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CT Versus Sonography for 
Monitoring Radiofrequency 
Ablation in a Porcine Liver

 

OBJECTIVE

 

.

 

 The objective of this study was to compare CT and sonography for moni-
toring radiofrequency (RF) lesions in porcine livers.

 

SUBJECTS AND METHODS

 

.

 

 RF lesions (

 

n

 

 = 12) were created in three pig livers by
applying 13 min of current to a multielectrode RF probe with a target temperature of 95ºC.
Helical unenhanced CT and corresponding axial sonography were performed before ablation,
at 2 min, 8 min, and immediately after ablation. Contrast-enhanced CT was performed after
ablation. CT scans and sonograms were evaluated by blinded observers for conspicuity of the
RF lesion, edge detection (visibility of liver–lesion interface), and artifacts. Hounsfield units
were recorded at every time interval, and radiologic–pathologic correlation for lesion size and
configuration was performed.

 

RESULTS

 

.

 

 Mean size of RF lesions was 3.03 ± 0.9 cm. On CT, RF lesions had con-
sistently lower attenuation values than surrounding liver (22.2 H lower than liver at 8 min,

 

p 

 

< 0.0001). Echogenicity was variable with sonography (hypoechoic = 59%, hyperechoic =
25%, isoechoic = 16%). Unenhanced CT significantly improved conspicuity, edge detection
of RF lesions, and decreased artifacts compared with sonography (

 

p 

 

< 0.05). Contrast-en-
hanced CT improved RF lesion detection, border discrimination, and artifacts compared
with sonography (

 

p 

 

< 0.05). Unenhanced CT had the best correlation to pathologic size (

 

r 

 

=
0.74), followed by contrast-enhanced CT (

 

r 

 

= 0.72) and sonography (

 

r

 

 = 0.56). Contrast-en-
hanced CT best correlated with lesion shape, but slightly overestimated size because of areas
of ischemia peripheral to the RF lesion.

 

CONCLUSION

 

. 

 

In this animal model, unenhanced CT was an effective way to monitor
RF ablation compared with sonography because of increased lesion discrimination, reproduc-
ible decreased attenuation during ablation, and improved correlation to pathologic size.

rimary liver neoplasms and meta-
static disease of the liver represent a
significant source of morbidity and

mortality in the United States. Hepatocellular
carcinoma is one of the most common cancers
in the world, with an annual incidence of at least
1 million new patients [1]. Approximately
150,000 new cases of colon cancer are diag-
nosed each year in the United States, of which
approximately 50% will have recurrences
within the first 5 years. Of these recurrences,
20% are predominantly localized to the liver
[2]. The survival rate for untreated patients with
of both these diseases is dismal. Surgical resec-
tion remains the gold standard in the treatment
of hepatic tumors and more recently, cryoabla-
tion has been shown to confer a survival advan-
tage in the absence of systemic disease [3–8].
Unfortunately, only approximately 10–20% of

patients with either primary or metastatic liver
disease are amenable to surgical therapy [2]. In
addition, patients technically amenable to resec-
tion may not be candidates for general anesthe-
sia, may have hepatic dysfunction precluding
resection, or may refuse surgical intervention.
Therefore, minimally invasive treatment of he-
patic tumors has become an area of consider-
able interest [9, 10]. 

Radiofrequency (RF) ablation is an interstitial
focal ablative therapy in which an electrode is
placed into a liver lesion to cause tissue heating
from ionic agitation, resulting in heating and
cauterization of the tumor mass and probe track.
Unlike cryoablation, RF probes are of smaller di-
ameter (generally 15–18 gauge) and can be used
in a percutaneous fashion, with minimal risk of
bleeding [11, 12]. To date, guidance for RF abla-
tion in clinical series has been almost exclusively
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through the use of conventional transabdominal
sonography [12, 13]. Advantages of using sono-
graphic guidance for RF ablation include wide-
spread availability, real-time guidance for probe
placement, and accurate and convenient punc-
ture guides available for most probe systems.
However, local recurrence rates as high as 34–
54.5% have been reported for percutaneous RF
ablation guided by conventional sonography
[12–14]. This is a rate much higher than the 12%
local recurrence rate reported for cryosurgical
patients followed for at least 5 years [15] or the
less than 16.7% local recurrence rate reported for
surgical resection [16]. 

One of the critical factors contributing to the
success of cryoablation of liver tumors has
been the superb imaging of liver tumors and
the iceball with intraoperative sonography. Be-
cause of the marked refraction and reflection
of the sonographic beam at the interface be-
tween frozen and unfrozen liver, the iceball is
readily apparent on intraoperative sonography
[17, 18]. In contrast, the zone of necrosis dur-
ing RF ablation is not easily visualized by
transabdominal sonography as a result of low
intrinsic contrast between normal and ablated
liver and artifacts from gas bubble formation
and the RF generator. These conditions result
in uncertainty in determining the extent of ab-
lation during an RF procedure and may be a
contributing factor to the high positive margin
rates seen in clinical series [12, 13]. The pur-
pose of this study is to determine whether it is
possible to improve visualization of RF abla-
tive lesions through the use of CT during the
procedure and whether CT has advantages
over sonography for this purpose.

 

Subjects and Methods

 

Animals and Anesthesia

 

Approval for this protocol was obtained through
the University of Wisconsin Research Animal Re-
source Committee. Four female pigs (mean weight,
23 kg) who otherwise had access to food and water
ad libitum were fasted for 12 hr before the study.
General anesthesia was induced with an intramuscu-
lar injection of tiletamine and zolazepam (Telazol;
Fort Dodge Laboratories, Fort Dodge, IA) and xyla-
zine (Rompun; Bayer, Shawnee Mission, KS).
Anesthesia was maintained with inhaled isoflurane
1–3%. A dispersive grounding pad was applied to
the animal’s flank before surgery after shaving body
hair. The abdomen was also shaved to decrease in-
terference with sonography. 

 

RF Ablation

 

Fifteen-gauge RF probes (Model 30; RITA
Medical Systems, Mountain View, CA) with four
retractable electrodes deployable to a maximum
diameter of 3 cm were used for all RF ablation de-

scribed in this study. Each of the four prongs is
equipped with a thermosensor at the tip, and the
probe is insulated to within 1 cm of the tip. The RF
generator (RITA Medical Systems) delivers a 460-
kHz continuous unmodulated sinusoidal wave-
form in the bipolar output mode. 

Four RF ablative lesions were created in each of
three pigs for a total of 12 lesions. A portion of the
pig liver was chosen for probe placement with sono-
graphic guidance. Probes were placed percutane-
ously into the liver in separate areas using a freehand
technique. Tissue ablation was performed for 13 min
at approximately 95°C as measured by the ther-
mosensors arrayed at the tip of each tine. 

A single additional pig was used to obtain timed
specimens for histologic study without imaging.
This animal was anesthetized as described previ-
ously, and open laparotomy was performed through
a bilateral subcostal incision. An RF probe was
placed into the liver parenchyma and 2-, 8-, and 13-
min ablations were performed in separate locations.
After each treatment, the liver lesion was immedi-
ately resected and preserved in formalin. The animal
was sacrificed as described in the following text.

 

CT and Sonographic Monitoring 

 

Lesions were imaged with both CT and sonog-
raphy before ablation and at 2 min, 8 min, and im-
mediately after ablation. The experiment was
designed using a crossover technique in which the
order of scanning alternated for each lesion. This
system resulted in six lesions in which CT was per-
formed first and six lesions in which sonography
was first. All CT was performed on a CTi helical
scanner (General Electric Medical Systems, Mil-
waukee, WI). Helical CT was performed at each
time point and encompassed the RF probe tip and
ablation zone using collimation of 3 mm and a
pitch of 1:1. After completion of the last burn in
each pig, contrast-enhanced CT was performed us-
ing 2 mL/kg of iohexol 300 injected at 2 mL/sec.

All sonograms were obtained using 128-XP scan-
ner (Acuson, Mountain View, CA) using a curved ar-
ray 5-MHz transducer. Sonography was performed
corresponding to the unenhanced CT with the CT la-
ser guide to reproduce the same axial plane and scan-
ning level. If an anterior view did not yield a
sufficiently clear acoustic window, any site along the
identical axial plane (as defined by the CT laser light)
was considered sufficient if the probe tip could be vi-
sualized. Once an appropriate acoustic window was
achieved, it was held constant throughout the ablation.
Images were recorded and archived digitally (Ultra-
PACS version 3.1; ALI, Richmond, B.C., Canada).    

 

Tissue Harvest 

 

After RF ablation, pigs were returned to their
cages for 24–48 hr and reanesthetized. A bilateral sub-
costal incision was performed for liver exposure and
the portal vein was cannulated. Heparin (4000 IU)
was administered IV, and the animals were sacrificed
with an IV overdose of beuthanasia-d (Euthasol [390
mg pentobarbital sodium, 50 mg phenytoin sodium];

Schering-Plough, Kenilworth, NJ).

 

 

 

The suprahepatic
inferior vena cava was ligated and 1.0 L of 10% neu-
tral buffered formalin was infused into the portal vein.
The liver was then removed en bloc and immersed in
formalin. Livers were allowed to fix for 1 week and
were sliced in the axial plane approximating the CT
slice planes at 5-mm intervals.

 

 

 

The RF lesions grossly
consisted of an outer red zone and an inner pale zone.
The inner pale zone was used for lesion measure-
ments in two planes.

 

Histopathology 

 

Analysis of the RF lesions was performed with
both standard histology and electron microscopy.
Tissue fixed in neutral buffered formaldehyde was
paraffin-embedded and stained with H and E. A 10

 

×

 

ocular micrometer was used for measurements of
cell plates. Tissue blocks for ultrastructural examina-
tion were fixed in 2.5% phosphate-buffered glutaral-
dehyde, postfixed in osmium tetroxide, dehydrated
in graded ethanols and propylene oxide, and then in-
filtrated in EM bed 812 (Eketron Microscopy Scie-
nees, Fort Washington, PA). Ultrathin sections were
stained with lead citrate and uranyl acetate. Thick
Epon sections were stained with toluidine blue.

 

Data Collection and Statistics

 

Representative images from each ablation were
coded with a random number generator and all identi-
fying material deleted from the film. Three radiologists
experienced in both CT and sonography and blinded to
the details of the tissue ablation evaluated RF lesions
on sonography and CT with regard to the following:
differentiation from background liver, visualization of
the liver and lesion interface, and the presence of arti-
facts that affected the ability to visualize the lesion.
Data were ranked on a scale of 1–5 (1 = no visible dif-
ferentiation between liver and lesion, 2 = visible but
with low confidence, 3 = visible with moderate confi-
dence, 4 = visible with high confidence, 5 = extraordi-
narily visible). Overall attenuation and echogenicity of
the RF lesion were also evaluated by the reviewers. 

RF lesion measurements at imaging were ob-
tained on the slice with the largest transverse di-
ameter. Two dimensions for each lesion (the
greatest diameter and an orthogonal diameter)
were averaged to obtain a mean dimension. Le-
sions seen on CT were measured with calipers
and an internal size standard. All sonographic
measurements were performed with a commer-
cially available measuring package on the mini-
PACS (mini–picture archiving and communication
system) unit. Note that for lesion measurements,
only postablation images were used for compari-
son with pathology. For pathologic correlation, di-
rect measurements of RF lesions in liver sections
were obtained from the section best correspond-
ing to the imaging plane. For Hounsfield-unit val-
ues before ablation and at each time point, three
representative values of the RF lesion were ob-
tained and averaged in the area most devoid of ar-
tifacts. In addition, three values of normal liver
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parenchyma in an area devoid of both artifacts
and vessels were obtained and a mean value was
obtained. The largest region of interest consistent
with uniformity of the sample was used.

Blinded observer rankings were compared with a
nonparametric assumption for paired data (Wil-
coxon’s signed rank test). Hounsfield-unit data from
the same lesion over time were compared with a

paired Student’s

 

 t

 

 test, and comparisons between dif-
ferent lesions used an unpaired Student’s 

 

t

 

 test. Lesion
sizes on various imaging techniques versus pathology
were compared using simple regression. 

CBA D

GFE H

Fig. 1.—CT and sonographic imaging of radiofre-
quency (RF) ablation in female pigs over time.
A, Sonogram before ablation shows RF probe (arrows)
in place.
B, Unenhanced CT scan before ablation at same level
as A shows RF probe in place (arrow).
C, Sonogram obtained 2 min after start of ablation
shows slightly hypoechoic RF lesion (arrow).
D, Unenhanced CT scan obtained 2 min after start of
ablation shows hypoattenuating RF lesion (arrow)
similar to that seen in C.
E, Sonogram 8 min into ablation shows presence of
hyperechoic material (arrow) probably representing
gas in central RF lesion.
F, Unenhanced CT scan 8 min into ablation shows that
RF lesion is well demarcated (arrow).
G, Sonogram immediately after ablation shows that
hyperechoic material is no longer apparent in center
of lesion. Poorly defined hypoechoic zone of ablation
remains (arrow).

JI

H, Unenhanced CT scan immediately after ablation shows that lesion (arrow ) has not appreciably changed from 8-min image.
I, Contrast-enhanced CT scan after ablation shows central portion of lesion as well defined and correlating with liver section. Nonenhancing area (arrows) in contact with
capsule is caused by interruption of blood supply peripheral to RF lesion rather than ablated area. In this case, contrast-enhanced CT overestimates zone of ablation.
J, Gross liver section at same level as CT scans and sonograms shows normal liver tissue peripheral to RF lesion (arrows). Additional peripheral lesion (asterisk) was from
separate ablation. Area in central lesion (white square) is from hemorrhage into area of complete ablation.
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Results

 

During imaging, all RF ablations were
monitored with CT and sonographic guidance.
On sonography, finding an acoustic window
was not difficult, and the needle shaft and
prongs were easily visualized in all cases. All
animals survived to complete the entire proto-
col, and no complications were detected at ei-
ther imaging or sacrifice. Specifically, no
evidence of bleeding from any hepatic punc-
ture site was found. 

 

Blinded Observer Analysis

 

The relative scores for conspicuity of lesions,
border discrimination, and the presence of arti-
facts are shown in Table 1. Unenhanced CT sig-
nificantly improved observer visualization of
RF lesions compared with sonography (

 

p 

 

<
0.05). Border discrimination between liver and
lesion was improved using unenhanced CT (

 

p 

 

<
0.05). Unenhanced CT also decreased the
amount of artifacts as compared with sonogra-
phy (

 

p 

 

< 0.05). Contrast-enhanced CT further
increased the ability of the blinded observers to
discriminate lesion from liver and to define the

lesion borders and appeared to decrease the im-
pact of artifacts on defining the RF lesion (

 

p 

 

<
0.05) (Fig. 1). Of note, unenhanced CT was per-
formed throughout the RF ablative process,
whereas contrast-enhanced CT was performed
only after ablation. 

The RF lesion had consistently lower at-
tenuation values than surrounding normal
liver at all time points (

 

p 

 

< 0.05) (Table 2).
The attenuation difference between liver and
lesion was most marked at 8 min (22.2 H, 

 

p 

 

<

0.05). Low-attenuation values relative to nor-
mal liver were seen in areas both with and
without detectable gas bubbles on CT. As ex-
pected, no difference in attenuation before
initiation of ablation (

 

p 

 

= 0.28) was found.
After ablation and after contrast enhance-
ment, an increase in attenuation of both nor-
mal liver and RF lesions was seen. The
increase in lesion attenuation after contrast
material administration was disproportion-
ately low when compared with normal liver,

BA
Fig. 2.—Increased visibility of CT lesions with contrast enhancement in female pigs.
A, Unenhanced CT scan after ablation shows that hypoattenuating ablation zone (arrows) is
moderately apparent surrounding prongs of radiofrequency probe.
B, Contrast-enhanced CT scan shows that lesion is much more visible primarily because of in-
crease in attenuation of background liver.

Fig. 3.—Photomicrograph of histopathologic specimen shows gas
bubble in hepatic parenchyma (stars) with microfissures in lobules.
Site of prong (P) shows rupture and dense compression of liver. (H
and E, ×20)

a Student’s paired t test.

TABLE 2 Attenuation Values of Radiofrequency (RF) Lesions (H)

Imaging Lesions RF Lesion Normal Liver
Liver vs. Lesion 

Difference
p a (Liver vs. Lesion)

Baseline 12 49.8 51.0 1.2 0.28
Unenhanced CT

2 min 12 37.8 51.5 13.7 0.0001
8 min 12 29.6 51.8 22.2 <0.0001

After ablation
Unenhanced CT 12 34.0 50.2 16.2 <0.0001
Contrast-enhanced CT 12 49.8 104.3 54.5 <0.0001

Note.—Three radiologists evaluated radiofrequency lesions on sonography and CT. 
aMeasured on a scale of 1–5 (1 = severe artifacts, 5 = no artifacts).
bp < 0.05 compared with sonography on Wilcoxon’s signed rank test.

TABLE 1 Results: Masked Observers Unaware of Treatment Status

Category

Mean Rank

Obtained During and Immediately After Ablation Contrast-Enhanced CT 
Scans Obtained After 

AblationbSonograms Unenhanced CT 

Lesion vs. liver 2.2 2.8 4.3
Border discrimination 2.0 2.4b 4.1
Presence of artifacta 2.9 3.2b 4.9



 

Imaging in Liver Ablation

 

AJR:175, September 2000

 

709

 

leading to a marked increase in the liver–le-
sion attenuation difference (Fig. 2).

Most RF lesions were hypoattenuating on
CT and hypoechoic on sonography (hypo-
echoic = 59%, hyperechoic = 25%, iso-
echoic = 16%). Occasionally, the same lesion
was seen to change echogenicity over time (Fig.
1). RF lesions on CT were more uniformly hy-
poattenuating. The minority of lesions that were
graded as hyperattenuating by the blinded ob-
servers were likely caused by streak artifacts
passing through and obscuring the RF lesion.   

 

Histopathology and Electron Microscopy

 

Examination of RF lesions in the outer red
zone (1- to 5-mm thickness) showed hemor-
rhage, congestion, and partial necrosis of hepa-
tocytes. Some viable cells were identified in this
zone. The inner pale zone showed compressed
hepatocytes in the vicinity of clusters of gas
bubbles (Fig. 3). Peripheral to the area of com-
pression, a zone of pallor was caused by shrink-
age of hepatocytes and separation from
sinusoidal endothelium (Fig. 4). The cytoplasm
of hepatocytes was more eosinophilic than nor-

mal, nuclei were smaller, and chromatin was
condensed. Ultrastructural (electron micro-
scopic) examination of a lesion at 8 min showed
outlines of hepatocyte nuclei with prominent
nucleoli in pale granular chromatin. Ribosomes
were aggregated and rough endoplasmic reticu-
lum was destroyed. Outlines of cell walls were
barely perceptible and the periphery of hepato-
cytes was ragged. The sinusoids contained rup-
tured compressed erythrocytes. In some veins,
amorphous erythrocyte debris was compressed
against the vessel wall by a central bubble of gas
(Fig. 5). No evidence of viable hepatocytes in
the pale zone was seen by electron or light mi-
croscopy. Pathologic changes seen at the light
microscopic level in the zone of damage did not
change over time.

 

RF Lesion Size: Imaging Versus Pathology

 

The results of imaging compared with ac-
tual size of lesions seen on gross pathologic
examination are shown in Table 3. Unen-
hanced CT had the best correlation to patho-
logic size (

 

r 

 

= 0.74), even better than
contrast-enhanced CT (

 

r

 

 = 0.72), which
slightly overestimated lesion size (Figs. 1H
and 1I).    However, with the exception of the
overestimation of lesion size as a result of is-
chemia peripheral to the RF lesion, contrast-
enhanced CT subjectively corresponded the
most closely of any imaging technique with
lesion shape. Sonography had the poorest
correlation to lesion size (

 

r 

 

= 0.56). 

 

Discussion

 

Percutaneous RF thermal ablation is a
promising technique for treating hepatic tu-
mors but has been limited by a high local re-
currence rate [12–14]. Two explanations for
recurrences after RF ablation are possible.
The first is that the RF lesion inadequately
covered the tumor. The second explanation is
that the tumor was adequately covered but
that the application of RF energy did not kill
the entire tumor. We believe that most local
recurrences after RF are the result of inade-
quate initial tumor ablation, with residual vi-
able tumor remaining at portions of the
peripheral margin. This residual tumor often
recurs in a circular fashion around the origi-
nal tumor and is difficult to treat with a fol-
low-up application of RF [12]. Therefore,
initial precise determination of the adequacy
of ablation margins can be expected to de-
crease the local recurrence rate.

Typically, RF ablation is monitored using
real-time transabdominal sonography, fol-
lowed by CT or MR imaging some time after

Fig. 5.—Ultrastructural (electron
microscopic) appearance of liver
shows beaded outlines of erythro-
cytes (large arrows) in remnant of
sinusoid and nucleus of endothelial
cell (small arrow). Note outlines of
liver cell plates on both sides of si-
nusoid (stars). ( ×3600).

Fig. 4.—Photomicrograph of histopathologic speci-
men shows separation of sinusoidal vessels (curved
arrows) from shrunken liver cell plates (arrowheads)
that contain small vacuoles. (H and E, ×200)

aCorrelation coefficient.
bCoefficient of determination.

TABLE 3 Lesion Size: Imaging–
Pathology Correlation

Imaging
Mean Size 

(cm)

Correlation 
with 

Pathology 

ra r2b

Unenhanced CT 2.70 ± 0.8 0.74 0.55
Contrast-enhanced 

CT
3.10 ± 1.0 0.72 0.52

Sonography 2.5 ± 0.7 0.56 0.31
Pathology 3.03 ± 0.9 NA NA
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the procedure. Sonography has the advan-
tage of being readily and widely available, is
an excellent real-time imaging technique for
probe placement, and is a reasonably good
technique for visualizing hepatic tumors.
However, during the ablation, artifacts cre-
ated by thermal tissue changes and the low
contrast resolution of sonography limit the
ability of sonography to precisely visualize
the extent of necrosis [12, 13]. Hyperechoic
areas in the liver from gas formation are cre-
ated during the application of RF energy, but
these foci do not closely correspond to areas
of tissue necrosis [12]. These limitations can
severely hinder the ability to accurately de-
termine the area of ablation during the proce-
dure, leading to overtreatment of some
previously ablated areas and undertreatment
of others. We believe that the lack of concor-
dance between imaging findings during the
procedure and tissue ablation is responsible
for many of the local tumor recurrences after
RF therapy. In this study, sonography was
“fixed” to the axial imaging plane. This limi-
tation was necessary because of the critical
need for precise pathologic correlation. In
the pigs used for this study (unlike many hu-
mans), the acoustic windows were more than
sufficient to localize the RF probe and moni-
tor the ablation. In fact, the ablations in this
study were more easily monitored with the
use of a 5-MHz sonographic transducer than
ablations in our human patients, and thus we
do not believe the difference between por-
cine and human sonography was an impor-
tant source of bias.

A marked discrepancy has been reported
between the rate of local recurrences for per-
cutaneous RF [12–14] versus intraoperative
[10] cases. The reasons for this are probably
multifactorial but include the vascular occlu-
sion associated with operative cases and pre-
cise monitoring of probe placement (and
possibly lesion formation) by intraoperative
sonography [19]. The efficacy of conventional
sonography may be increased when used in
conjunction with color Doppler sonography
and sonographic contrast agents [20].

The use of intraprocedural CT to monitor RF
ablation has not been extensively explored in the
literature. Several potential clinical advantages
of CT for this purpose include the following:
confirmation of probe placement in relation to
the tumor, improved visualization of the extent
of ablation with respect to fixed anatomic land-
marks, and correlation to preablation scans to in-
crease confidence of complete tumor ablation.
CT scanners are also readily available, and radi-

ologists are comfortable with placement of nee-
dles into liver masses with CT guidance. It is
debatable whether liver lesions are better seen on
unenhanced CT or sonography, but if uncertainty
exists over lesion location during the RF abla-
tion, a small bolus of contrast material can be
given and the area scanned during the procedure.

This study shows several additional advan-
tages of CT when compared with sonography
for the monitoring of RF ablation. RF lesions
and liver–lesion interfaces were better visual-
ized with CT than sonography. Distinguishing
this interface is especially important because it
determines the duration and extent of ablation.
An ideal ablation would encompass the tumor
plus a 1-cm margin of normal liver. Surgical
margins of at least 1 cm at hepatic resection
have been shown to increase long-term survival
[16]. In the absence of any data to the contrary,
it is a reasonable assumption that ablative thera-
pies should strive for a similar margin. 

An additional advantage of CT over sonog-
raphy in this study was better correlation with
proven lesion size at pathology. Of the three
techniques (unenhanced CT, contrast-enhanced
CT, and sonography), unenhanced CT had the
closest correlation with actual lesion size,
whereas sonography tended to underestimate
lesion size. Several explanations for this finding
are possible: low intrinsic contrast between liver
and RF lesion by sonography can increase un-
certainty concerning liver and lesion borders;
artifacts appeared to be more troublesome on
sonography when evaluating lesion size. One
explanation may be the fixed anatomic land-
marks available on CT, and slight differences in
imaging plane on sonography can substantially
change the size of the measured ablative zone
[21]. An interesting additional finding was that
contrast-enhanced CT tended to slightly overes-
timate ablative-zone size (Fig. 1I). We have seen
this phenomenon in CT after cryoablation and
believe that it is caused by relative obstruction
of blood flow in areas peripheral to the ablation.
Because both the ablative zone and peripheral
liver are unenhanced, separating the border be-
tween the ablative zone and unperfused liver
can be difficult.

Despite the advantages of CT elucidated in
this study, several inherent limitations may
cause difficulty during clinical cases. The most
obvious is the increased time that will be neces-
sary for probe placement with CT as compared
with sonography: most CT scanners do not have
real-time capability. Unlike percutaneous bi-
opsy, in which any part of a liver mass may be
sampled, ablative therapies are highly depen-
dent on precise probe positioning if complete

tumor ablation is the goal. Therefore, multiple
probe repositionings can be anticipated before
tumor ablation. Most tumors will require sev-
eral ablations for complete coverage, leading to
a procedure that may last several hours overall.
This limitation may be obviated by the advent
of real-time or fluoroscopic CT should it be-
come more widely available [22]. We have also
combined the use of sonography and CT for
clinical cases. Sonography can be used to guide
probe placement, and CT, for monitoring the
extent of ablation.      

Other limitations to the use of CT for RF ab-
lation include the fixed imaging in the axial
plane. This can lead to difficulty ablating tumors
under the diaphragm or in other areas where ob-
lique imaging planes are desirable. In addition,
the use of CT exposes both the patient and phy-
sician to ionizing radiation, particularly when
multiple probe repositionings and ablations are
anticipated. Recently, MR imaging has also been
investigated in the monitoring of hepatic RF ab-
lation. Though some success has been seen with
MR imaging–guided RF, it has been limited by
extensive artifacts [23]. MR imaging is also ex-
pensive, cumbersome, and requires specialized
interventional MR imaging units and MR imag-
ing–compatible RF units that will seriously im-
pede the widespread use of MR imaging for RF
regardless of potential advantages [24]. How-
ever, because of the excellent contrast resolution
provided by MR imaging, we expect that MR
imaging–guided RF will prove useful when the
technical limitations have been overcome.

In summary, this study shows that CT can
more accurately monitor RF thermal ablation
than transabdominal sonography in this animal
model. CT was better at identifying lesion sizes
and lesion borders and was less limited by arti-
facts. The use of CT may reduce the high rate of
local recurrence associated with percutaneous
RF ablation, a technique with otherwise mini-
mal morbidity and great potential in the treat-
ment of malignant hepatic disease.
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