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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activiry, participants will be able to:

m Describe the anatomic locations and
vascular and urologic anatomy of the
most commonly used renal transplant
techniques and list the surgery-related,
donor-related, and recipient-related fac-
tors that predispose to certain posttrans-
plant complications.

m Classify renal transplant complications
according to time from surgery and rec-
ognize the distinguishing clinical findings
as well as imaging findings at US and
multimodality diagnostic imaging.

m Discuss the role of imaging in guiding
the multidisciplinary transplant team
toward appropriate therapies in the set-
ting of allograft rejection, infection, or
malignancy.

See rsna.orgl/learning-center-rg.

The kidney is the most commonly transplanted solid organ.
Advances in surgical techniques, immunosuppression regimens,
surveillance imaging, and histopathologic diagnosis of rejection
have allowed prolonged graft survival times. However, the demand
for kidneys continues to outgrow the available supply, and there
are efforts to increase use of donor kidneys with moderate- or high-
risk profiles. This highlights the importance of evaluating the renal
transplant patient in the context of both donor and recipient risk
factors. Radiologists play an integral role within the multidisci-
plinary team in care of the transplant patient at every stage of the
transplant process. In the immediate postoperative period, duplex
US is the modality of choice for evaluating the renal allograft. It

is useful for establishing a baseline examination for comparison

at future surveillance imaging. In the setting of allograft dysfunc-
tion, advanced imaging techniques including MRI or contrast-
enhanced US may be useful for providing a more specific diagnosis
and excluding nonrejection causes of renal dysfunction. When a
pathologic diagnosis is deemed necessary to guide therapy, US-
guided biopsy is a relatively low-risk, safe procedure. The range of
complications of renal transplantation can be organized temporally
in relation to the time since surgery and/or according to disease cat-
egories, including immunologic (rejection), surgical or iatrogenic,
vascular, urinary, infectious, and neoplastic complications. The
unique heterotopic location of the renal allograft in the iliac fossa
predisposes it to a specific set of complications. As imaging features
of infection or malignancy may be nonspecific, awareness of the
patient’s risk profile and time since transplantation can be used to
assign the probability of a certain diagnosis and thus guide more
specific diagnostic workup. It is critical to understand variations in
vascular anatomy, surgical technique, and independent donor and
recipient risk factors to make an accurate diagnosis and initiate ap-
propriate treatment.
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Introduction
The kidney is the most commonly transplanted solid organ world-
wide. In January 2019, there were 94 863 candidates on the waiting
list for renal transplantation in the United States alone, according
to the Organ Procurement and Transplantation Network (OPTN),
compared with 61488 in November 2004 (1,2).

The kidney donor risk index (KDRI), which incorporates donor-
related factors such as demographics, medical history, and cause of
death, can be used to estimate relative risk of graft failure. The kid-
ney donor profile index (KDPI) remaps the KDRI onto a percent-
age scale that predicts graft failure, such that lower percentages are
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TEACHING POINTS

B There are four main types of perinephric fluid collections com-
monly encountered in the renal transplant recipient: hema-
toma, urinoma, abscess, and lymphocele, occurring roughly
chronologically in that order with respect to time from sur-
JEDYE

B Reversed diastolic flow in the transplant renal artery at spec-
tral Doppler US is highly suggestive of renal vein thrombosis
but may also be seen less frequently with disorders such as
allograft torsion, severe allograft rejection, or acute tubular
necrosis. When reversed diastolic flow in the transplant artery
is identified, the renal vein should be carefully interrogated to
assess for renal vein thrombosis.

B |n the absence of allograft dysfunction and secondary features
of obstruction, it may be within acceptable limits to observe
mild pelvicaliectasis due to the dependent orientation of the
allograft in the iliac fossa and an increased tendency for vesi-
coureteral reflux. The increased tendency for vesicoureteral
reflux is due to the relatively shorter length of the transplant
ureter and loss of the normal obliquity and submucosal tunnel
within the urinary bladder after ureteroneocystostomy.

B The types of bacterial, fungal, and viral infections that affect
the renal transplant patient follow a relatively predictable pat-
tern that correlates with the length of time from transplanta-
tion. However, the pattern of timing of infections may vary
significantly, depending on factors like net state of immuno-
suppression at different time points and choice and duration
of antimicrobial prophylactic agents.

B Malignancy is the third most common cause of death (after
cardiovascular events and infection) in the renal transplant re-
cipient, with three to five times the risk of malignancy as com-
pared with the general population, with some cancers having
markedly increased risk as high as 20-500-fold. Malignancy
can occur as new malignancy in the recipient, as recurrent
malignancy in the recipient, or as donor-related malignancy
(transmitted to the recipient from the donor through the
graft).

associated with longer estimated graft function.
According to the OPTN, the number of deceased
donor allografts with a KDPI of 86% or higher
continues to grow each year, suggesting that
kidneys with relatively higher risk of failure are
being transplanted more frequently (3). Grafts
with higher risk of failure by nature carry greater
risk of allograft-related complications. Neverthe-
less, 1-year survival for patients with deceased
donor renal allografts continues to improve over
time, increasing from 87.7% in 1996 to 93.4% in
2014 (4,5).

With continued growing demand for renal
transplantation, the role of the radiologist as a
member of the multidisciplinary transplantation
team continues to expand. Surveillance imaging
and protocol biopsies are routinely performed
during the first 1-2 years after transplant for
detection of acute rejection and chronic allograft
nephropathy, which may be clinically occult at
the time of imaging or biopsy (6).

Duplex US is the principal modality used for
evaluation of the renal allograft. A number of
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postoperative complications can be detected at
US, including potentially correctable vascular
abnormalities that may benefit from immediate
reoperation to salvage the allograft. Among the
many imaging findings of vascular disease, mark-
edly decreased blood flow within the allograft

at color and power Doppler assessment in the
immediate postoperative period (within 4 hours
of surgery) is the finding most associated with
patient benefit from reoperation (7). Surveil-
lance US includes assessment for hydronephro-
sis, perinephric fluid collections, and vascular
patency and measurement of the intraparenchy-
mal arterial resistive indexes (RIs) (8). Contrast-
enhanced US may be useful when findings at
surveillance US are indeterminate, particularly
when distinguishing complicated cysts from solid
renal masses. CT and MRI may be indicated in
the setting of systemic disease or trauma.

Nuclear medicine may also play an impor-
tant role in assessing both allograft perfusion
and function, especially in the immediate post-
operative period (9). Renal scintigraphy using
radionuclides such as technetium 99m (°*T¢)
mercaptoacetyltriglycine (MAG,) or **Tc
diethylenetriaminepentaacetic acid (DTPA) can
provide both qualitative and quantitative infor-
mation on cortical perfusion as well as paren-
chymal extraction and excretion, and may be
particularly useful when used serially over time
for comparison purposes (10). Special protocols
using angiotensin-converting enzyme (ACE) in-
hibitors or diuretics may also be used when more
specific diagnoses such as renal artery stenosis or
obstruction, respectively, must be excluded (11).

Evidence-based practice guidelines for man-
agement of renal transplant recipients have
been compiled by the Kidney Disease: Improv-
ing Global Outcomes (KDIGO) group, which
includes recommendations for immunosuppres-
sion, antimicrobial prophylaxis, and treatment of
complications (12). Implementation of these clin-
ical guidelines, in conjunction with improvements
in surveillance imaging and surgical techniques,
has coincided with decreasing incidence of death-
censored early graft failure (within the first 90
days of transplant) as well as graft failure or death
at 5 years after transplant (13,14). Longer graft
survival times may in turn be accompanied by
increasing numbers of late complications such as
interstitial fibrosis and tubular atrophy (chronic
renal allograft nephropathy) and allograft malig-
nancy, which tend to increase with the duration
of follow-up (15).

In this article, we review the most frequently
encountered as well as less common but im-
portant complications of renal transplantation
and their typical imaging features. Following a
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timeline from initial surgery, risk factors, clinical
associations, and imaging findings are discussed.

Renal Transplant Technique
The surgical technique of renal transplanta-
tion may be tailored to anatomic characteristics
unique to the donor kidney and factors related to
the transplant recipient. The donor allograft may
be right or left sided, or both in the case of en
bloc kidneys. Variations in donor arterial, venous,
and ureteral anatomy are important factors that
influence the surgical technique and location of
placement and may require special preparation
of the allograft before transplantation. Influential
recipient factors include prior abdominal surgery,
vascular and urinary tract anatomy, and gender.
The severity of underlying atherosclerotic arterial
disease may favor one side over the other. Atten-
tion to the iliac vessels at preoperative imaging
can help identify left iliac vein compression by
the right common iliac artery (May-Thurner
syndrome, which is more common in women)
(16), allowing the surgeon to avoid left iliac fossa
placement or take necessary therapeutic mea-
sures before left-sided transplantation.

Renal transplantation traditionally has been
performed as an open operation; however, newer
robot-assisted techniques for dissection, graft
retroperitonealization, and venous, arterial, and
ureterovesical anastomosis have been proposed
as safe alternatives (17). In select patients, open
abdominal surgery can also be avoided by using
laparoscopic approaches for both donor nephrec-
tomy and recipient surgery (18). The most com-
mon location for allograft placement is the right
iliac fossa, owing in part to more frequent use of
the left kidney as the donor allograft due to the
relatively longer length of the left renal vein (19)
(Fig 1).The left iliac fossa is often selected for sec-
ond renal transplantation in the setting of a prior
failed right iliac fossa allograft or during combined
kidney-pancreas transplantation (20,21).

Simultaneous kidney-pancreas transplantation
is an effective therapy for patients with diabetes
mellitus complicated by end-stage renal disease
and typically involves ectopic intraperitoneal
placement of a pancreaticoduodenal allograft in
the right iliac fossa and a renal transplant in the
left iliac fossa. With respect to the pancreas trans-
plant, venous drainage may be either systemic or
via the portal venous system, with anastomosis
of the donor portal vein to the recipient iliac vein
or inferior vena cava, or to the recipient superior
mesenteric vein, respectively (21).

Renal transplant arterial anatomy can vary
considerably (Fig 1). In the case of deceased
donor transplantation, the donor renal artery is
frequently accompanied by a segment of donor
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aorta trimmed to an ovoid shape (Carrel aortic
patch) and anastomosed to the recipient exter-
nal iliac artery (EIA) in an end-to-side fashion
(22,23).The Carrel aortic patch has the added
advantage of potentially accommodating multiple
arterial ostia, with a single end-to-side anastomo-
sis (24). Accessory renal arteries are present in
30% of the population and are found bilaterally
10% of the time (25).

In the case of a living kidney donor, end-to-
side anastomosis of the donor renal artery and
recipient EIA is usually performed. End-to-end
anastomosis with the recipient internal iliac
artery is usually reserved for cases where the EIA
has already been used for a prior transplant or
where atherosclerotic disease of the EIA warrants
an alternate anastomosis site (22,23,26). The
donor renal vein is usually anastomosed to the re-
cipient external iliac vein in an end-to-side fash-
ion (22). En bloc transplantation of two smaller
pediatric kidneys may also be performed, using
the donor aorta and inferior vena cava to develop
anastomoses with the external iliac vessels (27).

Number of (and distance between) multiple
renal artery origins, presence of vascular disease,
and en bloc transplantation of pediatric kidneys
may require modifications in surgical technique,
resulting in variations in postsurgical vascular
anatomy. In living donor kidneys with multiple
renal arteries, conversion to a single artery can
be performed, which increases overall operative
time but decreases operative time for anastomosis
(28). It is important to identify and document
the Doppler profile of each donor renal artery
and vein at baseline postoperative US. In cases
of uncertainty or variant anatomy, discussion
with the transplant surgeon and attention to the
operative notes can provide additional insight.

The transplant kidney ureter can be anasto-
mosed to the recipient urinary bladder, often at
the dome (ureteroneocystostomy), or alterna-
tively to the recipient’s native ureter after removal
of the diseased native kidney using an end-to-
side anastomosis (ureteroureterostomy), in cases
where the length of the transplant ureter is insuf-
ficient or the recipient bladder anatomy precludes
ureteroneocystostomy (29). Pyeloureterostomy
is an additional technique that involves recipient
nephrectomy with preservation of the recipient
ureter, which is anastomosed to the donor renal
pelvis (22,30).

Timeline of Renal
Transplant Complications
Renal transplant complications can generally be
categorized as early (which includes hyperacute
and acute complications), intermediate, and
late, depending on the time frame in which they
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Atrophic native
kidneys

Right iliac fossa
Figure 1. Various types and locations of renal transplant. (a) An-  renal allograft
atomic overview of the common right iliac fossa renal transplant. \
(b) Coronal contrast-enhanced CT image in the corticomedullary !
phase shows a single adult renal allograft in the right iliac fossa. Transplant renal
(c) Coronal contrast-enhanced MIP (maximum intensity projec-
tion) MR image shows a renal transplant in the left iliac fossa. )
(d) Coronal contrast-enhanced CT image shows pediatric en bloc Transplant ureter
kidneys in the right iliac fossa. (e) Coronal CT image shows adult
en bloc kidneys in the right iliac fossa with contrast material filling
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both renal collecting systems. (f) Coronal T2-weighted MR image Bladder
shows atypical allograft placement, which can be warranted in
cases of unique patient anatomy or vascular disease. (g) Photo-
graph shows a deceased donor renal allograft before transplanta-
tion. Note that imaging does not allow distinction between living
donor and deceased donor kidneys. Kidney transplant © MAYOCLINIC
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Category of Infections:
Latent, Prior, and Opportunistic

Timeframe: 1-6 months
» With PCP and antiviral prophylaxis:
o BK polyomavirus, HCV, adenovirus, influenza
o Cryptococcus neoformans
o Myocobacterium tuberculosis
+ Without PCP and antiviral prophylaxis:
o Pneumocystis jirovecii pneumonia (PCP)
o Herpes family (CMV, HSV, VZV, EBV)
o Hepatitis B virus
o Listeria, Nocardia, Toxoplasma species

Category of Infections:
Nosocomial and Procedure-Related

Timeframe: <1 month

* Donor-related infections
o HSV, LCM, rabies, West Nile Virus
* Recipient-acquired infections
o Aspergillus species
o Pseudomonas species
* Wound infections, line/catheter infections,
aspiration, C. difficile colitis, drug-resistant
organisms (MRSA, VRE)

Category of Infections:
Community-Acquired
Timeframe: >6 months

* Urinary tract infections

* Pneumonia

* Late viral infections

* Nocardia, Aspergillus, Mucor species
* Actinomyces species (rare)

Timeline of Post-Transplant Infectious Complications

Intermediate

Early

Late

Timeline of Post-Transplant Non-Infectious Complications

Antibody-Mediated Rejection

[IMEFRAME: Minutes to hours [IMEFRAME: >5 days to 6 months

Borderline T-Cell Mediated Rejection  T-Cell Mediated Rejection
TIMEFRAME: >5 days to years TIMEFRAME: >12 months to years

Interstitial Fibrosis and Tubular Atrophy

Ureteral Stricture or Obstruction
TiMEFRAME: Weeks to 6 months

Perioperative Renal Artery Thrombosis
TIMEFRAME: Minutes to hours

De Novo Primary Renal Neoplasm
TIMEFRAME: >1 year

Perioperative Ureteral Obstruction | Renal Calculi

TIMEFRAME: <2 days

Perioperative Acute Tubular Necrosis
TIMEFRAME: <2 days

TIMEFRAME : >3 months

Donor-Related Malignancy
TIMEFRAME: >1 year

Hematoma Urinoma Abscess
TIMEFRAME: Immediate to 5 days | TIMEFRAME :10 days | TIMEFRAME: Weeks to months

Lymphocele
TIMEFRAME: 2 weeks — 6 months

PTLD/Lymphoma
TIMEFRAME: >1 year

Renal Allograft Compartment Syndrome | Drug-Related Nephrotoxicity
TIMEFRAME: Immediate to 2 hours TIMEFRAME: >2 months

Renal Artery Stenosis
TIMEFRAME: >3 months

Abdominopelvic Complications
TIMEFRAME: Days to years

Post-Biopsy Pseudoaneurysm
TIMEFRAME: Anytime post-transplantation

Renal Vein Thrombosis
TIMEFRAME: Immediate to 5 days

Post-traumatic Injury
TIMEFRAME: Anytime post-transplantation

Figure 2. Timeline of renal transplant complications. C difficile = Clostridium difficile, CMV = cytomegalovirus, EBV = Epstein-Barr virus,
HCV = hepatitis C virus, HSV = herpes simplex virus, LCM = lymphocytic choriomeningitis virus, MRSA = methicillin-resistant Staphy-
lococcus aureus, PCP = Pneumocystis jirovecii pneumonia, PTLD = posttransplant lymphoproliferative disorder, VRE = vancomycin-

resistant enterococci, VZV = varicella-zoster virus.

occur after renal transplantation (Fig 2) (31).
Major categories of complications include peri-
operative or iatrogenic complications, perineph-
ric fluid collections, vascular complications, uri-
nary complications, generalized abdominopelvic
complications, allograft rejection, infections, and
malignancies. Each of these major categories is
comprised of a variety of posttransplant com-
plications, many of which have well-described
clinical and imaging features and a generally
predictable time course after transplantation.
For example, type of infection can vary on the
basis of time from transplantation, with noso-
comial and procedure-related infections occur-
ring predominantly in the early period, latent
and opportunistic infections occurring in the
intermediate period, and community-acquired
infections occurring in the late period.

Not all complications occur in isolation: some
entities constitute more than one complication
category, and conversely, more than one compli-
cation can coexist in the same patient. However,
the general conceptual framework of categorizing
complications with respect to time since trans-
plantation can allow more efficient discrimination
between differential considerations during imag-
ing and clinical workup.

Perioperative or latrogenic
Complications

Routine use of immediate postoperative US

in the postanesthesia care unit (PACU) allows
rapid diagnosis of surgical and perioperative
complications after renal transplantation. Peri-
operative and iatrogenic complications include
those related to surgical technique, anatomic
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Figure 3. Renal allograft compartment syndrome in a 65-year-old woman after deceased donor renal trans-
plant to the left iliac fossa. (a) Immediate postoperative power Doppler image of the left iliac fossa transplant
kidney shows complete absence of cortical flow (arrows). Inmediate reoperation was needed: The patient was
returned to the operating room and the allograft was intraperitonealized, given concern for compartment syn-
drome due to fascial compression. (b) Follow-up color Doppler image of the kidney shows robust cortical flow.

constraints in the case of renal allograft com-
partment syndrome (RACS), and procedure-re-
lated complications such as arteriovenous fistula
(AVF), pseudoaneurysm, and hemorrhage.
Complications related to surgical technique

are typically related to the vascular anastomo-
ses and may secondarily lead to thrombosis of
the transplant renal artery or vein (32). RACS
and vascular thrombosis typically occur in the
immediate postoperative period to several days
after surgery. Iatrogenic complications related
to biopsy can occur after any biopsy performed
over the life of the transplant regardless of the
time since transplantation.

Renal Allograft

Compartment Syndrome

RACS is a rare but also underrecognized cause of
early allograft dysfunction or loss, which occurs
as a result of intracompartment hypertension and
ensuing allograft ischemia and can occur with
extraperitoneal/retroperitoneal allograft place-
ment (33). Most renal allografts are placed in the
extraperitoneal space, which is confined laterally
by the pelvic sidewall, anteriorly by the abdomi-
nal wall, and posteromedially by the peritoneum
(34). Thus, extraperitoneal placement of the
transplant kidney in the iliac fossa potentially
predisposes the organ to ischemia due to RACS.
This can be the result of direct parenchymal
compression related to a mismatch between the
extraperitoneal space and the size of the organ

or due to extrinsic vascular compression (34).
Large width and length of the allograft are char-
acteristics most associated with increased risk

for RACS, likely due to lack of compliance in a
constrained anatomic compartment (33). Techni-
cal causes of RACS related to surgical technique

such as non-tension-free or tight fascial closure
may potentially be prevented with use of a mesh
fascial closure (35).

Extrinsic pressure on the allograft from a
perinephric fluid collection such as a postbiopsy
hematoma may also occur (36). Since the perito-
neum overlying the transplant kidney is usually
violated intraoperatively when laparoscopic or
robot-assisted transperitoneal placement of the
allograft is performed, there is a theoretical risk
of hemorrhage extending into the peritoneal cav-
ity through an iatrogenic defect. Thus, while the
risk of postbiopsy hemorrhage requiring inter-
vention is low (0.6% in one case series) (37), the
threshold for performing follow-up imaging in
the setting of clinically suspected bleeding should
be relatively low.

In the PACU setting, absent or diffusely
diminished cortical flow in the renal allograft at
color or power Doppler US suggests the diagno-
sis of RACS, which usually manifests within 2
hours after transplantation (Fig 3) (34). Imme-
diate recognition of this entity is critical, as the
allograft may be salvaged by immediate reop-
eration. In contrast to RACS, intraperitoneal
placement of the renal allograft imparts a greater
degree of mobility and thus makes the kidney
susceptible to torsion (38).

Postbiopsy Renal AVF

and Pseudoaneurysm

Tatrogenic complications related to biopsy can result
from biopsies performed before transplantation,
intraoperatively, or as part of a posttransplanta-

tion protocol and diagnostic procedures. Allograft
biopsy can be performed with a 16- or 18-gauge
spring-loaded automatic biopsy device, with sam-
pling of the renal cortex using a cortical tangential
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Figure 4. Postbiopsy pseudoaneurysm and arteriovenous fistula (AVF). (a) Color Doppler image shows a round area of
bidirectional flow (arrow) in the upper transplant kidney, consistent with a pseudoaneurysm. Spectral analysis at a site
of focal aliasing near the pseudoaneurysm shows high-velocity systolic flow and low-resistance diastolic flow, charac-
teristic features of an AVF. (b) Three-dimensional volume-rendered image shows the renal artery (white arrow) with an
early draining vein (black arrow) as well as the pseudoaneurysm (arrowhead). (c) Image from subtraction angiography
shows the pseudoaneurysm (arrowhead) and the early draining vein from the AVF (arrow). (d) Image from subtraction

angiography shows both the pseudoaneurysm and the early draining vein from the AVF treated with coil embolization.

approach (37,39,40). The ideal biopsy specimen

is composed entirely of cortical tissue, as samples
from the renal medulla generally make little contri-
bution to the histopathologic analysis (41).

Major complications of allograft biopsy are
(a) those that require transfusion, surgical or
vascular intervention, unanticipated hospital-
ization, or transplant removal and (b) death
(37). Fortunately, reported rates of these major
complications are as low as 0.24% (although
reported rates are 0%—4% in the literature) when
performed by experienced subspecialist opera-
tors, even when supervised trainees are involved
(37,41,42).

Minor complications of allograft biopsy in-
clude pain, visible hematuria, small perinephric
hematoma, and intrarenal AVF (the majority of
which are small and hemodynamically insignifi-
cant) (40). Gross hematuria after biopsy occurs

u

in 5%—7% of cases and usually resolves spon-
taneously (22). Need for rebiopsy due to inad-
equate sampling at initial biopsy (eg, in the case
of absence of cortical glomeruli in the obtained
specimen) is a technical minor complication that
can occur.

It is important to distinguish between a small
hemodynamically insignificant postprocedure AVF
and a pseudoaneurysm (Fig 4). At color Doppler
assessment, both AVFs and pseudoaneurysms can
appear as focal areas with disorganized blood flow
extending beyond the margins of the normal vessel
(22). AVFs have a feeding artery with a high-ve-
locity low-resistance waveform at spectral analysis.
The region of disorganized flow is associated with
a segmental or interlobar artery with high-velocity
turbulent flow, paired with a vein that exhibits
aliasing at color Doppler assessment and an arteri-
alized waveform at spectral analysis (22).
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Sonographically visible postprocedure AVFs
have been reported in up to 10% of renal al-
lograft biopsies, most of which are asymptom-
atic with no clinically significant hemodynamic
consequences. These cases can be treated
conservatively and can be followed up with US
as needed, with 70% regressing or resolving
spontaneously (40,43). Large or symptomatic
AVFs resulting in abnormal large or persistent
gross hematuria or significant hypertension oc-
cur in only 1%—2% of cases and can be treated
with catheter embolization (40). Transcatheter
embolization in these cases has been shown to
be an effective therapy, with relatively low rates
of long-term detrimental effects on the allograft,
and may lead to improved renal function and
resolution of hematuria (44).

In counterdistinction, a pseudoaneurysm is a
contained vascular bleed or leak from an intrapa-
renchymal artery due to injury to all three layers
of the arterial wall. It may require intervention,
particularly if large (historically >2 cm) or pro-
gressively growing in size (22).

At gray-scale US, an intrarenal pseudoan-
eurysm may appear as a mildly complex cystic
structure but can also mimic a simple renal cyst.
Thus, color or power Doppler assessment must
be used for all anechoic cystic-appearing struc-
tures identified at gray-scale US. Classic color
Doppler findings of postbiopsy pseudoaneurysm,
particularly those with a narrow neck, include a
to-and-fro pattern of blood flow within the neck
and the yin-yang sign of swirling blood within the
sac (Fig 4) (22,45).

Contrast-enhanced CT angiography plays an
important role in delineating the anatomy of an
AVF or better characterizing a pseudoaneurysm
if endovascular intervention is planned. Non-
enhanced MR angiography with steady-state
free precession (SSFP) sequences may also be a
useful adjunct for vascular mapping when gado-
linium contrast material cannot be administered
owing to renal insufficiency (46). Contrast-
enhanced T'1-weighted MRI shows a contrast
material-filled intraparenchymal vascular lesion
that may be ovoid, lobulated, or irregular near
the site of biopsy. Nonenhanced T'1- and T2-
weighted MR images may show subcapsular
hematoma or uncontained hemorrhage with
layering dependent blood products (Fig 5).
Contrast-enhanced US is a relatively new tool
for evaluating vascular anatomy and can be used
if available.

Opverall, transplant kidney biopsy using a
tangential cortical technique is a safe procedure
in which the benefits usually outweigh the risks.
Consensus guidelines for classifying rejection
allow histopathology-based diagnosis and appro-
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priate therapy and warrant biopsy in many cases.
Knowledge of the complications of allograft bi-
opsy and their imaging appearances—particularly
at US, the usual first-line imaging tool—is pivotal
in quickly and effectively managing the rare seri-
ous complications that can occur.

Perinephric Fluid Collections
There are four main types of perinephric fluid
collections commonly encountered in the renal
transplant recipient: hematoma, urinoma, ab-
scess, and lymphocele, occurring roughly chrono-
logically in that order with respect to time from
surgery (Table) (22). Imaging features at gray-
scale US may overlap; however, differentiation
can often be achieved with use of color Doppler
US and in conjunction with ancillary clinical
information. Time from surgery is a key consid-
eration in discriminating between these types
of fluid collections in conjunction with clinical
manifestations and imaging findings.

When large, perinephric fluid collections can
exert mass effect on the transplanted kidney.
Mass effect is more likely to develop in the con-
fined extraperitoneal space, where most allografts
are located, as compared with the intraperitoneal
compartment (47). When differentiation be-
tween perinephric fluid collections will influence
treatment plans, diagnostic aspiration and fluid
analysis may be performed.

Perinephric Hematoma

In the immediate postoperative period, peri-
nephric hematomas are common and should be
documented during postoperative baseline US.
While hematomas resolve spontaneously, a small
minority may require surgical evacuation, usu-
ally in the setting of significant mass effect on
the transplant kidney or continuous hemorrhage
warranting transfusion (48).

At US, peritransplant blood products can
appear anechoic, hypoechoic, or hyperechoic, de-
pending on the degree of blood product evolution.
Hyperacute blood products in the setting of active
bleeding can appear anechoic, but usually there
will be areas with echogenic mobile debris, signify-
ing complexity (49). Acute hematoma can appear
heterogeneously hyperechoic, with subsequent de-
velopment of heterogeneous central hypoechoic or
cystlike areas with scattered internal thin septa in
the late state, indicating clot lysis as the hematoma
evolves over time (49,50). With gray-scale US
alone, clinically significant perinephric hematomas
may be underdiagnosed and their volume may be
underestimated; thus, correlation with hemoglobin
levels may be useful (51). At nonenhanced CT,
acute hematomas are hyperattenuating collec-
tions (>30 HU), and at MRI, they typically have
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Figure 5. Postbiopsy pseudoaneurysm with subcapsular hematoma and uncontained hemor-
rhage in a 58-year-old patient after recent tissue sampling. (a) Axial balanced steady-state free
precession (SSFP) MR image shows a left iliac fossa renal transplant (x) with a large perinephric
hematoma (arrows), which causes mass effect on the allograft. Note the internal heterogeneity
and layering material, compatible with evolving blood products. (b) Coronal MIP MR angio-
gram shows a saccular contrast material-filled vascular abnormality (arrow) within the renal
transplant, compatible with a postbiopsy pseudoaneurysm. (c) Coronal contrast-enhanced
T1-weighted MR image shows heterogeneous enhancement of the renal transplant (arrows).
Note the large nonenhancing perirenal fluid collection ().

Transplant Kidney Periallograft Fluid Collections

Fluid Col- Results of Fluid

lection Time Frame Imaging Features Analysis

Hematoma Immediately after Complex heterogeneous collection with internal Not usually aspirated

surgery to 5 d septa and retracting clot owing to risk of

Hyperattenuating components at nonenhanced CT superinfection

Abscess Weeks to months Peripheral enhancement at contrast-enhanced CT Purulent material
Increased peripheral blood flow at Doppler US Numerous PMNs
Thickened wall

Urinoma 10d Simple collection with fluid attenuation Fluid Cr > serum Cr

Contrast material extravasation at delayed contrast- Fluid K* > serum K*
enhanced CT
Extraurinary tracer excretion at renal scintigraphy
(eg, **Tc-MAG, or #™Tc-DTPA)
Lymphocele 2 w to 6 mo Fluid-attenuation collection lacking epithelial lining Fluid Cr ~ serum Cr
With or without thin internal septa, often adjacent to Fluid K* ~ serum K*
allograft or along pelvic sidewall

Note.—Cr = creatinine concentration, DTPA = diethylenetriaminepentaacetic acid, K* = potassium concentra-
tion, PMN = polymorphonucleocyte.
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Figure 6. Four types of perinephric fluid collections. (a) Coronal nonenhanced CT image shows a
hyperattenuating perinephric hematoma (arrows). (b) Coronal contrast-enhanced delayed phase MIP
CT image shows focal urinary contrast material leak from the collecting system (arrow), which resulted
in a dependent perinephric urinoma (not shown). Note the contrast materialfilled transplant ureter (x).
() Coronal gadolinium-enhanced T1-weighted MR image shows a peripherally enhancing thick-walled
abscess (arrow). (d) Gray-scale US image shows a hypoechoic collection with thin echogenic septa (ar-
rows), in this case without mass effect. Aspiration of the collection showed a creatinine concentration
similar to that of serum levels, consistent with lymphocele.

intrinsic increased signal intensity on precontrast
T1-weighted images (Fig 6a).

Differentiation between perirenal and subcap-
sular collections is important. A subcapsular col-
lection is more likely to cause mass effect on the
renal parenchyma and is usually crescentic, with
extension along the contour of the kidney deep to
the renal capsule (52).

It is important to consider that posttraumatic
perinephric hematoma can occur at any time
after transplantation. Extraperitoneally placed
allografts in the lower abdomen are not protected
by the ribs from blunt trauma, as is the case for
the native kidneys (Fig 7).

Urinoma

A urinoma is a fluid collection that has leaked
from the renal collecting system (usually the renal
pelvis), ureter, or ureteroneocystostomy site and is
usually found in the first 10 days after transplan-
tation, most commonly interposed between the

allograft and the urinary bladder (22,34,53,54).
Urinomas usually occur in the setting of inad-
equate blood supply to the ureter or elevated pres-
sures from obstruction (22). Caliceal or forniceal
leakage is less common but can occur (22).

The US appearance of urinoma may overlap
with that of lymphocele or seroma, appearing
as a simple hypoechoic fluid collection. Further
diagnostic workup may include delayed contrast-
enhanced CT or MRI to assess the collecting
system and ureteral anastomoses and detect
leakage of excreted contrast material (Fig 6b).
Retrograde urography or renal scintigraphy can
also be performed. Radionuclide scintigraphy us-
ing *Tc MAG, shows progressive extraurinary
accumulation of radiopharmaceutical in an area
that is initially photopenic and may demonstrate
mass effect by the perinephric collection on the
transplant kidney (Fig 8) (55).

Fluid aspirated from a urinoma will have
creatinine and potassium concentrations greater
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Figure 7. Traumatic AAST (American Association for the Surgery of Trauma) grade 3 injury
of a renal allograft in a 46-year-old patient with posttraumatic renal transplant laceration after
a motor vehicle collision. (a) Axial contrast-enhanced CT image shows a right iliac fossa renal
allograft with irregular hypoattenuating lacerations through the parenchyma (arrow), which
measure greater than 1 cm in depth, as well as a small high-attenuation perinephric hematoma
(arrowhead). (b) Coronal contrast-enhanced CT image during the excretory phase shows no
contrast material leak to suggest involvement of the collecting system, consistent with an AAST

grade 3 renal injury.

than those in the blood serum, whereas the more
commonly encountered lymphocele aspirate will
yield creatinine and potassium concentrations
comparable to serologic concentrations (56).
Identification of urinoma is important even in
the absence of mass effect, as these fluid collec-
tions may result in electrolyte imbalances or can
become superinfected (56).

Perinephric Abscess

Infected perinephric fluid collections usually
develop within the first weeks to months after
transplantation (53,57). Abscess formation in
the perinephric space may manifest as a compli-
cation of renal allograft infection or infection of
adjacent abdominopelvic organs or through lo-
cal spread of an abdominal wall infection. Fever
and leukocytosis in conjunction with a peri-
nephric fluid collection should raise suspicion
for superimposed infection. Perirenal abscess
can appear as an irregular thick-walled fluid col-
lection with peripheral hyperemia and surround-
ing inflammatory change in the peritransplant
fat (Fig 6c¢).

At US, these collections typically are hetero-
geneously hypoechoic with internal debris and
septa, with blood flow present in the thickened
wall and septa at color Doppler assessment. CT
and MRI are valuable for evaluating disease
extent and detecting involvement of adjacent
structures. Since the iliac fossa is the most
common location for allograft transplantation,
perinephric abscesses may involve the adjacent
psoas muscle or adnexal structures in female
patients. Prompt treatment with systemic anti-

biotics plus percutaneous drainage or surgical
management is important given the immuno-
suppressed status of these patients (54).

Lymphocele

Lymphocele is the most commonly encountered
perinephric fluid collection, typically occurring
2 weeks to 6 months after surgery, and is the
most common collection resulting in allograft
hydronephrosis (22,58). These fluid collections,
which lack a true epithelial lining at histologic
analysis, occur along the lymphatic drainage
pathways in the postoperative patient and are
often asymptomatic (58). At US, these collec-
tions are characteristically well marginated and
anechoic, occasionally containing thin internal
septa (Fig 6d). Lymphoceles are characterized
by a barely perceptible wall and internal simple
fluid attenuation at CT and high T2 signal in-
tensity at MRI.

Infrequently, these lymph-filled collections
cause mass effect on the transplant kidney,
ureter, vasculature, or urinary bladder, in
which case US-guided percutaneous drainage
or laparoscopic peritoneal fenestration may
be performed (59,60). Percutaneous catheter
drainage results in high rates of reaccumula-
tion (approaching 90%); thus, sclerosing agents
such as ethanol, povidone-iodine, or fibrin glue
have been used as alternatives with varying
degrees of success (57). Although nonspecific,
lymphoceles can be associated with allograft
rejection and are thought to be the result of
increased regional lymph flow in the setting of
inflammation (58).
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Figure 8. Perinephric urinoma diagnosed with renal scintigraphy in a 53-year-old woman after living donor renal transplant with
delayed graft function requiring hemodialysis. On postoperative day 13, she developed fullness over the transplant kidney. (a) Gray-
scale US image shows a nonspecific perinephric fluid collection (arrows). (b) *"Tc MAG, renal scintigram shows prompt radiophar-
maceutical uptake in the allograft (+) and subsequent excretion into the urinary bladder (arrowhead). (c) Right lateral (RT LAT) and
anterior (ANT) delayed static images show ill-defined radiopharmaceutical accumulation anterior and lateral to the transplant kidney,

compatible with a urinoma, which was confirmed at surgery.

64

Vascular Complications
Vascular complications may occur at any time af-
ter transplantation but are particularly important
in the early postoperative period, as correction
of acute vascular thrombosis may allow salvage
of the allograft. Thrombosis of the transplant
renal artery or vein may occur immediately
after surgery or as late as 5 days postoperatively.
Renal artery stenosis is usually seen 3 months
or later after surgery, as its causes tend to be
multifactorial.

Renal Artery Thrombosis

Renal artery thrombosis is a rare but serious
complication, with prevalence of approximately
0.4%, but when present can result in graft loss
(61,62). It most often develops in the early
postoperative period (within minutes to hours)
and can occur as a result of hyperacute rejec-
tion, anastomotic occlusion, kinking of the
renal artery, or presence of an intimal flap (22).
Vasculitis and external compression of the renal
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artery, such as in the setting of prolonged decu-
bitus patient positioning, have been identified

as rare causes of renal artery thrombosis with
case reports in the literature (22,63). A very rare
reported cause of late renal artery thrombosis is
external renal artery compression related to left
lateral decubitus patient positioning during right
total hip arthroplasty, approximately 12 months
after renal transplantation (64).

Clinical signs of renal artery thrombosis
include abrupt cessation of urine output and
worsening hypertension (22,61). Although the
graft is denervated, pain in the general location
of the graft may manifest as a result of peritoneal
irritation secondary to graft infarction and associ-
ated swelling and inflammation along the margin
of the peritoneum (22).

Renal infarction can be segmental or global. At
US, a segmental infarct appears as a hypoechoic
masslike region, which can be ill defined or have a
well-defined echogenic wall at gray-scale US, with
a corresponding wedge-shaped region of avascu-
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Figure 9. Perioperative renal vein thrombosis after transplantation of pediatric en bloc kidneys. (a) Gray-scale US image of en
bloc pediatric kidneys shows heterogeneity of the lateral renal moiety (arrows). (b) Color Doppler image with spectral tracing
of the intrarenal artery in the medial renal moiety shows classic reversed diastolic flow (arrows) with preserved systolic arterial
upstroke, highly concerning for renal vein thrombosis, which was proved at allograft nephrectomy.

larity at color or power Doppler assessment. Cor-
relation with symptoms and urinalysis results is
important, as these findings can also be seen with
pyelonephritis or transplant kidney rupture (22).

In the case of global infarct, which can occur
with total vascular obstruction, absence of blood
flow will occur throughout the graft at color and
power Doppler US. Early accurate diagnosis is
critical, as immediate intervention is required
for graft salvage (22). In situations where there
is not a clinical indication for immediate surgical
reexploration and US results are nondiagnostic,
MR angiography, digital subtraction angiography
(DSA), or renal scintigraphy may be performed
(65). MR angiography or DSA will show di-
minished or absent flow to the allograft and an
abrupt cutoff in the transplant renal artery (66).
At renal scintigraphy, reduced or absent graft
perfusion on the time-activity curve will be pres-
ent, although nonspecific for thrombosis, as this
can also be seen with rejection (67).

Renal Vein Thrombosis
Renal vein thrombosis is reported to occur in less
than 5% of adult patients and up to 8.2% of pedi-
atric patients, but accounts for early graft failure
in up to 8% of adult patients and up to 35% of
pediatric patients (22,28,61,65,68). It usually oc-
curs within the first 5 days after surgery, with peak
incidence within the first 48 hours, although there
are cases of delayed renal vein thrombosis occur-
ring after the 1st postoperative week (22,65).
Donor risk factors associated with thrombosis
include donor age less than 6 years or greater
than 60 years, allograft cold ischemia time greater
than 24 hours, renal artery atherosclerosis, and
right-sided allograft (28). Recipient risk factors

associated with thrombosis include recipient age
less than 6 years or greater than 50 years, exclu-
sive peritoneal dialysis, hypercoagulable states,
atherosclerosis, diabetes mellitus, and technical
surgical complications (28). Hypovolemia, multi-
plicity of renal veins, and discrepancies in blood
vessel size between donor and recipient have also
been implicated (69).

Early findings of renal vein thrombosis at US
include edematous engorgement of the kidney,
loss of corticomedullary differentiation, and
perinephric fluid (Fig 9a). Reversed diastolic flow
in the transplant renal artery at spectral Doppler
US is highly suggestive of renal vein thrombosis
(Fig 9b) but may also be seen less frequently with
disorders such as allograft torsion, severe allograft
rejection, or acute tubular necrosis (ATN) (70).
When reversed diastolic flow in the transplant ar-
tery is identified, the renal vein should be carefully
interrogated to assess for renal vein thrombosis.

Early accurate diagnosis is critical for graft
salvage, which has been reported even up to
15-20 hours after onset of symptoms, which
include rapid onset of pain, oliguria or anuria,
and thrombosed veins in the ipsilateral thigh
(28,71). Open surgical thrombectomy is usually
performed to reestablish venous outflow. In the
case of late renal vein thrombosis, endovascu-
lar thrombolysis may be considered but carries
greater risk of bleeding (28). In addition to US,
diffusion-weighted MRI may be used to monitor
perfusion changes in the allograft after renal vein
thrombectomy (72).

Transplant Renal Artery Stenosis
The most common vascular complication of
renal transplantation is renal artery stenosis,
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Figure 10. Renal artery stenosis after deceased donor renal transplant 2 years earlier in a 33-year-old woman with a history of lupus
nephritis. (a) Color Doppler US image of the proximal renal artery shows elevated peak systolic velocity of 575 cm/sec. (b) Intrarenal
arterial spectral tracing shows a classic tardus-parvus waveform distal to the arterial stenosis. (c) Coronal gadolinium-enhanced MIP
T1-weighted MR image shows high-grade stenosis of the transplant renal artery at the anastomosis (arrow). (d) Angiogram after

balloon angioplasty shows the artery as widely patent (arrow).
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affecting about 3% of all renal transplants and
typically manifesting 3 months to 2 years after
transplantation (73-75). Arterial hypertension
refractory to treatment is the most common
clinical scenario, occurring in 93% of cases,
often as a single event (53%) or combined with a
decline in renal function (44%) (74).

Direct signs of transplant renal artery steno-
sis are seen at the site of narrowing and include
elevated peak systolic velocity (PSV), abnormal
ratio of PSV in the main renal artery with re-
spect to the upstream iliac artery, and presence
of aliasing due to turbulence (25). Historically,
PSV exceeding 250 cm/sec in the transplant
main renal artery or ratio of main renal artery
PSV to ipsilateral external iliac artery (EIA)
PSV (measured proximal to the anastomosis)
greater than 1.8 has been used to suggest sig-
nificant transplant renal artery stenosis. Recent
data suggest that this upper threshold value of
250 cm/sec for PSV and use of a ratio of 1.8 for
main renal artery PSV to EIA PSV may lead to
false-positive diagnoses of renal artery stenosis.
A 2017 study (75) found that 26% of patients
without renal artery stenosis had main renal
artery PSV greater than 250 cm/sec within the
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first 9 months after transplantation. Within 1
year of transplantation, 18% of patients without
renal artery stenosis had main renal artery PSV
greater than 250 cm/sec (75).

In the absence of other signs or changes to the
arterial waveform, an absolute PSV of 340-400 cm/
sec at the anastomosis has been suggested as a more
reliable cutoff for transplant renal artery stenosis
(Fig 10a) (75). Indirect signs of renal artery stenosis
are seen distal or downstream to the site of steno-
sis, in the main renal artery or end-organ arteries,
and include delayed or blunted systolic upstroke
at spectral analysis (tardus-parvus waveform) (Fig
10Db). Relatively reduced RIs may also be seen (25).

In the perioperative period, isolated elevated
PSV in the renal artery may be related to post-
operative edema or technical challenges of the
examination. Short-term follow-up Doppler US
may be performed to reassess the renal artery,
although studies have shown that the PSV may
gradually decrease over the course of months,
not days (76,77). Therefore, main renal artery
PSV should be considered in context along with
spectral waveforms of the transplant artery,
intraparenchymal arterial RIs, patency of venous
outflow, and patient risk factors (78).
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When suspicion for transplant renal artery
stenosis is high on the basis of findings at duplex
US, further evaluation with MR angiography,
carbon dioxide angiography, or angiography with
iodinated contrast material may be performed
(Fig 10c). Carbon dioxide angiography is a useful
tool for transplant recipients, as it allows both di-
agnostic evaluation and therapeutic intervention
while reducing the required volume of iodinated
contrast material (79). When transplant renal
artery stenosis is hemodynamically significant,
endovascular techniques including percutaneous
transluminal angioplasty and stent placement are
first-line treatments, followed by surgery in re-
fractory cases or in the setting of complex arterial
anatomy (Fig 10d) (73).

Obstructive Urologic Complications
The incidence of ureteral complications has
decreased significantly in recent years owing
to improvements in harvesting techniques that
better preserve ureteral perfusion, use of shorter

ureters, and decrease in average steroid use (80).

Ureteral obstruction has a bimodal distribution,
uncommonly occurring in the first 1-2 days
after surgery and more often occurring beyond
the 1st postoperative month, typically within the
first 6 months, with a prevalence of 2%—-7.5%
and is usually the result of ureteral stenosis
(80). These cases can be due to ischemia or
scar tissue leading to ureteral stricture, extrinsic
compression from an abscess or lymphocele, or
less commonly intraluminal abnormalities such
as stone disease (80).

Renal transplant patients are at increased
risk for urolithiasis compared with the general
population, but only 1%—-2% develop clinically
significant stones (22). Early ureteral obstruc-
tion is uncommon and usually related to ureteral
kinking, ischemia, or external compression from
postoperative edema or hematoma in the periop-
erative period (80,81). A ureteral stent is com-
monly placed at the time of surgery to reduce the
risk of early ureteral obstruction.

Allograft dysfunction secondary to transplant
ureteral obstruction manifests as diminished
renal function with elevated serum creatinine
level and presence of hydronephrosis at imaging,
usually at US (80). Evaluation for ureteral ob-
struction at US should include assessment of the
collecting system and transplant ureter from the
level of the hilum to the urinary bladder, noting
the presence of any periureteral fluid collections
producing mass effect or the presence of intra-
luminal debris or stones. Whenever new hydro-
nephrosis is identified, correlation with results
of urinalysis and physical examination should be
performed to exclude superimposed infection
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such as pyonephrosis, which can appear identical
to hydronephrosis and is an emergency requir-
ing rapid intervention. However, in most cases of
pyonephrosis, urothelial thickening and layering
debris will be present within the dilated renal col-
lecting system, ureter, and urinary bladder (50).

In the absence of allograft dysfunction and
secondary features of obstruction, it may be
within acceptable limits to observe mild pelvi-
caliectasis due to the dependent orientation of
the allograft in the iliac fossa and an increased
tendency for vesicoureteral reflux (81). The in-
creased tendency for vesicoureteral reflux is due
to the relatively shorter length of the transplant
ureter and loss of the normal obliquity and sub-
mucosal tunnel within the urinary bladder after
ureteroneocystostomy (81,82).

Transplant ureteral stenosis is typically man-
aged endoscopically with retrograde balloon
angioplasty and stent placement (83). Stricture
excision with ureteral reimplantation can be
performed for distal lesions if there is adequate
ureteral length. When scarring or granulation
tissue is exuberant or obstructs the ureteropelvic
junction (UP]), more creative approaches may be
required, such as donor-to-native ureteroureter-
ostomy or pyelovesicostomy, in which an anasto-
mosis is created directly between the transplant
renal pelvis and recipient bladder (Fig 11) (84).

Abdominopelvic Complications
A number of postoperative complications may
arise in the vicinity of the allograft or as a re-
sult of renal transplantation. Laparoscopic and
robot-assisted transplant surgical techniques
involve extraperitonealization of the allograft via
a peritoneal window. Thus, these patients are sus-
ceptible to the same postoperative complications
experienced by other surgical patients in whom
the peritoneum has been violated.

These include but are not limited to fascial
dehiscence and bowel or allograft evisceration,
which tend to occur in the perioperative period,
and small bowel obstruction (Fig 12), which usu-
ally manifests after the first few months to years
after surgery (85-87). Bowel obstruction with
or without closed-loop physiology can occur as
a result of adhesive disease. It can appear at CT
as fluid-filled dilated loops of small bowel with a
single or multiple transition points, depending on
the extent of adhesive disease and the presence of
mesenteric edema (88).

The relatively superficial position of the trans-
plant kidney in the iliac fossa makes it particu-
larly susceptible to both blunt and penetrating
trauma, which can occur at any time after trans-
plantation (Fig 7). Whereas the native kidneys
are protected by retroperitoneal fat, musculature,
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Figure 11. Ureteropelvic junction (UPJ) obstruction due to desmoplastic reaction, scar
tissue, and kinking at the UP] of the lower moiety in a patient with en bloc adult de-
ceased donor kidney transplant in the right lower quadrant. (a) Fluoroscopic image
obtained during antegrade pyelography of the lower transplant kidney shows severe
pelvicaliectasis () without opacification of the urinary bladder, consistent with UP] ob-
struction. (b) Subsequent sagittal nonenhanced CT image after antegrade injection
of contrast material into the collecting systems shows persistent pelvicaliectasis of the
lower moiety (+) and visualization of only the normal-caliber upper moiety transplant
ureter (arrow). Pyelovesicostomy of the inferior allograft with bladder flap and hitch was
performed (not shown), with resolution of the hydronephrosis.

and ribs, the extraperitoneal space within the
lower abdomen housing the allograft lacks these
same protective barriers. Nevertheless, principles
for evaluation of renal trauma remain the same
for both native and transplant kidneys.

CT is the modality of choice for evaluating the
extent of traumatic injury. Renal angiography and
retrograde pyelography may be used as adjuncts
for suspected vascular injuries and ureteral or
UPY] injuries, respectively (89). Traumatic injuries
can be graded on a scale from 1 to 5 according to
the AAST (American Association for the Surgery
of Trauma) injury scale, which ranges from mild
contusion-related hematuria (grade 1) to avulsion
of the renal hilum with associated devasculariza-
tion (grade 5) (90).

Renal Allograft Parenchymal
Complications

Complications intrinsic to the renal allograft
parenchyma in the posttransplant period include
delayed graft function, allograft rejection, acute
tubular necrosis (ATN), and drug-related neph-
rotoxic effects. The key role of imaging in these
cases is to exclude other causes—such as vascular
or collecting system abnormalities—that can pro-
duce renal transplant dysfunction (91).

Delayed Graft Function

Delayed graft function is defined as the need for
dialysis in the 1st week after renal transplantation
(92).The greatest risk factor for delayed graft
function is cold ischemia time. Other associated
factors include infarction, ATN, rejection, and

presence of a peritransplant fluid collection (93).
The duration of cold ischemia has been shown to
be the predominant risk factor for delayed graft
function (93).

At gray-scale US, the allograft parenchyma
can appear normal. Doppler assessment may
reveal absent or diminished diastolic blood flow
with elevated RlIs, which are nonspecific findings
that may also be present in the setting of allograft
rejection (91).

Renal Allograft Rejection

The Banff Classification of Allograft Pathology
provides a framework for classification of renal al-
lograft rejection based on a combination of histo-
pathologic features coupled with molecular, sero-
logic, and clinical parameters (94). Briefly, Banff
lesions describe typical findings of rejection at
histologic analysis; a diagnostic category is then
assigned, depending on the presence or absence
of adjunct findings such as acute thrombotic mi-
croangiopathy, increased expression of validated
gene transcripts, or arterial intimal fibrosis. The
six diagnostic categories are (a) normal biopsy
results or nonspecific changes, (b) antibody-me-
diated changes, (¢) borderline changes suspicious
for acute T-cell mediated rejection (TCMR),

(d) TCMR, (e) interstitial fibrosis and tubular
atrophy (IFTA), and () other changes not con-
sidered to be caused by acute or chronic rejec-
tion (94). Antibody-mediated rejection (AMR) is
further subdivided into active, chronic active, and
chronic forms, whereas TCMR is subdivided into
acute and chronic active forms.
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Figure 13. Complete renal allograft in-
farction due to rejection-related vascular
thrombosis 7 years after transplantation.
Coronal contrast-enhanced CT image
shows diffuse enlargement and nonen-
hancement of the right lower quadrant
transplant kidney, with the “cortical rim
sign” of thin capsular enhancement (ar-
rowheads), a feature of infarction.

Before development of the Banff Classifica-
tion in 1991, rejection was broadly divided into
hyperacute, acute, accelerated acute, and chronic
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Figure 12. Abdominal complications of renal transplantation in four different patients.
(a) Coronal nonenhanced CT image shows the classic U-shaped configuration (arrows)
of obstructed fluid-filled small bowel in the right lower quadrant. (b) Coronal nonen-
hanced CT image shows the “balloons-on-a-string” configuration of obstructed fluid-
filled small bowel () within the pelvis with generalized mesenteric stranding and edema,
both of which can be seen with closed-loop small bowel obstruction. (c) Coronal non-
enhanced CT image shows a large incisional hernia (arrows) containing unobstructed
bowel superior to the renal allograft in the left iliac fossa. (d) Coronal nonenhanced CT
image shows a fascial defect (arrows) with eviscerated small bowel extending beyond

rejection phases based on time from transplan-
tation (95). Although the refined classification
retains some temporal correlation with time

since surgery, it is now better understood that
significant overlap exists between the traditionally
labeled acute and chronic rejection phases, with
many forms of chronic active disease.

In light of the evolving nomenclature for
allograft rejection, terms related to time from
transplantation are still used in clinical prac-
tice. Hyperacute rejection can occur within
minutes to hours but is usually identified in the
operating room at the time of transplantation.
This is a rare entity that involves abrupt global
allograft nonperfusion and ischemia imme-
diately after vascular anastomosis, secondary
to small vessel thrombosis (Fig 13) (91,95).
Hyperacute rejection results in a nonviable al-
lograft requiring explantation.

Acute rejection occurs approximately 5-7
days after transplantation and is the result of
T=cell activation (95). Accelerated acute rejec-
tion, which can occur in the first 5 postoperative
days, is an antibody-mediated aggressive form of
rejection that occurs in patients with a history of
blood transfusion, prior transplantation, or other
causes of presensitization (95). Chronic rejec-
tion involves gradual progressive deterioration
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in allograft function, which can begin months to
years after transplantation (91,95).

The imaging manifestations of rejection are
nonspecific, highlighting the utility of protocol
biopsy, which is used for definitive diagnosis.
Still, US is often used in the workup to assess for
other underlying causes of graft failure, such as
nonspecific allograft nephropathy, drug toxic-
ity, recurrent medical renal disease, renal vein
thrombosis, uro-obstruction, and extrinsic com-
pression of the allograft, all of which can result in
deteriorated allograft function. At gray-scale US,
features of rejection include edematous cortical
thickening and loss of corticomedullary differen-
tiation. Color Doppler US and spectral analysis
may reveal diminished cortical flow and increased
intraparenchymal arterial RIs (96).

Elevated intrarenal RI (>0.74), when mea-
sured in the early postoperative period between
1 week and 3 months, has been shown to cor-
relate with diminished long-term function of the
allograft at 1 year (97). The selected threshold
used to determine what constitutes an elevated
RI (0.75-0.80) influences the sensitivity and
specificity of detecting acute rejection. Regard-
less, use of the RI alone does not allow reliable
distinction between rejection and other causes
of allograft dysfunction (98). Elevated RIs can
be present in the setting of transplant rejec-
tion as well as ATN, nephrotoxic reactions to
certain immunosuppressive agents (eg, tacroli-
mus or cyclosporine), ureteral obstruction, and
mass effect on the allograft (eg, in the setting of
extrinsic compression from a perinephric fluid
collection) (99,100). Hence, knowledge of clini-
cal history is vital during US assessment of the
renal allograft.

Contrast-enhanced US allows evaluation
of microvascular renal perfusion and can aid
in predicting impending loss of renal function
(101,102). In acute rejection, delayed cortical
perfusion may be observed at contrast-enhanced
US (103). Contrast-enhanced US can be imple-
mented to sample the most viable areas of renal
cortex at the time of biopsy (104).

CT is not usually performed in cases of sus-
pected allograft rejection, as there is significant
overlap between the appearance of rejection and
ATN, both of which can demonstrate edematous
enlargement of the allograft with patchy enhance-
ment (91). MRI not only allows detailed depic-
tion of renal transplant anatomy but also provides
functional information. Diffusion-weighted
imaging (DWI) has emerged as a promising non-
invasive functional imaging technique for evalua-
tion of renal allografts (105,106). BOLD (blood
oxygenation level-dependent) and arterial spin
labeling MRI techniques can provide information
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on allograft oxygenation and perfusion, which
play a key role in evaluation of renal transplant
function (106—-108).

Acute Tubular Necrosis

Similar to allograft rejection, ATN is another im-
portant cause of early renal allograft dysfunction,
and routine clinical assessment does not allow
reliable distinction between the two entities. Ra-
dionuclide scintigraphy may be helpful but does
not allow reliable differentiation between the two
entities given overlapping findings, which typi-
cally include perfusion abnormalities and marked
cortical retention with ***Tc MAG, (9). Use

of fluorine 18 (*®F) fluorodeoxyglucose (FDG)
PET/CT has been investigated for noninvasive
differentiation between these two important diag-
noses. However, percutaneous biopsy remains the
standard of reference (109).

Drug-related Nephrotoxic Effects

Renal transplant immunosuppression regimens
can be categorized into three phases or catego-
ries: induction therapy (intense immunosuppres-
sive therapy immediately after transplantation),
maintenance therapy, and treatment of rejection
(110,111). Maintenance therapy can be com-
prised of antimetabolite agents (eg, azathioprine,
mycophenolate mofetil), calcineurin inhibitors
(eg, cyclosporine, tacrolimus), and corticoste-
roids (eg, oral prednisone) (111). In particular,
calcineurin inhibitors, while known to have excel-
lent short-term advantages, can result in chronic
nephrotoxic effects with irreversible damage
(112). Distinguishing between calcineurin inhibi-
tor nephrotoxic effects and other causes of renal
dysfunction remains a challenge.

Infectious Complications
Transplant recipients have a greater risk of infec-
tion owing to immunosuppression and may be
susceptible to donor-related infections within the
allograft. The KDIGO (Kidney Disease: Improv-
ing Global Outcomes) screening guidelines are
designed to identify high-risk transplant donors
and recipients to implement appropriate preven-
tive measures, including administration of inac-
tivated vaccines, therapeutic interventions, and
specific monitoring protocols.

The types of bacterial, fungal, and viral infec-
tions that affect the renal transplant patient fol-
low a relatively predictable pattern that correlates
with the length of time from transplantation (Fig
2) (31). However, the pattern of timing of infec-
tions may vary significantly, depending on factors
like net state of immunosuppression at different
time points and choice and duration of antimi-
crobial prophylactic agents.
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Figure 14. BK virus nephropathy and hydronephrosis in a 69-year-old man 4 months after renal transplantation. (a) Gray-
scale US image shows areas of mildly increased renal parenchymal echogenicity (arrows) and moderate hydronephrosis (x)
without a visible obstructing intra- or extraluminal lesion at the renal pelvis. (b) Spectral Doppler image of the main renal
artery shows relatively decreased diastolic flow and elevated RI. A nephroureteral stent was subsequently placed after neph-
rostography revealed stenosis of the transplant ureter at the anastomosis (not shown). Biopsy showed histopathologic findings

of BK polyomavirus-associated nephropathy.

In the early phase (postoperative period to 1
month), most infections are related to surgery
or are nosocomial and include antimicrobial-
resistant bacteria such as methicillin-resistant
Staphylococcus aureus (MRSA) and vancomycin-
resistant enterococci (VRE) (31).The incidence
of infections such as pneumonia, surgical wound
infections, and urinary tract infections in renal
transplant patients is comparable to those in non-
immunocompromised patients who have under-
gone surgery (22). Donor-derived infections are
rare during this period, and when they occur, are
often viral (eg, herpes simplex virus, West Nile vi-
rus, rhabdovirus, and human immunodeficiency
virus). Recipient-derived infections can occur as
a result of colonized organisms (eg, Aspergillus or
Pseudomonas) (31).

In the 2nd to 6th months after surgery, the
transplant recipient is more susceptible to op-
portunistic infections, most commonly cytomega-
lovirus (CMYV), which occurs in 8% of patients,
followed by polyomavirus and Epstein-Barr
virus (EBV) (31). Risk factors for development
of infection during this period include sero-
positivity for a variety of viruses in either the
donor or recipient and the extent to which the
recipient is immunosuppressed. CMV and EBV
are associated with a variety of renal transplant
complications, which is part of the rationale
for chemoprophylaxis in high-risk patients. In
particular, screening for EBV in the 1st year is
recommended in high-risk patients, as preemp-
tive reduction of immunosuppression and early

therapeutic intervention with drugs such as ritux-
imab may reduce the incidence of posttransplant
lymphoproliferative disorder (PTLD) (113),
which is discussed later.

Another important infectious cause of renal
allograft dysfunction or premature graft loss is
polyomavirus nephropathy. BK virus is the pre-
dominant polyomavirus affecting renal transplant
allografts, present in 5% of biopsy specimens
(114). BK virus is an otherwise innocuous virus
that is latent in an estimated 75% of the adult
population, with some sources reporting estimates
as high as 90% (115,116). Primary infection with
BK virus is usually asymptomatic or associated
with upper respiratory tract symptoms. BK virus
can persist in a latent form in the kidney and uri-
nary tract owing to its tendency to harbor genito-
urinary epithelium. The virus is more often donor
derived and usually reactivates in the allograft
within the first 3 months after transplantation,
inducing tubulointerstitial inflammatory changes
that may mimic acute cellular rejection (117).

The imaging appearance of BK virus ne-
phropathy is still being described in the literature.
Thus far, published imaging features associated
with polyomavirus nephropathy include a streaky
pattern of alternating hypoechoic bands at gray-
scale US with increased Rls in the renal arteries
at Doppler interrogation, signifying nonspecific
nephritis (Fig 14). At contrast-enhanced CT,
this may appear as areas of streaky or wedgelike
hypoenhancement extending from the papilla to
the cortex (118,119).
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Figure 15. Nocardia abscess in a 62-year-old man
2 months after deceased donor renal transplant.
(a) Gray-scale US image shows a large complex peri-
nephric collection (arrows) at the superior aspect
of the transplant kidney. (b) Color Doppler image
shows robust flow in the renal allograft without flow
in the collection. (c) Axial contrast-enhanced CT im-
age shows a multiseptated low-attenuation collec-
tion (arrows) deep to the superior aspect of the renal
allograft, abutting the iliopsoas muscle medially and
causing mass effect (arrowheads) on the transplant
kidney. Culture of a specimen from CT-guided aspi-
ration demonstrated Nocardia species.

High levels of viruria after transplantation are
associated with hemorrhagic cystitis, ureteral
obstruction, hydronephrosis, and renal allograft

loss (116). In one study, obstructive uropathy was

demonstrated in 83% of cases (120). Typically,
the hydronephrosis in BK virus infection is mild
to moderate (120). The ureteral obstruction may
be due to urothelial edema and is often transient
and reversible.

The standard of reference for diagnosis of
BK virus-related nephropathy is renal biopsy,
with specimens demonstrating varying degrees
of tubular atrophy and fibrosis with inflam-
matory lymphocytic infiltrate (121). As with
PTLD, initial treatment is reduction of im-
munosuppression, highlighting the importance
of the immune system in regulating latent viral
reactivation within the allograft. It is thought
that improvement in immune function allows
resolution of BK virus infection, which in turn
results in resolution of BK virus-related upper
urinary tract inflammation and ureteral stenosis
(120). Temporary ureteral catheter placement
can relieve the obstruction and improve renal
function in the interim, with one group report-
ing a median time of 1 month before resolution
of BK virus infection (120).

After 6 months, as the risk of early viral and
latent infections diminishes, routine infections
including community-acquired pneumonia and

urinary tract infections are more commonly seen.

However, as a result of continued immunosup-
pression, these patients remain at increased risk
for opportunistic pathogens such as Nocardia
and fungal organisms such as Aspergillus and
Mucor species. Nocardia species are soil-borne
gram-positive bacteria that are typically inhaled,
first causing pulmonary nocardiosis, which can
quickly disseminate to form multiorgan abscesses
(Figs 15, 16) (122).

Imaging the allograft for evaluation of a
transplant patient with suspected infection is
aimed at excluding complications. At US, peri-
nephric or parenchymal fluid collections with
internal echogenic components and peripheral
hypervascularity suggest the presence of an
abscess. However, most often the appearance
at US is normal, as seen with uncomplicated
pyelonephritis in the native kidney. It is useful to
evaluate the renal collecting system for the pres-
ence of any echogenic debris or mobile masses,
which could represent pyonephrosis or a fungus
ball, respectively (123).

At contrast-enhanced CT or MRI, a striated
nephrogram can suggest pyelonephritis in a pa-
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Figure 16. Multiorganism perinephric abscess 17 days after left iliac fossa renal transplant in
a 23-year-old man with spina bifida who presented with fever and penile swelling. (a) Axial
nonenhanced CT image shows an ill-defined gas and fluid collection (arrows) inferior to the
transplant kidney. (b, ¢) Coronal (b) and sagittal (c) nonenhanced CT images show extension
of the gas and fluid collection into the left inguinal canal and scrotum (arrows). Exploration of
the left iliac fossa revealed a perinephric abscess tracking into the scrotum, with cultures grow-

ing Actinomyces species and Bacteroides fragilis.

tient with fever, but may also be seen in obstruc-
tive uropathy and in the setting of renal vein
thrombosis (124). Rarely, necrotizing infections
within the renal allograft caused by gram-nega-
tive bacteria such as Escherichia coli may progress
rapidly to emphysematous pyelonephritis, which
may be life threatening and often requires al-
lograft nephrectomy (Fig 17). Less than 30 cases
of emphysematous pyelonephritis in a transplant
kidney have been reported (125), but the severity
of this complication warrants close attention for
gas within the transplant kidney.

Neoplastic Complications
Malignancy is the third most common cause of
death (after cardiovascular events and infection)

in the renal transplant recipient, with three to five
times the risk of malignancy as compared with
the general population, with some cancers having
markedly increased risk as high as 20-500-fold
(15,126-128). Malignancy can occur as new ma-
lignancy in the recipient, as recurrent malignancy
in the recipient, or as donor-related malignancy
(transmitted to the recipient from the donor
through the graft). The incidence and type of
malignancy can vary between countries and time
periods (15).

However, despite these heterogeneities be-
tween posttransplant populations, renal transplant
recipients overall are predisposed to certain types
of malignancies, with a distribution that is differ-
ent from that of the general population. There is
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Figure 17. Acute emphysematous pyelone-
phritis in a 68-year-old man after deceased do-
nor renal transplant 2 weeks earlier. Axial nonen-
hanced CT image shows abnormal gas replacing
portions of the renal allograft parenchyma, with
gas extending into the walls of the renal pelvis
and perinephric spaces (arrows). Examination
of the transplant nephrectomy specimen dem-
onstrated necrotizing infection, cortical necrosis,

and abscesses.

significantly increased incidence of some cancers
(nonmelanomatous skin cancer, lymphoma, and
colon cancer) and no increased incidence of others
(breast, prostate, and brain cancers) (129). Annual
dermatologic skin examination (and semiannual
examinations in higher-risk patients, such as those
with a history of squamous cell carcinoma [SCC]
of the skin) and annual US or CT of the native
kidneys have been suggested as recommended
surveillance for skin cancers and native renal cell
carcinomas (RCCs), respectively (15).

The renal allograft is susceptible to the same
forms of malignancy known to occur in the na-
tive kidney, but also carries the additional risk
for development of malignancies associated with
chronic immunosuppression of the host and
unregulated oncogenic viral infections (130). The
risk of primary renal malignancy in the allograft
overall is about six times that in the native kidney
for all types, but substantially higher for papillary
subtypes (13 times the general incidence) (Figs
18, 19) (131). Focused investigations of RCC in
the allograft kidney have revealed a number of
nuanced findings that suggest that the increased
risk of malignancy is multifactorial, correlating
with length of time receiving dialysis, form of
preexisting native renal disease, race, and gender.
Percutaneous radiofrequency ablation of RCC
within the transplant kidney has been shown
to be an effective therapy for low-grade tumors
(T1a) without adverse effects on allograft func-
tion (132). An increased risk of urothelial malig-
nancy has also been reported in renal transplant
patients with BK virus infection (133).

PTLD is a common entity affecting post-
transplant patients (126,134). Awareness of and
heightened suspicion for this entity are important
for diagnosis, particularly when assessing the al-
lograft at surveillance imaging, as its presence may
be clinically silent during the early stages, when it
is most amenable to treatment. Treatment includes
reduction of immunosuppression, which may
result in complete resolution of the PTLD.
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PTLD is less frequent in renal transplant pa-
tients as compared with lung, heart, and pancreas
transplant patients, who require higher doses of
immunosuppressive drugs (134). However, when
it does occur in renal transplant patients, the renal
allograft is the most common site of involvement
(135). PTLD occurs in 1%—-3% of renal trans-
plant recipients (compared with up to 20% of
non-renal allograft recipients) and can be nodal
or extranodal. This disorder most often arises in
the setting of active infection with Epstein-Barr
virus (EBV) (also known as human herpesvirus 4)
in the immunocompromised host and can range
from mild polyclonal B-cell proliferation to diffuse
multiorgan monoclonal lymphoma (136).

In more advanced stages of disease, solitary or
multiple low-attenuation masses at CT involving
the transplant kidney and other solid organs can
be seen (Fig 20). In the renal allograft, there is a
tendency for PTLD to manifest as a mass replac-
ing or encasing the hilum, leading to outflow ob-
struction (134,136,137). In such cases, US, CT,
and MRI may show allograft hydronephrosis with
or without vascular encasement (134). PTLD
lesions usually have low signal intensity on both
T1- and T2-weighted MR images and show no
significant enhancement. Increased FDG uptake
is usually observed at PET/CT (134).

Screening renal transplant patients for can-
cer while they are on the transplant waiting list
and after they have undergone transplantation is
important. Minimizing doses of immunosuppres-
sive drugs (as much as can be safely done) is also
a key prevention strategy.

In rare instances, malignancy in the transplant
recipient can develop as a result of clinically
undetected donor-related cancer present in the
renal allograft at the time of transplantation (Fig
21). The consequences of donor cancer transmis-
sion can be dramatic, with less than 50% survival
rates for donor-related melanoma and lung can-
cer at 24 months after transplantation, a statistic
that suggests that donors with a history of these
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Figure 18. Allograft RCC with renal vein tumor thrombus in a 76-year-old man after deceased donor renal transplant
5 years earlier. (a) Coronal contrast-enhanced arterial phase CT image shows a heterogeneously enhancing mass ()
in the upper transplant kidney, with distortion of the expected corticomedullary enhancement pattern in this region.
Note the enhancing soft tissue in the transplant renal vein (arrow). (b) Duplex US image of the expansile thrombus
in the transplant renal vein shows an arterial waveform, consistent with a malignant tumor thrombus. (c) Gray-scale
(left) and microbubble-enhanced (right) US images show expansile echogenic soft tissue filling the main renal vein (x
in left image) with corresponding avid enhancement (arrow in right image), consistent with tumor thrombus in the

main renal vein.
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types of malignancies should be precluded from
the donor pool (138). As prognosis varies de-
pending on the type of donor-related malignancy,
there is need for continued investigation into the
risk and benefits of accepting kidneys from do-
nors with a history of cancer, depending on can-
cer type, histologic stage at time of diagnosis, and
disease-free interval before transplantation (139).
Nevertheless, this complication remains rare. A
review of 17639 donors in the United Kingdom
Transplant Registry, including 202 patients with
a history of cancer, found no cases of donor can-
cer transmission at 10 years (140).

Routine surveillance imaging plays an impor-
tant role in early detection of cancer in the renal
allograft. Elevated intraparenchymal arterial Rls
may be the only initial indication of an underly-
ing abnormality, which may prompt biopsy or

further diagnostic imaging that may reveal an
unsuspected malignancy (Fig 22).

Future Directions
Efforts to safely increase the available supply and
utilization of existing donor kidneys on the basis
of evidence-based data are ongoing. The Col-
laborative Innovation and Improvement Network
(COIIN) is a UNOS (United Network for Organ
Sharing)—sponsored project aimed at supporting
greater use of deceased donor kidneys with mod-
erate to high KDPI (kidney donor profile index)
scores (>50%).

Allograft rejection remains a challenging prob-
lem in renal transplant recipients despite con-
tinued advances in immunosuppressive therapy.
While percutaneous needle biopsy remains the
reference standard for diagnosis of acute allograft
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Figure 19. Multifocal clear cell renal cell tubulopapillary renal cell car-
cinoma in a failed deceased donor allograft in a 66-year-old woman af-
ter right lower quadrant kidney transplant 12 years earlier. (a) Coronal
contrast-enhanced CT image shows a small failed transplant kidney in
the right iliac fossa, with a complex cystic partially exophytic hypovas-
cular mass with a thick enhancing septum in the interpolar region. Note
the normal transplant kidney in the left iliac fossa. (b, ) Axial contrast-
enhanced CT image (b) and corresponding '8F-FDG PET/CT image (c)
show an additional small hypoenhancing mass with abnormal increased
radiotracer uptake.
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Figure 20. PTLD in a 78-year-old man after deceased do-
nor renal transplant 5 months earlier. (a) Gray-scale US im-
age 2 months after surgery shows normal appearance of
the allograft. (b) Gray-scale US image from 5-month surveil-
lance imaging shows diffuse somewhat lobulated enlarge-
ment of the renal parenchyma with loss of corticomedullary
differentiation. (c) Coronal contrast-enhanced CT image
shows a focal ill-defined hypoattenuating soft-tissue mass
(arrow) in the lower pole of the allograft parenchyma. Im-
munohistochemical analysis of a biopsy specimen (not
shown) revealed predominantly A-restricted plasma cell infil-
trate, which in conjunction with positive FISH (fluorescence
in situ hybridization) results for Epstein-Barr virus confirmed
the diagnosis of PTLD.
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Figure 21. Donor-derived allograft squamous cell
carcinoma (SCC) in a 72-year-old woman after ex-
panded-criteria deceased donor renal transplant 11
months earlier. (a) Axial contrast-enhanced CT im-
age shows a hypoenhancing infiltrative mass (arrow)
in the upper transplant kidney. (b) Longitudinal US
image shows a heterogeneous ill-defined mass (ar-
row) centered at the upper pole of the allograft with
distortion of the renal contour. (c) Axial '8F-FDG PET/
CT image shows masslike hypermetabolism in the al-
lograft (arrow). Biopsy showed SCC originating from
a male donor, confirmed by an XY signal pattern in
the tumor nuclei in this female patient. She devel-
oped pulmonary metastases and died less than 3
years after transplantation.
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Figure 22. Low-grade myxoid spindle cell neoplasm in a
29-year-old man with a history of chronic glomerulonephri-
tis who presented with new-onset hypertension after living
donor renal transplant 15 years earlier. (a) Color Doppler
image shows a heterogeneous mass with internal vascular-
ity (arrows) that replaces the renal allograft, with loss of
identifiable renal architecture. (b) Axial contrast-enhanced
CT image shows a large, lobulated, heterogeneously en-
hancing mass (arrows) in the right lower abdomen at the
expected site of the transplant kidney. (c) Photograph of
the gross pathology specimen shows a lobulated mucinous
neoplasm, which was confirmed to be a low-grade myxoid
spindle cell neoplasm.
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rejection, new noninvasive imaging techniques
aimed at detecting early signs of rejection may al-
low greater specificity in selecting which patients
should ultimately undergo biopsy. Microbubble
contrast-enhanced US is a diagnostic tool with
promising applications in the renal transplant
patient population, combining the general advan-
tages of standard US (eg, lack of ionizing radia-
tion, cost-effectiveness, and wide availability)
with the advantage of a contrast agent that does
not require renal filtration (141).

Given the accepted pathophysiology of de-
creased cortical blood flow in acute rejection—
related inflammation, a quantitative technique
using contrast-enhanced US to analyze dynamic
renal enhancement characteristics has been pro-
posed as a noninvasive index for predicting acute
rejection (96). Additional techniques based on
tissue elastography and T-lymphocyte antibody-
labeled microbubble contrast-enhanced US are
also being investigated. Contrast-enhanced US
may have an additional role as a problem-solving
tool in evaluation of indeterminate renal lesions,
particularly for differentiating complicated cysts
and solid renal neoplasms.

Conclusion
Complications of renal transplantation continue
to evolve alongside the changing landscape of
improving surgical techniques, immunosuppres-
sion regimens, surveillance imaging, and overall
understanding of rejection. Duplex US is the
primary tool for routine surveillance and initial
diagnostic imaging for allograft dysfunction. Ad-
vanced imaging techniques including MRI and
contrast-enhanced US can be used as adjuncts to
traditional duplex US and renal allograft biopsy
in workup of posttransplant complications.
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