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PROTEHCT

-main causes of interest

o Urothelial carcinoma (UC)

o Renal cell carcinoma (RCC)

o Urinary stone disease (USD)
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Research question

Is a single nephrographic phase CT 

sufficient for detecting urothelial

carcinoma (UC) in patients with

painless visible hematuria (VH)?



N=308

Painless VH and 4 phase CT 

Cystoscopy

Randomization of radiologists

 81% men (250/308) 
 Median age 68 y (IQR 53-77, range 18-96)

PROTEHCT Study Setup

 2 Reading Teams



Unenhanced phase Corticomedullary phase Dual energy nephrographic

phase

Excretory phase

i.v. contrast

0 s 25 s 70 s 30 min

Bolus tracking

Threshold: 200 HU in aorta
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CT Likert scoring

 1= No UC

 2= Probably no UC

 3= Indifferent

 4= Moderate suspicion of UC

 5= Strong suspicion of UC

Negative CT

Positive CT

Reference standard: Final histology and 12 months follow-up. 



RESULTS

No UC 

Bladder UC 

Ureter UC 

Renal pelvis UC

85.4%

13%

1.0%
0.6%

N=308=100%

(263/308)

(40/308)

(3/308)

(2/308)

No patients had synchronous UTUC 

and bladder UC.



Bladder and Upper Urinary Tract

Sensitivity Specificity NPV PPV Accuracy

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Primary readers

Control CT 93.3 (82-98) 83.7 (79-88) 98.7 (96-99.5) 49.4 (39-60) 85.0 (80.6-88.6)

Experimental CT 91.1 (79.3-96.5) 81.8 (76.6-86.0) 98.2 (95.4-99.3) 46.1 (36.1-56.4) 83.1 (78.5-86.9)

Difference 2.2 (-11.8 to 16.3) 1.9 (-4.9 to 8.6) 0.5 (-2.6 to 3.7) 3.3 (-12.1 to 18.5) 1.9 (-2.8 to 6.7)

Secondary readers

Control CT 82.2 (68.7-90.7) 91.3 (87.2-94.1) 96.8 (93.8-98.4) 61.7 (49.0-72.9) 89.9 (86.1-92.8)

Experimental CT 82.2 (68.7-90.7) 92.8 (89.0-95.3) 96.8 (93.9-98.4) 66.1 (53.0-77.1) 91.2 (87.6-93.9)

Difference 0.0 (-17.5 to 17.5) -1.5 (-6.6 to 3.5) 0.0 (-3.7 to 3.6) -4.4 (-22.3 to 14.0) -1.3 (-5.3 to 2.7) 

RESULTS



RESULTS

Upper Urinary Tract

Sensitivity Specificity NPV PPV Accuracy

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Primary readers

Control CT 80.0 (37.6-96.4) 98.0 (95.8-99.1) 99.7 (98.1-99.9) 40.0 (16.8-68.7) 97.7 (95.4-89.9)

Experimental CT 80.0 (37.6-96.4) 97.0 (94.5-98.4) 99.7 (98.1-99.9) 30.8 (12.7-57.6) 96.7 (94.1-98.2)

Difference 0.0 (-53.6 to 53.6) 1.0 (-1.9 to 4.0) 0.0 (-1.8 to 1.9) 9.2 (-30.9 to 47.7) 1.0 (-1.6 to 3.7)

Secondary readers

Control CT 80.0 (37.6-96.4) 97.7 (95.3-98.9) 99.7 (98.1-99.9) 36.4 (15.2-64.6) 97.4 (95.0-98.7)

Experimental CT 80.0 (37.6-96.4) 97.7 (95.3-98.9) 99.7 (98.1-99.9) 36.4 (15.2-64.6) 97.4 (95.0-98.7)

Difference 0.0 (-53.6 to 53.6) 0.0 (-2.9 to 2.9) 0.0 (-1.8 to 1.8) 0.0 (-40.0 to 40.0) 0.0 (-2.7 to 2.7)



Corticomedullary phase

Excretory phase

Nephrographic phase

Control CT

Experimental CT



Corticomedullary phase Nephrographic phase Excretory phase

Control CT Experimental CT



RESULTS

Upper Urinary Tract

Sensitivity Specificity NPV PPV Accuracy

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Primary readers

Control CT 80.0 (37.6-96.4) 98.0 (95.8-99.1) 99.7 (98.1-99.9) 40.0 (16.8-68.7) 97.7 (95.4-89.9)

Experimental CT 80.0 (37.6-96.4) 97.0 (94.5-98.4) 99.7 (98.1-99.9) 30.8 (12.7-57.6) 96.7 (94.1-98.2)

Difference 0.0 (-53.6 to 53.6) 1.0 (-1.9 to 4.0) 0.0 (-1.8 to 1.9) 9.2 (-30.9 to 47.7) 1.0 (-1.6 to 3.7)

Secondary readers

Control CT 80.0 (37.6-96.4) 97.7 (95.3-98.9) 99.7 (98.1-99.9) 36.4 (15.2-64.6) 97.4 (95.0-98.7)

Experimental CT 80.0 (37.6-96.4) 97.7 (95.3-98.9) 99.7 (98.1-99.9) 36.4 (15.2-64.6) 97.4 (95.0-98.7)

Difference 0.0 (-53.6 to 53.6) 0.0 (-2.9 to 2.9) 0.0 (-1.8 to 1.8) 0.0 (-40.0 to 40.0) 0.0 (-2.7 to 2.7)



Bladder

Sensitivity Specificity NPV PPV Accuracy

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Primary readers

Control CT 95.0 (83.5-98.6) 84.7 (79.9-88.5) 99.1 (96.9-99.8) 48.1 (37.4-58.9) 86.0 (81.7-89.5)

Experimental CT 92.5 (80.1-97.4) 83.6 (78.7-87.5) 98.7 (96.2-99.5) 45.7 (35.3-56.5) 84.7 (80.3-88.3)

Difference 2.5 (-11.8 to 17.1) 1.1 (-5.4 to 7.6) 0.4 (-2.3 to 3.3) 2.4 (-13.6 to 18.3) 1.3 (-3.3 to 5.9)

Secondary readers

Control CT 82.5 (68.1-91.3) 92.9 (89.2-95.4) 97.3 (94.5-98.7) 63.5 (49.9-75.2) 91.5 (87.9-94.2)

Experimental CT 82.5 (68.1-91.3) 94.0 (90.5-96.3) 97.3 (94.5-98.7) 67.4 (53.4-78.9) 92.5 (89.0-95.0)

Difference 0.0 (-18.5 to 18.5) -1.1 (-5.7 to 3.5) 0.0 (-3.4 to 3.4) -3.9 (-22.9 to 15.7) -1.0 (-4.7 to 2.7)

RESULTS
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Bladder

Sensitivity Specificity NPV PPV Accuracy

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Primary readers

Control CT 95.0 (83.5-98.6) 84.7 (79.9-88.5) 99.1 (96.9-99.8) 48.1 (37.4-58.9) 86.0 (81.7-89.5)

Experimental CT 92.5 (80.1-97.4) 83.6 (78.7-87.5) 98.7 (96.2-99.5) 45.7 (35.3-56.5) 84.7 (80.3-88.3)

Difference 2.5 (-11.8 to 17.1) 1.1 (-5.4 to 7.6) 0.4 (-2.3 to 3.3) 2.4 (-13.6 to 18.3) 1.3 (-3.3 to 5.9)

Secondary readers

Control CT 82.5 (68.1-91.3) 92.9 (89.2-95.4) 97.3 (94.5-98.7) 63.5 (49.9-75.2) 91.5 (87.9-94.2)

Experimental CT 82.5 (68.1-91.3) 94.0 (90.5-96.3) 97.3 (94.5-98.7) 67.4 (53.4-78.9) 92.5 (89.0-95.0)

Difference 0.0 (-18.5 to 18.5) -1.1 (-5.7 to 3.5) 0.0 (-3.4 to 3.4) -3.9 (-22.9 to 15.7) -1.0 (-4.7 to 2.7)

RESULTS



Conclusion

The accuracy of a single nephrographic phase 

CT is not inferior to the accuracy of a four-phase 

CT for detecting UC in patients with painless VH.



Corticomedullary phase Excretory phaseUnenhanced Nephrographic phase

CT FINDINGS UTUC: no need for all phases!



Answer

Is a single nephrographic phase CT 

sufficient for detecting urothelial

carcinoma (UC) in patients with

painless visible hematuria (VH)?

Research question

YES!
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