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Abstract
Background  Acute ureteric colic is one of the most commonly encountered acute abdominal conditions. Diagnosis of 
obstruction caused by ureteric calculus occasionally becomes challenging if there is inadequate dilation of the urinary tract 
proximal to obstruction. In such a situation, intra-renal artery Doppler parameters can be used as a diagnostic tool. Our study 
compared intra-renal arterial Doppler in patients with obstructed and non-obstructed kidneys presenting within 24 h of onset 
of symptoms of unilateral acute renal colic.
Results  The resistivity index (RI) in the segmental arteries of all 54 patients with obstructed kidneys was significantly 
higher than in those with non-obstructed kidney: 0.75 vs. 0.56, with a p value less than 0.001, a sensitivity of 85% and a 
specificity of 93%.
Conclusion  Doppler ultrasound is a useful diagnostic tool in the evaluation of acute renal obstruction, thus enabling practi-
tioners to avoid ordering unnecessary CT and exposing patients to ionizing radiation. An RI value > 0.7 has good sensitiv-
ity and specificity in our study. The results obtained in the study were comparable to those of pioneer studies conducted 
worldwide.
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Abbreviations
ARC​	� Acute renal failure
ER	� Emergency room
USG	� Ultrasonography
US	� Ultrasound
RI	� Resistive index
CT	� Computed tomography.
NSAID	� Non-steroidal anti-inflammatory drugs
GFR	� Glomerular filtration rate

eGFR	� Estimated glomerular filtration rate.
Tc99m DTPA	� Technetium−99 m- Diethylene-triamine- 

penta-acetate
CDUS	� Color Doppler Ultrasound
MPR	� Multiplanar reconstruction
ROC	� Receiver operating characteristic curve
PCS	� Pelvicalyceal system

Background

Acute renal colic (ARC) is one of the common causes of 
patients presenting to the emergency room (ER). It accounts 
for 30–35% of urologic emergencies [1, 2]. The recurrence 
rate over a period of 5 years is 30–40% [2]. Ultrasonogra-
phy (US) remains the most commonly used modality in the 
initial evaluation of patients presenting with acute abdomen, 
especially in children [3], and the utility of ultrasound in 
the diagnosis of ARC cannot be overstated in cases where 
ARC is one of the most common pathologies presenting as 
acute abdomen. Absence of significant dilatation of the pel-
vicalyceal system, in spite of severe obstruction being pre-
sent, is a well-recognized finding in some patients. In some 
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studies, the absence of significant dilation in ARC has been 
reported in up to 30% [4] of patients. The dilated collecting 
system seen in US need not always be due to obstruction 
in the downstream urinary tract. These conditions include 
a baggy extra-renal type of pelvis, a compound upper pole 
calyx, due to over-distended urinary bladder, vesico-ure-
teric reflux, congenital type of mega calyces, infection and 
residual dilatation due to previous obstruction. Very rarely, 
pseudo-aneurysms of intra renal arteries can mimic renal 
pelvi-ectasis. This kind of vascular pathology can also be 
easily diagnosed with CDUS [5]. Acute complete ureteric 
obstruction is associated with changes in renal blood flow, 
as well as with an increase in renal pelvic pressure. In the 
first few hours, renal blood flow increases, and after 3 to 5 
h, renal blood flow decreases, probably because of efferent 
arteriolar vasoconstriction produced by prostaglandins and 
other vasoactive substances [6, 7]. These changes can be 
effectively demonstrated by the RI of intra-renal arteries, as 
measured by Doppler ultrasound.

Methods

A prospective study was done on 54 patients who were 
referred to the department of radiology with clinical fea-
tures of ARC for further evaluation with ultrasound or 
non-contrast CT. The study period is from January 2015 to 
December 2017. Prior to the commencement of the study, 
necessary clearance was obtained from the institutional eth-
ics committee, and informed written consent was obtained 
from all the participating patients.

Inclusion criteria

All patients with symptoms of acute ureteric obstruction 
presenting to the emergency department within 24 h of onset 
of unilateral ARC were included.

Exclusion criteria

(a) Patients with history of renal parenchymal disease, 
chronic renal obstruction, renal trauma, or bilateral renal 
obstruction; (b) patients with a single kidney; and (c) 
patients in whom ureteric obstruction could not be con-
firmed either with USG or with CT were excluded.

All patients underwent gray-scale ultrasonography (US) 
and Doppler evaluation of intra-renal arteries. Computed 
tomography (CT) was done for those patients in whom US 
could not confirm the cause of obstruction.

Evaluation by ultrasound and Doppler study

The kidney on the side of obstruction was treated as the 
case kidney, and the contralateral normal (non-obstructed) 
kidney served as control. All patients underwent B-mode 
US and color doppler ultrasound (CDUS) with Philips iU22 
using a C 1–5 transducer and Siemens Acuson S3000 using 
a 6C1 HD transducer. The presence or absence of pelvical-
yceal system dilatation in each kidney was assessed using 
the gray-scale images. At least three Doppler spectra were 
obtained from inter-lobar arteries along the border of the 
medullary pyramids, and their mean was taken (Fig. 1).

Fig. 1   Doppler US demon-
strating an RI value of 0.74 
in the mid pole of left kidney 
(obstructed kidney)
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The Doppler waveforms were made using the lowest 
pulse repetition frequency possible without aliasing. This 
maximized the size of the Doppler spectrum and decreased 
the percentage error in the measurements. In addition, the 
lowest possible wall filter for each ultrasound scanner was 
used. The Doppler sample width was set at 2–3 mm. The 
renal RI was calculated using the standard formula. The 
mean RI value was calculated for each kidney.

Evaluation by computed tomography

Siemens SOMATOM Definition Edge 128 slice Computer-
ized Tomography (CT) equipment was used for the study. 
Non-enhanced CT of the abdomen, extending from the dome 
of the diaphragm to the pubic symphysis, was performed in 
all patients in whom the site and cause of obstruction could 
not be confirmed with US. Raw data was acquired with 
0.6 mm thickness and pitch of 0.8. Reconstruction from the 
raw data was done in 5 mm thickness for viewing purposes 
and in 1 mm thickness for coronal and sagittal multi-planar 
reconstruction (MPR) (Fig. 2). The sites of ureteric obstruc-
tions were identified. Those patients not confirmed to have 
obstructions by CT were excluded from the study.

Statistical methods

All data were systematically collected, tabulated and ana-
lyzed using Microsoft Excel and Strata 6 for Windows. The 
Student t test was used in univariate analysis for the continu-
ous variables, and Chi square test was used for analysis of 

noncontiguous variables. A p value of less than 0.05 was con-
sidered to be statistically significant.

Results

This study evaluated 54 patients who had presented to the 
EMD with unilateral ARC within 24 h of the onset of symp-
toms. All the patients underwent B-mode US, CDUS and 
CT if the obstruction could not be confirmed in US. The 
presence or absence of PCS dilatation in each kidney was 
assessed using the grey-scale images. In this study popula-
tion, 34 patients were males and 20 were females, as shown 
(Fig. 3). The mean age of the male patients was 46.8 years 
and that of the female patients was 38.5 years. The age range 
of the male patients was 19–79 years, and that of the female 
ones was 18–61 years.

The modalities used in the diagnosis and the site of 
obstruction are shown in Tables 1, 2.

Out of 54 patients, 26 cases proximal obstructions, 
while 28 had distal obstructions. The mean RI of the 
obstructed kidneys was higher in cases of distal obstruc-
tion (0.79 ± 0.004) than in those of proximal obstruction 
(0.76 ± 0.006).

Of the 54 patients, 45 patients had mild hydronephro-
sis, FIVE patients had moderate hydronephrosis and four 
patients did not have any dilatation of the collecting system 
despite the presence of ureteric obstruction (Fig. 4).

Of the 54 patients who were included in this study, 27 
patients had elevated renal parameters, but did not have his-
tory of chronic renal impairment (Table 3).

In our study, we found that the RI in obstructed kidneys 
was significantly higher than in unobstructed kidneys (0.75 
vs. 0.56; p < 0.001). The RI was higher in obstructed kidneys 
in all cases. The difference in RI between the obstructed and 
unobstructed kidneys (delta RI) ranged from 0.09 to 0.38, 
with a mean delta RI of 0.24 (Table 4).

The RI values in obstructed kidneys ranged from 0.68 to 
0.84 (Fig. 5). The mean RI value in obstructed kidneys was 
0.75, compared to 0.56 in unobstructed kidneys.

The group statistics of RI are shown in Tables 5, 6. The 
receiver operating characteristic curve (ROC) curve depict-
ing the sensitivity of RI in ureteric obstruction is shown in 
Fig. 6.

By using a cut off RI value of > 0.70 in acute unilateral 
renal obstruction, the sensitivity obtained in the study was 
85% and the specificity was 93% (Table 7).

Discussion

Grayscale ultrasound is the investigation method of choice 
in the initial evaluation of ARC, as it is easily available, 
portable and involves no ionizing radiation [8, 9]. However, 

Fig. 2   Sagittal reconstruction of non-enhanced CT showing a calcu-
lus in the left distal ureter who presented with acute left renal colic
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urinary system dilatation seen on conventional gray-scale 
USG has been shown to be sensitive (90%), but not specific 
(65–84%), in the diagnosis of renal obstruction.

The most sensitive, gold standard test for diagnosing 
obstructive uropathy is renal scintigraphy. However the 
availability of scintigraphy and radiation associated with 
it continue to be problematic [10]. Traditionally, the evi-
dence 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. However, US fails to reveal hydronephrosis 
in acute obstruction of the kidney in up to 35% of cases 
[11]. More direct functional evidence of obstruction usu-
ally requires scintigraphy, but recently Doppler US tech-
niques have been used to obtain functional information in 
suspected renal obstruction [11]. US imaging may miss 
(false negative) the diagnosis of obstruction in a variety of 

situations. Mild dilatation may be overlooked or considered 
clinically insignificant. Some patients with obstructive renal 
failure may show no pelvicalyceal system (PCS) dilatation. 
The reasons for this are unclear; in some patients, it may 
be related to dehydration or due to decompression of the 
pelvicalyceal system by rupture of a calyceal fornix [12]. 
It is commonly explained by urologists to be caused by the 
use of non-steroidal anti-inflammatory drugs (NSAIDs), by 
dehydration or by the renin angiotensin effect [13]. If that is 
true, such impairment will be detected through measurement 
of glomerular filtration rate (GFR). Measurement of GFR is 
commonly done using Technetium c-99 m diethylene-tri-
amine-penta-acetate (DTPA), and does not require blood or 
urine sampling [14]. There is a growing evidence that renal 
impairment in acute unilateral ureteric obstruction is due 
to absorption of obstructed urine, with its high amount of 
creatinine, back into systemic circulation. This is considered 
false renal impairment with normal GFR [15]. In a study, El-
Shazly et al. [16] measured renal function through measure-
ment of estimated GFR (eGFR) usingTc-99 m DTPA. The 
authors showed that differences between eGFR on admission 
and after passage of stone or relieve of obstruction were 
non-significant. Their results support the hypothesis of false 
impairment in this clinical scenario. This tends to change the 
practice, as there is no need to embark on urgent intervention 
to relieve the ureteric obstruction, and conservative medical 
management is justifiable.

Routine B-mode US can be falsely positive or negative 
in acute ureteric obstruction [10]. PCS dilatation may be 
missed if the system is filled with blood clots, calculus, 
tumors or pus, in which case the usual anechoic appearance 

Fig. 3   Sex distribution in the 
study population

Table 1   Modality used in diagnosing the obstruction

Modality Number Percentage

CT and US 44 81%
US 10 19%
Total 54 100%

Table 2   Site of obstruction in 
the study population

Site of calculus Frequency

Proximal ureter 26
Distal ureter 28
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of the PCS is lost. Intermittent ureteric obstruction, par-
ticularly that caused by ureteric calculi, may also lead to a 
failure to visualize dilatation of collecting system with US. 
On the other hand, in an attempt not to miss the diagnosis 
of obstruction in patients with only mild PCS dilatation, the 
false positive rate was found to be as high as 26% Causes 
of a false positive diagnosis include: (i) dilatation of non-
obstructed PCS, when there are anatomical variants such as 
extra-renal pelvis; (ii) over-distended urinary bladder, with 
or without diuresis; (iii) vesico-ureteric reflux (VUR), (iv) 
residual dilatation of PCS due to previous obstruction or 
infection; (v) advanced pregnancy; and (vi) central renal 
fluid collections other than in the PCS, including in normal 
vessels, renal artery aneurysms and para-pelvic cysts.

Acute unilateral ureteric obstruction results in a com-
plex sequence of changes in renal blood flow and ureteric 

Fig. 4   Degree of hydronephro-
sis in the study population

Table 3   Number of patients 
with elevated serum urea and 
creatinine

No. of patients Serum urea 
and creati-
nine

27 Increased
27 Normal

Table 4   Resistive indices in 
obstructed and unobstructed 
kidneys

Kidney RI

Obstructed 0.75 ± 0.08
Non-obstructed 0.56 ± 0.09
Delta RI 0.24 ± 0.08

Fig. 5   Mean RI values in obstructed kidneys

Table 5   Group statistics

*Statistically significant (P < 0.05)

Frequency mean RI SD P value

Obstructed kidneys 54 0.75 0.08 0.000*
Unobstructed kidneys 54 0.56 0.09

Table 6   Group statistics

*Statistically significant (p < 0.05)

Mean RI value p value

 < 0.70  > 0.70

Obstructed kidneys 5 (9.3%) 49 (90.7%) 0.000*
Unobstructed kidneys 48 (88.9%) 6 (11.1%)
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pressure [17]. In the first two hours, the renal blood flow 
increases, because of afferent arteriole vasodilatation and 
the ureteric pressure increases. From two to six hours after 
obstruction, the renal blood flow decreases, secondary to 
vasoconstriction of the efferent arterioles, and the ureteric 
pressure remains elevated. Subsequently, at 6 to 18 hours, 
the renal blood flow remains reduced because of vasocon-
striction of the afferent arterioles, and the ureteric pressure 
decreases.

The role of renal CDUS in the evaluation of ARC has 
been vigorously debated. Rodgers et al. [18] found an ele-
vated RI in acutely obstructed kidneys, especially when 
compared with the RI in normal contralateral kidneys and 
with a control group of healthy subjects. Similar results 
were obtained by Platt et al. [19] in a study of 23 patients 
with acute unilateral ureteric obstruction. However, others 
have reported that Doppler ultrasound is highly insensi-
tive for detecting ARC. Tublin et al. [20] correlated the 
results of Doppler USG with those of urography in 32 
patients presenting with symptoms of renal colic. The RI 
value of normal kidneys is usually less than 0.7 [21, 22]. 
When the published discriminatory thresholds for obstruc-
tion (mean RI ≥ 0.70 and ΔRI ≥ 0.10) were applied, the 
sensitivity and specificity of Doppler USG were only 44% 
and 82%, respectively.

In our study of 54 patients, we found that the RI in 
obstructed kidneys was significantly higher than in the 
unobstructed kidneys (0.75 vs. 0.56; p < 0.001). The RI was 
higher in obstructed kidneys in all cases. The difference 
between the obstructed and unobstructed kidneys (delta RI) 
ranged from 0.09 to 0.38, with a mean delta RI of 0.24.

Saboo et al. [6] stated in their study that delta RI ≥ 0.006 
was highly sensitive and specific, and with a higher delta RI 
specificity remained the same whereas the sensitivity fell 
rapidly. Our results correlate well with those reported in 
earlier studies by Badr et al. [23] and Miletic et al. [24].

We also studied the effect of the level of obstruction on 
RI values. When we compared levels of ureteric obstruc-
tion (proximal vs distal), distal obstructions had a higher 
mean RI value (0.79) than proximal obstructions (0.76), and 
the values were not statistically significant. However, the 
study done by de Toledo et al. [25] showed that patients with 
proximal ureteric obstructions have RIs higher than those 
with distal obstructions.

We also analyzed the utility of CDUS in patients who did 
not show dilatation of the PCS on ultrasound. Patients who 
did not have PCS dilatation on US were later confirmed to 
have obstruction on CT. RI values were higher in all these 
patients (0.71), with a delta RI of 0.24. Discriminatory 
RI ≥ 0.70, which is higher than the delta RI found in the 
study done by Platt JF et al. [26], was found to be highly 
sensitive (85%) and specific (93%) in this study.

Conclusion

Using the discriminatory threshold RI of ≥ 0.70, the overall 
sensitivity of CDUS in diagnosing acute ureteric obstruction 
is 85% and the specificity is 93%. CDUS is a useful tool 
for demonstrating altered renal perfusion in acute ureteric 
obstructions before pelvicalyceal system dilatation occurs, 
thus increasing the sensitivity and specificity. Gray-scale US 
should therefore, be complemented by CDUS as an adjunc-
tive test in patients presenting with acute renal colic, as it 
is a very simple, noninvasive and easy-to-calculate param-
eter. The utility of this tool cannot be overemphasized in 
special cases like pregnant women and children, in whom 
a dilated pelvicalyceal system without acute obstruction is 
encountered more frequently. It is mandatory to differentiate 
obstructive and non-obstructive causes with US alone in this 
subset of patients, as further evaluation with CT is not desir-
able due to the hazard of ionizing radiation. Given the high 
propensity of any group of patients with urinary tract calculi 
to undergo frequent imaging studies due to recurrent ureteric 
colic and the presence of significant residual hydronephro-
sis, we should strive hard to minimize radiation dosage by 
avoiding frequent CT studies. At the same time, maintaining 
acceptable diagnostic accuracy is of paramount importance.

Fig. 6   ROC curve showing the sensitivity and specificity of resistive 
index

Table 7   Sensitivity and Specificity of RI with cut off of 0.70

Cut off RI Sensitivity Specificity

 > 0.70 85% 93%
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Limitations of the study: US is an operator-dependent 
examination and the results are affected by patients’ body 
habitus and availability of good window. An increase in the 
RI of intra-renal vessels is also found in case of vascular or 
parenchymal diseases (renal vein thrombosis, acute renal 
insufficiency, etc.). The CDUS changes can return to nor-
mal after 48 h [27], after which its utility is doubtful with 
reduced sensitivity and specificity.
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