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A B S T R A C T  

Objective: To determine the validity of Duplex Doppler Sonography in the 
diagnosis of unilateral acute renal calculus obstruction against IVU as a 
gold standard. 
Patient and Methods: The cross-sectional study was conducted over a 
period of 6 months in the Department of Radiology, KRL Hospital, 
Islamabad. Patients with acute renal colic presenting between 6 to 48 
hours of onset of the symptoms of either gender and adult age group 
underwent ultrasound examination and Doppler ultrasound, RI of both 
kidneys was measured and delta RI calculated for each patient. The 
IVU examination was performed after the Doppler sonography to confirm 
the urinary obstruction.  The findings from both the investigations were 
recorded in the proforma. 
Results: In our study, out of 254 cases, 54.72%(n=139) were 
between 18-40 years and 45.28%(n=115) were between 41-70 years 
of age, mean+SD was calculated as 41.76+12.80 years, 
57.09%(n=145) were male and 42.91%(n=109) were females, 
frequency of true positive obstruction on IVU was recorded in 
68.11%(n=173) while 31.89%(n=81) were recorded as negative, validity 
of Duplex Doppler Sonography in the diagnosis of unilateral acute renal 
calculus obstruction against IVU as a gold standard was calculated which 
shows that 63.39%(n=161) were true positive, 2.36%(n=6) were false 
positive, 29.53%(n=75) were true negative and 4.72%(n=12) were 
false negative, Sensitivity, specificity, positive predictive value, negative 
predictive value and accuracy rate was computed as 93.06%, 92.59%, 
96.40%, 86.21% and 92.91% respectively.  
Conclusion: We concluded that the diagnostic accuracy of Duplex 
Doppler USG for determining the calculus urinary obstruction in our local 
population is higher and it may be recommended where IVU facilities 
are not available. 
Keywords: Calculus urinary obstruction, Duplex Doppler USG, Diagnostic 
accuracy  

INTRODUCTION  

Urolithiasis affects about 5-15% of the population world 

wide. Recurrence rates of stone formation are high affects 

up to 50% of the population.1  Calculus disease is the 

commonest urological ailment in Pakistan. The lifetime 

prevalence of urinary stones has increased throughout the 

20th century and occurs in up to 15% of the population.2 

Early and accurate diagnosis of obstructive uropathy 

allows prompt and appropriate therapy, which is essential 

for minimizing the devastating effects of obstruction on 
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urinary tract structure and function. Plain radiography of 

Kidneys, Ureters & Bladder (KUB), standard renal 

sonography, along with  intravenous urography (IVU) are 

the usual imaging modalities for evaluating acute renal 

colic.  

Ultrasonography (USG), being a safe, economical, non-

invasive and relatively simple investigation, has been 

used as the diagnostic aid where available and possible. 

The cost of urolithiasis to individuals and society is 

high.10 Excretory urography is considered as the “gold 

standard” (sensitivity and specificity 94.2%7 and 100%8) 

however, it is a time-consuming, costly and invasive 

investigation with numerous side effects.3 USG is thus 

being used increasingly in the diagnosis of urinary tract 

diseases as the initial investigation. It can dependably 

detect dilatation of the urinary system proximal to the 

level of obstruction, which is an indirect evidence for the 

diagnosis. However, urinary system dilatation seen on 

USG has been shown to be sensitive (90%) but not 

specific (65%-84%) in the diagnosis of renal obstruction.4  

 

Previous studies have shown that there is a definite rise in 

vascular resistance in the renal arteries when the kidney 

is obstructed. Arterial Resistive Index (RI) measurements 

by duplex Doppler USG have been advocated for the 

diagnosis of obstruction.4,5  RI is greater than 0.7 in 

obstructed pelvicalyceal systems, whereas kidneys with 

dilated non-obstructed systems have RI less than 0.7. A 

difference in RI values (∆RI), greater than 0.06 to 0.10, 

between the two kidneys is considered to be a significant 

indicator of unilateral obstruction.5 Using the 

discriminatory threshold value of RI ≥ 0.70, the overall 

sensitivity of Doppler USG in diagnosing acute renal 

obstruction is 87.5% and specificity 90%.4 Using a 

threshold value of ∆RI of ≥ 0.06, the sensitivity is 92.5% 

and specificity 90.1%.9 

Generally in our community Doppler ultrasonography is 

used for renal artery stenosis and for evaluation of 

transplanted kidneys, but not commonly used for the 

assessment of obstructed kidneys. The rationale of this 

study is to explore the diagnostic accuracy of Duplex 

Doppler USG to determine calculus and  urinary 

obstruction in our local population and it could be 

recommended where IVU facilities are not available. 

 

METHODOLOGY 
After seeking permission from ethics review committee 

of hospital, this cross-sectional study was conducted at 

Radiology Department KRL Hospital , Islamabad from 

16th May-2013  to  15th November-2013.Sample size 

calculated through WHO calculator  using the formula for 

sensitivity and specificity studies 

For sensitivity = 92.5%9                    

For specificity = 90%9 

Prevalence = 15%                            

Prevalence = 15% 

d = 7%  d = 9 %                             

n = 254     n = 36 

Sample size = 254 at least 

Patients with acute renal colic presenting between 6 to 48 

hours of onset of the symptoms (acute renal colic) of 

either gender and adult age group were included in the 

study. Patient with history of renal parenchymal disease, 

chronic renal obstruction, renal trauma, single renal 

kidney , congenital renal anomaly , age <13years and 

pregnancy were excluded from the study. Following 

investigations were done: Ultrasound examination and 

Doppler ultrasound was performed by a consultant 

radiologist of 10 years experience under supervision, 

using a 3.5 MHz probe of GE Voluson 730 Pro V with 

Duplex, colour and power Doppler features. RI of both 

kidneys was measured and delta RI calculated for each 

patient. IVU was performed on Polyphos 30 M Siemens 

machine using intravenous urografin/ ultravist, reported 

under supervision of the supervisor, and the findings 

recorded in the proforma. The collected data was entered 

and analyzed on SPSS Version 10.0. Frequencies and 

percentages were calculated for qualitative variables true 

positives. Mean±standard deviation was calculated for 

quantitative variables like duration of pain and age. A 2 x 

2 table was plotted by using IVU as gold standard with 

Resistive Index (RI) to calculate sensitivity, specificity, 

positive predictive value, negative predictive value and 

diagnostic efficacy. 

RESULTS 
A total of 254 cases fulfilling the inclusion/exclusion 

criteria were enrolled to determine the validity of Duplex 

Doppler Sonography in the diagnosis of unilateral acute 

renal calculus obstruction against IVU as a gold standard. 

Age distribution of the patients was done which shows 

that 54.72%(n=139) were between 18-40 years and 

45.28%(n=115) were between 41-70 years of age, 

mean+sd was calculated as 41.76+12.80 years. (Table 

No. I) 

Frequency of true positive obstruction on IVU was 

recorded in 68.11%(n=173) while 31.89%(n=81) were 

recorded as negative. (Table No. II) 
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Validity of Duplex Doppler Sonography in the diagnosis 

of unilateral acute renal calculus obstruction against IVU 

as a gold standard was calculated in Table No. 4, where 

63.39%(n=161) were true positive, 2.36%(n=6) were 

false positive, 29.53%(n=75) were true negative and 

4.72%(n=12) were false negative. (Table No II).   

Sensitivity, specificity, positive predictive value, negative 

predictive value and accuracy rate was computed as 

93.06%, 92.59%, 96.40%, 86.21% and 92.91% 

respectively. (Table No. III). 

DISCUSSION 
USG remains a commonly used modality in the initial 

evaluation and diagnosis of renal obstruction. It can 

dependably detect dilatation of the urinary system 

proximal to the level of obstruction, which is an indirect 

evidence for the diagnosis. It has been reported that the 

diagnosis of obstructive uropathy may be missed by USG 

because pyelocaliectasis may occur late in obstructive 

conditions and often the findings are normal despite 

severe renal dysfunction. 

Generally in our community Doppler ultrasonography is 

used for renal artery stenosis and for evaluation of 

transplanted kidneys, but not commonly used for the 

assessment of obstructed kidneys. We planned this study 

to explore the diagnostic accuracy of Duplex Doppler 

USG to determine calculus urinary obstruction in our 

local population and it could be recommended where 

IVU facilities are not available. 

In our study, out of 254 cases, frequency of true positive 

obstruction on IVU was recorded in 68.11%(n=173) 

while 31.89%(n=81) were recorded as negative, validity 

of Duplex Doppler Sonography in the diagnosis of 

unilateral acute renal calculus obstruction against IVU as 

a gold standard was calculated which shows that 

63.39%(n=161) were true positive, 2.36%(n=6) were 

false positive, 29.53%(n=75) were true negative and 

4.72%(n=12) were false negative, sensitivity, specificity, 

positive predictive value, negative predictive value and 

accuracy rate was computed as 93.06%, 92.59%, 

96.40%, 86.21% and 92.91% respectively.  

Our findings are in agreement with Sayani R9 who 

recorded that by using the discriminatory threshold value 

of RI ≥ 0.70, the overall sensitivity of Doppler USG in 

diagnosing acute renal obstruction is 87.5% and 

specificity 90%.4 Using a threshold value of ∆RI of ≥ 

0.06, the sensitivity is 92.5% and specificity 90.1%.9 

Another study11 found the sensitivity and specificity of 

delta RI to be 95% and 98% in complete obstruction, 

respectively. These findings suggest that delta RI is the 

value to be measured in acute urinary obstruction 

Some-other studies,12-13 recorded that there is a time 

dependency of increase in RI. Opdenakker et al13 found 

that the sensitivity of RI dropped substantially 48 hours 

after onset of the symptoms. Platt et al14 suggested that 

kidneys obstructed for hours do not have a significantly 

higher RI than those with obstruction of shorter duration 

>12. This time dependency was not found in our study, 

however, or in the studies of several other authors. These 

differences are possibly due to the duration of obstruction 

being based on the clinical history in all previous studies. 

Zougkas K and others15 identified a ureteral obstruction 

in unilateral orthotopicureterocele by means of 

conventional sonography and color Doppler duplex 

Table I: (Age Distribution) 

Age(in years) No. of patients % 

18-40 139 54.72 

41-70 115 45.28 

Total 254 100 

Mean+SD 41.76+12.80 

  

Table II (Validity of Duplex Doppler Sonography in the 

Diagnosis of Unilateral Acute Renal Calculus Obstruction 

against IVU as Gold Standard)  

Dupplex 

Doppler 

Sonography 

Acute renal obstruction on 

IVU 

Total 

Positive Negative 

Positive  True 

positive(a) 

161 (63.39%) 

False positive 

(b) 

6 (2.36%) 

a + b 

167(65.75%) 

Negative False 

negative(c) 

12 (4.72%) 

True negative 

(d) 

75 (29.53%) 

c + d 

87(34.25%) 

Total 
a + c 

173 (68.11%) 

b + d 

81(71.33%) 
254(100%) 

Table III   (Sensitivity , Specificity , Positive Predictive 

value(PPV) , Negative predictive value(NPV) and Accuracy 

of Validity of Duplex Doppler Sonography in the Diagnosis of 

Unilateral Acute Renal Calculus Obstruction against IVU as 

Gold Standard) 

Sensitivity Specificity   PPV NPV Accuracy  

a/(a+c) d/(d+b) a/(a+b) d/(d+c) a + d/ 

(a+d+b+c)x100 161/(161+12) 75/ 

(75+6) 

161/ 

(161+6) 

75/ 

(75+12) 

   93% 92% 96.40% 86.2% 92.9% 
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sonography and concluded that conventional sonography 

of the urinary tract in combination with color Doppler 

duplex sonography of the ureteral jets can be used in an 

attempt to diagnose and evaluate a unilateral orthotopic 

(single system) ureterocele and assess the necessity of 

intervention to identify the obstruction. 

Another study16 determined the value of duplex Doppler 

ultrasonography (DDU) in the patients' evolution with 

renal colic. The study of the resistive index (RI), 

difference of the RI (∆RI) associated with a DDU 

intravesical recording (ureteral jets) were compared with 

renographic findings in renal colic, they concluded that 

renal DDU and consecutively, intravesical evaluation of 

ureteral jets could detect acute renal obstruction and, as a 

functional investigation, could have a predictive value 

regarding the ureteral stones passage. It could replace the 

IVP, being a sensitive and highly specific test. 

Similarly, Granata A and colleagues6 assessed the role of 

Doppler ultrasonography (DU) by resistive index (RI) 

and the difference of the RI (Delta RI) in patients with 

acute unilateral renal obstruction they recorded that delta 

RI measurement with DU permitted to predict the renal 

obstruction with a sensitivity of 93.8%, a specificity of 

95.0% and an accuracy of 94.4%. 

However, we are of the view that the diagnostic accuracy 

of Duplex Doppler USG for determining the calculus 

urinary obstruction in our local population is higher and it 

may be recommended where IVU facilities are not 

available. 

CONCLUSION 
We concluded that the diagnostic accuracy of Duplex 

Doppler USG for determining the calculus urinary 

obstruction in our local population is higher and it may be 

recommended where IVU facilities are not available. 
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