 13:06 32

Hypoplasia is the result of a disturbance to the kidney’s development and is characterised by
a reduced organ size and an otherwise inconspicuous appearance [Figure 38]. A combination

of hypoplasia with dystopia and malrotation can occur.

Figure 38 Hypoplastic small kidney, otherwise normal architecture.

Nephrosclerosis

Kidneys of patients suffering from general arteriosclerosis and/or chronic hypertension are
normal size or only slightly smaller. They have an inconspicuous echogenicity of the kidney
cortex and, often, characteristic vascular scars can be seen. The Rl increases to a value of 0.8
or higher. The high value corresponds with a rapid progression towards renal failure [Figure
39]. As a result of the vascular damage, there is also significant narrowing of whole parts of

the kidney parenchyma [Figure 40].
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Figure 39 Nephrosclerosis with high resistive index (0.81).

Res. Ind. (Main RA)
Max = 1.19 m/s
Min = 0.23 m/s
ZMMG = 0.53 m/s

Pl =181
Rl = 0.81

E=PW:3MH2) ©=45° Invertiert

" o LT
. '

v

Figure 40 Nephrosclerosis with narrowing of huge part of parenchyma.
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Small kidney with hyperechoic cortex

It makes sense to combine further clinical features and syndromes into the differential
diagnoses. If the kidney is small on both sides, then chronic renal failure normally appears.

However, this is not the case for one-sided disease (e.g. pyelonephritis). Chronic renal failure
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is characterised by being present for the 3 months, renal anaemia and/or renal osteopathy.

Small kidneys on both sides is characteristic of chronic renal failure [Figure 41].

Figure 41 Small kidney with hyperechoic cortex.
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Chronic glomerulonephritis and chronic non-destructive interstitial nephritis

Sonomorphology in both cases appears very similar. An hyperechoic cortex, prominent renal
pyramids, fine granular contour of the kidney and a well-preserved architecture can be
observed [Figure 42]. Again, obvious lobulation is apparent in many cases. A definitive
diagnosis can only be made in a clinical context (e.g. glomerular erythrocyturia during

chronic glomerulonephritis) or on the basis of renal biopsy [(20, 26)].

Figure 42 Chronic glomerulonephitis.
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Primary oxalosis and hereditary hyperoxaluria

The renal cortex and medullary pyramids are extremely hyperechoic in both cases. Oxalate
crystals are diffusely distributed in the parenchyma and normal parenchymal structures are

no longer recognisable [Figure 43].

Figure 43 Hereditary hyperoxaluria.

+ Dist 1.37cm

Chronic pyelonephritis

This is often a unilateral disease, but can occur on both sides and lead to chronic renal
failure. Observations include typical pyelonephritic scar, a hyperechoic cortex and disturbed
architecture. Large areas of the kidneys become shrunken and others are locally
hypertrophic [Figure 44]. The combination of urinary tract obstruction and infection results
in a rare case of pyelonephritis called xanthogranulomatous pyelonephritis, which mimics
tumourous diseases [(27)]. Renal tuberculosis often shows parenchymal scarring,

calcifications, congestion and stenosis in the urinary collection system.
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Figure 44 Chronic pyelonephritis with an irregular destructed kidney.

End-stage renal disease

All chronic diseases can lead to a barely recognisable and shrunken kidney. Even with
histology, with end-stage renal disease (ESRD), it is difficult to differentiate between chronic
pyelonephritis and chronic glomerulonephritis. Tuberculous pyonephrosis with extensive
caseous necrosis is known to occur at end-stage tuberculosis and there are normally no

traces of a regular structure.

Small kidneys with hypoechoic cortex

Renal artery stenosis

Renal artery stenosis can lead to a hypoperfusion of the whole organ and atrophy of tubules,
which move closer together. There are no infiltrates or oedema. The kidney cortex seems
more hypoechoic [Figure 45 and 46a-c]. In patients with hypertension, a systematic search

for renal artery stenosis is helpful.
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Figure 45 Small kidney with hypoechoic cortex with stenosis of renal artery.

Figure 46 Small kidney with hypoechoic cortex with stenosis of renal artery (a). Same
case, exit of the right renal artery with Vmax 254 cm/sec (b). Same case, renal

artery near the hilum with typical low poststenotic Rl of 0.43 (c).

Right Kidney

Dist1 7.15cm
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+ PSV -254cmls
EDV -75.7 cm/s
RI 0.70
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Kidney contour changes

The normal kidney contour is smooth. It has the regular demarcation of a bean-like organ.
There are typical deviations of this contour [(5)] in the numerous normal variations and

diseases.

Dromedary hump

A hump of the outline outwards is the so-called Dromedary hump and is a variation of the
left kidney only. It is presumed that, due to the large amount of space caudal of the spleen,
the kidney is able to grow during organogenesis, which is not possible on the other side

where the kidney lies close to the large liver.
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Lobulation

The kidney originates from the merging of 12—-15 lobuli. During childhood and occasionally in
adults, this fusion is incomplete. This incomplete fusion or merging is called lobulation. Each
renal pyramid near it forms a lobulated kidney contour. The renal pyramid always shows in
the epicentre of the lobulus and the neighbouring lobuli form an arch with each other.
Sometimes, fusion grooves appear slightly deeper, but even with depth a sharp angle forms

and the hump is still clearly recognisable [Figure 12].

Vascular scar

In contrast to lobulation, vascular scars originate from the arterial flow circuit of renal
arterial branches, which leads to infarction of the tissue. The vascular scar is usually
triangular, an acute angle-shaped defect, but sometimes it can be trapezoid [Figure 19, 47].
Trapezoid scars often lie between single renal pyramids, where the interlobar arteries
plunge into the parenchyma. These scars are often found in patients who suffer from severe
arteriosclerosis, or emboli from endocarditis or atrial fibrillation. These scars can often be

seen in cases of chronic hypertension.

Figure 47 Vascular scar (arrow).
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Pyelonephritic scar

The pyelonephritic scar is part of a chronic inflammatory change, which takes place in one or
more lobuli. The affected kidney cortex, which is located just above a renal pyramid, shrinks
and, in most cases, it is more hyperechoic than the surrounding cortex. Under these
circumstances, a shallow and concave scar with a renal pyramid at its epicentre develops

[Figure 20, 48a-b].

Figure 48 Pyelonephritic scar is concave, in the epicentre is the renal pyramid,
surrounding parenchyma more echogenic and narrowed (a). Pyelonephritic
scars in chronic disease with narrowed parenchyma, calcified necrotic papillae

and enlarged renal calyces (b).

+ Dist 0.986 cm
;2 Dist 1.35cm

a
+ Dist 0.843 cm
= Dist 0.767 cm
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Kidney with abnormal echo-pattern

The normal echo-pattern of the kidney is homogeneous and the renal pyramid is easily
recognisable as triangle-shaped and nearly anechoic formation. The peak of the pyramid and
the renal papilla point towards the hyperechoic renal sinus. The base is limited by arcuate
arteries. The kidney cortex can be both hyperechoic and hypoechoic. Changes to the

medullary pyramids can also occur.

Kidney with hypoechoic medullary pyramids

In cases of slight right heart failure, in patients taking diuretics and with immunoglobin A
nephropathy, the medullary pyramids can seem particularly hypoechoic. After precise
measurement of the kidney cortex and the medullary pyramids echogenicity before and
after taking diuretics, the effect on the hypoechoic medullary pyramids becomes evident as
a result of the echo densification of the cortex [(18)]. Other conditions, such as
immunoglobin A nephropathy [Figure 33] or early stage transplant rejection, can also show

the particularly prominent and hypoechoic medullary pyramids [(14-16, 20)].

Kidney with hyperechoic medullary pyramids

The following are a series of diseases that show the opposite of the usually common echo-

pattern (medullary pyramids show less echo than the kidney cortex) [(14, 17)].

Renal failure in newborns

Newborns who have been born with a lack of oxygen show renal failure that lasts only a
couple of days. Characteristically, the medullary pyramids appear hyperechoic. This is
thought to be due to a breakdown of the Tamm-Horsfall protein in the collecting ducts [(28,

29)].

Medullary nephrocalcinosis

There are a variety of different conditions leading to hypercalciuria and precipitation of
calcium in the medullary pyramids, such us primary hyperparathyroidism, sarcoidosis and
multiple myeloma. Hyperechoic medullary pyramids are also observed in Conn’s syndrome,

in some forms of Bartter syndrome [Figure 49] and during furosemide abuse. The medullary
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pyramids gradually become hyperechoic, which begins on the lateral side and spreads slowly

into the middle of the papilla [(30-32)].

Figure 49 Medullary nephrocalcinosis in Bartter syndrome with hyperechoic pyramids.

Urate nephropathy

In cases of acute urate nephropathy caused by a sudden surge of uric acid, a significant
increase in volume and an echogenic kidney can be observed. These modifications are a
consequence of the precipitation of uric acid crystals in the tubules, which cause urinary
obstruction. Sometimes, crystallisation can be localised in the collecting ducts, particularly

during long-term hyperuricosuria. Hyperechoic medullary pyramids are also seen here.

Medullary sponge kidney

Medullary sponge kidney is a congenital malformation of the collecting duct, which shows
cystic extension and is often combined with distal renal tubular acidosis. The medullary
pyramids are hyperechoic. Single small stones are observed inside the cystic extensions. The
renal pyramids have an overall crumbly character with individual hyperechoic spots and

show a very fine posterior acoustic shadow [Figure 50].
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Figure 50 Medullary sponge kidney with very small stones (echogenic spots) in cystic

extensions of collecting ducts (arrows).

Analgesic nephropathy

As a result of phenacetin abuse, analgesic nephropathy has become a very common disease.
The formation mechanism comes from capillary sclerosis in the vasa recta of the medullary
pyramids, which leads to papillary necrosis at the point of the papilla [Figure 51]. During the
early stages hyperechoic spots are recognisable at the point of the papillae and later almost
all the medullary pyramids become calcified and necrotic. A small shrunken kidney with

hyperechoic calcified medullary pyramids is found in advanced stages [(33-35)].
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Figure 51 Analgesic nephropathy (early stage) with calcified tips of the papillae (arrows).

Kidney with abnormal architecture

It is necessary to be aware of the complex genesis of the human kidney in order to

understand its abnormalities.

Multicystic dysplastic kidney disease

MCDK disease originates from a missing connection between the metanephros and Wolffian
duct. This can take place either partially, where multicystic dysplastic focal modifications

appear, or more generally where the whole kidney system shows cystic degeneration.

Polycystic kidney disease

PKD is a familial disease. The cysts form out of pre-existing tubular structures. Its
appearances are classified into juvenile, autosomal recessive and adult forms. The most

common type is autosomal dominant.

Autosomal recessive polycystic kidney disease

In cases of autosomal recessive polycystic kidney disease (ARPKD) there are numerous very

small cysts[Figure 52]. In newborns, the appearance is reminiscent of “salt and pepper” and


http://en.wikipedia.org/wiki/Wolffian_duct
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can lead, in the very young to end stage renal disease (ESRD). Rarely, renal function remains
into adulthood. At a later stage, multiple calcifications in the cyst walls are observed, which

give the appearance of twinkling.

Figure 52 Autosomal recessive polycystic kidney disease with multiple small cysts (salt

and pepper pattern) in 27-year-old female.

Autosomal dominant polycystic kidney disease

This variation consists of a large number of big cysts. Clinically, this disease manifests during
adulthood [(36, 37)]. Numerous very small cysts are observed next to the larger cysts [Figure
53]. Many calcifications are shown by twinkling on the image. The volume of such a kidney

can reach up to 1000 ml.
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Figure 53 Autosomal dominant polycystic kidney disease with multiple large cysts.

Tuberous sclerosis complex (TSC)

Is a rare genetic disorder caused by mutation of two genes TSC 1 and TSC2. There are
abnormalities in many organs including skin, brain, lungs, heart, eyes, pancreas and kidney.

In kidneys they are multiple angiomyolipomas in 60-80% [a] and in 20-30% kidney cysts [b].

Figure 54 Patient with TSC shows multiple hyperechoic angiomyolipomas (a) with

multiple kidney cysts (b).

+ Dist 3.07cm
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Dist 2.56 cm

Secondary cystic degenerations with chronic renal failure

In chronic renal failure there are a number of secondary cystic degenerations, which do not
have a specific cause [(38)]. The kidneys have multiple cysts, but they never reach the scale
of variety or volume seen in forms of AD PKD. This degeneration is usually seen in long-term

dialysis patients [Figure 55].

Figure 55 Secondary cysts in end stage renal failure patient.
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Focal changes of renal parenchyma

A change of architecture in an otherwise inconspicuous kidney parenchyma is called a focal

modification. Cystic and solid forms of modification can be differentiated.
Cystic focal changes of the kidney parenchyma
Bosniak classicification

Bosniak group published in 1986 describing the differentiation of cystic lesions into 4 groups.
It was based on imaging performed with contrast enhanced CT (CECT). Because many of
Bosniak Il lesions were benign and further group was added. Similar classifications of cystic

lesions have been described using CEMR and contrast enhanced ultrasound (CEUS) [(39-41)].

Bosniak I: simple cyst (benign)

Bosniak Il: minimally complex cyst (benign)

1.
2
3. Bosniak IIF (follow): slightly more complex than II, not yet Il (95% benign)
4. Bosniak lll: complex cysts (40-60% malignant)

5

Bosniak IV: mixed cystic-solid lesion (85-100% malignant)

Bosniak classification criteria:

e septa

cyst content
e contrasting

solid shares

Bosniak I: Simple renal cyst

Wall thin (< 1 mm)
septa: no

cyst: anechoic
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contrast enhancing: no

solid components: no

A simple renal cyst forms approximately 65—70% of focal changes of the kidney. Its image
consists of a smooth wall, posterior echo enhancement and tangential shadow [Figure 56].
The cysts usually grow with ageing. Up to 40% of adult patients have at least 1 simple kidney

cyst.

Figure 56 Simple renal cyst (classified as Bosniak I).

Calyx diverticulum

For the differential diagnosis, the sonographer has to differentiate between kidney cysts and
calyx diverticulae. Calyx diverticulae usually narrow towards the kidney pelvis and some of

them contain stones [Figure 57 and 58].
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Figure 57 Calyx diverticulum.

Figure 58 Calyx diverticulum: contrast-enhanced ultrasound helps to differentiate from a

cyst. The diverticulum has a clear connection to the collecting system.

17 bpm

Lymphoma

Sometimes, cyst-like formations deveop due to non-Hodgkin’s lymphomas [Figure 59]. CEUS

proves helpful because compared to cysts, lymphomas are very well perfused.
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Figure 59 Focal change in the kidney: cyst-like non-Hodgkin’s lymphoma.

Bosniak Il: complex renal cyst

wall thin; partly slightly thickened/ calcified
septa: few, see above

cyst: anechoic or homogenous echogenic
contrast enhancing: minimal

solid components: no

Some cysts show thin septa and wall calcification. RCCs consist of cystic as well as solid parts.

CEUS is helpful to differentiate cysts and mixed cystic-solid space [(42, 43).

Figure 60 Bosniak Il: cyst with thin septa (a). Bosniak Il: cyst with thin septa: in CEUS
hardly perfused (b).
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Bosniak IIf: complex renal cyst

wall thin; partly slightly thickened/ calcified
septa: many, see above; thickened, nodular
cyst: anechoic or homogenous echogenic
contrast enhancing: minimal

solid components: no

Bosniak IIF (follow): homogenous echogenic cyst or, via CT, hyperdense cyst. Wall is thin,
partly thickened or calcified. Criteria are many septa, slightly thickened or calcified,
sometimes thickened or nodular. CEUS should be performed again after 6 months to avoid

missing a malignancy [(44)]. An echogenic cyst that bleeds is represented on CEUS as a cyst
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or non-perfused space [Figure 61a,b]. It can be clearly differentiated from a partly perfused
space, which is likely to be a cyst holding a carcinoma. Perfusion of even the smallest solid

part of a cyst should always be assumed to be a possible malignancy [Figure 62a,b].

Figure 61 Echogenic cyst on left kidney of patient (a). Contrast-enhanced ultrasound: cyst

is not perfused. Simple renal cyst with bleeding (arrows), Bosniak Il (b).

Gn .
MI0.04
Contrast

Figure 62 Echogenic cyst on right kidney of the same patient (a). Contrast-enhanced
ultrasound in echogenic cyst: perfused solid part: Bosniak IV: Renal cell

carcinoma (arrows) (b).
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Bosniak Ill: complex renal cyst

wall thin; partly irregular thickened/ calcified

septa: many, see above; thickened, nodular

cyst: anechoic or homogenous echogenic

contrast enhancing: present

solid components: no

Bosniak Ill: cysts with partly irregular and thickened, often calcified walls, many septa,

thickened, nodular, with cyst content anechoic or homogenous echogenic [(45)]. Septa are
perfused and this is better seen using CEUS compared to CECT. 40-60% of such changes
prove to be malignant [Figure 63]. B-mode is not enough for assessing the changes in

Bosniak Ill and IV. CEUS often brings surprises [Figure 64].
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Figure 63 Cyst with thick septa (a). Cyst with thick septa, in CEUS strong perfused:
Bosniak lll (b).
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Figure 64 In CECT and CEMR suspicion of malignant tumour. Inhomogenous echoic
formation in B-mode (a). Contrast-enhanced ultrasound: no perfusion, simple
cysts with bleeding, Bosniak 2 (b). Contrast-enhanced ultrasound: TIC (Time

intensity curve): no perfusion in bleeding cyst (blue) and cortex perfusion (red).

(c).
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Bosniak IV: complex renal cyst

wall

septa:

thin; partly irregular thickened/ calcified

many, see above; thickened, nodular

56
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cyst: anechoic or homogenous echogenic
contrast enhancing: present also solid shares
solid components: present

Bosniak IV: cysts with solid parts, 85—100% are malignant. Usually, such cases are clear cell
RCC with secondary regressive modifications and pseudocystic transformation[Figure 65a-b].
It can sometimes be a multilocular (cystic) clear cell RCC. It can be difficult to differentiate
from a benign cystic nephroma [Figure 66] whose images can also show solid and cystic parts

[(46, 47)].

Figure 65 Cyst with solid shares: debris (a)? cyst with solid shares: CEUS: perfusion of

solid shares: = solid lesion, Bosniak IV. Result: clear cell renal cell carcinoma (b).
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Figure 66 Benign cystic nephroma, difficult to differentiate to other Bosniak IV lesions (a)
Benign cystic nephroma, difficult to differentiate to other Bosniak IV lesions:

CEUS shows perfused septa and solid shares (b).

Solid focal changes of the kidney parenchyma

The differentiation of solid focal renal lesions is often not easy. First, it is important to

distinguish the common benign changes, such as parenchymal cones, from true tumourous
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changes. This is in most cases possible by careful presentation and analysis of B-mode
images. Complementing with CDUS is useful in most cases. If, however, true tumours are
suspected, measurement of tumour echo density [(48)] versus echogenic tumour cortex
ratio (E-TCR), semiquantitative assessment of tumour vascular disease using CDUS, and
assessment of CEUS behaviour including quantification of the tumour time intensity curves
(TIC) is useful [(49-52)]. In addition to ultrasound we also have CECT and CEMR available. In
special cases where the diagnosis remains uncertain an ultrasound-guided tumour biopsy

should be performed.

Non-tumourous solid focal changes of the kidney parenchyma

These are to be differentiated from genuine tumours.

Renal parenchymal cone (RPC)

As a rule, this phenomenon results from an isoechoic formation leading into the renal sinus.
It has been referred to as a hypertrophied column of Bertin [(53)]; however, a RPC is not
always hypertrophy of the cortex. Some lobules reach deeper into the renal sinus [Figure
10,67,68]. Sometimes an entire lobule including the renal pyramid “falls” into the renal sinus
[Figure 69]. As a result of the inhomogenity, these cases are doubtful and further
investigation is recommended. RPC or pseudotumour is very common, in one study 53% of
patients has at least one RPC [(54)]. Solid tumours are much less frequent: Angiomyolipoma
0.13-2.2% and renal cell carcinoma 0.11-0.9%. [(55-58)]. Because RPC is so frequent,
clarifying with CT would bring enormous radiation exposure to the population [(59)] and

therefore CEUS is the investigation of choice in unclear RPC cases [(60)].
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Figure 67 Renal parenchymal tap with hypertrophied column of Bertin.

Figure 68 Renal parenchymal tap with hypertrophied column of Bertin.
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Figure 69 Renal parenchymal tap with the whole lobulus including the medulla in the

renal sinus.

Kidney Right

Lobar pyelonephritis

The infected lobule can be both hyper- and hypoechoic, is oedematous enlarged and, during
PWDS or CDUS examination, perfusion is reduced [Figure 70,71]. This can lead to suspicion
of a tumour and CEUS examination becomes crucial. In pyelonephritis hypoechoic areas are
already visible on B-mode ultrasound and the possibility of a renal abscess should be taken
into account. CEUS can reveal the start of an abscess because of its representation of non-
perfused areas [(8)], which would remain undiscovered on B-mode ultrasound of an

otherwise inconspicuous kidney parenchyma [Figure 72].
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Figure 70 Hypoechoic lobar pyelonephritis with reduced CDUS-signals.

Figure 71 Hyperechoic lobar pyelonephritis with reduced CDUS-signals.
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Figure 72 CEUS: No perfusion (left in picture) in the area of the abscess (arrow).

Medullary nephrocalcinosis

In some cases, medullary nephrocalcinosis can lead to a misdiagnosis of a multiple renal

hyperechoic tumours [Figure 49].

Tumourous solid focal changes of the kidney parenchyma

Angiomyolipoma (AML)

This hyperechoic tumour consists of fat, vessels and fibrous tissue. It is seen relatively
frequently with an occurrence of 0.11-2.2% [(55-57)]. As a rule, a strong hyperechoic
structure of the tumour is of diagnostic importance [Figure 73,74]. Measurement of E-TCR is
very useful [(48)]. Typical AML has E-CTR > 2.0 [Figure 75]. It is usually discovered
accidentally. Tumours are often smaller than 1cm and show hardly any growth over the
years. The small tumours are very well perfused and the inflow during CEUS [Figure 76] is
almost as fast as that of the surrounding kidney cortex [(51)]. Larger tumours have slower
influx. The assessment of larger angiomyolipomas can sometimes be difficult because larger

tumours over 4 cm can bleed.
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Figure 73 Hyperechoic angiomyolipoma.

Figure 74 Hyperechoic angiomyolipoma.

64
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Figure 75 Hyperechoic angiomyolipoma: Measurent of E-TCR.

E-TCR = 126.8/ 59.07= 2.15

Figure 76 Hyperechoic angiomyolipoma: TIC of CEUS with as fast inflow of contrast in

tumor (blue) as in cortex (red).

Hypoechoic and epitheloid variant of angiomyolipoma

Although angiomyolipomas are usually in the group showing hyperechoic focal changes,
there is one variation of a tumour without any fat content. This is hypoechoic and is
therefore not distinguishable from other hypoechoic masses. The epithelioid variant is very

rare [(61)] often hypoechoic[Figure 77].
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Figure 77 Two parts of AML: hyperechoic (classic, arrow 1) and hypoechoic (epitheloid

variant, arrow 2).

Renal cell carcinoma

The most significant malignant tumour in the kidney is RCC. It makes up approximately 3% of
all malignancies. Of primary kidney tumours, approximately 90% are formed by RCC with the
remaining are made up of embryonic carcinomas, nephroblastomas, sarcomas,
neuroblastomas and other very rare tumours. RCCs are further classified and divided into
clear cell carcinoma, papillary carcinoma, chromophobe carcinoma and collecting duct
carcinoma. The differentiation of benign and malignant kidney tumours is often
unsatisfactory on CEUS, CEMR and CECT, therefore increasing numbers of these tumours are

biopsied under ultrasound guidance [(23, 62, 63)].

Clear cell renal cell carcinoma

This group is often hypoechoic or isoechoic, often inhomogenous [Figure 78—79a,b]. The E-
TCR is almost below 2.0. These tumours are well perfused, which can be shown using CDUS,
CEUS and CEMR. On CDUS there are often more than 3 tumour vessels visible [Figure 80]. On
CEUS, these tumours are often faster and more strongly perfused than the renal cortex

[Figure 81-82]. Perfusion of margins is increased in larger tumours, within the tumour’s
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necrotic areas with no or few perfusion. Outflow from the tumour is sometimes faster,

sometimes almost the same as from the kidney cortex.

Figure 78 Clear cell renal cell carcinoma ( CC RCC).

Figure 79 Clear cell RCC with central hypoechoic zone. R-TCR is below 2.0: 1.16 (a)

Surgical specimen of the same tumour (b).

TIS0.3 MI1.1

+ Abstanr 5.37cm
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Figure 80

[

ey

CDUS in CC RCC. More than 3 vessels visible in tumour.

TIS0.7 MI1.1

68



EFSUMB ECB2nd Edition Kidney .... 26.03.2020 13:06 69

Figure 81 CEUS in CC RCC. Inflow is faster and more intense.

Figure 82 CEUS in CC RCC. TIC showing faster and more intense inflow of tumour (red)

than renal cortex (blue).

Papillary renal cell carcinoma

This is tumour, which is more homogenous, sometimes hypoechoic. [Figure 83]. E-TCR is
below 2.0. CDUS shows less than 3, often no vessels in tumour [Figure 84]. In CEUS inflow is

slower and weaker compared to renal cortex [Figure 85] and outflow faster than renal cortex

[(49)].
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Figure 83 More homogenous papillary RCC, E-TCR below 2.0: 1.53.

Figure 84 Power Doppler shows only 2 marginal vessels, none in tumour.
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Figure 85 CEUS: TIC shows weaker perfusion of tumour (red), compared to renal cortex

yellow).

Oncocytoma

Oncocytoma is a benign tumour that is more echoic than the kidney cortex and is mostly
homogeneous in structure. Scars located in the centre are quite a common finding [Figure 86
and 87]. On CEUS, a slow inflow from periphery to centre is visible [Figure 88 and 89]. TIC
shows weaker inflow perfusion as CC RCC and faster outflow than renal cortex [Figure 90].
The tumour is usually indistinguishable from chromophobic carcinoma and, although this

tumour is benign, it is often surgically removed.
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Figure 86 Oncocytoma.

Figure 87 Oncocytoma on B-mode ultrasound. Homogenous tumour, E-TCR below 2:

1.52.
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Figure 88 Contrast-enhanced ultrasound: oncocytoma with perfusion from periphery to

the centre.
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Figure 89 Surgical specimen of the same tumour as Figures 87-88.
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Figure 90 TIC of Oncocytoma: Tumour weaker and later (red) as renal cortex (yellow).

Chromophobic renal cell carcinoma

The sonographic characteristics of chromophobic RCC are like the ones of an oncocytoma.
TIC of chromophobic RCC is very similar to oncocytoma [Figure 91]. Even histological

differentiation of these tumours can be difficult.

Figure 91 Chromophobic RCC: TIC is very similar to oncocytoma: Tumour weaker and

later (blue) as renal cortex (red).
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Renal cell adenoma

This mass is usually hypoechoic and occurs mostly in the cortex. In most cases it is a

homogeneous tumour without necrotic areas, which is not distinguishable from small RCC.

Renal metastases

Metastases have been found in many tumours including lung cancer, ovarian cancer,
leiomyosarcoma and neuroendocrine tumours. Since the introduction of CEUS, the detection
rates have increased compared with those previously found on pathological-anatomical

studies.

Bellini duct carcinoma (also known as collecting duct carcinoma)

Bellini duct carcinoma is very rare. It is slightly more echoic than the kidney cortex and is not

distinguishable from other forms of carcinoma by B-mode ultrasound.

Complex focal changes of the kidney parenchyma

It can be difficult to differentiate between multicystic dysplastic kidneys and tumours, such
as clear cell RCC or multilocular cystic RCC, because both can show solid and cystic or
pseudocystic parts. In carcinomas there is always a part of the kidney intact, however small
it might be, in contrast to multicystic dysplastic kidneys. Another change to the complex
structure occurs in benign cystic nephroma, which is a benign tumour consisting of both
cystic and solid parts and calcification [Figure 66, 92]. Although Wilm’s tumour is usually
structurally solidly with few cystic parts, variations of this tumour are found with almost only
cystic parts. Even large angiomyolipomas can show significant bleeding and consist of a
complex structure with areas that are hypoechoic.

Generally, tumours with a partly cystic and partly solid complex structure tend to be large.
The diagnosis is problematic and even combined imaging (CEUS, CECT and CEMR) does not

always lead to a definitive diagnosis. As a result, most cases, benign or not, are operated on.
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Figure 92 Benign cystic nephroma.

Changes of the kidney vessels

Changes in renal arteries

The kidney is well perfused. Approximately 1500 litres (l) of blood passes through daily,
which leads to a production of approximately 150 | of primary urine and approximately 1-2 |
of excreted urine per day. The crucial function of the kidney is to rinse the blood, i.e.
glomerular ultrafiltration. Glomerular filtration rate (GFR), or rather the production of
primary urine by ultrafiltration, serves as an important parameter for the analysis of kidney
function. Normally, this value is approximately 150l per day or more than 90ml/min/1.73m?
BSA, hence the very high perfusion rate. At rest, the kidney receives 20% of the cardiac
output and 100g of kidney tissue has perfusion rate of 400ml/min. Like cerebral vessels,
renal arteries have very low resistance. CDUS can depict renal arteries in both longitudinal
and profile sections. The spectral curves of renal arteries are monophasic and as a result the
evaluation of maximum systolic velocity (Vmax) and minimum end-diastolic velocity (Vmin) is

possible and the Rl (Vmax - Vmin/ Vmax) can be calculated. Only 60% of all patients’ kidneys



EFSUMB ECB2nd Edition Kidney .... 26.03.2020 13:06 77

have one main artery, the rest have one or two polar arteries. On average, renal arteries
have a diameter of 3.5—-6.8mm. Accessory arteries have a smaller diameter of approximately
3-5mm. This reduced diameter can be helpful in identifying accessory arteries [(64)]. In the
case of a diameter less than 4.1mm it is likely to be an accessory artery (with sensitivity and
specificity of 95%); with a diameter of greater than 5.5mm is unlikely to be an accessory
artery. The normal Doppler values are as followed: Vmax, 70—180cm/s, Vmin, 25—65cm/s, R,
0.60—0.80. Colour duplex sonography is recommended for a diagnosis of renal artery
stenosis and use of data derived from spectral curves by measurement systolic and diastolic
velocities. Systolic velocity in the aorta is of further help by using the data and outcome of

the reno-aortal ratio (RAR).

Renal artery stenosis

With haemodynamically significant stenosis (>50%), the following values [(65)] apply as
relevant limits: Vmax>200cm/s (sensitivity 92%, specificity 81%), RAR>2.5 (sensitivity, 92%;
specificity, 79%) and the quotient between renal artery and interlobar artery [(66)] reno-
interlobar ratio (RIR) >5 as well as the Vmax of interlobar artery <15cm/s (sensitivity, 91%;
specificity, 87%). A relevant stenosis may be treated with catheter dilatation. At high RI
baseline (RI>0.80) it is however, unlikely [(10, 11)] to be successful [Figure 93]. There is
debate as to whether revascularization therapy is better than medical therapy of

hypertension [(67)].

Figure 93 Renal artery stenosis at the vessel origin in longitudinal section. Vmax 2.84 m/s.
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Arteriovenous fistula and aneurysms

Besides detecting renal artery stenosis and accessory renal arteries, evidence of
arteriovenous fistula (after renal biopsy), aneurysmal broadened arteriovenous fistulas and
aneurysms of renal arteries are important. The latter primarily consists of cystic changes, but

can show pulsating changes on B-mode ultrasound, which should be clarified by CDUS.

Changes in renal veins

With adolescents or very slim patients, renal veins appear as anechoic and broad tubular
structures, which can sometimes look like a broadened kidney pelvis [Figure 97]. CDUS can

clarify this.

Nutcracker-phenomenon

The left renal vein runs over the aorta towards the vena cava. Sometimes it is compressed by
the outgoing superior mesenteric artery, known as nutcracker-phenomenon. This is followed
by stasis of the left kidney and orthostatic proteinuria and can, in extreme cases, lead to

renal vein thrombosis [Figure 94].

Figure 94 Nutcracker-phenomenon with dilated left renal vein.
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Renal vein thrombosis

In newborns, dehydration can lead to renal vein thrombosis. In cases of renal vein
thrombosis on both sides, irreversible renal failure can occur. Owing to a loss of
antithrombotic proteins, nephrotic syndrome can lead to secondary renal vein thrombosis;
65% of all patients suffering from renal vein thrombosis also show nephrotic syndrome.
Thrombi in the renal veins are also found in malignant kidney disease. Differentiation
between tumour thrombus and a blood clot can be easily distinguished on CEUS: a tumour is

perfused and a clot is not [(23, 45)].

Changes after renal trauma

Perirenal, intrarenal and renal pelvis haematoma have all been observed. The rapid
detection of traumatic kidney rupture is crucial [Figure 95]. If the situation is still ambiguous
on B-mode ultrasound and CDUS, either CT or CEUS should be performed which will allow
the rather indistinct changes of the kidney rupture to be detected. In blunt abdominal
trauma, it is important to assess both the parenchymatous organs and the free liquid in the
abdominal region. Besides kidney rupture, rupture of spleen and pancreatic contusion are
quite common. In account of the high exposure of radiation from CT (full investigation with
contrast is the equivalent of approximately 400 chest radiographs), CEUS is the preferred

option, particularly in children and adolescents.
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Figure 95 Kidney rupture on contrast-enhanced ultrasound.
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Upper urinary tract

Indications, examination technique and normal results

The examination of the upper urinary tracts consists of an assessment of the renal sinus and
ureter as it progresses from the renal pelvis to bladder. This area is superimposed ventrally
by the intestines and on ultrasound is therefore often covered by gas. Prone or a side
position can help the examination. The first few centimetres, especially, are seen more
clearly in a prone position and the outlet of the ureter is usually visible in this position. In
most cases of only slightly broadened ureters a longer section, up to the iliac, can be shown.
Examination is carried out either in a corresponding clinic, i.e. for cases of renal colic, when
there is suspicion of urinary obstruction, or, incidentally and evidence of a change in the
renal sinus is seen. It is important to examine the renal pelvis during the assessment of
urinary tract infections. After the first section, between renal pelvis and iliac vessels
examined in a prone position, further examination up to where the pelvic vessels cross, can
be carried out in a side position or with the patient lying on their back. The last section of the
ureter is often difficult to see. The best outcome is a representation of the ureteral orifice
where the ureter can be traced back to the point where the pelvic vessels cross.

The normal findings of the renal sinus are hyperechoic structures, perirenal fat, renal vessels
and the non-extended pelvis. In children and slim patients echo-free dilated renal veins are
observed and this can lead them being confused with extensions of the collecting system.
Also in children is the collecting system best assessed in a prone position and is usually
clearly depicted; the ureter outlet is also clearly visible in this position [(68, 69)]. Only when
the ureter is 2cm from the pyelo-ureteral transition and extended more than 5mm, is it

referred to as a dilated.
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Modifications of renal sinus

Anechoic renal sinus

Dilatation of the collecting system can occur during urinary obstruction, with vesicoureteral
reflux or during pregnancy, where the collecting system appears anechoic. In cases of a

slightly enlarged renal pelvis, it is particularly important to visualise the ureter.

Normal variations

On ultrasound the renal sinus can appear as either nearly inhomogeneous or completely
homogeneous depending on the amount of sinus fat. In children and slim adolescents, who
hold little sinus fat, anechoic tubular structures (mostly broad renal veins), part of collecting
system and vessels can all be seen. In elderly people, the sinus fat can also appear highly
hypoechoic, which can lead to confusion with dilatation of the collecting system

(hydronephrosis).

Urinary obstruction

In cases of dilatation of the collecting system, anechoic spaces form, which intertwine with
each other and dissociate from the remaining sinus. Depending on the level of obstruction,
the following classification can be made:

e Intrarenal obstruction within tubuli and collecting ducts (e.g. acute gouty kidney).

e Calyceal obstruction (e.g. calyceal stenosis in tuberculosis).

e Obstruction at the pyelo-ureteral transition (e.g. with congenital stenosis).

e Ureteral obstruction (e.g. during passage of stones, necrotic papillae or blood clots).

e Infravesical obstruction (e.g. prostatic hyperplasia or urethral stenosis).

Furthermore, the distinction can be main between acute (hours to days), subacute (days to
weeks) and chronic obstruction (months to years). An obstruction can occur either totally or
partially; a total obstruction poses an urgent risk for the kidney. Obstruction located at the

pyeloureteral transition, or distal from it, lead to a dilatation or congestion of the collection
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system. Sonographic classification of the congestion is made with the help of changes in

renal sinus, parenchymal thickness and spectral curve of interlobar artery.

Acute congestion

The volume of the affected kidney increases with acute congestion. There is an increase in
density of echo in the kidney cortex [Figure 37] and a significant increase in the RI (change of

>0.10 compared with the other kidney).

Chronic congestion

Chronic congestion leads to a gradual dilatation of the collecting system without any change

in the Rl values. The following stages of congestion can be made [Figure 96].

Figure 96 Stages of congestion: (a) normal, (b) degree I, (c) degree Il, (d) degree llI, (e)

degree 1V, (f) end-stage (irreversible hydronephrosis).
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Stage |
Slight expansion of renal pelvis, while both renal pelvis and calices appear anechoic. 2cm

from the pyeloureteral transition, the outgoing ureter should be at least 5mm wide.
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Differential diagnosis for congestion Stage |

Stage | hydronephrosis can be simulated by widened renal veins. These tubular structures
resemble the image of expanded collecting system [Figure 97]. However, renal veins do not
leave caudally, but directly towards the large abdominal vessels. The use of CDUS is helpful
in this situation.

Another form of variation of the renal pelvis is the ampullary renal pelvis, which is slightly
prominent. Calyceal necks and ureters do not appear expanded and this can therefore be

clearly distinguished from stage | congestion [Figure 98].

Figure 97 Prominent renal veins.
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Figure 98 Ampullary renal pelvis.

Stage Il

Obvious expansion of pelvis, calyces and including calyceal necks. The fornix angle can still lie
below 90° and the kidney parenchyma shows normal thickness.

Stage il

Pelvis and calyces, including calyceal necks, show obvious expansion and practically fill the
whole renal sinus. Parts of the pelvis often already lie extra-renally. The parenchyma does
not show any narrowing and the fornix angle lies above 902 [Figure 99].

Stage IV

There is significant narrowing of the parenchyma with a fornix angle usually above 1209.

Further deterioration is the final stage where there is no recognisable parenchyma [Figure

100].
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Figure 99 Congestion Stage lll.

Figure 100 Congestion Stage IV: no visible parenchyma, “hydronephosis” with irreversible

loss of kidney function

TIS0.3 MI 1.2

Differential diagnosis for congestion Stage IlI-IV

Megapolycalicosis
Megapolycalicosis is characterised by multiple calyces. This malformation originates from

extremely short renal pyramids that are not visible in such images. Both the absence of renal
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pyramids and the many and enlarged calyces are highly specific for this diagnosis [Figure

101]. There is no expansion of either the renal pelvis or the outgoing ureter.

Figure 101 Megapolycalicosis.

Parapelvic cysts

Another differential diagnosis simulating high-grade congestion is due to parapelvic cysts.
With careful analysis of the image, the following criteria lead to a correct diagnosis: absence
of calyectasia with a missing connection of single cysts to a renal pelvis and absence of an

expanded ureter [Figure 102a-b].

Figure 102 Parapelvic cysts (a). Parapelvic cysts: no connection to pelvis (b).
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Hypoechoic renal sinus

Contrary to the fairly frequent finding of congestion, hypoechoic changes of the renal sinus

rarely occur.

Haematoma

Haematoma, either post-traumatic or as a complication after renal biopsy or lithotripsy, are

observed in the collecting system.
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Transitional cell carcinoma (TCC)

Some tumours are located in the renal sinus. By far the most frequent is transitional cell
carcinoma (TCC). It can be observed as a hypoechoic formation in the renal sinus [Figure
103]. Occasionally, diagnosis is only possible after additional examinations, such as CEUS,

CECT or CEMR [(70)].

Figure 103 TCC: mostly hypoechoic (a). TCC: CEUS shows late weak perfusion only (b).
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Hyperechoic renal sinus

Kidney stones

Above 5 mm size these strongly hyperechoic formations can be depicted on B-mode
ultrasound. However, it is much more convenient to use CDUS to look for them. During
examination, PRF should be set high and gain setting just below the artefact limit. With
these settings, a colour artefact arises (so-called twinkling), which reveals hard reflectors in
the area of the sinus [Figure 104a-b]. These artefacts occur in more than 80% of even the
smallest, 1-2 mm kidney stones. The composition of the stones, calcium oxalate, calcium
phosphate or uric acid, does not affect their ultrasound appearance, the twinkling artefact.
Twinkling artefacts are not specific for any particular stone and are seen in calcification of
vascular walls, of necrotic papillae in analgesic nephropathy, chronic pyelonephritis or occur

during medullary nephrocalcinosis. Twinkling can also originate from intestinal gas.

Figure 104 Smaller stones are not easy to see in hyperechoic renal sinus (a). Stones are

better visible with help of twinkling artifact (b).
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Changes of the ureter

Anechoic changes of the ureter

Hydro-ureter as a result of urinary obstruction

Renal colic

Kidney stones, blood clots and papillary necrosis passage are all causes of renal colic. They
can provoke urinary obstruction and an expansion of the ureter, renal pelvis and calyces. In
many cases, the cause for urinary obstruction can be shown on ultrasound. In typical renal
colic, the presence of kidney stones [Figure 105] can be proved with a sensitivity of over 90%
[(69, 71-74)] Looking for twinkling is very useful in this scenario because tiny stones in the
ureter are very difficult to depict. It is convenient to start the examination in a prone
position to scan the first few centimetres up to the iliac bone and then proceed to the
prevesical spaces as well as the space at the point where the large vessels cross. Stones are
often found owing to a twinkling artefact [Figure 105] and it is only afterwards that a typical

hyperechoic reflex is seen; it sometimes shows a very fine acoustic shadow or none at all.
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Figure 105 Hydroureter with stone and twinkling artefact.

Differential diagnosis renal colic

If an acute renal arterial embolism is suspected, it is sensible to immediately proceed to
CEUS. In case of a corresponding medical history (e.g. atrial fibrillation ) evidence can be
shown on CEUS and fibrinolytic therapy can be started immediately if infarctus from

embolius is suspected [(6, 9, 45)(75)].

Painless (chronic) urinary obstruction with hydroureter

As well as acute renal colic there are other conditions, which show gradual narrowing of the
ureter with both chronic inflammation of the ureter (e.g. ureteric tuberculosis) and ureteric
tumours. Another cause of gradual expansion can be very large myomas, which cause
external pressure on the ureter. Tumours lying retroperitoneal and retroperitoneal fibrosis
can slowly lead to an obstruction of the ureter. As all these conditions proceed slowly,
hydroureter is usually painless. In most cases it is discovered incidentally during systematic

abdominal examinations.

Hydroureter with non-obstructive condition

Mega-ureter
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This malformation of the ureter occurs with primarily dilated ureters.

Vesicoureteral reflux

This is a malformation of the vesicoureteral transition with a refluxing ureter. In cases of
higher grade reflux, not only the terminal, but the whole of the ureter is dilated. The
diagnosis of vesicoureteral reflux is particularly important in children with recurrent urinary
tract infections. In addition to voiding cystourethogram (VCUG), which has the disadvantage
of radiation exposure, sonographic voiding cystourethogram (SVCUG) with echo-contrast
agents is now possible. So far this method has only been carried out in a small number of
clinics, but this should increase over the next few years. Both the sensitivity and specificity of

this examination method is as precise as VCUG [(75)].

Hypoechoic ureter changes

An expanded ureter can be anechoic with serious purulent infections. This is called a
pyoureter, in which ureter catheters in the ureter can be tracked as hypoechoic formations.

TCC is also hypoechoic and forms an obstruction in the ureter [Figure 106].

Figure 106 TCC in ureter.

D=40,0 mm D=11,0 mm
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Hyperechoic ureter changes

Ureteric stones

The most important hyperechoic modification of the ureter is ureteric stones [Figure 105].
The procedure of following the outgoing ureter in a prone position, and in supine while
crossing the pelvic vessels as well as following the ureter from ureteral orifice back to the
crossing with the pelvic vessels has already been described. With dilated ureters, the search
is carried out along the visible anechoic ureter. In unclear cases, CDUS is recommended with
a high PRF setting and a gain setting just below the artefact limit to identify twinkling.
Whether twinkling is seen or not is not dependent on the composition and roughness of the
stones, but there is a correlation with the surface roughness. It has been shown during
examinations that the same, freely floating stone in the bladder can show a very strong
twinkling artefact once and then a very weak one or none at all depending on the position of
the stone to the Doppler signal.

Twinkling is produced in more than 80% of ureteral stones [(72)], which is of diagnostic
significance. However, twinkling artefacts are non-specific. Twinkling caused by intestinal gas
has to be distinguished from stones and a history of papillary necrosis. Papillary necrosis has
a triangular form and is only partially calcified, so distinction from stones can be made on B-

mode ultrasound.

Urinary jet

The diagnosis of urinary tract obstructions can be quite demanding. Smaller kidney stones
partly cause cases of discrete hydronephrosis and there is no difference in Rl, so further
diagnostic methods can be helpful. Urinary jet is a Doppler phenomenon showing inflow of
urine into the bladder. With normal drinking habits of approximately 2—3 litres a day, an
occurrence of 2 urinary jets/min or 10 urinary jets 5 minutes has been observed, on both
sides. A jet asymmetry is defined by <2 jets/5min on the affected side and >5 jets/5min on
the other side. As well as the number of jets, the quality of jets can also be assessed. A
spectral analysis can provide results on both maximal velocity Vmax and duration of the jets in
seconds. With ureters that are not completely obstructed, jets appear to run slower and to

last longer, while shorter jets are observed from time to time [(76, 77)].
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Figure 107 Urinary jet: in Doppler two red urine streams coming from two ureters into

bladder are visible.

Ureteric colic diagnosis

As well as this very direct verification of a stone there are also some indirect signs of

ureterolithiasis:

e non-glomerular haematuria;

e hydronephrosis, requiring minimal ureteral dilatation of 5mm, 2cm from the
pyeloureteral transition;

e increase of Rl 20.10 on the affected side;

A combination of two to three of these indirect signs indicates a very probable stone. In a
prospective study, probable and directly verified stones by means of sonography amounted
to 98% sensitivity for ureter stones [(69)]. As a further possibility, the asymmetry of urinary
jets suggests one-sided obstructions of the urinary tract. An appropriate examination
technique can help to reduce the number of stone clarifications carried out by the means of
CT, which has the significant radiation exposure [(59)] In prospective study with 2382
patients sensitivity of US and CT was 85 resp. 86%, no statistical difference, it means, in renal

colic do ultrasound first [(78)].
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