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Ultrasound of the kidney:
obstruction and medical diseases

Abstract Ultrasound has emerged
as the primary imaging modality in
conditions where either renal ob-
struction or renal medical disease is
suspected on the basis of clinical and
laboratory findings. In urinary tract
obstruction, pathophysiologic chan-
ges affecting the pressure in the col-
lecting system and kidney perfusion
are well understood and form the
basis for the correct interpretation
of real-time US and color Doppler
duplex sonography (CDDS). Ultra-
sound is very sensitive for the de-
tection of collecting system dilata-
tion (“hydronephrosis”); however,
obstruction is not synonymous with
dilatation, as either obstructive or
nonobstructive dilatation may be
present. To differentiate these con-
ditions, CDDS with measurement of
the resistive index (RI) in the intra-
renal arteries is extremely helpful,
as obstruction (except in the per-
acute stage) leads to intrarenal

vasoconstriction with a consecutive
increase of the RI above the upper
limit of 0.7, whereas nonobstructive
dilatation does not. Diuretic chal-
lenge to the kidney may further en-
hance these differences in RI be-
tween obstruction and dilatation.
Based on these findings, the present
value of US and CDDS in the as-
sessment of the patient with flank
pain or renal colic is suggested, es-
pecially with respect to promising
results for spiral CT and based on
cost analysis. In renal medical dis-
ease, distinguishing different patho-
logic conditions using gray-scale US
and CDDS (RI) criteria is still very
difficult. Nevertheless, US is the fist-
line imaging modality in the patient
with renal insufficiency.
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Introduction

Ultrasound imaging is a commonly used technique in
the diagnosis of renal obstruction. In previous years US
was limited to assess renal anatomy and pathologic
changes of the collecting system which are characteris-
tic, although not specific, for obstruction. During the
past decade, color Doppler duplex sonography
(CDDS) has allowed assessment of alterations of renal
perfusion induced by collecting system obstruction
noninvasively by interrogating intrarenal arteries or
showing general renal perfusion in color; thus, real-

time US and Doppler techniques provide not only
morphologic, but also functional, information on al-
tered blood flow and urinary flow in patients with uri-
nary obstruction.

In the same way, there has been US evolution in the
assessment of the patients with renal medical disorders.
In addition to real-time US parameters, such as renal
length, cortical echogenicity, or distinctness of the cor-
ticomedullary boundary, Doppler techniques demon-
strate alterations in renal perfusion; thus, various, al-
though unspecific, parameters are available to assess
renal parenchymal diseases.
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Table 1 Etiology of urinary tract dilatation. UPJ ureteropelvic
junction. (Adapted from [6])

Obstructive dilatation, frequently unilateral
Stone, papillary necrosis, clot, tuberculous debris
UPJ obstruction, crossing vessel
Inflammatory stenosis of the ureter
Neoplastic infiltration/compression retroperitoneum and pelvis
Primary neoplasm pelvicocalyceal system and ureter
Bladder neoplasm
Mobile kidney, ureteral sling

Obstructive dilatation, frequently bilateral
Infravesical urinary obstruction
Neurogenic bladder
Bladder stone, clot in the urinary bladder
Retroperitoneal fibrosis

Nonobstructive dilatation, frequently unilateral
Vesicoureteral reflux
Following relief of obstruction
Pregnancy
Megacystis-megaureter syndrome

Nonobstructive dilatation, frequently bilateral
Full bladder
Urinary tract infection

This article reviews the capabilities and limitations of
real-time US and CDDS in the diagnosis of urinary tract
obstruction and renal parenchymal diseases. For space
reasons, this article does not cover specific aspects of
urinary tract obstruction in infants and children, as well
as the assessment of renal allografts.

Obstruction

What is urinary tract obstruction?

There is clear understanding that blockage of urine flow
constitutes the key factor in obstruction. Nevertheless,
there is difficulty in defining urinary tract obstruction
precisely [1, 2]. Accordingly, there may arise some con-
fusion if terms such as obstruction, dilatation, hydro-
nephrosis, or urine flow blockage are used similarly. In
addition, the semantics of US may lead to further con-
fusion as well. A dilated collecting system is referred to
as hydronephrosis; however, hydronephrosis in clinical
and sonographic practice implies at least some form of
obstruction. This information cannot be reliably pro-
vided by real-time US. From an anatomical, patho-
physiologic, and clinical point of view, urinary tract ob-
struction may be acute or chronic, unilateral or bilateral,
or complete or partial. It may be generalized, thus af-
fecting the whole pelvicalyceal system of one kidney or
localized, whereby only one or the other calyx may be
obstructed by stone, stricture, or neoplasm.

Following Whitaker [3], obstruction is defined as “a
narrowing such that the proximal pressure must be

raised to transmit the usual flow through it.” As also
pointed out by others [1, 3], three elements are of con-
cern: (a) a lesion blocking urine flow; (b) the pressure in
the collecting system; and (c) the urine flow. As shown
by this pressure—flow-resistance relationship, there is
elevated pressure in the collecting system in acute ob-
struction; however, dilatation of the collecting system,
the hallmark of real-time US findings in obstruction,
might only be one consequence of this pathophysiologic
process in “urinary obstruction” but should not be used
synonymously with obstruction.

Dilatation—obstruction

Dilatation of the renal collecting system is a finding
commonly encountered in US imaging of the kidneys.
The differentiation of true renal obstruction from non-
obstructive dilatation is crucial [4, 5]. The differential
diagnoses of a dilatation of the collecting system are
listed in Table 1 [6].

Pathophysiology

Acute [7, 8, 9, 10] and to a lesser degree chronic [11]
unilateral obstruction have been extensively investigat-
ed in order to understand underlying pathophysiology,
clinical significance, and outcome.

With acute complete obstruction, there is an eleva-
tion of the intrarenal collecting-system pressure; how-
ever, with continuation of complete obstruction, this el-
evated pressure returns soon to normal, even if there is
no decompression via pyelosinus extravasation of urine
due to rupture of a calyceal fornix [1, 2, 7, 8,9, 10].

One important factor possibly responsible for the
reversible and irreversible damage to the kidney in
acute obstruction are alterations in renal blood flow [1,
2,7,8,9, 10, 11]. These hemodynamic changes are well
documented and basic understanding is necessary in or-
der to correctly interpret CCDS findings, especially the
resistive index (RI). In the first 2—4 h after obstruction,
there is a very transient increase in renal blood flow
likely due to afferent arteriolar dilatation [1, 2, 7]. It has
been speculated that this initial increase in renal blood
flow may represent an attempt of the kidney to maintain
a constant glomerular filtration rate [2]. Three to Sh
after urinary obstruction, there is an elevation of intra-
renal resistance mediated by various circulating vaso-
constrictor factors [1, 2, 7]. The third phase, 18-24 h af-
ter obstruction, is profound renal vasoconstriction re-
sulting in reduced renal blood flow [1, 2, 7], even if the
pressure in the collecting system has returned to normal
values. From this stage on, increased renal vascular re-
sistance and vasoconstriction may be the key factors for
irreversible renal damage. It is neither precisely defined
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when acute obstruction becomes chronic nor are the
pathophysiological changes in partial obstruction as
well documented as those for complete obstruction [1,
2]; however, it is well described that even after a long
recovery period after relief of obstruction the kidney
will never again reach its original level of function [1];
thus, diagnosis of obstruction is crucial in order to allow
the kidney to gradually achieve its new, lower level of
function, once obstruction has been relieved [1].

Real-time US

Conventional real-time gray-scale US provides excel-
lent anatomic information regarding dilatation of the
collecting system. Generalized dilatation presents as di-
latation of the renal pelvis which communicates with
dilated calyces. Classically, dilatation is scored from
grades 1 to 3, where grade 1 represents minimal calyceal
dilatation, grade 2 moderate, and in grade 3 there is se-
vere dilatation with thinning of the renal cortex (Figs. 1,
2,3,4,5, 6) [12]. Additional findings may be ureteral
dilatation. The acutely obstructed kidney may be en-
larged compared with the normal contralateral kidney
(difference in size of more than 10% in terms of the
longest diameter as assessed by US).

Once dilatation of the collecting system has been di-
agnosed by US, the following questions are to be an-
swered by examining both kidneys, pelvicalyceal sys-
tems, ureters, and the urinary bladder by percutaneous
US:

1. Is this dilatation with or without obstruction?
2. If there is obstruction, what is the cause and the level
of obstruction?

Regarding the first question, conventional real-time US
is not the method of choice to provide further informa-
tion for the differential diagnosis [1, 2].

Regarding the second question, the kidney and the
ureter should be searched for possible calculi and other
pathologic structures responsible for obstruction (Ta-
ble 1); however, visualization of the entire ureter may
be difficult due to overlying bowel gas, but US inter-
rogation of the distal ureter using the fluid-filled uri-
nary bladder as acoustic window is mandatory. This
extra effort is well worth making since stone visualiza-
tion is often possible (Figs. 2, 3, 4, 5, 6) [1]. Endovagi-
nal or endorectal US imaging permits excellent visual-
ization of the distal ureter, if available, and avoids a
diagnostic delay if the bladder is empty at the time of
percutaneous US, as full bladder distension is manda-
tory for percutaneous US in this case with only few
exceptions.

Whereas US has an excellent sensitivity for diagnos-
ing a dilatation of the collecting system, sensitivity and

e -
Fig.1a,b A 55-year-old woman with advanced cervical carcinoma
(not shown). Longitudinal US scan of the a right and b left kidney.
Dilatation of the pelvicalyceal system, but normal renal parenchy-
ma. Bilateral hydronephrosis grade 2 due to obstruction of the
ureters by cervical carcinoma

specificity for the diagnosis of obstruction are less con-
vincing [1, 2]. Table 2 lists various causes for potential
false-positive and false-negative real-time US findings
for obstruction.

Most often, false-positive diagnoses are due to mini-
mal dilatation [1]. A dilated extrarenal pelvis might be
diagnosed if the dilatation disappears when US is re-
peated several minutes after the patient changed to the
standing position. Ultrasound performed some minutes
after voiding might demonstrate normal findings in pa-
tients where both, bilateral grade-1 dilatation and a full
bladder, were present initially. Especially in slim pa-
tients and more within the left kidney (probably due to
compression of the left renal vein between abdominal
aorta and mesenteric vessels) prominent vessels in the
renal sinus may have the appearance of grade-1 [13] or
even grade-2 hydronephrosis. Color duplex Doppler
sonography readily clarifies this situation and reveals
this “hydronephrosis” usually as veins (Fig. 7).
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Fig.2a-d A 45-year-old man 6 h after sudden onset of typical
right-sided renal colic. a Longitudinal US scan of the right kidney
showing dilatation of the collecting system, grade 2. b Oblique US
scan of the right kidney demonstrating small amount of perirenal
fluid near the lower pole (arrow) suspicious for calyceal rupture.
Distal ureter (not shown) behind the urinary bladder was normal,
but proximal and mid portions of the ureter were not seen by US
due to overlying bowel gas. Spiral CT without contrast material
(slice thickness 5 mm, table feed 8 mm, reconstruction interval
4 mm) showing c dilatation of the collecting system and perirenal
fluid, and d calcified ureter calculus (arrow) at the level of the iliac
vessels not demonstrated by US

Renal sinus cysts may resemble hydronephrosis even
for the experienced sonographer. Whereas dilated caly-
ces show some continuity toward the renal pelvis, cysts
are separated from each other, but excretory urography
may be necessary to reliably exclude dilatation with/
without obstruction (Fig. 8).

False-negative examinations are less common, but
one should be familiar with the fact that in very early,
acute obstruction the collecting system might not have

had time to dilate, especially if other factors, such as
hypovolemia or dehydration, are present [2]. In clinical
practice, this problem is rare; however, distinction be-
tween obstructive and nonobstructive hydronephrosis
remains a problem using conventional gray-scale US.

Color- and duplex Doppler US

Whereas state-of-the-art color Doppler techniques,
such as amplitude-coded Doppler sonography, are use-
ful in assessing focal renal abnormalities such as focal
pyelonephritis, abscess, infarction, or tumor [14, 15, 16],
assessment of intrarenal resistance by interrogating in-
trarenal arteries by pulsed Doppler US available since
the 1980s is mandatory for the diagnosis of obstruction.
Color Doppler might be useful in guiding the duplex
Doppler sample volume to intrarenal arteries, thus pos-
sibly shortening the examination time; however, at times
this examination may still be time-consuming even us-
ing state-of-the-art US equipment and requires high
technical experience [2]. For optimal results, sampling
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Fig.3a, b A 68-year-old asymptomatic woman with microhemat-
uria. a Longitudinal US scan of the left kidney demonstrating di-
latation of the collecting system, grade 2, and large stone in the
renal pelvis (arrow). b Left ureteral jet in the bladder is present
indicating incomplete obstruction due to the pelvic calculus

the Doppler spectrum of the intrarenal arteries requires
optimal settings of the US unit (low wall filter, optimal —
preferably low — pulse repetition frequency in order to
obtain a Doppler spectrum of good size, but without
aliasing, appropriate gain settings) and a cooperative
patient. For the characterization of the intrarenal Dop-
pler spectrum commonly the resistive index (RI) is used,
as easily calculated by the software of most US units as
peak systolic frequency shift minus end-diastolic fre-
quency shift divided by peak systolic frequency shift.
The RI is independent of the angle between US beam
and blood flow, thus not requiring Doppler angle ad-
justments.

An increase in intrarenal vascular resistance is re-
flected by a reduction in diastolic flow velocity within
the intrarenal arteries and a consecutive increase of
the RI. As renal vasoconstriction is the key factor in
the pathophysiologic course of acute and chronic ob-
struction [7, 8, 9, 10, 11], application of RI measure-
ments for the diagnosis of obstruction seems reason-
able. Accordingly, many studies have established nor-

Table 2 Causes of false-positive and false-negative real-time US
in obstruction. (Adapted from [1], [2], and [6])

US false positive
e Normal variants

Extrarenal pelvis

Full urinary bladder

Blood vessels (vein) in renal sinus
e Increased flow of urine
e Cystic disease
Renal sinus (parapelvic) cysts
Adult polycystic disease
Simple cysts, but multiple
Miscellaneous
Dilatation without obstruction
Vesicoureteral reflux
Congenital megacalyces

US false negative
Very early acute obstruction
Hypovolemia, dehydration
Retroperitoneal fibrosis, retroperitoneal tumors invading the
kidney

mal intrarenal RI values and evaluated the role of RI
measurements in US imaging of urinary obstruction [4,
5, 17, 18, 19]. These studies clearly demonstrate that
obstruction leads to an elevated RI [4, 5, 17, 18, 19].
To quantify these findings, various criteria have been
suggested; these include elevation of the RI above the
“normal” threshold of an RI of 0.7 and an interrenal
difference in RI between normal and obstructed kid-
ney (RI difference 0.05-0.1) [4, 5, 17, 18, 19]. An ad-
ditional idea to further improve Doppler results in the
differentiation of obstructive to nonobstructive hydro-
nephrosis is to add a diuretic challenge to the intrare-
nal RI evaluation [5, 20]. In the adult population Mal-
lek etal. prospectively investigated 48 kidneys in
26 patients with suspected renal obstruction by diuresis
duplex Doppler sonography (furosemide 0.5 mg/kg
body weight) and compared the results of baseline and
diuresis RI measurements to the results of diuresis
renography [5]. The baseline RI in normal (n=19)
and nonobstructed but dilated (n =12) kidneys was
normal (0.64 + 0.06 and 0.62 + 0.04, respectively) and
was not changed by the diuretic challenge [5]; howev-
er, the RI in obstructed [n = 8, as defined by an elimi-
nation rate (E_,) <6%/min] and indeterminate
(n=9, as defined by 6 %/min < E,,, < 14%/min] was
elevated in the baseline US Doppler examination and
increased further with diuretic challenge (obstruction:
0.71 £ 0.04 to 0.77 + 0.03, indeterminate 0.72 + 0.11 to
0.78 £ 0.09) [5]. In this study the threshold RI for
baseline RI measurements of 0.69 yielded an accuracy
of 90 % for the diagnosis of obstruction, which was in-
creased to 95% (sensitivity 88%, specificity 97 %)
when using a threshold RI of 0.75 after furosemide
application [5].
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Fig.4a—f A 61-year-old woman presenting with right-sided col-
lecting system dilatation without obstruction 3 years after success-
ful lithotripsy for pelvic calculi. a Longitudinal US scan of the right
kidney demonstrating hydronephrosis, grade 2. b Color duplex
Doppler sonography of the right kidney showing RI = 0.70. ¢ The
normal left kidney without dilatation of the collecting system pre-
sented with RI = 0.69 (not shown). d Intravenous urography dem-
onstrating dilatation of the right-sided pelvicalyceal system, but
ureteropelvic junction and the ureter are normal. In addition, ure-
teral jets of the e left and f right ureter are identical in shape
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Fig.5a-d A 24-year-old woman presenting with a palpable mass
in the right abdomen present at least for months and confirmed as
hydronephrosis grade 3 due to ureteropelvic junction stenosis.
a Longitudinal and b transverse US scans of the right upper abdo-
men using standard US equipment demonstrate a large “cyst”
measuring 15 cm in longest diameter (AAO abdominal aorta; IVC
inferior vena cava). High-resolution US (10- to 12-MHz scanhead)
showing 3-mm wall of the ¢ “cyst” and d “septae” with arterial
perfusion. Doppler spectrum (d) shows typical renal arterial Dop-
pler curve; however, Rl is increased to 0.87

As results of RI measurements to diagnose complete
obstruction are excellent, partial obstruction is not as
well investigated, probably because well-established
noninvasive standards for diagnosis are missing [2, 5].
As Platt mentioned, a normal RI in the setting of partial
obstruction reflects the fact that this obstruction is not
severe enough to induce renal vasoconstriction; howev-
er, there might be morphologic criteria for narrowing of
the collecting system [2] (Figs. 4, 6).

It has been stated that assessing the RI is a separate
and distinct parameter from collecting system dilata-
tion in suspected obstruction [2]; thus, it seems man-
datory to analyze Doppler derived RI together with

Freq&.0 MHz
WF niedr

Dop 75% Skala 2|
PRF 2500 Hz

real-time US information of the collecting system,;
however, intrarenal RI measurements are not free of
error and variability [21, 22, 23]. Conditions other than
renal disease might affect the RI, as very high or very
low heart rates [23]. Another factor of variability is the
age of the patient [22]. It has been demonstrated that
unspecific histologic, especially nonspecific, vascular
findings, such as arteriosclerosis and arteriolosclerosis,

Fig.6a—f A 90-year-old man with lower back pain referred for re-
nal US. Bilateral nonobstructive ureteral calculi confirmed by
IVU. a Longitudinal US scan of the right kidney without collecting
system dilatation. b Longitudinal scan of the urinary bladder
showing calculus within the distal right ureter (arrow). Note mas-
sive enlargement of the prostate and trabeculation of the bladder.
Color duplex Doppler sonography of the ¢ right and d left kidney
demonstrating identical intrarenal Doppler spectra with RI = 0.78
of the right and RI = 0.79 of the left kidney, respectively. Intrave-
nous urography (e native and f 15 min after contrast administra-
tion) confirms calcified stone in the distal right ureter (arrows) and
demonstrates additional calcified stone in the proximal left ureter
(arrows) not recognized on the initial US examination; however,
signs of urinary tract dilatation are missing on both sides. Bilateral
increased RI probably due to the advanced age of the patient
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Fig.7 a Prominent left intrare-
nal veins demonstrated by am-
plitude-encoded color Doppler
sonography in a 24-year-old
man. b Spiral CT after intrave-
nous contrast (performed for
other reasons) demonstrating
proximal left renal vein com-
pressed between aorta and su-
perior mesenteric artery with
distal dilatation (arrow)

influence the RI [22]. As these changes predominate
with age, an increase of the RI with increasing age has
been demonstrated (Fig. 6) [22]. Nevertheless, in ex-
perienced hands interobserver variability of intrarenal
RI measurements is surprisingly low and in the range
of 3% [5].

Ureteral jet

Another, although not very common, application of
CCDS in the assessment of urinary tract obstruction
is imaging of the ureterovesical junction for the pres-
ence or absence of ureteral jets [24]. Patent ureters
and protrusion of urine into the bladder produce a jet
near the ureterovesical junction [24]. This jet is easily
detected by CCDS and missing in complete obstruc-
tion [24]. Partial obstruction of one ureter can result
in asymmetry of the jets, with the low-level jet at the
side of partial obstruction (Figs. 3, 4) [24]; however,
appropriate CCDS settings are necessary for compa-
rable results and the examination may be extremely
time-consuming especially if the patient is dehydrat-
ed.

Hydronephrosis in pregnancy

During the third trimester of pregnancy physiologic
dilatation of the collecting system is found in up to
90% of pregnant women [25, 26]; thus, differentiation
between physiologic dilatation and obstruction, e.g.,
due to passing kidney stone, is challenging. In this
setting, as physiologic dilatation during pregnancy
does not alter the RI, evaluation of intrarenal Dop-
pler spectra and assessment of ureteral jets might be
helpful diagnostic tools without any ionizing radiation
[26].

The patient with suspected urinary obstruction: role of
uUs

Over the past decades many paradigm shifts changed
imaging strategies of the patient with acute obstruction,
i.e., with clinical symptoms such as renal colic or flank
pain. In this setting US imaging is challenged by the old
gold standard intravenous urography (IVU) and the
new technique spiral CT (SCT). Together with the plain
film of the abdomen, these four modalities, or a combi-
nation of these, form the diagnostic armamentarium to
be applied in a cost-effective way [27, 28]. In this clinical
situation US has a high sensitivity in the detection of
possible dilatation of the collecting system, but only low
sensitivity (ranging from 10 to 50 % ) for stone detection
[28]. Conversely, SCT sensitivities and specificities for
stone detection are both in the range of 95 %, respec-
tively [28]. In an approach for cost-effective imaging
these modalities were arranged into four groups repre-
senting different imaging strategies: (a) plain SCT; (b)
plain film+US+IVU (in 28% of cases); (c) plain
film+US+SCT with intravenous contrast (in 28 % of
cases); and (d) IVU [28]. Full costs were 74 Euro for (a),
67 Euro for (b), 65 Euro for (c), and 81 Euro for (d),
respectively [28]. These authors conclude that both
protocols including IVU should be ruled out. Either us-
ing plain SCT alone or SCT in the combination of group
(c) seems advisable; however, as SCT is not yet widely
available in Europe, the combination of US and plain
film may continue as a cost-effective and noninvasive
imaging strategy in the majority of patients with this
clinical question.

Renal medical disease

Since the early days of US there is general agreement
that in patients with renal parenchymal disease, assess-
ment of gray-scale US criteria, such as renal length, re-
nal cortical echogenicity, or distinctness of the cortico-
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Fig.8a, b Bilateral renal sinus cysts in a 55-year-old man. a Lon-
gitudinal US scan of the right kidney remaining unclear whether
cystic structures within the renal sinus (arrows) are cysts or repre-
sent dilatation of the collecting system. b Intravenous urography
(tomography) rules out obstruction of the collecting system and
confirms renal sinus cysts

Fig.9 End-stage renal failure due to glomerulonephritis: longitu-
dinal US scan of the right kidney showing increased cortical echo-
genicity

medullary boundary, does not allow us to distinguish
specific types of renal medical disorders [29, 30]. There
is no convincing evidence that modern US techniques
have changed this opinion; thus, it can be said that gen-
erally in acute parenchymal disorders renal size is in-
creased, due to inflammation and edema, compared
with chronic disease, where the kidney tends to contract
as fibrotic changes occur [12, 31].

Real-time US

Various efforts have been undertaken to get more in-
sight into gray-scale US changes in renal parenchymal
diseases [22, 29, 30, 31]. In the study by Hricak et al. on
129 patients with renal biopsy [29], there was overall no
correlation between the specific sonographic appear-
ance of a kidney and the type of renal disease. There
was a significant correlation between renal length and
the prevalence of global sclerosis, focal tubular atrophy,
and hyaline casts per glomerulus, whereas cortical
echogenicity was positively correlated to the severity of
global sclerosis and focal tubular atrophy [29]; however,
as stated by Platt et al. as early as in 1988, accepted
sonographic criteria for abnormal renal echogenicity
(kidney echogenicity = liver) are neither sensitive
(62%) nor specific (58 %) for renal parenchymal dis-
ease. In another real-time US study performed in the
late 1980s in 63 patients with end-stage renal parenchy-
mal disease, renal length was significantly larger in
glomerulonephritis and diabetic nephropathy as com-
pared with analgesic nephropathy and pyelonephritis,
where kidneys measured 6-7 cm in length [32]. In addi-
tion, cortical echogenicity as compared with liver echo-
genicity was increasing from diabetic nephropathy to
glomerulonephritis to analgesic nephropathy to pyelo-
nephritis [32]; however, as there was overlap of these
parameters between the different entities, etiologic in-
formation was limited [32]. But there is evidence that in
diabetes the kidney in early stages instead increases in
size and represents with normal cortical echogenicity
[12]. In another histologically correlated study analyz-
ing US findings in renal parenchymal disease, there was
a significant positive correlation between renal length
and the amount of edema and a significant negative
correlation to the severity of arteriosclerosis [22]; thus,
unspecific histologic findings influence kidney mor-
phology in renal parenchymal diseases (Fig. 9).
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Fig.10 Marked increase in cortical echogenicity of the right kid-
ney in a 24-year-old woman with AIDS and decreased renal func-
tion

Color- and duplex Doppler US

In renal parenchymal diseases, there is loss of diastolic
flow indicating an increase in vascular resistance or in-
crease in parenchymal pressure within the kidney re-
sulting in an increased RI obtained from intrarenal
Doppler spectra [22]. There is a significant positive cor-
relation between the RI and the severity of arteriolo-
sclerosis, arteriosclerosis, glomerular sclerosis, edema,
and focal fibrosis [22]. Again, these findings are non-
specific, and the RI does not allow to distinguish differ-
ent forms of renal medical disorders [22].

Pathologic entities

Despite these limitations, there are some renal medical
diseases with somewhat characteristic, although not

specific, US findings [6, 12]. In acute tubular necrosis
(ATN), US shows an increase in renal size and promi-
nent pyramids.

In nephrocalcinosis, there are areas of high echoge-
nicity in the pyramids due to the deposition of calcifica-
tion.

In acquired immunodeficiency syndrome (AIDS),
there is a marked increase in cortical echogenicity if re-
nal failure occurs. This may be due to a particular form
of AIDS-related glomerulonephritis and/or nephrotoxic
drugs (Fig. 10).

In analgesic nephropathy, as well in other diseases
(sickle cell anemia, diabetes, VUR), renal papillary ne-
crosis may be present. The necrotic papillary tips may
present as tiny cysts and as small calcifications.

Patients with renal insufficiency

Ultrasound of the patient with renal insufficiency is es-
sentially the summary of this review, as both entities,
obstruction and renal medical diseases, are the major
causes of diminished or absent renal function. In clinical
practice usually there is no stringent information as to
whether this renal insufficiency is acute or chronic, or if
this is “acute on chronic renal failure.” In short, the first
step is to clarify if dilatation of the collecting system is
present or not. If dilatation is absent, differential diag-
nosis by US criteria relies on the assessment of renal size
(normal, increased or decreased; unilateral or bilateral).
As indicated previously, in acute parenchymal disorders
renal size is increased and cortical echogenicity may be
decreased, due to inflammation and edema, compared
with chronic disease, where the kidneys tend to decrease
in size and increase in echogenicity, as fibrotic changes
occur [12, 31].
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