
Lithiasis

CT SCAN AS A PREDICTOR OF COMPOSITION AND FRAGILITY OF URINARY 
LITHIASIS TREATED WITH EXTRACORPOREAL SHOCK WAVE LITHOTRIPSY IN 
VITRO.

Patricio García Marchiñena, Nicolás Billordo Peres, Juan Liyo, Jorge Ocantos1, Mariano 
Gonzalez, Alberto Jurado and Francisco Daels.

Lithiasis Department. Urology Service and Ultrasound Department. Italian Hospital. Buenos Aires.
Buenos Aires. Argentina.

@ CORRESPONDENCE

Patricio García Marchiñena
Centro de Litiasis
Servicio de Urología
Hospital Italiano de Buenos Aires
Buenos Aires. (Argentina).

patricio.garcia@hospitalitaliano.org.ar

Accepted for publication: October, 21th 2008.

Arch. Esp. Urol. 2009; 62 (3): 215-221

Summary.- OBJECTIVES: To evaluate the ability of 
non contrast computed tomography (NCCT) to predict 
stone composition and fragility for treatment with extra-
corporeal shock wave lithotripsy (ESWL).

METHODS: 27 stones of about 10 mm from patients 
who had undergone different endourological procedu-
res were collected. All patients had been evaluated 
with NCCT. To perform in vitro ESWL an experimen-
tal device was designed. Three thousand pulses were 
applied with 17.2 Kv intensity using an electromagnetic 
generator (Lithostar) to all stones. Composition of each 
fragment was studied with crystallographic study. Results 
were statistically analyzed with Student Test, Chi2 Test 
and multivariate study.

RESULTS: In vitro ESWL had a success rate of 59.26%. 
Average stone HU, grouped by composition: cistine 
1015 HU, Calcium monohydrate oxalate 1193 HU, 
uric acid 419 HU, dihydrate calcium oxalate 2122 
HU, struvite 1543 HU and basic phosphate magnesium 
1517 HU. A statistically significant relationship was 
found between values which were lower than 500 HU 
and uric acid composition (p=0.0006), as well as va-
lues higher than 2000 HU and composition of dihydra-
ted calcium acid (p=0.0244). In the group of stones 
with less than 1000 HU (n=11) efficacy was 81.1%, 
whereas it was 43.75% in the others (p=0.0479). We 
found a statistically significant relationship between uric 
acid and effectiveness (p=0.021). There was not statisti-
cally significant relationship between size and treatment 
effectiveness.

CONCLUSIONS: The use of NCCT will allow predic-
ting stone composition and fragility.

Keywords: Extracorporeal lithotripsy. Urinary stones. 
Cristalography. Hounsfield units.
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INTRODUCTION

 Since its introduction in the early eighties 
by Chaussy et al., ESWL has been accepted as first 
election procedure to treat renal stones smaller than 
2cm. Analyzing  different series its success rate va-
ries from 60 to 99%. ESWL failure increases sanitary 
costs. Stone shape, fragility, location and composi-
tion, obstructive uropathy, urinary infection, shock 
wave´s physical properties and the distance from skin 
to stone are described as related to therapeutic result. 
Nevertheless, after Dretler´s stone fragility  studies, it 
seems that stone composition is the main factor that 
determines  ESWL efficacy.

 The aim of this paper is to evaluate if the sto-
ne density measured in Hounsfield Units with a non 
contrast-enhanced CT scan (NCCT) is able to predict  
its composition and its fragility if (sometido) to a stan-
dard ESWL session

MATERIAL AND METHODS

 Prior to their surgery, all these patients were 
evaluated with a NCCT(1mm cuts) where  the density 
of each stone was measured in Hounsfield Units.

 After surgery each stone was broken in two 
and one of the fragments was studied crystallogra-
phically and the other exposed to a standard in vitro 
ESWL session (3000 pulses, 17,2 KV, electromagne-
tic lithotripter (Lithostar Siemens*)). Abscence of frag-
mentation or presence of residual fragments larger 
than 5mm were considered treatment failures.

 Results were stathistically analized with tehe 
Statistix 7.0 program, using Student test, Chi square 
test and multivariated analisys.

RESULTS

 Eleven out of the total  studied stones were 
pure and 16 had a mixed composition. Table I shows 
distribution according to cristallographic composi-
tion.

 The average HU values of the different stone 
compositions were as following:

• Calcium Oxalate (monohydrate) pure and mixed: 
1193 HU (range 496- 1865)

• Struvite: 1543 HU (790.-2143)
Calcium Oxalate (dihydrate) pure and mixed: 2122 
HU (1853-2536)

Resumen.- OBJETIVO: Desde la aparición de la lito-
tricia extracorpórea por ondas de choque (LEOC), esta 
se ha convertido en el tratamiento de elección para los 
cálculos renales menores de 2 cm. La tasa de éxito de 
la misma varía entre el 60 al 99 % dependiendo de 
factores tales como la composición, tamaño, tipo de ge-
nerador, localización, entre otros. El objetivo de este tra-
bajo es evaluar si la densidad del cálculo en unidades 
Hounsfield (UH) mediante una tomografía computada 
sin contraste (TCSC) es capaz de predecir composición 
y fragilidad de la litiasis al tratamiento con LEOC.

MÉTODOS: Prospectivamente fueron recolectados 27 
litos de alrededor de 10 mm provenientes de pacientes 
sometidos a diferentes procedimientos endourológicos 
(19 litotricias percutaneas, 2 litotricias ureterales y 6 
litotricias vesicales), los cuales habían sido evaluados 
tomográficamente, midiéndose en UH la densidad de 
sus cálculos. Los litos fueron sometidos a litotricia ex-
tracorporea por ondas de choque “in vitro”, para lo 
se conformó un dispositivo experimental. Se aplicaron 
3000 pulsos a una intensidad de 17.2 Kw utilizando 
un generador electromagnético (Lithostar) a todos los 
cálculos. Se evaluó la composición de cada uno de 
los fragmentos mediante un estudio cristalográfico. Los 
resultados obtenidos fueron analizados estadísticamen-
te utilizando el test de Student, test de Chi2 y análisis 
multivariado.

RESULTADOS: La LEOC “in vitro” fue efectiva en 16 ca-
sos (59.26 %). Del total de los cálculos estudiados, 11 
fueron puros y 16 tuvieron una composición mixta. Las 
UH promedio de los cálculos, agrupados por composi-
ción fue: cistina 1015 UH, oxalato de calcio monohi-
dratados 1193, ácido úrico 419 UH, oxalato de calcio 
dihidratado 2122 UH , estruvita 1543 UH y fosfato bá-
sico de magnesio 1517 UH. Se encontró una relación 
estadísticamente significativa entre valores menores de 
500 UH y composición de ácido úrico (p=0.0006), así 
como también valores mayores a  2000 UH y composi-
ción de oxalato de calcio dihidratado (p=0.0244). En 
el grupo de cálculos con menos de 1000 UH (n=11) 
la efectividad fue del 81.8 %, mientras que en el resto 
fue del 43.75 % (p=0.0479). Al asociar composición 
del cálculo con efectividad, encontramos una relación 
estadísticamente significativa entre presencia de ácido 
úrico y efectividad (p=0.021). No se encontraron re-
laciones estadísticamente significativas entre tamaño y 
efectividad del tratamiento.

CONCLUSIONES: El uso de la TCSC permitiría prede-
cir la composición de oxalato de calcio dihidratado y 
ácido úrico. Valores de UH menores a 1000, aumentan 
significativamente el éxito del tratamiento.  

Palabras clave: Litotricia extracorpórea. Litiasis. 
Cristalografía. Unidades Hounsfield.
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• Uric Acid:  419 HU (65-769)

• Basic Magnesium Phosphate (1 single case): 1517 
HU (Graphic 1).

 We observed that  Uric Acid stones had the 
lowest UH values and that dihydrate Calcium Oxala-
te, the highest

 ESWL in vitro was effective in 8 of nine sto-
nes with density lower than 1000 HU (81,8%) and 
only  in 7 of sixteen (43,7%)of those with density va-
lues higher  than 1000 HU.

 Considering stone composition, only the Uric 
Acid stones demonstrated to respond significantly 
well to  in vitro ESWL  (Table II).

 Analyzing pure and mixed stone composition  
it was observed that treatment was effective in 8 of 
eleven cases (72,7%) of  pure stones and only in 8 of  
the 16 cases of the mixed stones (50%).
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FIGURE 1. Experimental device used for the stone 
treatment “in vitro”.

FIGURE 2. Pneumatic cone making contact with the 
experimental device.

Graphic 1. Stone composition vs. Hounsfield Units.

Calcium oxalate
Monohydrate

Struvite Calcium oxalate
Dihydrate

Uric acid

Composition

Uric Acid

Calcium Oxalate (monohydrate)

Calcium Oxalate (dihydrate)

Cystine

Struvite

Basic Magnesium Phosphate

Total

Pure

6

2

1

2

0

0

11

Mixed

-

4

5

-

6

1

16

TABLE I. CRYSTALLOGRAPHIC COMPOSITION.
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DISCUSSION

 ESWL success depends on the stone compo-
sition. If this composition can be diagnosed, the best 
therapeutic option can be offered in each case.

 Since 1980, NCCT scan has been studied 
as a possible useful tool to predict stone composition 
through density measurements (Hounsfield Units) (Ta-
ble III).

 Newhouse et al (12) and Hillman et al (11) 
stated that  NCCT scan could only differenciate the 
uric acid stones from the rest. On the other hand, 
Nakada et al (12) reasures that this instrument can 
identify uric acid and calcium oxalate stones (In this 
paper, the calcium oxalate average HU measured 
was 690, significantly lower than the value obtained 
in our series (1193 HU and 2122 HU for oxalate 
calcium stones, mono and dihydrate respectively). 
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FIGURE 3. Fluoroscopic localization of the stone loca-
ted within test tube.

FIGURE 4. Use of milimetred rule for the measurement 
of fragments.

Composition

Uric Acid

Calcium Oxalate (monohydrate) 

Calcium Oxalate (dihydrate)

Cystine

Struvite

Basic Magnesium Phosphate 

Total

Success

6

4

3

-

2

1

16 ( 59.3 %)

Failure

-

2

3

2

4

0

11 ( 40.7%)

Total

6

6

6

2

6

1

27

p Value

0,021

0,675

0,600

0,076

0,142

0,398

TABLE II. “IN VITRO” ESWL EFFECTIVENESS AND STONE COMPOSITION.
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 Zarse et al, explains that the NTCT incapaci-
ty to identify  stone composition could be due to:

1) 3-5mm slices are unable to distinguish different mi-
neral components.

2) Commonly, soft tissue windows are used that in-
crease stone brightness changing the HU values, the-
refore the results might not be so accurate.

3) The area selected to measure stone density is too 
wide and the value obtained is not representative 
considering the amount of mixed stones.

 Nevertheless, HU are in vitro ESWL effective-
ness predictors.

 Gupta et al (2) concludes that stone densi-
ty, not the size, predicts better ESWL effectiveness. A 
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Investigator

Pareek et al. 6

Nakada et al.12

Newhouse et al.10

Mostafavi et al. 26

Motley et al. 22

Saw et al. 24

Nuestro estudio

Tomographic cuts (mm)

5

3 a 5

2

1

5

1

1

Results

Calcium Oxalate, Uric Acid.

Calcium Oxalate, Uric Acid.

Calcium Oxalate, Uric acid, Cystine, Brushite and 

Struvite

Calcium Oxalate, Uric Acid, mono and dihydrate, 

Cystine, Brushite and Struvite

Calcium Oxalate Uric Acid and Calcium Phosphate

Calcium Oxalate, Uric Acid., Cystine, Brushite,

Struvite, Calcium Oxalate trihydrate

Calcium Oxalate, mono and dihydrate, Uric Acid,  

Cystine, Struvite and Basic Magnesium Phosphate. 

TABLE III. STUDIES WHERE CT WAS USED TO DIFFERENTIATE STONE COMPOSITION.

Composition

Uric Acid

Cystine

Calcium oxalate 

monohydrate 

Calcium oxalate 

dihydrate 

Struvite

Basic magnesium 

phosphate 

Our research

419 (65-769)

1015 (789-1242)

1193 (496-1865)

2122 (1853-2536)

1543 (790-2143)

1517

Gupta (2)

391 (347-542)

Not evaluated

1008 (507-1639)

748 (324-1015)

662 (548-869) 

Not evaluated

Pareek (6)

300 (+/- 150)

Not evaluated

Not evaluated

Doesn’t distinguish 

between mono and 

dihidrated. 

Not evaluated

Not evaluated

Joseph (13)

Not evaluated

Not evaluated

Not evaluated

476 (371-588)

Not evaluated

Not evaluated

TABLE IV. HOUNSFIELD UNITS AND CHEMICAL STONE COMPOSITION.

Zarse 1(8)

566-632

Not evaluated

1707-1925

1416-1938

862-944

Not evaluated
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stone with less than 750 HU, should be treated with  
ESWL as first choice of treatment, no matter its size.

 As well as Joseph et al (5), we observed that 
the best ESWL results are obtained with stone densi-
ties lower than 1000 HU.

CONCLUSION

 Non contrast-enhanced CT scan predicts di-
hydrate Calcium Oxalate and Uric Acid stones.

 ESWL success increases significantly with sto-
nes with a density lower than 1000 HU.
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