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Objectives: Upon completion of this article, the reader will be
able to identify the typical CT and MRI features of renal
tumors successfully treated with RFA or cryoablation, as well
as the typical appearance of residual tumor on follow-up
imaging. In addition, the reader should be able to identify
signs of treatment-related complications that may appear on
early or delayed follow-up imaging.
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The incidence of renal cell carcinoma is rising, likely due
to an increase in the number of incidental small renal
masses detected on cross-sectional imaging. Current esti-

mates for 2013 project a rate of more than 65,150 new cases
and 13,680 deaths from renal cell carcinoma in the United
States.1 For early-stage tumors � 4 cm in size, nephron-
sparing surgical resection is now considered by most
urologists to be the gold standard treatment. Percutaneous
thermal ablation has generally been reserved for patients at
high operative risk due to age or multiple medical comor-
bidities, or for patients with underlying renal insufficiency,
a solitary kidney, or a hereditary predisposition to tumor
multiplicity that necessitates a maximum nephron-sparing
treatment approach.2 This paradigm, however, is shifting.
New compelling data show that 5-year cancer-specific
survival rates for T1a renal tumors treated with ablation
are comparable to rates achieved with surgical excision.3–5

This has spurred increased utilization of thermal ablation
as a first-line therapy in younger patients as an alternative
to more invasive surgical resection.4

Cryotherapy and radiofrequency ablation (RFA) are the
most frequently used methods of thermal ablation of small
renal masses. Each can be performed using a minimally
invasive percutaneous approach or by open or laparoscopic
surgical techniques.6 Cryotherapy relies on the Joule–Thomp-
son effect of pressurized gasses to induce ultracold
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Abstract Image-guided percutaneous thermal ablation is a safe and effective nephron-sparing
alternative to surgical resection for the treatment of small renal tumors. Assessment of
treatment efficacy relies heavily on interval follow-up imaging after treatment. Contrast-
enhanced computed tomography (CT) and magnetic resonance imaging (MRI) both
play a pivotal role in evaluating the treatment zone, identifying residual tumor, and
detecting early and delayed procedure-related complications. This article discusses a
surveillance imaging protocol for patients who undergo percutaneous thermal ablation
of renal tumors, and also illustrates the typical appearances of both successfully treated
tumors and residual disease on contrast-enhanced CTor MRI. In addition, it discusses the
imaging appearance of potential early and delayed treatment-related complications to
facilitate their prompt detection and management.
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temperatures (approximately �160°C) to freeze tissue. Alter-
nating cycles of freezing and thawing result in intracellular
dehydration, protein denaturation, destruction of cell mem-
branes, and subsequent cell death.7 RFA uses an alternating
current created between a conducting electrode and a
grounding source to produce thermal energy at the electrode
tip. When radiofrequency pulses are applied, an oscillating
current is created between the conducting electrode and the
grounding source (usually a grounding pad placed on the
patient’s skin). Heating occurs as energy is transferred from
the oscillating current of electrons to the ionic molecules of
the tissue due to inherent electrical resistance within the
tissue itself. When the treated tissue achieves cytotoxic
temperatures in the range of 50 to 100°C, tissue desiccation
and protein denaturation (coagulation necrosis) ensue, re-
sulting in cell death.8

Unlike surgical resection, the success of percutaneous
ablation treatment cannot be measured histologically as
there is no excised specimen to assess treatment margins
for residual tumor. Instead, the success of thermal ablation
therapy is established by findings at the ablation site on
posttreatment imaging. Imaging surveillance with contrast-
enhanced computed tomography (CT) or magnetic resonance
imaging (MRI) is essential for determining initial treatment
success, detecting residual tumor at the treatment site, or
newmetachronous tumors that may develop after treatment.
As the use of minimally invasive image-guided thermal
ablation treatments for renal tumors increases, radiologists
should become familiar with the appearance of successfully
treated tumors and residual disease on follow-up imaging.
Recognizing the signs of potential early and delayed compli-
cations on imaging follow-up is also essential to ensure timely
management and prevent long-term adverse sequelae.

Postablation Imaging Assessment of
Treatment Efficacy

Technical Success
The fundamental goal of thermal ablation is to achieve
complete necrosis of the target tumor indicated by the
absence of enhancement at the treatment site. However,
microscopic foci of residual disease may not be detectable
until they grow large enough to be detected on CT or MRI,
which can take months or years to occur.9–11

Standard practice in thermal ablation for renal tumors is to
extend the treatment margins 5 to 10 mm beyond the target
tumor in all dimensions to decrease the likelihood of residual
microscopic tumor at the margins of the ablation zone.10

Although the literature has commonly referred to the delayed
appearance of viable tumor in the ablation zone as “recur-
rent” disease, it more likely represents growth of occult foci of
residual disease that were spared during the original treat-
ment. To increase the likelihood of complete tumor destruc-
tion at the time of treatment, the ablation zone should always
be larger than the target tumor, at least on initial follow-up
imaging studies.9–11

There are limited data on the long-term efficacy of percuta-
neous thermal ablation treatment for renal tumors. Studies on

short-term results for RFA report several common findings: (1)
tumors < 4 cm in diameter can reliably be treated in a single
treatment session without residual viable tumor noted on
immediate follow-up imaging,12–20 (2) tumors located in an
exophytic location have lower rates of residual tumor on follow-
up imaging when compared with tumors located centrally
within the kidney,14,19 and (3) tumors > 3 cm in diameter
have higher rates of local recurrence (delayed appearance of
residual tumor) than smaller tumors on imaging follow-up after
initial successful treatment.14,15,17,19,20

Surveillance Imaging
The technical success of treatment is established based on the
appearance of the ablation zone on the first follow-up imaging
study. The timing of the initial imaging assessment for treat-
ment efficacy varies based on operator preference, but typi-
cally ranges from immediately (day 0) to up to 1 month after
treatment.21,22 Someauthors recommend imaging assessment
as soon as possible after ablation, both to establish a baseline
appearance of the treatment zone and to rapidly identify
residual tumor that may prompt immediate retreatment.21

Long-term interval surveillance imaging after treatment is
essential for identifying slow growing foci of residual tumor
in the treatment zone (local recurrence), as well as to identify
delayed complications and detect any new tumors that may
develop outside of the treatment site. Guidelines regarding
the duration and specific timing of interval follow-up imaging
have not been well established.23 Available data within the
literature suggest thatmost residual tumor is detectedwithin
the first 3 months after treatment, emphasizing the need for
early short interval follow-up.24 Microscopic residual tumor
may remain occult for months to years on follow-up imaging
due to indolent growth, however, and occult residual tumor
can eventually be identified as “local recurrence” in up to
10.5% of cases on follow-up imaging.12–20,24–32 The majority
of cases are identified in the first 12 months after treatment,
but residual tumor at the treatment site has been reported up
to 2.5 years after ablation.18,19,24,28 These data highlight the
need for long-term imaging surveillance in patients who
undergo thermal ablation treatment of renal cell carcinoma,
but the endpoint remains undefined.

On the basis of the experience and the above reported
data, the authors suggest surveillance CT or MRI at 1, 3, 6,
and 12 months after treatment for the first year, every
6 months for the second year, and then annually thereafter.
The authors often perform an immediate helical CT acqui-
sition through the kidneys after ablation to assess the
appearance of the ablation zone and exclude any immedi-
ate complication, but seldom use intravenous (IV) contrast
in this setting so as to avoid the potential additive nephro-
toxic effect of the contrast to the thermal injury associated
with the treatment itself. The first formal multiphase
contrast-enhanced imaging study is performed at 1 month
postablation to establish a baseline appearance of the
treatment zone and exclude residual tumor. After 2 years
of follow-up, surveillance imaging is then performed an-
nually to monitor for slow-growing residual tumor at the
treatment site or the development of new tumors at other
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locations within either kidney. Metachronous tumors are
known to occur in up to 20% of patients referred for RFA of
renal cell carcinoma.33

Dedicated Computed tomography and Magnetic
Resonance Imaging Protocols
At the authors’ institution, posttreatment imaging is rou-
tinely performed with CT. MRI is reserved for patients who
are allergic to iodinated contrast, younger patients who
undergo multiple treatments for multiple, metachronous
hereditary tumors, or those who underwent pretreatment
MRI, in which case subsequent MRI follow-up allows for
more accurate comparison. The authors’ CT protocol consists
of helical multidetector acquisition performed before and
after IV administration of 100 mL of low-osmolar contrast
injected at a rate of 3 to 4mL/s. In patients with chronic renal
insufficiency (estimated glomerular filtration rate (eGFR)
< 60 mL/min), only 50 mL of low-osmolar contrast is used,
and the patient is prehydrated with 500 mL of IV normal

saline (0.9% sodium chloride) before and following the exam
(total 1 L) to minimize nephrotoxicity. For patients with a
history of cardiac disease or congestive heart failure, patients
are hydrated with half normal saline (0.45% sodium chlo-
ride). The initial unenhanced CT acquisition is performed
from the diaphragm to the iliac crest. This is followed by
dynamic contrast-enhanced imaging in the (1) corticome-
dullary phase 90 seconds after contrast injection and (2)
excretory phase 4 minutes after contrast injection. The
addition of delayed (excretory phase) imaging is helpful to
evaluate the collecting system for injury related to the
treatment. It should be noted that the authors do not
routinely perform an arterial phase acquisition (at 30 sec-
onds after contrast injection) because the sensitivity of the
corticomedullary phase of enhancement is comparable to
arterial phase imaging in detecting residual viable tumor,
and the elimination of the arterial phase acquisition spares
unnecessary radiation dose to the patient. A soft tissue
reconstruction algorithm is used to generate 2.5-mm-thick

Figure 1 CT-fluoroscopic imaging during RFA. (A) Cluster RF electrode in position within a partially exophytic renal mass (arrow). (B) Immediately
after treatment the tumor is slightly hypodense with central hyperdensity (coagulative necrosis). Foci of gas are seen around the treated tumor
from tissue vaporization that often occurs at high temperatures. CT, computed tomography; RFA, radiofrequency ablation.

Figure 2 CT-fluoroscopic imaging during cryoablation. (A) Pretreatment noncontrast CTshows a large, partially exophytic RCC in the right kidney
(arrows). (B) Images obtained during treatment demonstrate multiple cryoprobes positioned within the mass. The cryozone can be visualized as a
well-demarcated region of hypodensity in the surrounding tissue (arrows). CT, computed tomography; RCC, renal cell carcinoma.
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contiguous slices through each helical acquisition dataset in
the axial and coronal planes.

PosttreatmentMRI is routinely performed on either a 1.5-T
or 3-Tunit, using a surface coil whenever possible. Imaging is

performed before and after IV administration of a gadolini-
um-based contrast agent at a dose of 0.1 mmol per kg of body
weight. The authors’ protocol includes T2-weighted single-
shot fast-spin echo images; T1-weighted dual, echo gradient
echo (chemical shift) images; and T1-weighted, fat-saturated,
spoiled gradient echo images performed before and after IV
administration of contrast at 1, 2, and 3 minutes. Subtracted
contrast-enhanced datasets are routinely generated by the
technologists. Diffusion-weighted images are also obtained
with b values of 50 and 500.

Imaging Findings during Treatment

Radiofrequency Ablation
Axial CT-fluoroscopic images or truncated helical acquisi-
tions are performed during RFA, mainly to confirm position-
ing of the electrodes during treatment rather than tomonitor
the extent of the ablation. Noncontrast CT is limited at
detecting changes within the treated tissue; however, it
may become slightly hypodense during heating. This is often
followed by the appearance of stranding within the peri-
nephric fat and mild thickening of the pararenal fascia. At
higher temperatures, charring and vaporization may occur,
resulting in small locules of gas in and around the treated
tumor and adjacent perinephric fat34,35 (►Fig. 1).

Cryoablation
The changes in tissue density that occur during cryoablation
are more evident than RFA on CT. The decrease in density of

Figure 3 Contrast-enhanced CT performed immediately after RFA of
the tumor depicted in Fig. 1 shows the ablation zone as a well-
demarcated region without enhancement (arrows), surrounding the
target tumor with adequate margins. CT, computed tomography; RFA,
radiofrequency ablation.

Figure 4 Immediate post-RFA MRI appearance of a successfully treated tumor. (A) Axial T1-weighted image shows increased signal within the
treated tumor due to coagulative necrosis (arrows). (B) Axial T2-weighted image shows predominantly decreased signal within the treated tumor
due to tissue desiccation, with small foci of T2-bright signal dispersed throughout the treatment zone (arrows). (C) Axial precontrast and (D)
postcontrast T1-weighted, fat-saturated spoiled gradient echo images (VIBE) show no significant enhancement within the treated tumor. MRI,
magnetic resonance imaging; RFA, radiofrequency ablation.
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soft tissue can be visualized as it freezes, allowing for more
accurate monitoring of the treatment margins34 (►Fig. 2). It
should be noted, however, that the visualized margin of the
cryozone does not correlate exactly with the zone of lethal
cellular injury. There is a sublethal zone of injury at the
margin of the visualized treatment zonewhere temperatures
are not low enough to cause cell death. Therefore, the
treatmentmargin is extended 1 cm beyond the visiblemargin
of the targeted tumor to ensure efficacy.36

Imaging Findings Immediately after
Treatment

Radiofrequency Ablation
Routine use of IV contrast for immediate posttreatment
imaging is not essential for preliminary assessment of the
treatment zone. CT performed within hours of RFA typically
shows extensive stranding within the perinephric fat and
mild thickening of the pararenal fascia. There is often focal
hyperdensity within the region of the treated tumor due to
heat-induced protein denaturation and coagulative necrosis.

Foci of gas may be extensive within the treated tumor and
throughout the adjacent perinephric fat.34,37 If contrast is
administered, the ablation zone appears as a well-demarcat-
ed region without enhancement and should completely
include the target tumor (►Fig. 3). Perinephric or subcapsular
hemorrhage is commonly seen and usually appears as a
crescent-shaped hyperdense fluid collection (> 60 HU) im-
mediately abutting the kidney or treatment zone.

Following administration of IV contrast, active hemor-
rhage may occasionally be seen as contrast extravasation
into the perinephric space. Despite the concerning appear-
ance of this finding, it is usually self-limited. However, it is
recommended that the patient’s vital signs be strictly moni-
tored, and an additional delayed noncontrast CT scan should
be performed after 15 to 20 minutes to ascertain stability of
the perinephric hematoma. Any sign of hemodynamic insta-
bility or a significant increase in the size of the hematoma on
delayed imaging should prompt aggressive fluid or blood
product resuscitation. Emergent angiography and emboliza-
tion should be considered in cases where patients fail to
respond appropriately to conservative treatment measures.

Figure 5 Immediate postcryoablation CT appearance of a successfully treated tumor. (A) Axial noncontrast image shows hypodensity throughout
the treated tumor (arrows). (B) A thin homogeneous rim of enhancing tissue (arrow) is commonly seen surrounding the treatment zone as a result
of reactive hyperemia within the sublethal zone. The treated tumor in this case does not significantly enhance. CT, computed tomography.

Figure 6 Benign periablational enhancement after cryoablation. (A) Axial contrast-enhanced CT image performed at 1 month posttreatment
shows a thin, concentric rim of tissue surrounding the ablation zone with uniform enhancement and smooth margins (arrow). This should not be
confused with residual tumor, which typically has a more irregular, nodular pattern of enhancement. (B) Subsequent imaging performed 5months
later shows complete resolution of the enhancing rim. CT, computed tomography.
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The hallmark of successful thermal ablation is the absence
of enhancement within the treated tumor.13 If IV contrast is
administered immediately after treatment, great care must
be taken when interpreting the significance of any residual
enhancement in the treated tumor. It has been reported that
mild, homogenous enhancement (> 10 HU) may be seen
throughout the treated tissue within the ablation zone on
immediate posttreatment imaging and should not be mistak-
en for residual viable tumor.38 To avoid confusion, the authors
usually wait to administer IV contrast until 1 month after
treatment, and subsequently obtain an additional early fol-
low-up imaging study at 3 months.

On immediate posttreatment MRI, treated tumor typically
has increased signal on T1-weighted images and decreased
signal on T2-weighted images as a result of coagulative
necrosis and tissue desiccation (►Fig. 4). On in-phase and
opposed-phase imaging, a well-demarcated thin rim of dark
signal may be seen demarcating the margin of the thermal
ablation zone.34,37,39,40 The hallmark of tumor viability is
residual nodular enhancement; however, in patients who are
unable to receive IV contrast T1 and T2 signal characteristics
on unenhanced MRI may serve as a surrogate measure by
which to assess the size and extent of the treatment zone.

Cryoablation
The appearance of tumors treated with cryoablation differs
considerably from that of tumors treated with RFA on imme-
diate follow-up CT imaging. After multiple freeze-thaw cycles
and removal of the cryoprobe(s), the iceball usually persists as
a well-demarcated region of hypodensity that should include
and extend beyond the margins of the targeted tumor by at
least 5 mm.18 Hemorrhage within the treatment zone is
common, the degree of which is usually greater than that
seen with RFA.34,41

If IV contrast is administered, a thin (1–2 mm) homoge-
neous rim of enhancing tissue is commonly seen surrounding
the treatment zone as a result of reactive hyperemia within
the sublethal zone42,43 (►Fig. 5). Although this finding has
also been described immediately after RFA, it is more com-
monly visualized after cryoablation. Benign periablational
enhancement may subsequently appear as a concentric,
symmetric, and uniform process with smooth inner margins,
unlike residual viable tumor that has a more focal, irregular,
and nodular appearance23 (►Fig. 6). It has been reported that
15 to 20% of ablated tumors may show some residual mild
enhancement within the ablation zone in the first few
months after treatment; this should not be interpreted as
residual tumor but rather monitored on subsequent follow-
up imaging to ascertain resolution.44,45

On MRI, any residual iceball within the treatment zone
appears as awell-demarcated signal void onT1-weighted and
T2-weighted images. A rim of T2 signal hyperintensitymay be
seen within thawed tissues at the margins of the treatment
zone. Acute hemorrhagemay appear in the treatment zone as
iso- to hyperintense on T1-weighted images and variable in
signal intensity on T2-weighted images. The treatment is
deemed a technical success if there is no enhancement within
the treated tumor after IV contrast administration.34,46 As

with CT imaging performed immediately after cryoablation,
benign periablational enhancement is a common finding at
the margins of the ablation zone on MRI, which slowly
resolves and rarely persists beyond 3 months.43

Figure 7 The “halo” sign after RFA. (A) Axial noncontrast CT image,
and (B) axial and (C) coronal contrast-enhanced images performed at
3 months after RFA show the treated tumor as a central nonenhancing
soft tissue mass immediately surrounded by a thick rind of fat and then
a thin peripheral rim of fibrous tissue (arrow). CT, computed
tomography.
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Imaging Findings during Follow-Up

An important concept when following renal tumors after
ablation is to compare the posttreatment contrast-enhanced
images with contrast-enhanced images of the tumor per-
formed before treatment. Determining the location and

extent of tumor enhancement on pretreatment imaging is
critical to accurately assess posttreatment success.

Radiofrequency Ablation
CT imaging performed at 1 month or more after RFA treat-
ment typically demonstrates a characteristic change in the

Figure 8 Persistent appearance of the “halo” sign over time. Axial and coronal contrast-enhanced CT images of a treated tumor acquired at (A, B)
1 month, (C, D) 6 months, (E, F) 18 months, and (G, H) 30 months after RFA. Although the central treated tumor mass tends to gradually decrease
in size over time, the surrounding halo persists and maintains a thin, uniform shape, defining the boundary between the ablation zone and the
adjacent perinephric fat (open arrow, F). A metallic fiducial marker coil is seen within the treated tumor mass (arrow), originally placed during
biopsy to assist in localization of the lesion using CT-fluoroscopy during treatment. CT, computed tomography.
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appearance of the treated tumor.47 The treated lesion will
appear as a nonenhancing soft tissue mass immediately
surrounded by a thick rind of fat and then a thin peripheral
rim of fibrous tissue. This appearance has been referred to as
the “bull’s eye” or “halo” sign and is often associated with
atrophy of the adjacent renal parenchyma11,47,48 (►Fig. 7).
This can be seen on both CT and MRI and has been described
in up to 75% of treated lesions, most commonly when the
treated lesion is exophytic.48–51 The “halo sign” is typically
associatedwith tumors that are treated using a percutaneous,
image-guided approach rather than those who are treated by
an open or laparoscopic surgical approach. This is likely
because the perinephric fat is often separated from the
surface of the tumor and spared from treatment when using
a surgical approach.47

The “halo sign” typically appears an average of 6 months
after RFA and persists on all subsequent follow-up imaging.
Although the central treated tumor mass tends to gradually
decrease in size over time, the surrounding halo usually
maintains a thin, uniform, curvilinear morphology and de-
fines the boundary of the ablation zone, separating it from the
adjacent perinephric fat. The rind of fat within the halo
surrounding the treated tumor mass may be of variable
thickness48 (►Fig. 8). The appearance of the “halo sign”
may resemble that of an angiomyolipoma, and its recognition
by radiologists as a typical finding after RFA is important to
avoid a false diagnosis.

OnMRI, successfully treated tumors typicallymaintain the
T1 signal hyperintensity commonly associated with coagu-
lative necrosis. On T2-weighted sequences, the treated tumor
tends to remain hypointense relative to normal renal paren-
chyma, although T2 signal may be somewhat heterogeneous
and contain small internal foci of increased signal due to
evolving necrosis.34,37,39,40,47,49–51 As on CT follow-up imag-
ing, the “halo sign” is commonly seen on MRI after percuta-
neous RFA treatment. The T1 and T2 signal intensity of the
surrounding thin soft tissue halo can be variable, but it is
typically hypointense to normal renal parenchyma on both
sequences. The central treated tumor mass should appear
predominantly T2 dark and nonenhancing50 (►Fig. 9). The
signal characteristics of the fat adjacent to the ablation zone
and within the halo are not altered by tissue heating during
treatment and will therefore suppress normally when using
fat-suppression techniques. As a result, caution should be
taken when using fat-suppressed T2-weighted images in a
follow-up imaging protocol as it may be difficult to distin-
guish the treated tumor from suppressed surrounding fat,
which may lead to the false perception of tumor enlargement
during interval follow-up.34

After RFA, the treated tumor mass gradually decreases in
size by up to 30% over the first 6 months,40,49 but further
interval decrease in size is minimal on subsequent follow-up
imaging studies.21 Any increase in the size of the treated
tumor mass should raise concern for growth of residual
tumor within the treatment zone.21

Benign periablational enhancement may be seen up to
3 months posttreatment on both CT and MRI. Early on, this
is attributed to reactive hyperemia in the tissues surround-

ing the ablation zonewhere thermal injury was insufficient
to achieve complete cell death. Later, it is due to a localized
giant cell-mediated granulomatous reaction to tissue heat-
ing.52 Any nodular enhancement that develops within or at
the margin of the ablation zone and persists beyond
3 months may still represent granulomatous tissue, but
should be considered suspicious for residual tumor
(►Fig. 10).

Cryoablation
CT findings noted within the treated tumor on immediate
postablation imaging may persist for several months after
treatment without significant interval change. Hemorrhage
and stranding around the ablation zone typically resolve
within 1 to 3 months. The treated tumor mass usually
maintains its hypodense appearance with respect to the
normal renal parenchyma. The “halo sign” may also be seen

Figure 9 Appearance of the “halo” sign on MRI after RFA. (A) Coronal
T2-weighted image showing dark signal within the thin peripheral soft
tissue halo and within the central treated tumor mass (arrows). Axial
T1-weighted images acquired (B) without and (C) with intravenous
contrast demonstrate the treated tumor to be T1-bright (due to
coagulative necrosis) and nonenhancing (arrows). MRI, magnetic
resonance imaging; RFA, radiofrequency ablation.
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Figure 10 Benign granulomatous response resembling delayed appearance of residual tumor at the treatment margin. Axial contrast-enhanced
CT images of a treated tumor acquired at (A) 1 month and (B) 7 months after RFA treatment show no residual tumor in the treatment zone. (C)
Subsequent follow-up imaging performed at 19 months shows development of a suspicious, nodular focus of enhancing soft tissue at the margin
of the ablation zone considered suspicious for residual tumor (arrow). Subsequent percutaneous needle biopsy confirmed benign granulomatous
tissue and no evidence of residual tumor. CT, computed tomography; RFA, radiofrequency ablation.

Figure 11 Tumor involution after cryoablation. Coronal contrast-enhanced CT images acquired at (A) 3 months, (B) 2 years, and (C) 5 years after
successful cryoablation treatment show gradual involution of the nonenhancing treated tumor mass over time. CT, computed tomography.

Figure 12 MRI appearance of a tumor successfully treated with cryoablation. (A) Axial contrast-enhanced CT image before treatment shows a central tumor
along themedial aspect of the left kidney (arrow). At 3months after cryoablation, (B) T1-weighted image shows heterogeneous, predominantly isointense signal
(arrow), and (C) T2-weighted image shows predominantly dark signal within the treated tumor (arrow). (D) Postcontrast subtracted image shows mild
homogeneous benign central enhancement (small arrow), enhancing less than normal renal cortex, and benignperiablational enhancement (large arrow). These
findingsmay be seen transiently after cryoablation, and subsequently resolved in this patient on 6-month follow-up imaging. MRI, magnetic resonance imaging.
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after percutaneous cryoablation but is usually less pro-
nounced than that seen with RFA.37,45

Tumor involution is much more common and occurs to a
greater degree after cryoablation than it does after
RFA.34,36,37,43,45,49 During freezing, proteins within the
treated tissue are not denatured and are therefore readily
resorbed by host immune cells, resulting in less inflamma-
tion and fibrosis in the treatment zone.53 One study re-
ported an average decrease in size of the ablation zone of
26% at 3 months, 56% at 1 year, and 75% at 3 years after
laparoscopic cryoablation, with 38% of ablation zones no
longer detectable by MRI by 3 years after treatment.43

Tumor involution tends to be the rule rather than the
exception after cryoablation, and therefore any interval
growth of the treated tumor mass on follow-up imaging
should be considered suspicious for residual tumor45

(►Fig. 11).
The appearance of the treated tumor on MRI may change

over time. Within hours after treatment, ablated tumors

typically demonstrate variable T1 and T2 signal intensity,
but then at subsequent follow-up tend to appear isointense to
normal renal parenchyma on T1-weighted images and pre-
dominantly dark or heterogeneously isointense on T2-
weighted images34,36 (►Fig. 12). A thin rim of dark signal
may be seen between the treated lesion and the adjacent
normal renal parenchyma on T2-weighted images. This find-
ing tends to resolve over time as the treated tumor
involutes.36

Benign periablational enhancement is a common finding
after cryoablation and may persist for several months after
treatment but is rarely seen beyond 6 months.42,43 Up to 20%
of successfully ablated tumors may show some residual mild

Figure 13 Appearance of residual tumor at the treatment site. Axial
(A) noncontrast and (B) contrast-enhanced CT images performed
through the treatment site 3 months after RFA demonstrate a subtle
nodular focus of enhancing soft tissue (arrow) representing residual
disease. CT, computed tomography.

Figure 14 Utility of enhanced subtraction imaging for detecting
residual disease on MRI. Axial (A) and coronal (B) fat-saturated, T1-
weighted, subtracted contrast-enhanced images obtained through the
treatment site at 3 months post-RFA show definitive focal, nodular
tissue enhancement (arrows) within the medial aspect of an otherwise
devascularized treatment zone (dark signal), indicative of residual
tumor. T1-bright signal due to coagulative necrosis will not appear in
the treatment zone on subtraction images, which facilitates detection
of true enhancement in the residual tumor. MRI, magnetic resonance
imaging; RFA, radiofrequency ablation.
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enhancement within the ablation zone in the first few
months after treatment.44,45

Residual Disease

Residual tumor is essentially undetectable on noncontrast CT
and MRI. The hallmark of residual tumor is the presence or
development of an enhancing nodule or crescent of tissue
within the treatment zone on follow-up imaging.34 Enhance-
ment of greater than 10 HU on CTor qualitative enhancement
on postcontrast MRI is suspicious for residual tumor9

(►Fig. 13) As mentioned previously, ablated tissue is often
bright on T1-weighted images; for this reason, routine use of
subtraction imaging is necessary to detect subtle enhance-
ment, as a successfully treated tumor will appear completely
dark on well-registered subtraction images34 (►Fig. 14). Foci
of residual tumor in the treatment zone are most commonly
nodular or irregular in appearance and typically increase in
size over time.23,34 Interpreting both the corticomedullary
and delayed (excretory) phases of enhancement on follow-up
imaging, as well as meticulous comparison to the appearance
of the tumor on pretreatment contrast-enhanced imaging, is
helpful to differentiate residual tumor from benign posta-
blation changes. Diffusion-weighted imaging (DWI) may also
be helpful to identify foci of residual tumor when contrast
enhancement is difficult to ascertain, or when contrast
cannot be administered due to renal insufficiency. Tumor

tissue may demonstrate restricted diffusion, appearing as
bright signal relative to normal renal cortex on DWI images
obtained at high b values (500–1,000 s/mm2) and as dark
signal on corresponding ADC images.54

The presence of enhancement within the ablated tumor
zone after treatment raises suspicion for residual disease;
however, the absence of enhancement does not confirm
treatment efficacy, especially if the tumor was treated using
RFA. One study showed 6 of 13 patients (46%) with biopsy-
proven residual tumor at 6 months after RFA treatment had
no evidence of suspicious enhancement on CT or MRI before
biopsy.55 This study included only a small series of patients,
however, and was conducted early in the ablation experience
when less aggressive treatment strategies may have contrib-
uted to higher rates of residual tumor. Nevertheless, any
increase in the size of the treated lesion is suspicious for
residual tumor, even in the absence of any corresponding
enhancement.

When assessing for residual disease after treatment, it is
critical to review the pretreatment and intraprocedural im-
aging to assess the tumor size, location, and probe placement
during treatment. These features help identify regions at risk
for residual disease.34 Understanding the general capabilities
and limitations of different thermal ablation modalities and
of the specific ablation devices used during a particular
treatment can also improve detection and prevent false-
positive diagnoses.

Figure 15 Subcapsular hematoma. (A, B) Axial and coronal contrast-enhanced CT images obtained through the treatment site 3 weeks after
percutaneous RFA of a renal tumor show a moderate-sized subcapsular hematoma (arrows). (C, D) Subsequent follow-up imaging performed at
6 months after treatment shows slow partial resolution of the hematoma without significant residual mass effect on the kidney (arrows). CT,
computed tomography.

Seminars in Interventional Radiology Vol. 31 No. 1/2014

Percutaneous Ablation for Small Renal Masses Iannuccilli et al.60

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Delayed Imaging Appearance of Treatment-
Related Complications

Most complications associated with percutaneous thermal
ablation of renal masses are minor and do not require an
escalation in the level of patient care. Minor complications
include postprocedural pain, transient hematuria, mild peri-
nephric hemorrhage, and transient neuropathy related to
thermal injury to the genitofemoral nerve or intercostal
nerves adjacent to the psoas or paraspinal muscle groups.56

Major complications are rare and are typically due to thermal
injury of nontarget organs (bowel or ureteral injury), pneu-
mothorax, and bleeding.41,57,58 A meta-analysis of 1,180
treated tumors demonstrated a lower rate of major compli-
cations with percutaneous treatment compared with surgi-
cally assisted ablation (3.1 vs. 7.4%).59

The incidence of bowel injury is low, but injuries to the
colon and duodenumhave been reported during treatment of
anterior renal masses.41,57 For RFA, in particular, the risk for
nontarget injury to bowel is greatest when there is less than
10 mm of interposed fat between the target lesion and the
adjacent bowel loop.60 Injury to the bowelmayappear as focal
thickening of the bowel wall with associated inflammatory
changes in the mesenteric fat, or even free intraperitoneal air
in the setting of perforation. Hydrodissection techniques to
displace bowel and adjacent organs away from exophytic
tumors have been described to minimize the risk of thermal
injury during treatment. The fluid, consisting of D5Wwith or
without the addition of nonionic contrast, is reabsorbed
within hours of administration and is not seen on follow-
up imaging studies.61,62

Massive bleeding as an immediate complication of per-
cutaneous RFA treatment is defined as hemorrhage associ-
ated with hemodynamic instability requiring blood
transfusion. This is very rare, estimated to occur in fewer
than 1% of renal ablations.58 A small to moderate amount of
perinephric hemorrhagemay be seen in up to 5% of patients
during follow-up and may persist for several months63

(►Fig. 15).
Injury to the collecting system ismore commonwith RFA

than with cryoablation and is typically associated with the
treatment of central tumors.52,57,59 Such injuries may not
be apparent on immediate posttreatment imaging, and
usually manifest weeks to months later as ureteral thick-
ening, periureteral stranding, or development of hydro-
nephrosis. The appearance of a new perinephric fluid
collection should raise suspicion for urine leak and is
confirmed by accumulation of IV contrast within the col-
lection on delayed imaging34 (►Fig. 16). Although unusual,
chyluria may present as an incidental finding of a fat-fluid
level within the bladder on CT after renal ablation due to
injury to the periforniceal lymphatics and subsequent
formation of a lymphatic-forniceal fistula. Patients are
usually asymptomatic, but may complain of “foamy” ap-
pearance to the urine. The majority of patients are treated
conservatively, however, if significant hypoproteinemia
develops, surgical ligation of the lymphatic ducts may be
necessary to prevent immune deficiency.64

Conclusions

CT and MRI play a pivotal role in the assessment of treatment
efficacy after percutaneous thermal ablation of renal masses.
The hallmark of successful treatment is the absence of any
enhancement within themass on follow-up imaging. Areas of
irregular, nodular, or crescentic soft tissue enhancement
within or at the periphery of the ablation zone should raise
suspicion for residual disease. Long-term follow-up is neces-
sary to detect slow growing residual disease, as well as
metachronous tumors and delayed complications from treat-
ment, including ureteral stricture and urine leak.
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