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Variant: 1 Adult. Renal transplant dysfunction. Initial imaging.

New 2024

Procedure Appropriateness Category Relative Radiation Level

US duplex Doppler kidney transplant Usually Appropriate (0]
US pelvis Usually Not Appropriate (0]
US pelvis with IV contrast Usually Not Appropriate (0]
Arteriography kidney Usually Not Appropriate

Fluoroscopy antegrade pyelography Usually Not Appropriate

Image-guided biopsy kidney Usually Not Appropriate Varies
MRA abdomen and pelvis without and with IV contrast Usually Not Appropriate (0]
MRA abdomen and pelvis without IV contrast Usually Not Appropriate (0]
MRA pelvis without and with IV contrast Usually Not Appropriate (0]
MRA pelvis without IV contrast Usually Not Appropriate (0]
MRI abdomen and pelvis without and with IV contrast Usually Not Appropriate 0]
MRI abdomen and pelvis without IV contrast Usually Not Appropriate (0]
MRI pelvis without and with IV contrast Usually Not Appropriate (0]
MRI pelvis without IV contrast Usually Not Appropriate (0]
MRU without and with IV contrast Usually Not Appropriate (0]
MRU without IV contrast Usually Not Appropriate (0]
MRV abdomen and pelvis without and with IV contrast Usually Not Appropriate (0]
MRV pelvis without and with IV contrast Usually Not Appropriate 0]

CT abdomen and pelvis with IV contrast

Usually Not Appropriate

CT abdomen and pelvis without IV contrast

Usually Not Appropriate

CT pelvis with IV contrast

Usually Not Appropriate

CT pelvis without IV contrast

Usually Not Appropriate

DTPA renal scan

Usually Not Appropriate

MAG3 renal scan

Usually Not Appropriate

CT abdomen and pelvis without and with IV contrast

Usually Not Appropriate

CT pelvis without and with IV contrast

Usually Not Appropriate

CTA abdomen and pelvis with IV contrast

Usually Not Appropriate

CTA pelvis with IV contrast

Usually Not Appropriate

CTU without and with IV contrast

Usually Not Appropriate

CTV abdomen and pelvis with IV contrast

Usually Not Appropriate

CTV pelvis with IV contrast

Usually Not Appropriate

Variant: 2 Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for

arterial etiology. Next imaging study.

Procedure Appropriateness Category Relative Radiation Level
MRA abdomen and pelvis without and with IV contrast Usually Appropriate O
MRA pelvis without and with IV contrast Usually Appropriate O




CTA abdomen and pelvis with IV contrast

Usually Appropriate

CTA pelvis with IV contrast

Usually Appropriate

US pelvis with IV contrast May Be Appropriate 0]
Arteriography kidney May Be Appropriate (Disagreement)

MRA abdomen and pelvis without IV contrast May Be Appropriate O
MRA pelvis without IV contrast May Be Appropriate 0]
DTPA renal scan May Be Appropriate

US duplex Doppler kidney transplant Usually Not Appropriate o]
US pelvis Usually Not Appropriate @]
Image-guided biopsy kidney Usually Not Appropriate Varies
MRI abdomen and pelvis without and with IV contrast Usually Not Appropriate 0]
MRI abdomen and pelvis without IV contrast Usually Not Appropriate

MRI pelvis without and with IV contrast Usually Not Appropriate @]
MRI pelvis without IV contrast Usually Not Appropriate 0]
MRU without and with IV contrast Usually Not Appropriate O
MRU without IV contrast Usually Not Appropriate @]
MRV abdomen and pelvis without and with IV contrast Usually Not Appropriate @]
MRV pelvis without and with IV contrast Usually Not Appropriate 0]

CT abdomen and pelvis with IV contrast

Usually Not Appropriate

CT abdomen and pelvis without IV contrast

Usually Not Appropriate

CT pelvis with IV contrast

Usually Not Appropriate

CT pelvis without IV contrast

Usually Not Appropriate

MAG3 renal scan

Usually Not Appropriate

CT abdomen and pelvis without and with IV contrast

Usually Not Appropriate

CT pelvis without and with IV contrast

Usually Not Appropriate

CTU without and with IV contrast

Usually Not Appropriate

CTV abdomen and pelvis with IV contrast

Usually Not Appropriate

CTV pelvis with IV contrast

Usually Not Appropriate

Variant: 3 Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for

venous etiology. Next imaging study.

Procedure Appropriateness Category Relative Radiation Level
MRV abdomen and pelvis without and with IV contrast Usually Appropriate 0]
MRV pelvis without and with IV contrast Usually Appropriate 0]
CTV abdomen and pelvis with IV contrast Usually Appropriate
CTV pelvis with IV contrast Usually Appropriate
US duplex Doppler kidney transplant May Be Appropriate 0]
US pelvis with IV contrast May Be Appropriate (Disagreement) O
MRI pelvis without and with IV contrast May Be Appropriate 0]
US pelvis Usually Not Appropriate 0]
Arteriography kidney Usually Not Appropriate
Image-guided biopsy kidney Usually Not Appropriate Varies
MRA abdomen and pelvis without and with IV contrast Usually Not Appropriate 0]
MRA abdomen and pelvis without IV contrast Usually Not Appropriate o]




MRA pelvis without and with IV contrast

Usually Not Appropriate

MRA pelvis without IV contrast

Usually Not Appropriate

MRI abdomen and pelvis without and with IV contrast

Usually Not Appropriate

MRI abdomen and pelvis without IV contrast

Usually Not Appropriate

MRI pelvis without IV contrast

Usually Not Appropriate

MRU without and with IV contrast

Usually Not Appropriate

MRU without IV contrast

Usually Not Appropriate
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CT abdomen and pelvis with IV contrast

Usually Not Appropriate

CT abdomen and pelvis without IV contrast

Usually Not Appropriate

CT pelvis with IV contrast

Usually Not Appropriate

CT pelvis without IV contrast

Usually Not Appropriate

DTPA renal scan

Usually Not Appropriate

MAG3 renal scan

Usually Not Appropriate

CT abdomen and pelvis without and with IV contrast

Usually Not Appropriate

CT pelvis without and with IV contrast

Usually Not Appropriate

CTA abdomen and pelvis with IV contrast

Usually Not Appropriate

CTA pelvis with IV contrast

Usually Not Appropriate

CTU without and with IV contrast

Usually Not Appropriate

Variant: 4 Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for

extrinsic etiology. Next imaging study.

Procedure Appropriateness Category Relative Radiation Level
MRI abdomen and pelvis without and with IV contrast May Be Appropriate 0]
MRI abdomen and pelvis without IV contrast May Be Appropriate
MRI pelvis without and with IV contrast May Be Appropriate @]
MRI pelvis without IV contrast May Be Appropriate 0]
MRU without and with IV contrast May Be Appropriate 0]
MRU without IV contrast May Be Appropriate O
CT abdomen and pelvis with IV contrast May Be Appropriate
CT abdomen and pelvis without IV contrast May Be Appropriate
CT pelvis with IV contrast May Be Appropriate
CT pelvis without IV contrast May Be Appropriate
CT abdomen and pelvis without and with IV contrast May Be Appropriate
CT pelvis without and with IV contrast May Be Appropriate (Disagreement)
CTU without and with IV contrast May Be Appropriate
US duplex Doppler kidney transplant Usually Not Appropriate @]
US pelvis Usually Not Appropriate 0]
US pelvis with IV contrast Usually Not Appropriate O
Arteriography kidney Usually Not Appropriate
Fluoroscopy antegrade pyelography Usually Not Appropriate
Image-guided biopsy kidney Usually Not Appropriate Varies
MRA abdomen and pelvis without and with IV contrast Usually Not Appropriate O
MRA abdomen and pelvis without IV contrast Usually Not Appropriate 0]
MRA pelvis without and with IV contrast Usually Not Appropriate o]




MRA pelvis without IV contrast Usually Not Appropriate o]
MRV abdomen and pelvis without and with IV contrast Usually Not Appropriate @]
MRV pelvis without and with IV contrast Usually Not Appropriate 0]

DTPA renal scan

Usually Not Appropriate

MAG3 renal scan

Usually Not Appropriate

CTA abdomen and pelvis with IV contrast

Usually Not Appropriate

CTA pelvis with IV contrast

Usually Not Appropriate

CTV abdomen and pelvis with IV contrast

Usually Not Appropriate

CTV pelvis with IV contrast

Usually Not Appropriate

Variant: 5 Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next

imaging study.

Procedure Appropriateness Category Relative Radiation Level

Image-guided biopsy kidney Usually Appropriate Varies
US duplex Doppler kidney transplant Usually Not Appropriate (0]
US pelvis Usually Not Appropriate (0]
US pelvis with IV contrast Usually Not Appropriate (0]
Arteriography kidney Usually Not Appropriate

Fluoroscopy antegrade pyelography Usually Not Appropriate

MRA abdomen and pelvis without and with IV contrast Usually Not Appropriate (0]
MRA abdomen and pelvis without IV contrast Usually Not Appropriate (0]
MRA pelvis without and with IV contrast Usually Not Appropriate (0]
MRA pelvis without IV contrast Usually Not Appropriate (0]
MRI abdomen and pelvis without and with IV contrast Usually Not Appropriate (0]
MRI abdomen and pelvis without IV contrast Usually Not Appropriate o
MRI pelvis without and with IV contrast Usually Not Appropriate (0]
MRI pelvis without IV contrast Usually Not Appropriate (0]
MRU without and with IV contrast Usually Not Appropriate (0]
MRU without IV contrast Usually Not Appropriate (0]
MRV abdomen and pelvis without and with IV contrast Usually Not Appropriate (0]
MRV pelvis without and with IV contrast Usually Not Appropriate (0]

CT abdomen and pelvis with IV contrast

Usually Not Appropriate

CT abdomen and pelvis without IV contrast

Usually Not Appropriate

CT pelvis with IV contrast

Usually Not Appropriate

CT pelvis without IV contrast

Usually Not Appropriate

DTPA renal scan

Usually Not Appropriate

MAGS3 renal scan

Usually Not Appropriate

CT abdomen and pelvis without and with IV contrast

Usually Not Appropriate

CT pelvis without and with IV contrast

Usually Not Appropriate

CTA abdomen and pelvis with IV contrast

Usually Not Appropriate

CTA pelvis with IV contrast

Usually Not Appropriate

CTU without and with IV contrast

Usually Not Appropriate

CTV abdomen and pelvis with IV contrast

Usually Not Appropriate

CTV pelvis with IV contrast

Usually Not Appropriate
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Summary of Literature Review

Introduction/Background

Renal transplantation into the pelvis is the preferred treatment method in patients with end-stage
renal failure. Compared with maintenance dialysis, most patients who receive a successful
transplant experience have an improved quality of life and a significant reduction in mortality [1].
Since 1988, over 525,00 renal transplants have been performed in the United States [2]. In 2021
alone, 24,670 renal transplants were conducted, with 5,971 originating from living donors and
18,699 from deceased donors. Despite a steady increase in the number of renal transplants each
year, there remains a huge imbalance between organ availability and demand, with close to 90,000
patients on the wait list for renal transplantation. After renal transplantation, every effort is made
to address allograft dysfunction by management of immunosuppression and transplant
complications. Five-year survival rates for the graft in renal transplant patients range from 72% to
99%, with the best rates seen in patients receiving kidneys from living donors.

Although the timing of intrinsic renal dysfunction may aid in narrowing the differential diagnosis,
significant overlap exists between the various underlying etiologies. In the immediate
postoperative period (<1 week), the most common etiology of intrinsic dysfunction includes acute
tubular necrosis (ATN). ATN occurs in the immediate posttransplant period in a high percentage of
cadaver grafts and infrequently in living related donors. Acute rejection occurs from 1 week to 1
month after transplantation. Fortunately, acute rejection represents an uncommon occurrence in
current practice [3]. Although the introduction of calcineurin inhibitors (cyclosporine and
tacrolimus) has dramatically reduced the rate of acute allograft rejection, these drugs can be
nephrotoxic at supratherapeutic levels [4]. Toxicity occurs most commonly in the second or third
month after transplantation, when the drugs are being titrated [5]. Chronic rejection is the most
common cause of late graft dysfunction and presents at least 3 months following transplantation.

Like intrinsic renal dysfunction, vascular complications and peritransplant collections are most
often encountered during specific postoperative time periods. Renal artery thrombosis (RAT) and
renal vein thrombosis (RVT) usually occur in the first week after transplantation. They are usually
the result of technical surgical difficulties and/or clotting disorders [6]. Renal artery stenosis (RAS)
represents the most common vascular complication, with an incidence of 1% to 2% [6,7]. Although
it can occur at any time, RAS usually presents between 3 and 24 months following transplantation.
Perigraft collections occur in <50% of patients following transplantation [8]. Seromas and
hematomas generally occur in the first week following surgery. Abscesses and urinomas usually
occur 1 to 3 weeks after transplantation. Lymphoceles typically present 1 to 2 months after
transplantation [9].

Please note that this document on renal transplant evaluation assumes that there are no clinical



signs or suspicion of infection because renal infection is covered in a different topic (see the ACR
Appropriateness Criteria® topic on "Acute Pyelonephritis” [10]). Some local practice patterns do
not routinely administer intravenous (IV) contrast to renal transplant patients. In this document, it
Is presumed that patients have no contraindications to IV contrast agents.

Special Imaging Considerations

CT urography (CTU) is an imaging study that is tailored to improve visualization of both the upper
and lower urinary tracts. There is variability in the specific parameters, but it usually involves
unenhanced images followed by IV contrast-enhanced images, including nephrographic and
excretory phases acquired at least 5 minutes after contrast injection. Alternatively, a split-bolus
technique uses an initial loading dose of IV contrast and then obtains a combined nephrographic-
excretory phase after a second IV contrast dose; some sites include arterial phase. CTU should use
thin-slice acquisition. Reconstruction methods commonly include maximum intensity projection or
3-D volume rendering. For the purposes of this document, we make a distinction between CTU and
CT abdomen and pelvis without and with 1V contrast. CT abdomen and pelvis without and with IV
contrast is defined as any protocol not specifically tailored for evaluation of the upper and lower
urinary tracts and without both the precontrast and excretory phases.

MR urography (MRU) is also tailored to improve imaging of the urinary system. Unenhanced MRU
relies upon heavily T2-weighted imaging of the intrinsic high signal intensity from urine for
evaluation of the urinary tract. IV contrast is administered to provide additional information
regarding obstruction, urothelial thickening, focal lesions, and stones. A contrast-enhanced T1-
weighted series should include corticomedullary, nephrographic, and excretory phase. Thin-slice
acquisition and multiplanar imaging should be obtained. For the purposes of this document, we
make a distinction between MRU and MRI abdomen and pelvis without and with IV contrast. MRI
abdomen and pelvis without and with IV contrast is defined as any protocol not specifically
tailored for evaluation of the upper and lower urinary tracts, without both the precontrast and
excretory phases, and without heavily T2-weighted images of the urinary tract.

Contrast-enhanced ultrasound (CEUS) technique (pertaining to US pelvis with IV contrast
procedure in this document) employs off-label injection of IV contrast agents and use of specific
US software to allow contrast visualization [11,12]. The microbubble contrast agent remains
intravascular and is excreted via respiration, resulting in a safety profile that is superior to that of
CT and MRI contrast agents. A rapid, real-time study that can be performed at the bedside, CEUS
allows dynamic observation of perfusion that is not possible on CT or MRI. The perfusion time of 2
to 3 minutes provides an opportunity to reinject more contrast, if required.

Initial Imaging Definition

Initial imaging is defined as imaging at the beginning of the care episode for the medical condition
defined by the variant. More than one procedure can be considered usually appropriate in the
initial imaging evaluation when:

e There are procedures that are equivalent alternatives (ie, only one procedure will be ordered
to provide the clinical information to effectively manage the patient’s care)

OR


https://acsearch.acr.org/docs/69489/Narrative/

e There are complementary procedures (ie, more than one procedure is ordered as a set or
simultaneously wherein each procedure provides unique clinical information to effectively
manage the patient’s care).

Discussion of Procedures by Variant
Variant 1: Adult. Renal transplant dysfunction. Initial imaging.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
A. Arteriography kidney

There is no current literature specific to the use of arteriography of the kidney in the initial
evaluation of a renal transplant. This modality is invasive with an increased risk of
thromboembolism leading to graft dysfunction, groin hematomas, pseudoaneurysm (PSA), or
traumatic arteriovenous fistula (AVF).

Variant 1. Adult. Renal transplant dysfunction. Initial imaging.
B. CT abdomen and pelvis with 1V contrast

There is no current literature specific to the use of CT of the abdomen and pelvis with IV contrast in
the initial evaluation of a renal transplant. The examination is rarely performed when rejection or
ATN diagnosis is being considered because the imaging findings are nonspecific. It may be
beneficial in detecting hydronephrosis and/or nephrolithiasis. It is also useful in the evaluation of
renal masses, perinephric fluid collections, and posttransplant lymphoproliferative disease. The
abdominal component may be beneficial to evaluate for other postoperative complications such as
small bowel obstruction.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
C. CT abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis without and with
IV contrast in the initial evaluation of a renal transplant. It may be beneficial in detecting
hydronephrosis and/or nephrolithiasis. It is also useful in the evaluation of large vessel vascular
abnormalities, renal masses, perinephric fluid collections, and posttransplant lymphoproliferative
disease. The abdominal component may be beneficial to evaluate the native kidneys or to evaluate
for other postoperative complications such as small bowel obstruction.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
D. CT abdomen and pelvis without IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis without IV
contrast in the initial evaluation of a renal transplant. The study may be helpful in patients with
suspected hemorrhage or in the evaluation for urinary obstruction and/or nephrolithiasis in the
transplant kidney. It also may be useful to define the extent of a peritransplant fluid collection. The
abdominal component may be beneficial to evaluate for other postoperative complications such as
small bowel obstruction.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
E. CT pelvis with IV contrast

There is no current literature specific to the use of CT of the pelvis with IV contrast in the initial
evaluation of a renal transplant. The examination is rarely performed when rejection or ATN are
being considered because the imaging findings are nonspecific. It may be beneficial in detecting



hydronephrosis and/or nephrolithiasis. It is also useful in the evaluation of renal masses,
perinephric fluid collections, and posttransplant lymphoproliferative disease.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
F. CT pelvis without and with IV contrast

There is no current literature specific to the use of CT of the pelvis without and with IV contrast in
the initial evaluation of a renal transplant.

Variant 1. Adult. Renal transplant dysfunction. Initial imaging.
G. CT pelvis without IV contrast

There is no current literature specific to the use of CT of the pelvis without IV contrast in the initial
evaluation of a renal transplant. The study may be helpful in patients with suspected hemorrhage
or in the evaluation for urinary obstruction and/or nephrolithiasis in the transplant kidney. It also
may be useful to define the extent of a peritransplant fluid collection.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
H. CTA abdomen and pelvis with IV contrast

There is no current literature specific to the use of CT angiography (CTA) of the abdomen and
pelvis with IV contrast in the initial evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
I. CTA pelvis with IV contrast

There is no current literature specific to the use of CTA of the pelvis with IV contrast in the initial
evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
J. CTU without and with IV contrast

There is no current literature specific to the use of CTU without and with IV contrast of the pelvis in
the initial evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
K. CTV abdomen and pelvis with IV contrast

There is no current literature specific to the use of CT venography (CTV) of the abdomen and pelvis
with IV contrast in the initial evaluation of a renal transplant.

Variant 1. Adult. Renal transplant dysfunction. Initial imaging.
L. CTV pelvis with IV contrast

There is no current literature specific to the use of CTV of the pelvis with IV contrast in the initial
evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
M. DTPA renal scan

Dynamic renal scintigraphy (DRS) can provide a noninvasive means to evaluate renal transplant
function qualitatively and also screens for surgical complications. Renography has the advantage
of providing functional information, whereas serum creatinine levels lag behind function and
radiographic studies capture primarily anatomical changes. Although sensitive in the detection of
graft dysfunction, scintigraphic parameters do not yield sufficient diagnostic power for a specific
diagnosis. Like US resistive indices (RI), renogram changes do not contribute to the differential
diagnosis between acute rejection, ATN, and cyclosporine toxicity [13,14].



Tc-99m diethylenetriamine pentaacetic acid (DTPA) represents a radiopharmaceutical that can
monitor the transplant kidneys perfusion (blood flow) and uptake (glomerular filtration rate).
Unlike Tc-99m mercaptoacetyltriglycine (MAG3), DTPA is not excreted; therefore, the agent is
limited in the evaluation for obstruction, only demonstrating early impact on glomerular filtration.
In patients with renal allograft dysfunction, DTPA perfusion patterns are more sensitive in
diagnosing transplant dysfunction when compared to MAG3 [15]. Diuretic renography can be
acceptable in more acute and less severe patients with obstruction, but the MAG3 is preferred due
to its tubular secretion.

The scintigraphic findings for RAS appear similar to those seen with mild rejection. Angiotensin-
converting enzyme inhibitor renography can aid in the diagnosis if baseline studies are available
for comparison. Absence of perfusion and uptake in the transplant is nonspecific but can be seen
in RAT or RVT [16].

There are no large studies comparing DTPA to other noninvasive or invasive procedures in the
initial evaluation of a renal transplant. As an adjunct to a baseline US, there are still centers that
routinely perform DRS before patient discharge from the hospital to serve as a baseline study for
future comparison [17]. Although used routinely in the 1990s for baseline establishment, the more
recent European Association of Urology (EAU) guidelines do not recommend routine DRS in the
evaluation of renal function in patients with kidney transplants [18].

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
N. Fluoroscopy antegrade pyelography

There is no current literature specific to the use of fluoroscopic antegrade pyelography in the initial
evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.

0. Image-guided biopsy kidney

There is no current literature specific to the use of image-guided kidney biopsy in the initial
evaluation of a renal transplant. This intervention may be appropriate in subsequent evaluations.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
P. MAG3 renal scan

DRS can be valuable in renal transplantation evaluation because it can provide a noninvasive
means to evaluate transplant function qualitatively and also screen for surgical complications.
Renography has the advantage of providing functional information, whereas serum creatinine
levels lag behind function and radiographic studies capture primarily anatomical changes.
Although sensitive in the detection of graft dysfunction, scintigraphic parameters do not yield
sufficient diagnostic power for a specific diagnosis. Like RI, renogram changes do not contribute to
the differential diagnosis between acute rejection, ATN, and cyclosporine toxicity [13,14,19].

DRS using MAG3 can assess the 3 sequential phases of renal function (renal perfusion, renal
excretion, and urine flow) [20]. The scintigraphic findings for RAS appear similar to those seen with
mild rejection. Angiotensin-converting enzyme inhibitor renography can aid in the diagnosis if
baseline studies are available for comparison. Absence of perfusion and uptake in the transplant is
nonspecific but can be seen in renal artery or RVT. Because of its tubular secretion, MAG3 can be
used to assess the flow of urine and could serve as an adjunct to US. In the setting of
hydronephrosis identified on US, MAG3 diuretic renography assess the functional significance [21].



The finding of a normal or slowly declining activity curve in the third phase has an excellent
negative predictive value and permits confident exclusion of obstruction; however, false-positives
may occur in patients with ATN, dehydration, or poor renal function. The agent may also be helpful
in differentiation between a urinoma and other posttransplant fluid collections (lymphocele,
seroma, abscess, hematoma).

There are no large studies comparing MAG3 to other noninvasive or invasive procedures in the
initial evaluation of a renal transplant. As an adjunct to a baseline US, there are still centers that
routinely perform DRS before patient discharge from the hospital to serve as a baseline study for
future comparison [17]. Although used routinely in the 1990s for baseline establishment, the recent
EAU guidelines do not recommend routine DRS in the evaluation of renal function in patients with
kidney transplants [18].

Variant 1. Adult. Renal transplant dysfunction. Initial imaging.

Q. MRA abdomen and pelvis without and with 1V contrast

There is no current literature specific to the use of MR angiography (MRA) abdomen and pelvis
without and with IV contrast in the initial evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.

R. MRA abdomen and pelvis without IV contrast

There is no current literature specific to the use of MRA abdomen and pelvis without IV contrast in
the initial evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.

S. MRA pelvis without and with 1V contrast

There is no current literature specific to the use of MRA pelvis without and with IV contrast in the
initial evaluation of a renal transplant.

Variant 1. Adult. Renal transplant dysfunction. Initial imaging.

T. MRA pelvis without IV contrast

There is no current literature specific to the use of MRA pelvis without IV contrast in the initial
evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.

U. MRI abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of MRI abdomen and pelvis without and with IV
contrast in the initial evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.

V. MRI abdomen and pelvis without IV contrast

There is no current literature specific to the use of MRl abdomen and pelvis without IV contrast in
the initial evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.

W. MRI pelvis without and with 1V contrast

There is no current literature specific to the use of MRI pelvis without and with IV contrast in the
initial evaluation of a renal transplant.

Variant 1. Adult. Renal transplant dysfunction. Initial imaging.
X. MRI pelvis without IV contrast



There is no current literature specific to the use of MRI without IV contrast in the initial evaluation
of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
Y. MRU without and with IV contrast

There is no current literature specific to the use of MRU without and with IV contrast in the initial
evaluation of a renal transplant.

Variant 1. Adult. Renal transplant dysfunction. Initial imaging.
Z. MRU without IV contrast

There is no current literature specific to the use of MRU without IV contrast in the initial evaluation
of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
[. MRV abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of MRV abdomen and pelvis without and with IV
contrast in the initial evaluation of a renal transplant.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
\. MRV pelvis without and with IV contrast

There is no current literature specific to the use of MRI pelvis without and with IV contrast in the
initial evaluation of a renal transplant.

Variant 1. Adult. Renal transplant dysfunction. Initial imaging.
]. US duplex Doppler kidney transplant

Because renal transplants typically are located anteriorly in the pelvis, they are usually readily
examined with US. US is routinely used to evaluate the transplant within the first 24 hours after
transplantation and also serves as the first-line evaluation method following the onset of
transplant dysfunction. Grayscale images are obtained to evaluate for transplant size, echotexture,
hydronephrosis, peritransplant fluid collections, and masses and to measure renal cortical
thickness. The adjacent bladder is also evaluated. Color Doppler images evaluate the patency and
direction of flow in transplant arteries and veins. Spectral analysis of vascular waveforms and
velocities can provide information about a range of pathologies, including RAS and RVT. US offers
the advantage of being fast, portable, and performed in real time.

Renal segmental or intralobar artery RI, measured by duplex Doppler US, are often used as a
nonspecific parameter for allograft dysfunction. Although RI values differ between normal and
abnormal allografts, studies have suggested that the RI is neither sensitive nor specific in
identifying the cause of transplant dysfunction [22,23]. Studies have found a high specificity of 91%
to 100% and variable positive predictive value of 29% to 100%, albeit with low sensitivity (9%-13%)
for diagnosis of allograft rejection based on a Rl >0.9 [24,25]. Previous studies have shown that
renal arterial RI can also be useful in predicting graft survival [26]. Radermacher et al [26] found
that 47% of patients with Rl >0.80 at 3 months after transplantation developed chronic allograft
nephropathy, compared to 9% of patients with Rl <0.80. McArthur et al [27] found that both Rl and
pulsatility index measured between week 1 and 3 months significantly correlated with the 1 year
estimated glomerular filtration rate.

Although a Rl >0.80 was initially thought to correlate with allograft dysfunction, a study by
Naesens et al [28] raised doubt on this theory. Their single-center prospective study analyzed RI at



the time of protocol-specified renal allograft biopsies and in patients with graft dysfunction.
Patients with Rl >0.80 did have a 4.12 times higher mortality at 24 months than those <0.80, but
their need for dialysis did not differ. The Rl was significantly higher at the time of biopsy performed
in patients with graft dysfunction, but changes in the RI did not reflect changes in histologic
features when biopsies were performed at protocol-specific time points. The authors surmised that
these changes did not reflect an underlying intrarenal disease process but were related to patient
age and central hemodynamic factors. This complex interaction of co-existing factors in renal
transplants makes the interpretation of Doppler parameters difficult.

Doppler US remains the first-line noninvasive tool in the assessment of suspected RAS and uses a
combination of direct evaluation of the anastomosis and main renal artery in addition to indirect
evaluation for stenosis based on intrarenal waveform morphology. Peak systolic velocity (PSV) in
the renal artery is commonly used as the parameter to assess for the presence of RAS on US.
Cutoff values of 200 to 300 cm/s have been proposed in various studies [29,30], but the lower limit
suffers from low specificity, leading to unnecessary angiography procedures [31]. In a study by de
Morais et al [32], they reported a sensitivity of 90% to 96.8% and a specificity of 87.5% to 70% for
detection of RAS using various PSV thresholds in the main renal artery and a sensitivity of 100%
and specificity of 96.7% using an acceleration time of >0.09. Another parameter that can be used is
the renal artery to iliac artery ratio, which has been shown to have a sensitivity of 90% and a
specificity of 96.7% using a cutoff value of 1.8. Alternatively, AbuRahma et al [33] found that a PSV
of 285 cm/s or renal-aortic ratio of 3.7 alone was better than any combination of PSVs, end-
diastolic velocities, or renal-aortic ratios in detecting =60% stenosis. Fananapazir et al [34] used 3
US factors (highest renal artery velocity > 300 cm/s, presence of spectral broadening, and
acceleration time >0.1 s) to stratify patients into low, intermediate, high, and very high risk for RAS.
The model demonstrated a 96% sensitivity and 91% specificity in classifying no stenosis versus any
stenosis.

US provides a very useful in the detection of vascular thrombosis. The US appearance of RAT is
striking, with complete absence of flow in the renal vessels on color flow and spectral analysis.
Power Doppler imaging may be helpful because of its capability to detect low flow. However, it is
important to remember that the absence of arterial flow within the kidney can also be seen in
patients with hyperacute rejection and RVT [35]. Absence of renal venous flow on US with renal
enlargement is highly specific for RVT. Reversal of flow in the renal artery in diastole is often found
in association with RVT [36]; however, this represents only approximately 10% of cases of reversed
diastolic flow. Reversal of flow is seen more commonly in rejection or ATN and occasionally with
nephrosclerosis [37].

US is also a useful tool in the detection of PSAs and AVFs, which may occur after biopsy. Although
these complications resolve spontaneously in most cases, they can affect allograft function if they
are large.

The EAU guidelines provide a strong recommendation rating to perform a US as the initial
examination to evaluate for causes of graft dysfunction including vascular complications and
obstruction [18]. This can also serve as a baseline examination for future comparison.

Variant 1: Adult. Renal transplant dysfunction. Initial imaging.
N, US pelvis

There is no current literature specific to the use of an US pelvis in the initial evaluation of a renal



transplant as this examination does not specifically include evaluation of the renal transplant.

Variant 1. Adult. Renal transplant dysfunction. Initial imaging.
_. US pelvis with IV contrast

There is no current literature specific to the use of CEUS pelvis in the initial evaluation of a renal
transplant.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.

This variant assumes that the initial US was performed with sufficient technology, appropriate
technique, and that the images were interpreted by experts.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
A. Arteriography kidney

RAS occurs in 1% to 23% of patients following transplantation and accounts for 1% to 5% of renal
transplant hypertension [38-40]. RAS management includes percutaneous therapeutic angioplasty
and stenting, with a success rate of 65% to 100% [41-52]. The complication rate from percutaneous
therapeutic angioplasty and stenting of 0% to 10% is low compared to surgery, which has a graft
loss rate of 15% and mortality rate of 5%.

Renal biopsy may result in AVF. The reported incidence of AVF following biopsy ranges from 6% to
10% [53], but 90% of these have a benign course [54] with 70% of these spontaneously resolving
within 1 to 2 years. If clinically significant (major bleeding, systemic hypertension, or graft
impairment) angiography with selective embolization would be the first course of management.

There is no current literature specific to the use of kidney arteriography in a patient with suspicion
for an arterial etiology. The modality should be heavily considered if subsequent intervention is
expected.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
B. CT abdomen and pelvis with IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis with IV contrast in
a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
C. CT abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis without and with
IV contrast in a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
D. CT abdomen and pelvis without IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis without IV
contrast in a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.



E. CT pelvis with IV contrast

There is no current literature specific to the use of CT of the pelvis with 1V contrast in a patient with
suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
F. CT pelvis without and with 1V contrast

There is no current literature specific to the use of CT of the pelvis without and with IV contrast in a
patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
G. CT pelvis without IV contrast

There is no current literature specific to the use of CT of the pelvis without IV contrast in a patient
with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
H. CTA abdomen and pelvis with IV contrast

In patients with suspected vascular complications (RAT, RAS, PSA, AVF), CTA can provide a detailed
anatomic depiction before undergoing percutaneous angiography. Similar to the evaluation in
native kidneys [55], the high spatial resolution of CT provides high sensitivity and specificity in the
diagnosis of RAS. The abdominal component allows evaluation of the abdominal aorta. Although
CTA of the abdomen and pelvis is routinely used to visualize the aorta and other upper abdominal
organs, some facilities may only perform a CTA of the pelvis. There are no large studies comparing
CTA abdomen and pelvis with IV contrast to other noninvasive or invasive procedures in the initial
evaluation of a patient with suspicion for an arterial etiology. The EAU guidelines suggest
consideration of an MRA or CTA following an unremarkable or indeterminate renal US in patients
with suspected RAS [18].

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
I. CTA pelvis with IV contrast

In patients with suspected vascular complications (RAT, RAS, PSA, AVF), CTA can provide a detailed
anatomic depiction before undergoing percutaneous angiography. Similar to the evaluation in
native kidneys [55], the high spatial resolution of CT provides high sensitivity and specificity in the
diagnosis of RAS. Many facilities will perform a CTA of the abdomen in addition to the pelvis
because it allows visualization of the abdominal aorta and upper abdominal organs. In a small
study by Helck et al [56], 42% of the vascular complications encountered on multiphase CT were
not initially adequately detected on US. With comparison to arteriography, a small series by
Gaddikeri et al [57] demonstrated little difference between CTA of the pelvis and MRA in the
assessment of transplant RAS. There are no large studies comparing CTA pelvis with IV contrast to
other noninvasive or invasive procedures in the initial evaluation of a patient with suspicion for an
arterial etiology. The EAU guidelines suggest consideration of a MRA or CTA following an
unremarkable or indeterminate renal US in patients with suspected RAS [18].

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
J. CTU without and with IV contrast



There is no current literature specific to the use of CTU without and with IV contrast in a patient
with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
K. CTV abdomen and pelvis with 1V contrast

There is no current literature specific to the use of CTV of the abdomen and pelvis without IV
contrast in a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
L. CTV pelvis with IV contrast

There is no current literature specific to the use of CTV of the pelvis without IV contrast in a patient
with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
M. DTPA renal scan

Captopril-enhanced DTPA scintigraphy can be used to screen for possible transplant RAS. Because
overlap exists in the imaging findings in patients with mild acute rejection, comparison with a
baseline study is required. Absence of perfusion and uptake in the transplant is nonspecific but can
be seen in RAT or RVT [16]. There is no current literature specific to the use of DTPA renal scan in a
patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.

N. Image-guided biopsy kidney

There is no current literature specific to the use of an image-guided renal transplant biopsy in a
patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
0. MAG3 renal scan

Captopril-enhanced DTPA scintigraphy can be used to screen for possible transplant RAS. Because
overlap exists in the imaging findings in patients with mild acute rejection, comparison with a
baseline study is required. In a small study comparing MAG3 scintigraphy to renal artery
angiography as the reference standard, Mousa et al [58] reported a sensitivity of 92%, a specificity
of 64%, and an accuracy of 77%. The imaging appearance of RAT is indistinguishable from RVT on
scintigraphy [59].

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
P. MRA abdomen and pelvis without and with IV contrast

MRA permits a noninvasive method to evaluate for vascular complications. Omary et al [60] found
that MRA resulted in a change in the referring clinician’s initial diagnostic impression in
approximately 65% of patients. In 39% of patients, angiography was avoided. Sharafuddin et al [61]
studied both native and transplant renal arteries and found that preprocedural planning with the
use of gadolinium-enhanced MRA significantly reduced the iodinated contrast material
requirement during percutaneous renal artery interventions, in addition to shortening the



procedure duration.

Unfortunately, MRA suffers from a few pitfalls that may lead to a false diagnosis of stenosis or an
overestimation of a stenosis related to metallic artifact or venous contamination [62]. In addition to
depicting areas of stenosis in the main renal artery, MRA is able to depict areas of infarction within
the kidney, which are seen as areas of heterogeneous T1 and T2 signal intensity and as focal areas
of nonenhancement on the postcontrast images. Using 3-D gadolinium-enhanced MRA of the
lower abdomen and pelvis for the detection of transplant RAS, Ismaeel et al [63] showed a
sensitivity of 93.7%, a specificity of 80%, and an accuracy of 88.5% when compared to
angiography. The abdominal component allows evaluation of the abdominal aorta. The EAU
guidelines provide a strong recommendation rating to perform a MRA or CTA following an
unremarkable or indeterminate renal US in patients with suspected RAS [18].

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
Q. MRA abdomen and pelvis without IV contrast

MRA permits a nhoninvasive method to evaluate for vascular complications. Although routinely
used macrocyclic gadolinium-based contrast agents (GBCAs) have a very low risk for development
of nephrogenic systemic fibrosis (NSF), noncontrast MRA with steady-state free precession
imaging can be of use in patients with strong contraindications to GBCAs [64]. Multiple studies
have revealed excellent image quality and good interobserver reader agreement when noncontrast
techniques are implemented [64-68], although studies have shown that noncontrast MRA can
overestimate the degree of transplant RAS [64,67,68]. A small study by Lanzman et al [65]
comparing noncontrast MRA to digital subtraction angiography in detection of relevant RAS
reported that the sensitivity, specificity, and accuracy were 100%, 88% and 91%, respectively.
Unfortunately, MRA suffers from a few pitfalls that may lead to a false diagnosis of stenosis or an
overestimation of a stenosis related to metallic artifact or venous contamination [62]. The
abdominal component allows evaluation of the abdominal aorta.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
R. MRA pelvis without and with IV contrast

Although angiography remains the reference standard for the anatomic delineation of the renal
arteries, MRA permits a noninvasive method to evaluate for vascular complications. Omary et al
[60] found that MRA resulted in a change in the referring clinician’s initial diagnostic impression in
approximately 65% of patients. In 39% of patients, angiography was avoided. Sharafuddin et al [61]
studied both native and transplant renal arteries and found that preprocedural planning with the
use of gadolinium-enhanced MRA significantly reduced the iodinated contrast material
requirement during percutaneous renal artery interventions, in addition to shortening the
procedure duration.

Unfortunately, MRA suffers from a few pitfalls that may lead to a false diagnosis of stenosis or an
overestimation of a stenosis. These include artifacts caused by metallic surgical clips near the
transplant artery that result in signal loss near the artery, giving the false impression of stenosis.
Venous contamination due to inaccurate timing of the arterial bolus is another artifact that can
affect the accuracy of diagnosis. Careful evaluation of the source images and multiplanar reformats
will help solve these problems [62]. In addition to depicting areas of stenosis in the main renal
artery, MRA is able to depict areas of infarction within the kidney, which are seen as areas of



heterogeneous T1 and T2 signal intensity and as focal areas of nonenhancement on the
postcontrast images. Using 3-D gadolinium-enhanced MRA for the detection of transplant RAS,
Ismaeel et al [63] showed a sensitivity of 93.7%, a specificity of 80%, and an accuracy of 88.5%
when compared to angiography. With comparison to arteriography, a small series by Gaddikeri et
al [57] demonstrated little difference between CTA and MRA in the assessment of transplant RAS.
The EAU guidelines suggest consideration of an MRA or CTA following an unremarkable or
indeterminate renal US in patients with suspected RAS [18].

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
S. MRA pelvis without IV contrast

MRA permits a noninvasive method to evaluate for vascular complications. Although routinely
used macrocyclic GBCAs have a very low risk for development of NSF, noncontrast MRA with
steady-state free precession imaging can be of use in patients with strong contraindications to
GBCAs [64]. Multiple studies have revealed excellent image quality and good interobserver reader
agreement when noncontrast techniques are implemented [64-68]. Studies have shown that
noncontrast MRA can overestimate the degree of transplant RAS [64,67,68]. A small study by
Lanzman et al [65] comparing noncontrast MRA to digital subtraction angiography in detection of
relevant RAS reported sensitivity, specificity, and accuracy were 100%, 88%, and 91%, respectively
Unfortunately, MRA suffers from a few pitfalls that may lead to a false diagnosis of stenosis or an
overestimation of a stenosis related to metallic artifact or venous contamination [62]. The EAU
guidelines suggest consideration of an MRA or CTA following an unremarkable or indeterminate
renal US in patients with suspected RAS [18].

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
T. MRI abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of MRl abdomen and pelvis without and with IV
contrast in the initial evaluation of a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
U. MRI abdomen and pelvis without IV contrast

There is no current literature specific to the use of MRl abdomen and pelvis without IV contrast in
the initial evaluation of a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
V. MRI pelvis without and with IV contrast

There is no current literature specific to the use of MRI pelvis without and with IV contrast in the
initial evaluation of a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
W. MRI pelvis without IV contrast

There is no current literature specific to the use of MRI pelvis without IV contrast in the initial
evaluation of a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.



X. MRU without and with IV contrast

There is no current literature specific to the use of MRU without and with IV contrast in the
evaluation of a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
Y. MRU without IV contrast

There is no current literature specific to the use of MRU without IV contrast in the evaluation of a
patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
Z. MRV abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of MRV abdomen and pelvis without and with IV
contrast in the evaluation of a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
[. MRV pelvis without and with IV contrast

There is no current literature specific to the use of MRV pelvis without and with IV contrast in the
evaluation of a patient with suspicion for an arterial etiology.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
\. US duplex Doppler kidney transplant

There is no current literature specific to the use of repeat US duplex Doppler kidney transplant in
the evaluation of a renal transplant with suspicion for an arterial etiology based on initial US
duplex Doppler studies. It is usually not useful to repeat this study, assuming that the initial US was
appropriate in quality and technique. Under these circumstances, US should not be repeated.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
]. US pelvis

There is no current literature specific to the use of a US pelvis in the initial evaluation of a renal
transplant because this examination does not include evaluation of the renal transplant.

Variant 2: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
arterial etiology. Next imaging study.
. US pelvis with 1V contrast

In limited studies, CEUS provides improved accuracy over US duplex Doppler kidney transplant in
diagnosing RAS. Pan et al [69] demonstrated significantly higher specificity (95.7%) on CEUS
compared to Doppler derived indices on conventional US (76.1%), with equal sensitivity. This
reduction in false-positives allows patients to avoid unnecessary CTAs, MRAs, and/or
arteriography. Although the color Doppler findings of RAT are nonspecific (absence of flow in the
main renal artery and intrarenal arteries) and can be seen in acute rejection and RVT, CEUS
confirms the diagnosis with the absence of renal arterial contrast opacification, can better
delineates the site and extent of thrombosis, and demonstrates areas of parenchymal
ischemia/infarct. AVF can also be confirmed by CEUS and allows assessment of adjacent
parenchymal flow [70].



Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.

This variant assumes that the initial US was performed with sufficient technology, appropriate
technique, and that the images were interpreted by experts.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
A. Arteriography kidney

There is no current literature specific to the use of kidney arteriography in a renal transplant with
suspicion for a venous etiology. Given its invasive nature, the modality should be primarily
employed if there is consideration for catheter-directed thrombectomy and thrombolysis [71].

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
B. CT abdomen and pelvis with IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis with IV contrast in
a renal transplant with suspicion for a venous etiology. The contrast bolus timing for a
conventional CT of the abdomen and pelvis may prevent optimal opacification of the venous
system and thus limit evaluation for thrombus formation.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
C. CT abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis without and with
IV contrast in a renal transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
D. CT abdomen and pelvis without IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis without IV
contrast in a renal transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
E. CT pelvis with IV contrast

There is no current literature specific to the use of CT of the pelvis with IV contrast in a renal
transplant with suspicion for a venous etiology. The contrast bolus timing for a conventional CT of
the pelvis may prevent optimal opacification of the venous system and thus limit evaluation for
thrombus formation. The inferior vena cava will not be completely evaluated in the absence of
abdominal imaging.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
F. CT pelvis without and with IV contrast

There is no current literature specific to the use of CT of the pelvis without and with IV contrast in a
renal transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
G. CT pelvis without IV contrast



There is no current literature specific to the use of CT of the pelvis without IV contrast in a renal
transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
H. CTA abdomen and pelvis with IV contrast

There is no current literature specific to the use of CTA of the abdomen and pelvis with IV contrast
in a renal transplant with suspicion for a venous etiology. The contrast bolus timing for a CTA will
prevent optimal opacification of the venous system and thus limit evaluation for thrombus
formation.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
I. CTA pelvis with IV contrast

There is no current literature specific to the use of CTA of the pelvis with IV contrast in a renal
transplant with suspicion for a venous etiology. The contrast bolus timing for a CTA will prevent
optimal opacification of the venous system and thus limit evaluation for thrombus formation. The
inferior vena cava will not be completely evaluated in the absence of abdominal imaging.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
J. CTU without and with 1V contrast

There is no current literature specific to the use of CTU without and with IV contrast in a renal
transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
K. CTV abdomen and pelvis with IV contrast

A CTV permits improved opacification of the transplant renal vein and draining venous vasculature
allowing evaluation for thrombosis. The abdominal component also allows evaluation of the
inferior vena cava.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
L. CTV pelvis with IV contrast

A CTV permits improved opacification of the transplant renal vein and draining venous vasculature
allowing evaluation for thrombosis. The inferior vena cava will not be completely evaluated in the
absence of abdominal imaging.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
M. DTPA renal scan

There is no relevant literature documenting the additional benefit of DTPA renal scan after a US
suspicious for a venous etiology. The scintigraphic findings are indistinguishable from RAT [59].

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
N. Image-guided biopsy kidney

There is no current literature specific to the use of image-guided kidney biopsy in a renal



transplant with suspicion for a venous etiology. An image-guided biopsy is not beneficial in a renal
transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
O. MAG3 renal scan

There is no relevant literature documenting the additional benefit of MAG3 renal scan after a US
suspicious for a venous etiology. The scintigraphic findings are indistinguishable from RAT [59].

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
P. MRA abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of MRA abdomen and pelvis without and with IV
contrast in a renal transplant with suspicion for a venous etiology. The contrast bolus timing for an
MRA will prevent optimal opacification of the venous system and thus limit evaluation for
thrombus formation.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
Q. MRA abdomen and pelvis without IV contrast

There is no current literature specific to the use of MRA abdomen and pelvis without IV contrast in
a renal transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
R. MRA pelvis without and with IV contrast

There is no current literature specific to the use of MRA pelvis without and with IV contrast in a
renal transplant with suspicion for a venous etiology. The contrast bolus timing for a MRA will
prevent optimal opacification of the venous system and thus limit evaluation for thrombus
formation. The inferior vena cava will not be completely evaluated in the absence of abdominal
imaging.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
S. MRA pelvis without IV contrast

There is no current literature specific to the use of MRA pelvis without IV contrast in a renal
transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
T. MRI abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of MRI abdomen and pelvis without and with IV
contrast in a renal transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
U. MRI abdomen and pelvis without IV contrast

There is no current literature specific to the use of MRI abdomen and pelvis without IV contrast in
a renal transplant with suspicion for a venous etiology. The contrast bolus timing for a



conventional MRI of the pelvis may prevent optimal opacification of the venous system and thus
limit evaluation for thrombus formation when compared to a MRV. The inclusion of the abdomen
is preferred because this component allows for evaluation of the inferior vena cava.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
V. MRI pelvis without and with IV contrast

There is no current literature specific to the use of MRI pelvis without and with IV contrast in a
renal transplant with suspicion for a venous etiology. The contrast bolus timing for a conventional
MRI of the pelvis may prevent optimal opacification of the venous system and thus limit evaluation
for thrombus formation when compared to a MRV.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
W. MRI pelvis without IV contrast

There is no current literature specific to the use of MRI pelvis without IV contrast in a renal
transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
X. MRU without and with IV contrast

There is no current literature specific to the use of MRU without and with IV contrast in a renal
transplant with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
Y. MRU without IV contrast

There is no current literature specific to the use of MRU without IV contrast in a renal transplant
with suspicion for a venous etiology.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
Z. MRV abdomen and pelvis without and with IV contrast

MRV permits improved visualization of the transplant renal vein and draining venous vasculature
allowing evaluation for thrombosis. The abdominal component also allows evaluation of the
inferior vena cava.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
[. MRV pelvis without and with IV contrast

MRV permits improved visualization of the transplant renal vein and draining venous vasculature
allowing evaluation for thrombosis.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
\. US duplex Doppler kidney transplant

There is no current literature specific to the use of repeat duplex Doppler kidney transplant US in a
renal transplant with suspicion for a venous etiology based on initial duplex Doppler US. It is
usually not useful to repeat this study, assuming that the initial US was appropriate in quality and



technique. Under these circumstances, US should not be repeated.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
]. US pelvis

There is no current literature specific to the use of a US pelvis in the initial evaluation of a renal
transplant with suspicion for a venous etiology because this examination does not include
evaluation of the renal transplant.

Variant 3: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
venous etiology. Next imaging study.
. US pelvis with IV contrast

There is no current literature specific to the use of a CEUS pelvis in the in the evaluation of a renal
transplant with suspicion for a venous etiology. The usefulness of CEUS to identify and define
extent of the thrombus and demonstrate areas of parenchymal ischemia or infarct has been
described but has not been validated in the literature.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.

This variant assumes that the initial US was performed with sufficient technology, appropriate
technique, and that the images were interpreted by experts.

Extrinsic etiologies include peritransplant collections (urinoma, lymphocele, and abscess),
peritransplant hematomas, malignancies unrelated to the renal parenchyma (eg,
lymphoproliferative processes), and pathologic processes unrelated to the renal transplant.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
A. Arteriography kidney

There is no current literature specific to the use of arteriography of the kidney in a renal transplant
with suspicion of an extrinsic etiology. Arteriography could identify active bleeding into a
perinephric hematoma or enhancement of a perinephric mass. The modality is invasive with an
increased risk of thromboembolism leading to irreversible graft dysfunction, groin hematomas,
PSA, or traumatic AVF.

Variant 4. Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
B. CT abdomen and pelvis with IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis with IV contrast in
a renal transplant with suspicion of an extrinsic etiology. It may be beneficial in detecting
hydronephrosis and/or nephrolithiasis. It is also useful in the evaluation of renal masses,
perinephric fluid collections, and posttransplant lymphoproliferative disease. The abdominal
component may be beneficial to evaluate for other postoperative complications such as small
bowel obstruction.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
C. CT abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis without and with



IV contrast in a renal transplant with suspicion of an extrinsic etiology. It may be beneficial in
detecting hydronephrosis and/or nephrolithiasis. It is also useful in the evaluation of large vessel
vascular abnormalities, renal masses, perinephric fluid collections, and posttransplant
lymphoproliferative disease. The abdominal component may be beneficial to evaluate the native
kidneys or to evaluate for other postoperative complications such as small bowel obstruction. It is
unlikely that imaging before and after IV contrast offers increased diagnostic value compared to a
single acquisition.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
D. CT abdomen and pelvis without IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis without IV
contrast in a renal transplant with suspicion of an extrinsic etiology. The study may be helpful in
patients with suspected hemorrhage or in the evaluation for urinary obstruction and/or
nephrolithiasis in the transplant kidney. It also may be useful to define the extent of a
peritransplant fluid collection. The abdominal component may be beneficial to evaluate for other
postoperative complications such as small bowel obstruction.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
E. CT pelvis with IV contrast

There is no current literature specific to the use of CT of the pelvis with IV contrast in a renal
transplant with suspicion of an extrinsic etiology. It may be beneficial in detecting hydronephrosis
and/or nephrolithiasis. It is also useful in the evaluation of renal masses, perinephric fluid
collections, and posttransplant lymphoproliferative disease.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
F. CT pelvis without and with 1V contrast

There is no current literature specific to the use of CT of the pelvis without and with IV contrast in a
renal transplant with suspicion of an extrinsic etiology. The study may be helpful in patients with
suspected hemorrhage or in the evaluation for nephrolithiasis in the transplant kidney. It may be
also beneficial in evaluating perinephric fluid collections or posttransplant lymphoproliferative
disease.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
G. CT pelvis without IV contrast

There is no current literature specific to the use of CT of the pelvis without IV contrast in a renal
transplant with suspicion of an extrinsic etiology. The study may be helpful in patients with
suspected hemorrhage or in the evaluation for urinary obstruction and/or nephrolithiasis in the
transplant kidney. It also may be useful to define the extent of a peritransplant fluid collection.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
H. CTA abdomen and pelvis with IV contrast

There is no current literature specific to the use of CTA of the abdomen and pelvis with IV contrast
in the evaluation of a renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for



extrinsic etiology. Next imaging study.
I. CTA pelvis with IV contrast

There is no current literature specific to the use of CTA of the pelvis with IV contrast in the
evaluation of a renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
J. CTU without and with IV contrast

The addition of CTU sequences allows further evaluation of the renal transplant collecting system.
With IV contrast, the excretory phase permits the anatomic and functional assessment of urologic
complications. A small study by Sciascia et al [72] demonstrated 90% accuracy in depicted urologic
complications following kidney transplant.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
K. CTV abdomen and pelvis with IV contrast

There is no current literature specific to the use of CTV of the abdomen and pelvis with IV contrast
in the evaluation of a renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
L. CTV pelvis with IV contrast

There is no current literature specific to the use of CTV of the pelvis with IV contrast in the
evaluation of a renal transplant with suspicion of an extrinsic etiology.

Variant 4. Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
M. DTPA renal scan

There is no current literature specific to the use of DTPA renal scan in the evaluation of a renal
transplant with suspicion of an extrinsic etiology. Scintigraphy may be helpful in differentiating a
urinoma from other perinephric collections such as a lymphocele or hematoma.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
N. Fluoroscopy antegrade pyelography

Fluoroscopic antegrade pyelography allows further evaluation of the renal transplant collecting
system. There is no current literature specific to the use of fluoroscopic antegrade pyelography in
the evaluation of a renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.

0. Image-guided biopsy kidney

There is no current literature specific to the use of an image-guided renal transplant biopsy in a
renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
P. MAG3 renal scan

There is no current literature specific to the use of MAG3 renal scan in the evaluation of a renal



transplant with suspicion of an extrinsic etiology. Scintigraphy may be helpful in differentiating a
urinoma from other perinephric collections such as a lymphocele or hematoma.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
Q. MRA abdomen and pelvis without and with 1V contrast

There is no current literature specific to the use of MRA abdomen and pelvis without and with IV
contrast in the evaluation of a renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
R. MRA abdomen and pelvis without IV contrast

There is no current literature specific to the use of MRA abdomen and pelvis without IV contrast in
the evaluation of a renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
S. MRA pelvis without and with 1V contrast

There is no current literature specific to the use of MRA pelvis without and with IV contrast in the
evaluation of a renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
T. MRA pelvis without IV contrast

There is no current literature specific to the use of MRA pelvis without IV contrast in the evaluation
of a renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
U. MRI abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of MRl abdomen and pelvis without and with IV
contrast in the evaluation of a renal transplant with suspicion of an extrinsic etiology. The modality
may be useful in differentiation of peritransplant fluid collections and evaluation for posttransplant
lymphoproliferative disorder. The abdominal component is of limited additional benefit.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
V. MRI abdomen and pelvis without IV contrast

There is no current literature specific to the use of MRl abdomen and pelvis without IV contrast in
the evaluation of a renal transplant with suspicion of an extrinsic etiology. The modality may be
useful in differentiation of peritransplant fluid collections. The abdominal component is of limited
additional benefit.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
W. MRI pelvis without and with IV contrast

There is no current literature specific to the use of MRI pelvis without and with IV contrast in the
evaluation of a renal transplant with suspicion of an extrinsic etiology. The modality may be useful
in differentiation of peritransplant fluid collections and evaluation for posttransplant



lymphoproliferative disorder.

Variant 4. Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
X. MRI pelvis without IV contrast

There is no current literature specific to the use of MRI pelvis without IV contrast in the evaluation
of a renal transplant with suspicion of an extrinsic etiology. The modality may be useful in
differentiation of peritransplant fluid collections and evaluation for posttransplant
lymphoproliferative disorder.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
Y. MRU without and with 1V contrast

The addition of MRU sequences allows further evaluation of the renal transplant collecting system.
With IV contrast, the excretory phase permits the anatomic and functional assessment of urologic
complications. Excretion of contrast into a perinephric collection confirms a urinoma. A small study
by Cohnen et al [73] reported a sensitivity of 100% and a specificity of 78% in the evaluation of
posttransplant urological complications. There is no current literature specific to the use of MRU
without and with IV contrast in the evaluation of a renal transplant with suspicion of an extrinsic
etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
Z. MRU without IV contrast

The addition of MRU sequences allows further evaluation of the renal transplant collecting system.
Without the administration of contrast to allow acquisition of excretory imaging, functional status
of the transplant cannot be assessed. In a small study by Blondin et al [74], the T2-weighted MRU
sequence yielded a slightly lower though not statistically significant sensitivity (76.2%) and
specificity (73.7%) in the diagnosis of ureteric complications when compared to the contrast-
enhanced sequences (85.7% and 83.3%, respectively). Nevertheless, there is no current literature
specific to the use of MRU without IV contrast in the evaluation of a renal transplant with suspicion
of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
[. MRV abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of MRV abdomen and pelvis without and with 1V
contrast in the evaluation of a renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
\. MRV pelvis without and with IV contrast

There is no current literature specific to the use of MRV pelvis without and with IV contrast in the
evaluation of a renal transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
]. US duplex Doppler kidney transplant

There is no current literature specific to the use of repeat duplex Doppler kidney transplant US in



the evaluation of a renal transplant with suspicion of an extrinsic etiology. It is usually not useful to
repeat this study, assuming that the initial US was appropriate in quality and technique. Under
these circumstances, US should not be repeated.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
N, US pelvis

There is no current literature specific to the use of a US pelvis in the initial evaluation of a renal
transplant with suspicion of an extrinsic etiology.

Variant 4: Adult. Renal transplant dysfunction. US suspicious for, but not conclusive for
extrinsic etiology. Next imaging study.
_. US pelvis with IV contrast

CEUS is helpful in the detection of perirenal hematoma in the early postoperative period when the
hematoma could appear isoechoic to adjacent renal parenchyma. Grzelak et al [75] reported a 2-
fold increase in the detection of perirenal hematoma compared to a conventional renal transplant
US. If there is active bleeding, contrast can be seen filling extending into the hematoma [11]. CEUS
is not helpful in the differentiation between seromas, lymphoceles, or urinomas because all three
will appear anechoic without enhancement.

There is no current literature specific to the use of CEUS pelvis in the in the evaluation of a renal
transplant with suspicion of an extrinsic etiology.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.
This variant assumes that the initial US was performed with sufficient technology, appropriate

technique, and that the images were interpreted by experts. In this setting, intrinsic dysfunction is
suspected because the etiology is unlikely to be vascular in nature or extrinsic.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

A. Arteriography kidney

There is no current literature specific to the use of arteriography of the kidney contrast in the
evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

B. CT abdomen and pelvis with IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis with 1V contrast in
the evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

C. CT abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of CT of the abdomen and pelvis without and with
IV contrast in the evaluation of a renal transplant following an unremarkable or indeterminate US.
This imaging is not beneficial when the initial US does not demonstrate any abnormalities.



Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

D. CT abdomen and pelvis without IV contrast

There is no current literature specific to the use of noncontrast CT of the abdomen and pelvis
without IV contrast in the evaluation of a renal transplant following an unremarkable or
indeterminate US. This imaging is not beneficial when the initial US does not demonstrate any
abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

E. CT pelvis with IV contrast

There is no current literature specific to the use of CT of the pelvis with IV contrast in the
evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

F. CT pelvis without and with IV contrast

There is no current literature specific to the use of CT of the pelvis without and with IV contrast in
the evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

G. CT pelvis without IV contrast

There is no current literature specific to the use of CT of the pelvis without IV contrast in the
evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

H. CTA abdomen and pelvis with IV contrast

There is no current literature specific to the use of CTA of the abdomen and pelvis with IV contrast
in the evaluation of a renal transplant following an unremarkable or indeterminate US. This
imaging is not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

I. CTA pelvis with IV contrast

There is no current literature specific to the use of CTA of the pelvis with IV contrast in the
evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

J. CTU without and with IV contrast

There is no current literature specific to the use of CTU without and with IV contrast of the pelvis in
the evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.



Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

K. CTV abdomen and pelvis with IV contrast

There is no current literature specific to the use of CTV of the abdomen and pelvis with IV contrast
in the evaluation of a renal transplant following an unremarkable or indeterminate US. This
imaging is not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

L. CTV pelvis with IV contrast

There is no current literature specific to the use of CTV of the pelvis with IV contrast in the
evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

M. DTPA renal scan

There is no current literature specific to the use of DTPA renal scan in the evaluation of a renal
transplant following an unremarkable or indeterminate US. This imaging is not beneficial when the
initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

N. Fluoroscopy antegrade pyelography

Fluoroscopic antegrade pyelography allows further evaluation of the renal transplant collecting
system. There is no current literature specific to the use of fluoroscopic antegrade pyelography in
the evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

O. Image-guided biopsy kidney

Acute rejection cannot be distinguished from other causes of renal dysfunction such as ATN or
calcineurin inhibitor toxicity by imaging. Therefore, biopsy of the renal cortex with pathologic
classification using the Banff criteria is highly beneficial in the evaluation of allograft dysfunction
following renal transplant [76]. In a prospective study by Pascual et al [77], biopsy results altered
management in approximately 40% of patients in whom a presumptive diagnosis had been made
on the basis of clinical and laboratory findings. The reported complication rate is extremely low,
between 0.4% and 1.0% [78,79]. The EAU guidelines provide a strong recommendation rating to
perform a renal biopsy in patients with suspected acute rejection [18].

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

P. MAG3 renal scan

There is no current literature specific to the use of MAG3 renal scan in the evaluation of a renal
transplant following an unremarkable or indeterminate US. This imaging is not beneficial when the
initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next



imaging study.
Q. MRA abdomen and pelvis without and with IV contrast
There is no current literature specific to the use of MRA abdomen and pelvis without and with IV

contrast in the evaluation of a renal transplant following an unremarkable or indeterminate US.
This imaging is not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

R. MRA abdomen and pelvis without IV contrast

There is no current literature specific to the use of MRA abdomen and pelvis without IV contrast in
the evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

S. MRA pelvis without and with IV contrast

There is no current literature specific to the use of MRA pelvis without and with IV contrast in the
evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

T. MRA pelvis without IV contrast

There is no current literature specific to the use of MRA pelvis without IV contrast in the evaluation
of a renal transplant following an unremarkable or indeterminate US. This imaging is not beneficial
when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

U. MRI abdomen and pelvis without and with IV contrast

MRI is typically used to confirm or further evaluate findings identified on renal US. The higher
spatial resolution allows increased detection and characterization of focal or diffuse parenchyma
abnormalities. Because the renal transplant is most frequently located in the iliac fossae,
complications are most likely to be identified in the pelvis, and additional coverage of the
abdomen is of little added benefit. There is no current literature specific to the use of MRI of the
abdomen and pelvis without and with 1V contrast in the evaluation of a renal transplant following
an unremarkable or indeterminate US. This imaging is not beneficial when the initial US does not
demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

V. MRI abdomen and pelvis without IV contrast

MRI is typically used to confirm or further evaluate findings identified on renal US. The higher
spatial resolution allows increased detection and characterization of focal or diffuse parenchyma
abnormalities. Because the renal transplant is most frequently located in the iliac fossae,
complications are most likely to be identified in the pelvis, and additional coverage of the
abdomen is of little added benefit. There is no current literature specific to the use of MRI of the
abdomen and pelvis without IV contrast in the evaluation of a renal transplant following an
unremarkable or indeterminate US. This imaging is not beneficial when the initial US does not



demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

W. MRI pelvis without and with 1V contrast

MRI is typically used to confirm or further evaluate findings identified on renal US. The higher
spatial resolution allows increased detection and characterization of focal or diffuse parenchyma
abnormalities. There is no current literature specific to the use of MRI pelvis without and with IV
contrast in the evaluation of a renal transplant following an unremarkable or indeterminate US.
This imaging is not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

X. MRI pelvis without IV contrast

MRI is typically used to confirm or further evaluate findings identified on renal US. The higher
spatial resolution allows increased detection and characterization of focal or diffuse parenchyma
abnormalities. The administration of contrast may allow further assessment of renal masses. There
IS no current literature specific to the use of MRI pelvis without IV contrast in the evaluation of a
renal transplant following an unremarkable or indeterminate US. This imaging is not beneficial
when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

Y. MRU without and with 1V contrast

There is no current literature specific to the use of MRU without and with IV contrast in the
evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

Z. MRU without IV contrast

There is no current literature specific to the use of MRU without IV contrast in the evaluation of a
renal transplant following an unremarkable or indeterminate US. This imaging is not beneficial
when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

[. MRV abdomen and pelvis without and with IV contrast

There is no current literature specific to the use of MRV abdomen and pelvis without and with 1V
contrast in the evaluation of a renal transplant following an unremarkable or indeterminate US.
This imaging is not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

\. MRV pelvis without and with IV contrast

There is no current literature specific to the use of MRV pelvis without and with IV contrast in the
evaluation of a renal transplant following an unremarkable or indeterminate US. This imaging is
not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next



imaging study.
]. US duplex Doppler kidney transplant

There is no current literature specific to the use of repeat duplex Doppler kidney transplant US in
the evaluation of a renal transplant following an unremarkable or indeterminate initial US. This
imaging is not beneficial when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

. US pelvis

There is no current literature specific to the use of a US pelvis in the initial evaluation of a renal
transplant with suspicion following an unremarkable or indeterminate renal transplant US because
this examination does not include evaluation of the renal transplant. This imaging is not beneficial
when the initial US does not demonstrate any abnormalities.

Variant 5: Adult. Renal transplant dysfunction. US unremarkable or indeterminate. Next
imaging study.

_. US pelvis with IV contrast

Various indices on CEUS have shown promise in differentiating acute rejection from ATN [80-82],
but these works require further validation. Like in native kidneys [83], pyelonephritis is more
conspicuous on CEUS. The technique is useful in evaluation of resolution after treatment or
development of renal abscess formation. CEUS can also be used to characterize and monitor
complex cystic renal masses [12].

There is no current literature specific to the use of a CEUS pelvis in the evaluation of a renal
transplant following an unremarkable or indeterminate US. The European Federation of Societies in
Medicine and Biology recommends using CEUS as extension to conventional US to evaluate
vascular complications, renal lesions, and inflammatory complications [84].

Summary of Highlights

This is a summary of the key recommendations from the variant tables. Refer to the complete
narrative document for more information.

e Variant 1. US duplex Doppler kidney transplant is usually appropriate for the initial imaging
in an adult patient with renal transplant dysfunction.

e Variant 2: MRA abdomen and pelvis without and with IV contrast, MRA pelvis without and
with IV contrast, CTA abdomen and pelvis with IV contrast, or CTA pelvis with IV contrast are
usually appropriate alternative next imaging studies in patients who had a US suspicious for,
but not conclusive for, arterial etiology. US pelvis with IV contrast may also be appropriate in
centers that have an appropriate level of expertise. The panel did not agree on
recommending arteriography kidney in this scenario. There is insufficient medical literature to
conclude whether or not these patients would benefit from using this invasive modality in
this scenario. Next imaging with this in this patient population is controversial but may be
appropriate, especially in patients who are likely to require intervention.

e Variant 3: MRV abdomen and pelvis without and with IV contrast, MRV pelvis without and
with IV contrast, CTV abdomen and pelvis with IV contrast, or CTV pelvis with IV contrast are
usually appropriate alternative next imaging studies in patients who had a US suspicious for,
but not conclusive for, venous etiology. The panel did not agree on recommending US pelvis



with IV contrast in this scenario. The usefulness of CEUS to identify and define extent of the
thrombus and demonstrate areas of parenchymal ischemia or infarct has been described but
has not been validated in the literature. Next imaging with this in this patient population is
controversial but may be appropriate.

e Variant 4. MRI abdomen and pelvis without and with IV contrast, MRl abdomen and pelvis
without IV contrast, MRI pelvis without and with IV contrast, MRI pelvis without IV contrast,
MRU without and with IV contrast, MRU without IV contrast, CT abdomen and pelvis with IV
contrast, CT abdomen and pelvis without IV contrast, CT pelvis with IV contrast, CT pelvis
without IV contrast, CT abdomen and pelvis without and with IV contrast, or CTU without and
with IV contrast may be appropriate as alternative next imaging studies in an adult patient
with renal transplant dysfunction that had a US suspicious for, but not conclusive for, an
extrinsic etiology. The panel did not agree on recommending CT pelvis without and with IV
contrast in this scenario. There is insufficient medical literature to conclude whether or not
these patients would benefit from using this modality in this scenario. Next imaging in this
patient population is controversial but may be appropriate.

e Variant 5: Image-guided biopsy kidney is usually appropriate as a next imaging study in an
adult patient with renal transplant dysfunction with an initial US that is unremarkable or
indeterminate. These patients are presumed to have intrinsic dysfunction as the suspected
etiology with the etiology unlikely to be vascular or extrinsic in nature.

Supporting Documents

The evidence table, literature search, and appendix for this topic are available at
https://acsearch.acr.org/list. The appendix includes the strength of evidence assessment and the
final rating round tabulations for each recommendation.

For additional information on the Appropriateness Criteria methodology and other supporting
documents, please go to the ACR website at https:.//www.acr.org/Clinical-Resources/Clinical-Tools-
and-Reference/Appropriateness-Criteria.

Gender Equality and Inclusivity Clause

The ACR acknowledges the limitations in applying inclusive language when citing research studies
that predates the use of the current understanding of language inclusive of diversity in sex,
intersex, gender, and gender-diverse people. The data variables regarding sex and gender used in
the cited literature will not be changed. However, this guideline will use the terminology and
definitions as proposed by the National Institutes of Health.

Appropriateness Category Names and Definitions

Appropriateness Appropriateness

Category Name Rating Appropriateness Category Definition

The imaging procedure or treatment is indicated in
Usually Appropriate 7,8,0r9 the specified clinical scenarios at a favorable risk-
benefit ratio for patients.

The imaging procedure or treatment may be
May Be Appropriate 4,5 0r6 indicated in the specified clinical scenarios as an
alternative to imaging procedures or treatments with



https://acsearch.acr.org/list
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria

a more favorable risk-benefit ratio, or the risk-benefit
ratio for patients is equivocal.

The individual ratings are too dispersed from the
panel median. The different label provides

5 transparency regarding the panel’s recommendation.
“May be appropriate” is the rating category and a
rating of 5 is assigned.

May Be Appropriate
(Disagreement)

The imaging procedure or treatment is unlikely to be
indicated in the specified clinical scenarios, or the
risk-benefit ratio for patients is likely to be
unfavorable.

Usually Not Appropriate 1,2,0r3

Relative Radiation Level Information

Potential adverse health effects associated with radiation exposure are an important factor to consider
when selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures
associated with different diagnostic procedures, a relative radiation level (RRL) indication has been
included for each imaging examination. The RRLs are based on effective dose, which is a radiation dose
quantity that is used to estimate population total radiation risk associated with an imaging procedure.
Patients in the pediatric age group are at inherently higher risk from exposure, because of both organ
sensitivity and longer life expectancy (relevant to the long latency that appears to accompany radiation
exposure). For these reasons, the RRL dose estimate ranges for pediatric examinations are lower as
compared with those specified for adults (see Table below). Additional information regarding radiation
dose assessment for imaging examinations can be found in the ACR Appropriateness Criteria® Radiation
Dose Assessment Introduction document.

Relative Radiation Level Designations

Adult Effective Dose Estimate Pediatric Effective Dose

Relative Radiation Level*

Range Estimate Range
O 0 mSv 0 mSv
<0.1 mSv <0.03 mSv
0.1-1 mSv 0.03-0.3 mSv
1-10 mSv 0.3-3 mSv
10-30 mSv 3-10 mSv
30-100 mSv 10-30 mSv

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in
these procedures vary as a function of a number of factors (e.g., region of the body exposed to ionizing
radiation, the imaging guidance that is used). The RRLs for these examinations are designated as “Varies.”
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Disclaimer

The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for
determining appropriate imaging examinations for diagnosis and treatment of specified medical
condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring
physicians in making decisions regarding radiologic imaging and treatment. Generally, the complexity and
severity of a patient’s clinical condition should dictate the selection of appropriate imaging procedures or
treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked.
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of
this condition are not considered in this document. The availability of equipment or personnel may
influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as
investigational by the FDA have not been considered in developing these criteria; however, study of new
equipment and applications should be encouraged. The ultimate decision regarding the appropriateness
of any specific radiologic examination or treatment must be made by the referring physician and
radiologist in light of all the circumstances presented in an individual examination.
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