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The Efficiency of Non-Contrast Computed Tomography in the
Estimation of Urinary Stone Composition
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Abstract

Background: Prior knowledge of stone composition is key to de-
termining stone brittleness as well as treatment management and
prophylactic approach. The present study seeks to visualize stone
type on non-contrast computed tomography on the basis of Houn-
sfield Unit (HU) values.

Methods: A retrospective evaluation was performed of non-con-
trast computed tomography scans of patients who underwent uri-
nary system operation to remove stones which were subjected to
biochemical analysis. The localization and size of the stones were
determined and their HU values, mean attenuation/size (HUD) and
maximum attenuation/size ratios were calculated.

Results: The results of stone analysis revealed 34 calcium phos-
phate, 11 calcium oxalate, 5 triple phosphate (struvite) stones. On
the basis of measurement results, a significant difference was iden-
tified among HU values of the three stone types (P = 0.002). When
the stones were compared in pairs, this difference was established
to be due to the difference between the densities of calcium phos-
phate and struvite stones. No significant difference was observed
among the stone groups with regard to HUD and maximum attenu-
ation/size ratios.
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Conclusions: HU values are a useful parameter to distinguish be-
tween calcium phosphate and struvite stones. The inclusion of HU
values in reports will set the right course for treatment.
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Introduction

The most significant recent advance in the imaging of renal
calculi has been the development of non-contrast computed
tomography (NCCT) and its use in the detection of ureter-
al and renal stones [1]. The speed, safety and accuracy of
NCCT make it the method of choice in the assessment of
patients with suspected urinary tract calculi [2-9].

Compared with plain radiography, ultrasound and intra-
venous urography, NCCT is superior in its ability to detect
urinary calculi, to distinguish calculi from other abnormali-
ties (e.g. blood clot, stricture or neoplasm) and to identify
non-urological causes of flank pain. The ability of NCCT to
assess stone size and location is well accepted, but less clear
is its ability to determine stone composition [10].

Knowing the composition of a urinary calculus is fre-
quently a key factor in determining its most appropriate
management. The selection of the optimal treatment method
(e.g. ureteroscopy, pyelolithotomy, percutancous lithotripsy
or extracorporeal shock wave lithotripsy) depends primar-
ily on the chemical composition of the individual patient’s
calculus is essential. It is conceivable that the ability to pre-
dict stone composition before treatment would enable the
urologist to group patients according to stone density and
treat them accordingly. Thus, those patients with high den-
sity stones could be managed endoscopically rather than by
ESWL, since stones composed of calcium oxalate monohy-
drate and cystine typically do not fragment well with ESWL
[11].

While blood chemistries, examination of the urine sedi-
ment, and review of the patient’s clinical history are help-
ful, the true nature of a calculus often remains in doubt [12].
To date, although several in vitro studies have investigated
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Table 1. A Comparison of the Stone Types With Regard to Age

CaP (n:34) CaO (n:11)

Struvite (n:5) P

Age 51.7+£ 144 42.6+125

63.0 £10.7 0.024

CaP: calcium phosphate; CaO: calcium oxalate.

whether NCCT could determine the chemical composition
of urinary calculi, few in vivo studies have been performed.
Hence, this study was undertaken to see if an in vivo Houn-
sfield Unit (HU) or HU density measurement could be used
to predict the composition of urinary stones.

Materials and Methods

Of the patients who were admitted to our hospital between
2005 and 2010, those with suspected urinary tract stone
disease were identified on the basis of prior stone history,
physical examination and laboratory findings. The patients
were included for study who were confirmed to have stones
in the urinary system based on NCCT and whose stones were
removed by operation and subjected to chemical analysis.
Those patients with urinary tract catheters who were given
contrast material intravenously or orally and underwent post-
operative tomography were excluded from the study.

In addition, those cases were excluded from the study in
which the number of cystine and calcium carbonate stones
identified was not sufficient enough to achieve a significant
overlap. The local ethics committee approved the study.

CT protocol

The CT scans were obtained by means of a Philips Secure
Spiral CT scanner and a Toshiba Activion 16 CT scanner.
The scans were performed by using a standard stone viewing
protocol at 120 - 140 kV, 79 - 260 mA, a section in the 3 - 5
mm range and a section thickness of 3 - 5 mm.

Image analysis

The image analysis of each scan was carried out in two sepa-
rate evaluating sessions by two staff radiologists (IA, NV)
unaware of stone composition.

The radiologist who performed the assessment detected
stones on the existing scans which were then removed by
surgery. For each calculus, a region of interest was created
overlying the whole calculus on the slice in which it was
seen at its largest diameter.

The window width (WW) was adjusted to 2500 and the
window level (WL) to 480. The slice was magnified four
fold, three different points were determined where the stone
was observed to be the densest and the Hounsfield unit was
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measured of an area 1 mm on average. On the basis of these
results, the mean HU value was recorded.

Hounsfield unit density (HUD) was also calculated for
each stone by taking the mean HU for each stone and divid-
ing it by the largest transverse diameter of the stone.

Next, the peak attenuation for the stones and the peak
attenuation/size ratio were compared with the results of the
stone analysis.

Statistical analysis

The statistical evaluation was conducted by means of SPSS
(version 13.0). How well numerical variables fit a normal
distribution was visualized using the Kolmogorov-Smirov
test. The definitive statistics for numerical variables were
expressed in average + standard deviation and those for cat-
egorical data in numbers and percentages. The differences
between groups with regard to categorical variables and the
relationships between variables were studied by means of
Chi-square test. The assessment of the differences between
the two measurements was undertaken by the paired t-test.
One- way analysis of variance was employed in comparing
the 3 stone types in terms of numerical variables that dis-
played normal distribution. A 95 % confidence interval was
obtained when evaluating the results. Results were consid-
ered significant when P < 0.05.

Results

The study population was a total of 50 patients, 39 men and
11 women ranging in age from 24 to 8, whose average age
was 50.

The patients were admitted to our hospital with side
pains or dysuria, 16 of the patients had one or more addi-
tional systemic diseases (14 had hypertension, 2 chronic re-
nal insufficiency, 4 diabetes mellitus, 2 congestive cardiac
insufficiency, 1 chronic obstructive pulmonary disease). One
patient was receiving treatment for hypercalcemia.

The stone sizes ranged from minimum 5 mm to maxi-
mum 50 mm (mean 2 cm), 22 of the stones were located in
the right urinary system (15 in the kidney and 7 in the ureter)
and 28 in the left urinary system (22 in the kidney and 6 in
the ureter).

Stone analysis carried out revealed 34 calcium phos-
phate, 11 calcium oxalate and 5 struvite stones.
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Table 2. A Comparison of the Stone Types With Regard to Gender

CaP CaO

Struvite

Number (%) Number (%) Number (%) P
Female 7 (20.6) 2(18.2) 2 (40) 0.620
Male 27 (79.4) 9 (81.8) 3 (60)

CaP: calcium phosphate; CaO: calcium oxalate.

A comparison of the stone types with regard to age iden-
tified a significant difference between them (P = 0.024). This
was found to be due to difference between the average age of
the patients with struvite stones and that of the patients with
calcium oxalate stones (Table 1).

No significant difference was noted when the stones
were compared with regard to gender (P = 0.620) (Table 2).

The difference between the HU values of the 3 stone
groups on the basis of, the measurements by the first and
second observers was found to be significant (P = 0.002 and
P=0.003) (Table 3).

It was discovered that this difference was caused by the
difference between the HU values for phosphate stones and
those for struvite stones (P = 0.003 and P = 0.004, respec-
tively). The difference among HU values for calcium phos-
phate-calcium oxalate and calcium oxalate-struvite stones
was found not to be significant.

For two observers, when HUD was compared with re-
gard to stone types no significant difference was observed

among them (P = 0.135 and P = 1.159) (Table3). When the
ratio of the maximum stone density to stone size was com-
pared with regard to stone type, no significance was observed
among the stone types (P =10.137 and P = 0.194) (Table 3).

The measurements conducted by the two observers were
statistically significant (P = 0.981).

Given a cut-off value which was assumed to be 80 for
HUD, 8 CaP, 2 CaO and 1 struvite stones were found which
had a HUD greater than 80, and 26 CaP, 9 CaO and 4 struvite
stones were identified whose HUD was less than 80 (Table
4).

Discussion

The choice of effective clinical management of urinary tract
calculi can be facilitated by knowing the precise chemical
composition of the stones and their corresponding fragility
[13, 14].

Table 3. Values for HU, HUD and the Ratio of Maximum Stone Density to Stone Size Which

Were Obtained by the Two Observers

CaP CaO Striivit P
HU! 1082 +403 845 £ 361 444 £ 194 0.002
HU? 1079 + 417 853 +£336 448 + 188 0.003
HUD! 61 £32 43 £26 40 £35 0.135
HUD? 61 £33 44 £28 39+33 0.159
Max. HU/size' 66 +32 47+25 44 £38 0.137
Max. HU/size? 68 +£35 50+ 29 45+£35 0.194

HU'": Hounsfield Unit value measured by first observer; HU% Hounsfield Unit value measured by sec-
ond observer; HUD': Hounsfield Unit Density calculated by first observer; HUD?: Hounsfield Unit Density
calculated by second observer; Max. HU/size': The ratio of maximum density to size calculated by first
observer; Max. HU/size?: The ratio of maximum density to size calculated by second observer.
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Table 4. HUD Values Obtained by the Two Observers

CaP
HUD > 80 8
HUD <80 26

CaO Struvit
2 1
9 4

HUD: Hounsfield Unit Density; cutoff value: 80.

Indeed, predicting susceptibility to fragmentation in situ
before treatment, notably extracorporeal shock wave litho-
tripsy and endoscopic laser lithotripsy, could be potentially
useful [15]. Knowing the composition of these stones can
also be useful for patients who are susceptible to dietary
management or metabolic intervention [16].

Typically, pure stones composed of calcium oxalate
monohydrate and brushite or cystine are relatively refrac-
tory to shock wave lithotripsy and percutaneous ultrasonic
lithotripsy, and are more likely to be treated endoscopically
whereas uric acid stones are usually treated with oral alka-
linization [13, 14, 17, 18]. Calcium oxalate dihydrate and
struvite stones usually fragment easily with both shock wave
lithotripsy and ultrasonic lithotripsy [16].

NCCT has emerged as the modality of choice in the
evaluation of acute flank pain. The basic advantages of
NCCT over other imaging methods include high sensitivity
and specificity in the detection of ureteral and renal stones,
speed, safety, detection of nonurological pathology and cost
[19].

Contradictory findings have been published in the litera-
ture regarding the ability of helical CT to accurately assess
the chemical composition of renal calculi [16]. These varia-
tions can be explained by the use of the different CT scan-
ners, degree of collimation, energy setting, technique, stone
size and perhaps interpretation of CT numbers [19].

The technique of CT scanning plays a role in measuring
the HU values of urinary stones, specifically the size of col-
limation [20]. Saw et al. found that scanning stones that were
smaller than the size of collimation subjected them to partial
volume inaccuracies which had an impact on the measured
HU values. They concluded that using a smaller collima-
tion size permitted better accuracy in the prediction of stone
composition [20]. Another parameter in the CT technique is
dual energy scanning in which the differences in radiodensi-
ty observed by scanning stones at different energies are used
for determination of their compositions [21, 22].

In our study, NCCT was performed with a collimation
of 3 - 5 mm using single-energy scanning at 120 - 140 kV.
The use of 1 mm collimation is clinically impractical in the
routine evaluation of acute flank pain. Dual-kilovolt scan-
ning also is not practical, and requires repeated imaging of
the patient [23]. As we did not use stones less than 5 mm in
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our study, the partial volume effect due to collimation was
minimalized.

The studies which Motley et al. carried out on 100 pa-
tients revealed that 87 patients had calcium stones, 7 uric
acid stones, 4 struvite stones and 2 cystine stones. Their HU
values were found to be 440 + 262, 270 + 134, 401 £+ 198,
248 + 0 respectively. They did not find a significant differ-
ence between the average HU values for these stone types
[24].

Demirel et al., in their studies performed on 87 patients,
discovered that 54 patients had calcium oxalate stones, 19
struvite stones and 14 uric acid stones, whose HU values
were 812 + 135, 614 + 121 and 413 + 143, respectively [19].
It was possible to distinguish between these three types of
stones on the basis of their average HU values (P = 0.001).

Patel et al. conducted an analysis of 100 stones and
found that 56 of them contained calcium oxalate monohy-
drate (CaOMH), 16 calcium oxalate dihydrate (CaODH),
4 brushite, 9 apatite, 2 cystine and 13 uric acid. Based on
their HU values, the cacium phosphate stones (brushite and
apatite) are stones with the highest density just as our study
demonstrated (1123 + 254 and 844 + 346). In the present
study, HU values for CaOMH, CaODH, cystine and uric acid
were established to be 879 + 230, 517 £+ 205, 550 + 74 and
338 + 145, respectively. The HU values of the calcium stones
were found to display significant difference with regard to
their subtypes [25].

Our studies revealed that calcium phosphate stones had
a HU value of 1080 + 410, calcium oxalate stones 849 + 348
and struvite stones 446 + 191. It was demonstrated that cal-
cium phosphate and struvite stones can be distinguished on
the basis of their HU values.

Motley et al. postulated that as stone size increases, so
does the HU value and put forward the concept of Honsfield
unit density (HU/stone size) to eliminate the effect of stone
size. They found HUD values to be 105 + 43 for calcium
stones and 53 + 28 for struvite stones, and reported that cal-
cium stones could be distinguished from calcium-free ones
[24]. However, our study clearly shows that HUD values do
not make it possible to make a distinction among CaP, CaO
and struvite stones.

Nakada et al and Motley et al. argue that uric acid and
CaO stones can be distinguished by assuming the cutoff val-
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ue to be 80 [24, 26]. In contrast, a cutoff value of 80 assumed
for our study failed to enable distinction between CaO, CaP,
or struvite stones based on HUD.

During our study, when the ratio- of the maximum stone
density to stone size was compared with regard to stone type,
no significance was observed among the stone types.

In this and other in vivo studies, the densities of all the
stone types were lower than those reported in in vitro studies
[20-22, 24, 26]. As defined by Nakada et al., this is probably
because of a volume-averaging effect from the surrounding
soft tissues and the use of a smaller collimation size in in
vitro studies [26].

In conclusion, NNCT in a patient who presents with
acute flank pain provides information on stone size and lo-
calization as well as its content. Knowledge of hounsfield
values of stones and their appearance in reports can deter-
mine the course of treatment.

The facts that calcium stones were not analyzed on the
basis of their subtypes and not all stone types were identified
during our study are our limitations. Larger clinical studies
are required to assess this procedure further.
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