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ABSTRACT
Objectives: No previous studies have compared two computed tomography (CT) protocols in 
patients presenting with visible haematuria, and most patients undergo a multiphase CT in order 
to  detect upper tract malignancies. We aimed to prospectively compare the diagnostic perfor-
mance of single- and four-phase CT for detecting renal cell carcinoma (RCC) in patients with visible 
haematuria.
Materials & methods: ‘A Prospective Trial for Examining Hematuria using Computed Tomography’ 
(PROTEHCT) was a single-centre prospective paired diagnostic study in patients referred for CT due to 
painless visible haematuria between September 2019 and June 2021. All patients underwent four-phase 
CT (control) from which a single nephrographic phase dual energy CT (experimental) was extracted. Both 
were independently assessed for RCC by randomised radiologists. Histologically verified RCC defined a 
positive reference standard. Follow-up ascertainment of RCC diagnosis was completed in May 2022. 
Descriptive statistics were used to calculate the accuracies. Inter-reader agreement was assessed by kappa 
statistics.
Results: A total of 308 patients (median age, 68 years [interquartile range 53–77, range 18–96], 250 males) 
were included for analysis. RCC was diagnosed in seven (2.3%) patients during a median follow-up time of 
19 months (interquartile range: 15–25). For the control and experimental CT, sensitivity was 100% versus 
100%, specificity was 97% versus 98% and accuracy 97% versus 97%. The positive predictive value was 
44% versus 50%, and the negative predictive value was 100% versus 100%. The agreement between the 
control and experimental CT was 98% (k = 0.79).
Conclusion: A single nephrographic phase dual energy CT is sufficient for detecting RCC in patients with 
visible haematuria.
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Introduction

Visible haematuria may be the only sign of urinary tract malig-
nancy, and the clinical workup of this common symptom con-
sumes considerable urological and radiological resources [1, 2]. 
Urothelial carcinoma (UC) of the bladder is the most common 
malignant tumour, and it is usually detected by cystoscopy [2, 3]. 
Renal cell carcinoma (RCC) and upper tract UC (UTUC) are signifi-
cantly less common and occur in 1–2% and 0.4–1.2%, respectively 
[2, 3]. 

A computed tomography (CT) is widely accepted as the 
initial examination of the upper urinary tract. However, the 
European Association of Urology (EAU) provides two different 
CT recommendations for RCC and UTUC, and there are no 
specific guidelines for assessing patients with visible haematuria 
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[4, 5]. Consequently, many different multiphase CT protocols 
combining unenhanced, corticomedullary, nephrographic and/
or excretory phase acquisitions are used in clinical practice.

Due to the low prevalence of malignancy in the upper urinary 
tract and the high costs and potential harm from radiation, it is 
important to establish whether a single-phase CT is sufficient 
[2, 6, 7]. We recently conducted ‘A Prospective Trial for Examining 
Hematuria using Computed Tomography’ (PROTEHCT), which is 
the first prospective comparison of two different CT protocols in 
patients presenting with painless visible haematuria [8]. We 
showed that a single nephrographic phase CT was sufficient for 
detecting UC (bladder UC and UTUC) [8].

For detecting RCC, all previous CT studies are either 
retrospective and/or performed in patients with an already 
confirmed renal mass [9–13]. Some conclude that the 
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nephrographic phase is the best, whilst others report that the 
corticomedullary phase is the best, and yet others say that both 
phases are needed [9–13]. Furthermore, some conclude that the 
excretory phase is also needed [11, 13]. The inconsistency in 
results mirrors the great variation in patient selection and 
methodology. More importantly, all the studies have limited 
validity for patients presenting with visible haematuria.

The aim of this study was to prospectively compare the 
diagnostic performance of a single nephrographic phase and a 
four-phase CT for detecting RCC in patients presenting with 
painless visible haematuria.

Materials and methods

This study reports on a secondary outcome of the PROTEHCT 
study. The inclusion criteria were age >18 years old and at least 
one occasion of painless visible haematuria. The exclusion cri-
teria were a cystoscopy within 6 months prior to CT, previous 
or known UC, symptomatic urinary tract infection relieved by 
antibiotics, symptomatic stone disease, recent catheterisation 
or instrumentation, estimated glomerular filtration rate (eGFR) 
< 30 mL/min/1.73 m2, allergy to iodinated contrast media, una-
ble to provide consent for any reason or not wished to partici-
pate for any reason.

As for the primary outcome of PROTEHCT, the incidences of 
bladder UC and UTUC were 13% (95% confidence interval [CI]: 
10 to 17) and 1.6% (95% CI: 1 to 4), respectively [8]. The 
difference in accuracy of four-phase and single NP CT was 1.9% 
(95% CI: -2.8 to 6.7). Since the upper limit of the 95% CI was 
below the pre-defined non-inferiority limit of 7.5%, the study 
concluded that a single nephrographic phase CT was sufficient 
for detecting UC.

Study design and ethical approval

A single-centre, prospective, paired comparison of two CT pro-
tocols for detecting RCC. All patients signed a letter of consent, 
and the study was approved by the regional ethics committee 
(2019/395) and registered at ClinicalTrials.gov (NCT04077359). 
Funding was received from the Oslo University Hospital, and no 
external funding was received.

Outcomes

A paired comparison of the diagnostic accuracies of single 
nephrographic phase and four-phase CT for detecting RCC.

CT protocol

All patients underwent a four-phase abdominopelvic CT (unen-
hanced, corticomedullary phase, dual energy nephrographic 
phase and excretory phase) using a 128-multidetector Edge CT 
scanner (Siemens Healthineers, Forchheim, Germany). Patients 
were asked to drink 1 L of water before the CT examination and 
requested not to void urine 1 h before the CT. Iohexol 350 mg/
mL (Omnipaque, GE Healthcare) was administered according 

to the body weight (2 mL/kg), and the injection speed was 4 
mL/s. The unenhanced scan was followed by three separate 
contrast enhanced acquisitions performed with bolus tracking 
with a 200 Hounsfield Unit threshold in the abdominal aorta. 
The corticomedullary phase was performed at 25 s, the nephro-
graphic phase at 70 s, and the excretory phase at 30 min post 
threshold. A virtual non-contrast series was reconstructed 
from the dual energy nephrographic phase (Siemens Syngo 
Via). All scans were performed in the supine position, and all 
patients were asked to void urine immediately after the 
nephrographic phase.

Interventions

The CT examination was separated into a control CT (all four 
phases) and an experimental CT (dual energy nephrographic 
phase only).

CT reporting

Three radiologists with 5–13 years uroradiology experience 
functioned as primary readers, and two radiologists with 
>20 years general radiology experience as secondary readers. 

By flipping a coin for each patient, one primary and one 
secondary reader were randomly assigned to score the control 
CT, and another primary and secondary reader to score the 
experimental CT. In this way, four readers independently 
scored each patient, and no reader scored both control CT 
and experimental CT in the same patient. Each reader 
prospectively scored suspicion of RCC using a five-point Likert 
scale for solid masses, and Bosniak classification for cystic 
masses [14]. Likert ≥ 3 and/or Bosniak ≥ 3 defined a positive 
CT. The unenhanced and the virtual non-contrast served as a 
baseline for visual assessment of contrast enhancement for 
the control and experimental CT, respectively. Any renal mass 
with contrast enhancement deviating from normal renal 
parenchyma was considered a possible RCC. The control CT 
was scored in the following order: corticomedullary phase, 
nephrographic phase and excretory phase, and the highest 
score defined the overall score. In case of multiple masses, 
only the largest was registered. Each reader was blinded to 
the reports of the other readers. The primary reader of the 
control CT issued the clinical radiology report, which was 
available to the urologist.

Biopsy, surgery and active surveillance

In case of a positive clinical radiology report, a multidiscipli-
nary team decided upon biopsy, surgery, or active 
surveillance.

Reference standards

RCC verified by histology, defined a positive reference standard. 
The reference standard was negative if no RCC was confirmed 
histologically at the initial workup and during follow-up.

http://ClinicalTrials.gov


12  K. F. GALTUNG ET AL.

Follow-up

Follow-up ascertainment of RCC diagnosis was completed in 
May 2022. Patients in active surveillance underwent at least one 
CT during the follow-up time.

Statistics

Descriptive statistics were used to calculate accuracy, sensitiv-
ity, specificity and predictive values with 95% CIs according to 
Wilson [15]. The differences in accuracy, sensitivity, specificity 
and predictive values between control and experimental CT 
were calculated according to Newcombe [16]. The Mann–
Whitney U test assessed the difference in age between 
patients with and without RCC. The area under the curve (AUC) 
was calculated using the reference standard as the state varia-
ble and the Likert scores in the kidney as test variables. Any 
differences in AUC were analysed according to DeLong [17]. 
Inter-reader agreement was calculated in percent and Cohen’s 
Kappa Statistics [18]. A P <0.05 was considered significant. We 
used IBM SPSS Statistics for Windows, Version 28.0 (Armonk, 
NY, USA), MedCalc for Windows, version 20.009 (MedCalc 
Software, Ostend, Belgium) and R version 3.6.1 for statistical 
analyses.

Results

Between September 2019 and June 2021, 308 patients with 
painless visible haematuria were included for analyses. Baseline 
characteristics are summarised in Table 1.

At the initial workup, seven (2.3%, 95% CI: 1 to 5) had RCC.

Three RCCs were diagnosed in 250 males (1.2%, 95% CI: 0.4 to 
3.5) and four RCCs in 58 females (6.9%, 95% CI: 2.7 to 16). There 
was no difference in age between patients with or without RCCs 
(P = 0.9). During a median follow-up time of 19 months 
(interquartile range [IQR]: 15–25, range 10–31), no additional 
RCCs were detected.

Six patients underwent radical nephrectomy and one partial 
nephrectomy (Figures 1 and 2). The median size of the resected 
tumours was 65 mm (IQR 39–86, range 37–90) (Table 2).

Active surveillance was decided for nine patients (2.9%, 95% 
CI: 1.5 to 5.5) with a positive clinical radiology report, of which all 
were classified as false positive. These nine renal masses had a 
median size of 12 mm (IQR 9–23) at the initial workup. During a 
median follow-up time of 18 months (IQR: 15–26, range 12–29), 
the size was unchanged in seven (Figures 3 and 4). One proved 
to be a simple cyst on ultrasound, and the last was no longer 
visible on follow-up CT. It was believed to be caused by focal 
pyelonephritis (Figure 5). The results of the control and 
experimental CT against the reference standard are shown in 
Table 3.

Primary readers

For both the control and experimental CT, the cancer detection 
rate was 2.3% (95% CI: 1 to 5, 7 out of 308), and the sensitivity 
was 100% (Table 4). The control and experimental CT specificity 
was 97% versus 98%, positive predictive value was 44% versus 
50%, negative predictive value was 100% versus 100% and 
accuracy was 97% versus 98%, respectively (Table 4). The inter-
reader agreement between control and experimental CT was 
98% (k = 0.79) (Table 5). 

Figure 1.  A 63-year-old male with a solid tumour in the right kidney. Histology after radical nephrectomy showed a pT3a clear cell carcinoma. The tumour was 
isodense with normal renal parenchyma (blue arrow) on axial unenhanced (A), and hypoenhancing (red arrow) on axial corticomedullary phase (B), nephro-
graphic phase (C) and excretory phase (D). Both the control and experimental CTs were scored positive (Likert 5) by both primary and secondary readers.
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Secondary readers

The cancer detection rate for the control and experimental CT 
was 2.3% (95% CI: 1 to 5, 7 out of 308) and 2.0% (95% CI: 0.9 to 
4.2, 6 out of 308), respectively. The sensitivity was 100 % and 
86%, respectively (Table 4). The experimental CT misclassified 
one cystic RCC of low malignancy potential as Bosniak 2 
(Figure 2). The control and experimental CT specificity was 99% 
versus 99%, positive predictive value was 64% versus 60%, 
negative predictive value was 100% versus 100% and accuracy 
was 99% versus 98%, respectively (Table 4). The inter-reader 
agreement between control and experimental CT was 98% 
(k = 0.75) (Table 5). 

Discussion

To the best of our knowledge, our study is the first prospective 
comparison of two CT protocols for detecting RCCs in patients 
presenting with painless visible haematuria. The diagnostic 
accuracies were excellent for both CT protocols, showing that a 
single nephrographic phase dual energy CT suffices, making the 
four-phase CT redundant.

In our cohort, the rate of RCC was 2.3%, which is in accordance 
with a recent review reporting RCC in 2% of patients with visible 
haematuria [3]. This shows that our study population is 
representative for clinical practice.

The choice of the single nephrographic phase as the 
experimental CT protocol was the result of our previous 
retrospective study in patients with haematuria and a negative 
cystoscopy. In that, we showed that the nephrographic phase 
was the only phase detecting all UTUCs and RCCs compared to 
corticomedullary and excretory phase [19].

Two prospective studies have previously compared different 
CT protocols for detecting RCC, and both concluded that the 
nephrographic phase was better than the corticomedullary 

phase [9, 10]. However, only patients with a confirmed solid 
renal mass were included, and the results are therefore not 
necessarily valid in a visible haematuria setting. Several 
retrospective studies have reported conflicting results favouring 
corticomedullary, nephrographic or excretory phase [11–13].

The agreement between the experimental and control CT 
was substantial for both primary and secondary readers, 
indicating that a single nephrographic phase CT is robust. For 
the primary readers, the sensitivity of the control and 
experimental CT was 100% versus 100% and the specificities 
were 97% versus 98%. The secondary readers achieved slightly 
higher specificities at the expense of lower sensitivity for one 
reader. In one patient, the experimental CT misclassified a cystic 
RCC as a Bosniak 2 cyst, and consequently, the sensitivity 
dropped. In our opinion, this misclassification was an 
interpretation error rather than a limitation of the CT protocol 
itself (Figure 2). Sensitivity analysis is challenging in any study 
with a low prevalence of the target condition due to few cases 
and wide CIs, as seen in our study. In comparison, a recent 
systematic review reported a median sensitivity and specificity 

Table 2.  Characteristics of the seven patients with resected tumours.
Treatment and tumor characteristics

Age, years
  Median (IQR) 63 (54–80)
Sex
  Male 3 (43)
Type of treatment
  Radical nephrectomy 6 (86)
  Partial nephrectomy 1 (14)
Tumour type
  ccRCC 7 (100)
  other 0 (0)
Tumour size, mm
  Median (IQR) 65 (39–86)
Tumour stage 
  pT3a 3 (43)
  pT2a 2 (29)
  pT1a 2 (29)
ISUP
  3 3 (43)
  2 3 (43)
  n.a. 1 (14)

Numbers are N (%) unless otherwise specified. N: number of patients; IQR: 
interquartile range; RCC: renal cell carcinoma; cc: clear cell; pT: pathological 
tumour stage; ISUP: international society of urological pathology; n.a.: not 
applicable.

Table 3.  The results of the control and experimental computed tomography against the reference standard.
Primary readers Secondary readers

 Control CT  
 

Control CT

Neg Pos Neg Pos

RCC absent Experimental CT Neg 290 4 Experimental CT Neg 295 2
Pos 2 5 Pos 2 2

RCC present Experimental CT Neg 0 0 Experimental CT Neg 0 1
Pos 0 7 Pos 0 6

CT: computed tomography; RCC: renal cell carcinoma.

Table 1.  Characteristics of patients with painless visible haematuria referred 
for computed tomography between September 2019 and June 2021.
Characteristics of all 308 patients in the study

Age (years), median (IQR) 68 (53–77)
Sex (male) 250 (81)
Follow-up time (months), median (IQR) 19 (15–25)
Rate of RCC 7 (2)

Numbers are N (%) unless otherwise specified. N: number of patients; IQR: 
interquartile range; RCC: renal cell carcinoma.
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of 88% (IQR 81–94%) and 75% (IQR 51–90%), respectively [20]. 
However, all studies were retrospective and showed a great 
variety in patient selection, CT techniques and aims. Importantly, 
no studies included patients with painless visible haematuria, 
and results are difficult to compare.

In our study, the median size of the resected RCCs was 65 
mm, and it is not surprising that these tumours were visible 
on both the control and experimental CT. However, a subset 
of nine small potential malignant renal tumours, with a 
median size of 12 mm, were classified as false positive since 
they were not resected, and there was no growth during the 
follow-up time. The false positive CTs reduced the positive 
predictive value for both the control and experimental CT. 
Despite some variability amongst the readers in identifying 
these small masses, there was no significant difference in false 
positive rates between the control and experimental CT scans 
(Table 4).

The majority of the false positive renal masses exhibited 
unequivocal contrast enhancement (Figures 3 and 4). In the 
absence of secondary signs of malignancy, contrast 
enhancement is the single most important sign of a malignant 
tumour [21]. Still, enhancement cannot reliably distinguish 
benign from malignant tumours [21–23]. The low risk of 
malignancy in smaller tumours and the improbity that they 
contribute to visible haematuria further complicate the 
diagnostic evaluation. Consequently, the false positive findings 
in our study should be interpreted as renal incidental findings, a 
common phenomenon occurring in approximately 37% of all 
CTs, with only a few demonstrating clinical relevance [24].

It may be difficult to distinguish a partially dense cyst from a 
poorly enhancing solid tumour. In these cases, dual energy 
acquisition with virtual non-contrast images and iodine maps 
might be useful. However, in our study, contrast enhancement 
was visually assessed without any pre-defined cut-off values, and 

Table 4.  The diagnostic performance of the control and experimental computed tomography for detecting renal cell carcinoma.
Primary readers Secondary readers

Control CT 
(95% CI)

Experimental 
CT (95% CI)

Difference 
(95% CI)

Control 
CT (95% CI)

Experimental 
CT (95% CI)

Difference 
(95% CI)

Sensitivity 100 (65–100) 100 (65–100) 0 (-35–35) 100 (65–100) 86 (49–100) 14 (-23–51)
Specificity 97 (94–98) 98 (95–99) -1 (-3.5–2.1) 99 (97–99) 99 (97–99) 0 (-2.2–2.2)
NPV 100 (99–100) 100 (99–100) 0 (-1.3–1.3) 100 (99–100) 100 (98–100) 0 (-1.0–1.9)
PPV 44 (26–67) 50 (27–73) -6 (-37–27) 64 (35–85) 60 (31–83) 4 (-33–39)
FNR 0 (0–35) 0 (0–35) 0 (-35–35) 0 (0–35) 14 (2.6–51) -14 (-51–23)
FPR 3 (1.6–5.6) 2 (1.1–4.7) 1 (-2.1–3.5) 1 (0.5–3.4) 1 (0.5–3.4) 0 (-2.2–2.2)
AUC 0.92 (0.8–1) 0.92 (0.8–1) 0.001 (-0.004–0.006) 0.93 (0.8–1) 0.92 (0.8–1) 0.003 (-0.2–0.2)
Accuracy 97 (95–99) 98 (95–99) -1 (-3.4–2.1) 99 (97–100) 98 (96–99) 1 (-1.9–2.6)

CT: computed tomography; CI: confidence interval; NPV: negative predictive value; PPV: positive predictive value; FNR: false negative rate; FPR: false positive 
rate; AUC: area under the curve.

Figure 2.  A 54-year-old female with a cystic tumour in the left kidney. Histology after partial nephrectomy showed a multilocular cystic clear cell carcinoma 
of low malignant potential. The tumour was isodense with normal renal parenchyma (blue arrow) with rim calcifications on axial unenhanced (A), and hypo 
enhancing (red arrow) on axial corticomedullary phase (B), nephrographic phase (C) and excretory phase (D). Visually, there was little difference in contrast 
enhancement between the contrast enhanced acquisitions. The primary readers scored the control CT as Bosniak IV (positive) and experimental CT as Bos-
niak III (positive). The secondary readers scored the control CT as Bosniak IV (positive) and the experimental CT as Bosniak II (negative).
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the added value of virtual non-contrast and iodine maps is 
unknown.

All resected tumours in our study were clear cell RCCs, which 
is the most common RCC subtype [25, 26]. Typically, clear cell 
carcinomas are hyper vascular implying optimal visibility during 
the corticomedullary CT phase [27]. However, this does not 

exclude visibility during the nephrographic phase. Our study 
revealed that some clear cell RCCs demonstrated hypo 
enhancement compared to renal cortex (Figures 1 and 2), 
highlighting the heterogeneity in the radiological presentation 
of clear cell RCCs. This observation aligns with previous studies, 
indicating that contrast enhancement is unreliable for 

Figure 3.  A 74-year-old female with a solid tumour in the right kidney. For both primary and secondary readers, the control and experimental CTs were 
positive (Likert 4 or 5). Active surveillance was decided, and the tumour size was unchanged during 12 months of follow-up. Hence, all CTs were registered 
as false positive. The tumour was isodense with normal renal parenchyma (blue arrow) on axial unenhanced (A), and slightly hyper enhancing (red arrow) on 
axial corticomedullary phase (B), nephrographic phase (C) and hypo enhancing (green arrow) on excretory phase (D).

Figure 4.  A 77-year-old male with a small exophytic renal mass in the left kidney. The renal mass was isodense to normal renal parenchyma (blue arrow) 
on axial unenhanced (A), possibly isodense to normal renal parenchyma (red arrow) on corticomedullary phase (B) and hypo enhancing (green arrow) on 
nephrographic phase (C) and excretory phase (D). The primary readers scored the control CT as Likert 4 (positive), and the experimental CT as Likert 1 (neg-
ative). The secondary readers scored the control CT as Likert 2 (negative) and the experimental CT as Likert 4 (positive). Active surveillance was decided, and 
the size was unchanged during the 18 months follow-up. Hence, the positive CTs were registered as false positive, and the negative CTs were registered as 
true negative.
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distinguishing between different subtypes of renal tumours 
[21–23]. This is also illustrated by the mixed appearance of 
chromophobe RCCs [28]. On the other hand, papillary RCCs are 
typically considered hypo vascular and expected to be best 
visualised during the nephrographic phase [27]. None of the 
resected tumours in our study was papillary or chromophobe 
RCCs.

The classic triad of visible haematuria, flank pain and palpable 
abdominal mass has become an exceedingly rare presentation, 
with 60–70% of RCCs now identified incidentally on abdominal 
imaging [29, 30]. In absence of other specific symptoms, painless 
visible haematuria remains the main sign of RCC, with UC and 
stones as the main urological differential diagnoses. The primary 
role of CT in case of haematuria is to detect upper tract 
malignancies, and the incidences of RCC and UTUC are equally 
low. Therefore, it becomes imperative to adopt a unified CT 
protocol capable of detecting both conditions with a radiation 
dose ‘as low as reasonably achievable’ (ALARA). Our prior 
findings indicated that a single nephrographic phase CT sufficed 
for detecting UC, and the current study reinforces that this 

protocol is also effective in detecting RCCs. Whilst results 
pertaining to urinary stone detection are yet to be published, 
we contend that our study marks a significant step towards 
establishing a unified and lean CT protocol for patients 
presenting with painless visible hematuria.

Limitations

The present study reports one of the secondary outcomes of 
PROTEHCT, and since only seven RCCs were detected, one may 
question the reliability of our results. This is especially relevant 
for sensitivity analyses. However, since the incidence of RCCs is 
only 1–2% in patients with visible haematuria, the vast majority 
of the CT scans are negative, regardless of protocol. This illus-
trates the importance of reducing unnecessary CT scans. We 
report results after a median follow-up time of 19 months, and a 
longer follow-up might have changed results in terms of fewer 
false positives and more false negatives. All readers in our study 
were experienced radiologists, and the primary readers were 
dedicated uroradiologists. This raises the question of 

Table 5.  The inter-reader agreement between control and experimental computed tomography.
Primary readers Secondary readers

Control CT Agreement 
(95% CI)

Cohen’s Kappa 
(95% CI)

Control CT Agreement 
(95% CI)

Cohen’s Kappa 
(95% CI)Neg Pos Neg Pos

Experimental 
CT

Neg 290 4 98% (96–99) 0.79 (0.62–0.95) Experimental 
CT

Neg 295 3 98% (96–99) 0.75 (0.55–0.96)
Pos 2 12 Pos 2 8

CT: computed tomography; CI: confidence interval.

Figure 5.  A 55-year-old female with an area with contrast enhancement deviating from normal renal parenchyma in the right kidney. For the primary read-
ers, both control and experimental CTs were positive (Likert 3 and 3). For the secondary readers, both control and experimental CTs were negative (Likert 2 
and 1). The deviant area in the right kidney was isodense with normal renal parenchyma (blue arrows) on axial unenhanced (A), hypo enhancing (red arrows) 
on axial corticomedullary phase (B) and nephrographic phase (C) and hyper enhancing (green arrows) on axial excretory phase (D). Possible differential 
diagnoses were upper tract urothelial carcinoma, infiltrative renal cell carcinoma and focal pyelonephritis. An ureterorenoscopy and a 3-month follow-up CT 
were both negative, and the diagnosis was focal pyelonephritis. Both control and experimental CT of the primary readers were registered as false positive, 
whereas both control and experimental CT of the secondary readers were registered as true negative.
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generalisability to less experienced readers. However, the high 
agreement and small differences in diagnostic accuracies 
between the control and experimental CT for all readers support 
that a single nephrographic phase CT is sufficient for detecting 
RCC for general radiologists too. Still, the performance of a sim-
pler CT examination for less experienced readers is unknown.

Conclusion

A single nephrographic phase dual energy CT is sufficient for 
detecting RCC in patients with painless visible hematuria. This 
CT protocol will reduce patient radiation and improve the radio-
logical capacity without compromising the diagnostic 
accuracy.
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