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Background:Acute renal colic is a common acute urologic conditions often caused by urolithiasis. 

However, diagnosis of obstruction due to urolithiasis sometimes becomes difficult especially when 

there is an insufficient dilation of urinary tract proximal to obstruction. In these situations, intrarenal 

artery doppler assessment may be utilized as a diagnostic modality.The aim of this study to evaluate 

intra-renal arterial Doppler parameters in patients presenting with unilateral acute renal colic, 

comparing obstructed and non-obstructed kidneys. Methods:This case controled study was done at 

Azeem Ultrasound and Xray Center and was completed in 6 months from 12-12-2023 to 11-06-

2024. Sixty individuals were included in the study. Pelvicalyceal system dilatation was examined 

in each kidney using USG images. For the evaluation of inter-lobar arteries, a minimum of 3 doppler 

spectra were taken, and their mean was calculated. Resistiv index (RI) was measured using the 

standard formula, and the mean RI value was determined for each kidney. Results: The resistive 

index was elevated in the obstructed group (0.72±0.10) versus the unobstructed group (0.63±0.07; 

p<0.001). The predictive accuracy showed a sensitivity of 70.0%, a specificity of 86.67%, a postive 

pridictive value (PPV) of 78.97%, and an negatieve predictiev value (NPV) of 80.15%. 

Conclusion:The comparison of Doppler indices between obstructed and unobstructed kidneys in 

patients with urolithiasis reveals significant differences. Elevated RI and PI values, along with 

increased PSV, highlight that hemodynamics is altered in the presence of renal obstruction. These 

findings support the use of Doppler ultrasound as a valuable diagnostic tool, helping in the timely 

identification and management of obstructive uropathy.  
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INTRODUCTION 

Urolithiasis is a common urologic condition in the 

general population with a global incidence of 115 million 

cases in 2019.1 It may result in obstructive uropathy, any 

structural obstruction to flow of urine out of the urinary 

tract. As a result of this hindrance, pelvicalyceal 

dilatation occurs that, if left untreated, can causekidney 

damage.2 The frequent symptoms of urolithiasis include 

acute renal colic, dysuria, hematuria, and difficulty 

passing urine.3 Among these, renal colic is the most 

common presentation of renal obstruction with a 

prevalence of 18% in Pakistan.4  

Prompt and correctidentification is important to 

prevent irreversible damage to the kidneys and 

guaranteeright management. However, diagnosing 

urinary obstruction due tostones becomes challenging 

sometimes, especially when there is insufficient dilation 

of the urinary tract proximal to obstruction.5 The initial 

evaluation includes blood and urineanalysis, and imaging 

studies. It is challenging to diagnose early obstructive 

uropathy. When the urinary tract is obstructed, the 

pressure in the kidney rises, decreasing renal 

parenchymal compliance. It has a more significanteffect 

on intraparenchymal venous blood flow than arterial 

flow.6–8  

Doppler ultrasonography has emerged as a 

potential diagnostic tool for evaluating renal blood flow 

and assessing the presence of obstruction. It is used to 

evaluate hemodynamics, and the resistivity (RI) and 

pulsatility (PI) offerdata about resistance to flow within 

blood vessel.9 Viyannan et al., 2021 reported that RI in 

the arteries of the patients with obstructed kidneys was 

higher (0.75) than in those with unobstructed kidneys 

(0.56), with a p-value < 0.001, a sensitivity of 85% and a 

specificity of 93%.5 Nadzri et al., 2015 also reported that 

RI was substantially varied between obstructed and non-

obstructedkidney. Obstructed kidney had higher RI value 

(0.78) than non-obstructed kidney (0.70), with a p-value 

<0.05. For Doppler ultrasound the sensitivity was found 

as 100% and the sepecificty was 53%.10  

However, there remains a gap in understanding 

how these Doppler parameters perform in patients 

presenting with acute renal colic, particularly within the 

first 24 hours of symptom onset. So, this study aimed to 
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evaluate intra-renal arterial Doppler parameters in 

patients presenting with unilateral acute renal colic, 

comparing obstructed and non-obstructed kidneys. By 

investigating these parameters, the study seeks to 

determine the use of Doppler ultrasonography in 

enhancing diagnostic accuracy and facilitating timely 

intervention, ultimately improving patient outcomes in 

cases of acute ureteric colic. 

MATERIAL AND METHODS  

This was a case controled study (cases were considered if 

they have Obstructed kidenies and controls were taken as 

non-Obstructed kidenies). The study was conducted at 

Azeem Ultrasound and Xray Center and was completed 

in 6 months from 12-12-2023 to 11-06-2024. The study 

included 60 patients (30 patients with Obstructed and 30 

patients with non-Obstructed kidenies). The calculated 

sample size was very small in both groups, so we took 30 

in each group. The sample size was calucalted uing mean 

RI as 0.75±0.085 in Obstructed kidnies and 0.56±0.095 in 

non Obstructed kidnies, using 80% power of test, 95% 

confidence level and 5% margin of error. We used 

convenient sampling technique to collect the data.  

Patients aged 18–75 years presenting to or 

referred by a urologist with complaints of unilateral 

lumbar pain within 24 hours of onset were included in the 

study. Pateint with history of surgery, known renal 

malignancy, known chronic kidney disease, renal artery 

stenosis,and post-renal transplant were excluded.  

After obtaining approval from ethical 

committee of the institute and informed consent from 

participants, 60 individuals were included in the study. 

Demographic variables such as age, gender, weight, and 

height were noted on pre-designed proforma. Clinical 

records were also monitored to assess serum urea and 

creatinine. We used Gray-scale ultrasonography in all 

patients ahving Philips iU-22 with C 1-5 transducer. 

Likewise, doppler evaluation of intra-renal arterieswas 

carried out using Siemens Acuson S-3000 with 6C1-HD 

transducer.Pelvicalyceal system dilatation was examined 

in each kidney using USG images. For the evaluation of 

inter-lobar arteries, a minimum of 3 doppler spectra were 

taken, and their mean was calculated.  

The Doppler waveforms were generated using 

the lowest possible pulse repetition frequency to avoid 

aliasing, which maximized the Doppler spectrum size 

and minimized measurement error. Additionally, the 

lowest wall filter settings appropriate for each 

ultrasound scanner were employed. The Doppler sample 

width was adjusted to 2–3 mm. RI was measured using 

the standard formula, and the mean RI value was 

determined for each kidney.Normal RI ranges between 

0.50–0.70 and value more than 0.70 denotes renal 

obstruction.5  

SPSS version 26 was used for statistical 

analysis. Frequency and percentage were calculated for 

qualitative variable such as age groups, gender. 

Independent t-test was carried out for the continuous 

variables. While, chi-square statistics was used to 

determine the association between categorical variables. 

The supposed significance level was p≤0.05.The 

ROC(Receiver operating characteristic) curve was made 

and the AUC (area under the curve) was then estimated 

to compare the overall predictive accuracy of RI. 

RESULTS 

Table 1 shows the demographic parameters of patients. 

The mean age of patients was 44.70±15.93 years, 

indicating a middle-aged group with moderate 

variability. Males comprised 56.7% of the sample, while 

females accounted for 43.3%, showing a slight male 

predominance. The mean height was 165.82±7.00 cm, 

whereas the mean weight was 73.30±14.60 kg. Table-2 

demonstrates clinical parameters of patients. The mean 

serum creatinine level was 1.33±0.77 mg/dl. The mean 

serum urea was 21.55±10.62 mg/dl. The mean PI was 

0.89±0.29. The RI was 0.68±0.10, indicating normal to 

slightly elevated renal resistance. The PSV averaged 

78.74±41.62 cm/s, while the EDV averaged 23.20±10.35 

cm/s.  

Table-3 compared various parameters between 

obstructed and unobstructed groups. The analysis shows 

no significant difference in age (obstructed: 44.50±15.41; 

unobstructed: 44.90±16.70; p=0.924) or gender 

distribution (p = 0.297) between the groups. Weight also 

does not differ significantly (obstructed: 72.90±12.83; 

unobstructed: 73.70±16.40; p=0.834), nor does height 

(obstructed: 166.90±7.69; unobstructed: 164.73±6.18; 

p=0.234). Significant differences were observed in serum 

creatinine levels, with the obstructed group showing 

higher levels (1.68±0.87) compared to the unobstructed 

group (0.98±0.45; p<0.001), indicating renal impairment. 

Serum urea levels were also higher in the obstructed 

group (25.70±11.84) versus the unobstructed group 

(17.40±7.32; p=0.002). 

The pulsatility index was higher in the 

obstructed group (1.04±0.35) compared to the 

unobstructed group (0.75±0.10; p<0.001), indicating 

increased resistance to blood flow. Similarly, the resistive 

index was elevated in the obstructed group (0.72±0.10) 

versus the unobstructed group (0.63±0.07; p<0.001). 

Peak systolic velocity was also higher in the obstructed 

group (100.17±43.61) compared to the unobstructed 

group (57.32±25.93; p<0.001). However, no significant 

difference was found in end diastolic velocity 

(obstructed: 25.33±10.02; unobstructed: 21.07±10.39; 

p=0.112). 

Table-4 shows predictive accuracy of RI. The analysis RI 

revealed that in the obstructed kidney group, 21 patients 

had an RI >0.70, while 9 had an RI ≤0.70. In the 

unobstructed group, 4 patients had an RI >0.70, and 26 

had an RI ≤0.70. The predictive accuracy showed a 
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sensitivity of 70.0%, indicating that the test correctly 

identified 70% of obstructed kidneys, and a specificity of 

86.67%, meaning it accurately identified 86.67% of 

unobstructed kidneys. PPV was 78.97%, suggesting a 

high likelihood that a positive test indicated obstruction, 

while NPV was 80.15%, indicating a strong chance that 

a negative result meant no obstruction. Overall, the 

diagnostic accuracy was 78.33%, reflecting the test's 

effectiveness in diagnosing obstructed kidneys. 

Figure-1 showed ROC curve demostrating 

sensitivity and specificity of RI. The area under ROC 

curve was 0.77, indicating good diagnostic performance 

in distinguishing between obstructed and unobstructed 

kidneys. 

 

Table-1: Demographic parameters of patients 
Parametes  Mean±SD 

Age (years)  44.70±15.93 

Gender n (%) Male  34 (56.7%) 

Female  26 (43.3%) 

Height (cm) 165.82±7.00 

Weight (kg) 73.30±14.60 

 

Table-2: Clinical parameters of patients 
Parameters  Mean±SD 

Serum Creatinine (mg/dl)  1.33±0.77 

Serum Urea (mg/dl) 21.55±10.62 

Pulsatility index  0.89±0.29 

Resistive index  0.68±0.10 

Peak systolic velocity (cm/s) 78.74±41.62 

End diastolic velocity (cm/s) 23.20±10.35 

 

Table-3: Comparison of parameter between obstructed and unobstructed groups 
Parameters  Mean±SD p-value 

Obstructed Kidney Group Unobstructed Kidney Group  

Age (years) 44.50±15.41 44.90±16.70 0.924a 

Gender  Male  15 (44.1%) 19 (55.9%) 0.297b 

Female  15 (57.7%) 11 (42.3%) 

Weight (kg) 72.90±12.83 73.70±16.40 0.834a 

Height (cm) 166.90±7.69 164.73±6.18 0.234a 

Serum Creatinine (mg/dl) 1.68±0.87 0.98±0.45 <0.001a 

Serum Urea (mg/dl) 25.70±11.84 17.40±7.32 0.002a 

Pulsatility Index 1.04±0.35 0.75±0.10 <0.001a 

Resistive Index  0.72±0.10 0.63±0.07 <0.001a 

Peak systolic velocity (cm/s) 100.17±43.61 57.32±25.93 <0.001a 

End diastolic velocity (cm/s) 25.33±10.02 21.07±10.39 0.112a 

SD = Standard deviation; cm = centimetre; kg = kilogram; mg/dl = milligram per decilitre; cm/s = centimetre per second; a = independent sample 
t-test was used; b = chi-square test was used; p≤0.05 was significant. 

 

Table-4: Predictive Accuracy of Resistive Index 
Parameters  Obstructed Kidney Unobstructed Kidney  

RI  >0.70 21 4 

≤ 0.70 9 26 

Predictive Accuracy  Sensitivity  70.0% 

Specificity  86.67% 

PPV 78.97% 

NPV  80.15% 

Diagnostic Accuracy  78.33% 

RI = Resistive index; PPV = positive predictive value; NPV = negative predictive value 

 

 
Figure-1: ROC curve demostrating sensitivity and 

specificity of RI 

DISCUSSION 

Urolithiasis, characterized by the formation of stones 

in the urinary tract, is a common urologic condition 

that can lead to significant complications, including 

renal obstruction.11,12 Timely diagnosis and 

management are critical to preventing irreversible 

kidney damage.13 Doppler ultrasound has emerged as 

a valuable non-invasive tool for assessing renal 

hemodynamics, particularly in differentiating between 

obstructed and non-obstructed kidneys.10,13–15 So this 

research was conducted to explore the comparison of 

Doppler indices, including RI, PI, PSV, and EDV, in 

patients with urolithiasis. 

RI is a measure derived from Doppler 

ultrasound that assesses intra renal artery 

resistance.15,16 An RI greater than 0.70 is often 
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indicative of renal obstruction.17 The current study 

showed that there was a significant variation in RI 

between obstructed and unobstructed 

kidneys.Obstructed kidneys had a higher RI 

(0.72±0.10), compared to unobstructed kidneys 

(0.63±0.07). This finding aligns with previous 

researches indicating that elevated RI values are 

associated with increased resistance to blood flow, 

reflecting compromised renal perfusion due to 

urolithiasis.5,18 

A study by Katal et al. showed that mean RI 

was higher in obstruced kidneys (0.70±0.04) than in 

unobstructed kidneys (0.59±0.04).17 Another study 

perfomed by Viyannan et al. revealed that RI was 

substantially higher in obstructed kidneys (0.75), 

compared to 0.56 in the unobstructed kidneys.5 These 

findings are comparable to the present study. The 

present study also showed that the obstructed group 

had a significantly higher PI (1.04±0.35) than the 

unobstructed group (0.75±0.10). A higher PI suggests 

increased vascular resistance and reduced renal blood 

flow.19 These findingshighlight that it is valuable to 

assess both RI and PI to find out any renal vascular 

resistance and predict the presence of obstructive 

uropathy. 

Peak systolic velocity is a measure of the 

maximum speed of blood flow during systole.20 The 

current results demonstrate that the obstructed group 

had a significantly higher peak systolic velocity 

(100.17±43.61 cm/s) than the unobstructed group 

(57.32±25.93 cm/s). Elevated peak systolic velocity in 

obstructed kidneys is caused by compensatory 

mechanisms where increased flow velocity occurs due 

to resistance. This observation is particularly common 

in acute renal colic, where a sudden obstruction leads 

to increased intrarenal pressure and the resultant 

hemodynamic changes. 

On the other hand, the end diastolic velocity 

did not show a substantial variation between the two 

groups (25.33±10.02 cm/s in obstructed vs. 

21.07±10.39 cm/s in unobstructed). This lack of 

significant variation indicate that diastolic flow 

remains relatively stable due to compensatory renal 

perfusion mechanisms or collateral circulation.  

Elevated RI and PI values in patients with 

obstructed kidneys suggest that Doppler ultrasound 

can be used as a reliable diagnostic tool for identifying 

renal obstruction in urolithiasis. Thesensitivity and 

specificity was reported as 70.0% and 86.67%, 

respectively, for RI. It supports its use in clinical 

practice mainly because it offers a balance between 

correctly identifying obstructed kidneys and reducing 

the chances of false positive results.  

Furthermore, PPV of 78.97% indicated that 

when the test indicates obstruction, there’s a strong 

likelihood that the patient truly has an obstructed 

kidney and NPV of 80.15% also suggested that if the 

test suggests no obstruction, there is a strong chance 

the patient does not have significant obstruction. Our 

findings are consistent with previous researches that 

have emphasized on the use of Doppler indices to 

assess renal obstruction. Katal et al. reported that the 

sensitivity and specificity of RI to diagnose acute renal 

obstruction were 86.54% and 100%, respectively 17. 

Similarly, another study reported the sensitivity and 

specificity of RI to be 85% and 93%, respectively 5. 

One more study documented that sensitivity, 

specificity, PPV, and NPV of RI were 97.7%, 100%, 

100% and 86.67%, respectively.15 

In the present study, AUROC of 0.77 

alsosupports the effectiveness of Doppler indices in 

diagnosing kidney obstruction. Additionally, a 

significant p-value (<0.001) and a 95% confidence 

interval (0.66–0.87) indicated that Doppler ultrasound 

is a strong tool to differentiate between obstructed and 

unobstructed kidneys. 

However, several limitations also limit the 

implications of these results. The sample size is small 

and could be expanded to enhance the strength of the 

findings. Additionally, variations in operator 

experience and ultrasound equipmentimpact Doppler 

measurements. It highlights the needs for standardized 

protocols in the clinical practice. 

CONCLUSION 

The comparison of Doppler indices between 

obstructed and unobstructed kidneys in patients with 

urolithiasis reveals significant differences. Elevated 

RI and PI values, along with increased PSV, highlight 

that hemodynamics are altered in the presence of renal 

obstruction. These findings support the use of Doppler 

ultrasound as a valuable diagnostic tool, helping in the 

timely identification and management of obstructive 

uropathy.  
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