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Effective local ablation of large tumors with radiofrequency has been made possible by recent advancements. Tumor 
ablation with radiofrequency has been described mainly in the liver, but also recently in the kidney, adrenal gland, 
lung, and breast. A rapidly growing splenic metastasis from renal cell carcinoma was effectively treated percutane
ously, with US guidance. Focal splenic disease may not be a common indication for ablation; however, further work 
is necessary to evaluate the safety and efficacy of this procedure in this setting. 
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Abbreviation: RFA � radiofrequency ablation 

PERCUTANEOUS radiofrequency 
thermal ablation (RFA) is being added 
to the arsenal of minimally invasive 
treatments of localized cancer. Recent 
trends toward minimally invasive sur
gical options have emphasized de
creased cost and time and reduced 
morbidity and mortality rates. Suc
cessful minimally invasive, image-
guided local treatments will have to 
meet these expectations without sacri
ficing efficacy. 

Image-guided cancer therapies are 
based on the premise that local disease 
control may result in enhanced 
survival. Patients with small, solitary 
liver tumors or adrenocortical carci
noma recurrences are among the first 
oncology populations to be studied 
with new ablative techniques because 
local disease control should result in 
improved survival, based on extrapo
lation from the surgical literature. Sur
gical resection has been shown to im-
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prove survival in patients with small 
or isolated primary and metastatic 
liver or adrenal neoplasms (1,2). 

Recently developed refinements in 
RFA technology have enabled larger 
tumor volumes to be treated. This has, 
in turn, led to wider clinical applica
tions in oncology (3– 6). If a needle can 
be placed safely into a tumor, it is 
feasible to ablate the tumor with RFA. 
However, consensus indications are 
not yet clearly defined; therefore, the 
interventional radiologist should be 
cautious with patient selection. Just 
because it is possible to treat a tumor 
does not mean it is worthwhile. Rigor
ous scientific review and long-term 
prospective trials are needed to help 
define the role of RFA in cancer 
treatment. 

Splenic embolization, splenic artery 
occlusion, and transcatheter splenic 
ablation are routine procedures. Ra
diofrequency ablation was chosen for 
this patient with metastatic renal cell 
carcinoma as a method for local con
trol of the dominant metastatic lesion. 
This splenic lesion’s growth rate had 
far outpaced the slower “stable” met
astatic disease elsewhere in this pa
tient, who had undergone multiple 
surgical procedures. Splenectomy was 
considered; however, RFA was chosen 
as a less invasive method of treatment 
in this patient with multiple medical 
problems, stable metastatic disease 

elsewhere, and a history of multiple 
surgeries. 

Case Presentation and Hospital 
Course 

A 55-year-old man presented with a 
rapidly enlarging 5-cm � 4-cm solitary 
splenic metastasis from renal cell car
cinoma (Fig 1), the growth rate of 
which far outpaced the relatively sta
ble, slow-growing lung and retroperi
toneal disease. He presented 20 
months earlier and underwent right 
nephrectomy for renal cell carcinoma. 
He had small pulmonary metastases at 
that time, and underwent chemother
apy with interleukin-2 and alpha in
terferon, to which he had a partial 
response. Disease progressed a year 
later, with retroperitoneal lymphade
nopathy and a solitary femur metasta
sis with fracture. He underwent stabi
lization with an intramedullary rod 
and radiation therapy for the femur 
metastasis, and received a P-glycopro
tein antagonist with vinblastine. Med
ical history included hypertension and 
non–insulin-dependent diabetes. 

Written informed consent was ob
tained after an extensive office consul
tation. Institutional review board ap
proval was not obtained because the 
ablation system used is FDA 510 K-
cleared for soft tissue ablation. He was 
placed in the supine oblique position 
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Figure 1. Pretreatment CT scan shows an 
enhancing, low-attenuation splenic metas
tasis from renal cell carcinoma (arrow). 
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in the interventional US suite and 
anesthetized with 1% lidocaine to the 
splenic capsule. Conscious sedation 
was administered with intravenous 
midazolam and intravenous fentanyl 
during standard hemodynamic 
monitoring. Color Doppler and gray-
scale US surveys were performed to 
best plan the safest lateral intercostal 
approach to the splenic tumor. This 
path did not traverse major hilar vas
culature or pleura, and it crossed as 
little splenic parenchyma as possible. 

The Radionics Cosman CC-1 Co
agulator 200-W, 480 kHz generator ab
lation system (Radionics, Burlington, 
MA) was set up before the procedure 
with a cluster Cool-Tip triple-needle 
probe (Radionics) connected to a wa
ter pump and to the generator, which 
monitored impedance, temperature, 
power, current, and time. Four 
grounding pads were attached to the 
front and back of the thighs. Chilled 
saline was perfused through the 
closed-system channels in the three 
needles to limit charring, which can 
insulate and limit energy deposition 
(and treatment volume). The three 
parallel 17.5-gauge needles with one 
shared handle were placed through 
the acrylic stabilizing button, after a 
23-gauge fine needle was placed first, 
so it could be used as a tandem guide 
for subsequent larger probe place
ment, so as to minimize probe 
manipulation. 

The output was adjusted to 1.0 amp 
for 1 minute to let the tissue start to 
cook slowly, to avoid overcooking 
early. The output was increased to 1.7 

mps for as long as the tissue would 
olerate the energy deposition, before 
issue impedance rises. Impedance 
ose exponentially after 8 minutes, at 

which point we began manual 
pulsing. Pulsing consisted of de
reased current to 0.5 amps for 10 –15 
econds to allow for tissue cooling af
er each impedance rise. This was fol
owed by a return to 1.5 amps, until 
he impedance rose again (approxi

mately every 60 sec). In pulsing mode, 
he generator can automatically adjust 
he current and power based on tissue 
mpedance rise. A single treatment 
phere required 12 minutes of heating, 
nd the treated volume was moni
ored with US. Echogenic organic mi
robubbles provided a rough estimate 

of treated tissue. The needle track was 
cauterized on needle removal. 

After the procedure, the patient 
was kept overnight for monitoring. 
The patient reported no pain after the 
procedure, and no opiates or analge
sics were necessary after the 
procedure. In the hours after the pro
cedure, the patient said the entry site 
was “noticeable,” but not tender. 

Contrast enhanced MR and CT 
were performed immediately after the 
procedure to evaluate short-term ef
fects and to document lack of 
complications. MR immediately after 
RFA showed low-signal coagulative 
necrosis within the lesion, and the 
tear-drop shape, whose apex corre
sponded to the needle track cauteriza
tion (Fig 2). CT has been repeated ev
ery 3 months after the procedure. The 
6-month follow-up CT showed signif
icant shrinkage over time, although 
the overall shape of the scar was sim
ilar (Fig 3). Repeat CT scans will be 
obtained every 3 months for the first 
year, to ensure early detection of 
regrowth. 

DISCUSSION 

Minimally invasive cancer therapy is 
based on the premise that local treat
ment of local neoplastic disease may im
prove survival in certain clinical 
scenarios. RFA has proved effective in 
the short-term local control of small (4 –5 
cm) liver tumors (5,6), kidney tumors, 
and adrenal tumors (3,4). Radiofre
quency deposition at the needle tip 
leads to ionic agitation and frictional 
heat. At temperatures higher than 50°C, 

Figure 2. T2-weighted (repetition time � 
3,000; echo time � 112) MR of the splenic 
metastasis/thermal lesion (large arrow) 
immediately after ablation shows no en
hancement and diffuse low signal consis
tent with coagulative necrosis. The needle 
track was cauterized as the probe was re
moved, resulting in the tear-drop shaped 
thermal lesion, whose apex corresponds to 
the needle track (small arrow). 

Figure 3. Contrast-enhanced CT scan of 
thermal lesion and scar (arrow) at 6 
months after ablation. The thermal lesion is 
much smaller but retains similar shape. 

tissue dessicates and proteins denature, 
causing coagulative necrosis. 

Local neoplasm treatment options 
have traditionally included surgery 
and radiation therapy. Tissue thermal 
ablation with radiofrequency is a min
imally invasive treatment which could 
prove safer and less costly than con
ventional local therapies in some clin
ical scenarios. Surgical resection re
mains the definitive treatment for 
neoplastic splenic disease; however, 
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an effective minimally invasive option 
may prove useful in the patient with 
multiple medical problems, comorbid 
disease, concomitant tumor, or high 
surgical risk. 

Splenectomy may result in morbid
ity, requires hospitalization and 
lengthy recovery, and has high re
source cost. Radiofrequency ablation 
preserves normal splenic parenchyma 
and, hence, splenic function, and has 
few complications (6). The complica
tion rate for RFA in the liver is lower 
than 3% (5,6). 

Image-guided fine needle biopsy of 
the spleen is a safe procedure (7–9). 
No complications were reported by 
Soderstrom (8) in more than 1,000 
splenic punctures with a 22-gauge 
needle without imaging guidance. 
During splenoportography, 19–22
gauge needles have been commonly 
used, with bleeding rates lower than 
2% (9 –11). Similar to biopsy, needle 
placement during ablation should tra
verse as little spleen as possible before 
reaching the lesion (12). 

After RFA, complete loss of T2
weighted signal and lack of contrast 
enhancement on CT and MR is consis
tent with coagulation necrosis (Fig 2). 
Lack of thick, nodular, irregular en
hancement at the periphery of the co
agulation necrosis suggests short-term 
local control of this focal splenic 
lesion. Presence of this finding on CT 
and MR in the liver has been shown to 
correspond with incomplete treatment 
or tumor regrowth after RFA (13). Al
though shrinking size would suggest 
complete treatment, further imaging 
follow-up is necessary to distinguish 
whether the subtle areas of low atten
uation at the treatment margin (Figure 
3, arrow) on CT represent posttreat
ment granulation tissue, or recurrent 
or residual tumor. The limited follow-
up, and the fact that only one patient 
was treated, are major limitations to 
this technique, and no broad conclu
sions pertaining to efficacy can be 
made at this time, except that it is pos
sible to perform RFA in the spleen. 

Radiofrequency ablation is a safe 

and predictable method of local tissue 
destruction and could prove to be an 
option for failed splenic embolization 
in the setting of trauma or 
hypersplenism. Tissue debulking, co
agulation, and fulguration are direct 
results of RFA, similar to electrocau
tery on a larger scale. Patients with 
hypersplenism may benefit from em
bolization before or instead of surgical 
splenectomy, by improving platelet 
function and retarding hemolysis and 
thrombocytolysis (14). Surgical risk 
may be lessened by preoperative em
bolization of massive splenomegaly. 
Focal ablation with use of focused US 
has been shown to control splenic 
bleeding from incisions in an animal 
model (15). Whether radiofrequency 
ablation could prove useful in these 
settings remains speculative. How
ever, cauterizing the probe track on 
the way out may limit back-bleeding 
and needle track seeding. 

Minimally invasive methods of 
treating isolated splenic tumors may 
have lower associated morbidity and 
mortality rates than surgery and entail 
less toxicity than radiation therapy or 
systemic chemotherapy. Radiofre
quency ablation can be performed in 
the spleen. Certainly, further study is 
warranted to examine whether radio-
frequency ablation of splenic lesions is 
safe and whether it provides any last
ing, meaningful benefit for specific pa
tients who might be poor candidates 
for surgical splenectomy. 
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