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	 บทคัดย่อ

วัตถุประสงค์: 	อธิบายวิธีประเมินความเข้มของนิ่วไต เพื่อเลือกผู้ป่วยที่เหมาะสมต่อการสลายนิ่ว  

ผู้ป่วยและวิธีการศึกษา:   ศึกษาในผู้ป่วย 55 ราย ที่มีนิ่วเดี่ยวขนาด 0.5-2 เซนติเมตรในกรวยไต หรือท่อไตส่วนบน  

โดยผู้ป่วยทุกรายได้รับการตรวจทางรังสีด้วยฟิล์มดิจิตอล KUB โดย Fuji computed radiography และใช้ aluminum 

step wedge เพื่อการเปรียบเทียบความเข้มของนิ่วกับ aluminium step wedge ซึ่งจำ�แนกเป็น
11
 ระดับความเข้ม (mm 

aluminum equivalent) 

 

ผลการศึกษา: ความเข้มของนิ่วจากฟิล์ม KUB มีค่า 3-26.7 mm aluminum equivalent  โดยผู้ป่วย 16 รายที่สลาย

นิ่วไม่สำ�เร็จพบว่ามีความเข้มของนิ่วสูงกว่าผู้ป่วยที่สลายนิ่วสำ�เร็จ (mean ± SD, 16.69 ± 5.46 และ 10.65 ± 5.28 
mm aluminum equivalent, p-value < 0.001) การศึกษานี้พบว่ามี positive correlation ของความเข้มนิ่วกับ mm 

aluminum equivalent 

สรุป: การใช้ aluminum step wedge สามารถใช้เป็นค่าเปรียบเทียบที่เชื่อถือได้สำ�หรับการประเมินความเข้มของ

นิ่วไต หรือนิ่วท่อไตส่วนบน 

คำ�สำ�คัญ: สลายนิ่ว นิ่วไต นิ่วท่อไต นิ่วระบบปัสสาวะ

นิพนธ์ต้นฉบับ

การทำ�นายผลสำ�เร็จของการสลายนิ่วชนิดก้อนเดี่ยวในระบบปัสสาวะส่วนบน 
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	 Abstract

Objective: To describe an objective method for evaluating kidney stone radiopacity for use in the selection 

of cases suitable for extracorporeal shock wave lithotripsy (ESWL).

Materials and Methods: We recruited 55 adult patients with a solitary 0.5-2 cm renal pelvic stone or 

proximal ureteral stone. All patients underwent routine plain KUB, and an aluminum step wedge was 

adapted before x-ray exposure. This plain KUB was digitized using Fuji computed radiography. Fuji 

computed radiography can evaluate the gray level of the stone and  each of the 11 steps of the Al step 

wedge. This allows radiographic stone density to be expressed in mm aluminum equivalent (mm Al Eq).

Results: Stone density on plain KUB was 3 to 26.7 mm aluminum equivalent. The 16 patients in whom 

ESWL failed were found to have stones of a significantly higher density than the stones found in patients 

with complete stone fragmentation (mean ± SD  16.69 ± 5.46 vs  10.65 ± 5.28 mm aluminum equivalent, 
p-value<0.001). There was also a positive correlation between stone radiopacity in mm aluminum equivalent.

Conclusion: The aluminum step wedge with plain KUB provides a good reference for objectively assessing 

the radiopacity of renal calculi or proximal ureteral calculi.

Key Words: lithotripsy, kidney calculi, ureteral calculi, and urolithiasis
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Introduction

	 There are many treatment options for urinary 

tract calculi; some can clear more stone with less 

invasive procedures. The most common procedure 

is extracorporeal shock wave, called ESWL, which 

can be used in many locations for treating urinary 

tract stones, especially renal calculi, but there 

are still some limitations about size, composition 

and burden of the stone
1-3
. There have many 

criteria using to select the patient who success in 

ESWL treatment include body mass index (BMI), 

renal function, stone characteristics and stone 

density
4-6,9,10

. However, no parameter is accurately 

to predict the ESWL success rate. A computed 

tomography (CT) scan is used to evaluate a stone 

density in order to choose the most appropriate 

stone treated by ESWL
11
.

	 There are many criteria used to select 

patients for ESWL treatment, including body mass 

index (BMI), renal function, stone characteristics 

and stone density
4-6,9,10

. However, no parameter 

can accurately predict ESWL success rate. A CT 

scan is used to evaluate stone density in order to 

choose the most appropriate stones to be treated 

by ESWL
11
.

	 The CT scan is not popular because of its 

high cost
13,14
. Thus, we conducted this research, 

which assesses stone density, by using the 

aluminium step wedge instead of the CT scan. We 

believe this technique can be applied to predict 

ESWL success rates in our patients
7
.

Material and Methods

	 This research is a prospective study 

performed at Siriraj Hospital between March 2011 

and November 2012. We enrolled 55 patients, 

with no contraindications for ESWL treatment, 

who had radio-opaque solitary calculi located in 

either the renal pelvis or proximal ureter, with a 

size between 0.5 and 2 centimeters at its greatest 

diameter. We excluded all the patients who had 

severe hydronephrosis, percutaneous nephrostomy 

tube, or double J stent.

	 Plain KUB was performed on all patients, in 

which the aluminium step wedge was placed and 

the images were taken together on the same film. 

The x-ray machine was Fuji computed radiography, 

so the films could be calculated in a gray level of 

stone compared with the aluminium step wedge 

in eleven levels. Thus, we were also able to 

calculate the stone density in millimeter aluminium 

equivalent units (mm Al equivalent) (Figure 1-3).

	 The aluminium step wedge is composed of 

eleven pieces, each of which is 3 millimeters in 

width. We measured stone density three times as 

the density of the aluminium step wedge and the 

mean was calculated.      

	 The gray level and thickness of the aluminum 

step wedge was used to plot the graph; X-axis is 

thickness of the aluminum step wedge and the 

Y- axis is the gray level of the aluminium step 

wedge. The gray level of the step is plotted on 

the graph for calculating the equivalence of the 

stone radiopacity to a particular thickness of the 

aluminum.

ESWL Technique

	 All patients received pre-treatment analgesic 

drugs before the ESWL session. All patients used 

the same machine. Intensity was set at level 4 to 

5, and the rate was set at 90 times per minute. The 

ESWL session was stopped when either the stone 

was broken into fragments, or 4,000 times were 

completed. At 4 weeks after ESWL, the patient was 

followed up with plain KUB and the stone fragment 

was defined as a non-responder using the following 

criteria: the stone was not fragmented, or the ssize 

was more than 5 mm after 3 sessions of ESWL.  
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Stone Density = 14.66 mm Al

Figure 1.  Density Graph

Figure 2.  Aluminium Step Wedge



23The Thai Journal of Urology : Vol. 34  No. 2  July - December 2013

 	 After we divided the patients into two groups, 

we compared their parameters, including stone 

density and the number of ESWL sessions.      

    

Statistical Analysis

	 The Pearson correlation test was used to 

find the correlation between stone density and 

the number of ESWL sessions, as well as the 

Independent T - test. Fisher’s exact test and the 

chi-square test were also used to evaluate the 

significant difference (p-value < 0.05). Lastly, cut 

off point was calculated by ROC curve. 

Result 

	 Stone density was between 3 and 26.7 mm 

Al equivalent and its mean was 12.40 ± 5.96 mm 
Al equivalent. Stone size was between 5 and 18 

mm and its mean was 9.32 ± 3.47 mm. Patient 
demographic details and characteristics are 

summarized in Table 1. The overall stone clearance 

rate was 70.91% after 3 sessions of ESWL were 

completed by the patient. All of the patients could 

be categorized into two groups. The non-responder 

group had sixteen patients, who had significantly 

higher stone densities than the patients in the 

other group (p-value < 0.001).(Table 2) Mean stone 

density in the non-responder and responder group 

were 16.69 ± 5.46 mm Al equivalent and 10.65 ± 

5.28 mm Al equivalent, respectively. As shown in 

Table 2, lower pole calyceal stones had a  success 

rate of 0%, thus patients with a lower pole calyceal 

stone were not candidates for ESWL.

Figure 3.  Plain KUB

Table 1.	Demographic Data

Character	 Value

Mean ± SD age (range)	 52.51 ± 12.89 (18-77)
No. sex:	

	 Male	 35

	 Female	 20

Mean ± SD mm stone size (range)	 9.32 ± 3.47 (5-18)
Mean ± SD mm Al Eq stone density (range)	 12.40 ± 5.96 (3-26.70)
Position of stone	

	 Non lower pole calyx	 35

	 Lower pole calyx	 5

	 Proximal ureter	 15
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	 Our study suggests that there is a significant 

correlation between the number of ESWL sessions 

and stone density in millimeter aluminium equivalent 

units (R2 = 0.253, p-value < 0.001) (figure 4).

	 We used ROC curve= 0.819 (95%CI=0.706-

0.932, p-value<0.001) and found the density 

of stones in mm Al Eq. suitable for treatment 

with ESWL. The cut off point is 12.135 mm Al 

Eq(sensitivity 79.49%, specificity 81.25%). (Table 

3, Figure 5)

	 In this research, we determined that success 

rate is dependent on the position of the stone. 

Proximal ureteral stones, non lower calyceal stones, 

and lower calyceal stones  had  success rates of  

93%, 71% and 0%, respectively. Lower calyceal 

stones had a low success rate because success rate 

depends on anatomy of  kidney. Ureteral stones 

had a success rate higher than renal stones due 

to fact they are smaller. In this study, none of the 

stones underwent analysis 

Table 2.	ESWL Results in 55 patients

Characteristic	 Completed 	 Failure	 p-Value

	 	 fragmentation	

No. Pts (%)	 39 (70.9)	 16 (29.10)	

Mean ± SD stone density (mm Al Eq)	 10.65 ± 5.28	 16.69 ± 5.46	 < 0.001

Position of stone	 	 	 Success rate

	 Non lower pole calyx	 25	 10	 71%

	 Lower pole calyx	 0	 5	 0%

	 Proximal ureter 	 14	 1	 93%

No. of sessions	 	 	

	 1	 14	 -	

	 2	 16	 -	

	 3	 9	 -	

	 > 3	 -	 16	

Discussion

	 Stone density is the key factor used to 

evaluate the success rate of ESWL; however, it 

cannot be estimated accurately. There have been 

many methods used to measure stone density, 

such as comparing it with spine density, or 

the 12
th
 rib on the same film, but these are not 

standard measurements, because bone density 

depends directly upon bone mineralization
1,16

. 

Moreover, there are many factors that affect  

radio-opacity, such as body habitat, x-ray exposure 

and film processing
15
. 

	 We have determined that assessing renal 

stone and proximal ureteral stone radiopacity on 

plain KUB is an accurate and objective method 

for predicting the outcome of ESWL. We used 

the aluminum step wedge as a reference for  

this assessment. We used computer software  

for the comparison in order to avoid false subjective 

data, and thus present the results in a better 
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quantitative manner. Also, we compared the gray 

levels of the different steps of the aluminum step 

wedge to the stone’s gray levels, instead of using 

the absolute gray level of the stone as the only 

indicator of its density; therefore, we eliminated 

the previously mentioned external factors that 

could affect stone radiopacity and subsequently 

its gray level.

Figure 4.  Correlation Graph

Figure 5.  Cut off Point Graph
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	 We tried to find some method that could 

measure stone density accurately by introducing the 

aluminium step wedge as a stone density reference, 

and using the computer software calculation to 

decrease any error. By placing the aluminium step 

wedge in the same film, all factors were eliminated. 

The gray level of the aluminium step wedge was 

compared with the gray level of the stone directly, 

instead of using the gray level of the stone itself to 

predict the success rate of ESWL. Measuring the 

stone’s HU value is the most common technique 

used to evaluate stone density. Meanwhile, a 

prospective study by Osama El-Gamal and Amr 

El-Badry found that a positive correlation between 

the HU value of the stone and its radiopacity in 

mm Al Eq
7
.

	 We are not sure about the measurements of 

the gray levels on the aluminium step wedge in the 

different positions; we can only be certain on the 

same step. Therefore, we randomly measured 20 

points per step and used the coefficient of variation 

statistical methods (Table 4). Gray levels were not 

different. Some steps showed high SD and CV 

because the bone and soft tissue of patients had 

an error in the measurement of the gray level.

Conclusion

	 The aluminum step wedge with plain KUB 

provides a good reference for objectively assessing 

the radiopacity of renal calculi and proximal ureteral 

calculi, with the advantages of a low cost and less 

radiation exposure. In addition, according to our 

results, it seems that high density stones (> 12.135 

mm Al Eq.) may not be suitable for treatment with 

ESWL, or multiple sessions may be required for 

fragmentation. However, in this study it was difficult 

to determine a cut off value at which ESWL should 

be avoided, because a large number of subjects 

would be required to obtain an accurate value in 

this regard.  More studies are needed to determine 

whether stone radiopacity on this scale can predict 

its chemical composition.

 

Table 3.	Cut off Point

	 Stone Density (mm Al Eq)	 Sensitivity (%)	 Specificity (%)

	 11.875	 74.36	 81.25

	 11.965	 76.92	 81.25

	 12.135	 79.49	 81.25

	 12.455	 79.49	 75.00

	 12.755	 79.49	 68.75
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Table 4.	 Coefficient of Variation

	 Level	 N	 Minimum	 Maximum	 Mean	 SD	 Coefficient of 

	 	 	 	 	 	 	 Variation (CV)

	 1	 20	 1860	 2088	 1973.3	 64.8	 3.28%

	 2	 20	 1928	 2899	 2230.4	 211.9	 9.50%

	 3	 20	 2249	 2545	 2397.1	 88.0	 3.67%

	 4	 20	 2504	 2789	 2641.4	 79.2	 3.00%

	 5	 20	 2759	 2976	 2873.6	 61.0	 2.12%

	 6	 20	 2853	 3087	 2995.5	 67.0	 2.24%

	 7	 20	 2787	 3222	 3044.4	 126.1	 4.14%

	 8	 20	 2937	 3386	 3147.7	 129.5	 4.11%

	 9	 20	 3027	 3510	 3338.7	 147.6	 4.42%

	 10	 20	 3290	 3592	 3498.4	 70.4	 2.01%

	 11	 20	 3281	 3654	 3534.1	 111.1	 3.14%

References

1.	 Cohen TD, Preminger GH. Management of 

calyceal calculi. Urol Clin North Am 1997; 

24(1):81-96.

2.	Abdel-Khalek M, Sheir KZ, Mokhtar AA et al. 

Prediction of success rate after extracorporeal 

shock-wave lithotripsy of renal stones. A 

multivariate analysis model. Scand J Urol 

Nephrol 2004;38(2):161-7.

3.	 Pareek G, Armenakas NA, and Fracchia 

JA. Hounsfield units on computerized 

tomography predict stone-free rates after 

extracorporeal shock wave lithotripsy. J Urol 

2003;169(5):1679-81.

4.	 Sanjeev Pathaka, Victoria Lavin A, Ram Vijay 

B, et al. Radiological determination of stone 

density and skin-to-stone distance: Can it 

predict the success of extracorporeal shock 

wave lithotripsy? Br J Med Surg Urol 2009; 

2(5):180-4.

5.	 Pareek G, Armenakas NA, Panagopoulos G, 

et al. Extracorporeal shock wave lithotripsy 

success based on body mass index and 

Hounsfield Units. J Urol 2005;65(1):33-6.

6.	 Gupta NP, Ansari MS, Kesarvani P, et al. 

Role of computed tomography with no 

contrast medium enhancement in predicting 

the outcome of extracorporeal shock wave 

lithotripsy for urinary calculi. BJU Int 2005; 

95(9):1285-8.

7.	 El-Gamal O, El-Badry A. A simple objective 

method to assess the radiopacity of urinary 

calculi and its use to predict extracorporeal 

shock wave lithotripsy outcomes. J Urol 2009; 

182(1):343-7.

8.	 Dretler SP, Polykoff G. Calcium oxalate stone 

morphology: Fine tuning our therapeutic 

distinctions. Urol 1996;155(3):828-33.

9.	 El-Nahas AR, El-Assmy AM, Mansour O, 

et al. A prospective multivariate analysis 



28 วารสาร ยูโร  : ปีที่ 34  ฉบับที่ 2  กรกฎาคม - ธันวาคม 2556

of factors predicting stone disintegration 

by extracorporeal shock wave lithotripsy:  

The value of high-resolution noncontrast 

computed tomography. Eur Urol 2007;51(6): 

1688-93.

10.	 Weld KJ, Montiglio C, Morris MS, et al. Shock 

wave lithotripsy success for renal stones based 

on patient and stone computed tomography 

characteristics. Urol 2007(6);70:1043-6; 

discussion 1046-7.

11.	 Joseph P, Mandal AK, Singh SK, et al. 

Computerized tomography attenuation value 

of renal calculus: Can it predict successful 

fragmentation of the calculus by extracorporeal 

shock wave lithotripsy ? A preliminary study. 

J Urol 2002;167(5):1968-71.

12.	 Gupta NP, Ansari MS, Kesarvani P, et al. Role  

of computed tomography with no contrast 

medium enhancement in predicting the 

outcome of extracorporeal shock wave 

lithotripsy for urinary calculi. BJU Int 2005; 

95(5):1285-8.

13.	 Zarse CA, Hameed TA, Jackson ME, et al. 

CT visible internal stone structure, but not 

Hounsfield unit value, of calcium oxalate 

monohydrate (COM) calculi predicts lithotripsy 

fragility in vitro. Urol Res 2007;35(4):201-6.

14.	 Kim SC, Burns EK, Lingeman JE, et al. Cystine 

calculi: Correlation of CT-visible structure, 

CT number, and stone morphology with 

fragmentation by shock wave lithotripsy. Urol 

Res 2007;35(6):319-24.

15.	 Lee SK, Moon YT, Kim SC. The predictability 

of stone composition according to radiodensity 

of urinary stone on KUB film. Korean J Urol 

1995;36(3):290-3.

16.	 Bon D, Dore B, Irani J, et al. Radiographic 

prognostic criteria for extracorporeal shock-

wave lithotripsy: A study of 485 patients. Urol 

1996;48(4):556-60; discussion 560-1.


	Cover [1] URO vol  34 NO2
	ปกหน้าใน
	Urology Vol.34 No.2
	Cover [2] URO vol  34 NO2

