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Abstract: This study was conducted on one hundred and eight patients to determine the stone clearance rate with respect 

to NCCT –HU density of the stone.  Various statistical measures were applied for assessing the predictability about the 

success of ESWL therapy for that stone’s HUD. As per the final analysis of the study we can conclude that Hounsfield 

Unit Density bears significant relationship for predicting the success of ESWL therapy. 
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INTRODUCTION 
                   Shock wave lithotripsy (SWL) was 

introduced in 1980 [1] and was adopted worldwide in 

1984. It has become the primary and dominant 

procedure for treating patients with kidney stones. Non 

Contrast Computed Tomography of KUB region is a 

valuable asset in the urolithiasis management 

armamentarium. It helps in not only in assessing the 

stone size, location & number but also in character of 

the stone as estimated in the form of Hounsfield units. 

This study was aimed at assessing the stone clearance 

rate with respect to Hounsfield unit density. 

 

SUBJECTS AND METHODS 

This study was conducted on 108 adult 

patients (>18 yrs) with single radio-opaque renal stone 

(0.5-2cm) and treated for the first time. The time period 

was from March 2013 to November 2014. This was a 

prospective observational study to elucidate the stone 

clearance rate with respect to stone radio-density. 

Patients underwent a pre-treatment NCCT KUB (3-mm 

collimation width, Toshiba Astein 4, 4-slice multi-

detector, 120 kV, 240 mA) prior to the study. Pre-

treatment kidney, ureter and bladder (KUB) films & 

IVP were performed in all patients. Post treatment 

follow-up X-ray KUB films were used to monitor the 

fragmentation and clearance of fragments at 1 week, 1 

month and 3 months period. Stone size was determined 

by the maximum diameter of the stone in any 

dimension as seen on plain X ray KUB films. The 

longest stone size by measurement on NCCT was used, 

and we measured stone density (HU) and location by 

using NCCT images. A single ESWL session (Dornier 

Compact Sigma with C-Arm) was administered to each 

patient - maximum of 3000 shock waves to a maximum 

of 16.0 kV increasing stepwise after every 200 shock 

waves. The dose being decided on the basis of the 

visualization of satisfactory stone fragmentation on 

fluoroscopy. Liberal fluid intake was advised to all the 

patients and was kept under close follow-up to look for 

even minor complications after the treatment. 

Successful outcome was defined as no stone or 

clinically insignificant residual fragments [CIRF (4mm 

or less)] as seen on X-ray plain KUB films taken at the 

end of three months. Unsuccessful outcome was defined 

as failure of fragmentation or incomplete clearance at 

three months. Serial monitoring of blood urea nitrogen 

and creatinine was also done. 

 

Data were presented using frequencies and 

percentages and analyzed using standard statistical 

measures. A P- value less than 0.05 were considered 

statistically significant. Data were analyzed by standard 

statistical analytical tests which included Receiver 

Operative Curves, Logistic Regression, Univariate and 

multivariate analysis. Results of the study were 

compiled, tabulated and then compared with the known 

data and inferences were drawn. 

 

RESULTS 
The mean age of the patients was 36.2±8.69 

years. The proportion of males to females was 66.67 % 

males and 33.33% females. Among 108 patients, 82 

patients were included in the success group and 26 

patients (%) in the failure group in terms of ESWL 

efficacy. So the overall success rate was 75.9%. The 

average stone size in the success group was  14.17 ± 

2.914mm and the average stone size  in the failure 
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group was 13.50± 3.625 mm (p=0.338). Hence, stone 

size, in the range 5-20mm was insignificant in terms of 

stone clearance. With regard to HU, the success group 

had values of 796.74± 132.308 and the failure group of 

1089.46 ±253.795. The differences between the groups 

were statistically significant when compared with 

student’s t-test (p < 0.0001). With regard to HUD, the 

success group had mean values of 58.098± 12.514and 

the failure group of 84.048 ± 16.481. The differences 

between the groups were statistically significant when 

compared with student’s t-test (p < 0.0001). 

 

 
Fig.-1: Showing ROC Curve for Hounsfield Unit Density 

 

Receptor-Operator Characteristic (ROC) curve 

analysis (Figure 1 & 2)was used to determine stone 

Hounsfield Unit Density (HUD)  that best predicted a 

successful outcome and a cut off value of 71.605 HUD 

with sensitivity of 80.8% and specificity of 82.9 % were 

found (AUC: 0.896).χ
2 
= 44.412 and p value <0.0001 

 

 

Fig.-2 : Shows outcomes in relation to Hounsfield unit density 

 

DISCUSSION 
                      Ouzaid et al. [2] with use of The Youden 

Index showed that a stone density of 970 HU 

represented the most sensitive (100%) and specific 

(81%) point on the receiver-operating characteristic 

curve.  The stone-free rate for stones of <970 HU was 

96% whereas it was only 38% for stones of ≥ 970 HU 

(P < 0.001). A linear relationship between the calculus 

density and the success rate of ESWL was identified. 

Torricelli et al. [3] also stated that the best outcomes 
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were found for patients with stones ≤10mm and ≤900 

HU, and infundibular length ≤25mm. 

                        

Al –Assmy et al. [4] found that there was 

significant positive correlation at 120-kV, 80-kV, and 

dual-energy CT values between stone density and 

number of shock waves required for complete 

fragmentation. Stones with HU >1000 required 

statistically significant higher number of shock waves. 

Failure of disintegration was observed by El Nahas et 

al. [5] in 15 patients (12.5%). The only significant 

predictor of residual fragments was stone density 

(p<0.001). Gupta et al. [6] found a linear relationship 

between the calculus density and number of ESWL 

sessions required. Of patients with calculi of < or = 750 

HU, 41 (80%) needed three or fewer ESWL sessions 

and 45 (88%) had complete clearance. The best 

outcome was in patients with calculus diameters of < 

1.1 cm and mean densities of < or = 750 HU; 34 (83%) 

needed three or fewer ESWL sessions, and the 

clearance rate was 90%.  

                        

 In our study, we found using ROC analysis, a 

cut off value of 939 HU. Successful outcome was seen 

in 93.33% patients in the <939 group and 32 % in 

patients with stones of more than 939 HU (p < 0.0001). 

This is similar to the studies mentioned above. 

However, Patel et al. [7] and Pareek et al. [8] did not 

find HU to be an important predictor of stone clearance. 

Magnuson et al [9] found that the overall mean 

Hounsfield density value for stone-free compared to 

residual stone groups were significantly different (93.61 

vs. 122.80 p < 0.0001). They determined by receiver 

operator curve (ROC) that HDV of 93 or less carries a 

90% or better chance of stone freedom 

following ESWL for upper tract calculi between 5-

15mm. 

 

In our study, on ROC analysis, a cut off value 

of 71.605 HUD with sensitivity of 80.8% and 

specificity of 82.9 % was found. Below this there was a 

success rate of 92 % and above this there was a success 

rate of 43.48% and the difference was statistically 

significant (p <0.001). This clearance was analogous to 

the above mentioned study. The difference in the HUD 

is mainly because of the stone size consideration as the 

previous study had stone size range of 5-15 mm which 

would make HUD greater in comparison to our study 

where many stones were more than 15mm. 
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