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Abstract We studied the role of duplex Doppler ultraso-
nography in the diagnosis of renal obstruction caused by
ureteral calculi. Using duplex Doppler sonography, we
evaluated the intrarenal hemodynamics of 27 patients who
presented to the emergency department with renal colic.
We performed Doppler ultrasonography on patients in
whom US did not reveal any pathology causing renal colic
and calculated and compared mean RI values of normal and
obstructed kidneys and ARI values of each group. Thresh-
old levels for the diagnosis of urinary tract obstruction
(mean RI > 0.70 and ARI > 0.08) were used to determine
the sensitivity and specificity of Doppler sonography for
the diagnosis of urinary tract obstruction. Patients were
investigated for revealing calculi diagnosis either by stone
excretion history, intravenous pyelography or non contrast
enhanced urinary computed tomography. A total of 162
intrarenal arterial Doppler recordings were made on 54 kid-
neys. Of the 16 patients with urinary obstruction, 11 (68%)
had sonographic evidence of pelvicalyceal dilatation. The
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mean RI of the 16 obstructed and 11 unobstructed kidneys
was 0.69 £+ 0.04 and 0.61 £+ 0.06 (mean =+ standard devia-
tion), respectively. The difference between the mean RI val-
ues for each group was statistically significant (P < 0.05).
Mean RI values of the contralateral kidneys in the
obstructed group and unobstructed group were 0.61 £ 0.03
and 0.59 &£ 0.05, respectively. Also ARI value (0.07 &+
0.02) of obstructed kidney group was statistically higher
than the ARI value (0.01 £ 0.03) of the unobstructed group
(P <0.05). The mean RI of the 16 obstructed kidneys
(0.69 £ 0.04) was significantly greater than that of the 16
unobstructed contralateral kidneys (0.61 + 0.03) (P < 0.05).
This study supplements the existing evidence that, in
acutely obstructed kidneys, renal Doppler recording can
demonstrate altered renal perfusion before pelvicalyceal
system dilatation and distinguish obstructed and unob-
structed kidneys evaluated with suspicion of renal colic.

Keywords Renal obstruction - Doppler ultrasonography -
Resistive index

Introduction

Flank pain due to urolithiasis is a common problem in
patients presenting to the emergency department. Radiol-
ogy plays a vital role in the work-up of these patients.
Although helical computed tomography (CT) is considered
the gold standard for the diagnosis of obstructive uropathy,
it is not always available. Ultrasonography (US) is a sensi-
tive method of detecting dilatation of the renal collecting
system and therefore has been recommended for investigat-
ing renal colic [1]. However, its use in the diagnosis of
acute renal obstruction is limited when dilatation has not
developed. Also US lacks the ability to provide significant
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physiologic data on renal status and sometimes can not dis-
tinguish obstructive and nonobstructive dilatation of the
kidney [2-4]. With the advent of Doppler US new insight
into the physiology of the kidney has emerged, enabling the
detection of subtle renal blood flow changes associated
with various pathophysiological conditions. Recent work
has documented significant elevation in the intrarenal resis-
tive index (RI) in established renal obstruction [1].

This prospective study focuses on the value of duplex
Doppler US for the diagnosis of renal obstruction caused by
ureteral calculi.

Materials and methods

Between February 2004 and May 2004 we evaluated the
intrarenal hemodynamics of 27 patients who presented to
the emergency department with renal colic using duplex
Doppler sonography. Patient age ranged from 17 to 68 years
(mean 41). Thirteen of patients had hematuria. Among the
27 patients, 13 (48%) with varied degrees of hydronephrosis
and 14 (52%) without evident obstruction were evaluated.
After presenting to the emergency department, routine
longitudinal and transverse images of both kidneys were
obtained for assesment of pelvicalyceal dilatation, the pres-
ence of calculi or other morphological abnormality. When
the central echo complex was separated minimally by
distended anechoic calyceal structures, the kidneys were
classified as dilated; otherwise they were categorized as
nondilated. We performed Doppler US on patients in whom
gray scale US did not reveal any pathology causing renal
colic. Oral informed consent was obtained from each per-
son. Doppler US was performed with a Powervision SSA-
140A (Toshiba Medical Systems Co, Ltd, Tokyo, Japanese)
US machine using 3.75 MHz sector probe and Toshiba
SSA-390A Applio machine (Toshiba Medical Systems Co,
Ltd, Tokyo, Japan) with a 3.75 MHz sector probe. The
intrarenal vessels were then identified using colour flow
Doppler, and Doppler signals were obtained from arcuate
arteries at the corticomedullary junctions or interlobar arter-
ies along the border of medullary pyramids, or both. The
Doppler sample width was set at 2-5 mm. The individual
arteries were sampled while the patient held his or her
breath. Recordings were obtained from at least three sepa-
rate vessels in each kidney. To maximize the size of the
Doppler spectrum and decrease the percentage error in the
measurements, we selected a low frequency range setting
(low pulse repetition frequency) and low wall filter (50 Hz).
Doppler spectrum was considered optimal when 3-5 similar
appearing consecutive waveforms were obtained. All RI
measurements were done after 6 h from the renal colic
onset. The renal RI was calculated using the following for-
mula: RI = (peak systolic velocity—end diastolic velocity)/
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peak systolic velocity. The RI difference (ARI) was deter-
mined as follows: ARI = RI of ipsilateral kidney—RI of con-
tralateral kidney. The values of RI and ARI used for
statistical analysis were averages of the mean measurements
in the individual patients. We compared mean RI values of
normal and obstructed kidneys and ARI values of each
group. Results were calculated using the Statistical Package
for the Social Sciences, version 10.0 (SPSS; Chicago) Sta-
tistical analysis of difference between RI and ARI values of
patients with obstructed and unobstructed kidneys was
made with Mann—Whitney U test and Chi-square test. Sta-
tistically, P values less than 0.05 were considered signifi-
cant. Previously published discriminatory threshold levels
for the diagnosis of urinary tract obstruction (mean
RI > 0.70 and ARI > 0.08) were used to determine the sen-
sitivity and specificity of Doppler sonography for the diag-
nosis of urinary tract obstruction [5]. Patients were
investigated for revealing calculi diagnosis by either the
stone excretion history, intravenous pyelography (IVP) or
non contrast enhanced urinary computed tomography (CT).

Results

Between February and May 2004 a total of 162 intrarenal
arterial Doppler recordings were made on 54 kidneys.
Each examination took 20 min to perform for each kidney,
depending on the co-operation of the patient, and no
patient had to be excluded because it was not possible to
obtain adequate Doppler waveforms. The average duration
of symptoms in patients with obstruction was 17 h (range
8-35 h). Sixteen of 27 patients were proved to have uri-
nary obstruction. Of the 16 patients with urinary obstruc-
tion, 11 (68%) had sonographic evidence of pelvicalyceal
dilatation (Fig. 1). Two patients (18%) of 11 in the unob-
structed kidney group had pelvicalyceal dilatation on gray
scale US. The mean RI of the 16 obstructed and 11 unob-
structed kidneys was 0.69 + 0.04 and 0.61 £ 0.06 (mean
plus or minus standard deviation), respectively. The differ-
ence between the mean RI values for each group was sta-
tistically significant (P < 0.05). Mean RI values of the
contralateral kidneys in the obstructed group and unob-
structed group were 0.61 £ 0.03 and 0.59 £ 0.05, respec-
tively. Also the ARI value (0.07 & 0.02) of the obstructed
kidney group was statistically higher than the ARI value
(0.01 £0.03) of the unobstructed group (P < 0.05). The
mean RI of the 16 obstructed kidneys (0.69 £ 0.04) was
significantly greater than that of the 16 unobstructed con-
tralateral kidneys (0.61 £ 0.03) (P <0.05) (Fig. 2). There
was no statistically significant difference between the mean
RI of the unobstructed kidneys presented with renal colic
(0.61 £ 0.06) and contralateral kidneys in the same group
(0.59 £0.05). Mean RI of obstructed kidneys (n: 11)
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Fig. 2 There is no pelvicalyceal dilatation in the left kidney (a). RI is increased (0.71) measured in the upper pole of the kidney (b) and signifi-
cantly higher than the RI value of the contralateral kidney (0.60) (c). CT revealed left ureterovesical junction calculi (arrow) caused obstruction

accompanying pelvicalyceal dilatation on gray scale US
was 0.68 £ 0.05 (Fig. 1). Also mean RI of obstructed kid-
neys (n: 5) without pelvicalyceal dilatation was 0.71 £
0.02 (Fig. 2). Mean RI of unobstructed kidneys with pel-
vicalyceal dilatation (n: 2) was 0.69 + 0.01 (Fig. 3) and
mean RI of unobstructed kidneys without pelvicalyceal
dilatation (n: 9) was 0.59 & 0.08 (Table 1). The difference
in the mean RI between obstructed kidneys without pelvicaly-
ceal dilatation and unobstructed kidneys without pelvicalyceal
dilatation was statistically significant (P < 0.05).

With a resistive index of 0.70 being the critical value to
predict the presence of renal obstruction, the sensitivity and
specificity of RI were 50 and 90%, respectively. The sensi-
tivity and specificity of ARI with the acceptance of cutoff
value as 0.08 were 37 and 100%, respectively. Ten patients
were proved to have stone with the history of stone excre-
tion, four patients with CT and two patients with IVP. Four
patients were proved to be stone negative with repeat inves-
tigations and examinations, six patients with CT and one
patient with IVP. Radiologic examinations for revealing
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Fig. 3 Minimal pelvicalyceal dilatation is seen on gray scale US in the left kidney (a). RI value of this kidney was 0.71, suggesting obstruction

(b). No calculus was seen on CT

Table 1 Number and resistive index values of patients grouped
according to having renal obstruction and pelvicalyceal dilatation

Renal obstruction (+) Renal obstruction (—)

Pelvicalyceal 11 (0.68 % 0.05)* 2(0.69 £ 0.01)
dilatation (+)
Pelvicalyceal 5(0.71 £0.02) 9 (0.59 £ 0.08)

dilatation (—)

Total patients 16 (0.69 &+ 0.04) 11 (0.61 £ 0.06)

* Resistive index values are shown in parenthesis

urinary stone depended on the avaibility of the radiologic
examinations and patient’s choice. Figure 4 demonstrates
the RI values of obstructed and unobstructed kidneys.

Discussion

Traditionally, the evidence of renal obstruction provided by
US has been indirect, and dependent on the “anatomical”
criterion of dilatation of the pelvicalyceal system and ureter
proximal to the level of obstruction. One study showed that
US had a sensitivity of only 37% for ureteral calculi (direct
visualization); when hydronephrosis was included as a pos-
itive sign for ureteral calculi the sensitivity increased to
74% [6]. But early in the course of ureteral obstruction,
hydronephrosis may be absent or only of minimal severity
in as many as 11-35% of cases [7—10]. So in the absence of
pelvicalyceal dilatation functional evaluation of urinary
tract gains importance in the diagnosis of evidence of distal
urinary tract obstruction. Also US imaging may miss the
diagnosis of obstruction in a variety of situations [11]. Mild
dilatation may be overlooked or considered clinically insig-
nificant. A minority of patients with obstructive renal fail-
ure (up to 5%) may show no pelvicalyceal dilatation [12].
The reasons for this are unclear; in some patients it may
relate to dehydration, or to decompression of the pelvicaly-
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Resistive index

calculi positive calculi negative

Fig. 4 RI values of obstructed and nonobstructed kidneys

ceal system by rupture of a calyceal fornix. Intermittent
ureteric obstruction, particularly caused by ureteric calculi,
may also lead to a failure to visualize the collecting system
with US [13]. More direct “functional” evidence of obstruc-
tion has usually required scintigraphy, but recently Doppler
US techniques have been used to obtain functional informa-
tion in suspected renal obstruction [13].

The hemodynamic responses of the kidney to ureteral
obstruction have been investigated extensively in animal
models [14]. Animal studies have demonstrated that a com-
plex series of events follows acute ureteric obstruction. In
the first 2 h the renal blood flow increases, because of affer-
ent arteriole vasodilatation, and the ureteric pressure
increases. From 2 to 6 h after obstruction, renal blood flow
decreases, secondary to vasoconstriction of the efferent
arterioles, and ureteric pressure remains elevated. Subse-
quently, at 6-18 h, renal blood flow remains reduced,
because of vasoconstriction of the afferent arterioles, and
ureteric pressure decreases [13].
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Doppler waveform studies are noninvasive, painless,
readily available, and relatively easy to perform and learn.
In addition, Doppler US obviates the need for ionizing radi-
ation and intravenous contrast material administration
in situations in which they may be undesirable, such as
pregnancy, allergy and renal insufficiency [5]. Renal blood
flow can be assessed indirectly by Doppler US using the RI.
The resistive index is a physiological parameter reflecting
the degree of renal vascular resistance. Therefore, it is
potentially applicable for detecting kidney disease associ-
ated with increased or decreased resistance of the intrarenal
vasculature [5]. Normal renal arterial flow has a low resis-
tance pattern with flow maintained throughout diastole.
Increased values of RI indicate increased vascular resis-
tance, which is a result of urinary tract obstruction. Experi-
mental studies of ureteric obstruction in dogs have shown
that the increase in RI after ureteric obstruction can be
detected [3, 15, 16]. Opdenakker et al. [17] found that the
RI increase was maximal at 648 h after the onset of
obstruction. Early Doppler US studies in patients with
obstructed kidneys and in normal subjects indicated that the
normal RI is <0.7 and that the increase in RI in obstructed
kidneys can be used to distinguish dilated obstructed from
dilated unobstructed kidneys [2].

Early results using RI for obstruction suggested an
excellent sensitivity of 87-100% when an RI of >0.7 was
used in patients with suspected ureteric colic [7, 18]. There
has been much debate on the role of Doppler US in the
diagnosis of acute obstructive uropathy, and the sensitivity
and specificity of this method have varied substantially
among series. The causes for the discrepancy in the results
in the literature concerning the sensitivity of duplex Dopp-
ler US in the diagnosis of urinary obstruction are related to
these factors: variable discriminatory thresholds used for
both RI and ARI, nonmeasurement of ARI, degree of
obstruction, quality of Doppler examination [19]. In our
study we used 0.7 as a cutoff value for RI, which refers to
obstructed kidneys according to the literature [5, 13, 20]. In
the evaluation of renal obstruction, ARI may be more
important than the RI of the obstructed kidney. In our study
we evaluated the ARI values of obstructed and unob-
structed kidneys and accepted 0.08 as a threshold value
refers to obstruction.

Analysis of our results shows similarities to those previ-
ously published [1, 2, 7, 17]. The mean RI for unobstructed
kidneys (0.61 £ 0.06) was equivalent to that reported from
other studies; the difference between the mean RI of
obstructed and nonobstructed kidneys was statistically sig-
nificant. In addition, there was a statistically significant
difference between the ARI in patients with and without uri-
nary obstruction. The sensitivity and specificity of mean RI
was 50 and 90%, respectively. In the literature the sensitiv-
ity of RI differs in the range between 30 and 87% with a

cutoff value of 0.70. In addition ARI had sensitivity and
specificity values of 37 and 100%, respectively. The sensi-
tivity and specificity values depend on the cutoff values. So
we could have high sensitivity and specificity values by
choosing low thresholds as used in some studies. We think
that emphasizing the statistical difference with obstructed
and unobstructed kidneys is more realistic than sensitivity
and specificity values in order to search for the value of RI
in urinary obstruction.

We think it was important to show the difference
between obstructed kidneys without pelvicalyceal dilata-
tion and unobstructed kidneys without pelvicalyceal dilata-
tion. The mean RIs of the first and second group were
0.71 £ 0.02 and 0.59 £ 0.08, respectively, and the differ-
ence of these values was statistically significant. In the
absence of pelvicalyceal and ureteral dilatation, it is diffi-
cult to see ureteral calculi by US. So patients without pel-
vicalyceal dilatation have a disadvantage with US with the
risk of false negative results. Doppler RI values in this
patient group are so helpful as shown in our study.

In this study normal contralateral kidneys in unilateral
urinary obstruction had no elevated resistive index. This
suggested that the hemodynamic changes in obstructed kid-
neys were local intrarenal rather than systemic events as
suggested by Ichikawa and Brenner in an animal study
[21].

In our study 50% of patients in the obstructed group had
a RI lower than 0.70. This phenomenon can be explained
by intermittent or partial obstruction. These subgroups have
been shown to have relatively normal resistive index values
[1, 22]. Another issue of probable relevance is pyelosinus
extravasation, which is evident in 10-20% of acutely
obstructed kidneys on conventional US and urography [7-
9]. Platt et al. [7] have argued that pyelosinus rupture leads
to decompression of the collecting system, so that true
obstruction is no longer present and, thus, it may be respon-
sible for some false negative results. In addition, they have
advocated that the value of a normal RI in a suspected
obstructed kidney should be questioned when the slightest
amount of perirenal or periureteral fluid is detected [7].

The literature indicates that up to 35% of acutely
obstructed kidneys have no sign of dilatation [9], of which
about 60% may have positive Doppler US findings indicat-
ing obstruction [7]. In our study 31% (5 of 16) of acutely
obstructed kidneys had no sign of dilatation with gray scale
US. In this group 60% (3 of 5 kidneys) had mean RI > 0.70
indicating obstruction.

The application of an adequate Doppler US technique is
essential for obtaining accurate results. The most common
reason for obtaining a normal RI in the presence of signifi-
cant obstruction is a technical error that is simple to correct.
As described previously, the use of the correct scale (pulse-
repetition frequency) to expand the waveform size to fill as
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much of the available display as possible, without aliasing,
is crucial [23]. With this strategy, errors in measurements
of RI can be reduced and flow at the end of the diastole gen-
erally can be differentiated from background machine noise
and the wall filter. Failure to make this simple technical
correction results in minute waveforms barely deviating
from the baseline; when measured, these waveforms invari-
ably result in an RI that is calculated to lie within the nor-
mal range, even when a true state of elevated renal arterial
resistance is present [24]. In our study we used an optimal
Doppler US technique to have objective values.

Although it is uncommon in clinical practice ureteral
calculus may occur in the unhealthy kidney such as atro-
phic kidney. We could not find any study in the literature
regarding Doppler changes in the obstructed atrophic kid-
ney by ureteral calculus. Resistive index increase is caused
by several competing hormonal factors, the most important
of which seems to be mediated by prostaglandin [24]. So
we think that the type of anomaly (atrophy or congenital
anomaly) will affect the releasing of this mediator and path-
ophysiology of resistive index increase. So resistive index
increase may not be a reliable indicator on unhealthy kid-
neys. Another potential limitation of Doppler US is that the
resistive index could be elevated in conditions other than
renal obstruction, e.g. chronic hypertension and renal medi-
cal diseases. Therefore, in the setting of known renal medi-
cal diseases and renal colic, an elevated RI could be caused
by the renal disease or obstruction, thus limiting the value
of the abnormal RI in this particular situation. The impor-
tance of ARI in such a condition is also unknown. How-
ever, a normal RI in this setting would still be helpful in
arguing against the presence of obstruction [25].

Finally, this study supplements the existing evidence
that, in acutely obstructed kidneys, renal Doppler recording
can demonstrate altered renal perfusion before pelvicaly-
ceal system dilatation and distinguish obstructed and unob-
structed kidneys evaluated with suspicion of renal colic.
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