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Local ablative techniques have been developed to enable local control of unresectable tumors. Ablation
has been performed with several modalities including ethanol ablation, laser ablation, cryoablation, and
radiofrequency ablation. Microwave technology is a new thermal ablation technique for different types of
tumors, providing all the benefits of radiofrequency and substantial advantages. Microwave ablation has
been applied to liver, lung, kidney and more rarely to bone, pancreas and adrenal glands.
Preliminary works show that microwave ablation may be a viable alternative to other ablation tech-
niques in selected patients. However further studies are necessary to confirm short- and long-term
effectiveness of the methods and to compare it with other ablative techniques, especially RF.

� 2008 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.
1. Introduction

In recent years there has been a growing interest in ablative
therapies for the treatment of unresectable tumors in various
organs.

Local ablative techniques have been developed to enable local
control of tumors and cytoreduction, above all for primitive liver
tumors, without damage of the healthy parenchyma.1 Tumor
ablation is defined as the direct application of chemical or thermal
energy to a tumor to obtain cellular necrosis.2 Ablation has been
performed with several modalities including ethanol ablation, laser
ablation, cryoablation, and radiofrequency ablation.

Radiofrequency ablation remains the most widely used ablative
technique worldwide.3

Microwave technology is a new thermal ablation technique for
different types of tumors, providing all the benefits of radio-
frequency and substantial advantages.2 Preliminary works show
that microwave ablation may be a viable alternative to other
ablation techniques in selected patients.

2. Principles of microwave ablation

Microwave radiation lies between infrared radiation and radi-
owaves with frequencies from 900 to 2450 MHz. Heating of the
ciates Ltd. Published by Elsevier Lt
tissue is based on agitation of water molecules inducing cellular
death via coagulation necrosis; electrical charge on the water
molecule flips back and forth 2–5 billion times a second depending
on the frequency of the microwave energy.2

Microwave ablation offers many of the benefits of others abla-
tion techniques, in particular RF, and has several other advantages
including: higher intratumoral temperatures, larger tumor ablation
volumes, faster ablation times, ability to use simultaneously
multiple applicators,4 optimal heating of cystic masses and tumors
close to the vessels, and less procedural pain.2,4–7 Due to this last
reason microwave ablation can be proposed also in outsetting
patients.

Radiofrequency ablation causes cellular death via thermocoa-
gulation necrosis; heat is generated by ions oscillation and collision
proportionally to intensity of radiofrequency current. Alternatively,
microwave produces an electromagnetic wave around insulated,
electrically independent antenna; electromagnetic wave produces
the agitation of polar water molecules within surrounding tissue8;
heat is generated by molecules friction.

With RF ablation, the zone of active tissue heating is limited to
a few millimetres surrounding the active electrode, with the
remainder of the ablation zone being heated via thermal conduc-
tion.2 Thanks to a better convection profile, microwave energy
produces a larger zone of active heating (up to 2 cm surrounding the
antenna) thus allowing more uniform cells kill in the target area.9

RF ablation is also limited by the increase in impedance with
tissue boiling and charring, because water vaporization and char
d. All rights reserved.
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Fig. 1. Microwave ablation system (Evident TM Microwave ablation System/Covidien Ltd): antenna (a); microwave generator (b).
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act as electrical insulators.3 Due to the electromagnetic nature of
microwaves, ablations do not seem to be subject to this limitation.

As other ablation techniques, microwave ablation allows for
different approaches, including percutaneous, laparoscopic, and
open surgical access. Percutaneous approach can be performed
with Ultrasound (US) or Computerized Tomography (CT) guide,
according to the site of the lesion and the preference of operator. In
our experience, when the procedure is performed in angiographic
suite on the angiographic bed, the US-guide positioning of the
antenna can be aided using C-arm cone-beam CT, a new tool of
Fig. 2. Microwave ablation of a colorectal metastasis. Pre-procedural US (a). The procedure
beam CT (d); antenna inside the lesions is well visible (arrows). CT performed 1 months af
angiographic systems, to confirm correct position of the needle
inside the tumor.

Contrast enhanced US (CUES) can be useful to identify hyper-
vascular lesions and to confirm complete ablation after the
procedure.

Laparoscopic and open surgical approaches are used only to
ablate lesions not reachable percutaneously or in patients eligible
for other abdominal interventions in the same time.

Anyway ablation is performed using a thin (14.5-gauge)
antenna that is attached, with a coaxial cable, to the microwave
was performed with laroscopic approach during colon resection (b-c) and C-arm cone-
ter the procedure with calculation of ablation volume.
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generator able to producing 60 W of power at a frequency of
915 MHz.

In literature different protocols of time and power of ablation
have been proposed according to the tissue and antenna type.
Recently, Hope et al. published an experimental study about renal
microwave ablation recommending the application of 45 W for
10 min.10

Electromagnetic microwave is emitted from the exposed, non-
insulated portion of the antenna.

Due to the properties of microwave ablation does not require
the placement of grounding pads.2

After clinical introduction, several years ago, microwave energy
has not been widely applied because ablated areas produced by the
original technology were too small.

Then, advances in the engineering of microwave, in term of
material and structure, have overcome size and time limitations,
thanks to optimized electromagnetic power deposition into
a tissue.

To our knowledge, there is currently only one microwave abla-
tion system (Evident TM Microwave ablation System/Covidien Ltd)
(Fig. 1) globally available.

Different shape of antenna (straight or loop) has been
proposed.7,11 At the moment straight morphology is the only
available.

The ablation of large tumors can be time consuming to ensure
total overlapping coverage of ablation zones; thus the use of
multiple electrodes to achieve large coagulation volumes has been
proposed.8 Microwave should be more amenable than radiowave to
synchronous ablations using multiple probes to obtain larger
coagulation volumes in shorter time.8

The procedure may be performed with sedation and local
anesthesia in outsetting patients. Pain is lesser than for
radiofrequency ablation probably because microwave ablation
Fig. 3. Microwave ablation of a primitive renal tumor. Pre-procedural CT (a). The procedure
inside the lesions is well visible (arrows). CT performed 1 months after the procedure with
do not involve the flow of current within the body of the
patient.

3. Clinical applications

Microwave ablation has been applied to liver,2,11,8,12 kidney,13,14

lung,15 adrenal glands,2 pancreas16 and bone.2

In our preliminary experience we treated 4 liver nodules (Fig. 2)
(3 metastases from colon carcinoma and 1 recurrence of HCC after
radiofrequency ablation), 2 renal carcinomas (Fig. 3), 1 coeliac
lymphnode from pancreatic carcinoma, 1 bone metastasis from
uterine carcinoma, 1 primitive tumor of the lung (Fig. 4) and 1
pelvic recurrence from rectal cancer (unpublished data). Complete
ablation was obtained in 8/10 lesions: in 2/10 patients partial
ablation of bone metastasis and pelvic recurrence obtained
considerable pain reduction. Mean volume ablated, calculated
using a dedicated software (Vitrea 2/software 3.8/Vital Images) was
10.5 cm3 (unpublished data).

Clinical indications are the same as those reported for other
ablation therapies, above all patients not candidates to surgery. In
particular percutaneous ablative therapy allow to destroy
neoplastic tissue while preserving healthy parenchyma; this is an
important advantage above all in patients with impaired hepatic,
renal or pulmonary function.17–21 Therapeutic purpose can be
curative or palliative; in this last case microwave ablation is aimed
to reduce symptoms, above all pain or recurrent bleeding.22

From a technical point of view microwave ablation is prefer-
able in the treatment of lesion larger than 4 cm, with a cystic
component or localized close to vessels larger than 3 mm;
moreover it can be the first choice in case of recurrence after
other ablation techniques.

About primitive or metastatic liver tumors the most
frequent limitation of radiofrequency ablation is the difficulty
was performed with contrast-enhanced US (b-c) and C-arm cone-beam CT (d); antenna
calculation of ablation volume (e-f).



Fig. 4. Microwave ablation of a primitive lung tumor. Pre-procedural TC (a); pulmonary artery branches close to the lesion are well visible (arrow). The procedure was performed
under CT-fluoroscopy guide (b) using 2 antennas (arrows); performed after the procedure (c) shows ablated area with air inclusions and integrity of vessels inside the tumor
(arrow).
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to obtain complete cellular death near blood vessels (espe-
cially portal branches and hepatic veins). An ‘‘ablate and
resect’’ study published by Simon et al.8 shows a uniform
tumor kill extending close to the vessels; moreover large
blood vessels (>3 mm) in the resection specimens did not
create typical ablation zone distortion because of the minimal
heat sink effect observed.2

In another study about renal tumors,14 histochemical exami-
nations revealed no cell death beyond the ablation area: this is
particularly important in renal ablation to preserve healthy
parenchyma and above all vascular and caliceal structures.
4. Evaluation of the results

After many ablative therapies a strict follow-up is mandatory
due to exclude microscopic foci of viable neoplastic cells unde-
tectable with imaging methods.23 However, in the study by Clark
et al.14 histopathologic examination, after microwave ablation,
showed no viable cell inside the ablation zone.

As reported in literature, to evaluate cellular death after thermal
ablation, tissue must be analyzed with the vital histochemical
NADH stain for the mitochondrial enzyme nicotinamide adenine
dinucleotide (NADH) diaphorase.23

Hematoxylin–eosin (H–E) staining shows a marked thermal-like
effect with maximal intensity close to the antenna site and
a surrounding area of hyperemia; nevertheless some areas dis-
played only a subtle loss of nuclear chromatin detail with minimal
Table 1

Author Year Organ No of patients
Volume of nodules

Approach

Iannitti DA
200712

Liver (primitive and
metastases)

87 mean 3.6 cm
(range 0.5–9 cm)

45%: open, 7%:
laparoscopy, 45%:
percutaneous (US/CT-
fluoroscopy)

Wolf FJ 200815 Lung (primitive and
metastases)

50 3.5� 1.6 percutaneous
(CT-guided)

Martin RC
200733

Liver (primitive and
metastases)

20 pt mean 3 cm
(range 1.5–4.5)

open or laparoscopic

Liang P 200813 Kidney (primitive) 12 mean 2.5
(range 1.3–3.8)

percutaneous
(US-guided)
cell membrane destruction. NADH staining is able to discern areas
with cellular viability and those with uniform cellular death.8,14

As reported for RF ablation, at imaging follow-up, lack of
contrast enhancement on CT, MR or CEUS, indicates the absence of
viable tumor.21,24–27,13 Evaluation of contrast enhancement is easier
in hypervascular tumor such as hepatocarcinoma or renal carci-
noma. The detection of residual viable tissue in hypovascular
lesions can be aid by MR or PET. MR Imaging may have an edge over
CT in the detection of local regrowths due to the high sensitivity of
T2-weighted sequence; the role of diffusion-weighted images is
under investigation.28,29

5. Literature review

Several pre-clinical studies have been published to assess safety
of microwave energy application, to evaluate morphology, size and
histologic features of ablation area in different tissues and to
analyze effects of different antenna patterns.7,4,5,30–32 Other phase I
clinical trials14,8,11 have been performed to confirm effectiveness of
microwave ablation in patients undergoing tumor resection (ablate
and resect intraoperative trials). Clark et al.14 in a trial including 10
renal tumors, ablated with laparoscopic approach using 60 W for
10 min and then resected, reported a mean size of the ablated tissue
with a single probe of 4.1�2.7�2.2 cm (total rectilinear volume,
27 cm3; prolate spheroid volume, 15 cm3); with a three-probe
array, the mean size of the ablative lesion was 5.7�4.7� 3.8 cm
(total rectilinear volume, 105 cm3; prolate spheroid volume,
56 cm3). Regarding hepatic ablation, Simon et al.8 reported a series
Ablation Results Follow-up

clustered or single
antenna, 45 W,
10 min

- single antenna ablation
volumes: 10.0 ml
(range 7.8–14.0 ml)

- clustered antennae ablation
volumes: 50.5 ml
(range 21.1–146.5 ml)

- mortality: 0%
- local complications rate: 9.1%

19 months, local
recurrence rate:
2.7%

straight or
multitine
deployable ring,
1–4 antennae, 45–
60 W, 5–10 min

- Initial technical success: 95%
- Pneumothorax: 39%
- Hemoptysis: 6.6%
- Skin burns: 36%

10 months, residual
disease: 26%, local
recurrence rate:
22%, 1-year local
control rate: 67%

straight - Initial technical success: 100%
- related complications: 0%

19 months, local
recurrence: 1.5%

Cooled shaft
antenna, 50 W,
500 s

- Initial technical success: 100%
- related complications: 0%

11 months, local
recurrence: 0%
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of 10 patients (4 HCC and 6 colo-rectal metastases) treated with
intra-operative US-guide with a triple antenna; they obtained an
average ablation zone volume of 50.8 cm3 (range, 30.3–65.5 cm3);
gross and microscopic examinations of areas after microwave
ablation showed clear coagulation necrosis, even surrounding large
hepatic vessels (>3 mm in diameter); a marked thermal-like effect
was observed with maximal intensity close to the antenna sites;
NADH staining confirmed the uniform absence of viable tumor in
the ablation zone.

In literature only few phase II studies appeared,12,13,15,33

including renal, lung and hepatic tumors (Table 1).
6. Conclusion

Our preliminary results and those reported in literature support
the use of microwave ablation for the treatment of different type of
tumors. This technology can be applied in selected patient not
candidate to surgery, as an alternative to other ablative techniques.
Its results seem to be similar to RF ablation for lesions smaller than
3 cm; for tumors larger than 3 cm microwave ablation can be
conducted using multiple probe simultaneously. Microwave abla-
tion seems to be better for cystic tumors and for lesions close to
vessel larger than 3 mm. Further studies are necessary to confirm
short- and long-term effectiveness of the methods and to compare
it with other ablative techniques, especially RF.
Conflict of interest
None declared.

Funding
None.

Ethical approval
None.

References

1. Goldberg SN, Grassi CJ, Cardella JF, Charboneau JW, Dodd 3rd GD, Dupuy DE,
et al. Image-guided tumor ablation: standardization of terminology and
reporting criteria. Radiology 2005;235:728–39.

2. Simon CJ, Dupuy DE, Mayo-Smith WW. Microwave ablation: principles and
applications. RadioGraphics 2005;25:S69–83.

3. Gazelle GS, Goldberg SN, Solbiati L, Livraghi T. Tumor ablation with radio-
frequency energy. Radiology 2000;217:633–46.

4. Wright SA, Lee FT, Mahvi DM. Hepatic microwave ablation with multiple
antennae results in synergistically larger zones of coagulation necrosis. Ann
Surg Oncol 2003;10:275–83.

5. Wright SA, Sampson LA, Warner TF, Mahvi DM, Lee Jr FT. Radiofrequency versus
microwave ablation in a hepatic porcine model. Radiology 2005;236:132–9.

6. Skinner MG, Iizuka MN, Kolios MC, Sherar MD. A theoretical comparison of
energy sources-microwave, ultrasound and laser-for interstitial thermal
therapy. Phys Med Biol 1998;43:3535–47.

7. Shock SA, Meredith K, Warner TF. Microwave ablation with loop antenna: in
vivo porcine liver model. Radiology 2004;231:143–9.

8. Simon CJ, Dupuy DE, Iannitti DA, Lu DS, Yu NC, Aswad BI, et al. Intraoperative
triple antenna hepatic microwave ablation. Am J Roentgenol 2006;187:333–40.

9. Izzo F. Other thermal ablation techniques: microwave and interstitial laser
ablation of liver tumors. Ann Surg Oncol 2003;10:491–7.
10. Hope WW, Schmelzer TM, Newcomb WL, Heath JJ, Lincourt AE, Norton HJ, et al.
Guideline for power and time variables for microwave ablation in an vivo
porcine kidney. J Surg Res 2008 [Epub ahead of print].

11. Yu NC, Lu DSK, Raman SS, Dupuy DE, Simon CJ, Lassman C, et al. Hepatocellular
carcinoma: microwave ablation with multiple straight and loop antenna clus-
ters-pilot comparison with pathologic findings. Radiology 2006;239:269–75.

12. Iannitti DA, Martin RCG, Simon CJ, Hope WW, Newcomb WL, McMasters KM,
et al. Hepatic tumor ablation with clustered microwave antennae: the US phase
II trial. HPB 2007;9:120–4.

13. Liang P, Wang Y, Zhang D, Yu X, Gao Y, Ni X. Ultrasound guided percutaneous
microwave ablation for small renal cancer: initial experience. J Urol
2008;180:844–88.

14. Clark PE, Woodruff RD, Zagoria RJ, Hall MC. Microwave ablation of renal
parenchymal tumors before nephrectomy: phase I study. AJR 2007;188:1212–4.

15. Wolf FJ, Grand DJ, Machan JT, Dipetrillo TA, Mayo-Smith WW, Dupuy DE.
Microwave ablation of lung malignancies: effectiveness, CT findings, and safety
in 50 patients. Radiology 2008;247:871–9.

16. Lygidakis NJ, Sharma SK, Papastratis P, Zivanovic V, Kefalourous H, Koshariya M,
et al. Microwave ablation in locally advanced pancreatic carcinoma – a new
look. Hepatogastroenterology 2007;54:1305–10.

17. McGovern FJ, Wood BJ, Goldberg SN, Mueller PR. Radio frequency ablation of
renal cell carcinoma via image guided needle electrodes. J Urol 1999;161:
599–600.

18. Zagoria RJ, Hawkins AD, Clark PE, Hall MC, Matlaga BR, Dyer RB, et al.
Percutaneous CT-guided radiofrequency ablation of renal neoplasms: factors
influencing success. AJR 2004;183:201–7.

19. Gill IS, Novick AC, Meraney AM, Chen RN, Hobart MG, Sung GT, et al. Laparo-
scopic renal cryoablation in 32 patients. Urology 2000;56:748–53.

20. Rukstalis DB, Khorsandi M, Garcia FU, Hoenig DM, Cohen JK. Clinical experience
with open renal cryoablation. Urology 2001;57:34–9.

21. Gervais DA, McGovern FJ, Arellano RS, McDougal WS, Mueller PR. Renal cell
carcinoma: clinical experience and technical success with radiofrequency
ablation of 42 tumors. Radiology 2003;226:417–24.

22. Callstrom MR, Charboneau JW, Goezt MP, Rubin J, Atwell TD, Farrell MA, et al.
Image-guided ablation of painful metastatic bone tumors: a new and effective
approach to a difficult problem. Skeletal Radiol 2006;35:1–15.

23. Matlaga BR, Zagoria RJ, Woodruff RD, Torti FM, Hall MC. Phase II trial of radi-
ofrequency ablation of renal cancer: evaluation of the kill zone. J Urol
2002;168:2401–5.

24. Pavlovich CP, Walther MM, Choyke PL, Pautler SE, Chang R, Linehan WM, et al.
Percutaneous radiofrequency ablation of small renal tumors: initial results. J
Urol 2002;167:10–5.

25. Gervais DA, McGovern FJ, Arellano RS, McDougal WS, Mueller PR. Radio-
frequency ablation of renal cell carcinoma. Part 1. Indications, results, and role
in patient management over a 6-year period and ablation of 100 tumors. AJR
2005;185:64–71.

26. Varkarakis IM, Allaf ME, Inagaki T, Bhayani SB, Chan DY, Su LM, et al. Percu-
taneous radio frequency ablation of renal masses: results at a 2-year mean
followup. J Urol 2005;174:456–60.

27. Ukimura O, Kawauchi A, Fujito A, Mizutani Y, Okihara K, Mikami K, et al.
Radio-frequency ablation of renal cell carcinoma in patients who were at
significant risk. Int J Urol 2004;11:1051–7.

28. Ohira T, Okuma T, Matsuoka T, Wada Y, Nakamura K, Watanabe Y, et al. FDG-
MicroPET and diffusion-weighted MR image evaluation of early changes after
radiofrequency ablation in implanted VX2 tumors in rabbits. Cardiovasc Inter-
vent Radiol 2008 [Epub ahead of print].

29. Kuehl H, Antoch G, Stergar H, Veit-Haibach P, Rosenbaum-Krumme S, Vogt F,
et al. Comparison of FDG-PET, PET/CT and MRI for follow-up of colorectal liver
metastases treated with radiofrequency ablation: initial results. Eur J Radiol
2008;67:362–71.

30. Brace CL, Laeseke PF, Sampson LA, Frey TM, van der Weide DW, Lee Jr FT, et al.
Microwave ablation with a single small-gauge triaxial antenna: in vivo porcine
liver model. Radiology 2007;242:435–40.

31. Durick NA, Laeseke PF, Broderick LS, Lee Jr FT, Sampson LA, Frey TM, et al.
Microwave ablation with triaxial antennas tuned for lung: results in an in vivo
porcine model. Radiology 2008;247:80–7.

32. Hines-Peralta AU, Pirani N, Clegg P, Cronin N, Ryan TP, Liu Z, et al. Microwave
ablation: results with a 2.45-GHz applicator in ex vivo bovine and in vivo
porcine liver. Radiology 2006;239:94–102.

33. Martin RC, Scoggins CR, McMasters KM. Microwave hepatic ablation: initial
experience of safety and efficacy. J Surg Oncol 2007;96:481–6.


	Microwave tumors ablation: Principles, clinical applications and review of preliminary experiences
	Introduction
	Principles of microwave ablation
	Clinical applications
	Evaluation of the results
	Literature review
	Conclusion
	Conflict of interest
	Funding
	Ethical approval

	References


