
Abstract. Background/Aim: The aim of this study was to
evaluate the possibility to discriminate the blood clot from
tumorous tissue in the assessment of transitional cell
carcinoma (TCC), when CT data are used only from single-
phase dual-energy CT (DECT). Materials and Methods: A
total of 18 patients were included into the retrospective
analysis of the prospectively collected data (the average age
was 67.3 years, range=62-79 years, 12 males, 6 females).
DECT was performed in all patients after intravenous
administration of the iodinated contrast material. DECT
analysis using three-material decomposition algorithm was
used to discriminate blood and enhancing tumorous tissue. In
all patients, TCC was detected and subsequently kidney
surgery or endoscopy was performed within the next two
weeks. The findings were compared with DECT results.
Results: In our cohort of patients we found 9 TCC of the renal
pelvis or ureter and 7 TCC of the urinary bladder. The
accuracy of the TCC detection was 94% (17/18). The presence
of coagulated blood within the urinary collecting system
together with a tumor was detected in 7 CT examinations. The
blood coagulum without a confirmed malignant tumor was
found in one case with false positive DECT finding. In other
6 cases bleeding was confirmed during surgery or endoscopy
(accuracy 87%). Conclusion: The dual-energy data analysis
enables discrimination of a blood clot from tumorous tissue.

It helps in detection of UCC in cases when the excretion
potential of the kidneys is decreased due to fulfillment of the
collecting system with blood clots.

Transitional cell carcinoma (TCC) is a malignant tumor
arising from the transitional epithelial cells lining the urinary
tract from the renal calyces to the urethra. TCC is the most
common tumor of the renal pelvis. Bladder cancer is
diagnosed annually in the western world with increasing
incidence. Upper urinary tract TCC is estimated to occur in
5% of all TCC, TCC of the renal pelvis forms less than 10%
of all renal tumors. Evidence indicates that the frequency of
urinary collecting system malignancies is increasing.
Massive hematuria occurs in many TCC cases, so the
detection of the tumor within the collecting system fulfilled
with clotted blood is an important diagnostic goal.

Non-contrast CT still represents the gold standard in cases
of suspected bleeding in most institutions, since the CT
density of coagulated blood is markedly different from those
of the soft tissues urine and calcified tissues. Examinations
after intravenous administration of a contrast medium are
used in detection of vascular structures and enhanced tissue.
Kidney imaging has been supplemented by routine contrast-
enhanced examinations in the arterial, venous and
nephrographic phases for imaging of tumors including
vascular kidney supply. In recent years, CT urography has
become a significant part of the imaging methods in the
assessment of the urinary collecting system and it has
replaced intravenous urography (1, 2), however the role of
CT urography in cases of decreasing excretion of urine is
still limiting. If CT examination is performed using a dual-
source CT, it is possible to acquire dual-energy data by
operating two X-ray sources at different voltages (different
kV-settings) (3-7). Dual-energy CT (DECT) improves the
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evaluation of examination when an analysis of different
tissue types according to their different X-ray attenuation at
lower and higher X-ray energies is used. Several clinical
studies have been published on the use of DECT analysis for
virtual unenhanced imaging of tissues in the abdominal area,
lungs and brain (3-11). The aim of this study was to evaluate
the possibility to discriminate the blood clot from tumorous
tissue in the assessment of transitional cell carcinoma using
CT data from single phase postcontrast dual-energy CT.

Materials and Methods
In total, 18 patients were included in the retrospective study (the
average age was 67.3 years, range=62-79 years, 12 males, 6
females). All of them underwent DECT and subsequently received
surgery or endoscopy due to the suspected TCC. Informed consent
was obtained in all patients. Retrospective evaluation of the patient’s
image data was approved by the Local Ethic Committee. All
examinations were performed using a dual-source CT (Somatom
Definition, Siemens Healthineers, Forchheim, Germany) operating
in dual-energy data acquisition regime. 

All dual-energy abdominal CT, ranging from the dome of the
diaphragm to the pelvis floor, were performed using 140 kV tube
voltage for measurement system A and 80 kV tube voltage for
measurement system B. Collimation was 2× (32×0.6 mm) with
simultaneous acquisition of 64-slices by means of a z-flying focal spot
(double z-sampling). The examinations were performed after application
of an iodine contrast medium with a concentration of 400 mg of iodine
per ml (Iomeron 400, Bracco, Milan, Italy) with flow rate of 4 ml/s
followed by flush of 50 ml of saline solution. A power injector system
was used for the application of the contrast medium and saline solution
flushing (Ohio, Ulrich Medical, Ulm, Germany). CT data acquisition
was automatically started with the delay of fifteen seconds after the CT-
density in the distal descending aorta exceeded the threshold of 100 HU.
In this circulation phase after the intravenous administration of the
iodinated contrast agent we achieved optimal enhancement of the
vessels, kidney parenchyma and collecting system wall.

For each examination, we reconstructed two image data sets, first
at 140 kV and second at 80 kV. For estimation of the quality of the
examination and further evaluation we reconstructed averaged
image series with contribution of 80 kV and 140 kV images with
ratio of 0.3. These averaged CT images are almost equivalent to
standard CT images acquired at a tube voltage of 120 kV. A
medium-smooth body kernel (B31) was used for all reconstructions.

For the purpose of the study, the 80 kV and 140 kV images were
further processed using dual energy evaluation software (Syngo
Dual Energy – Liver VNC algorithm; Siemens Healthineers). By
means of a three-material decomposition algorithm (4) both virtual
unenhanced images and maps of iodine distribution were calculated
from the DECT data. 

The images were anonymized and further evaluated retrospectively
and independently by two radiologists (one 15 years’ experience with
CT, of which 8 years were with MDCT, second with 14 years’
experience with CT, of which 8 years were with MDCT). Both
radiologists evaluated the presence, location and extent of coagulated
blood and tumorous tissue within the urinary collecting system. The
evaluation was recorded by each radiologist in a table and both tables
were compared.  Finally, the image quality of virtual-unenhanced
images was rated using three-point scale: 1 – excellent, when the

contrast-to-noise virtual-unenhanced images were comparable with
averaged CT images; 2 – sufficient, when images were usable in
detection of bleeding, stones or masses; and 3 – insufficient, when the
images were insufficient for detection of bleeding, stones and masses.

The findings were compared with the results of investigation of
the resected organ or with results of endoscopy performed by an
experienced urologist. The histological examinations were
performed by a pathologist who was an experienced specialist in
genitourinary pathology.

Results

In our cohort of patients, we found 7 cases of TCC within
the renal pelvis (Figure 1), 2 TCC in the distal ureter (Figure
2), and 7 TCC of the urinary bladder. The presence of clotted
blood within the urinary collecting system was detected in 7
cases. In one patient, only chronic cystitis and no tumorous
tissue was identified during cystoscopy.

The virtual unenhanced images showed a higher image noise
level. Nevertheless, all locations of coagulated blood were well
detectable. In the urinary collecting system, the intra-luminal
growth of the tumorous tissue differed from coagula on the
iodine distribution map with its detectable iodine uptake. The
bleeding in the collecting system was identified due to the
increased density compared to the surrounding structures on
virtual unenhanced images; the tumorous tissue disappeared
within the pelvis or ureter due to the subtraction of the density
value added by the iodine respectively. 

The blood clots were found twice within the renal pelvis,
twice both within ureter and urinary bladder and once in the
urinary bladder only. All locations were confirmed except
from one that was not found in the pelvis during surgery.

The tumorous lesion was confirmed by surgery or endoscopy
in 17 cases. The virtual unenhanced imaging regarding the
detection of coagulated blood reached the complete agreement
between DECT and endoscopy in 87% (7 of 8 patients). All
tumors were correctly found, so the sensitivity reached 100%.
The specificity estimation was biased due to the small number
of negative cases, so its value of zero showed low validity and
is not reported. Regarding the image quality, 13 sets of virtual
unenhanced images were of excellent quality, 4 sufficient, and
none insufficient. The average rating was 1.25, which means
that the image quality was slightly deteriorated, but the ability
to assess it was not significantly impaired.

The averaged contrast-to-noise ratio between urine and
muscle tissue reached 2.25 (ranged=1.73-3.12) in virtual
unenhanced CT images, and 4.32 (ranged=2.92-5.80) in
contrast enhanced original CT images respectively. 

Discussion

Unenhanced abdominal imaging belongs within the basic
algorithms of the diagnosis of urinary calculi (1, 2, 10).
Unenhanced imaging helps to detect all structures with high
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density, not only calcium containing urinary stones and
ossified tissues, but also uric acid stones. Furthermore, it
allows evaluation of bleeding, the high CT density of which
is caused by a high content of proteins. In addition to the
determination of the presence of calcium and bleeding,
unenhanced imaging is used in the assessment of tissue
enhancement, when unenhanced images are compared with
those after the intravenous application of an iodine contrast
medium. While the detection of urinary stones is classically
performed by unenhanced CT, multiphase multi-detector CT
(MDCT) is currently the first-line method indicated in
differential diagnosis of renal masses. Recent studies show
that multi-detector-row CT systems can fully cover the

clinical requests in the therapeutic decision process in renal
tumors (10, 12). The algorithm of CT examination in patients
suffering from hematuria firmly includes unenhanced
imaging, followed by contrast enhanced MDCT, finished by
excretory imaging called CT-urography (1, 2, 10). The
current role of CT is, therefore, firmly established in
evaluation of the possible sources of bleeding into the
urinary collecting system – tumors and calculi.

Implementation of DECT in the imaging algorithms
provides the reduction of the needed number of scans (3, 5-7)
with the additional improvement of data evaluation by means
of the evaluation of iodine content within the tissues and by
the means of chemical analysis of the urinary stones. The
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Figure 1. Transition cell carcinoma of the renal pelvis. A: Conventional enhanced image (DECT averaged image). B: DECT iodine map showing
an enhancement of tumorous tissue (arrow), no enhancement in coagulated blood. C: DECT virtual unenhanced image showing the hyperdense
coagula within pelvis (arrow) and absence of increased in density of tumorous tissue.

Figure 2. Very small transition cell carcinoma of the distal ureter. A: Conventional enhanced image (DECT averaged image). B: DECT iodine map
showing an enhancement of tumorous tissue (arrow) and absence of enhancement in coagulated blood localized inside distal ureter. C: DECT virtual
unenhanced image showing the coagula within the distal ureter and low density of tumorous tissue.



results of our study demonstrate the usability of contrast-
enhanced abdominal imaging such as single contrast enhanced
DECT for the detection and description of tumors growing
into the collecting system including discrimination of the
tumorous tissue and clotted blood if virtual unenhanced
imaging is used for visualization of the hemorrhage and iodine
distribution map for visualization of tumorous tissue. Virtual
unenhanced CT scans can be reconstructed from dual-energy
CT data acquired after the previous intravenous application of
the contrast medium. The correct location of the tumorous
tissue could be detected using combined imaging with the
virtual unenhanced images and iodine distribution maps in
high accuracy of 94% (Figures 1 and 2). These results show a
significant potential for the detection of TCC only from one
post-contrast dual-energy scan and, therefore, the possibility
to omit the conventionally performed unenhanced abdominal
scan and in some cases scans in the excretory phase.
Regarding the radiation dose to the patient, the current dual-
energy CT scan protocol exceeded 1.2 times the dose obtained
from a conventional single-energy CT protocol (13).

Dual-energy data acquisition enables the reconstruction of
virtual unenhanced images and iodine distribution maps,
when the density of each voxel is splitting in those derived
from the iodine content and those derived from natural
tissue. The corresponding algorithm is based on the
markedly increased X-ray attenuation of iodine at 80 kV
compared to 140 kV, because of the significant contribution
of the photoelectric effect due to the high atomic number of
iodine (3, 4, 14). Other tissues show a much less pronounced
change in X-ray attenuation since they consist of elements
with a lower atomic number. Therefore, it is possible to
calculate, for any given voxel, how the iodine content and
the tissue itself contribute to the final density (3, 4), and to
create a map corresponding to the unenhanced enhanced
densities of tissues (3-5). This virtual unenhanced image
created from DECT data displays the soft tissues, kidney
parenchyma, clear urine, blood or calculi.

The reduced contrast-to-noise ratio did not result in poorer
differentiation of structures, but influenced in some
subjectively felt worsening of the imaging quality (15-17).
However, no influence on the detectability of tumor or
urinary stone was found, indicating the potential of omission
of the unenhanced scan from the diagnostic algorithm (6). 

The CT-urography is thought to be the first method of
choice in the imaging of the collecting system. Being the
cause of urine outflow obstruction, the massive content of
coagulated blood or tumorous tissue may result in the
markedly delayed excretion of the iodine. However, in some
cases the imaging in the excretory phase must be repeated,
which increases dose burden to the patient. Our DECT data
analysis showed, that the imaging in the excretory phase has
added value in the detection of hematuria cause, only in few
cases, therefore it can be omitted.

Our study indicates the potential of contrast enhanced
DECT analysis of virtual unenhanced imaging to replace the
generally conventional approach in urinary imaging, and
therefore, to significantly reduce the overall radiation burden
on the patient. Further decrease of the radiation dose could
be achieved using novel approaches in data reconstruction
using iterative reconstruction algorithms and using the pre-
filtration of X rays on tube using the effect of spectral
shaping by high energy tin filtration (17-20).

Limitations of our study include the relative small
cohort of patients which reduces the possibility to
generalize the role of single, phase iodine enhanced DECT
in indication in patients with bleeding. In addition, no
negative cases were included and therefore specificity
cannot be reported. For these reasons, further studies on
this issue are needed.

Conclusion

Based on the complex data derived from a single contrast-
enhanced dual-energy CT acquisition, it is possible to
distinguish with high accuracy TCC from bleeding into the
urinary collecting system in patients suspected for a urinary
collecting system tumor with a significant reduction of the
radiation dose.
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