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urography (CTU) as a surrogate of intravenous pyelography (IVP) for
determining the anatomy of the urinary collecting system in living kidney donors.
Materials and Methods: In an analytic descriptive cross-sectional study, 36 healthy
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E-mail: dr.naghavii@gmail.com mean age: 28 + 6 years) were enrolled in this study. The kappa coefficient value was
significant and almost perfect for the CTU and IVP findings in detecting the pattern
of calyces (kappa coefficient 0.92, asymptotic 95% confidence interval 0.86-0.97).
Anatomic variations or anomalies of the urinary collecting system included the bifid
pelvis (5.6%), duplication (8.3%), and extra-renal pelvis (2.8%). Both the sensitivity
and specificity of CTU in the detection of the anatomy and variations were 100%; the
sensitivity and specificity of IVP were 83.3% and 100%, respectively. Conclusions: The
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INTRODUCTION

Kidney transplantation is considered the definitive
treatment option for patients with end-stage renal
disease.l" In contrast to most countries, the main source
of harvesting kidneys for transplantation in Iran is healthy
living donors. The kidney’s anatomical parameters, the
renal vessels, and the urinary collecting system are major
determining factors for identifying if a donor kidney is fit
for transplantation; these parameters may also determine
the surgical approach and overall prognosis. Therefore,
preoperative protocol requires that all kidney donor
candidates undergo complete abdominal imaging to
visualize the kidney’s anatomy, vasculature, and urinary
collecting system as a part of routine initial evaluation.
A wide range of anatomical variations have been reported
for the urinary collecting system; recognizing these
variants facilitates surgeons in choosing the optimal
surgical approach (laparoscopic vs. open nephrectomy),
appropriate positioning during surgery, and determining
the endourologic procedure that will minimize potential
complications.?*

Unenhanced computed tomography (CT) was initially
established as the primary method of evaluation for
nephrolithiasis. Currently, contrast-enhanced CT is
recognized as the most appropriate imaging modality for
visualizing renal masses and parenchymal abnormalities.>”
Although intravenous pyelography (IVP) is considered one
of the preoperative evaluation methods of the urinary
collecting system, CT with contrast has not replaced IVP
for imaging the urothelium. The lower spatial resolution
of CT makes it difficult to acquire images containing the
intrarenal collecting system and ureters that are both
completely opacified simultaneously.®'? Introduction of
multi-detector technology for CT scan (MDCT) has provided
images with thin collimation of the kidneys, ureters, and
bladder during a single breath-hold."'™® In addition, MDCT
angiography (MDCTA) is widely accepted as adequate
for studying the renal vascular anatomy. Studies have
demonstrated that the anatomic characteristics and
anomalies of the urinary collecting system and ureters
can be clearly assessed during the latent or excretion
phase of MDCTA (i.e. CT urography [CTU]).l"*™ Timed
scanning and reconstruction gives the opportunity to
opacify the urinary collecting system and carry out CTU in
the meanwhile with angiography. These series of images
let radiologists accurately assess the spatial anatomy of
the urinary collecting system, anomalies, and variations
as well as evaluate the vascular anatomy during a single
CT study."®"® This type of CTU, which is performed using
multiple and timed contrast injections accompanied by

the delayed scan, may serve as an excellent alternative to
IVP for investigating the anatomy of vessels and urinary
collecting system simultaneously. This modality avoids
exposing kidney donors to unnecessary clinical workup.

The aim of this study was to determine the accuracy of the
triple-bolus CTU and IVP for assessing the urinary collecting
system anatomy in kidney donors by comparing the results
to surgical findings as the reference. This study is novel
as the triple-bolus CTU is compared to IVP and surgical
findings performed in healthy living donors.

MATERIALS AND METHODS

Study design and population

In this cross-sectional study, 53 healthy kidney donors
were referred to the kidney transplant division of Imam
Reza (P.B.U.H) Educational-Medical Center (January 2011
through January 2013) and were enrolled for imaging
evaluation. Inclusion criteria included: Age 18-65 years,
having normal renal function, coming through ethical and
official processes of kidney donation, and filling a written
consent to take part in the study. Exclusion criteria included
any contraindication for open laparotomy (e.g., severe
heart failure), impaired renal function, having renal artery
aneurysms, morbid obesity, and patient’s preference. Of
53 potential candidates, 17 were excluded because 2 had
poor image quality on IVP, one with duplicated left renal
artery and vein, one due to multiple significant calculus,
two had various large cysts, other one had pelvic kidney,
and remaining nine declined to participate in the study.
The study included 36 patients who underwent both
preoperative triple-bolus CTU and IVP, had no prior disease,
and normal kidney function on routine preoperative
testing.

No unnecessary interventions were performed and no
additional expenditures were imposed on the patients. All
participants signed a written consent and were given the
option of free withdrawal from the study at any given time.
The study protocol was approved by the Ethics Committee
of Tabriz University of Medical Sciences (TUMS), which was
in compliance with the Declaration of Helsinki.

The anatomy of the urinary collecting system on the
triple-bolus CTU, IVP, and surgery (gross anatomy) were
compared in the enrolled participants.

Computed tomography scan technique

As described in literature, two modified image series
were acquired:""® First, unenhanced CT images were
obtained followed by a series of contrast-enhanced
images obtained after triple-bolus injections of contrast
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media. As a preparation, patients were asked to drink
water, 500 ml during a period of 30 min till the study
and 150 ml 15 s before starting the study; any diuretics
was avoided. A 64 multi-slice CT scanner (Somatom
Sensation 64; Siemens, Erlangen, Germany) was used to
scan all the patients. The nonenhanced scout image from
the diaphragm to the pubic symphysis was obtained
with 70 mAs. A total of 120 mL of iopromide 300 mg/mL
(Ultravist 300, Schering, Germany) was given using an
automatic power injector (Medrad, USA) while it was split
into three bolus injections; contrast-enhanced scanning
was then conducted. The first injection (30 mL at rate of
2 mL/s) was administered to opacify and reveal the urinary
tract. The second bolus (40 mL at rate of 2 mL/s) was
administered 5 min after withdrawal of the first bolus, to
show the renal medulla and veins. The third bolus (50 mL
at rate of 3 mL/s) was injected 1 min after withdrawal
of the second bolus, for enhancing the renal cortex and
arteries. Immediately after completion of the last bolus
injection, a single contrast-enhanced series of images
from the diaphragm to the pubic symphysis were acquired
to evaluate the anatomy of the urinary collecting system.

Intravenous pyelography technique

Standard IVP technique was used for IVP imaging." Following
a preliminary kidney, ureter, and bladder radiograph, a
100 mL IV bolus of ionic contrast material (Imagopaque,
Nycomed Imaging AS; Oslo, Norway) was given followed by
radiographs at 1, 5, 10, 15, and 20 min, beside postvoid and
delayed films, if indicated. The patients were asked to wear
a gown and to lie on a couch before contrast injection. The
patients were asked to remain on the couch between each
X-ray. The designated radiologic technician injected the
contrast media; the technician was well-trained in recognizing
the signs and symptoms of an adverse reaction and in
monitoring the candidates for any potential side-effect. The
supervising physician was available to react promptly should
the patient exhibit any adverse signs or symptoms.There was
at least 1-week interval between CTU and IVP. Kidney length
on IVP was estimated by measuring the distances between
the outermost upper and lower renal poles boarders on the
films. Bipolar length was used for all individuals.

Surgery method

The surgical procedures were carried out by two skilled
and well-experienced surgeons using the open laparotomy
technique (A.Z. urologist with 23 years and A.B. transplant
surgeon with 25 years of renal transplantation experience).
Donors were positioned in the right lateral position and a
longitudinal incision, close to 7 cm, was made at the left
flank. The incision was extended to the retroperitoneal
space using the muscle-splitting technique. Retractors

were then used to expand the retroperitoneal space.
Linear stapling devices were used to separate the renal
artery and vein; the kidney was then extracted. Incision
sites were sutured intracutaneously. Anatomy of vessels,
kidney, and collecting system was grossly analyzed. After
removal, the kidneys were clamped before anastomosis,
and length, width, thickness, and weight were measured
using sterilized Vernier callipers and excluding as much
perirenal fat as possible. The blades of the callipers were
positioned to touch the outmost points of the upper
and lower poles of the kidney lightly. The accuracy of the
measurement was =1 mm.

Images analysis

Two readers (radiologists with 5 years of experience in
abdominal imaging) independently assessed CT scan and
IVP images, and any disagreements were resolved by the
radiologists by consensus. The axial, coronal, and sagittal
multiplanar reformations were reconstructed and studied
using a dedicated workstation (Leonardo Workstation,
Syngo Circulation, Siemens Medical Solutions). Readers of
IVP and CT scan images were blinded to the images, which
were coded randomly.

The number of major and minor calices in the upper,
middle, and lower poles, distribution pattern of calices in
the upper, middle, and lower poles in CTU were compared
to IVP as the reference to show the qualitative accuracy of
the triple-bolus CTU. In addition, longitudinal diameter
of the transplanted kidney, types of anomalies and
variations (such as bifid pelvis, complete duplication,
partial duplication, extrarenal pelvis, malrotated kidney,
ectopic kidney, and hump like kidney) in CTU and IVP
were assessed in comparison to surgical findings as the
standard reference. Diagnostic value of CTU and IVP for
differentiating of urinary collecting system anomalies was
recorded.

Statistical analysis

Obtained data are presented as mean + standard deviation,
distribution, and percentage (%). Statistical Package for the
Social Sciences™ version 15 (SPSS Ltd., Chicago, IL, USA) was
used for statistical analysis. Linear correlation of variants
was investigated by Pearson correlation coefficient (r). Level
of compatibility was determined using Kappa coefficient.'
The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated and
reported for both methods.

RESULTS

A total of 36 live kidney donors were investigated (33
were male and 3 were female). The mean age was
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28 + 6 years (minimum age was 20 years and maximum age
was 48 years). Figure 1 shows the modified CTU method,
used so that all arteries, renal parenchyma, and collecting
system could be enhanced with maximum detail.

The number of minor and major calices in the upper,
middle, and lower polesis showninTables 1 and 2. Caliceal
distribution pattern on the triple-bolus CTU and IVP images
is summarized in Table 2; the kappa coefficient value was
significant and almost perfect for the triple-bolus CTU and
IVP findings in the detection of calyceal patterns (kappa
coefficient 0.92, asymptotic 95% confidence interval is
0.86-0.97).

The length of the harvested kidneys was measured using
three methods [Table 3]. A positive and significant direct
linear correlation was shown between the triple-bolus CTU
and IVP (r=+0.62,P < 0.001).The results also demonstrated
a positive and significant linear correlation when comparing
the triple-bolus CTU with surgical findings (r = +0.77,
P <0.001) and when IVP was compared to surgical findings
(r=+0.65,P < 0.001).

The variations and anomalies observed in the kidney and
urinary collecting system during the triple-bolus CTU, IVP,
and surgery are summarized in Table 4.

Thefrequency of urinary collecting system anomalies (based
on the result of surgery) was 1 (2.8%) extrarenal pelvis,

Figure 1: Triple-bolus computed tomography urography in transverse plane
(a) demonstrates renal parenchyma enhanced on both sides including contrast
media excreted into left pelvicalyceal system (black arrow pointing to left
kidney and contrast media excreted into left pelvicalyceal system). Intravenous
contrast is seen in the aorta and subsequent hepatic arteries (white arrow
points to the aorta). (b) Triple-bolus computed tomography urography in coronal
plane demonstrates enhanced renal parenchyma on both sides including
intravenous contrast in aorta; contrast media is excreted into pelvicalyceal
systems on both sides (black arrows point to kidneys and contrast media
excreted into pelvicalyceal system). (c) A normal intravenous pyelography
shows enhanced pelvicalyceal systems with no dilation in subsequent ureters
(black arrows point to enhanced pelvicalyceal systems and white arrows point
to enhanced ureters).

2 (5.6%) full duplication, 1 (2.8%) partial duplication, and
2 (5.6%) bifid pelvis.

The triple-bolus CTU demonstrated sensitivity, specificity,
PPV, and NPV of 100% for detecting urinary collecting
system anomalies.

The sensitivity, specificity, PPV, and NPV of IVP in detecting
urinary collecting system anomalies were all 100%,
except for imaging an extrarenal pelvis in which case it
demonstrated 83.3% sensitivity, 100% specificity, 100%
PPV, and 96.8% NPV.

DISCUSSION

The accuracy of the triple-bolus CTU was significant and
almost perfect with regard to both major and minor
anatomical details of the urinary collecting system,
compared to IVP. Common variations/anomalies of the
urinary collecting system were the bifid pelvis, duplication,
and extrarenal pelvis; the sensitivity and specificity of the
triple-bolus CTU were 100%, whereas the sensitivity and
specificity of IVP were lower close to 83.3% and 100%,
respectively.

Kidney imaging is an important part of the overall
management of patients with kidney diseases, whetheritis
used forassessing disease burden, determining pelvicalyceal
anatomy, or planning the therapeutic approach. In the
current study, the triple-bolus CTU and IVP demonstrated
a significant concordance in determining anatomical
features. When utilized for studying anomalies/variants of
the urinary collecting system, the sensitivity and specificity
of the triple-bolus CTU were both 100% when compared to
the findings during surgery; the sensitivity and specificity of
IVP for detecting anomalies/variants were 83.3% and 100%,
respectively. This finding is supported by the literature
wherein CT has been demonstrated to be superior to IVP
in diagnosing and evaluating renal anomalies.['%20-22

Heneghan et al., compared the CTU and IVP methods
of imaging including 50 cases that had undergone
compression of the CTU to visualize the urinary collecting
system.!" Excretory phase images were additionally
acquired through the kidneys, 3 min after injection.
In the study, the diagnostic power of CTU in showing
opacifications of the pelvicalyceal system was reported
equal to or higher than IVP up to the middle parts of the
ureters.

Another study evaluated 65 patients with suspicion of
renal anomalies and pathologies using multi-detector
CTU compared to intraoperative findings as the
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Table 1: Number of minor and major calices detected using computed tomographic urography and intravenous pyelography

Modalities Upper pole Middle pole Inferior pole
Minimum- Mean + SD P Minimum- Mean + SD P Minimum- Mean + SD P
maximum maximum maximum
Minor calices
CTU 2-9 3.60+1.39 P<0.001 2-5 2.67+0.73 P<0.001 2-7 3.10+1.18 P<0.001
IVP 2-8 2.99+1.18 r=0.87 2-4 2.32+0.55 r=0.51 1-6 2.49+0.90 r=0.80
Major calices
CTU 1-2 1.03+0.17 P<0.001 1-2 1.01+£0.12 P<0.001 1-3 1.07+0.31 P<0.001
IVP 1-2 1.01+0.12 r=0.70 1-2 1.01+£0.12 r=1 1-2 1.03+0.17 r=0.52

CTU: Computed tomographic urography, IVP: Intravenous pyelography, SD: Standard deviation

Table 2: Distribution pattern of calicesin twoimaging methods

Calices CTU
Simple Complex
IVP
Upper pole
Simple 67 0
Complex (] B
Middle pole
Simple 59 o]
Complex 0 13
Inferior pole
Simple 60 1
Complex (0] 11

IVP: Intravenous pyelography, CTU: Computed tomographic urography

Table 3: Length of the transplanted kidney

Modalities Mean + SD Minimum-maximum
CTU 110.49+7.97 98-140
IVP 124.43+£10.40 100-180
Surgical findings 118.75+11.28 105-160

CTU: Computed tomographic urography, IVP: Intravenous pyelography, SD: Standard
deviation

Table 4: Anomalies and variations assessed with computed

tomographic urography, intravenous pyelography, and
surgical findings

Anomaly Kidney CTU IVP Surgery
Collecting system
Bifid pelvis Harvested 2 2 2
Contra-lateral 4 4 -
Complete duplication Harvested 2 2 2
Contra-lateral - - -
Partial duplication Harvested 1 1 1
Contra-lateral - - -
Extrarenal pelvis Harvested 1 - 1
Contra-lateral - - -
Total Harvested 6 5 6
Contra-lateral 4 4 -
Kidney
Malrotated kidney Harvested 1 - 1

Contra-lateral - - -
Contra-lateral
Contra-lateral
Harvested
Contra-lateral - - -
CTU: Computed tomographic urography, IVP: Intravenous pyelography

Ectopic kidney

_
-
'

Hump-like kidney

reference. Nephrographic, unenhanced, compression,
and excretory-phase images through the abdomen and
pelvis were obtained. In the study, 5 cases of congenital
anomalities, 18 cases of calices/papillary anomalies, and

30 cases of pelvic anomalies were found; all CTU findings
were in complete concordance with surgery findings.??

Prospective evaluation of 77 living kidney donors to
demonstrate the anatomy of the urinary collecting system
and ureters was performed by vascular and excretory
phases of CTU in comparison to the surgical findings.
The results of CTA and CTU were then compared to the
surgical findings. Renal anomalies included only two
cases of malrotation without obstruction. In the study,
the findings of CTA and CTU in investigating transplanted
kidney arteries and the structure of the urinary collecting
system and ureters demonstrated significant correlation
with intraoperative findings.?*

Numerous studies have shown that CTA and CTU have a
similar accuracy for the evaluation of anatomical features
of the kidney and collecting system when compared to
intraoperative findings.?*?1The results of this study are also
in accordance with the findings of the mentioned studies.

While some argue that using CTU for preoperative evaluation
of kidney donors is unnecessary due to the adequacy of CT
scanogram and screen-film radiography, it is important to
note that CT scanogram has limitations. These limitations
include its low spatial contrast power (<1 line in mm)
and CT scanogram’s utility of screen-film radiography
which requires rapid transport of the patient to the
urography ward after using contrast material, consequently
creating complexity during preoperative evaluation.l?*?®
Furthermore, through technical improvements, especially
using very high-contrast devices to run CTU studies, it is
possible to study the smallest anomalies in the urinary
collecting system.The ability to reformat obtained images
and create three-dimensional (3D) and more tangible
results has substantially improved the diagnostic power
of this modality.2"2%

To summarize the findings of prior investigations, the
advantages of CTU over IVP in investigating the renal and
urinary collecting system are 4-fold: The ability to complete
scanning of the entire body during only one breathing
stage; simultaneous evaluation of the vascular system,
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renal parenchyma, and urothelium; increased diagnostic
sensitivity in detecting small lesions; and providing needed
information for creating 3D images.*

However, further studies are needed in this field to
determine the best protocol. Factors that may affect
the results include the effect of the patient’s position
during imaging, fullness versus emptiness of the bladder,
type of contrast utilized, using adjunctive drugs during
imaging, and type and method of assistive maneuvers
during imaging (e.g., simultaneous pressure on the
stomach, etc.).'°2233% Fyrthermore, the voltage can result
in different image qualities in this modality.

Besides CTU, the emergence of new technologies such as
magnetic resonance imaging has resulted in newerimaging
methods to examine the urinary tract. Although numerous
artifacts in magnetic resonance urography has hampered
this method, initial results are promising for evaluating
the urothelium.B" Furthermore, comparison between CTU
and magnetic resonance urography has shown that CTU
is the superior method for detecting urologic pathologies.
However, it has also been concluded that combining these
two methods can yield a higher accuracy for detecting
urologic pathologies.??

Though there are many advantages of CTU, this modality
also has some disadvantages including radiation exposure.
Many efforts have been made to reduce the radiation dose
for donor CTU by modifying scan protocols, improving
iteratively reconstruct algorithms, or utilizing dual energy
CT scans, combining unenhanced and excretory phases
with a normal-dose corticomedullary phase, or using a
split-bolus dual-phase protocol that utilizes furosemide.5>3¢
In the present study, using triple-bolus CTU was the main
method to decrease the level of exposure to radiation, in
which three different phases are shown through a single
image using CTU. Although different methods are proposed
toincrease enhancement induced by contrast media, such
as diuresis, in our study, diuresis was not done.373

CONCLUSION

The triple-bolus CTU can evaluate the anatomy of the
kidney and urinary collecting system in detail with a
similar accuracy compared to surgical confirmation and
IVP, respectively. Application of this modality resulted in
achieving two main goals, reduced radiation exposure
and increased extent of anatomy enhanced by contrast
media; future attempts should focus on further minimizing
the radiation exposure, as the dose of contrast already
decreased to 120 ml in this method. Furthermore,
radiologists can successfully consider using imaging

protocols that are patient-specific and tailored to answering
the clinical question.
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