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Abstract

Purpose: The aim of this study was to evaluate the effect of stone attenuation value on the effectiveness of
extracorporeal shockwave lithotripsy (SWL) for upper urinary tract stones.
Methods: In this prospective study, 99 patients underwent SWL for solitary renal and upper ureteral stones from
January 2007 to March 2009. All patients underwent CT scan before SWL. The mean attenuation value of stones
in our study was 1213.3  314.5 Hounsfield units (HU). Group A consisted of 42 patients with stones of attenuation value <1200 HU and group B had 57 patients with stones of attenuation value >1200 HU. Stone size,
location, requirement of number of shockwaves, shock intensities (power), retreatment rate, complication rate,
auxiliary procedure rate, and effectiveness quotient (EQ) ratio were studied.
Results: The mean total number of shocks required to fragment the stones in groups A and B were 1317.1  345.3
and 1646.5  610.8, respectively ( p ¼ 0.001), with a mean shock intensity of 12.2  0.7 and 12.4  0.5 kV, respectively ( p ¼ 0.03). Retreatment was not required in patients of group A, but 14.03% patients in group B
required retreatment ( p < 0.0001). Clearance rate in group A was 88.1%, whereas in group B it was 82.5%
( p ¼ 0.35). Auxiliary procedure rates were 9.5% and 10.5% in groups A and B ( p ¼ 0.22), respectively. EQ was
80.4% and 66.2% in groups A and B ( p ¼ 0.03), respectively. Complication rates were similar with 2.4% and 3.5%
in groups A and B, respectively ( p ¼ 0.37). Significant correlation was recorded for total number and intensity of
shocks with stone attenuation value.
Conclusions: The EQ of SWL for upper urinary tract stones was significantly better for stones with lower
attenuation value. The number and intensity of shocks required to fragment these stones with lower attenuation
value were also significantly lower.

Introduction

S

tone composition has emerged as an important factor
influencing the fragility of calculus, which in turn affects
the efficacy of extracorporeal shockwave lithotripsy (SWL).1 If
stone fragility can be predicted by stone attenuation value it
would be a valuable factor in the decision process for managing urolithiasis. It would also help in counseling the patients. The aim of this prospective study was to evaluate the
effect of stone attenuation value obtained from CT scan on the
effectiveness of SWL in terms of stone clearance, retreatment
rate, and associated auxiliary procedures.
Materials and Methods
In this prospective study, 99 patients were included who
underwent primary SWL treatment using an electromagnetic

lithotripter (Compact Delta; Dornier MedTech GmbH, Wessling, Germany) for solitary renal and upper ureteral calculus
from January 2007 to March 2009. Exclusion criteria were
multiple stones and stones of diameter larger than 2 cm.
A detailed medical history, including history of any stone
disease or surgical intervention, as well as present illness, was
taken. All patients were subjected to complete general and
systemic examination. Basic laboratory investigations including complete blood count, bleeding profile, serum creatinine, and urine routine and culture were carried out.
Demographic data of each patient, including age, sex, body
mass index, and stone size and location, were recorded.
The attenuation value measured in Hounsfield units (HU)
for each stone was determined on pretreatment CT. Helical
images were obtained using a 5-mm contiguous section from
the top of the kidneys to the level of the pubic symphysis with
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Table 1. Patient and Stone Demography

Characteristics
Patients (n)
Male=female (n)
Mean age (years)
BMI (kg=m2)
Side (n)
Right
Left
Location (n)
Renal pelvis
Upper calix
Central calix
Lower calix
Upper ureter
CT scan stone diameter (mm)

Group A (<1200 HU)

Group B (>1200 HU)

p-Value

42
27=15
44.5  12.9
23.7  3.9

57
41=16
42.5  14.7
23.3  4.5

0.30
0.24
0.3

19
23

23
34

13
5
5
9
10
11.5  3.1

16
4
10
9
18
11.0  3.0

0.78

0.71
0.23

BMI ¼ body mass index; HU ¼ Hounsfield unit.

1.2 mm reconstruction using software, at 120 kV and 250 to
300 mA on a MultiDetector 16-Slice CT scanner (Bright Speed
Elite; General Electronics, Milwaukee, WI). The longitudinal
and transverse measurements were performed on the workstation using electronic calipers. The maximum dimension of
the calculus included in the study was either the longitudinal
or the transverse diameter, whichever was the longest.
Mean attenuation value was calculated from small, nonoverlapping regions of interest chosen from each stone and
recorded as the representative attenuation value for the calculus being studied.
During SWL, patients received intravenous fentanyl as the
primary anesthetic agent supplemented with midazolam or
propofol. All SWL procedures were performed on an electromagnetic lithotripter (Compact Delta; Dornier MedTech
GmbH). Calculus was localized and monitored real-time
under fluoroscopic and ultrasonographic guidance. The number and intensity of shock impulses to be delivered to the stone
were not predetermined and was decided by the operator
during the session depending upon the ongoing fragmentation
as observed through fluoroscopy and ultrasonography. The
shock impulses were given at a frequency of 60 shocks per
minute in all patients. The power was gradually ramped up as
required by the operator. The shock impulses were started at
level 1 (10 kV) and progressed to level 2 (11.5 kV) after 100
shocks. The energy levels were increased gradually to higher
levels (to a maximum of level 6, 16 kV) only if desired frag-

mentation was not visible with fluoroscopy and ultrasonography. The total number of shocks per session usually did not
exceed 1500. If unsatisfactory fragmentation was observed on a
kidney, ureter, and bladder radiograph (KUB) taken the next
day morning, the patient was scheduled for retreatment the
following day.
A KUB analysis and ultrasonography were done at regular
intervals to assess fragmentation and clearance. Any retreatment, postprocedure auxiliary procedure, and complications
were noted. For the purpose of the study, final clearance was
judged at 3 months after SWL. Nonidentification of stone
fragments in both KUB and ultrasonograph was considered
as completely cleared. Identification of stone fragments of any
size was considered as residual fragments.
Ninety-nine patients who met the inclusion and exclusion
criteria were included in the study. The mean stone attenuation value was 1213.3  314.5 HU (range, 262–1758 HU). The
patients were divided into two groups A and B, of patients
with stone attenuation value lower than 1200 HU and higher
than 1200 HU, respectively. The mean total number of shocks
required, mean intensity (power) of shocks, retreatment rate,
auxiliary procedure rate, complication rate, complete clearance rate, and effectiveness quotient2 (EQ) were compared in
both the groups. We also correlated the number and intensity
of shock impulses required to fragment the stone to the stone
attenuation value. We also compared and analyzed the
SWL failure and success groups in terms of various clinical

Table 2. The Shockwave Characteristics, Stone-Free Rates, Auxiliary Procedure Rates,
Retreatment Rates, Complication Rates, and Effectiveness Quotient

Mean total no. of shocks
Mean shock intensities (kV)
Postop auxiliary procedure rate
Retreatment rate
Complication
Clearance rate
EQ ratio
a
Stastically significant.
EQ ¼ effectiveness quotient.

Group A

Group B

p-Value

1317.1  345.3
12.2  0.7
9.5%
0
2.4%
88.1%
80.4%

1646.5  610.8
12.4  0.5
10.5%
14.0%
3.5%
82.5%
66.2%

0.001a
0.03a
0.22
0.0001a
0.37
0.35
0.03a
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Table 3. Comparison of Extracorporeal Shockwave Lithotripsy Success and Failure Groups
Characteristics
Patients (n)
Male=female
Mean age (years)
BMI (kg=m2)
Side (n)
Right
Left
Location (n)
Renal pelvis
Upper calix
Central calix
Lower calix
Upper ureter
CT scan stone diameter (mm)
Stone attenuation value (HU)
Mean total no. of shocks per stone
Mean total shocks per sitting
Mean shock intensities (kV)
Postop auxiliary procedure rate
Retreatment rate
Complication

Success group
84
57=27
43.9  13.9
23.6  4.0

Failure group
15
11=4
40.4  13.9
22.9  4.3

34
50

8
7

25
10
9
14
26
11.2  2.9
1194.7  315.9
1449.6  527.4
1383.8  332.8
12.3  0.6
7.1%
4.8%
1.2%

4
0
5
4
2
11.3  3
1344.3  310.2
1826.67  538.3
1442.1  334.3
12.46  0.6
26%
26%
13.3%

p-Value
0.47
0.19
0.27
0.22

0.07
0.46
0.04a
0.007a
0.26
0.17
0.0001b
0.0001b
0.0001b

a,b

Statistically significant.

parameters including HU. Statistical comparisons were
done using chi-square test and Karl Pearson’s correlation
coefficient.
Results
The two groups were well matched in terms of male:female
ratio, body mass index, and stone side, location, and size
(Table 1). The mean number and intensity (power) of shock
impulses required to completely clear the stones were significantly lower in group A. The retreatment rate in group A
was also significantly lower ( p ¼ 0.0001). Even though the
clearance rates between the two groups were not statistically
significant ( p ¼ 0.35), the EQ was higher in group A ( p ¼ 0.03).

The results are elaborated in Table 2. The mean HU of stones
in the SWL success group and SWL failure group were
1194.7  315.9 and 1344.3  310.2, respectively ( p ¼ 0.04;
Table 3).
The trend line in Figure 1 clearly shows that the number of
shocks required for stone fragmentation increases as the HU
of calculus increases (R ¼ 0.29). The trend line in Figure 2
shows that the mean intensity (power) of shock impulses required to fragment and clear the stone is directly proportional
to the HU of the stone (R ¼ 0.34). The complications after SWL
were classified according to the Clavien-Dindo classification.3
One patient in group A and two patients in group B had
Steinstrassen requiring ureteroscopy, qualifying as Clavien
grade 3b complication.

FIG. 1. The trend line clearly shows
that the number of shocks required for
stone fragmentation sharply increases
as the density of calculus increases. To
find the relation, Pearson correlation
coefficient was calculated. The coefficient value is 0.29, which is significant
at 0.01 level. Diamonds, number of
shock waves; Line, trend line.
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FIG. 2. The line diagram shows
that as the attenuation value of
calculus increases the mean shock
intensity required to break the calculus also increases. To statistically
define the relation between the
two variables, shock intensities and
calculus density, Pearson correlation coefficient was calculated. The
coefficient value is 0.343, which is
significant at 0.01 level.

Discussion
SWL is one of the preferred treatment modality for calculus
in the upper urinary tract since its introduction by Chaussy
et al.4 However, SWL monotherapy is not successful in 9.4%
to 26.3% of renal and proximal ureteral stones.5,6 The outcome
of SWL depends on many factors, including stone size, location, composition, and fragility, type of shockwave generator,
and the presence of obstruction or infection.7 Failure of SWL
leads to increased costs with requirement of auxiliary procedures to clear the stones. It would be useful if we can predict
the stones that will be fragmented by SWL. The ability of a
plain KUB to indicate stone fragility was proposed by Dretler.1 On the basis of radiograph patterns, he predicted the
fragility. Smooth-edged calculi with a homogeneous structure
required more shockwaves to be completely fragmented than
calculi with round, radially reticulated, spiculated edges and
irregular margins.8 Bon et al9 found that smooth, uniform,
bulging calculi that appeared denser than bone (12th rib or
transverse process) responded poorly to SWL; the stone-free
rate for smooth, radiologically dense calculi and calculi with
irregular outlines are 34% and 79%, respectively. In a prospective study,10 the overall accuracy of predicting calculus
composition from plain radiographs was reported to be only
39%, which at present is insufficient for clinical use.
CT has long been used clinically to evaluate radiolucent
filling defects, using measurements of substance density in
HU to distinguish calculi from tumors or blood clots.11,12 The
ability of CT scan to detect density differences as low as 0.5%
has been exploited to determine the composition and fragility
of urinary stones.13 The density of stone varies with its
composition and affects the fragility of calculus, which ultimately governs the clinical outcome of SWL. Hence, it is
vital to know the fragility of a calculus before SWL, to increase the efficacy and reduce the number of hospital visits
and thus cost. The attenuation value of calculi measured in
HU obtained from CT may be used to predict stone composition. In an effort to obtain more information, an in vitro

study was done to correlate HU values with the fragility of
calculi.14
Joseph et al15 suggested in a small study that CT attenuation value can predict those stones that would require a
greater number of shocks for fragmentation or may fail to
fragment on SWL. Gupta et al16 reported that the worst outcome after SWL was due to stones of >750 HU and diameters
>1.1 cm. Perks et al17 in their study reported a favorable
outcome for stones of <900 HU and with a skin-to-stone distance of <9 cm. El-Nahas et al18 suggested that alternative
treatment should be advised for obese patients with stones of
>1000 HU.
EQ, which is derived from multiple parameters including
stone-free rate, retreatment rate, and auxiliary procedure rate,
may better express treatment results.2 In our study, comparable clearance rate and auxiliary procedure rate along with
significantly lower retreatment rate contributed to a significantly higher EQ for group A.
Conclusion
The EQ of SWL in treating stones in the upper urinary tract
is significantly lower for stones with higher attenuation value.
The mean number and intensity of shock impulses required to
fragment the stone is directly proportional to the stone attenuation value.
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