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A B S T R A C T

Objectives: To compare objective and subjective image quality between low keV virtual monoenergetic images
(VMI) of the excretory phase and conventional venous phase images derived from spectral dual-energy CT
(DECT) in the assessment of urothelial carcinoma.
Methods: 26 consecutive patients with histologically confirmed urothelial carcinoma who received clinically
indicated venous- and excretory phase abdominal CT scans were included retrospectively. Attenuation, image
noise as well as signal- and contrast-to-noise-ratio (SNR, CNR) in venous and excretory phase CT and excretory
phase VMI from 40 to 70 keV were obtained from ROI-based measurements in the following regions: urothelial
carcinoma, liver, pancreas, renal cortex, subcutaneous fat, renal vein/artery, portal vein, urinary bladder wall,
lymph nodes, prostate/uterus. Subjective vessel contrast and delineation of primary tumor manifestations and
distant metastases were rated on 5-point Likert scales.
Results: In comparison to venous phase CT, attenuation and SNR in excretory phase VMI40keV were higher
(p < 0.001), except for liver parenchyma, where they were comparable (p=0.07 and p= 0.17, respectively).
Regarding image noise, no significant difference was found between venous phase CT and excretory phase
VMI40keV (p-range: 0.08–1.00), except for liver, portal vein and renal artery, where it was lower in VMI40keV
(p < 0.05). CNR of urothelial carcinoma to circumjacent bladder wall was significantly higher in excretory
phase VMI40keV compared to venous phase CT. Subjective vessel contrast and delineation of primary tumor and
distant metastases received equivalent or higher Likert scores in excretory phase VMI40keV than in venous phase
CT.
Conclusion: This feasibility study indicates that in the assessment of urothelial carcinoma, virtual monoenergetic
excretory phase images at 40 keV acquired with spectral DECT could be feasible to maintain subjective and
objective image quality as provided by conventional venous phase images. Still, equivalence with regards to
metastatic lesion detection requires further investigation before employing this technique in a potential signal-
scan, single-bolus approach.

1. Introduction

Urothelial carcinoma accounts for the vast majority of bladder
cancers and represents the ninth most frequent type of cancer world-
wide [1]. While cystoscopy and urine cytology represent the gold

standard for the initial diagnosis of patients with bladder cancer,
computed tomography (CT) is the method of choice to rule out primary
and secondary lesions of the upper urinary tract and the renal pelvis, as
urothelial carcinoma often arises multifocally [2]. Hence, abdominal
staging CT protocol for patients with urothelial carcinoma usually
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comprises an excretory phase which allows for an accurate diagnostic
assessment of the renal pelvis, ureter and bladder and a venous phase
acquired to exclude distant metastases in patients with muscle-invasive
disease [3]. This dual-scan approach does incur cumulative radiation
dose, especially when applied repeatedly in follow-up CT examinations.
One proposed way to bypass this problem is to use a single-scan, split
bolus approach, in which two boluses of contrast media are adminis-
tered aiming at the acquisition of a combined excretory/nephrographic
scan [4,5]. However, this method implies a higher contrast media vo-
lume that needs to be injected which is suboptimal for patients with
considerably impaired kidney function [6,7]. In a study by Metser et al.,
an intermediate phase 60 s after contrast media administration and
supplemented by application of a diuretic was examined and a high
diagnostic accuracy with regards to malignant urinary tract lesions was
revealed [8]. However, assessment of organs and metastatic lesions was
not investigated which could be hampered by iodine contrast dete-
rioration occurring in late phase acquisitions and aggravating with in-
creasing scan delay due to dispersion and renal elimination.

There are several technical approaches to Dual-energy CT (DECT)
that have been shown to improve the diagnostic assessment of patients
with urothelial carcinoma and other malignant diseases and to facilitate
enhancement of iodine contrast by low keV monoenergetic re-
constructions [9–13]. However, for a recent, detector-based spectral
DECT [14], data on possible applications in genitourinary imaging are
rather scarce.

We hypothesized that the decline of organ and vessel contrast en-
countered in excretory phase images could potentially be antagonized
by the contrast enhancement provided by low keV reconstructions.
Hence, the purpose of this pilot study was to investigate whether low
keV virtual monoenergetic images of the excretory phase (excretory
phase VMI40-70 keV) obtained with spectral DECT are feasible to

maintain subjective assessability and quantitative image parameters of
conventional venous phase CT and therefore hold the potential to be
used in a single-scan, single-bolus approach.

2. Material and methods

This study was conducted with institutional review board approval.
Informed patient consent was waived due to the retrospective character
of the investigation. All scans were clinically indicated and not per-
formed for the purpose of this study.

2.1. Patients

Identification of possible study patients was conducted based on a
combined query to the picture archiving and communication system
(PACS) and radiological information system (RIS) matching the criteria
1) age ≥18 years, 2) contrast-enhanced spectral DECT comprising late-
venous and excretory phase between 06/01/2016 and 02/01/2018 and
3) histologically confirmed urothelial carcinoma (presurgical).

43 patients met these inclusion criteria. Of these patients, 16 were
excluded due to lacking/inconclusive histopathologic report and a
further patient due to an incomplete venous and excretory scan of the
abdomen. Consequently, 26 patients were eligible for study inclusion.

2.2. Image acquisition

All scans were executed on a dual-energy spectral detector CT
system (IQon, Philips Healthcare, Best, the Netherlands). After admin-
istration of a bodyweight-adapted volume of iodinated contrast media
(< 55 kg: 1ml/kg; 55–120 kg: 100ml;> 120 kg: 120ml; Accupaque
350mg/ml, GE Healthcare (Chicago, IL)) via a peripheral vein,

Table 1
Attenuation and SNR of lymph node, primary urothelial carcinoma, urinary bladder wall, prostate/uterus, poral and renal vein, renal artery, liver and pancreas
parenchyma as well as kidney cortex. CNR of primary tumor vs. urinary bladder wall/renal cortex and lymph node vs. retroperitoneal fat. Asterisks indicate statistical
significance compared to venous phase CT.

Venous-phase CT Excretory-phase
VMI40keV

Excretory-phase
VMI50keV

Excretory-phase
VMI60keV

Excretory-phase
VMI70keV

Excretory-phase CT

Attenuation
Lymph node 75.6 ± 23.9 146.6 ± 43.9 * 103.7 ± 28.6 * 78.5 ± 20.2 63.5 ± 15.7 70.3 ± 14.5
Primary tumor 84.6 ± 26.3 180.6 ± 51.4 * 127.9 ± 32.3 * 96.9 ± 21.3 78.5 ± 15.0 78.7 ± 14.2
Urinary bladder wall 45.8 ± 11.9 105.5 ± 42.0 * 75.1 ± 28.4 * 57.2 ± 21.3 * 46.5 ± 17.7 59.6 ± 12.8 *
Prostate/Uterus 62.2 ± 12.7 151.4 ± 38.5 * 111.5 ± 24.4 * 88.1 ± 16.3 * 74.1 ± 11.6 * 69.3 ± 9.6
Portal vein 152.4 ± 29.0 232.5 ± 49.3 * 161.2 ± 30.9 119.3 ± 20.2 * 94.3 ± 14.1 * 94.0 ± 14.1 *
Renal vein 135.4 ± 30.4

145.1 ± 29.9
208.0 ± 41.0 * 144.7 ± 25.2 107.4 ± 16.1 * 85.3 ± 11.0 * 84.0 ± 10.8 *

Renal Artery 105.5 ± 22.2
85.3 ± 19.2162.

233.8 ± 47.8 * 162.1 ± 29.7 119.9 ± 19.3 * 94.9 ± 13.2 * 93.4 ± 13.5 *

Liver parenchyma 1 ± 29.8 127.0 ± 37.3 100.5 ± 23.9 84.9 ± 16.2 * 75.7 ± 12.1 * 75.4 ± 12.8 *
Pancreas parenchyma 85.3± 19.2 132.9 ± 32.2 * 96.5 ± 20.8 75.1 ± 14.8 62.4 ± 12.0 * 62.3 ± 11.5 *
Kidney (cortex) 162.1± 29.8 307.3 ± 64.0 * 208.0 ± 40.2 * 149.6 ± 26.3 114.8 ± 18.0 * 112.3 ± 18.1 *

SNR
Lymph node 6.1 ± 2.0 12.5 ± 6.2 * 9.7 ± 4.5 * 7.8 ± 3.5 6.5 ± 2.8 5.4 ± 2.1
Primary tumor 6.7 ± 1.9 14.1 ± 5.5 * 11.1 ± 3.8 * 9.0 ± 2.9 * 7.6 ± 2.3 5.8 ± 1.6
Urinary bladder wall 3.7 ± 1.1 8.6 ± 4.6 * 6.7 ± 3.3 * 5.4 ± 2.6 * 4.6 ± 2.2 * 4.4 ± 1.5
Prostate/uterus 5.2 ± 1.6 12.9 ± 5.7 * 10.5 ± 4.3 * 8.8 ± 3.3 * 7.6 ± 2.7 * 5.4 ± 1.6
Portal vein 12.5 ± 3.2 19.3 ± 7.0 * 14.8 ± 5.0 11.6 ± 3.7 9.5 ± 2.8 * 8.1 ± 2.3 *
Renal vein 11.0 ± 3.0 17.2 ± 6.0 * 13.2 ± 4.4 * 10.5 ± 3.3 8.6 ± 1.9 * 6.4 ± 1.9 *
Renal Artery 11.8 ± 3.0 19.4 ± 6.7 * 14.8 ± 3.6 * 11.7 ± 3.6 9.6 ± 2.8 * 7.1 ± 2.2 *
Liver parenchyma 8.6 ± 2.2 10.5 ± 4.5 9.2 ± 3.5 8.3 ± 2.9 7.7 ± 2.3 5.8 ± 1.9 *
Pancreas parenchyma 6.8 ± 1.9 11.0 ± 3.9 * 8.8 ± 2.9 * 7.3 ± 2.3 6.3 ± 1.9 4.7 ± 1.4 *
Kidney (cortex) 13.2 ± 3.2 25.7 ± 10.1 * 19.2 ± 7.2 * 14.6 ± 5.2 11.6 ± 5.2 * 8.6 ± 2.9 *

CNR
Primary tumor vs. urinary
bladder wall

6.9 ± 1.8 11.2 ± 2.7 * 9.2 ± 2.2 * 7.7 ± 1.9 6.7 ± 1.6 6.6 ± 1.5

Primary tumor vs. renal
cortex

4.9 ± 1.7 5.5 ± 2.3 4.2 ± 1.7 3.2 ± 1.2 2.5 ± 0.9 * 2.3 ± 0.9 *

Lymph node vs.
retroperitoneal fat

13.2 ± 1.1 17.1 ± 1.4 * 14.8 ± 1.1 * 13.3 ± 0.9 12.4 ± 0.8 12.8 ± 0.8
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followed by a 30ml saline chaser (flow rate 3.5ml/s), CT scans were
carried out using the following parameters: tube current modulation
activated (DoseRight 3D-DOM, Philips Healtcare, Best, The
Netherlands), tube voltage 120 kVp, gantry rotation time 0.33 s, pitch
0.485, collimation 64 x 0.625mm. Image acquisition started 50 and
240 s after the threshold of 150 HU in the descending aorta was at-
tained for late-venous and excretory phase, respectively.

2.3. Post processing

All images were reconstructed in axial plane with a slice thickness of
2mm and a section increment of 1mm. For conventional venous- and
excretory phase CT images, a hybrid-iterative reconstruction algorithm
as used in clinical standard was applied (iDose 4, level 3, Rekon B,
Philips Healthcare (Best, The Netherlands)). To obtain excretory phase
VMI ranging from 40 to 70 keV with a stepwise increment of 10 keV, a
dedicated, hybrid-iterative spectral algorithm with the same convolu-
tion kernel was used. Standard window settings for all reconstructions
were a window level of 60 and a window width of 360.

2.4. Quantitative image analysis

For the included 26 patients, attenuation and standard deviation
(SD) of the following regions were measured in venous and excretory
phase CT and excretory phase VMI ranging from 40 to 70 keV by pla-
cing regions of interest (ROI) in the following areas: primary tumor,
liver parenchyma (right liver lobe, excluding large vessels), pancreatic

corpus, renal cortex, anterior wall of urinary bladder, lymph node (at
the section of maximum diameter), prostate or uterus, portal vein, renal
artery, renal vein, psoas muscle and subcutaneous fat (both at the level
of the first lumbar vertebra). ROIs for primary tumor and metastases
were drawn at the slice of the largest lesion diameter in order to cover a
maximum area. All organ parenchyma and vessel ROIs were drawn in
order to reflect the largest parenchyma/vessel lumen possible without
including non-relevant tissue.

2.5. Qualitative assessment

Three independent radiologists with 2, 3 and 8 years of experience
subjectively assessed venous phase CT, excretory phase CT and ex-
cretory phase VMI ranging from 40 to 70 keV regarding the following
criteria using 5-point Likert scales:

1) Vessel contrast in renal artery, renal vein and portal vein (1 = low
vessel contrast, poor interpretability of vessel lumen; 5 = excellent
vessel contrast, clearly assessable vessel lumen),

2) Delineation of the primary tumor (1= lacking delineation with
poor contrast to circumjacent tissue 5= ideal lesion delineation
with strong lesion contrast),

3) Delineation of distant metastases (1= lacking delineation with poor
contrast to circumjacent tissue 5= ideal lesion delineation with
strong lesion contrast).

4) Diagnostic certainty regarding metastatic origin of those lesions
(1=uncertain, unclear lesion dignity; 5=highly confident,

Fig. 1. Attenuation in lymph node, primary urothelial carcinoma, urinary bladder wall, prostate/uterus, portal/renal vein, renal artery, liver, pancreas and renal
cortex in venous phase CT (V-CT), excretory phase VMI40-70keV (E-VMI) and excretory phase CT (E-CT).
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definitely a metastasis).

Metastatic lesions were annotated beforehand and correlated to a
standard of reference (prior or follow-up CT and/or MRI). The sub-
jective readers were provided with the slice position and exact locali-
zation of primary tumors and metastases.

2.6. Statistical methods

SNR of a ROI(x) and CNR to the surrounding tissue(y) were calculated
as reported earlier [15]:

=SNRx HUx
SDx

=
−

+

CNR HUx HUy
SDx SDy

| |
2

Non-parametric Wilcoxon Test with Steel-Dwass method to adjust
for multiple comparison was conducted to analyze subjective Likert
scores and quantitative values using JMP software (Version 13, SAS
Institute, Cary, USA).

Interrater variability was analyzed with the intraclass correlation
coefficient (ICC) which was interpreted as follows: excellent agreement
(ĸ≥ 0.8), good agreement (ĸ≥ 0.6), moderate agreement (ĸ≥ 0.4),
poor agreement (ĸ≤ 0.4). Statistical significance was defined as
p≤ 0.05. Continuous variables are reported as mean ± standard de-
viation (SD) while Likert scores are listed as median and inter-quartile
range.

3. Results

3.1. Study cohort

Of the 26 included patients, 6 were female (mean age: 52.5 ± 5.4
years) and 20 were male (mean age: 46.4 ± 9.5 years). In 14 patients,
urothelial carcinoma was localized within the urinary bladder, in 11
patients within the renal pelvis and in one patient within the urethra.
10 out of 26 patients suffered from metastatic disease from which 19
lymph node, 16 liver, 2 soft tissue and one peritoneal metastases were
included. Mean CTDI was 12.2 ± 4.6mGy for the portal venous scan
and 11.9 ± 4.1mGy for the excretory DECT.

3.2. Quantitative image analysis

Attenuation in excretory phase VMI40keV was significantly higher
compared to venous phase CT in all tested ROIs (p < 0.001) except for
liver parenchyma where it was comparable (p= 0.07). In urinary
bladder wall, attenuation was higher in excretory phase CT (p≤ 0.05)
compared to venous phase CT while for lymph nodes, primary tumor
and prostate/uterus, it was comparable (p-range: 0.34−0.99). For all
other ROIs, attenuation in excretory phase CT was significantly lower
than in venous phase CT (p < 0.001). Pertaining to image noise, there
was no significant difference between venous phase CT and excretory
phase VMI40keV (p-range: 0.08–1.00), except for liver, portal vein and
renal artery, where it was significantly lower in VMI40keV (p≤ 0.05;
Fig. 2). SNR was comparable in excretory phase VMI40keV and venous

Fig. 2. Image noise in lymph nodes, primary urothelial carcinoma, urinary bladder wall, prostate/uterus, portal/renal vein, renal artery, liver, pancreas and renal
cortex in venous phase CT (V-CT), excretory phase VMI40-70keV (E-VMI) and excretory phase CT (E-CT).
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Fig. 3. SNR in lymph nodes, primary tumor, urinary bladder wall, prostate/Uterus, portal/renal vein, renal artery, liver, pancreas and renal cortex in venous phase
CT (V-CT), excretory phase VMI40-70keV (E-VMI) and excretory phase CT (E-CT).

Fig. 4. Contrast-to-noise ratio (CNR) of primary urothelial carcinoma vs. renal cortex and urinary bladder wall as well as lymph nodes vs. inferior vena cava.

Table 2
Mean Likert scores for delineation of primary tumor and metastasis, diagnostic certainty regarding metastatic lesion dignity as well as subjective vessel contrast of
portal and renal vein as well as renal artery. Asterisks indicate statistical significance compared to venous phase CT.

Venous-phase
CT

Excretory-phase
VMI40keV

Excretory-phase
VMI50keV

Excretory-phase
VMI60keV

Excretory-phase
VMI70keV

Excretory-phase CT

Delineation
Primary tumor Metastasis 4 (3-4.5) 4 (3-5) 4 (3-5) * 4 (4-5) * 4 (3-5) 4 (3-4) 3.5 (2-4) 3 (3-4) * 3 (2-4) * 3 (2-4) * 3 (3-4) 3 (2-4) *
Diagnostic certaintyMetastasis 4 (3-5) 4 (3-5) 4 (3-4) 3 (2.75-4) * 3 (2-4) * 3 (2-4) *
Vessel contrast
Portal vein 4 (3-5) 4 (4-5) * 4 (3-4) 3 (2-3) * 2 (2-3) * 2 (1-3) *
Renal vein 4 (4-5) 5 (4-5) * 4 (3-4) 3 (3-4) * 2 (2-3) * 2 (1-3) *
Renal artery 4 (3-5) 4 (4-5) * 4 (3-4) 3 (2-3) * 2 (1-3) * 2 (1-3) *
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phase CT regarding liver parenchyma (p=0.17) while in all other
tested ROIs, it was highest in excretory phase VMI40keV (p < 0.01).
Urinary bladder wall, lymph node, primary tumor and prostate/uterus
showed a comparable SNR in excretory phase CT and venous phase CT
(p-range: 0.11−0.82) while for liver parenchyma, portal and renal
vein, renal artery, pancreas and renal cortex, SNR was significantly
lower in excretory phase CT compared to venous phase CT
(p < 0.001). Regarding CNR, excretory phase VMI40keV were superior
to venous phase CT (p < 0.001) for contrast between lymph nodes and
retroperitoneal fat (excretory phase VMI40keV/VCI: 17.1 ± 1.4 vs.
13.2 ± 1.1) as well as primary tumor vs. urinary bladder wall (ex-
cretory phase VMI40keV/VCI: 11.2 ± 2.7 vs. 6.9 ± 1.8). CNR of pri-
mary tumor vs. renal cortex was similar in excretory phase VMI40keV
compared to venous phase CT (excretory phase VMI40keV/VCI:
5.5 ± 2.3 vs. 4.9 ± 1.7; p=1.00). Quantitative values for

attenuation, SNR and CNR are pointed out in detail in Table 1 and il-
lustrated in Figs. 1, 3 and 4, respectively.

3.3. Qualitative assessment

Qualitative image assessment revealed that delineation (VMI40keV:
4(4–5) vs. venous phase CT: 4(3–5)) and diagnostic certainty (VMI40keV:
4(3–5) vs. venous phase CT: 4(3–5)) regarding metastatic lesions as
well as delineation of primary tumor (VMI40keV: 4(3–5) vs. venous
phase CT: 4(3–4.5)) and subjective vessel contrast of renal artery
(VMI40keV: 4(4–5) vs. venous phase CT: 4(3–5)) and portal vein
(VMI40keV: 4(4–5) vs. venous phase CT: 4(3–5)) received comparable
Likert scores in venous phase CT and excretory phase VMI40keV (p-
range: 0.42–1.00). Solely, subjective contrast of renal vein (VMI40keV:
4(4–5) vs. C-VI: 4(4–5)) received slightly better average ratings in

Fig. 5. Likert scores for subjective contrast of portal (A) and renal vein (B), renal artery (C) delineation of primary urothelial carcinoma (D) and metastases (E) as well
as diagnostic certainty (F) in venous phase CT (V-CT), excretory phase VMI40-70keV (E-VMI) and excretory phase CT (E-CT).
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excretory phase VMI40keV compared to venous phase CT (p= 0.04).
Mean Likert scores for excretory phase VMI at 50–70 keV decreased
with rising keV levels in all 5 categories and were significantly lower in
excretory phase VMI70keV compared to venous phase CT except for
primary tumor delineation (p≤ 0.05 and p=0.12, respectively).
Compared to venous phase CT, excretory phase CT was rated lower

with regards to metastasis delineation and diagnostic certainty as well
as subjective contrast for all assessed vessels (p < 0.001) while pri-
mary tumor delineation was rated equal (p=0.62). Between all three
readers, interobserver agreement regarding the qualitative assessment
was moderate (ICC=0.44) for venous phase CT and excretory phase
VMI40-70keV, while for conventional excretory phase images, it was poor

Fig. 6. Image examples illustrating the iodine contrast boost at excretory phase VMI40keV antagonizing the organ/vessel contrast deterioration in excretory phase
images, resulting in a comparable contrast compared to C-VI: portal vein (A–C), liver metastases (D–F), lymph node metastases (G–I). Standard window width and
level were used (L= 60/ W=360).

Fig. 7. Axial plane sections showing primary tumor manifestations of urothelial carcinoma allocated in the posterior urinary bladder wall (A–C) and the right renal
pelvis (G–I). Excretory-phase VMI40keV show the clearly enhanced contrast compared to C-VI. Standard window width and level were used (L= 60/ W=360).
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(ICC=0.37). The detailed results of the qualitative assessment given in
Table 2. Figs. 6 and 7 show exemplary axial plane images comparing
excretory phase VMI40keV, venous and excretory phase CT of primary
tumors, vessels and different metastatic manifestations.

4. Discussion

In this feasibility study, we compared quantitative and qualitative
criteria of low keV virtual monoenergetic images obtained from ex-
cretory-phase spectral dual energy computed tomography with con-
ventional venous phase images. Compared to venous phase CT, the
quantitative image analysis of parenchymal organs, arterial and venous
vessels, renal cortex, bladder wall as well as primary urothelial tumor
manifestations demonstrated comparable or even higher values for at-
tenuation (Fig. 1), SNR (Fig. 3) and CNR (Fig. 4) in excretory phase
VMI40keV. In the qualitative analysis, renal vein contrast received su-
perior Likert scores in excretory phase VMI40keV compared to venous
phase CT while delineation of primary urothelial carcinomas and me-
tastases, diagnostic certainty regarding metastatic lesion dignity as well
as subjective vessel contrast of renal artery and portal vein were rated
equally (Fig. 5, Table 2).

These results illustrate that the iodine contrast boost achieved by
VMI40keV effectively antagonizes the deterioration of organ/vessel
contrast naturally occurring in the excretory phase resulting in a
comparable subjective assessability as provided by conventional venous
phase images. However, the overall interobserver agreement was only
moderate for venous phase CT and excretory phase VMI40keV and poor
for excretory phase CT which could be explained by the fact that the
readers were not used to employ excretory phase images for assessing
parenchymal organs, vessels or distant metastases, possibly leading to a
certain level of interobserver variability.

Contrast-enhanced venous phase CT of the abdomen and pelvis
plays an important role for the pretreatment staging of patients with
urothelial carcinoma as it facilitates detection of extravesical/extra-
luminal tumor growth as well as lymphatic and hematogenous metas-
tases [16–18]. Staging protocols usually comprise an additional ex-
cretory phase scan acquired 4–6min after contrast media injection in
order to rule out multifocal lesions of the upper urinary tract for which
it attains a sensitivity of 50–70% [19]. As multiphasic scans cumulate in
a high overall radiation dose, different modified protocols have been
investigated in the past in order to reduce applied radiation dose while
maintaining a comparable diagnostic accuracy in the assessment of
malignant lesions of the upper and lower urinary tract on the one hand
and local/distant metastases on the other: In the split bolus approach, a
second bolus of contrast media is applied 5min after the initial injec-
tion resulting in the acquisition of a combined excretory/nephrographic
or excretory/venous phase phase, depending on the chosen delay
[4,20,5]. Reported sensitivity for upper urinary tract tumors ranges
from 80 to 100%, yet the necessity of additional contrast media injec-
tion implies additional health care expenses and may be unsuitable for
patients with reduced kidney function [21–23,20,4]. By contrast,
Metser et al. focused on a different approach using a single inter-
mediate-urothelial phase protocol in which image acquisition took
place 60 s after administration of contrast agent and previous applica-
tion of a diuretic [8]. The intermediate phase was reported to yield an
optimal opacification of the urinary tract and was therefore valued as a
promising approach with a diagnostic accuracy for malignant urinary
tract lesions comparable to established scan protocols (sensitivity of
82.6% for primary urothelial carcinomas). However, the assessment of
lymph node or hematogenous (e.g. liver) metastases was not evaluated,
which might be hampered by lesion, organ and vessel contrast dete-
rioration in the proposed intermediate phase. Hence, the focus of our
proof-of-concept study was to evaluate if low keV imaging could be
utilized to prevent the decline of iodine contrast in excretory phase
images and therefore bypass a possible trade-off between ureter opa-
cification and optimal lesion/organ assessment. Our results suggest

these low keV reconstructions as suitable for a combined approach with
intermediate phase images as suggested by Metser et al. which would
imply significant dose savings without the necessity of a second con-
trast media administration as performed in the split bolus approach. In
contrast to our work, previous studies investigating the diagnostic value
of dual-energy CT in the field of urothelial carcinoma were primarily
focused on comparing virtual with true unenhanced images or tumor
compartmentalization based on material separation [24–26]. However,
the improved subjective and objective image parameters we discovered
for excretory phase VMI40keV compared to conventional excretory phase
CT are concordant with the results revealed by previous studies that
investigated lesion depiction [13,27,28] or CT angiography [29,30] in
the abdomen.

Besides its retrospective character and the rather small sample size
investigated, there are limitations to this pilot study that need to be
addressed. Evaluating opacification or qualitative assessment of the
ureter was not investigated for two reasons: First, it is known that di-
agnostic accuracy for ureteral tumor lesions is already excellent in
conventional images [8]; iodine contrast boost in low keV virtual
monoenergetic images would probably lead to strong blooming artifacts
superimposing the ureter so that conventional images would remain
necessary for its accurate diagnostic assessment. Second, in our patient
cohort, there were no patients with ureteral tumor lesions that could
have allowed for detailed analysis of diagnostic accuracy to this regard.
As another limitation, the patient cohort included in our study is rather
small hence subgroup analysis of different metastatic lesions regarding
the qualitative assessment was not possible. Moreover, it is known that
low energy VMI can affect size measurements especially in small tumor
volumes [31] which might be relevant for smaller ureteral lesions, yet
was not investigated here. Last, in this proof-of concept study, we
showed a comparable or even improved subjective delineation of me-
tastatic lesions but refrained from analyzing their detection rate and
quantitative image parameters due to the small sample size and het-
erogenous metastatic sites. This aspect should be assessed in a sub-
sequent trial as characteristic enhancement patterns may obscure liver
metastases at longer scan delays. However, this potential issue partially
accounts for the split-bonus technique as well.

5. Conclusions

In conclusion, the results of this pilot study indicate that low-energy
virtual monoenergetic reconstructions could be a feasible method to
maintain vessel, organ and tumor contrast in excretory phase images in
patients with urothelial carcinoma resulting in a subjective assessability
comparable to venous phase images. When further evaluating these
reconstructions, e.g. in a single-scan, single-bolus approach as suggested
by Metser et al., the diagnostic accuracy regarding distant metastases
should be investigated systematically.
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