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Abstract
Purpose—To determine the ex vivo ability of dual-energy, dual-source computed tomography
(DE-DSCT) with additional tin filtration to differentiate between five groups of human renal stone
types.

Methods—Forty-three renal stones of ten types were categorized into five primary groups based
on effective atomic numbers, which were calculated as the weighted average of the atomic
numbers of constituent atoms. Stones were embedded in porcine kidneys and placed in a 35cm
water phantom. DE-DSCT scans were performed with and without tin filtration at 80/140kV. The
CT number ratio [CTR=CT(low)/CT(high)] was calculated on a volumetric voxel-by-voxel basis
for each stone. Statistical analysis was performed and receiver operating characteristic (ROC)
curves were plotted to compare the difference in CTR with and without tin filtration, and to
measure the discrimination between stone groups.

Results—CTR of non-uric acid stones increased on average by 0.17 (range 0.03–0.36) with tin
filtration. The CTR values for non-uric acid stone groups were not significantly different (p>0.05)
between any of the two adjacent groups without tin filtration. Use of the additional tin filtration on
the high-energy x-ray tube significantly improved the separation of non-uric acid stone types by
CTR (p<0.05). The area under the ROC curve increased from 0.78–0.84 without fin filtration to
0.89–0.95 with tin filtration.

Conclusion—Our results demonstrated better separation between different stone types when
additional tin filtration was used on DE-DSCT. The increased spectral separation allowed a 5-
group stone classification scheme. Some overlapping between particular stone types still exists,
including brushite and calcium oxalate.

Introduction
In the United States, the risk of having at least one symptomatic renal stone (nephrolithiasis)
by the age of 70 is 12% for men and 7% for women [1]. Left untreated, the recurrent rate of
renal stone disease is approximately 50% in 5–10 years and 75% in 20 years [2]. The result
is a national healthcare burden from nephrolithiasis that is estimated to exceed $5.3 billion
per year [3]. In order to decrease both the incidence and recurrence of nephrolithiasis, a
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better understanding of the pathophysiology of renal stones is needed. Toward this end, an
analysis of the mineral composition of renal calculi provides important information
regarding the underlying etiology of stone formation, and can facilitate appropriate patient
management. Thus, an accurate in vivo technique to determine stone composition may
facilitate early and more efficacious interventions and limit stone recurrence.

In recent years, non-contrast-enhanced computed tomography (CT) has become the
preferred imaging modality for the diagnosis of acute ureterolithiasis because of its high
sensitivity and specificity and its ability to detect radiolucent stones types, such as those
comprised of uric acid [4, 5]. Use of non-contrast-enhanced CT to identify stone
composition was first investigated in the early 1980s [6, 7], and later studies confirmed the
potential for using CT numbers to determine stone compositions [8, 9]. However, clinical
use of the method was hampered by various factors [9, 10], primarily the broad overlap of
CT numbers from stones having different compositions, and the dramatically different CT
numbers possible (due to differences in mineral concentrations) for stones with identical
compositions.

Dual-energy CT (DECT) utilizes the x-ray attenuation information from two different beam
energies to characterize chemical composition, and thus has the potential to overcome the
limitations of single-energy CT. The principles of DE material decomposition were first
described more than 30 years ago by Alvarez and Macovski [11] and later by Kalender et al
[12]. However DECT was not widely adopted into clinical practice until recently [13, 14].
DECT may be implemented technically using several different approaches, one of which is
to perform DECT using a dual-source CT scanner. A DSCT system is equipped with two x-
ray source/detector pairs mounted orthogonally on the same x-ray gantry [13]. Dual-energy
post-processing is then used to classify different stone types based on an index derived from
CT number measurements at both energies, which is independent of variations in stone
density [15–18]. Several in vitro and in vivo studies have demonstrated the ability of dual-
source DECT to accurately differentiate uric acid (UA) stones from non-UA stones [15–20].
The high sensitivity and specificity of this technique [15, 18] has led to commercial
implementation and routine clinical use.

However, due to the clinical need to differentiate between the remaining non-UA stones,
extending the technique beyond simply identifying UA versus non-UA stones is a current
goal. Stone composition is an important predictor for the efficacy of noninvasive
extracorporeal shock wave lithotripsy (ESWL), or whether other surgical treatments would
be preferred. In particular, invasive or surgical stone removal, including ureteroscopic
lithotripsy, percutaneous nephrolithotomy and laparoscopic stone removal, is often preferred
for patients with certain types of non-UA stones, such as cystine, oxalate and brushite,
which are particularly difficult for ESWL because of their resistance to fragmentation [21].
Additionally, since certain metabolic abnormalities and systemic diseases underlie specific
stone type formation, special dietary and medications are required for proper treatment or to
reduce the risk of recurrent stones. For example, the treatment and prevention of cystine
stones often includes urinary alkalinization, a low-sodium and purine diet, and cysteine-
binding drugs. Such a management approach is not correct for calcium phosphate stone
formers because the solubility of calcium phosphate falls with rising pH. Although analysis
of the 24 hour urine composition can be used to infer stone type with fair accuracy, and
therefore suggest appropriate treatment strategies, knowledge of the actual stone
composition is more definitive. Therefore, the ability to noninvasively differentiate between
various non-UA stone types would help physicians prescribe the most appropriate
management strategy, even before a stone is passed or removed from a patient. Recent
studies have suggested the potential for discriminating between different types of non-UA
renal stones using the first implementation of dual-source DECT [19, 20].
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The ability of DECT to discriminate between two materials is highly dependent on the
difference between each material’s characteristic CT number ratio (CTR), which is defined
as the CT number of a given material in the low energy image to the CT number of the same
material in the high-energy image [22]. The difference between the CTR values for any two
materials is determined by the separation between the low- and high-energy spectra and the
effective atomic numbers of the evaluated materials [22]. The larger the spectral separation,
the better two materials can be discriminated, especially in the case of non-UA stones which
all have similar effective atomic numbers. Spectral separation can be increased by using
different filtration on the two x-ray tubes. In the first generation dual-source scanner
(SOMATOM Definition DS, Siemens Healthcare), both x-ray tubes have the same filtration
and the X-ray spectra generated at two different tube potentials have significant overlap. A
previous study used simulations to show that use of additional tin filtration at the high-
energy x-ray tube of a DSCT system operated at 80/140kV can reduce the spectral overlap
from 93% to 27% and increase spectral separation from 29 keV to 44 keV (Figure 1) [22].
The results were further validated by two recent ex vivo studies which manually modified
the first generation DSCT scanner by adding a tin filter to the high energy tube. Improved
discrimination between calcium and iodine was demonstrated [23] (Ramirez Giraldo et al.,
presented at the 2009 95th Scientific Assembly and Annual Meeting of Radiological Society
of North America). These experiments also showed that dual-energy CT material
discrimination was improved, without an increase in radiation dose compared to single-
energy CT techniques [23].

Hence, use of additional filtration for the high-energy x-ray beam may allow non-UA stone
types to be separated. In this study, we prospectively evaluated the ability of a second
generation DSCT system (SOMATOM Definition Flash, Siemens Healthcare), where the
additional filtration of the high energy beam is incorporated into the scanner, to differentiate
between five groups of ten clinically relevant renal stone types.

Materials and methods
This retrospective study was approved by our institutional review board, biospecimen
committee, and conflict of interest committee. All stones were obtained without any patient-
identifying information and hence informed consent was waived.

Renal stones
Forty-three human renal stones of ten different types were obtained from our institutional
mineral analysis laboratory. Stone characteristics (Table 1) were determined prior to the
DECT scan using a previously validated micro-CT technique [24] and Fourier transform
infrared spectroscopy. For uric acid (UA), uric acid dihydrate (UAD), ammonium acid urate
(AAU), cystine (CYS), calcium oxalate monohydrate (COM), calcium oxalate dihydrate
(COD), brushite (BRU), carbonate apatite (CAP), and hydroxyapatite (HAP), stones were
required to contain 95% or more of the component of interest (i.e. stones were of a single
type). Struvite (STR) stones were required to have at least 10% magnesium ammonium
phosphate hexahydrate, since these infection stones are often admixed with variable
amounts of apatite [25]. All stones studied were 4 mm in greatest diameter, or larger. The
effective atomic number was calculated as the weighted average of atomic numbers of the
compound, according to the stone’s chemical formula (Table 1), with the addition of a
calcium cation to the magnesium ammonium phosphate hexahydrate for struvite [26].

All stones were hydrated in distilled water for twenty-four hours and then embedded in fresh
porcine kidneys. Considerable effort was made to eliminate air bubbles from around the
stones. The stone-filled kidneys were placed in a 35 cm water phantom anterior to a cadaver
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spine to create realistic scattering and attenuation conditions for the clinical setting (Figure
2).

CT data acquisition and post-processing
Spiral CT scanning was performed on a 128-slice dual-source CT scanner (SOMATOM
Definition Flash, Siemens Healthcare, Forchheim, Germany). A clinical dual-energy kidney
stone protocol was used with and without tin filtration (Table 2). On this system, the
additional tin filter is moved into the path of the high energy beam when this feature is
selected at the scan. The total volume CT dose index (CTDIvol) values were set to match the
CTDIvol values from our routine abdominal/pelvis protocol for a comparable-sized patient
[27, 28].

Images were reconstructed at 1.0 mm thickness and 0.8 mm interval, with a 150-mm field of
view (FOV) and a medium smooth kernel (D30). Image data were post-processed using
custom MatLab-based software (MatLab, version 2009a, Math-Works, Natick, MA). A
square region of interest (ROI) was defined manually to include the whole stone, as
visualized in a maximum intensity projection (MIP) image, and was then extended in the z-
dimension, creating a three-dimensional rectangular ROI. Within each ROI, the stone was
segmented from the kidney tissues by using a predefined threshold for both the low- and
high-energy CT images. The CTR value of each individual voxel was calculated as the CT
number at 80kV divided by CT number at 140kV. The CTR values of all voxels within the
segmented volume were averaged to indicate the CTR of each specific stone.

Data analysis
The CTR values for each stone were plotted in order of increasing CTR with and without
use of the tin filter to demonstrate the impact of the tin filtration. Statistical significance of
the data was evaluated using a paired t-test. A p < 0.05 was considered to be statistically
significant.

To evaluate whether the increased spectral separation achieved with use of the additional tin
filtration improved the ability to differentiate stone composition, the ten evaluated stone
types were categorized into five primary groups based on their effective atomic numbers
(Zeff). Group-1: AAU, UAA, and UAD (Zeff =6.84–7.01, n=9); Group-2: CYS (Zeff = 10.78,
n=9); Group-3: STR (Zeff =12.17, n=4); Group-4: COM, COD, and BRU (Zeff =12.99–
13.63, n=16); and Group-5: CAP and HAP (Zeff =15.74–15.86, n=5). Student t-tests
between two sets of unpaired data (with assumed unequal variances) were performed to
compare the mean CTR between adjacent stone groups (e.g. group 1 vs group 2, group 2 vs
group 3, etc.). A p < 0.05 was used to indicate statistical significance.

Receiver operating characteristic (ROC) curves (sensitivity on the y-axis against 1-
specificity on the x-axis) were plotted for multiple CTR threshold values, which were used
to separate adjacent stone groups. The curve that reaches closest to the upper left corner,
corresponding to the best sensitivity and specificity, suggests the optimal cut-off point for
stone type differentiation. The area under the curve (AUC) was calculated and compared
between with and without tin data. To visually characterize stone types, a five-color coding
scheme was implemented in our MatLab software code.

Results
A total of forty-three renal stones were included in this study. The average stone size was
6.6 mm (range, 4–12 mm). The mean CTR of all stones was 1.49 (range, 0.96–2.04) when
scanned with 80/140 kV and additional tin filtration, as compared to 1.36 (range, 0.89–1.67)
at 80/140 kV without tin filtration (Table 3).
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Increased CTR of non-uric acid stones with use of additional tin filtration
The 34 non-UA stones included 7 types: cystine, struvite, calcium oxalate dihydrate,
calcium oxalate monohydrate, brushite, carbonate apatite, and hydroxyapatite. The CTR of
non-uric acid stones increased by an average value of 0.17 (range, 0.03–0.36) with tin
filtration. No significant change was observed in uric acid stones (UA, UAD and AAU)
(Figure 3).

Improved separation in CTR of stone types due to additional tin filtration
Sufficient separation between the UA stone types and non-UA stones was observed both
with and without tin filtration (p < 0.01) (Figure 4). However, the CTR values for non-UA
stone groups were not significantly different (p > 0.05) between any of the two adjacent
groups when the scan was performed without tin filtration (Figure 4a): Stone CTR range for
Group-2: 1.19–1.43, Group-3: 1.31–1.45, Group-4: 1.39–1.59, and Group-5: 1.50–1.67.
Hence, with identical beam filtration on each tube of the DSCT scanner, insufficient
differentiation of non-UA stone types was observed. However, with use of the additional tin
filtration on the high-energy x-ray tube (Figure 4b), significantly different separation of non-
uric acid stone types was observed (p < 0.05): Group-2: 1.37–1.50, Group-3: 1.48–1.63,
Group-4: 1.57–1.77, Group-5: 1.72–2.04.

Without tin filtration (Figure 5a), the area under the ROC curve was 1.00 (95% CI, 1.0–1.0)
for differentiating Group-1 stones from Group-2, 0.78 (95% CI, 0.51–1.0) for differentiating
Group-2 from Group-3, 0.88 (95% CI, 0.71–1.0) for differentiating Group-3 from Group-4,
and 0.84 (95% CI, 0.60–1.0) for differentiating Group-4 from Group-5. The area under the
ROC curve (Figure 5b) with tin filtration was 1.00 (95% CI, 1.0–1.0), 0.89 (95% CI, 0.66–
1.0), 0.98 (95% CI, 0.93–1.0), and 0.95 (95% CI, 0.81–1.0), respectively, for the same
between-group comparisons.

Improved renal stone characterization with tin filtration
The improved separation in CTR between the five stone groups when additional tin filtration
was used to increase spectral separation may allow clinical characterization of unknown
stones into one of the five stone groups. The cut-off point (threshold) between two distinct
groups was determined based on the ROC curves (the point nearest to the upper left corner,
corresponding to the best sensitivity and specificity couple of the test). The CTR range for
characterizing a stone into one of the five groups was determined to be: Group-1: below
1.19, Group-2: 1.19–1.46, Group-3: 1.46–1.60, Group-4: 1.60–1.71, and Group-5: above
1.71. Different color codes were assigned to each CTR range. Figure 6 demonstrates the use
of a 5-color coding scheme.

Discussion
In this study, we showed that increased spectral separation, achieved by adding tin filtration
to the high-energy tube of a dual-source CT system, increased the differences in CTR
between non-UA stone types. Consequently, the ten evaluated stone types were able to be
separated into five distinct groups, one UA group and four non-UA groups. Without
additional tin filtration, the non-UA stones types could not be differentiated.

Several studies have been performed to evaluate the ability of DECT to differentiate
between different types of non-UA renal stones. Matlaga and colleagues demonstrated
statistical significance between UA and COM stones and UA and HAP stones [19].
However, significant overlap of CTR among non-uric acid stones was reported. Grosjean et
al. used a 16-slice multi-detector CT scanner to perform sequential CT scans at two energy
levels, 80kV and 120kV [29]. By calculating the difference of CT numbers at two energies,
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six stone types, including UA, CYS, STR, COM/COD and BRU (APA stones were not
included in this study) appeared distinctive. Despite the relatively larger sample size (n=12
to 64 for each stone type), the standard deviation (SD) of the CT numbers within each stone
type was small (at 80kV, the SD/mean was 3%–5% for most stone types and 10% for
struvite). This indicates that the stones selected in this study were likely to be similar to each
other in terms of density, porosity, and morphology. A more significant difference between
the stone types used in the Grosjean study would be expected if an 80/140kV scan with
additional tin filtration were to be used and CT number ratio, instead of CT number
difference, was evaluated. Furthermore, additional scan (i.e. the 80kV scan) increases the
radiation dose of the study if the dose at 120kV is not sufficiently reduced, impeding its
adoption in clinical practice. In the study by Thomas et al, although six different stone types
were included (excluding struvite stones), cystine was the only non-UA stone to be
differentiated from the other non-UA stone types [30]. Differentiation between calcified
stones was not achieved. In the study by Boll et al, with a first generation DSCT (i.e.
without additional tin filtration), an advanced data processing algorithm was used to
generate specific attenuation identifiers Uslope, which enabled the differentiation of five
groups of renal stones: UA, CYS, STR, calcium oxalate (COX) and calcium phosphate, and
BRU [20]. The algorithm was not described in detail. The sample size was limited for
several stone types (n=4, 3, 5 for CYS, STR and BRU respectively), and outliers were
retrospectively identified and excluded from the analysis, limiting the ability to generalize
the results. Compared to these previous studies, our study used relatively realistic
conditions. We selected only one stone from each patient. The SD/mean values of CT
numbers at 80kV were 13%, 34%, 30%, 19% and18% for CYS, STR, COX, BRU and APA
stones respectively, indicating a relatively diverse sample of stones within each type. A 35
cm water phantom was used to better reflect actual patient attenuation. The stones were
embedded in porcine kidneys to eliminate contact with materials such as rubber or plastic,
which might alter the measured CT attenuation value of the stone. The ratio of the CT
number at each energy was used for analysis, which can easily be adopted in clinical
practice.

To measure the attenuation values at low and high energies and calculate the DE CT number
ratio or index, most of the previous studies employed a user defined circular or free-hand
ROI in one or several transverse sections [16–20, 29]. However, consistent drawing of ROIs
is potentially influenced by the stone shape and its orientation in the scan, visualization
window and level, and particularly the investigator’s judgment. Thus a manual ROI
approach in single or multiple planes is a subjective assessment and may introduce
systematic errors. In our study, we used a volumetric approach for stone segmentation,
which involved only certain CT number thresholds. No personal judgment was employed.
Hence, the measured CTR values were solely dependent on chemical composition and the
scan protocol (in this case, either 80kV with or without tin filtration of the 140 beam), and
was independent of stone shape, orientation or investigator’s decisions. This provided a
consistent analysis approach.

In 1979, Kelcz et al were the first to show the importance of different spectral filtration for
DECT [31]. Primak el al used simulations to determine how additional filtration could
improve DECT imaging for the purpose of material discrimination [22]. The results were
later validated in ex vivo studies using a modified first generation DSCT [23] (Ramirez
Giraldo et al., 2009 RSNA meeting). Our ex vivo study is an extension of all these previous
works to a more challenging scenario, where the effective atomic numbers between non-UA
stones are closer to each other compared to the differences between calcium, iron and iodine
evaluated previously. Also, our study is the first to evaluate the ability of a second
generation of the DSCT scanner to differentiate non-UA stone types. On this system, the tin
filter is commercially implanted while for the first generation DSCT the filter had to be
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manually inserted into the beam. While the second generation DSCT systems may not
become as widely utilized as the current scanner systems, our results may be more directly
applicable to clinical practice.

The majority of the evaluated stones in this study were between 4–12 mm in maximum
diameter. Studies show that about 95% of ureteral stones of 4 mm or smaller will pass
spontaneously [32], and several medical interventions can potentially increase passage rate
[33]. Hence, surgical interventions are typically not initially recommended for these small
stones, whereas more than 50% of renal stones with a diameter > 4 mm need surgical
intervention or extracorporeal shock wave lithotripsy (ESWL) [32]. Thus, the non-invasive
identification of stone composition is clinically more important for larger stones that are less
likely to pass spontaneously.

In our study, brushite stone was in the same group as the two calcium oxalate stones because
of their similar effective atomic numbers. While brushite stones are rare, they raise special
clinical concerns. Different from struvite and hydroxyapatite stones, which can easily be
disintegrated by lithotripsy, brushite stones require a high number of shock waves at a high
energy level, as well as repeated treatment [34]. Also, rapid regrowth of brushite fragments
is more common than for other stone types [34]. Thus, it is clinically important to provide in
vivo identification of brushite stones.

Although our study demonstrates the feasibility of further differentiating renal stones into
one of the five groups using dual-source DECT with additional tin filtration, this work was
done ex vivo with phantoms. It remains to be determined how effective this technique will
be in patients. In Figure 7, we show an example of a clinical case. Image data were
evaluated with the commercial DE software (“Kidney Stone”, Syngo CT Workplace,
Siemens Healthcare) currently used in our clinical practice to differentiate UA from non-UA
stones. Additionally, the algorithm described in this study was used to characterize stone
composition into one of five groups. Multiple stones were characterized as non-UA
composition using the commercial software (Figure 7a). With tin filtration and the
developed algorithm, we were further able to characterize the stones as belonging to
Group-4 (Figure 7b, coded in turquoise), indicating either calcium oxalate or brushite stones.

One of the limitations in this study is the relatively small stone sample size and the
intentional selection of pure stones. This study considered only pure stones, which
comprised at least 95% of one composition, and excluded those which did not match this
criteria. The only exception was struvite stones because these are always formed with a
second substance, which is usually apatite. To enroll only pure stones reduced the number of
patients represented in our study. This is because most renal stones are of mixed
composition and are more common than pure stones [35]. The improvement made in
discriminating pure stones documented here will also apply to stones of mixed
compositions.

In summary, the ability of DECT to discriminate between renal stone compositions depends
on the difference between the CTR of the materials, which is determined by the difference in
atomic numbers of stone components, and spectral separation. The effective atomic numbers
of the UA stone types fall into a narrow range (6.84–7.01). The effective atomic number
numbers of non-UA stones are higher and more varied (range, 10.78–15.56). The large
difference in the effective atomic numbers of UA and non-UA stones explains the ability of
DECT to differentiate UA from non-UA with high accuracy. However, the differences in the
effective atomic numbers among the common non-UA stones, such as cystine, struvite,
calcium oxalate, brushite and apatite, are much smaller (Table 1). This work demonstrated
that dual-source DECT, with increased spectral separation due to filtration of the high-
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energy beam, may allow in vivo identification of multiple types of non-UA stones. However,
properly differentiating some stone types, such as the discrimination between brushite and
calcium oxalate stone, still remains a challenge.
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Fig. 1.
The high (140 kV) and low (80kV) energy spectra simulated for the original factory-
installed filtration (a) and with the additional tin filtration (Sn) for the high-energy spectrum
(b).
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Fig. 2.
Photographs show a porcine kidney that has renal stones sutured inside (a) and the set up of
the water phantom (b). Stone-filled kidneys were placed in a 35cm water phantom anterior
to a cadaver spine to create realistic scattering and attenuation conditions (b).
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Fig. 3.
Graphs shows CT number ratio (CTR) of individual renal stones, sorted in ascending order
by CTR. The CTR of non-uric acid stones was always increased using the additional tin
filtration. No increase in CTR was observed for uric acid stone types.
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Fig. 4.
Box-and-whisker plot shows the range (whiskers) and first and third quartiles (boxes) of CT
number ratios (CTR) values of five groups of kidney stone types: Group 1: uric acid, uric
acid dihydrate and ammonium acid urate; Group 2: cystine; Group 3: struvite; Group 4:
calcium oxalate monohydrate, calcium oxalate dihydrate and brushite; Group 5:
hydroxyapatite and carbonate apatite. The separation between these groups is shown without
(a) and with (b) tin filtration, both at 80/140 kV.

Qu et al. Page 16

AJR Am J Roentgenol. Author manuscript; available in PMC 2014 January 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Qu et al. Page 17

AJR Am J Roentgenol. Author manuscript; available in PMC 2014 January 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 5.
Receiver Operating Characteristic (ROC) analysis of the stone composition differentiation
using dual-source DECT with and without additional tin filtration. Four ROC curves are
illustrated to indicate the ability of DECT to differentiate five stone groups: Group 1: uric
acid, uric acid dihydrate and ammonium acid urate; Group 2: cystine; Group 3: struvite;
Group 4: calcium oxalate monohydrate, calcium oxalate dihydrate and brushite; Group 5:
hydroxyapatite and carbonate apatite. The ROC curves with tin filtration (b) show larger
area under the curve than without tin filtration (a), which suggests a better method to
differentiate the five stone groups.

Qu et al. Page 18

AJR Am J Roentgenol. Author manuscript; available in PMC 2014 January 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Qu et al. Page 19

AJR Am J Roentgenol. Author manuscript; available in PMC 2014 January 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 6.
Stone composition characterization with color coding. The commercially-available uric acid
vs. non-uric acid differentiation algorithm with blue-red color coding is shown in the left
panel (a); red: uric acid, blue: non-uric acid. Using dual-source DECT with additional tin
filtration, it was possible to further characterize the same stones into one of five groups (b).
These five groups and their representing colors are: Group 1 in red: uric acid, uric acid
dihydrate and ammonium acid urate, Group 2 in yellow: cystine; Group 3 in green: struvite;
Group 4 in turquoise: calcium oxalate monohydrate, calcium oxalate dihydrate and brushite;
Group 5 in purple: hydroxyapatite and carbonate apatite.

Qu et al. Page 20

AJR Am J Roentgenol. Author manuscript; available in PMC 2014 January 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Qu et al. Page 21

AJR Am J Roentgenol. Author manuscript; available in PMC 2014 January 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 7.
A clinical example demonstrating the feasibility of using dual-source DECT with tin
filtration to differentiate non-UA stone types. Using commercially software (“Kidney
Stone”, Syngo CT Workplace, Siemens Healthcare), the stones were coded in blue (a)
indicating a non-UA stone type. With dual-source DECT and additional tin filtration on the
high energy tube, it was possible to characterize these stones into Group-4, which was
defined to include three stone types: calcium oxalate mono- or dihydrate or brushite.
Group-4 is coded in turquoise (b). The stones were subsequently removed from the patient
with percutaneous nephrolithotomy and were confirmed to be pure calcium oxalate
dihydrate by both Fourier transform infrared spectroscopy and micro-CT.
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Table 2

Scan parameters and volume CT dose index (CTDIvol).

80/140 kV with tin 80/140 kV

Additional tin filtration Yes No

Tube potential (A/B) 80/140 kV 140/80 kV

Effective mAs (A/B)* 340/184 62/341

Collimation 2×20×0.6 mm 2×20×0.6 mm

Rotation time (s) 0.5 0.5

Pitch 0.6 0.6

Automatic exposure control Off Off

CTDIvol (mGy) 16.4 18.3

*
effective mAs: effective tube-current-time product = tube current time product/pitch
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