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Key Points
• There is great variation in the CT urogram protocol throughout the literature.
• The study by Renard-Penna et al provides a useful rigorous expert consensus on CT urography technique.
• The study by Rud et al suggests that the excretory phase may not be as necessary as previously thought for visualizing upper
tract urothelial carcinoma.

The CT urogram (CTU) has evolved into a cornerstone of
urologic disease diagnosis and management, performed for a
myriad of diseases, both benign and malignant. Since the
original head to head comparison between the excretory phase
at CT with excretory urography (intravenous pyelography or
IVP) for opacification of the collecting systems, reported by
McNicholas et al in 1998 [1], radiologists have endeavored to
improve CTU technique for evaluating the kidneys and urinary tracts. Studies have examined the utility of multiple postcontrast phases, timing of the excretory phase, administration
of diuretics, administration of spasmolytic agents, patient hydration, abdominal compression, and different patient positions [2, 3]. The results of these interventions have resulted
in a vast number of often technically cumbersome and/or high
radiation dose CTU protocols [4], ultimately being sorted out
at the local level based on practice preferences and experience
rather than expert consensus guidelines which are lacking.
The study by Renard-Penna et al [5] brings some semblance of order to the chaos of CTU techniques. The authors
conducted a rigorous Delphi consensus conference on the topic of CTU technique. Forty-two expert uroradiologists from
the French Society of Genitourinary Imaging reached consensus on 96 (70%) of the initial 138 statements. Of note, the
administration of 20 mg of furosemide before intravenous
contrast injection was deemed necessary and the optimal delay
for the excretory phase was determined to be 7 minutes. Other
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maneuvers for distending the collecting systems including
oral or intravenous hydration were not deemed useful. The
optimal combination of post-contrast phases should be tailored to specific patient populations and clinical scenarios.
In the specific clinical setting of hematuria in an older adult
with risk factors for urothelial carcinoma, diuresis is vital as it
both distends the collecting systems and dilutes the excreted
contrast. In this manner, there is improved visualization of the
mid to distal ureters and small urothelial carcinomas can be
seen more easily as filling defects in a sea of excreted dilute
contrast. An additional unproven benefit of diuresis is more
homogenous opacification of a distended urinary bladder
which may help better visualize bladder tumors as well [6].
Importantly, the authors note that small and/or sessile
tumors may not produce filling defects on the excretory
phase and therefore, the corticomedullary or nephrographic
phases should also be used. This point has been a focus of
recent investigation. First, as a way of background, the
traditional focus on the excretory phase is likely a remnant
of the excretory urography days. Before the era of CT, the
only reliable way to visualize upper tract tumors radiologically was to demonstrate filling defects and/or obstruction
on excretory urography. Thus, the initial focus of CTU
research was on reproducing noninferior excretory phase
images. Nevertheless, as alluded to by Renard-Penna et al,
the excretory phase is not the only way to detect these
tumors. Recent studies have shown that urothelial tumors
avidly enhance and in fact may sometimes be better seen
with an earlier phase of imaging on a background of normal urothelium and nonopacified urine [ 7–10].
Importantly, diuresis is potentially equally important on
these non-excretory phases as it distends the collecting
systems with nonopacified urine thereby allowing for better visualization of the urothelium itself.
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In this regard, the study by Rud et al [11] calls into question
the dogmatic focus on the excretory phase, thus supporting the
overarching goal of Renard-Penna et al to simplify CT evaluation of the kidneys and collecting systems. Rud et al retrospectively reviewed the nephrographic and excretory phases
from CT urograms in patients with proven upper tract
urothelial carcinoma. They report that all seven of the upper
tract tumors were visible to both blinded readers on the
nephrographic phase. This study, as well as several prior studies [7–10], begin to dispel the notion that the excretory phase
is the only phase for detection of bladder and upper tract
urothelial tumors. Rather, an earlier post-contrast phase may
be sufficient and at the very least should be used with the
excretory phase in a complementary fashion, corroborating
each other as well as improving sensitivity and specificity,
particularly of small and/or sessile lesions.
On this last point, it is important to circle back to the splitbolus technique. Renard-Penna et al state that split-bolus
should be favored whenever possible to decrease dose.
While this may be warranted in younger patients who have
potentially increased risk from radiation exposure and decreased incidence of malignant disease, the same cannot be
said of older patients with risk factors for urothelial carcinoma
in whom the risk-benefit ratio is quite different. The splitbolus CTU eliminates the possibility of visualizing the
hyperenhancement of urothelial tumors on a background of
nonopacified urine as well as potentially masking the diluted
excreted contrast (in the case of diuresis) in the ureters by the
adjacent enhanced vessels. Furthermore, combining a diuretic
with the split-bolus technique has not been reported on and, at
least anecdotally, may result in “splitting the baby” in terms of
optimizing the nephrographic and excretory phases. Although
we reported only a small number of missed upper tract
urothelial carcinomas in the largest split-bolus cohort in the
literature [12], this may have been primarily due to the low
incidence of upper tract urothelial tumors in general, and not
necessarily testament to the adequacy of the split-bolus technique. Additionally, we reported a low sensitivity of 55% for
the detection of bladder tumors. In fact, the split-bolus technique has not been shown to suffice for evaluation of the
bladder.
In summary, the studies by Renard-Penna et al and Rud et al
[5, 11] provide critical first steps towards much needed clarity in
understanding how best to perform CT urography as well as
insight and perspective on the role of the excretory phase in the
detection of urothelial carcinoma. These important publications
will undoubtedly lead to further global consensus as well as
larger studies to elucidate the utility of the different CTU phases.
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