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Abstract

Objective: To assess the value of noncontrast computed tomography
(NCCT) as a possible predictor of renal stone disintegration by shock
wave lithotripsy (SWL).
Patients and methods: The study included 120 consecutive patients (71
males, 49 females; mean age: 42.6 yr) with a solitary renal stone of 0.5–
2.5 cm in length. NCCT was performed using a multidetector row CT
scanner at 120 KV and 240 mA, with 1.25-mm collimation. A bone win-
dow was used to measure stone attenuation values. SWL was performed
with an electromagnetic lithotripter. Failure of disintegration was
defined as no fragmentation of the stone after three sessions. The impact
of patients’ sex, age, and body mass index (BMI) and the stones’ later-
ality, location, volume, mean attenuation value, and the skin-to-stone
distance on disintegration were evaluated by univariate and multivari-
ate analyses.
Results: Failure of disintegration was observed in 15 patients (12.5%). BMI
and stone density>1000 HU were the significant independent predictors
of failure ( p = 0.04 and 0.02, respectively). The success rate of extracor-
poreal SWL at 3 mo was 87.5% (105 of 120 patients); 90 patients were
stone free and 15 had residual fragments <4 mm. The only significant
predictor of residual fragments was stone density ( p < 0.001).
Conclusions: Obesity and increased stone density as detected by NCCT
are significant predictors of failure to fragment renal stones by SWL. An
alternative treatment should be devised for obese patients with stone
density >1000 HU.
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Fig. 1 – Axial scan of noncontrast computed tomography

(bone window) showing measurement of the stone

attenuation value of left renal stone in Hounsfield units.

Fig. 2 – Axial scan of noncontrast computed tomography

(bone window) showing measurement of skin-to-stone

distance at 08, 458, and 908.
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1. Introduction

Currently, extracorporeal shock wave lithotripsy
(SWL) is the most common mode of therapy for
small renal stones [1]. Stones are first disintegrated
by shock waves, and then fragments are sponta-
neously cleared from the urinary tract. Failure of
stone disintegration results in unnecessary expo-
sure of the renal parenchyma to shock waves and
the requirement of an alternative treatment pro-
cedure, which increases medical costs. Hence, it is
important to identify patients who will benefit
from SWL prior to treatment by examining stone
fragility.

Many studies have attempted to correlate the
radiographic findings of noncontrast computed
tomography (NCCT) with SWL success [2–7]. The
main drawbacks of these studies were the use of
low-resolution CT protocols in some [2–5] or
correlating NCCT stone characters with the stone-
free rate [6,7], which is influenced by other factors
such as stone site and pelvicalyceal anatomy [8,9].

In this study, we prospectively investigated the
predictors of renal stone disintegration by SWL
including the factors detected by high-resolution
NCCT in a multivariate analysis.

2. Patients and methods

From 1 June 2004 through 31 May 2006, 120 consecutive

patients agreed to participate in this prospective study. Our

institution’s ethics committee approved the study, and a

written informed consent was obtained from each subject.

Patients were included in this study if they had a single renal

stone of 0.5–2.5 cm in the longest dimension (as measured

from excretory urography films) and had no contraindications

to SWL.

The body mass index (BMI) was calculated by dividing the

weight (kg) by the square of height (m). High-resolution NCCT

of the kidneys was performed for all patients on the same day

as the SWL session with a multidetector row helical CT

scanner (Light-Speed Plus, General Electric, Milwaukee, WI,

USA). The images were obtained using high-quality mode at

200–240 mA, 120 KV, and 1.25-mm collimation. The postscan-

ning bone window protocol was used to measure stone

attenuation value (stone density) and volume. Reformatted

and three-dimensional images were evaluated using a work-

station (Advantage Windows, General Electric), and stone

volume was measured from the three-dimensional images.

For measurement of stone density, three axial planes were

defined for each stone: one near the upper end, one in the

middle, and one near the lower end. In each plane, a region of

interest smaller than the stone was drawn; the CT attenuation

value in Hounsfield units (HU) was measured (Fig. 1) and the

mean value of the three planes was calculated. The skin-to-

stone distance (SSD) was calculated by measuring three

distances from the stone to the skin at 08, 458, and 908 using
radiographic callipers, and the average of these values was

calculated to represent SSD for each stone (Fig. 2).

2.1. Technique of shock wave lithotripsy

SWL was performed with the electromagnetic lithotripter DoLi

S (Dornier MedTech GmbH, Germering, Germany). All patients

received sedoanalgesia in the form of meperidine hydrochlor-

ide (1 mg kg�1) and/or fentanyl (1.5 mg kg�1). A total of 3000

shocks were delivered during each session or until the stone

was completely fragmented. The shock wave frequency was

100 min�1. Patients were evaluated 1 week after each session

using kidney, ureter, and bladder (KUB) film and renal

ultrasound to assess fragmentation and the presence of renal

dilatation. Repeat treatment was carried out if inadequate



Table 2 – Univariate analysis for continuous variables
predicting failure of disintegration by extracorporeal
shock save lithotripsy

Variable Success
(N = 105)

mean (SD)

Failure
(N = 15)

mean (SD)

p value*

Age (yr) 41.8 (11.5) 47.7 (8.9) 0.060

BMI (kg m�2) 28.1 (5.1) 32.5 (5.2) 0.002

Stone attenuation

value (HU)

709.8 (188) 776.6 (208) 0.206

Stone volume (cm3) 1203.6 (853) 2043.6 (218) 0.001

Skin-to-stone

distance (cm)

9.1 (2.8) 11.7 (2) 0.033

SD, standard deviation; HU, Hounsfield units.
* t-test.
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fragmentation of the stone was observed. If there was no

breakage of the stone after three sessions, the case was

considered as a disintegration failure. In case of partial

disintegration after three sessions, SWL was continued.

Patients were evaluated 3 mo after the last lithotripsy session

by NCCT. The procedure was considered to be successful if

patients showed complete clearance of the stone fragments or

had small residual gravels <4 mm. Patients with noninfected,

asymptomatic residual gravels <4 mm were scheduled for

regular follow-up every 6 mo.

2.2. Statistical analysis

The effect of patient characteristics (sex, age, BMI) and

calculus characters (laterality, location, volume, stone density,

SSD) on stone disintegration by SWL was examined. Both

univariate (chi-square or t-test) and multivariate (logistic

regression) analyses were performed to determine significant

independent factors. Pearson correlation tests were used to

determine the correlation between stone density and the

number of shock waves needed until complete stone

fragmentation. Statistical analyses were performed using

SPSS software (SPSS, Inc., Chicago, IL, USA).
3. Results

The 120 patients included 71 males and 49 females.
Their mean age was 42.6 � 11.4 yr, and their mean
BMI was 28.6 � 5.3 kg m�2. The mean stone volume
was 1308.6 � 943 mm3, and the mean stone density
was 743 � 181 HU. Failure of disintegration was
observed in 15 patients (12.5%); 10 of these patients
underwent percutaneous nephrolithotomy, and
Table 1 – Univariate analysis for categorical variables
predicting failure of disintegration by extracorporeal
shock save lithotripsy

Variable N No. of failures (%) p value*

Gender 0.030

Male 71 5 (7.0)

Female 49 10 (20.4)

Obesity 0.036

Not obese 70 5 (7.1)

Obese (BMI �30) 50 10 (20)

Stone site 0.543

Calyceal stone 57 6 (10.5)

Renal pelvis 63 9 (14.3)

Laterality 0.836

Right 61 8 (13.1)

Left 59 7 (11.9)

Stone attenuation 0.012

�1000 HU 109 11 (10.1)

>1000 HU 11 4 (36.4)

HU, Hounsfield units.
* Chi-square test.
retrograde ureteroscopy and laser disintegration
were performed on the other 5 patients. According
to univariate analyses, higher BMI, female gender,
stone density >1000 HU, longer SSD, and larger
stone volume were significant predictors of disin-
tegration failure (Tables 1 and 2). According to
multivariate analyses (Table 3), the significant
independent factors were BMI and stone density
>1000 HU.

Of the 105 successful cases, 77 (73.3%) required
fewer than three sessions of SWL, and 28 (26.7%)
needed more than three (range: four to six sessions).
The necessity for more than three sessions was
significantly affected by obesity (BMI >30 kg m�2),
stone density, and stone volume (Table 4). Sympto-
matic steinstrasse developed in 6 patients (5.7%).
Among them, stone fragments passed sponta-
neously in 5, and 1 patient required ureteroscopic
extraction of the leading fragment.

The success rate of SWL at 3 mo was 87.5% (105 of
120 patients): 90 patients were stone free and 15
patients had residual fragments <4 mm. There was
a weak correlation between mean stone density and
the number of shock waves needed for complete
stone disintegration (r = 0.503, Fig. 3). Among these
patients, the only significant predictor of residual
Table 3 – Multivariate analysis for variables predicting
failure of disintegration by extracorporeal shock save
lithotripsy

Variable B SE RR 95% CI p
value*

Stone attenuation (HU)

�1000 (reference)

>1000 2.092 0.884 8.1 1.433–45.82 0.018

BMI (kg m�2) 0.115 0.056 1.12 1.006–1.25 0.039

B, regression coefficient; SE, standard error; RR, relative risk; HU,

Hounsfield units.
* Logistic regression analysis.



Table 4 – Multivariate analysis for variables predicting the need of more than three sessions of extracorporeal shock save
lithotripsy

Variable B SE RR 95% CI p value*

BMI

Not obese (reference)

Obese (�30 kg m�2) 1.229 0.612 3.417 1.300–11.335 0.045

Stone density (HU) 0.010 0.003 1.010 1.004–1.015 0.001

Stone volume (mm3) 0.002 0.001 1.002 1.001–1.003 0.008

B, regression coefficient; SE, standard error; RR, relative risk; HU, Hounsfield units.
* Logistic regression analysis.

Fig. 3 – Relationship between mean stone attenuation value

(stone density) and number of shock waves needed for

disintegration (r = 0.503).
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fragments was stone density. The mean attenuation
value in stone-free patients was 721 � 183 HU, and
that for patients with residual fragments was
848 � 85 HU ( p < 0.001; relative risk: 1.009, 95% CI:
1.004–1.014).
4. Discussion

Because disintegration is the first step in treatment
of renal stones by SWL, the magnitude of response
of a calculus to disintegration (ie, stone fragility)
should be considered before using SWL. It is often
not possible to predict whether a given stone is
amenable to fragmentation by shock waves before
starting treatment, however, because there are
many factors that affect stone fragility, such as size
and composition [8,10].

In general, stones composed of uric acid are
broken up easily by shock waves, whereas stones of
calcium oxalate monohydrate (COM), brushite, or
cystine are difficult to break. Few stones are
composed of a single material [11], however, and
the variability of stone fragility within the same
class is dramatic [12]. Moreover, because there is
marked overlap between attenuation values of
different stone classes, stone composition cannot
be accurately predicted before the retrieved stones
are analyzed. Nakada et al were able to differentiate
only between uric acid and COM stones using peak
attenuation measurements [13], whereas Sheir et al
could differentiate only between pure stone classes
[14]. Thus, knowing stone composition before
treatment is difficult and may not be sufficient to
allow prediction of the response to SWL. Therefore,
as was done in the present study, pre-SWL radio-
graphic examinations should focus on those radi-
ological stone characteristics that influence SWL
outcome rather than on stone composition.

Many radiological methods and parameters have
been evaluated for their ability to predict stone
fragility. For example, Bon et al found that smooth,
uniform calculi that appeared denser than bone on
KUB responded poorly to SWL [10]. Mandhani et al
concluded from their study using dual x-ray
absorptiometry that patients with high stone
mineral content should not be treated with SWL [15].

NCCT has been proven to be the most sensitive
and accurate imaging modality for diagnosis of
urolithiasis [16]. It is superior to KUB in its ability to
detect radiolucent and small stones without inter-
ference with colonic gas shadows, and NCCT is
superior to intravenous urogram because it can
precisely localize the site of the stone without the
need for iodinated contrast. Thus, an increasing
number of hospitals have accepted NCCT as the
preferred imaging modality for assessment of
urinary stones [12]. Regarding stone characteristics,
NCCT is more accurate than KUB in determining
stone burden (number and volume), and the
measurement of stone attenuation value is more
accurate in the determination of stone density [17].
Moreover, the internal structure of renal calculi can
be identified by high-resolution NCCT protocols
using a bone window and narrow slide width [18]. In
this series, we used a bone window for more
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accurate estimation of the stone size and the
attenuation values of the upper, middle, and lower
part of each stone.

Many studies had investigated the effect of
various stone characteristics detected by NCCT on
the success of SWL [2–8]. The most extensively
studied character was the CT stone attenuation
value (ie, stone density), with high-density stones
requiring more shock waves for fragmentation. The
main drawback of some of these studies [2–5] was
the use of low-resolution beam collimation (5 mm),
which yielded artificially low attenuation values for
small stones. This created a false causal effect
between low attenuation values and SWL success,
which was actually the result of stone size [12]. For
example, Joseph et al found a positive correlation
between the number of shock waves required to
treat a stone and its CT attenuation value [2]. In the
present study, we found a weak correlation between
stone attenuation value and number of shock waves
because we used high-resolution beam collimation
(1.25 mm). Conversely, based on an in vitro study
using high-resolution beam collimation, Saw et al
concluded that at 1 mm there was no correlation
between CT attenuation value and number of shock
waves needed to comminute calcium stones [19].

Regarding the effect of stone density on the rate of
residual fragments after SWL, Pareek et al found that
the mean stone attenuation values were signifi-
cantly higher in patients with residual stones [3,4].
In our series, we reproduced these results using
high-resolution CT protocols, as we observed that
the stone attenuation value was a significant
predictor of the rate of residual fragments. In this
study, stone position was not found to be a
significant factor for presence of residual fragments
because we measured the residual fragment rate at
3 mo. In other studies with longer follow-up,
however, residual fragments in the renal pelvis were
observed to have the highest spontaneous clearance
rate in comparison to the calyceal stone [20].

Recent studies have used high-resolution CT
protocols to predict the outcome of SWL. For
example, Gupta et al concluded that the worst
outcome was in patients with calculus density
>750 HU and stone diameter of >1.1 cm, as 77% of
those patients needed more than three sessions of
SWL and the clearance rate was 60% [6]. Wang et al
concluded that stone density >900 HU and volume
>700 mm3 were significant predictors of SWL failure
[7]. Comparable results were observed in the present
study, in which larger stone volume and higher
stone density were significant predictors of the need
for more than three session, and stone density
>1000 HU was a significant predictor for failure of
disintegration. The differences in the cut-off values
that predicted extracorporeal SWL failure may be
due to different inclusion criteria, use of different CT
protocols, or measurement of different endpoints
(eg, failure of disintegration, the need for multiple
sessions, or rate of residual stones) in these studies.
Therefore, further studies with large numbers of
patients and a standardized CT protocol are needed
to clarify this point.

The other significant predictor of disintegration
failure in our study was higher BMI. The same was
reported by Pareek et al, who observed a significant
negative impact of higher BMI on the stone-free rate
after SWL [4]. SWL failure in obese patients may be
explained by hampered targeting of the stone or
dampened shock waves. In contrast to Pareek et al
[5], we found that SSD was a significant predictor of
failure based on univariate (but not multivariate)
analysis. Additional studies in this area are needed
to provide conclusive data.
5. Conclusion

Based on this prospective study, we conclude that
obesity and a high stone CT attenuation value are
significant predictors of failure to fragment renal
stones by SWL. Therefore, an alternative treatment
should be devised for obese patients with stone
density >1000 HU.
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Extracorporeal shock wave lithotripsy (ESWL)
currently represents the most common approach
for renal stone treatment [1,2]. However, the influ-
ence of stone characteristics (size, shape, location,
or even composition) on the prediction of ESWL
outcome is still being questioned [2]. Plain kidney–
ureter–bladder radiography is traditionally used for
the assessment of stone position and size. The
advent of new, more powerful, and more detailed
diagnostic procedures, such as computed tomogra-
phy (CT), has armed urologists with better-quality
images, providing superior information. More spe-
cifically, CT has been proven to support medical
decisions with details of greater sensitivity and
accuracy [3,4]. With regard to this concept, the
evaluation of stone patients is now usually per-
formed with the use of CT. But still, our knowledge
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of the real potential of basic medical sciences and
current technology on the proper evaluation of
patients is just commencing.

The present work of Ahmed Refa El-Nahas et al,
which evaluates the potential role of CT on pre-
dicting the outcome of ESWL, is of great interest.
The authors have used information gathered from
high-resolution non–contrast-computed tomogra-
phy (NCCT) to produce a multivariate analysis.
They concluded that two parameters detected by
NCCT have a negative predictive influence on ESWL
success: obesity and increased stone density. This
is an excellent paradigm in which the use of new
technology with the aid of statistics can support the
concept and serve as predictors for ESWL success.

We therefore strongly believe that basic medical
sciences (physics, biology, chemistry, etc) in
combination with new technology [5] may help
clinicians in evaluating complex parameters and
thus support their medical decisions in the uro-
lithiasis arena.
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