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The Use of Dual Energy X-ray Absorptiometry in the %ﬁ?ﬂ%ﬁ%ﬂooe
Prediction of Stone Fragility in Extracorporeal Shock - =
Wave Lithotripsy

Hee Jong Kim, Jeong Oh Lee, Bo Hyun Han
From the Department of Urology, Maryknoll Hospital, Busan, Korea

Purpose: The aim of this study was to determine whether the stone mineral HRi=wel Hiwo(
content (SMC) and stone mineral density (SMD), as measured by dual
energy X-ray absorptiometry, can predict the stone fragility in extracor-
poreal shock wave lithotripsy (ESWL).

Materials and Methods: In the experimental study, the stone size, weight,
SMC and SMD of 111 urinary calculi, obtained by open surgery, were
measured. The SMC and SMD were measured using dual energy X-ray
absorptiometry, which is the gold standard for measuring the bone mineral
content and density. The number of shock waves necessary for full 235 - 0182 - et
fragmentation was accepted as a measure of the stone fragility in ESWL
(EDAP-sonolith Praktis). In the clinical study, the stone size, SMC and
SMD were measured in a total of 48 patients with a solitary renal stone
of less than 3cm. Prior to ESWL all patients underwent dual energy X-ray
absorptiometry to calculate the SMC and SMD. The correlations between
the number of total shock waves and the stone size, SMC and SMD were
analyzed.

Results: In the experimental study, the stone size, stone weight, SMC and
SMD values correlated with total shock waves, with a correlation coeffi- HaoiTl: 2006 52 192
cients (R) of 0.79, 0.95, 0.99 and 0.86, respectively (n=111). In the clinical %_Ejzﬂ 20063 o 202
study, the mean stone size, mean MC and MD values differed significantly
between the clinically successful and failed ESWL (n=36 and n=12), respec-
tively (p=0.0002, p=0.004, p=0.004). On a simgle regression analysis, the SMC
(R*=0.74), SMD (R*=0.56) and stone size (R°=0.51) were significant factors
in predicting the number of shock waves. Using the receiver operating
characteristic curves for comparing the stone size, SMC and SMD in
relation to the number of shock waves, the areas under the respective
curves were 0.79, 0.84 and 0.81 with cut-off values of 1.8, 1.4 and 1.8.
Conclusions: The stone size, SMC and SMD measured by dual energy
x-ray absorptiometry may provide a prediction of the outcome of patients
prior to ESWL treatment. Patients with high SMC (greater than 1.4gm) WAINAL: 0lEL

could be recommended for percutaneous nephrolithotripsy or another 2= 8l
treatment modality, thus, avoiding the unnecessary cost of prior ESWL. SABAN ST ThES 40t

e g 126K
(Korean J Urol 2006;47:1210-1219) ©7600-094
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2. In vivo &3
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Table 1. Reproducibility of SMC and SMD in vitro and in vivo

In vitro (n=3)

Stone A Stone B Stone C
Stone size (cm) 1.12 1.55 2.60
Mean SMD (gm/cmz) (SD) 0.47 (0.0149) 0.71 (0.020) 1.02 (0.013)
Mean SMC (gm) (SD) 0.11 (0.0042) 0.62 (0.021) 3.83 (0.058)
CV of SMD (%) 3.19 2.88 1.35
CV of SMC (%) 427 3.52 1.54

In vitro (n=3)

Patient A Patient B Patient C
Stone size (cm) 0.92 1.53 2.30
Mean SMD (gm/cmz) (SD) 0.41 (0.0168) 0.68 (0.0212) 1.62 (0.0479)
Mean SMC (gm) (SD) 0.36 (0.0193) 0.55 (0.0226) 1.45 (0.0572)
CV of SMD (%) 4.12 3.12 2.96
CV of SMC (%) 5.37 4.12 3.95

SMC: stone mineral content, SMD: stone mineral density, CV: coefficient of variance, SD: standard deviation
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2. In vitro &7
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0.001) (Table 2). Z+7}
Aleget Azt hxlBalol] H a3t F FATFE @454x 2.4
=7))-224.1, (182.3x 8.4 F-A)+231.9, 264.2x 24 T %
3H6-25)4287.9, 284.7x. 2.4 715 W 5)4281.79) 2 3]
AAA o2 |28 4 gl9lor] AAAFE 22 0.62
0.90, 0.99, 0.75°] A} (p<0.001) (Table 3) (Fig. 1). ©]&2] 2

Table 2. Correlation coefficients of the number of shock waves
for the various parameters in vitro

Parameters Number of shock waves  p-value
Stone size (cm) 0.79 <0.001
Stone weight (gm) 0.95 <0.001
SMC (gm) 0.99 <0.001
SMD (gm/cm’) 0.86 <0.001

SMC: stone mineral content, SMD: stone mineral density
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(Table 4).
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Table 3. Result of a simple regression analysis in vitro

Variables B 95% CI R’ p-value
Stone size (cm) 445.4 380.6-510.2 0.62 <0.001
Stone weight (gm) 182.3 171.3-193.3 0.90 <0.001
SMC (gm) 264.2 262.8-265.6 0.99 <0.001
SMD (gm/cmz) 284.7 253.7-315.8 0.75 <0.001

SMC: stone mineral content, SMD: stone mineral density, [3: regression coefficient, CI: confidence interval, R%: coefficient of determination
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12 Predicted stone weight (gm) Fig. 1. In vitro relationship between (A) stone size, as measured
. using X-ray and the number of shock waves (y=445.4x-224.1; R’=

0.62, p<0.001), (B) stone weight, as measured using electron
balance and the number of shock waves (y=182.3x+231.9; R’=
0.90, p<0.001), (C) stone mineral content (SMC), as measured
using dual energy X-ray absorptiometry and the number of shock
waves (y=264.2x+287.9; R2=0.99, p<0.001), (D) stone mineral
density (SMD), as measured using dual energy X-ray absorptio-
metry and the number of shock waves (y=284.7x+281.7; R2=0.75,
p<0.001), (E) stone mineral content (SMC), as measured using
10 dual energy X-ray absorptiometry and the stone weight (y=1.31x+
0.48; R?=0.90, p<0.001).
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Table 4. Result of a multiple regression analysis in vitro

Variables B 95% CI p-value
Stone size (cm) 18.7 4.9-37.3 0.005
Stone weight (gm) 152.4 130.2-174.6 0.0001
SMC (gm) 265.8 260.8-270.8 0.60
SMD (gm/cm’) 71.0 35.6-106.4 0.00012

SMD: stone mineral density, {3 regression coefficient, CI: con-
fidence interval
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Table 6. Correlation coefficients of the number of shock waves
for the various parameters in vivo

Parameters Number of shock waves p-value
Stone size (cm) 0.71 <0.0005
SMC (gm) 0.86 <0.0005
SMD (gm/cm’) 0.75 <0.0005

SMC: stone mineral content, SMD: stone mineral density

Table 5. Descriptive statistics on patients with successful and failed ESWL

Values Success (n=36) Failure (n=12) p-value*
Mean age+SD 48.8+6.9 (35-65) 48.0+6.4 (39-56) 0.70
Mean stone size+SD (cm) 1.26+0.54 (0.53-2.70) 2.114£0.57 (1.25-2.91) 0.0002
Mean SMC+SD (gm) 0.42+0.32 (0.11-1.45) 1.75+0.36 (0.40-3.91) 0.004
Mean SMD=SD (gm/cm’) 0.56+0.46 (0.18-2.12) 2.2140.46 (0.58-4.71) 0.004
Mean SWs+SD 3,049.4+905.9 (2,000-5,500) 7,033.3£659.6 (6,100-8,000) 0.0005

ESWL: extracorporeal shock wave lithotripsy, SMC: stone mineral content, SMD: stone mineral density, SWs: shock waves, SD: standard

deviation, *: Student’s t-test
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Table 7. Sensitivity and specificity calculated for the stone size, SMC and SMD values according to number of shock waves

TP for success FP for failure Sensitivity % Specificity %

Stone size less than 1.0 15 0 15/36 41.6 12/12 100
1.2 19 1 19/36 527 11/12 91.6
1.4 22 3 22/36 61.1 9/12 75.0
1.6 25 4 25/36 69.4 8/12 66.6
1.8 29 5 29/36 80.5 7/12 583
2.0 31 7 31/36 86.1 5/12 41.6
22 33 8 33/36 91.6 4/12 333
24 33 8 33/36 91.6 4/12 333
2.6 35 10 35/36 972 2/12 16.6
2.8 36 10 36/36 100 2/12 16.6
3.0 36 12 36/36 100 0/12 0

SMC less than 0.2 7 0 7/36 194 12/12 100
0.4 14 0 14/36 38.8 12/12 100
0.6 25 3 25/36 70.1 9/12 75
0.8 28 4 28/36 78.1 8/12 66.6
1.0 31 5 31/26 86.1 7/12 58.3
1.2 32 5 32/36 90.4 7/12 583
1.4 34 5 34/36 94.4 7/12 58.3
1.6 35 6 35/36 972 6/12 50
1.8 36 7 36/36 100 5/12 41.6
2.8 36 7 36/36 100 5/12 41.6
3.0 36 10 36/36 100 2/12 16.6
34 36 11 36/36 100 1/12 83
3.8 36 11 36/36 100 1/12 8.3
4.0 12 12 36/36 100 0/12 0

SMD less than 0.2 2 0 2/36 55 12/12 100
0.4 14 0 14/36 38.8 12/12 100
0.6 23 3 23/36 65.1 9/12 75
0.8 28 5 24/36 80.3 7/12 58.3
1.0 29 5 25/36 82.1 7/12 58.3
1.2 30 6 27/36 84.1 6/12 50
1.4 31 6 29/36 85.3 6/12 50
1.6 32 6 32/36 88.8 6/12 50
1.8 34 6 34/36 94.4 6/12 50
2.0 35 7 35/36 97.2 5/12 41.6
2.4 35 7 35/36 97.2 5/12 41.6
34 36 7 36/36 100 5/12 41.6
3.6 36 8 36/36 100 4/12 333
3.8 36 9 36/36 100 3/12 25
4.0 36 11 36/36 100 1/12 83
4.2 36 12 36/36 100 0/12 0

TP: true positive, FP: false positive, SMC: stone mineral content, SMD: stone mineral density
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Fig. 2. Receiver operating characteristic curves comparing the
stone size, SMC and SMD with the number of shock waves. SMC:
stone mineral content, SMD: stone mineral density.
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Fig. 3. In vivo relationship between (A) stone size, as measured
using X-ray and the number of shock waves (y=1195.1x+1540.5;
R*=0.51, p <0.0005), (B) stone mineral content (SMC), as mea-
sured using dual energy X-ray absorptiometry and the number of
shock waves (y=2,416.1x+2,033.9; R2=0.74, p<0.0005), (C) stone
mineral density (SMD), as measured using dual energy X-ray ab-
sorptiometry and the number of shock waves (y=1,461.1x+
2,218.6; R’=0.56, p<0.0005).
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Variables B 95% CI R’ p-value
Stone size (cm) 1,195.1 790.2-1,600.1 0.51 <0.0005
SMC (gm) 2,416.1 1,914.2-2,918.1 0.74 <0.0005
SMD (gm/cmz) 1,461.1 1,016.1-1,906.1 0.56 <0.0005

SMC: stone mineral content, SMD: stone mineral density, (3: regression coefficient, CI: confidence interval, R%: coefficient of determination

Table 9. Result of a multiple regression analysis in vivo

Variables B 95% CI p-value
Stone size (cm) 16.8 -613.3-647.0 0.95
SMC (gm) 3511.4 2,118.9-4,903.8 0.04
SMD (gm/cmz) -806.8 -1,767.2-153.6 0.04

SMC: stone mineral content, SMD: stone mineral density, [
regression coefficient, CI: confidence interval
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