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Abstract: Imaging plays a crucial role in pre-transplant evaluation to enhance the probability of a successful
outcome. Its aim is to define kidney and vascular anatomy and to assess potential pathologies. Each modality
has advantages and disadvantages. Computed tomography angiography (CTA) is the most commonly used
imaging modality, however, magnetic resonance angiography (MRA) can be used in selected cases. The
purpose of this review article is to provide an overview of available imaging modalities, their benefits, risks,
advantages, and disadvantages. Imaging findings that indicate particular anomalies and pathologies that may

affect living renal donor selection will be discussed.
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Introduction

The prevalence of end-stage renal disease (ESRD) is
increasing throughout the world, posing a significant
challenge for health care systems worldwide (1). Renal
transplantation is considered the treatment of choice
for ESRD, and successful kidney transplantation can be
expected to significantly increase a patient’s quality of
life. The lack of cadaveric organ availability has led to
transplantation from living donors. In order to decrease
the gap between the demand for and availability of
kidneys from healthy young people, organs from an older
population with comorbidities has increased in recent
years (1). Harvesting kidneys, especially from less ideal
donors, requires especially careful preoperative assessment
to minimize the donor’s risk of complications. Further,
due to a rapid increase in the use of laparoscopic surgical
techniques and the associated limited operative field of
view, a precise delineation of the anatomy is required prior
to the intervention (2). As visualization of the posterior and
medial superior aspects of the kidneys and the renal veins
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are limited during laparoscopic surgery (3), imaging plays
a fundamental role in the non-invasive evaluation of the
kidneys and vasculature. Non-invasive imaging modalities,
such as Doppler ultrasound, multiphase computed
tomography (CT) including CT Angiography (CTA),
and magnetic resonance imaging (MRI) or angiography
(MRA) are available options post-processing following
image acquisition.

Living renal donor evaluation

All living donors should have a detailed medical evaluation
to ensure donor’s safety: an extensive history, physical exam,
blood and urine screening tests, electrocardiogram, chest
X-ray, and imaging evaluation of kidney anatomy and its
associated vasculature (4). Most commonly, CTA, which has
been demonstrated as an accurate, safe, and cost-effective
technique, is performed for anatomical evaluation of the
renal donor (5,6). Some centers use MRI/MRA in selected
living renal donor patients (7). Ultrasound is less frequently
used in living donor kidney evaluations. A common
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Table 1 Living donor evaluation

History
Hypertension
Diabetes
Intravenous drug abuse
Infections
Medication use
Cardiovascular diseases
Cancer history
Autoimmune disease history
Physical exam
Weight/Height
Blood pressure
General physical exam
Lymph node examination
Breast exam (female patients)
Prostate exam (older males)
Laboratory
CBC
Coagulation screen
Creatinine clearance
GFR measurements
Urinalysis
Liver panel
Electrolytes
Antiviral screening
PPD
Electrocardiogram
Chest X-ray
PAP
Anatomic evaluation of the kidneys

CTA or MRA

indication for ultrasound is for screening patients with a
family history of autosomal dominant polycystic kidney
disease (8). The use of catheter angiography has declined
significantly with the rapid advance of cross-sectional

techniques. In this review, we concentrate primarily on
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CTA and MRA modalities since ultrasound and catheter
angiography play very small roles in current renal donor
anatomy assessment protocols. Table 1 lists the tests that
may be used for renal donor evaluation.

CTA versus MRA in living renal donor evaluation

The main goal of imaging is capturing the anatomical detail
of the kidneys, vasculature, and associated or incidental
pathologies. Multiphase, high-resolution image acquisition
with CTA or MRA can provide detailed evaluation
of the kidneys. Each modality has its advantages and
disadvantages. Small studies have shown that CT and MRI
are comparable techniques for living donor evaluation
(9-11). A pilot study with a 3.0 Tesla MRI for kidney
anatomy assessment demonstrated high sensitivity (96%) for
delineating arterial anatomy, but lower sensitivity (76%) for
venous anatomy (6). Another small study demonstrated that
non-contrast MRI could also be a potential replacement
for CTA (12). The main advantage of MRI/MRA is that
it is a radiation-free imaging modality and can be used for
patients with an iodine allergy (13). The limitations of MRI
are the spatial resolution and small coverage per slab in a
single acquisition, which potentially may result in missing
the small accessory arteries arising from pelvic vessels (14).
Other potential issues with MRI are motion artifact due
to breathing in longer sequences and poor coordination
between the injection of the contrast material and image
acquisition (7). Further, small stones and calcifications can
easily be missed on MRI images, possibly necessitating
additional imaging (13).

Improvements in CTA have resulted in superb spatial
resolution with shorter scan periods, which can substantially
reduce motion artifact. Prospective studies with larger
populations have shown that CTA is more accurate than
MRA for renal donor evaluation (15,16). Liefeldt et al.
demonstrated that CTA shows more accessory renal arteries
than MRA (15). Therefore, CTA is still preferred and is the
gold standard despite theoretical risks of nephrotoxicity and
radiation (7). Notably, recent studies have clearly stated that
iodinated contrast agents are not nephrotoxic in patients
with normal kidney function (eGFR of 45 mL/min/1.73 m’
or higher) (16). Adjustments of the radiation protocol
and several other techniques have been studied, including
iterative reconstruction or lowering the tube voltage (17,18).
Davarpanah et 4l. reduced tube voltage current from 120
to 80 kV resulting in a significant reduction of radiation
that also improved the signal-to-noise ratio (SNR) and
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Table 2 Main advantage and disadvantages of the imaging modalities

Aghayev et al. Vascular imaging in renal donors

Modality Advantages Disadvantages
Ultrasound Widely available; ideal for screening Operator dependent; difficult to assess vessel anatomy; time consuming
Angiography  Excellent resolution of arterial anatomy Invasive procedure; radiation; iodine contrast agent associated
nephrotoxicity or allergy; limited to vascular anatomy
CT/CTA Superb spatial resolution for small vessels; Radiation; iodine contrast agent associated nephrotoxicity or allergy
multiphase acquisition for vessels, parenchyma
and collecting system evaluation
MRI/MRA No radiation; multiphase acquisition for vessels, Expensive; low spatial resolution for small vessels; gadolinium contrast

parenchyma and collecting system; excellent
tissue characterization

agent associated Nephrogenic Systemic Fibrosis, or allergy

contrast to noise ratio (CNR) (17). Recently, there has been
a rapid increase in the use of dual-energy CT (DECT) in
renal imaging (19), particularly in renal mass evaluation,
in which DECT can create virtual non-enhanced data sets
and minimize image acquisition in the classic triple phase
protocol. DECT can potentially be applied to the renal
donor imaging protocol and can be expected to aid in further
minimizing radiation dose. Tzble 2 summarizes the advantages
and disadvantages the different imaging modalities.

An important consideration in any screening study
is its capacity to generate more imaging follow up for
characterizing incidental findings. However, multiphase
imaging of the abdomen and pelvis can aid in identifying
pathologies in the renal donor population. A study by Tan
et al. demonstrated that in a cohort of 1,597 patients,
95.4% of the incidental findings could be characterized
on multiphase CT imaging, and only 4.5% of the findings
warranted additional workup (20).

CTA protocol in renal donor evaluation

CTA imaging for healthy donors can be performed as a
4-phase CT image acquisition protocol (21). The initial
phase should be non-contrast image acquisition, followed
by arterial phase CTA, nephrographic phase (100 s delay),
and excretory phase (pyelographic phase). The detailed
protocol of the scan is shown in Table 3.

Non-contrast image acquisition

The non-contrast phase is acquired following the topogram
and is the ideal phase for evaluating the presence of
potential stones and calcifications in the kidneys (Figure I).
However, some centers advocate excluding the non-contrast
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phase because these are healthy patients and the arterial
phase is sufficient for visualizing kidney stones (22,23).
However, this may increase false-positive “stone” detection
on CT studies.

Arterial phase CTA image acquisition

CTA for renal donors can be performed with automated
bolus tracking, similar to regular CT angiography studies
that assess abdominal arterial anatomy (21). Nonionic
contrast agent with a concentration of 300 or 370 mg
iodine/mL can be administered with an injection rate of 4
to 5 mL/s. The maximum contrast dose should be 100 or
120 mL based on iodine concentration. The ideal anatomic
coverage for CTA should extend between the dome of
the diaphragm and the distal portion of the common
iliac arteries or iliac crest (24). An additional option for
obtaining the CTA is a slightly delayed arterial phase
image acquisition that can be done with a 25 to 30 s delay
(23,25). With delayed arterial phase imaging, some venous
structures, including the adrenal and gonadal veins, can be
evaluated.

Nephrographic phase image acquisition

The nephrographic phase, performed at ~100 s, is ideal for
renal parenchymal evaluation, particularly for small renal
masses (26,27) (Figure 2). This phase can accurately depict
venous anatomy of the donor’s kidneys, particularly small
veins such as the adrenal and gonadal veins (27).

Excretory pbase image acquisition

The excretory or pyelographic phase is usually obtained
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Table 3 CTA protocol for renal donor evaluation

Phase Scan range and reconstruction
Topogram Abdomen and pelvis
Precontrast From the dome of the diaphragm to the iliac crest

Axial thin images reconstruction (thickness x interval): 1 mm x 0.8 mm
Axial/coronal/Sagittal reconstruction (thickness x interval): 3 mm x 3 mm
Monitoring ROI at the level of celiac artery
Arterial From the dome of the diaphragm to the iliac crest
Bolus tracking injection rate of 5 mL/s total dose 100 mL Axial thin images reconstruction (thickness x interval): 1 mm x 0.8 mm
contrast Axial/coronal/sagittal reconstruction (thickness x interval): 3 mm x 3 mm
Axial/coronal MIP reconstruction (thickness x interval): 8 mm x 2 mm
Nephrogram From the dome of the diaphragm to the iliac crest
100-second delay Axial thin images reconstruction (thickness x interval): 1 mm x 0.8 mm
Axial/coronal/sagittal reconstruction (thickness x interval): 3 mm x 3 mm
Excretory (pyelographic) Abdomen and pelvis
6 minutes delay Axial thin images (thickness x interval): 1 mm x 0.8 mm

Axial/coronal/sagittal reconstruction (thickness x interval): 3 mm x 3 mm

non-contrast arterial phase nephrographic phase excretory.phase

Figure 1 Four-phase CT images demonstrate a tiny stone in the right kidney upper pole (arrow), which is not appreciated on arterial,

nephrographic or excretory phases.

non-contrast arterial phase nephrographic phase excretory phase

Figure 2 Four-phase CT images show an 8 mm cyst in the left kidney (arrow), which is best appreciated in the nephrographic phase. On
arterial phase only, the image it can be masked by the nonenhanced medulla. A tiny cyst (arrowhead) in the right kidney is also well-seen on

nephrographic phase.
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Table 4 MRA protocol for renal donor evaluation

Aghayev et al. Vascular imaging in renal donors

Phase Scan and reconstruction

Localizer

Pre-contrast

Abdomen and pelvis

From the dome of the diaphragm to the iliac crest: coronal T2 (e.g., HASTE):

slice thickness 5 mm; axial T1 (e.g., FLARE): slice thickness 5 mm; in and
out phase, diffusion weighted imaging

Monitoring

Arterial

ROI in descending thoracic aorta

From the dome of the diaphragm to the iliac crest

Bolus tracking: injection rate of 2 mL/s of gadolinium agent Coronal 3D-spoiled GRE (e.g., TWIST, VIBE): slice thickness 1.5-3.0 mm

Non-contrast MRA
Nephrogram

100 second delay
Excretory (pyelographic)

10 minutes delay

Coronal SSFP (e.g., TruFISP): slice thickness 1.5-3.0 mm

From the dome of the diaphragm to the iliac crest

Coronal 3D-spoiled GRE (e.g., TWIST, VIBE): slice thickness 1.5-3.0 mm
Abdomen and pelvis

Coronal 3D-spoiled GRE (e.g., TWIST, VIBE) or Coronal SSFP (e.g., TruFISP)

for non-contrast exams: slice thickness 1.5-3.0 mm

between four to eight minutes following initial contrast
administration. In the authors’ institution, the fixed time
period for image acquisition following the contrast injection
is 6 minutes. During the excretory phase, the anatomy
of the collecting system and urothelial pathologies can
be imaged. In order to reduce the radiation dose, some
centers obtain a scout image only (28). However, given the
advancing age of renal donor patients, urothelial masses or
lesions can be missed if only a scout is obtained.

MRA protocol in renal donor evaluation

Similar to CT imaging, multiphase MRI acquisition can
be performed for renal donor imaging. Initial pre-contrast
sequences include axial and coronal T2-weighted images,
which can be used as the localizer and for visualization of
potential masses, including cystic lesions within the kidney.
Additional pre-contrast in-phase and out-of-phase sequences
can be obtained to evaluate fatty masses within the kidneys.
Other sequences, such as diffusion weighted imaging (DWI),
can be obtained to aid in assessment of other incidental
findings. Although MRI offers an excellent assessment of
soft tissue lesions, CT is superior for the detection of small
renal stones (6,29). For vascular assessment, post-contrast
arterial (MRA) and subsequent venous phases (MRV) can be
obtained using 3D fast-gradient echo sequences following
the administration of an intravenous gadolinium agent. The
excretory phase is typically obtained ten minutes following
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contrast administration for evaluation of collecting systems
and ureters. Table 4 provides detailed protocol and list of
sequences.

Pre-contrast image acquisition

A variety of pre-contrast sequences can be used to aid in
characterizing renal lesions and other incidental findings.
These typically include a T2 sequence, such as coronal
T2 HASTE (with and without fat saturation) (6). This
sequence can identify cystic renal lesions, including simple
cortical cysts and peripelvic and parapelvic cysts within the
sinus. Additional axial T2 weighted imaging and axial T1
sequences, such as T1 FLARE with in and out of phase
sequences, can be obtained so that cystic renal lesions and/
or masses can be further characterized (11). Axial DWI can
also be used to aid in further assessment of lesions. Several
investigators have used non-contrast MRA techniques
for vascular assessment so as to avoid administering an
intravenous gadolinium agent. In such instances, non-
contrast MRA, coronal B-SSFP, and axial B-SSFP sequences
such as TruFISP have been performed (11). Although non-
contrast MRA correlates well with 3D contrast-enhanced
MRA for the evaluation of the renal artery, a study assessing
renal artery stenosis reported that reader confidence was
lower (30). However, with increasing advancement in MRI
hardware and software, a study of 60 patients comparing
non-contrast MRA to CTA showed that non-contrast MRA
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ight kidney

Figure 3 The left (A) and the right (B) kidney measurements on multiplanar reformatted (MPR) CT images.

demonstrated comparable results in identifying renal artery
and venous anatomy (11).

Post-contrast MRA and MRV

Contrast-enhanced sequences can be used to obtain
information regarding arterial and venous anatomy and as
an aid in providing an additional opportunity to characterize
incidental lesions. Standard dosing or weight-based
formulations such as 0.1 mL/kg intravenous gadolinium
agents can be used with injection rates of 1.5-2 mL/s as is
used in MRA and MRV applications (21). It should be noted
that gadolinium-based contrast agents have no nephrotoxic
events and are safe to use in those with glomerular filtration
rates >30 mL/min (31). Common sequences include time-
resolved coronal 3D-spoiled GRE sequences (21,32) or
3D-spoiled GRE sequences such as VIBE. Contrast-
enhanced sequences are typically obtained with coronal
slice thicknesses ranging between 1.5 and 3 mm for 3D
post-processing. Bolus tracking within the descending
thoracic aorta is used to trigger arterial phase imaging.
Immediately following arterial phase imaging, pre-scanning
and localization for venous phase imaging is begun and may
take 30-60 s.

Excretory phase

Following venous phase imaging, a 10 minute-delay
excretory phase imaging is obtained for optimal urothelial
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opacification. To enhance urinary excretion, several
protocols include oral ingestion of 500 mL of water
15 minutes prior to scanning and an additional 200 mL of
intravenous saline following contrast administration (6).

The role of post-processing and 3D reformatting
in CTA and MRA

Post-processing and 3D reformatting can generate an
overall display of the anatomy and create a simulation of
the renal anatomy for use by surgeons (23). Multiplanar
reformatting (MPR), curved MPR (cMPR), Maximum
Intensity Projection (MIP), and 3D volume rendered
images are an essential part of renal donor imaging.
Subsequent to raw data acquisition, thin slice volumetric
axial reconstruction should be performed for all phases for
postprocessing. In addition, thick slice reconstruction in
an axial, coronal, and sagittal plane can be performed and
sent to the picture archiving and communication system
(PACS). For arterial phase data both in CTA and MRA,
maximum intensity projection (MIP) image reconstruction
will aid in identifying small tiny accessory vessels. Anatomy
evaluation, as well as most of the measurements, should
be performed on processed images. The initial step should
be kidney measurements in the MRP images (Figure 3).
Then 3D volume rendered renal arteries and measuring
pre-hilar arterial branching distance on cMPR images is
obtained (Figure 4). Small accessory renal arteries can be
missed on regular axial images. A stack of MIP images
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Figure 4 The left (A) and the right (B) renal artery pre-hilar arterial branching measurements on curved multiplanar reformatted (cMPR)

CT images. The arrows in the left lower corner demonstrate the distance to the branching.

Figure 5 Maximum intensity projection (MIP) CTA image
through the kidney shows main (arrows) and small accessory

(arrowhead) as well as aberrant renal (curved arrow) arteries.

through the kidneys in multiple planes can increase
diagnostic confidence (33) (Figure 5). In addition to pre-
hilar arterial branch measurements, some centers measure
the distance between the right inferior vena cava (IVC)
margin and the right artery bifurcation (3). Renal veins,
as well as abnormal large venous drainage into the renal
veins, should be evaluated on multiple planes, and the
distance to the veins and confluences can be measured
on the cMPR images (Figure 6). The final step is
obtaining 3D volume rendered images from the excretory
phase (Figure 7).

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Renal vascular variations, pathologies, and
criteria for donor selection

The vascular anatomy is the key factor in donor kidney
selection. Kidneys with less complex vascular anatomy and
variations should be selected for transplantation when both
kidneys are normal (23).

Renal artery anatomy and variations

Renal artery variations are not uncommon and are mainly
classified into two groups: (I) early branching; and (II)
extrarenal arteries (34). Early branching (a.k.a. perihilar
branching) is considered as having occurred when
the renal artery branches within 20 mm of its origin
(Figure 8). Studies have shown that the incidence of early
branching to be as high as 21% (35,36). For the right
kidney, early branching is considered when the branching
occurs behind the IVC (retrocaval branching), or within
1 cm of the IVC right margin (3). A second group, the
extrarenal arteries, is vessels with a separate origin from
the aorta and has a smaller caliber than the main renal
artery (3). This group can be subclassified into accessory
renal and aberrant renal arteries. The accessory renal
arteries extend to the kidney through the hilum with the
main renal artery (Figure 9) (34). Although most of the
accessory renal arteries arise from the aorta, there are
reported cases in which the origin can be from the iliac,
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Figure 6 Curved multiplanar reformatted (ctMPR) CTA images of the venous system demonstrate distance to the left (A) and right (B) renal

vein confluences as well as gonadal (C) and adrenal veins (D) drainages into the left renal vein. Arrows indicates gonadal vein in (C), adrenal

gland verin in (D).

Figure 7 Volume-rendered 3D CT (A) and MRI (B) excretory phase images demonstrate the normal anatomy of the collecting system.

gonadal, middle colic, mesenteric vasculature including
superior, inferior mesenteric arteries, and from the
contralateral kidney artery (3,37). The aberrant artery can
be a polar or capsular artery, or a polar artery entering the
kidney through the inferior or superior pole (Figure 10)
(33,34). Capsular arteries are thin, hairline vessels
coursing/entering tangentially to the renal capsule;
sometimes it can be difficult to differentiate polar arteries
from capsular arteries (3). The presence of more than
two accessory renal arteries can be considered a possible
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contraindication, given the high risk of thrombosis and
increased operation time (Figure 11) (27). In particular,
accessory arteries less than 3 mm in diameter present
technical difficulties and have resulted in a high rate
of thrombosis (38). In certain situations, small polar or
capsular arteries—a diameter of less than 2 mm—can
be satisfactory as the infarcted kidney tissue volume will
be less than ten percent (39). Nevertheless, sacrificing
lower polar renal arteries (even smaller, less than 2 mm,
vessels) is contraindicated as they are associated with
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Figure 8 Volume-rendered 3D CTA image of the abdominal aorta and renal arteries (A) shows early branching (arrow) of the left renal
artery, and curved multiplanar reformatted (¢cMPR) image of the same artery (B) demonstrates the distance (arrows) from the aorta to the
level of the branching. Similarly, volume-rendered 3D MRA image of the abdominal aorta and right renal artery (C) demonstrate early
branching (black and white arrows), and CTA and MRA images are comparable.

(S

Figure 9 Small accessory left renal artery (arrow) is seen in the volume-rendered 3D CTA image (A). Similarly, in a volume-rendered 3D (B)

and maximum intensity projection (MIP) (C) MRA images demonstrate bilateral accessory renal arteries.
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Figure 10 Volume-rendered 3D CTA image shows two aberrant
(polar) renal arteries supplying the left kidney one is arising from
the aorta (arrow), and the second one is originating from the left

common iliac artery (arrowhead).

S125

Figure 11 A patient excluded from the renal donor list due to

three right renal arteries, and two left renal arteries.

Figure 12 Maximum intensity projection (MIP) (A) and volume-rendered 3D (B) MRA images demonstrate severe stenosis (arrows) at the

proximal segment of the right renal artery due to atherosclerotic disease.

a higher rate of recipient ureteral complications such
as pyeloureteral necrosis as these vessels supply upper
urinary tracts (40).

Renal artery pathologies

Renal artery pathologies, such as fibromuscular dysplasia
(FMD) or severe atherosclerotic disease, particularly in
older patients, can be easily evaluated with imaging and
may exclude patients from becoming donors (41,42).
Renal arteries with sufficiently significant atherosclerotic
disease may require intraoperative endarterectomy (38).

© Cardiovascular Diagnosis and Therapy. All rights reserved.

The amount and extent of calcified plaques in the renal
artery should be reported as they can cause lacerations
in the aorta and renal arteries during the surgery (3).
Patients with FMD involving both renal arteries are
not eligible to become donors; however, unilateral renal
artery involvement can be considered in selective cases

(Figure 12) (43,44).

Renal vein variations and pathology

Renal vein evaluation is extremely important, for two
reasons. First, venous bleeding is the most common
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Figure 13 Volume-rendered 3D (A) and maximum intensity projection (MIP) (B) CTA images demonstrate incidentally detected

fibromuscular dysplasia (FMD) both renal arteries (arrows). Similarly, a patient with incidentally detected FMD on MIP MRA image (C)

and was confirmed on conventional angiography image (D). Arrows in (C) indicates FMD in the right renal artery.

Figure 14 Maximum intensity projection (MIP) CTA image (A) demonstrates a circumaortic left renal vein; the branch anterior to the

abdominal aorta (arrow) is draining into the proximal portion of the inferior vena cava (IVC), whereas the branch posterior to the abdominal

aorta (arrowhead) is draining to the distal portion of the IVC. MIP CTA image demonstrates retroaortic left renal vein (arrow) (B).

reason for the conversion of laparoscopic to open
surgery; therefore, it requires a more detailed presurgical
evaluation (45). Second, the anatomic variance of the renal
veins is more common than a renal artery, and the left
renal vein has a higher proportion of all venous variance
(7,25,46). The most common left renal vein variations are
the supernumerary (accessory) renal vein and circumaortic
left renal vein: 15-30% and 8-11%, respectively (Figure 13)
(24,28). A retroaortic left renal vein is a relatively less
common anatomic variance with a reported incidence of
approximately three percent (Figure 14) (24). During the
left renal vein evaluation, large systemic tributaries draining
into the left renal vein, including gonadal, adrenal, lumbar,
and dilated retroperitoneal veins, should be carefully
delineated (35). Duplicate or multiple renal vein drainages
are commonly seen in the right kidney (47). It has been
shown that multiple renal veins are associated with a higher
incidence of vein thrombosis following transplantation, and

© Cardiovascular Diagnosis and Therapy. All rights reserved.

therefore, these kidneys are considered a contraindication
for transplant. One of the main rationales for selecting the
left kidney is the presence of a long segment of left renal
vein, permitting surgeons easy anastomosis. However,
a randomized European trial of hand assisted donor
nephrectomy demonstrated that operating time for right-
sided nephrectomy is actually shorter than that of a left
sided one (48). There was no difference between left and
right-sided donor nephrectomy in complication rates or
graft survival. In addition, venous anomalies associated with
the inferior vena cava (IVC) should be evaluated in detail

(Figure 15).

Incidental findings

Imaging can incidentally detect pathologies such as a
stone, neoplastic masses, polycystic kidney disease, or
hydronephrosis. Kidneys with tiny single stones (<5 mm)
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Figure 15 Maximum intensity projection (MIP) MRA image (A) demonstrate duplicated IVC and the left renal vein (arrow) is draining into

the left-sided IVC (arrowhead). Coronal MIP MRA image (B) demonstrates rare venous anomaly of the azygous continuation of IVC, and

left renal vein is draining into the azygous at the level of the heart.

Figure 16 Volume-rendered 3D CT image (A) shows a slightly ptotic right kidney. Volume-rendered 3D CT image (B) demonstrates partial

duplex collecting system on the left (arrows), and fuses at the level of the midabdomen.

or small cysts (<5 mm) are not a contraindication and can
be used for transplantation (49,50). An ex-vivo ureteroscopy
technique has been safely used to remove larger or multiple
stones from the kidneys and render these organs eligible
for transplant (51). However, an additional workup may
be required for large or multiple stones so as to exclude
underlying hereditary or systemic disorders. Small, benign
renal masses (<5 mm), such as renal angiomyolipoma, are
not a contraindication for surgery, and larger (>5 mm)
masses can be locally excised intraoperatively prior to
the transplantation (52,53). Not all of the kidneys with
developmental and collecting system anomalies, including
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complete or partial ureteral duplication and ureteropelvic
junction obstruction, should exclude one from being a
donor (Figure 16). However, patients with horseshoe
kidneys and renal agenesis are not eligible for the procedure

(Figure 17).

Summary

Transplantation remains the best option for patients with
end-stage renal disease. Detailed pre-transplant assessment
of the donor’ kidney is extremely important for both the
donor and recipient. Although there are a several imaging

Cardiovasc Diagn Ther 2019;9(Suppl 1):S116-S130 | http://dx.doi.org/10.21037/cdt.2018.11.02
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Figure 17 Axial CT image through the abdomen (A) demonstrates the congenital absence of the left kidney with a unicornuate uterus (B),

and a CT image through the abdomen (C) in another patient shows a horseshoe kidney.

modalities available, currently CTA remains the preferred
and gold standard imaging modality despite theoretical risks
of radiation and nephrotoxicity. Post-processing and 3D
reformatting are crucial elements in renal donor evaluation
and measurements.
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