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ORIGINAL ARTICLE

Fluid preinjection for microwave ablation in an ex vivo bovine liver
model assessed with volumetry in an open MRI system

Federico Collettini, Hendrik Rathke, Bernhard Schnackenburg, Andreas Thomas, Liane Albrecht,
Britta Suttmeyer, Martin Jonczyk, Felix Guettler, Ulf Teichgraber, Thomas Kroncke, Bernd Hamm,

Maximilian de Bucourt

PURPOSE

We aimed to detect possible differences in microwave abla-
tion (MWA) volumes after different fluid preinjections using
magnetic resonance imaging (MRI).

MATERIALS AND METHODS

MWA volumes were created in 50 cuboid ex vivo bovine liver
specimens (five series: control [no injection], 10 mL water,
10 mL 0.9% NaCl, 10 mL 6% NaCl, and 10 mL 12% NaCl
preinjections; n=10 for each series). The operating frequency
(915 megahertz), ablation time (7 min), and energy supply
(45 watts) were constant. Following MWA, two MR sequenc-
es were acquired, and MR volumetry was performed for each
sequence.

RESULTS

For both sequences, fluid preinjection did not lead to sig-
nificant differences in MWA ablation volumes compared
to the respective control group (sequence 1: mean MWA
volumes ranged from 7.0+1.2 mm [water] to 7.8+1.3 mm
[12% NaCl] vs. 7.3+2.1 mm in the control group; sequence
2: mean MWA volumes ranged from 4.9+1.4 mm [12%
NaCl] to 5.5+1.9 mm [0.9% NaCl] vs. 4.7+1.6 mm in the
control group). The ablation volumes visualized with the two
sequences differed significantly in general (P < 0.001) and
between the respective groups (control, P < 0.001; water,
P <0.001; 0.9% NaCl, P < 0.001; 6% NaCl, P<0.001; 12%
NaCl, P < 0.001). The volumes determined with sequence 1
were closer to the expected ablation volume of 8 mL com-
pared to those determined with sequence 2.

CONCLUSION

For the fluid qualities and concentrations assessed, there is
no evidence that fluid preinjection results in larger coagu-
lation volumes after MWA. Because ablation volumes deter-
mined by MRI vary with the sequence used, interventionalists
should gain experience in how to interpret postintervention-
al imaging findings (with the MR scanner, sequences, and
parameters used) to accurately estimate the outcome of the
interventions they perform.

From the Department of Radiology (FC., H.R., AT, LA, B.S,,
M.)., TK., B.H., M.D.B. XX mdb@charite.de), Charité University
Medicine, Berlin, Germany; Philips Healthcare (B.S.), Hamburg,
Germany; Department of Radiology (EG., U.T.), Jena University,
Jena, Germany.

Received 19 December 2012; revision requested 1 March 2013; revision
received 6 March 2013; accepted 21 March 2013.

Published online 5 July 2013.
DOI 10.5152/dir.2013.12189

hermal ablation techniques are increasingly used in the treat-

ment of various primary and metastatic tumors at different

sites, including the liver (1), kidneys (2), and lungs (3). Lo-
cal ablation is most commonly performed using thermal ablation
techniques such as radiofrequency ablation (RFA). Other techniques
include laser-induced thermotherapy, cryoablation, high-intensity
focused ultrasonography, and microwave ablation (MWA). Local ab-
lation treatment is particularly appealing in combination with im-
age guidance such as ultrasonography, computed tomography, and
magnetic resonance imaging (MRI) to allow a minimally invasive
approach to therapy (4-8).

Several studies have demonstrated that combining RFA with pre-
injection of a fluid such as saline (different authors tested a range
of concentrations) (9-14) or with diluted hydrochloric acid (15) can
yield larger ablation volumes than RFA alone. In addition, both low-
tield and high-field MRI can be used to monitor the effectiveness of
RFA within NaCl-pretreated tissues, and the findings correlate well
with pathologic results (9).

Since the advent of MWA, several studies have introduced, test-
ed, and compared this system (16-22), and the legitimate question
arose as to whether, with MWA, saline preinjection would also lead
to an enlargement of the ablation volume.

Interestingly, to the best of our knowledge, only one study has
tested this hypothesis, concluding that preinjected fluids do not en-
large coagulation volumes in MWA (23). That study compared MWA
to RFA using default protocols and settings, injecting either 5 mL
ethanol, distilled water, 0.9% NaCl solution, or 10% NaCl solution
(n=6 each) into ex vivo porcine liver (ablations without fluid injec-
tion served as the control). Although preinjection of ethanol or 10%
NaCl solutions created smaller coagulation volumes, distilled water
and 0.9% NacCl solution had no impact.

Hence, initial results indicate that fluid preinjection may not en-
large the ablation volume in MWA, but to the best of our knowl-
edge, it remains unknown whether fluid preinjection in MWA (us-
ing different saline concentrations) may affect the appearance of the
ablation volume in MRIL

Because a sound understanding of the extent of ablation volumes
and ablation margins is imperative for assessing interventional suc-
cess and successful treatment with MWA, we analyzed whether dif-
ferences may arise regarding the visualization of MWA volumes with
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fluid preinjection using MRI, and in
this context, retested whether pre-
injected fluids enlarge the visualiza-
tion of coagulation volume in MWA,
using our own experimental setup.

Materials and methods
Study design

Our institutional review board
approved the present study. MWA
ablation volumes were created in
50 cuboid ex vivo bovine liver spec-
imens. Five series of 10 repetitions
each were conducted as follows: se-
ries 1 (n=10, no previous fluid in-
jection as the control group), series
2 (n=10, injection with 10 mL wa-
ter), series 3 (n=10, injection with
10 mL 0.9% NacCl), series 4 (n=10,
injection with 10 mL 6% NaCl), and
series 5 (n=10, injection with 10 mL
12% NaCl). After MWA, each spec-
imen was examined with two MRI
sequences, and semiautomatic MR
volumetry was performed for each
sequence (Fig. 1).

Liver specimens, storage, and
preparation

The ex vivo trials were performed
with fresh bovine liver provided
overnight from a local slaughter-
house. Ten fresh livers including the
peritoneum were used. Cuboids of
about 8x8x8 cm or larger were cre-
ated to ensure that the entire coag-
ulation necrosis after each MWA
would easily be located inside the
parenchyma. Before MWA, all liv-
er specimens were kept in a closed
cold chain at <4°C from the time
of slaughter to prevent premature
denaturation and dehydration. Still-
sealed <4°C liver specimens were
placed in a plastic tub containing 60
L water and equipped with a heating
rod (Eheim Jdger, Deizisau, Germa-
ny) with a maximum power of 200
watts (W) and a recirculation pump.
The temperature of the recirculating
water was set to 37°C to simulate
physiological body temperature just
before MWA. After reaching physio-
logical body temperature, the speci-
mens were transferred into a kidney
basin, and the MWA antenna was
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Figure 1. Study design. MRI, magnetic resonance imaging; MWA, microwave ablation.

Figure 2. Example of an ex vivo bovine liver specimen in a kidney basin with a microwave
ablation antenna positioned in the center before microwave ablation.

maneuvered into the center of the
specimen (Fig. 2) and securely fixed.
Cuboids of the same bovine liver
were used for each run (series 1 to 5)
to most accurately ensure compara-
ble tissue conditions of the series.

MWA system, procedure, and
semiautomatic volume calculation

The MWA system used consisted
of a generator, a pump, and a cart
(Evident™ MWA, Covidien, Mans-
field, Massachusetts, USA), as well as
a percutaneous antenna and pump
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tubing (Evident™ MWA percutane-
ous antenna, Covidien). At the op-
erating frequency, the percutaneous
antenna delivers electromagnetic
waves at 915 megahertz (MHz).

To create ablations, 45 W of power
were applied with one antenna for
7 min. All ablations were performed
according to the manufacturer’s
protocol (expected ablation vol-
ume with one antenna, 8 mL) and
planned with safety margins inside
the cuboid liver specimens to ensure
that the entire radiating section of
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the MWA antenna and the entire
consecutive ablation volume would
be clearly positioned and measur-
able inside the cuboid parenchyma.
Energy was delivered only when the
device was inside the parenchyma.
After the preset ablation time was
reached, the system shut off auto-
matically.

Immediately after MWA, each liver
specimen was scanned in a 1.0 Tes-
la (T) open MRI system (Panorama
HFO, Philips Medical Systems, Best,
The Netherlands) with two sequenc-
es each (sequence 1: inversion-pre-
pared T1-weighted turbo spin echo
[TSE] with inversion prepulse to in-
vert the contrast between the short
and long T1 signal, T1-weighted TSE/
inversion recovery [IR] [i.e., long T1
appears bright]; sequence 2: pseudo
proton-density-weighted TSE; Table
1). Each liver specimen was posi-
tioned in a conventional knee coil
to obtain a suitable MR signal of the
cuboid specimen.

One hundred semiautomatic vol-
umetries were performed (for all 50
MWA ablations and for both MRI se-
quences) using a semiautomatic vol-
umetric software tool (MR Systems
Panorama HFO, Release 2.6.5.0 2009-
09-30, Philips Medical Systems).

Statistical analysis

Statistical analysis was performed
with paired t tests (with and without
Bonferroni adjustment), comparing
all MR ablation volumes of sequence
1 with the respective MR ablation
volume in sequence 2, individual-
ly comparing the respective groups
(control, 10 mL water, 10 mL 0.9%
NaCl, 10 mL 6% NaCl, and 10 mL
12% NacCl) of the two sequences as
well as comparing the respective pre-
injection groups (10 mL water, 10
mL 0.9% NacCl, 10 mL 6% NacCl, and
10 mL 12% NaCl) in each sequence
with its respective control group. For
group comparison the dataset was in
advance ratified to comply with nor-
mality distribution using Kolmogor-
ov-Smirnov test. Statistical analysis
was executed using a commercially
available software (Statistical Pack-
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Figure 3. Example of an MR volumetry in coronal, sagittal, and axial views performed for
sequence 1 (T1-weighted TSE/IR) with preinjection of 10 mL 6% NacCl. Software tool is MR
Systems Panorama HFO (Release 2.6.5.0 2009-09-30, Philips Medical Systems, Best, The
Netherlands). Note the filiform signal loss (left) inside the volume, indicating the previous
antenna position.

Table 1. MR sequence parameters applied

Sequence 1 Sequence 2
T1-weighted TSE/IR? PDW TSE®
Echo time (ms) 12 30
Repetition time (ms) 800 1800
Inversion time (ms) 50 -
Voxel size (mm) Foot-head 0.5 0.6
Right-left 0.6 0.8
Slice thickness (mm) 4 3

2nversion-prepared T1-weighted turbo spin echo sequence with inversion prepulse to invert the contrast

between the short and long T1 signal.

bPseudo proton-density-weighted turbo spin echo sequence.

age for Social Sciences for IBM, ver-
sion 19, release 19.0.0.1, SPSS Inc.,
Armonk, New York, USA).

Results

All MW ablations were performed
successfully according to the man-
ufacturer’s protocol with sufficient
safety margins inside the cuboid liv-
er specimens, and all MW ablations
were included in the semiautomatic
volumetry for both MR scans.

Fig. 3 depicts an example of an MR
volumetry performed for sequence
1 (T1-weighted TSE/IR) with prein-
jection of 10 mL 6% NaCl. Within
sequence 1, the fluid preinjection
yielded no significant difference in
the visualization of the MW abla-
tion volumes compared to the con-

trol group without fluid preinjection
(Tables 2 and 3). The mean MWA
volumes ranged from 7.0+1.2 mm
(water) to 7.8+1.3 mm (12% NaCl)
vs. 7.3£2.1 mm in the control group.
In addition, within sequence 2,
fluid preinjection demonstrated no
significant difference in the visual-
ization of the MW ablation volumes
compared to the control group (Ta-
bles 2 and 3). The mean MWA vol-
umes ranged from 4.9+1.4 mm (12%
NaCl) to 5.5+1.9 mm (0.9% NaCl) vs.
4.7+1.6 mm in the control group.
There was, however, a significant
difference in ablation volume visu-
alization between the two sequenc-
es in general (P < 0.001), as well as
between corresponding groups be-
tween the two sequences (Table 4;
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control, P < 0.001; 10 mL water, P <
0.001; 10 mL 0.9% NacCl, P < 0.001;
10 mL 6% NaCl, P < 0.001; 10 mL
12% NacCl, P < 0.001). The volumes
determined with sequence 1 approx-
imated the expected ablation volume
of 8 mL (at 45 W, 7 min, and one an-
tenna, according to manufacturer’s
protocol) closer than sequence 2.
After Bonferroni adjustment, all
significant multiple comparisons re-
mained statistically significant.

Discussion

Comparisons of two MRI sequenc-
es revealed no significant differences
in the visualization of MWA volumes
with fluid preinjection compared to
the respective control group without
preinjection. Hence, for the tested
fluid qualities and concentrations
assessed by an open MRI system at
1.0 T, our experiments provide no
evidence for enlargement of coagula-
tion volumes in MWA with fluid pre-
injection, and thus confirm those by
Jietal. (23) in that preinjected fluids
do not seem to enlarge coagulation
volumes created by MWA.

The two MRI sequences and param-
eters were initially chosen because
they had been found before MR vol-
umetry was performed, to clearly de-
lineate the MWA volume from the
surrounding tissue in the open 1.0 T
MR scanner we used. However, com-
parison of the semiautomatic MR vol-
umetry results obtained with the two
pulse sequences in the present study
revealed that sequence 1 approximat-
ed the expected ablation volume of 8
mlL significantly better than sequence
2. As different MR sequences may vi-
sualize the extent of the same ablation
volume differently, the difference
may be even greater when imaging is
performed on different MR scanners.
Hence, it may always be helpful for
interventionalists to gain experience
regarding how to interpret postinter-
ventional imaging results (with the
individual MR scanner, sequences,
and parameters used) to accurately
estimate the outcome of the interven-
tions they perform.

Table 2. MR volumetry of microwave ablation volumes in the different fluid preinjection
groups vs. the control group for sequences 1 and 2

Fluid None (control)  H,0  0.9% NaCl 6% NaCl 12% NaCl
Preinjection volume (mL) 0 10 10 10 10
Microwave ablation volume (ccm)
Sequence 1 7.3x2.1 7.0£1.2 7.7£1.8 7419  7.8+1.3
Sequence 2 4.7+1.6 5.3t1.4 5.5%+1.9 5.2+1.3 49+1.4

Data are presented as meanztstandard deviation.

Table 3. Paired-samples test of MR volumetry of microwave ablation volumes in the different
fluid preinjection groups vs. the control group for sequences 1 and 2

Paired differences

Standard  95% Confidence interval
Standard error of the of the difference
Mean  deviation mean Lower Upper P

Sequence 1

Pair 1 Control vs. H,0 0.29990 2.48257  0.78506 -1.47602 2.07582 0.711
Pair 2 Control vs. 0.9% NaCl -0.37320 1.90357 0.60196 -1.73493 0.98853  0.551
Pair 3 Control vs. 6% NaCl -0.07950 3.23802 1.02395 -2.39584 2.23684 0.940
Pair4 Control vs. 12% NaCl -0.49450 2.12461 0.67186 -2.01435 1.02535 0.480
Sequence 2

Pair 1 Control vs. H,0 -0.60440 2.37339  0.75053 -2.30222 1.09342  0.441
Pair 2 Control vs. 0.9% NaCl -0.74460 1.64281 0.51950 -1.91980 0.43060 0.186
Pair 3 Control vs. 6% NaCl ~ -0.51880 2.28404  0.72228 -2.15271 1.11511  0.491
Pair4 Control vs. 12% NaCl -0.17000 2.06753  0.65381 -1.64902 1.30902 0.801

Table 4. Paired-samples test of pairwise comparison of corresponding groups in the two se-

quences

Paired differences

Standard 95% Confidence interval
Sequence 1 vs. Standard  error of the of the difference
Sequence 2 Mean deviation mean Lower Upper P
Pair 1 Control 2.57780 1.62100 0.51261 1.41820 3.73740  0.001
Pair 2 H,0 1.67350 0.61390 0.19413 1.23434 211266 <0.001
Pair 3 0.9% NaCl 2.20640 1.26936 0.40141 1.29836 3.11444 < 0.001
Pair 4 6% NaCl 2.13850 1.45174 0.45908 1.09999 3.17701  0.001
Pair 5 12% NaCl 2.90230 1.42156 0.44954 1.88538 3.91922 <0.001

Another interesting aspect worth
discussing is why the fluids (10 mL
water, 10 mL 0.9% NaCl, 10 mL 6%
NaCl, and 10 mL 12% NaCl) inject-
ed before MWA consistently did not
significantly enlarge the ablation
volume in our ex vivo experiment.
Hence, fluid preinjection appears to
enhance the effectiveness of RFA but
not MWA. This difference may be at-
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tributable to different effects of RFA
and the microwave technique—with
RFA, the amount of heat generated
in the target tissue is determined by
the amount of current that passes
from the electrode through the tis-
sue. Current is defined as the electric
charge per unit time (I=Q/t, where I
is current in amperes, Q is charge in
coulombs, and t is time in seconds)

Collettini et al.



and heats the tissue via impedance
(resistance). Fluids such as saline can
lower tissue impedance. The lower
the impedance, the more efficiently
a generator can deliver the desired
current, resulting in more heat per
unit time delivered. In addition, sa-
line can effectively increase the size
of the electrode, reducing current
density at the electrode-tissue in-
terface and the likelihood of high
impedance buildup around the elec-
trode. Sustained and higher-power
delivery to the tissue results in larger
ablation volumes.

Because MWA systems do not rely
on electrical impedance to produce
heat, saline injection cannot influ-
ence energy delivery via that phys-
ical mechanism. In other words,
saline preinjection should result in
about the same heat per unit time
as no saline preinjection, or may-
be even less (with the possibility of
creating a smaller ablation volume):
some of the applied MWA heat may
be absorbed by saline, reducing the
energy reaching the tissue. Further-
more, saline may actually reduce
the amount of energy delivered by
the antenna due to conductivity:
MW energy may reflect a conductive
boundary, and saline present at the
target site may to some extent block
the energy from leaving the probe.
Conversely, however, one recent
publication has provided initial ev-
idence that extension of microwave
coagulation may still be possible us-
ing a special perfusion microwave
electrode (24).

Our study has several limitations.
This was an ex vivo study with a
small number of MWA treatments
performed in the individual fluid
preinjection groups and the control
group. Although the ex vivo setup
simulated some physiological con-
ditions (e.g., warming up the fresh
bovine liver cuboids to physiologi-
cal temperature of 37°C just before
MWA), other in vivo conditions such
as vascular perfusion (to account for
possible heat-sink effects) were not
modeled. In addition, as discussed
above, MR visualization of abla-
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tion volumes varies with the pulse
sequence used and may also differ
among MR scanners, manufacturers,
and field strengths.

In conclusion, interventionalists
must consider the characteristics of
ablation volumes when using MWA
instead of RFA and when using MRI
for visualization and validation of
the ablation volumes created.

Acknowledgements

This study was supported by the TSB Tech-
nologiestiftung-Zukunftsfonds, Berlin, Germa-
ny, and the European Union-European Fund
for Regional Development, Berlin, Germany.

Conflict of interest disclosure
The authors declared no conflicts of interest.

References

1. Kuang M, Xie XY, Huang C, et al. Long-
term outcome of percutaneous ablation
in very early-stage hepatocellular carci-
noma. ] Gastrointest Surg 2011; 15:2165-
2171. [CrossRef]

2. Lee JM, Han JK, Chang JM, et al. Radiof-
requency renal ablation: in vivo com-
parison of internally cooled, multitined
expandable and internally cooled perfu-
sion electrodes. ] Vasc Interv Radiol 2006;
17:549-556. [CrossRef]

3. Lu Q, Cao W, Huang L, et al. CT-guided
percutaneous microwave ablation of pul-
monary malignancies: results in 69 cases.
World J Surg Oncol 2012; 10:80. [CrossRef]

4. Goldberg SN, Gazelle GS, Mueller PR.
Thermal ablation therapy for focal malig-
nancy: a unified approach to underlying
principles, techniques, and diagnostic
imaging guidance. AJR Am ] Roentgenol
2000; 174:323-331. [CrossRef]

5. Keil S, Bruners P, Schiffl K, et al. Radiofre-
quency ablation of liver metastases-soft-
ware-assisted evaluation of the ablation
zone in MDCT: tumor-free follow-up versus
local recurrent disease. Cardiovasc Inter-
vent Radiol 2010; 33:297-306. [CrossRef]

6. Streitparth F, Knobloch G, Balmert D, et
al. Laser-induced thermotherapy (LIT-
T)--evaluation of a miniaturised applica-
tor and implementation in a 1.0-T high-
field open MRI applying a porcine liver
model. Eur Radiol 2010; 20:2671-2678.
[CrossRef]

7. Wang Z, Aarya I, Gueorguieva M, et al.
Image-based 3D modeling and valida-
tion of radiofrequency interstitial tumor
ablation using a tissue-mimicking breast
phantom. Int ] Comput Assist Radiol Surg
2012; 7:941-948. [CrossRef]

8. Haigron P, Dillenseger JL, Luo L,
Coatrieux JL. Image-guided therapy: evo-
lution and breakthrough. IEEE Eng Med
Biol Mag 2010; 29:100-104. [CrossRef]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Nour SG, Goldberg SN, Wacker FK, et al.
MR monitoring of NaCl-enhanced radiof-
requency ablations: observations on low-
and high-field-strength MR images with
pathologic correlation. Radiology 2010;
254:449-459. [CrossRef]

Lee JM, Kim SH, Han JK, Sohn KL, Choi
BI. Ex vivo experiment of saline-enhanced
hepatic bipolar radiofrequency ablation
with a perfused needle electrode: compar-
ison with conventional monopolar and
simultaneous monopolar modes. Cardio-
vasc Intervent Radiol 2005; 28:338-345.
[CrossRef]

Shimizu A, Ishizaka H, Awata S, et al. Ex-
pansion of radiofrequency ablation vol-
ume by saturated NaCl saline injection
in the area of vaporization. Acta Radiol
2009; 50:61-64. [CrossRef]

Lee JM, Kim YK, Lee YH, Kim SW, Li CA,
Kim CS. Percutaneous radiofrequency ther-
mal ablation with hypertonic saline injec-
tion: in vivo study in a rabbit liver model.
Korean ] Radiol 2003; 4:27-34. [CrossRef]
Lee JM, Youk JH, Kim YK, et al. Radio-fre-
quency thermal ablation with hypertonic
saline solution injection of the lung: ex
vivo and in vivo feasibility studies. Eur
Radiol 2003; 13:2540-2547. [CrossRef]
Iishi T, Hiraki T, Mimura H, et al. Infusion
of hypertonic saline into the lung paren-
chyma during radiofrequency ablation
of the lungs with multitined expandable
electrodes: results using a porcine model.
Acta Med Okayama 2009; 63:137-144.
Luo RG, Fao F, Huang JH, Gu YK, Jiang
XY, Huang Y]. Diluted hydrochloric acid
generates larger radiofrequency ablation
lesions in excised porcine livers. Diagn
Interv Radiol 2012;19:145-149.

Simon CJ, Dupuy DE, Mayo-Smith WW.
Microwave ablation: principles and ap-
plications. Radiographics 2005; 25(Suppl
1):569-S83. [CrossRef]

Wolf FJ, Aswad B, Ng T, Dupuy DE. Intraop-
erative microwave ablation of pulmonary
malignancies with tumor permittivity feed-
back control: ablation and resection study
in 10 consecutive patients. Radiology 2012;
262:353-360. [CrossRef]

Carrafiello G, Lagana D, Mangini M, et
al. Microwave tumors ablation: princi-
ples, clinical applications and review of
preliminary experiences. Int J Surg 2008;
6(Suppl 1):565-569. [CrossRef]

Hoffmann R, Rempp H, Clasen S. Micro-
wave tumor ablation. New devices, new
applications?. Radiologe 2012; 52:22-28.
[CrossRef]

Livraghi T, Meloni F, Solbiati L, Zanus G,
for the Collaborative Italian Group using
AMICA system. Complications of micro-
wave ablation for liver tumors: results of
a multicenter study. Cardiovasc Intervent
Radiol 2012; 35:868-874. [CrossRef]

Fluid preinjection for microwave ablation in an ex vivo bovine liver model ¢ 431


http://dx.doi.org/10.1007/s11605-011-1716-2
http://dx.doi.org/10.1007/s11605-011-1716-2
http://dx.doi.org/10.1007/s11605-011-1716-2
http://dx.doi.org/10.1097/01.RVI.0000202713.07943.FC
http://dx.doi.org/10.1097/01.RVI.0000202713.07943.FC
http://dx.doi.org/10.1186/1477-7819-10-80
http://dx.doi.org/10.1186/1477-7819-10-80
http://dx.doi.org/10.2214/ajr.174.2.1740323
http://dx.doi.org/10.2214/ajr.174.2.1740323
http://dx.doi.org/10.1007/s00270-009-9681-9
http://dx.doi.org/10.1007/s00270-009-9681-9
http://dx.doi.org/10.1007/s00330-010-1831-6
http://dx.doi.org/10.1007/s00330-010-1831-6
http://dx.doi.org/10.1007/s11548-012-0769-3
http://dx.doi.org/10.1007/s11548-012-0769-3
http://dx.doi.org/10.1109/MEMB.2009.935459
http://dx.doi.org/10.1109/MEMB.2009.935459
http://dx.doi.org/10.1148/radiol.253180614
http://dx.doi.org/10.1148/radiol.253180614
http://dx.doi.org/10.1007/s00270-004-0177-3
http://dx.doi.org/10.1007/s00270-004-0177-3
http://dx.doi.org/10.1007/s00270-004-0177-3
http://dx.doi.org/10.1080/02841850802562071
http://dx.doi.org/10.1080/02841850802562071
http://dx.doi.org/10.3348/kjr.2003.4.1.27
http://dx.doi.org/10.3348/kjr.2003.4.1.27
http://dx.doi.org/10.1007/s00330-003-1876-x
http://dx.doi.org/10.1007/s00330-003-1876-x
http://dx.doi.org/10.1148/rg.25si055501
http://dx.doi.org/10.1148/rg.25si055501
http://dx.doi.org/10.1148/radiol.11110015
http://dx.doi.org/10.1148/radiol.11110015
http://dx.doi.org/10.1016/j.ijsu.2008.12.028
http://dx.doi.org/10.1016/j.ijsu.2008.12.028
http://dx.doi.org/10.1007/s00117-011-2208-9
http://dx.doi.org/10.1007/s00117-011-2208-9
http://dx.doi.org/10.1007/s00270-011-0241-8
http://dx.doi.org/10.1007/s00270-011-0241-8

21. Andreano A, Brace CL. A comparison of

direct heating during radiofrequency and
microwave ablation in ex vivo liver. Car-
diovasc Intervent Radiol 2013; 36:505-
511. [CrossRef]

22. Bertot LC, Sato M, Tateishi R, Yoshida H,

Koike K. Mortality and complication rates
of percutaneous ablative techniques for
the treatment of liver tumors: a systemat-
ic review. Eur Radiol 2011; 12:2584-2596.
[CrossRef]

432 . September-October 2013 « Diagnostic and Interventional Radiology

23. Ji Q Xu Z, Liu G, Lin M, Kuang M, Lu M.

24.

Preinjected fluids do not benefit micro-
wave ablation as those in radiofrequency
ablation. Acad Radiol 2011; 18:1151-1158.
[CrossRef]

Umehara H, Seki T, Inokuchi R, et al. Mi-
crowave coagulation using a perfusion mi-
crowave electrode: Preliminary experimen-
tal study using ex vivo and in vivo liver. Exp
Ther Med 2012; 3:214-220.

Collettini et al.


http://dx.doi.org/10.1007/s00270-012-0405-1
http://dx.doi.org/10.1007/s00270-012-0405-1
http://dx.doi.org/10.1007/s00330-011-2222-3
http://dx.doi.org/10.1007/s00330-011-2222-3
http://dx.doi.org/10.1016/j.acra.2011.05.004
http://dx.doi.org/10.1016/j.acra.2011.05.004



