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Abstract

Purpose The aim of this pictorial essay is to demonstrate several cases where the diagnosis would have been difficult or
impossible without the excretory phase image of CT urography.

Methods A brief discussion of CT urography technique and dose reduction is followed by several cases illustrating the
utility of CT urography.

Results CT urography has become the primary imaging modality for evaluation of hematuria, as well as in the staging and
surveillance of urinary tract malignancies. CT urography includes a non-contrast phase and contrast-enhanced nephrographic
and excretory (delayed) phases. While the three phases add to the diagnostic ability of CT urography, it also adds potential
patient radiation dose. Several techniques including automatic exposure control, iterative reconstruction algorithms, higher
noise tolerance, and split-bolus have been successfully used to mitigate dose. The excretory phase is timed such that the
excreted contrast opacifies the urinary collecting system and allows for greater detection of filling defects or other abnormali-
ties. Sixteen cases illustrating the utility of excretory phase imaging are reviewed.

Conclusions Excretory phase imaging of CT urography can be an essential tool for detecting and appropriately characterizing
urinary tract malignancies, renal papillary and medullary abnormalities, CT radiolucent stones, congenital abnormalities,

certain chronic inflammatory conditions, and perinephric collections.

Keywords CT urography - Pictorial essay - Low-dose techniques

Introduction

In recent years, CT urography has become the primary imag-
ing modality for evaluation of hematuria and has largely
replaced the intravenous pyelogram [1]. Common indica-
tions for CT urography include work-up of asymptomatic
hematuria, gross or microscopic, and staging or surveillance
of urinary tract malignancies [2]. At the time of this writing,
ACR Appropriateness Criteria exist for hematuria and blad-
der cancer that guide the appropriate use of CT urography in
these settings (Table 1) [3-6]. Excretory phase imaging of
CT urography can serve as a useful troubleshooting tool in
patients with evidence of obstruction, trauma, or congenital
abnormalities seen on initial non-contrast or single-phase
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contrast-enhanced CT examinations [2]. It is also indicated
in post-surgical patients, particularly for delineating anat-
omy in patients with urinary diversions and in the early post-
operative phase of partial nephrectomy where urine leak is
a concern. CT urography is generally preferred over MR
urography due to higher-spatial resolution, although MR
urography can be used in patients with contraindications to
iodinated contrast and in the pregnant patient [7].

Despite its routine use, there is currently no consensus
protocol for performing CT urography. The most common
protocol is a three-phase technique, which carries potential
for substantial radiation exposure to the patient. In fitting
with the ALARA (as low as reasonably achievable) princi-
ple, it is the duty of the radiologist to continually revisit and
optimize protocols to achieve the lowest possible radiation
dose while maintaining diagnostic image quality [8].

Utilization of automated exposure control (AEC) and
implementation of various iterative reconstruction (IR)
algorithms have both resulted in substantial dose reductions
in abdominal CT imaging [9—-12]. Development of a split-
bolus technique combines the nephrographic and excretory
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Table 1 Summary of ACR appropriateness criteria related to CT urography

Clinical indication

Appropriateness of CT urography

Hematuria

First-line modality in patients with hematuria who do not meet 1 of 2 criteria:

(1) History of associated vigorous exercise, infection, recent viral illness, or recent men-

struation

(2) Patients with renal parenchymal disease known to cause hematuria, such as glo-

merulonephritis

Staging of muscle-invasive bladder cancer

Used to evaluate for concomitant upper tract urothelial carcinoma, as well as staging of

pelvic lymph nodes or more distant metastases in the abdomen

Surveillance of bladder cancer post-treatment

Generally appropriate in any patient with findings of invasive urothelial carcinoma

or superficial urothelial carcinoma with risk factors. Risk factors include carcinoma
in situ (CIS) on pathology, size >3 cm, higher-grade, adjacent or remote atypia or
high-grade dysplasia of the bladder mucosa, multifocal cancer, upper tract obstruction
at presentation, lymphatic invasion, involvement of the prostate

Acute onset flank pain with suspicion for urolithiasis

Excretory phase imaging may be appropriate if non-contrast CT is indeterminate in

distinguishing a calcific density as within the ureter versus adjacent phlebolith, while
standard contrast-enhanced CT may be appropriate if a non-contrast exam does not
elicit the cause of the patient’s pain.

Adapted with permission from American College of Radiology (ACR) Appropriateness Criteria

phases into a single series at the expense of suboptimal con-
trast enhancement and lesion characterization, and is most
frequently used in younger adults to further reduce dose.
Additional dose reductions have come from data showing
that incompletely opacified ureteral segments on an initial
excretory phase scan are highly unlikely to contain malig-
nancy and thus, do not require repeat delayed excretory
phases to exclude ureteral tumors [13]. There are several
single-institution retrospective studies suggesting that a sin-
gle non-contrast phase CT exam may be sufficient in patients
under 40 to 50 years evidenced by an exceptionally low yield
of malignant causes of hematuria detected by CT urogra-
phy among this younger group, and with one study citing a
theoretical risk of upper urinary tract malignancy in patients
under 50 at 0-1.1% [14-16].

In this pictorial essay, we will describe how to perform a
low-dose, high-quality CT urogram, and will present several
cases of urinary tract pathology where the diagnosis may not
have been made without the excretory phase images.

CT urogram technique

The CT urogram is most commonly performed as a three-
phase computed tomography technique used to evaluate the
kidneys and urinary collecting system. The three phases
most commonly include a non-contrast phase, a nephro-
graphic phase scanned at 80 to 120 s delay, and an excre-
tory phase scanned at 10-15 min delay (Fig. 1). The primary
purpose of the non-contrast phase is to evaluate for calci-
fied stones or other high-density abnormalities, and to get
a baseline Hounsfield unit measurement for renal masses.
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The nephrographic phase should demonstrate symmetric
contrast enhancement of the renal cortex and medulla. The
homogeneous enhancement of the renal parenchyma makes
this phase most sensitive for detecting renal masses. The
excretory phase is timed to show contrast within the urinary
collecting system and has largely replaced the fluoroscopic
intravenous pyelogram. The excretory phase should dem-
onstrate symmetric excretion with opacification of bilateral
ureters. This phase is particularly sensitive for detecting
filling defects in the excreted contrast column, which may
indicate a mass or other abnormalities within the urinary
collecting system.

The multiphase imaging of CT urography provides an
opportunity for selective dose reduction in those phases that
may tolerate higher levels of image noise while maintain-
ing diagnostic confidence [17]. Radiation dose is most com-
monly lowered by reducing the tube current, or milliamperes
(mA); however, dose reduction can also be achieved by low-
ering the tube potential, or kilovoltage peak (kVp). While
lower tube potential is more routinely applied in pediatric
imaging, it is infrequently applied in the adult population
undergoing abdominal CT [18]. Unlike tube current, tube
potential has a non-linear relationship on radiation dose.
Compared with 80 kVp, radiation output is 1.5 times higher
at 100 kVp, and 2.5 times higher at 120 kVp [19]. This
reduction in dose comes at the expense of increased image
noise. This can be partially compensated for by increasing
mA or application of noise reduction filters, but remains a
major limiting factor in larger adult patients [20, 21].

Despite these limitations, lower kVp may be advanta-
geous in certain contrast-enhanced exams. Due to closer
approximation of the X-ray beam to the K-edge of iodine,



Abdominal Radiology (2019) 44:3919-3934

3921

Fig.1 Normal appearance of the three phases of CT urography is
provided for reference. a Non-contrast axial image through the kid-
neys shows no renal calcifications or high attenuation masses. b
Nephrographic phase axial image through the kidneys show symmet-
ric parenchymal enhancement without parenchymal mass. ¢ Excre-

iodinated-contrast agents have increased attenuation at a
lower tube potential [19]. The resulting improvement in
the image contrast of iodine may outweigh the increased
noise, maintaining or potentially improving conspicuity of
contrast-enhanced urothelial lesions and ureteral irregu-
larities on CT urography.

Dual-energy CT provides the potential to further reduce
dose by acquiring a single excretory-phase series and gen-
erating virtual non-contrast images. However, limitations
include increased noise, lower sensitivity for 1-2 mm
stones, and difficulty in obtaining accurate attenuation
measurements [22, 23]. While dual-energy CT has not
gained widespread adoption, recent improvements in the

tory phase axial image through the kidneys shows symmetric excreted
contrast in bilateral renal pelvises. Symmetric contrast opacification
of the ureters (arrows) to the level of the bladder, as shown on d the
coronal reformatted excretory phase image and e the excretory phase
axial image at the level of the ureteral insertion to the bladder

technique to address these limitations make dual-energy
applications still promising [24].

Institutional protocol and dose-reduction
strategies

In patients over 40 years of age, we have created a low-dose
multiphase protocol at our institution (Table 2). Patients are
instructed to hydrate well on the day of the CT urogram and
not to urinate for 1 h prior to the exam. Non-contrast images
are obtained through the kidneys only with a standard kVp
of 120, but with reduced mA. This is achieved through
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Table 2 Low-dose multiphase parameters used for the CT urogram
protocol in patients over 40

Phase? Tube Fixed AECS variable ASiR (%)
potential  noise mA dose modu-
(kVp) index lation range
Non-contrast® 120 37.0 150-750 40
Nephrographic® 120 32.0 150-750 30
Excretory® 100 37.0 150-675 40

kVp kilovoltage peak, AEC automatic exposure control, mA milliam-
peres, ASiR adaptive statistical iterative reconstruction, GE Health-
care

8CT urograms are performed on a 64-MDCT scanner (Lightspeed
VCT, GE Healthcare)

PAll phases are performed at 0.625-mm collimation with 2.5-mm
reconstruction slice thickness

¢AEC utilized both GE Auto mA and Smart mA

reducing the image quality selection parameter, which at
our institution is done by increasing the fixed noise index
(GE Healthcare) from 32 to 37, and using AEC. Low kVp
imaging was not applied to the non-contrast phase because
of the need for accurate measurement of attenuation values
(Hounsfield units) to assess for lesion enhancement, and
reduction in tube potential increases measured Hounsfield
values of all tissues relative to scans performed at higher
kVp. Nephrographic phase images are obtained through the
kidneys and bladder at 90-s delay following injection of IV
contrast material at 1.5 mL/kg up to maximum of 120 mL,
which is then chased by a 250-mL saline bolus. Standard
fixed noise index of 32 and kVp of 120 are used for the
nephrographic phase. Excretory phase images are obtained
through the kidneys and bladder after a 10-min delay. Dose
reduction is achieved on the excretory phase by reducing
the kVp to 100 and increasing the fixed noise index from
32 to 37. The patient is rolled 360 degrees on the table just
before the excretory phase is acquired to ensure homogenous
contrast in the bladder.

Using this protocol, we achieved approximately 30% dose
reduction compared to our previous protocol for patients
over 40 years of age while still maintaining a high-quality
nephrographic phase exam through the abdomen and pelvis
and allowing accurate assessment of enhancement of renal
lesions. The total mean effective dose of the low-dose proto-
col was 13.2 mSv (median, 11.8 mSv; range, 9.8-19.5 mSv).

In patients under the age of 40, we implemented a split-
dose protocol. This reduces radiation dose in the younger
patient by obtaining a combined nephrographic-excretory
phase acquisition. The disadvantage is that it may result in
more streak artifact, which can result in pseudo-enhancement
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of renal masses, reducing the ability to characterize renal
parenchymal lesions. However, this is more acceptable in
a younger patient where the incidence of malignancy and
renal lesions, including cysts, is lower. The protocol involves
an initial non-contrast CT through the kidneys and bladder
with reduced mA—again achieved by increasing the fixed
noise index to 37—to evaluate for renal stones. A half or
less than half dose of intravenous contrast material is then
injected (approximately 0.75 mL/kg up to a maximum of
75), chased by a saline bolus. This is followed by the admin-
istration of the remaining dose (also approximately 0.75 mL/
kg) at approximately a 90-s delay. Post-contrast mages are
then acquired through the bladder and kidney using the same
low-dose parameters as the non-contrast phase. This allows
for both nephrographic and excretory phase imaging to be
obtained in a single acquisition. Using the split-bolus pro-
tocol (for patients <40 years of age) resulted in a further
mean decrease in effective dose of 18% compared to our new
low-dose protocol for patients over 40. The total mean effec-
tive dose of the split-bolus protocol was 10.8 mSv (median,
10.9 mSv; range, 8.9—12.6 mSv).

Urinary tract malignancies

In our practice, the most common indication for CT urog-
raphy is for evaluation of hematuria to detect urinary tract
malignancies. Urinary tract malignancies can be divided
into upper (renal pyelocaliceal system and ureters) and
lower (bladder and urethra) tracts. Urothelial carcinoma
(UC)—previously known as transitional cell carcinoma
prior to the 2016 update to the WHO classification of blad-
der neoplasms—is the most common malignant histology
affecting the urinary tract [25]. Bladder UC is the most com-
mon location, comprising 90-95% of urothelial carcinomas
compared to 5-10% in the upper tract [26]. Furthermore,
17% of patients diagnosed with primary upper tract UC were
found to have concomitant bladder cancer in a retrospec-
tive review [27]. Urothelial carcinoma risk factors include
smoking, cyclophosphamide exposure, and occupational
exposures to chemical carcinogens [26, 28]. Other urinary
tract malignant histologies include squamous cell carcinoma,
which is associated with chronic inflammatory processes and
comprises up to 5-10% of upper tract malignancies, as well
as adenocarcinoma, which comprises less than 1% [29, 30].

The excretory phase of CT urography is the ideal phase
for detecting malignancies within the urinary collecting sys-
tem. It is timed such that urine opacifies with contrast and
allows for greater contrast separation between urine and soft-
tissue density, which appear as filling defects. UC can also
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Fig.2 CT urogram was obtained in this 63-year-old male for evalu-
ation of gross hematuria. a Non-contrast coronal reformatted image
shows mild left pelviectasis (arrow). b Nephrographic phase coronal
reformatted image shows subtle heterogeneous enhancement in the

often be detected on nephrographic phase as an enhancing
urothelial mass or urothelial thickening [13]. Non-contrast
CT imaging is limited in evaluation of urinary tract malig-
nancies due to low spatial resolution and similar densities
of urine and soft-tissue masses.

Multiple cases are presented here, in which the detection
of urinary tract malignancy would have been difficult with-
out the excretory phase images. Hypoenhancing urothelial
cancer in the renal pelvis or calyx can often be overlooked
on nephrographic phase images (Fig. 2) but is readily identi-
fied as a filling defect on the excretory phase. The excretory
phase is also invaluable in distinguishing early excretion
of contrast on the nephrographic phase from an enhancing
soft-tissue mass (Fig. 3) and in delineating whether a soft-
tissue mass in the renal sinus arises from renal parenchyma
or within the collecting system (Fig. 4).

A ureteral mass, such as UC, could also serve as a lead
point in ureteroureteral intussusception, which requires
excretory phase imaging to make the diagnosis (Fig. 5).
Although this entity has been classically thought to be asso-
ciated with benign ureteral tumors or urolithiasis, there are
several case reports where urothelial carcinoma served as

left renal pelvis (arrow) and delayed left nephrogram relative to the
right. ¢ Excretory phase coronal reformatted image shows a clear fill-
ing defect within the renal pelvis (arrow), which was later confirmed
as urothelial carcinoma

the lead point. Cases associated with UC were more likely
to be in elder patients who were asymptomatic at the time
of diagnosis and subsequently found to have smaller tumors
when compared to case reports of intussusception with
benign entities [31].

Renal papillary/medullary abnormalities
Medullary sponge kidney

Medullary sponge kidney, also known as renal tubular
ectasia, is a congenital malformation of the medullary
collecting ducts with cystic dilation seen on histology
[32]. Non-contrast images may only demonstrate medul-
lary calcifications, which look similar to non-obstructing
renal calculi. Contrast excretion through these abnormal
collecting ducts is thought to be delayed, and results in
the characteristic “paintbrush appearance” on excretory
phase imaging (Fig. 6) [33]. While patients with medul-
lary sponge kidney are often asymptomatic and the diag-
nosis discovered incidentally, medullary sponge kidney
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Fig.3 Companion cases of two different adult patients presenting
with microscopic hematuria demonstrating the utility of the excre-
tory phase in delineating early excretion on nephrographic phase ver-
sus enhancing mass in the renal pelvis. a Nephrographic phase coro-
nal reformatted image demonstrates high density in the renal pelvis
(arrow), which could be early excretion or enhancing mass. b Excre-
tory phase coronal reformatted image demonstrates this corresponds

to a filling defect (arrow), and was in fact an enhancing soft-tissue
mass, later confirmed to be urothelial carcinoma. ¢ Nephrographic
phase coronal reformatted image in a different patient demonstrates
similar high density (arrow) in the renal pelvis; however, d excretory
phase shows this area opacifies with contrast (arrow) and confirms
this as early excretion of contrast on the nephrographic phase

Fig.4 A 60-year-old male with microhematuria. a Nephrographic
phase coronal reformatted image demonstrates a lower pole mass
(arrow). It is difficult to determine whether the mass arises from renal
parenchyma, such as a renal cell carcinoma (RCC), or from the renal
collecting system, such as a urothelial carcinoma. b Excretory phase

has been shown to be associated with increased risk of
infection, increased renal calculus formation, and hema-
turia [32].
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coronal reformatted image better delineates the anatomy and shows
the lower pole calyx (arrow) is displaced by the mass, confirming that
the mass does not arise from the calyx and thus is most likely a renal
cell carcinoma. This was later confirmed to be a papillary RCC at
pathology

Renal papillary necrosis

Renal papillary necrosis is difficult to identify on stand-
ard contrast-enhanced and non-contrast CT imaging, but
shows unique imaging features on the excretory phase of
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Fig.5 A 65-year-old male with microhematuria and flank pain. a
Nephrographic phase sagittal reformatted image demonstrates bul-
bous appearing mass at the distal right ureter (arrow). b Excretory
phase axial image better demonstrates contrast circumferentially in a
“target sign” appearance suggestive of ureteroureteral intussusception

CT urography. As the renal papilla undergoes coagulant
necrosis, a cleft or cavity may form from the calyces into
the renal papilla or medulla. On excretory phase imaging,
papillary necrosis may be detected from contrast-opacified
urine filling the cleft or cavity, or by contrast surrounding
the sloughed necrotic tissue. Renal papillary necrosis has
a wide differential of etiologies, including pyelonephritis,
urinary collecting system obstruction, sickle cell disease,

(arrow), which was due to a urothelial carcinoma as a lead point. ¢
Excretory phase sagittal reformatted image demonstrates tapering of
the distal ureter, or the intussusceptum (arrow), with contrast seen
peripherally, also called the intussuscipiens (arrowhead)

tuberculosis, cirrhosis, analgesic or alcohol abuse, renal vein
thrombosis, diabetes mellitus, or systemic vasculitides [34].
Other imaging findings may be relevant to narrowing the
differential. A case with the classic “golf ball on tee” sign is
described below (Fig. 7), in which contrast opacifies into a
central cavity—the golf ball—formed as a result of papillary
necrosis [35].
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Fig.6 A 63-year-old male undergoing work-up for renal insuffi-
ciency. Non-contrast coronal reformatted images of the left (a) and
right (b) kidneys demonstrate medullary calcifications in bilateral
kidneys that may easily be mistaken for small renal calculi. Excretory
phase coronal reformatted images in bone windows of the left (¢) and
right (d) kidneys demonstrate the characteristic “paintbrush appear-
ance” of medullary sponge kidney, presumably from contrast filling-
dilated medullary collecting ducts

Urinomas and perinephric fluid collections

Distinguishing urinomas from other types of perinephric
fluid collections is a distinct advantage of CT urography. Per-
inephric fluid collections may contain simple fluid, blood,
pus, or urine and could represent post-operative seroma, per-
inephric hematoma, perinephric abscess, or urinoma, respec-
tively. Non-contrast and nephrographic phase imaging are
generally not helpful in distinguishing between these types of
perinephric fluid collections as they all demonstrate relatively
similar densities on CT. Excretory phase imaging is timed to
capture contrast when it opacifies the urine. Thus, the presence
of contrast outside the collecting system and within the fluid
collection confirms the diagnosis of urinoma. Urinomas may
be post-traumatic, post-surgical/iatrogenic, or post-obstructive
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in etiology. Two cases of urinomas are described to demon-
strate the utility of CT urography in identifying the etiology
of a post-surgical fluid collection (Fig. 8), as well as a post-
obstructive forniceal rupture (Fig. 9), which is most commonly
caused by distal obstructing ureteral calculi [36, 37].

CT radiolucent stones

Over 99% of renal calculi are radiodense on CT and eas-
ily detected; however, there are rare compositions of renal
calculi that are indistinguishable from urine attenuation on
CT [38]. Excretory phase imaging may detect the CT lucent
stone as either complete obstruction with lack of distal ureter
contrast opacification, or a filling defect within the excreted
contrast column (Fig. 10) [39]. Note that uric acid and xan-
thene stones are classically referred to as radiolucent stones
given their lucent appearance on conventional radiographs,
but are easily detected by CT and are not included in this
section on the CT lucent stone. Two classic examples of
stones that are radiolucent on CT are matrix stones and drug-
induced stones from protease inhibitors, such as indinavir.
The incidence of indinavir-related urolithiasis is reported
to range from 3% up to 22% in HIV patients taking indi-
navir [40]. Matrix calculi are composed predominantly of
mucoproteins and mucopolysaccharides, containing approxi-
mately two-thirds protein and one-third carbohydrate by
weight and with minimal to no mineralization. Although no
clear age predilection is evident, prior case reports and series
suggest there may be an association with female gender,
history of recurrent renal calculus formation, prior surgical
intervention for renal calculi, and chronic urinary tract infec-
tion (UTI)—particularly with Proteus species and E. coli.
These case series have described imaging findings of matrix
stones as radiolucent filling defects on intravenous pyelog-
raphy or soft-tissue densities in the renal pelvis, sometimes
with scattered or rim calcification [41, 42].

Congenital abnormalities

CT urography is particularly useful in delineating the uri-
nary collecting system anatomy, and thus naturally lends
itself to better characterizing congenital abnormalities.

Ureterocele

Ureteroceles represent congenital dilatation of the distal-
most portion of the ureter and may herniate into the blad-
der. They are thought to arise from obstruction of the
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Fig.7 A 29-year-old male with sickle cell disease presents with bilat-
eral flank pain. a Nephrographic phase coronal reformatted image of
the kidney demonstrates an otherwise normal appearing symmetric
nephrogram. Excretory phase coronal reformatted images in bone
windows of the b right and ¢ left kidneys demonstrate the classic

ureteral orifice during embryogenesis. They are associated
with ectopic insertion of the ureter with duplicated renal
collecting systems in 80% of cases. Ureteroceles are most
commonly detected during work-up of recurrent UTI in the
pediatric population and may be associated with obstruction,
urinary stasis, vesicoureteral reflux (VUR), and increased
risk of stone formation [43]. On excretory phase imaging of
CT urography, ureteroceles manifest as the classic “spring
onion” or “cobra head” sign (Fig. 11), where the ureterocele
fills with contrast surrounded by a thin radiolucent halo rep-
resenting the ureterocele wall distinct from contrast within
the bladder [44]. The presence of a thicker, ill-defined lucent
halo or filling defect within the apparent ureterocele should
raise suspicion for the so-called “pseudo-ureterocele,” which
is a mimic caused by a ureterovesicular junction (UVJ) mass
or calculus causing an incomplete obstruction [45].

“golf ball on tee” sign (arrow) of renal papillary necrosis. d Bilat-
eral femoral head osteonecrosis (arrows) is also seen, which in the
absence of the given history would help solidify sickle cell disease as
the etiology behind this patient’s renal papillary necrosis

Ureteral duplication

Ureteral duplication, also called renal duplication, is the
most common congenital urogenital abnormality occur-
ring in up to 0.5% of the population and may incidentally
be encountered on CT urography. Ureteral duplication is
subdivided into partial and complete. In partial, separate
upper and lower pole ureters fuse at some variable distance
proximal to the UVJ [2]. While partial duplication is gener-
ally considered a normal variant, it can be associated with
ureteroureteral reflux, resulting in urinary stasis and may
pose increased risk of UTI [46].

In complete duplication, two ureteral buds give rise to
entirely separate upper and lower ureters that do not fuse
(Fig. 12). The upper pole ureter has an ectopic insertion,
inferior and medial to the orthotopic lower ureteral insertion,
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Fig.8 A 32-year-old status post right-sided partial nephrectomy. a
Nephrographic phase axial image shows a complex fluid collection
(arrow) adjacent to the recently operated on right kidney. b Excretory
phase axial image demonstrates contrast opacification of the fluid col-
lection (arrow) compatible with a post-operative urinoma

an observation referred to as the Weigert—Meyer rule [47].
Note that ectopic here means insertion in a location other
than where a normal non-duplicated ureter would insert,
while some papers reserve the term ectopic insertion to
specifically refer to insertion outside the bladder trigone,
which is of greater clinical consequence. There is a higher
association of concurrent ureterocele at the upper pole inser-
tion, as well as higher rates of VUR and obstruction [2].
The upper pole may insert on structures along the so-called
“ectopic pathway,” which varies between females and males.
In females, this includes the bladder, urethra, vagina, cervix,
uterus, or salpinges. Insertion below the external urethral
sphincter or in the reproductive organs will result in uri-
nary incontinence. In males, possible insertions includes the
bladder, prostatic urethra, seminal vesicles, vas deferens, or
ejaculatory ducts in the prostate—all of which are located
above the external urethral sphincter, and typically present
with UTIs (Fig. 13) [2, 47].

Crossed fused renal ectopia

Crossed fused renal ectopia (CFRE) is the second most com-
mon renal fusion abnormality after horseshoe kidney that

Fig.9 A 50-year-old male with right flank pain that acutely improved
before CT exam. a Nephrographic phase axial image shows a right
peripelvic fluid collection. b Excretory phase axial image shows con-
trast extending into the fluid collection from the renal pelvis compat-
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ible with a urinoma from forniceal rupture, which in this case was
confirmed to be secondary to a ¢ 2-mm obstructing distal ureteral
stone (arrow)
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Fig. 10 A 53-year-old patient with renal colic. a Non-contrast coro-
nal reformatted image demonstrates mild left hydroureter without evi-
dence of a radiopaque ureteral calculus. b Nephrographic phase coro-
nal reformatted image demonstrates symmetric enhancement without
an apparent cause for the left-sided hydroureter. ¢ Excretory phase
coronal reformatted image demonstrates a rounded filling defect in
the proximal left ureter, which was later confirmed at pathology to be
a matrix stone

may be incidentally discovered on CT urography. CFRE is
typically discovered in the asymptomatic patient, although
it can present with flank pain or palpable mass [48]. It is
associated with increased risk of nephrolithiasis, obstruc-
tion and hydrocephalus, VUR, and UTI [48, 49]. CFRE is
a congenital abnormality in which one kidney fuses to the

Fig. 11 A 47-year-old male with incidental finding of right-sided
hydroureter on imaging for work-up of an unrelated issue. a Non-con-
trast axial image of the pelvis demonstrates right distal hydroureter.
There is also a high density in the bladder in the region of the left
ureterovesicular junction (UVJ). b Excretory phase axial image on
bone windows demonstrates bilateral ureteroceles, non-opacified on
the right due to impaired excretion by the right kidney. The classic
“spring onion” sign is best demonstrated on the left where the uret-
erocele is opacified with contrast. The left UVJ calculus seen on the
non-contrast image is shown to be within the left ureterocele. The
ureterocele on the right is likely the cause of this patient’s right-sided
hydroureter

contralateral kidney before ascending on the contralateral
side [50]. Typically, the upper pole of the crossed ectopic
kidney fuses with the lower pole of the other kidney. The
result is a single-fused kidney with two ureters. The fused
kidney will often have aberrant arterial anatomy [48]. On
non-contrast and nephrographic phases of CT urography, a
single-fused kidney will be seen with two ureters. Excretory
phase imaging better delineates the contrast-opacified ureter
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No cut

Fig. 12 A 66-year-old patient undergoing work-up of microscopic
hematuria. An excretory phase 3D reconstruction demonstrates a
complete ureteral duplication with completely separate upper and
lower ureters (arrows) along their respective course, both of which
insert on the bladder. There is incidentally noted concurrent ureteral
pseudodiverticulosis (arrowhead)

@ Springer

of the ectopic kidney crossing midline before inserting on
the bladder at the contralateral UVJ (Fig. 14).

Chronic inflammatory conditions
Ureteritis cystica

Ureteritis cystica is a benign condition in which multiple
subepithelial cysts are present in the wall of the ureter. The
etiology remains unclear, although it is commonly thought
to be due to indolent changes from chronic inflammation as
it is often associated with stone disease and prior ureteral
instrumentation. While this finding is difficult to observe on
nephrographic phase images, on excretory phase it is seen as
multiple punctate filling defects in the urinary tract (Fig. 15).
It is important to be aware of this benign condition and to not
confuse it with multifocal urothelial cancer [51].

Ureteral pseudodiverticulosis

Ureteral pseudodiverticulosis is a rare incidental finding
typically discovered on CT urography during the work-up
of other urinary tract disorders. It is seen on excretory
phase imaging as multiple less than 5 mm outpouchings
from the ureters (Fig. 16). Although this entity is thought
to be related to chronic inflammation, unlike ureteritis
cystica, this entity is strongly associated with malignancy



Abdominal Radiology (2019) 44:3919-3934

3931

Fig. 13 A 39-year-old male undergoing further work-up after inciden-
tal finding of bilateral hydroureteronephrosis on imaging performed
for unrelated symptoms. a Excretory phase coronal image demon-
strates bilateral complete ureteral duplication with hydronephrosis
of bilateral upper moieties (arrows) with insertion of the upper pole

within the urinary tract, with one case series reporting
up to 50% of cases demonstrating coexisting urothelial
malignancy [52].

Conclusion

CT urography has become the primary imaging modality
in evaluating hematuria and is commonly used in staging
and surveillance of urinary tract malignancies. It also has
value for evaluating renal papillary abnormalities, per-
inephric fluid collections, CT radiolucent stones, congenital

ureters onto the prostatic urethra (arrowhead). b Additional coronal
reformatted image demonstrates the upper pole hydroureter (arrow)
and normal lower pole ureter (arrowhead). ¢ Excretory phase axial
image again demonstrates ectopic insertion of the upper pole ureters
onto the prostatic urethra (arrow)

abnormalities, and chronic inflammatory conditions. The
non-contrast, nephrographic, and excretory phases of CT
urography provide powerful diagnostic ability when com-
bined, but also have the potential to add substantial patient
radiation dose. The use of AEC, IR algorithms, split-bolus
dosing in patients under age 40, and tolerating higher noise
in certain phases are a few techniques reviewed here to
mitigate the issue of increased radiation dose. With these
techniques, it is possible to perform high-quality, low-dose
CT urography.

@ Springer
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Fig. 14 A 46-year-old female presents with abdominal pain, inci-
dentally found to have crossed fused renal ectopia. a Nephrographic
phase axial image at the level of the kidneys shows an ectopic right
kidney fused to the left kidney (arrow) in the left upper quadrant. b
Excretory phase axial image shows two ureters (arrow), one of which
crosses midline to the right hemiabdomen before inserting on the
bladder at the right UV]

@ Springer
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Fig. 15 A 72-year-old female with chronic UTI. a Non-contrast coro-
nal reformatted image demonstrates a ureteral stone (arrow) in the left
proximal ureter. b Excretory phase coronal reformatted image shows
very subtle indentations (arrow) in the proximal and mid ureter. ¢ The
same coronal reformatted image in bone windows reveals multiple
uniform tiny filling defects (arrow) in the proximal and mid ureter,
which represent multiple subepithelial cysts in the wall of the ureter
from ureteritis cystica
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Fig. 16 Two cases of ureteral pseudodiverticulosis in adult patients
undergoing work-up of microscopic hematuria demonstrating multi-
ple tiny, less than 5 mm, outpouchings from the ureters (arrows) on a
a 3D reformatted image from excretory phase imaging on CT urogra-
phy and on b antegrade pyelography
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