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Abstract

Incidental small-volume renal tumors are a growing clinical problem, and

while partial nephrectomy – open or laparoscopic – remains the standard

of care, radiofrequency ablation for sub-4 cm disease has been increas-

ingly confirmed as a viable treatment alternative. This chapter looks at

the suitability of renal tumors to percutaneous ablation, radiofrequency

ablation equipment, and ablation techniques including imaging, patient

sedation, and follow-up regimes. The chapter concludes with a review of

the current evidence for RFA and how it compares to surgical treatments of

renal cancer.

Trends in Renal Cancer Epidemiology

The incidence of renal cell carcinoma (RCC) has

increased in recent years, notably in the USA,

from 31,200 in 2000 to 57,760 new cases in

2009 [1, 2]. This has largely been attributed to

the incidental detection of small renal cancers by

the virtue of increased abdominal imaging [3, 4].

However, even accounting for this increase in

imaging-detected tumors, there appears to be an

additional background increase in renal cancer

incidence [3], which appears to be attributable

to increased longevity [4, 5], obesity, and hyper-

tension [6]. The largest rise has been seen in the

western hemisphere where the age-standardized

incidence rates are currently 11–12 per 100,000

compared with 1–3 per 100,000 in China [5].

Contrary to widespread opinion, not all of the

increase in renal mass incidence is due to small

clinically irrelevant disease. Indeed, there has

been an increase in renal cancer-specific mortal-

ity from 4.3 per 100,000 in 1971 to 6.0 per

100,000 in 2008 in males in England and Wales

[5]. Despite this, overall renal cancer survival

rates have improved from 53.2 % in 1975 to

68.8 % in 2002 [1]. In the background, there is

an undoubted stage migration toward smaller,

more treatable, sub-4 cm stage T1a disease.
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Natural History of Renal Cell
Carcinoma

Most incidental renal masses detected on imaging

for alternative symptomatology are small in size,

(<4 cm). Despite optimal imaging it is often not

possible to distinguish benign from malignant

lesions in this group of lesions. Clinicians must

seek to avoid unnecessary, even though mini-

mally invasive, therapies for benign masses.

Frank et al. [7] compared preoperative imaging

of solid renal masses with postoperative histology

in 2,770 patients. 12.8 % of the 2,935 tumors

were benign, largely oncocytomas, and

angiomyolipomas. Size has a significant bearing

onmalignancy risk. In this series, 25%of sub-3 cm

and 46% of sub-1 cmmasses were benign. Ninety

percent of masses greater than 4 cm were malig-

nant with 30 % demonstrating high-grade histol-

ogy (Fuhrman grade 2 and above).

In 1995, Bosniak et al. reviewed historic imag-

ing of 37 patients who had subsequently gone on

to have renal lesions removed and reported aver-

age growth rate of 3.6 mm/year with a range of

0–11 mm/year [8]. Although the numbers were

small, Bosniak noted that those with the most

histologically malignant features were toward

the upper end of this range of growth rates,

whereas those with less malignant features grew

more slowly. Ameta-analysis by Chawla et al. [9]

of 286 lesions demonstrated an average renal

mass growth of 2.8 mm/year while the subset

histologically proven to be RCC had an average

growth rate of 4.0 mm/year. Overall it appears

that there is a range of growth patterns with

follow-up data suggesting higher histological

grades seen in faster growing lesions [9].

Conversely, Kunkle et al. [10] demonstrated

83 % of enhancing renal masses followed up for

at least 12 months demonstrating no measurable

growth were eventually histologically proven to

be RCC.

The meta-analysis by Cary et al. in 2009 with

a total of 441 patients [11] found significant rates

of malignancy (>60 %) in all renal masses,

regardless of size or growth rate. They also

reported a 1 % distant metastasis rate during

watchful waiting, although these two cases were

at 5 and 10 years.

Most authors [12, 13] conclude that renal

masses in fit patients should be removed/ablated,

while there may be some scope for watchful

waiting in less-fit patients where slow-growing

renal masses are unlikely to diminish patient lon-

gevity (Fig. 46.1).

Should Renal Masses Be Biopsied?

With significant rates of benignity for small renal

masses, clinicians should always seek histologi-

cal verification of the nature of a small renal

mass. This can be done either before or, at the

very least, immediately prior to the planned

ablation. Definitive benign diagnoses of

angiomyolipoma or focal infection can be made

though there are risks to relying on negative

biopsy results. Dechet [14] demonstrated some

of the uncertainties of renal biopsy.

Intraoperative frozen section results, when com-

pared with extirpative histology, had negative

predictive values by two histologists of 69 %

and 73 % [14]. Additional more recent renal

mass biopsy studies have shown significant

improvements in diagnostic accuracy largely

due to the advances in immunohistochemistry

[15, 16]. Ablation in particular is a non-

extirpative technique, and therefore, histological

proof of the nature of the treated lesion becomes

more critical. For the purposes of treatment plan-

ning and follow-up, a histological biopsy should

always be sought even though on occasion it will

yield a false-negative result (Fig. 46.2).

Device

Radiofrequency ablation causes cell death

through heating and tissue coagulation.

Radiofrequency ablation utilizes high-frequency

alternating current to cause ion agitation of polar-

ized water molecules and subsequent heating

through frictional heat loss. There is

a concentration of current flux density and thus

heating effect around the antenna tip. Most
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Fig. 46.1 (a) A formal

diagnostic study is usually

performed at the onset of

the RFA procedure. This

permits accurate probe

placement within

+/�3 mm. (b) Deployed
position of tines should be

clearly defined by CT

Fig. 46.2 Lower pole renal mass, pre-contrast, 35-s renal phase, and 70-s portal venous phase. Note irregular early

enhancement of the mass with cystic or necrotic areas
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monopolar systems use a single-exposed probe

antenna placed within the target lesion. The elec-

trical circuit is completed by large grounding

pads applied to the patient’s thighs. When the

alternating current is applied, the heating effect

is concentrated within 2–3 mm of the probe tip

reaching 80–100 �C, whereas the tissue adjacent
to the much larger surface area of the grounding

pad usually barely records a temperature rise.

Although the tissue immediately next to the

probe tip is actively heated, the process is other-

wise considerably reliant on conductive heating

to achieve the overall thermal ablation zone. In

order to achieve greater ablation volumes, man-

ufactures have designed clustered or expandable

monopolar probes [17]. Hollow probes have also

been made which can be coaxially perfused with

chilled saline in order to increase the efficiency of

heat deposition.

Alternatively the circuit can be completed

with multiple bipolar probes instead grounding

pads or multiple monopolar probes. This allows

one or more probes to be placed (bipolar or mul-

tipolar RF ablation) within the target lesion with

the current between them resulting in a larger

volume of lethal heating [17].

Most authors report using RFA safely in

patients with in situ cardiac pacemakers

[18, 19], as long as the treatment zone is ade-

quately remote from the pacemaker. A magnet

can be placed over the pacemaker to deactivate

rhythm sense function. The cardiac devices

require formal resetting and checking following

the RFA procedure.

Is Renal Cell Cancer Suited to
Image-Guided Ablation?

Ignoring the specifics of renal tumors for one

moment, we can consider which tumor character-

istics imply suitability for image-guided ablation.

Given current RFA device capabilities, an

ideal target tumor would be a well-defined,

focal tumor of less than 4 cm in size. It should

be targetable without critical intervening struc-

tures. The tumor should be surrounded by rela-

tively thermally insensitive tissue so as to permit

adequate thermal tumor destruction. Lastly, the

target lesion itself should be amenable to thermal

injury. T1a renal masses [6] fulfill all these phys-

ical criteria and are eminently suited to currently

available devices and thereby image-guided ther-

mal ablation (Box 46.1).

Box 46.1 Summary

An ideal target tumor would have the

following characteristics:

• Well defined, less than 4 cm in size

• Amenable to thermal injury

• Targetable without critical intervening

structures

• Surrounded by relatively thermally

insensitive tissue

Treatment Trends

The first standardized, low-mortality nephrec-

tomy technique was described by Robson as

recently as 1969 [20]. With most other cancers,

the intention is to remove the cancer and not the

whole organ; however, radical nephrectomy has

persisted as an oncologically effective operation

due to the availability of a contralateral function-

ing kidney. Advanced patient age and renal

impairment at time of diagnosis have increased

the need to preserve functioning renal paren-

chyma, and thus, the partial nephrectomy was

developed. In the1990s, Van Poppel et al. com-

pared open partial renal resection with open rad-

ical nephrectomy [21] and confirmed the

technical efficacy of partial resection, albeit

with an increase in the complication rates. The

oncological efficacy of partial nephrectomy was

subsequently confirmed by Weight et al. who

demonstrated 5-year overall survival rates of

95 % [22].

Laparoscopic partial nephrectomy is a techni-

cally demanding procedure occasionally requir-

ing intracorporeal pelvicalyceal suturing. The

procedure usually incurs some degree of warm

ischemic injury by virtue of the necessity to

clamp the renal hilum for the purposes of

intraoperative hemostasis [23]. This can be
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detrimental to the function of the remaining renal

parenchyma and thereby overall renal function if

it exceeds 20–30 min [24]. On the other hand,

focal renal tumor ablation in patients with single

kidneys has been reported to cause no significant

functional renal injury [25].

Surgical resection is a well-established treat-

ment which permits histological confirmation of

complete tumor removal. Image-guided ablation is

inherently an in situ tumor destruction process

which relies upon subsequent radiological confir-

mation of treatment adequacy. Tumor ablation

was first reported with an open and then laparo-

scopic approach using either heat coagulation in

the formof radiofrequency ablation or cryotherapy

[26]. As ablative probes became smaller, the per-

cutaneous approach became increasingly feasible

but highly dependent on accurate image guidance.

There are several advantages to image-guided

ablation. Image-guided ablation uses rapid 3-D

image reconstruction, usually CT, which can be

supplemented with US or MRI, using image

fusion technology. This imaging permits precise

probe positioning and improves prediction of the

ablation zone. From a patient point of view, the

percutaneous approach has several advantages. It

results in less postoperative pain, can, on occa-

sion, be done with sedation if unable to tolerate

a general anesthetic, and is even being performed

in many centers as a day-case procedure [18].

In order for image-guided renal tumor ablation

to achieve similar outcomes to resectional sur-

gery, it requires precise probe placement or even

multiple probe placements with a tolerance of

+/�3 mm. This requires the patient to be very

still, often for 90–120 min, lying in a prone or

prone-oblique position. Although some centers

have used RFA under heavy sedation in patients

not suitable for general anesthesia, the risks of

heavy sedation are often similar. The risks may

even be increased as the airway is poorly con-

trolled especially in the prone position with the

stomach being compressed. These authors feel

strongly that general anesthesia or intravenous

(TIVA – total intravenous anesthesia) should be

used as it allows complete control, with arrested

ventilation permitting a largely stationary target

with reproducible organ positioning. As yet, there

have been no direct studies comparing general

anesthesia to sedation because most centers use

either one method or the other. There do not

appear to be demonstrable differences in onco-

logical outcome to date [18, 22, 27, 28].

Surgical resection of renal masses yields

prognostically important histological informa-

tion, including the resection margins. RFA can-

not provide the physician with that immediate

feedback and reassurance. RFA requires serial

imaging to assess ablation zone shrinkage, to

confirm accepted radiologic surrogates of com-

plete treatment, and to look for tumor recurrence/

margin regrowth. This all takes time. For RFA to

become successful and widespread, there will

have to be sufficient evidence of good long-term

oncological outcomes and negligible late local

recurrences comparable with the current very

low rates of local recurrence after clear margin

resectional surgery for small-volume disease.

Image Guidance

While US-guided renal tumor ablation is prac-

ticed without significant undertreatment com-

pared to CT guidance [27], the authors feel

strongly that US should at least be used in con-

junction with CT for confirmation of accurate

3-dimensional probe position. However, in larger

patients, US may not be well suited. Furthermore,

the echogenic treatment response visualized at

US may make it difficult to see the electrode if

additional overlapping ablations are to be

performed in larger tumors. Also multiprobe

placement may be difficult with US as the US

transducer may not be able to easily appreciate

the position of multiple electrodes. Therefore,

deployed electrode positioning is currently best

confirmed by orthogonal CT/MRI reformatting.

CT also permits careful assessment of tine posi-

tion in the case of expandable probes. Impor-

tantly if all renal tumors are to be targeted, CT

most easily allows for careful assessment of adja-

cent thermally sensitive structures such as colon,

adrenal, and the renal hilum. The former can be

displaced from the ablation zone by means of

hydrodissection (see later).
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Patient Positioning and Technique

To achieve accurate electrode position and there-

fore good outcomes, it is essential to make the

electrode placement as straightforward as possi-

ble. Although there are software and technologies

in development to dictate electrode position

within a volume, most procedures are currently

best carried out by a combination of US and

CT or CT guidance alone. The patient should be

placed in an optimized prone-oblique position,

and the spine flexed over pillows

(a nephrostomy-style position). This usually

ensures that straightforward direct or minimally

oblique intercostal puncture can be made to the

tumor mass.

Even with the patient and electrodes posi-

tioned perfectly, there can be thermally sensitive

tissue such as bowel adjacent to the renal mass

especially in thinner patients. Laparoscopic abla-

tion allows these tissues to be mechanically

moved out of the ablation zone. RFA still requires

these tissues to be moved, but this is achieved

using fluid or gas (often carbon dioxide) injected

into retroperitoneal fat planes to displace adja-

cent structures. The technique is widely known as

“hydrodissection” [29]. The fluid used is typi-

cally 5 % dextrose solution, in order to prevent

any aberrant electrical conduction. Two to three

percent of intravenous iodinated contrast can be

added to this fluid to facilitate assessment of the

dispersal of the dissection fluid [30]. The

ureteropelvic junction (UPJ) is thermally sensi-

tive but cannot be easily displaced using

hydrodissection. Tumors close to the collecting

system and UPJ are increasingly being treated by

RFA and cryoablation. In addition to seeking to

displace structures, the ureter and collecting sys-

tem can, to some extent, be protected if actively

cooled. This can be achieved by means of the

pressure-bagged circulation of chilled normal

saline via a cystoscopically placed retrograde

ureteric catheter with “piggy-backed” urethral

catheter drainage [31]. There is some anecdotal

evidence that this can reduce the risk of thermal

injury but the operator should still pay careful

attention to the likely ablation zone with particu-

lar reference to major vessels and the UPJ [32]

(Fig. 46.3).

Renal artery or segmental renal artery embo-

lization prior to RFA may have two potential

benefits. Early animal models have shown

increased ablation volume in pre-embolized

renal tissue [33]. Practice suggests pre-

embolization may reduce treatment bleeding

and lead to a more effective ablation zone. Larger

flowing vessels of greater than 3 mm can cause

Fig. 46.3 (a) Exophytic renal tumor suitable for image-

guided ablation but note the close proximity of the adja-

cent colon. (b) Hydrodissection fluid has been injected

into the perirenal fat to displace the colon from the

ablation zone. The addition of 2 % contrast to the

hydrodissection fluid enhances visualization of the dissec-

tion process with regard to adjacent bowel, kidney, or

even hematoma
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a heat-sink effect which segmental pre-

embolization may help diminish. However pre-

embolization is not used routinely as it comes

with its own risks including inadvertent renal

and/or vascular injury (Fig. 46.4).

Minimizing Complications

The vascular nature of RCCs means any needling

procedure carries a risk of bleeding.

Pre-procedural checks should include any patient

or family history of bleeding problems and any

current medication. The authors’ practice is to

ensure the platelets are greater than 100 and

INR equal to or less than 1.4 [27]. Minimizing

the number of passes of the RF probe by using

a combination of US and CT for placement, and

as discussed earlier, reduces probe placements

and the risk of obscuring hematoma. At the end

of the procedure, RF-induced tumor coagulation

and track ablation are thought to help reduce

bleeding risk. Overall significant bleeding is

seen in less than 1 % of patients [18] and is

usually self-limiting.

Tumors in differing positions within the kid-

ney require different strategies to prevent

complication. During treatment of lower pole

lesions, care must be taken to prevent injury to

the ureteropelvic junction; this can be achieved

by careful planning of the ablation zone but also

ureteric cooling via ureteric catheters as

described earlier. Despite these precautions

authors have still reported a ureteral stricture

rate of 2 % [18]. One should take similar pre-

cautions when dealing with lesions deep within

the parenchyma and close to the collecting sys-

tem to reduce the small risk of pelvicalyceal leak

or urinoma, even though this has only been

rarely reported. Upper pole lesions may be near

the adrenal glands; even with the best ablation

zone planning, it is essential to have good com-

munication with the anesthetist who should

watch for transient hypertension [34] and be

prepared with hypotensive anesthesia. All ante-

rior renal lesions bring the ablation zone near the

small or large bowel. The authors currently pre-

scribe an enema pre-procedure to help reduce

colon loading and particularly gas. Even after

the enema, it is often necessary to carefully

consider the ablation zone and perform

hydrodissection to displace the bowel in up to

50 % of cases in the authors’ experience.

Lesions lying anteriorly within the right kidney

Fig. 46.4 (a) Small cortical renal mass; (b) post proce-
dure, the patient became hypotensive with severe flank

pain. Portal venous phase images show a large post-

procedural renal capsular hematoma; (c) delayed phase

images show a small pool of extravasated contrast. This

was treated conservatively, but if it had been more brisk, it

could have been embolized/coiled angiographically
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need special consideration as the duodenum is

often in close proximity. If suitable precautions

are taken, the position of the lesion within

the kidney does not affect the complication rate

[18, 35, 36].

It is vital that the ablation process is

performed in a sterile manner as post ablation,

the tumor undergoes necrosis and becomes tem-

porarily vulnerable to opportunistic infection,

although this complication has been rarely

reported without associated gut injury. It is

important to ensure the patient is not systemi-

cally unwell pre-procedure and in particular

does not have active urinary infection. Most

authors use prophylactic antibiotics; the authors

regime is 24 h of broad-spectrum intravenous

antibiotic cover starting at induction (metroni-

dazole 500 mg and cefuroxime 750 mg tds)

followed by a 10-day course of oral antibiotics

(ciprofloxacin 500 mg bd), although there is

little evidence of an absolute requirement for

this prophylactic cover.

Immediate Follow-Up

Diligent imaging follow-up of patients post RFA

is the only way to ensure complete tumor treat-

ment or to detect incomplete treatment. The first

post-ablation imaging assessment is usually car-

ried out at 24 h to 30 days after RFA. Immediate

post-ablation CTs are reserved for those with

a suspected acute complication and are less accu-

rate in detecting undertreatment as an irregular

margin of the ablation zone enhances acutely

[37], and the ablation zone becomes better

defined over the subsequent 3–14 days. CT

densitometry – i.e., assessment of target tumor

enhancement – remains central to the determina-

tion of treatment success and has been validated

by several studies [38]. This is usually performed

by careful volumetric CT comparison of

unenhanced images with late arterial phase and

to a lesser extent nephrographic phase images

[39]. Subtotal treatments are usually manifest as

marginal crescents or focal areas of persistent

enhancement often at the peri-cortical or deep

aspects of the tumor. Other CT features help to

confirm treatment adequacy [39], a subjacent

crescent or wedge of cortical coagulation usually

signifies adequate treatment of the cortical mar-

gin, and over time a fibrotic halo is often

seen (approximately 70 %) in the peri-renal

fat and has been confirmed as a feature supporting

complete treatment [40, 41] (Fig. 46.5).

In 1.9 % of patients, Lokken [42] described

enhancing nodules along the ablation track post

RFA which were concerning for track seeding.

Some of these lesions were sampled and found to

be inflammatory or a small abscess. All lesions

subsequently became smaller or resolved

completely. Lokken concluded that even though

the imaging was initially suspicious for track

seeding, the lesions should be biopsied and not

diagnosed as tumor seeding which is rare espe-

cially with track ablation.

Long-Term Follow-Up Regimes

Radiofrequency-ablated tumors will often appear

slightly enlarged at initial post-procedural imag-

ing but do not enhance. The treated tumor slowly

diminishes in size and exophytic tumors often

“auto-amputate.” In the case of RFA, the thermal

scar can form a chronic granulomatous nodule

and persist for years as a small, stable, and non-

enhancing nodule. This is in contradistinction to

cryoablation where the nodule appears to invo-

lute more quickly and often completely involutes

over 2–3 years. In the case of renal failure, MR

can be utilized to avoid the risk of contrast-

induced nephropathy with attention to the rela-

tive risks of nephrogenic systemic fibrosis. Early

studies [43] have suggested arterial spin labeling

can identify viable tumor as well as contrast-

enhanced MRI and may negate the need for IV

contrast in future follow-up studies. In severe

renal failure, GFR < 25 contrast-enhanced US

can be utilized for follow-up. However, US con-

trast is not approved in the United States

(Fig. 46.6).

A multicenter review concluded that follow-

up in the first year should consist of imaging at 1,

3, and 12 months with most people also imaging

at 6 months [37]. Follow-up regimes are currently
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intense for the purposes of data collection and

validation of RFA outcomes. Some published

series have however noted [44] a small (3–4 %)

but significant incidence of late local recurrence

as late as 2–4 years after treatment. These recur-

rences are very uncommon and slow growing. As

such most centers still perform at least annual

imaging out to 5 years.

a b

c d

e

Fig. 46.5 (a) Lower pole
RCC; (b) follow-up
imaging after the first

ablation, note the crescentic

enhancement of local

recurrence. (c) Immediate

post re-ablation confirms

subjacent crescent of

cortical infarction,

treatment margin; (d, e)
longer-term follow-up

shows non-enhancing

ablation zone reducing in

size
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Radiologic and Oncologic Outcomes
for Small Renal Tumors

Radiofrequency ablation (RFA) is a maturing

technology, and undoubtedly the clinical effec-

tiveness of these devices, in terms of lethal ther-

mal ablation volumes, has improved significantly

over the last 15 years. Similarly, as with any

surgical techniques, there is a clearly identifiable

learning curve with optimal outcomes dependent

upon a standardized technique with appropriate

treatment dosimetry and diligent imaging follow-

up. Recent natural history papers [45] have also

emphasized the relatively indolent growth pattern

of many small, incidentally detected renal tumors

in older patients, often meaning the growth rate at

�3 mm/year with a low metastatic potential.

It remains the case that some 20–30 % of renal

tumors exhibit a significantly faster doubling

time and therefore pose a higher risk of progres-

sion and metastasis [46]. The decision to treat

must, however, be judged against the overall

relatively slow growth of these often incidentally

detected tumors.

Partial nephrectomy – laparoscopic or

open – has been shown to achieve excellent

5- and 10-year cancer-specific survivals

[47, 48]. However, given the low metastatic

potential of sub-4 cm, T1a tumors, it can be

difficult to demonstrate survival differences

between treatment modalities. Studies will have

to be adequately powered to detect these differ-

ences. The reported experience in the literature is

confounded by a number of factors:

(a) Often single-center retrospective cases series

(b) Tendency toward biased case selection with

percutaneous procedures reserved for

patients with significant comorbidities

(c) Some centers comparing mixed modalities of

treatment such as laparoscopic cryoablation

(CRA) compared with percutaneous

radiofrequency ablation (RFA)

For the purposes of this review, we have there-

fore drawn together larger, more substantial RFA

case series and reported longer-term oncologic

outcomes.

In 2005, Gervais et al. [28] reported their

experience of 100 renal tumors treated by percu-

taneous, CT-guided RFA in 85 patients. The

mean tumor size was 32 mm (90 % biopsy-

proven renal cell carcinoma), and they were

followed up for a mean of 28 months. Overall

90 %were completely ablated. Multivariate anal-

ysis found that small (<3 cm), exophytic tumors

were straightforwardly treated but that larger

(>3 cm), more deeply set tumors often required

additional treatment sessions (Fig. 46.7).

A report by Park et al. [49] in 2006 reported on

a mixed series of percutaneous and laparoscopic

RFA in 78 patients with 94 tumors, with a mean

size of 24 mm. Some 75 % of these tumors were

biopsy-proven renal cancer, and the mean follow-

up of this cohort was 25 months. The authors

reported a cancer-specific survival rate of 98.5 %

and an overall survival rate of 92.3 %. They con-

cluded that RFA was comparable with traditional

surgical resection for solitary renal masses.

A further large series by Zagoria et al. [18]

reported CT-guided renal tumor RFA outcomes in

104 patients with 125 renal tumors. All were

biopsy-proven RCC with a mean diameter of

27 mm and a mean follow-up of 13.8 months.

Ninety three percent of these tumors were treated

in a single session. On subgroup analysis, straight-

forward, single-session treatment occurred up to

a threshold of 37 mm. Increasingly larger tumors

resulted in higher level of subtotal treatment, with

every 1 cm increase in size-decreasing tumor-free

survival by a factor of 2.19.

Fig. 46.6 Fibrotic halo with auto-amputated exophytic

treated tumor
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Breen et al. reported the technical out-

comes from the RFA of 105 tumors in 97

patients with a mean tumor size of 32 mm

and mean follow-up of 16.7 months [27].

The biopsy outcomes in this cohort were not

detailed. They reported an overall technical

success rate of 90.5 %, and again logistic

regression analysis confirmed 37 mm as an

important threshold for single-session treat-

ment success (given technology present dur-

ing the study period, 1999–2005).

A multicenter, collaborative study by Matin

et al. reviewed the experience of seven institu-

tions in terms of residual posttreatment and recur-

rent disease following percutaneous and

laparoscopic radiofrequency and cryoablation of

renal tumors [37]. (The cryoablation results are

dealt with in a separate chapter). The authors

chose to report together residual and recurrent

disease rates akin to the practice in the liver of

reporting “local tumor progression,” making no

distinction between primary subtotal treatment

and late local recurrence. Of 616 patients treated,

63 patients were found to have residual/recurrent

disease of which 8 had undergone cryoablation

and 55 RFA. However, these combined cohorts

obscured a significant bias with the vast majority

of CRA cases performed via a laparoscopic

approach and almost certainly the vast majority

of those unsuitable for laparoscopic CRA being

offered percutaneous RFA. Unfortunately, these

selection biases plague the reported renal tumor

ablation literature. Most incomplete treatments

(70 %) were detected within the first three

months – i.e., were likely reportable as primary

“subtotal treatments.”

Despite reasonable intermediate term results,

the long-term oncologic outcome data for renal

tumor RFA remains sparse. In 2005, the MGH

Boston group reported the 5-year outcome of

16 patients following RFA for biopsy-proven

RCC [50]. Five patients had died before complet-

ing 4 years of follow-up from unrelated causes.

All except one tumor was completely ablated for

a cancer-specific survival rate of 93.8 %.

The most substantive long-term data comes

from Levinson et al. [44]. Thirty one patients with

34 tumors of between 1 and 4 cm (median 2 cm)

were followed up for a mean of 61.6 months. One

subtotal treatment was successfully retreated. There

were three late local recurrences notably at 7, 13,

and 31 months yielding an overall recurrence-free

survival of 90.3 %. Of the 18 pathologically con-

firmed RCCs, the disease-specific, metastasis-free,

and recurrence-free survivals were 100 %, 100 %,

and 79.9 % at a mean of 57.4 months of follow-up.

Recent studies have continued to show consis-

tent results. Tracy et al. [51] followed 160

patients who had RFA for biopsy-proven RCC

for 5 years; their overall 5-year recurrence-free

survival was 90%. Zagoria et al. [36] followed up

41 patients with 48 RCCs; they found no recur-

rences in those tumors less than 4 cm at time of

treatment and an overall 5-year recurrence-free

survival of 88 %.

In summary, RFA appears to yield disease-

specific survivals comparable with more onerous

surgical resection. This is, however, a coarse

Fig. 46.7 Central renal

tumor abutting the

collecting system; here

pyeloperfusion via

a retrograde stent has been

used to protect the

collecting system/ureter
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measure of outcome in a relatively indolent dis-

ease. Larger cohorts with longer follow-up after

RFA are required to ensure there is not a small but

significant incidence of unacceptable late local

recurrence [44] which would question the onco-

logical merit of even this minimally invasive

intervention.
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