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Thermal ablation of small renal masses is increasingly accepted as
an alternative to partial nephrectomy, particularly in patients with
multiple comorbidities. Many professional societies support this alternate treatment with updated guidelines. Before performing thermal ablation, it is important to stratify risk and assess technical feasibility by evaluating tumor imaging features such as size, location,
and centrality. Routine postablation imaging with CT or MRI is
necessary for assessment of residual or recurrent tumor, evidence of
complications, or new renal masses outside the ablation zone. The
normal spectrum and evolution of findings at CT and MRI include
a halo appearance of the ablation zone, ablation zone contraction,
and ablation zone calcifications. Tumor recurrence frequently manifests at CT or MRI as new nodular enhancement at the periphery
of an expanding ablation zone, although it is normal for the ablation zone to enlarge within the first few months. Recognizing early
tumor recurrence is important, as small renal masses are often easily treated with repeat ablations. Potential complications of thermal
ablation include vascular injury, urine leak, ureteral stricture, nerve
injury, and bowel perforation. The risk of these complications may
be related to tumor size and location.
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SA-CME Learning Objectives
After completing this journal-based SA-CME
activity, participants will be able to:
■■Identify relevant features of small renal
masses for preablation planning.
■■Describe

the normal spectrum of imaging findings in ablated small renal masses.

■■Recognize

features of recurrence and
common complications after thermal
ablation.
See rsna.org/learning-center-rg.

Introduction

The incidence of renal cell carcinoma (RCC) has been on the rise
over the past 2 decades with a relative plateau in mortality (1,2).
Patients with T1 disease now make up more than half of all new patients with RCC, and the average tumor size at diagnosis is decreasing (3). These trends can likely be attributed to increasing use of
CT and MRI, since many renal masses are discovered unexpectedly
during imaging of unrelated conditions (4–6).
Partial nephrectomy has been the standard for nephron-sparing
management of small renal masses or T1a disease, which is defined
as tumors 4 cm or smaller. Thermal ablation is increasingly viewed
as an acceptable alternative.
For example, the American Urological Association (AUA) revised
its guidelines on localized renal cancer in 2017 and now recommends
thermal ablation as an alternative for treatment of masses smaller than
3 cm. In its 2009 guidelines, thermal ablation was only weakly recommended with the caveat that recurrence rates may be higher (7,8).
Similarly, other professional societies have recommended the consideration of thermal ablation for small renal masses in their 2017–
2018 guidelines. These societies include the European Association
of Urology (9), National Comprehensive Cancer Network (10), and
American Society of Clinical Oncology (11). Although ablation for
small renal masses is no longer exclusively reserved for nonsurgical
candidates, patients undergoing ablation tend to be older and have
multiple comorbidities (12–14).

RG • Volume 39

Number 7

Teaching Points
■■

Important tumor features at preablation imaging include
maximum tumor diameter, proximity to the renal sinus, endophytic or exophytic growth, and location in relation to adjacent organs such as the bowel.

■■

There are no consensus guidelines on follow-up imaging after
ablation. Since the tumor margin status cannot be assessed
intraprocedurally in percutaneous ablation compared to in
surgical management, routine surveillance with CT or MRI is
recommended to depict recurrence.

■■

After successful treatment, the ablated tumor appears as an
area of high attenuation (>40 HU) at nonenhanced CT and
has a surrounding rim of fat with a bull’s-eye appearance or
halo that is more notable in exophytic lesions.

■■

Tumor recurrence usually occurs at the periphery of the ablation zone, and the features that are most suggestive of recurrence at postcontrast CT or MRI are an enlarging ablation
zone and new nodular enhancement.

■■

The risk of complications is often associated with larger tumor
size, increased number of applicators, patient age, and a more
central location of the targeted tumor.
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expansion of a cryogen gas, such as argon, from
an internal feed line into an internal expansion
chamber produces rapid cooling near the applicator tip. One of the advantages of cryoablation is
the ability to visualize the ice ball (26–28).
A more detailed discussion of the technical
factors, advantages, and disadvantages of these
thermal ablation techniques is beyond the scope
of this article and is covered elsewhere (26).
The radiologist plays an important role in
preablation evaluation as well as in postablation
surveillance. We review the important imaging descriptors of small renal masses relevant
for preablation planning, the framework and
rationale for imaging follow-up, the spectrum
of normal cross-sectional imaging findings after
ablation, and features of tumor recurrence. We
also discuss important complications the radiologist should recognize at follow-up imaging.

Preablation Imaging

Thermal ablation preserves renal function
better than does partial nephrectomy. This
makes ablation particularly attractive for patients with renal transplants, who are at higher
risk of developing RCC (15,16), as well as for
patients with multifocal RCC (17) and hereditary RCC syndromes such as von Hippel–
Lindau syndrome (18,19). In addition, thermal
ablation can be effective for management of
local recurrence after surgery (20).
Thermal ablation, which encompasses radiofrequency ablation, microwave ablation, and
cryoablation, involves the destruction of tumor
cells with heat or cold via single or multiple applicators. Ablation can be performed percutaneously
or surgically, although percutaneous ablation is
now generally preferred since it is less invasive.
Advantages of percutaneous ablation compared
with partial nephrectomy include the outpatient
setting, lower perioperative complication rate,
better preservation of renal function, and good
patient-reported outcomes (12,21–25).
Radiofrequency ablation utilizes rapidly alternating electric current to generate frictional heating via oscillating tissue ions. The ablation zone
grows primarily through thermal diffusion.
Similarly, microwave ablation relies on tissue
heating to induce cell death, although the mechanism of heating involves an oscillating microwave
electromagnetic field to generate heat. Microwave heating is independent of tissue impedance,
making it less prone to the heat-sink effect and
allowing it to produce faster, hotter, and larger
ablation zones.
By contrast, cryoablation involves cooling
of tissues via the Joule-Thomson effect. Rapid
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Important tumor features at preablation imaging
include maximum tumor diameter, proximity to
the renal sinus, endophytic or exophytic growth,
and location in relation to adjacent organs such
as the bowel.
Multiple systems for RCC anatomic classification have been devised to delineate the complexity
of surgical resection and thermal ablation. Use of
these systems helps standardize reports on patients
being considered for ablation therapy. Schmit
et al (29) have proposed the ABLATE planning
algorithm (Table), which takes into account tumor
diameter, bowel proximity, location within the
kidney, abutment of renal sinus fat, and endophytic or exophytic growth. The RENAL (radius;
endophytic or exophytic; nearness of tumor to the
collecting system or sinus; anterior or posterior;
location relative to the polar lines) nephrometry
score and PADUA (Preoperative Aspects and
Dimensions Used for an Anatomic) classification,
which additionally considers medial or lateral location, were developed for surgical risk stratification
and planning (Table). Both scoring systems have
also been applied to thermal ablation with several
studies demonstrating higher local recurrence and
complication rates with increasing scores (30–33).
The size criteria of these classification systems are
not well suited for evaluating small renal masses,
as they both give 1 point for a mass that is equal to
or smaller than 4 cm.
Two studies have suggested that size alone is a
better predictor of local recurrence after thermal
ablation than the RENAL nephrometry score
(33,34). One group found that modifying the
size criteria of the RENAL nephrometry score
to distinguish tumors smaller than 3 cm also
predicts local recurrence better than the original
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Algorithms for Presurgical and Preablation Planning
Criterion

RENAL Nephrometry

PADUA Classification

Size

Assigns 1–3 points based on Assigns 1–3 points based on
cutoff values of 4 cm and
cutoff values of 4 cm and
7 cm
7 cm
Exophytic rate Assigns 1–3 points for tumors Assigns 1–3 points for
tumors ≥ 50% exophytic,
≥ 50% exophytic, 0%–50%
0%–50% exophytic, and
exophytic, and completely
completely endophytic,
endophytic, respectively
respectively
Assigns 1 point for no
Distance from Assigns 1–3 points for disinvolvement of collectcollecting
tance between tumor and
ing system; otherwise 2
system
renal sinus or collecting
points
system with cutoffs of 4
mm and 7 mm
Adjacency to
Makes no distinction between Assigns 1 point for no inrenal sinus
renal sinus and collecting
volvement of renal sinus;
system (see above)
otherwise 2 points

ABLATE Algorithm
Smaller diameter (<3–4 cm) predicts treatment success
Completely endophytic tumors are
associated with increased failure
of local treatment

Tumors near ureter may require
retrograde pyeloperfusion via externalized stent to decrease risk
of injury to collecting system
Tumors touching renal sinus fat
are more likely to be undertreated, likely owing to a combination of increased heat-sink effect
and concern for vascular injury

Location
Upper pole tumors are at risk of
Relative to
Assigns 1–3 points based on Assigns 1 point for tumor
adrenal injury
polar lines
percentage of tumor that is
entirely confined to upper
interpolar
or lower poles; otherwise
2 points
Anterior or Not assigned points but indi- Not assigned points but
Anterior tumors are at risk of
posterior
cated by a or p
indicated by a or p
bowel injury
Medial or
Not considered
Assigns 1 point for lateral
Medial tumors are at greater risk
lateral
and 2 points for medial
of genitofemoral nerve injury

RENAL nephrometry score (35). Nonetheless,
it is important to report location descriptors to
facilitate technical feasibility assessment for both
surgical and ablative management.
Endophytic tumors are not only more challenging to resect at partial nephrectomy but are
also more difficult to ablate and have higher rates
of recurrence (36). This is largely due to difficulty
of tumor visualization during nonenhanced CTguided ablations, particularly for smaller lesions.
US and administration of intravenous contrast
material may help improve visibility of tumors.
Centrally located tumors also pose a challenge
to the interventional radiologist owing to amplification of the heat-sink effect from adjacent large
vessels as well as risk of vascular and collecting
system injury, which are also discussed. Overall,
ablation of central tumors is associated with higher
rates of recurrence and complications (30,37,38).
However, studies have suggested that cryoablation has better outcomes compared with
radiofrequency ablation, possibly due to the
ability to visualize and sculpt the ice ball
(39,40). There is also reduced thermal injury to
the collecting system (41). As such, documenting proximity to the renal sinus may help in

triage of tumors that will be treated the most
effectively by using cryoablation.
Anterior location has previously been considered a relative contraindication to ablation
owing to the potential need to traverse a larger
amount of normal kidney as well as the concern
for bowel injury (42). Increased use of novel or
adjunctive techniques such as hydrodissection,
oblique or decubitus positioning, and transhepatic approach has allowed successful ablation
of anterior tumors (29).
Nonetheless, documenting anterior position
and location relative to the bowel and proximal
ureter remains important. Medial location raises
concern for injury to the genitofemoral nerve,
which is not visible at CT or US.

Postablation Imaging

Both contrast-enhanced CT and MRI can be
used for postablation surveillance imaging. More
recently, contrast-enhanced US has been described, although its utility is beyond the scope of
this article (43).
The choice of CT or MRI for surveillance is
often driven by multiple factors such as institutional availability and experience, contrast agent
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nephrotoxic effects or allergy considerations,
MRI safety issues, and radiation concerns associated with CT. The concern about radiation is
especially salient when considering the relatively
low cancer-specific mortality associated with
small renal masses (44). No society guidelines
recommend one modality over the other. Regardless of whether CT or US is chosen, it is more
important to use the same modality at subsequent examinations for ease of comparison.
There are no consensus guidelines on followup imaging after ablation. Since the tumor margin status cannot be assessed intraprocedurally
in percutaneous ablation compared to in surgical
management, routine surveillance with CT or
MRI is recommended to depict recurrence (45).
Follow-up imaging of RCC after surgical
resection is dependent on surgical margin status,
other intraoperative findings, and results of tumor
histologic analysis. Multiple studies have suggested
that no routine abdominal imaging is needed for
successfully resected T1 disease (46,47).
By contrast, risk stratification for ablated tumors is more challenging owing to uncertainty of
margin status and tumor cause. While preablation
biopsy is increasingly being performed as recommended by the AUA, histologic analysis can
never be as detailed as it is in nephrectomy (45).
As such, routine imaging is necessary for
evaluation of ablation adequacy and local recurrence. Various postablation follow-up imaging
schedules have been described and generally
consist of three to five studies in the first 12
months. The first study is at 1 or 3 months
and is followed by studies every 6–12 months
thereafter (46). The total duration of follow-up
is not standardized, although a few studies have
suggested performing imaging for up to 5 years
after ablation (7,18,48).
Surveillance imaging requires a multiphase
CT or MRI renal protocol that includes nonenhanced imaging. The nonenhanced phase at
CT depicts ablation zone calcification. Subtraction images obtained at MRI delineate subtle
enhancement in the ablation zone. There is no
consensus on the optimal choice of contrastenhanced phases at postablation imaging.
For example, the Society of Abdominal Radiology has published a postablation protocol based
on expert opinion that includes nonenhanced
and nephrographic phase CT with an optional
excretory phase (49). A recent study by Eiken
et al (50) suggests that recurrence after thermal
ablation is most conspicuous at corticomedullary
phase imaging. At our institution, renal CT and
MRI examinations consist of nonenhanced, corticomedullary (30 seconds), nephrographic (90
seconds), and delayed (7 minutes) phases.
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Normal Spectrum of
Postablation Findings
It is essential for the radiologist to be aware of the
normal spectrum of findings at cross-sectional
imaging of the ablation zone. Images obtained
immediately after ablation show perinephric fat
stranding and may show thickening of the pararenal fascia. Perinephric or subcapsular hematoma
can also be seen. Ipsilateral perinephric stranding
can be seen up to 1 month after ablation, which
can be mistaken for perinephric stranding in the
setting of infection.
The imaging appearance of cryoablation differs from radiofrequency ablation. In cryoablation, a large area of hypoattenuation develops as
the tumor is frozen, creating an ice ball. This area
of hypoattenuation at the site of tumor ablation
is useful not only for demarcating the margins of
the ablation zone for intraprocedural planning,
but also for serving as a baseline for comparison
when evaluating treatment response and potential
tumor recurrence.
After successful treatment, the ablated tumor
appears as an area of high attenuation (>40 HU)
at nonenhanced CT and has a surrounding rim
of fat with a bull’s-eye appearance or halo that
is more notable in exophytic lesions. This halo
typically appears at an average of 6 months and
is characterized as thin curvilinear enhancement
that outlines the margin of the ablation zone. The
halo is thought to reflect an inflammatory reaction of the surrounding fat rather than a demarcation of the tumor capsule. Although this finding
has been reported more often after percutaneous
radiofrequency ablation, it is routinely seen after
cryoablation as well (51,52).
At CT, a hyperattenuating central area represents the ablated tumor and devitalized renal
parenchyma within the treatment margin. Fat
interspersed between the central zone and the
surrounding normal renal parenchyma can also
be seen, especially with contraction of the ablated
tumor (45) (Fig 1).
At MRI, the ablation zone appears as a
round or ovoid T2-hypointense region. This
demonstrates a decrease in signal intensity
compared to preablation tumor imaging, which
typically delineates tumors as areas of intermediate or high signal intensity. At T1-weighted
imaging, ablated lesions can appear heterogeneous and often hyperintense compared with
normal renal parenchyma. This hyperintensity
is secondary to hemorrhage and coagulative necrosis (53,54). At postcontrast imaging, a thin
rim of enhancement is seen immediately after
ablation. This resolves over time and is almost
completely absent by the 3-month follow-up
examination (55).
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Figure 1. Normal evolution of postablation findings. (a) Axial nephrographic phase CT image obtained before ablation demonstrates an exophytic cortical neoplasm arising from the medial left kidney (arrow). (b) Axial nonenhanced CT image obtained at CTguided cryoablation of the left renal mass demonstrates a well-demarcated hypoattenuating ice ball surrounding the single applicator
(arrows). Simultaneous biopsy (not shown) helped confirm clear cell RCC. (c) Axial nephrographic phase CT image acquired 1 month
after ablation shows mildly enhancing (<10 HU) granulation tissue and surrounding perinephric stranding. (d) Axial nephrographic
phase CT image at 9 months demonstrates resolution of ablation zone enhancement. A halo delineates the ablation zone (arrowhead).
(e–g) Axial nephrographic CT images at 12 months (e) and 21 months (f) and axial corticomedullary CT image at 36 months (g)
show progressive contraction of the ablation zone (arrowhead) without evidence of recurrence. (h) Axial nonenhanced CT image at
49 months demonstrates new focal dystrophic calcification in the contracted ablation zone.

Ablation zone size at imaging performed immediately after ablation is not always a reliable indicator of treatment efficacy, as sometimes the mean
tumor volume can increase at subsequent examinations. One study showed that in radiofrequency
ablation, ablation zone size was shown to increase
by 32% in the early imaging period compared with
the original tumor size (55). At MRI of cryoablation, there was an increase in the size of the ice ball

1 day after the procedure, with gradual contraction
of the ablation zone beginning at 3 months (56).
A common late postablation finding is ablation zone calcification. Nonenhanced imaging
depicts these dystrophic calcifications and helps
differentiate them from enhancement suggestive of
recurrence. Ablation zone enhancement can be a
normal finding after ablation and does not always
signify recurrence.
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Figure 2. Findings of recurrence. (a) Axial nephrographic phase CT image obtained before ablation demonstrates a partially exophytic tumor arising from the
lower pole of the right kidney (arrow). (b) Axial corticomedullary phase fat-suppressed T1-weighted MR image acquired 1 month after ablation demonstrates
thin enhancement at the periphery of the ablation zone (arrowheads), which is interpreted as posttreatment change. (c) Axial nephrographic phase CT image at 6
months shows thickening of the peripheral ablation zone enhancement (arrow),
which is a finding suggestive of recurrence. (d) Axial corticomedullary phase CT
image at 9 months shows masslike solid enhancement in the ablation zone (arrow),
which is consistent with recurrent clear cell RCC.

Homogeneous, smooth, low-level enhancement
may be due to granulation tissue secondary to coagulative necrosis and can help differentiate normal
postablation findings from tumor recurrence (57–
60). Ideally, this enhancement should not exceed
10 HU. However, higher Hounsfield unit values of
enhancement have been reported in the literature
(58,59). Treated tumors can show enhancement
3–6 months after ablation. Therefore, caution
should be taken before attributing enhancement to
tumor recurrence in the first 3 months.
Ablation zone enhancement can also be seen
in the setting of fat necrosis. Years after ablation,
fat necrosis can manifest at imaging as enhancing soft tissue or nodules within the ablation zone
and may require biopsy to exclude tumor recurrence. A clue to this diagnosis may be dystrophic
calcification of the area of enhancement at subsequent imaging (61).
Similarly, an enlarging ablation zone does not
necessarily mean recurrence and can be seen in
ablation zone fibrosis. However, since an enlarging ablation zone months to years after ablation
is a finding suggestive of recurrence, patients
with fibrosis often undergo percutaneous biopsy.
In a small cohort of 39 patients who underwent
CT-guided biopsy 6 months after cryoablation
as part of the study’s follow-up protocol, about
53% of the patients were determined to have
fibrosis at histopathologic testing and 5% had
tumor recurrence (56).

Diffusion-weighted imaging (DWI) may play
an important role in follow-up imaging evaluation after ablation, although there is limited
evidence in the literature to support its utility. At
DWI, gradually increasing signal intensity can
be seen in the ablation zone after ablation, which
may be related to tissue swelling or devitalized
tissue. In a small cohort of 26 patients, signal
intensity of the ablated tumors at DWI reached
its peak at 3 months with associated low apparent diffusion coefficient (ADC) values. The
signal intensity began to decrease at the 6-month
follow-up study and became hypointense at the
24-month study (57).

Evaluation of Recurrence
In the literature, the rates of recurrence are
reported to be very low in radiofrequency ablation and cryoablation. Biopsy-proven recurrence manifests in up to 2%–5% of patients after
ablative therapy (56,62,63), although the rates of
recurrence are higher in the literature when using
imaging criteria to define recurrent disease. In a
large multi-institutional study of 616 patients, the
majority (92%) of incompletely treated tumors
(per imaging criteria) were depicted within the
first 12 months, and most (70%) were identified
within the first 3 months (64).
Tumor recurrence usually occurs at the periphery of the ablation zone, and the features that
are most suggestive of recurrence at postcontrast
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Figure 3. Findings of recurrence. (a) Axial corticomedullary phase fat-suppressed T1-weighted MR image obtained before ablation
demonstrates a partially exophytic mass arising from the upper pole of the left kidney (arrow). (b) Axial nonenhanced CT image from
CT-guided cryoablation of the left renal mass demonstrates the two applicators needed to sculpt the ice ball for adequate tumor
coverage during CT-guided cryoablation. A hydrodissection probe at the lateral margin of the ice ball can also be seen. (c) Axial
corticomedullary phase fat-suppressed T1-weighted MR image obtained after ablation shows the ablation zone (arrowheads) without enhancement suggestive of recurrence. (d) Axial corticomedullary phase fat-suppressed T1-weighted MR image obtained at 7
months shows new nodular enhancement at the anterior margin of the ablation zone (arrows), which has contracted. (e) Axial corticomedullary phase fat-suppressed T1-weighted MR image acquired at 13 months shows that enhancement has increased and is now
more masslike (arrows), which is a finding consistent with recurrence. Subsequent biopsy helped confirm recurrent papillary RCC.

CT or MRI are an enlarging ablation zone and
new nodular enhancement.
Ablation zone size tends to increase at immediate and early postablation imaging. However,
the treatment area contracts and decreases in size
over time. One study showed that the ablated
tumors significantly decreased in size by 6 months
and stabilized by 12 months (58). Therefore, an
unchanged size of the area at the 6-month followup examination or a gradually increasing ablation zone at the 12-month follow-up examination
should raise suspicion.
At CT, contrast enhancement of the ablated
lesion of more than 10–20 HU at postablation imaging is considered to be suggestive of a
residual or recurrent tumor (58,59,65,66). In addition, any new nodular or irregular enhancement
within the margin of the ablation zone is also
suggestive of recurrence. This differs from the
imaging features of incompletely treated disease
by the de novo tumor enhancement in an area of
previously adequately treated disease (Fig 2).

At MRI, the feature most suggestive of recurrence is nodular enhancement within the tumor
bed (Fig 3). There is often an area of intrinsic
T1 hyperintensity at nonenhanced imaging due
to coagulative necrosis and hemorrhage from the
ablation. Postcontrast T1 subtraction imaging
depicts subtle enhancement (53). In addition, immediate postablation T2-weighted imaging shows
hypointensity relative to normal renal parenchyma.
Therefore, any new area of high T2 signal intensity
at nonenhanced imaging in combination with T1
enhancement should be interpreted as possible
tumor recurrence.

Complications
The risk of complications is often associated with
larger tumor size, increased number of applicators,
patient age, and a more central location of the
targeted tumor (37).
Throughout the literature, the complication
rates in radiofrequency ablation and cryoablation
are generally reported to be low. Most complica-
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Figure 4. Simple hematoma after ablation in a patient with persistent hematuria. (a) Axial corticomedullary phase CT image obtained
before ablation demonstrates an exophytic tumor arising from the anterior lower pole of the right kidney (arrow). (b) Axial nonenhanced CT image obtained immediately after ablation demonstrates a small hematoma at the anterior margin of the ablation zone
(arrows). Note the hydrodissection fluid mixed with iodinated contrast material used to displace the adjacent ascending colon anteriorly (arrowhead). The patient presented with persistent hematuria 3 weeks after ablation. (c) Axial early corticomedullary phase CT
image demonstrates expansion of the previously seen hematoma into the ablation zone (arrows). No pseudoaneurysm was identified.

tions are minor and require no further intervention. The reported overall complication rates are
7%–11% (37,52,67–69).
The most common minor complications include pain or paresthesia at the site of applicator
insertion, urinary tract infection, pneumonia, an
elevated creatinine level, minor hemorrhage, and
asymptomatic hematuria. The latter two are often
incidentally detected and not considered to be
complications by some authors. Major complications—those that require medical, interventional,
or surgical treatment—are secondary to thermal
injury to surrounding organs within the ablation
zone, namely the ureter and bowel.
More serious complications that manifest
immediately after ablation include minor and
major hemorrhage, injury to the genitofemoral
nerve, urine leak, anesthesia-related injuries, and
pneumothorax.
Delayed complications include pseudoaneurysm, ureteral or calyceal stricture, and fistula.
Hemorrhage.—Hemorrhage may be asymptom-

atic but may also manifest with the following:
active extravasation along the probe tract, anemia
or hematuria, or perinephric hematoma or large
retroperitoneal hematoma that can be seen at CT
(Fig 4). More significant renal vascular injury
can result in a pseudoaneurysm or arteriovenous
fistula (70) (Fig 5).
Hemorrhagic or vascular-related injuries are
more commonly seen in cryoablation than in radiofrequency ablation (4.8% vs 1.2%, respectively)
(37). One reason for this is the recognized complication of the ice ball fracture, which results in
adjacent parenchymal injury. This injury can lead
to postprocedural hemorrhage and—very rarely—
death (71).

Nerve Injury.—The genitofemoral nerve arises
from the L1-L2 nerve roots, which pierce the
psoas muscle at the L1-L2 level (Fig 6). It relays
sensory information from the genital and upper thigh regions. The nerve is not visible at CT,
but careful attention to the region is required
for ablation of medial tumors. When the nerve is
injured, patients can present with severe poorly
localized back pain and decreased skin sensitivity
in the ipsilateral groin. The pain often resolves
with conservative therapy.
Collecting System Injury.—The most common

injury to the collecting system is hemorrhage,
with a rate reported up to 33% in one study
(73). If the hematoma grows large enough, it can
obstruct urinary excretion and result in hydronephrosis, necessitating placement of a percutaneous nephrostomy catheter (74).
Another less common complication related to
the collecting system is ureteral stricture secondary to high thermal energy, with reported rates of
1%–2% (67,68). The stricture is generally located
proximally and is near the ablation zone. Although
more commonly seen at late follow-up imaging,
findings of periureteral stranding, ureteral thickening, or gradually increasing hydronephrosis may be
early signs of ureteral stricture.
Interventionalists use pyeloperfusion to avoid
injury to the collecting system. This technique
involves prophylactic instillation of a warm or
cool (depending on the mode of ablation) 5%
dextrose in water solution into the proximal collecting system via a ureteral stent placed before
the ablation (75).
Urine leaks can also occur, some of which may
be inconsequential clinically. Urine leaks can be
seen at delayed-phase CT as a small area of contrast
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Figure 5. Pseudoaneurysm after ablation. (a) Axial corticomedullary phase CT image obtained before ablation demonstrates a
hypoenhancing endophytic mass in the left kidney (arrow). (b) Axial nonenhanced CT image from CT-guided cryoablation of the
left renal mass shows the applicator traversing the mass. (c) Axial corticomedullary phase CT image acquired at 1-month follow-up
examination shows an arterially enhancing globular focus at the posterior aspect of the ablation zone (arrow), consistent with pseudoaneurysm. On 3-month follow-up images (not shown), the pseudoaneurysm was seen to be resolved without treatment.

Figure 6. Avoidance of genitofemoral nerve injury during ablation. (a) Axial nonenhanced CT image
from CT-guided cryoablation shows a medial exophytic tumor. A lateral intercostal approach rather than
a paraspinal approach was taken to minimize risk of genitofemoral nerve injury. (b) The genitofemoral
nerve arises from the L1-L2 nerve roots piercing the psoas muscle at the L1-L2 level (arrows). It relays
sensory information from the genital and upper thigh regions. The nerve is not visible at CT, but careful
attention is required in ablation of medial tumors. (Fig 6b reprinted from reference 72.)

enhancement outside the collecting system but
within the ablation zone (Fig 7). A more significant
urinary leak would manifest as an enlarging urinoma, potentially requiring percutaneous drainage
if there is a persistent increase in size or a suspected
superinfection. If ureteral injury is suspected, postablation CT urography should be performed.
Bowel Injury.—Injury to the surrounding bowel is

extremely rare during thermal ablation. However,
the interventionalist should take great care to avoid
perforating the bowel. If bowel injury is suspected,
immediate postablation CT should be performed.
Imaging features of acute bowel injury include

bowel wall thickening from immediate inflammation or free air adjacent to the injured bowel due to
frank perforation.
One rare type of bowel injury is development of
a colorenal fistula. Several days after ablation, an
adhesion can develop between the ablated kidney
and the adjacent bowel (76). This band of granulation tissue connecting the kidney and bowel can
eventually lead to a colorenal fistula. Initially, it may
appear as new wall thickening of the adjacent bowel
loop with or without a visible direct fistulous connection. At follow-up imaging, frank stool and air
within the ablation zone confirm the presence of a
colorenal fistula (Fig 8).
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Figure 7. Collecting system injury after ablation in a patient with hematuria. (a) Axial nephrographic phase CT image obtained
before ablation demonstrates a partially exophytic tumor arising from the upper pole of the right kidney (arrow), which was subsequently treated with microwave ablation. The patient presented with hematuria 1 month after ablation. (b) Axial corticomedullary
phase CT image demonstrates the ablation zone, which is clearly delineated by a halo (arrows). (c) Axial delayed excretory phase CT
image demonstrates extravasation of contrast agent from the collecting system into the ablation zone (arrowhead), which is a finding
consistent with urine leak.

Figure 8. Bowel injury with colorenal fistula after ablation. (a) Axial corticomedullary phase CT image obtained before ablation
demonstrates an enhancing, partially exophytic, interpolar tumor arising from the left kidney (arrow). (b) Axial nonenhanced CT
image from CT-guided cryoablation shows the proximity of the descending colon to the tumor. (c) Axial corticomedullary phase
CT image obtained 6 weeks after ablation shows the relative hyperattenuation in the central ablation zone with a visible halo at the
periphery. A punctate focus of air (arrow) interposed between the adjacent thickened descending colon and ablation zone is suggestive of microperforation. (d) Axial corticomedullary phase CT image obtained at 10 weeks shows a frank colorenal fistula that is now
apparent with air and stool extending into the ablation zone (arrowheads).

Conclusion

Thermal ablation is becoming an increasingly
accepted method of treating RCCs, especially
in tumors smaller than 3 cm. Therefore, it is
crucial for the radiologist to be aware of the

normal spectrum of postablation imaging findings, features suggestive of recurrence, and
potential complications.
It is essential to include nonenhanced and
postcontrast phases at CT or MRI when evaluating treatment response. At CT, the normal appearance of a successfully treated tumor includes
an area of low attenuation with an enhancing
halo of surrounding fat. Over time, the ablation
zone gradually contracts. At MRI, the normal
ablation zone is T2 hypointense and can be T1
isointense or hyperintense secondary to hemorrhage and coagulative necrosis. Ablation zone
calcification and fat necrosis are common.
It is crucial that all available images be evaluated for tumor recurrence. Images obtained before,
during, and immediately after the ablation must
be assessed for tumor location, ablation size, and
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early enhancement. The features most suggestive of
recurrence include any new nodular enhancement
along the periphery of the ablation zone and an
unchanged or enlarging ablation zone.
The risk of complications with percutaneous
ablation is low. Most complications are minor
and include pain or paresthesia at the applicator site, small-volume hemorrhage, and urinary
tract infection. Major complications include a
large amount of bleeding, injury to the collecting
system or ureter, and bowel injury.
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