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Abstract 

This work is a review of the state of the art 
about Microwave Ablation (MWA) in tumors. This 
technique is a novel method to treat tumors in 
different organs, such as Lung, Liver, Kidney, Breast 
and others; and can be applied for patients that can’t 
be treated by surgery. 

It begins with a brief description of the 
recurrence and other types of tumors, as well as 
techniques used for the ablation of the same. 

The patients reported in this review, was 
voluntaries that they can’t be operated, so looking 
for another alternative, they found the MWA as the 
most compelling option. 
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1. Introduction

A tumor is a mass of cells transformed with 
growth and multiplication abnormal[1]. 

Tumors can be cancerous (malignant) or non-
cancerous (benign) and occurs when cells multiply 
excessively in the body. Normally, the division and 
growth of cells are controlled in a strict manner. New 
cells are created to replace the old or to perform new 
functions. Cells that are damaged or already do not 
need die to replace them with good cells. If the 
balance of division and cell death is altered, a tumor 
can be appear[2]. 

Cancer cells can invade and damage tissues 
and organs near to the tumor. Cancer cells may be 
spreading of malignant tumor and enter to the 
lymphatic system or blood flow, which is the way in 
which the cancer reaches other parts of the body. The 
characteristic appearance of cancer is the ability of 
the cell to grow quickly, uncontrolled and 

independent of the tissue where it began. The spread 
of the cancer to other sites or organs in the body by 
the bloodstream or the lymphatic system is called 
metastasis. Malignant tumors can be classified into 
two categories: 

 Carcinomas are the most common type of
cancer which commonly appear in the skin, 
lung, breast, stomach, colon and uterus.  

 Sarcomas are cancers of the connective tissue
and support of all types. Sarcomas are found 
in any part of the body and often form 
secondary growths in the lungs[3]. 

2. Tumor Ablation

When surgery is not an option for the patients, 
new emerging techniques for tumor ablation, 
ablation understood as the use of heat, cold or 
chemical to destroy a tumor, using a needle or 
catheter. 

In the case of heat, a common type of ablation 
is the radiofrequency ablation (RFA), uses a needle 
that carries an electric current, the end of the needle 
is placed into the tumor by CT (Tomography) or 
ultrasound. An electrical current that passes through 
the needle warms the tumor to destroy it. For the 
cold, the Cryoablation uses the probe placed in the 
tumor to freeze it and destroy cancer cells, other 
methods use heat too(laser-induced interstitial 
thermotherapy) or alcohol to destroy cells[4]. 

2.1 State of the Art, MWA 

It is increasingly more frequent see 
appliances which based its operation in the 
generation of microwave for various purposes 
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whether it be communication, preparation and 
cooking of food, military and medical.  

In medicine the microwave being used 
increasingly in the ablation of tumors, where through 
the application of microwave originates the tumor to 
burn and finish to get rid. 

To achieve the tumor ablation through 
microwave several prototype antennas have been 
used. These antennas are designed to make them 
more small and with a better targeting of the power 
to prevent damage to healthy tissue. 

During the ablation vivo temperatures not 
chilled antenna were 90 ° C or higher, which caused 
unwanted tissue coagulation, while the antenna with 
internal cooling temperatures were lower than 20° C 
in all processes without any unwanted tissue 
coagulation. 

They came to the conclusion that the antenna 
with internal cooling best done with microwave 
ablation for models of liver and may be most suitable 
for the therapy of malignant liver tumors in clinical 
practice[5]. Other antennas for microwave 
application in order to talk about a tumor can observe 
them in designs like the Punit Prakash et al (2009)[6]. 
P. Keangin et al (2011) or Marta Cavagnaro et al 
(2011) to name a few, researchers are developing this 
type of antennas to generate heat via microwaves and 
are more and more patents granted under this type of 
antenna design[7, 8]. 

Using software COMSOL Pattarapong 
Phasukkit et al (2013), simulations were carried out 
to determine the effects of alignment of multiple 
antennas, simulating the difference of phase 0, 45, 
90, 135 and 180 degrees. Concluding that the phase 
difference must take into account in a settlement 
multiantenna for ablation of tumors microwave[9]. 
Due to the development of software and studies 
researchers have proposed new methods and 
programs that involve the application of microwave 
for the ablation of tumors[10-13]. 

3. Analysis of results

Worldwide MWA for tumors in different 
organs has been increasingly applied. 

The following is a summary of the research is 
presented about this technique. 

In liver tumors has increased greatly the use 
of MWA, more and more patients that are not 
candidates for surgery and choose to treat their 
tumors MWA. 

Some studies are made in animals, like the Pig 
or Bovine liver, for example Garrean S. et al (2009) 
conducted research where he achieved tumor 
ablations of 3 to 6.45 centimeters, in pig liver 

ablations lasted 4 minutes and were made at 2.45 
GHz, another studies made in pig liver obtained a 
good results of ablation zone[14-17]. 

In the case of human patients, there are many 
registered studies, the therapy time is between 4 to 
15 minutes, and the generator power is 915 MHz or 
2450 MHz, and in a case was between 902 to 928 
MHz, there were no complications in most of cases 
after the therapy. To mention some, in a study by 
Livraghi et al (2012), in 736 patients with 1037 
tumors, only there was 22 major complications and 
54 minor complications with no mortality[18-25]. 

For Lung tumors, the cases reported obtained 
similar results like liver tumors, there are a study 
reported by Little M et al (2013), in this study, was 
made ablations with different power (180 W and 120 
W), was performed to compare and determine which 
is the best power and the time for ablation therapy, it 
concludes that in 180 W requires 2 minutes for less 
than 2 cm tumors, 4-6 minutes in 3 to 5 cm tumors, 
for the 120 W power, requires 1 minute for less than 
1 cm tumors, 8 minutes for 2.4 cm tumors, they 
obtained 88 % ablation control. Another studies was 
achieved in other investigations for lung tumors[26-
29]. 

In kidney tumors Guan W et al (2012) They 
made a comparison between partial nephrectomy and 
microwave ablation, 48 patients with MWA and 54 
patients with partial nephrectomy, the 3-year 
survival was 91.3% for MWA and 96 % for partial 
nephrectomy[30, 31].  The applicators for MWA 
therapy was between 14 to 15 gauges.  

To breast cancer, Cepeda (2011) in his 
doctoral studies suggested using MWA for this type 
of cancer, in patients, there are not studies 
reported[32]. 

Conclusion 

As described are many cases of success of 
ablation of tumors by means of microwave 
technique, so that the MWA is a technique that 
thanks to the study and cases of success in recent 
years will be used increasingly in the ablation of 
cancerous tumors. 

Although many successful tests have been 
made, the MWA has failed to consolidate in the 
Centers for the treatment of these diseases, so it has 
to give wider dissemination and provide patients 
with cancerous tumors using this technique, 
primarily to patients who are not candidates for the 
operation for the removal of the tumor. 

It should also equip hospitals specializing in 
the treatment of teams that are capable of performing 
the MWA cancer and thus offer patients an 
alternative to the destruction of his tumor, explaining 
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the risks and benefits that brings this ablation 
technique. 
 

References 
 
[1] R. A. Española, "Definiciones," in Real 

Academia Española, ed. www.rae.es, 2014. 
[2] M. Plus. (January). National Service of 

Medicine of the United States. 
Available: http://www.nlm.nih.gov 

[3] CDC. (January). Agency for toxic 
substances and disease registry. 
Available: http://www.atsdr.cdc.gov 

[4] A. C. Society. (January 2014). 
Available: http://www.cancer.org 

[5] N. He, W. Wang, Z. Ji, C. Li, and B. Huang, 
"Microwave Ablation: An Experimental 
Comparative Study on Internally Cooled 
Antenna versus Non-internally Cooled 
Antenna in Liver Models," Academic 
Radiology, vol. 17, pp. 894-899, 7// 2010. 

[6] P. Prakash, M. C. Converse, J. G. Webster, 
and D. M. Mahvi, "Design Optimization of 
Coaxial Antennas for Hepatic Microwave 
Ablation Using Genetic Algorithms," 2008. 

[7] M. Cavagnaro, C. Amabile, P. Bernardi, S. 
Pisa, and N. Tosoratti, "A Minimally 
Invasive Antenna for Microwave Ablation 
Therapies: Design, Performances, and 
Experimental Assessment," Biomedical 
Engineering, IEEE Transactions on, vol. 
58, pp. 949-959, 2011. 

[8] P. Keangin, P. Rattanadecho, and T. 
Wessapan, "An analysis of heat transfer in 
liver tissue during microwave ablation 
using single and double slot antenna," 
International Communications in Heat and 
Mass Transfer, vol. 38, pp. 757-766, 7// 
2011. 

[9] A. S. Pattarapong Phasukkit, Supan 
Tungjitkusolmun, Kazuhiko Hamamoto, 
"Effect of Phase Difference in Multi-
antenna Microwave Thermal Ablation for 
Breast Cancer Treatment," 35th Annual 
International conference of the IEEE 
Engineering in Medicine and Biology 
Society, Conference, vol. 2013, pp. 3718-
3721, 2013. 

[10] D. Sindram, R. Z. Swan, K. N. Lau, I. H. 
McKillop, D. A. Iannitti, and J. B. Martinie, 
"Real-time three-dimensional guided 
ultrasound targeting system for microwave 
ablation of liver tumours: a human pilot 
study," HPB, vol. 13, pp. 185-191, 2011. 

[11] F. J. Wolf, D. E. Dupuy, J. T. Machan, and 
W. W. Mayo-Smith, "Adrenal neoplasms: 

Effectiveness and safety of CT-guided 
ablation of 23 tumors in 22 patients," 
European Journal of Radiology, vol. 81, pp. 
1717-1723, 8// 2012. 

[12] Y. Kurumi, T. Tani, S. Naka, H. Shiomi, T. 
Shimizu, H. Abe, et al., "MR-guided 
microwave ablation for malignancies," 
International Journal of Clinical Oncology, 
vol. 12, pp. 85-93, 2007/04/01 2007. 

[13] P. Keangin and P. Rattanadecho, "Analysis 
of heat transport on local thermal non-
equilibrium in porous liver during 
microwave ablation," International Journal 
of Heat and Mass Transfer, vol. 67, pp. 46-
60, 12// 2013. 

[14] S. Garrean, J. Hering, A. Saied, P. J. 
Hoopes, W. S. Helton, T. P. Ryan, et al., 
"Ultrasound Monitoring of a Novel 
Microwave Ablation (MWA) Device in 
Porcine Liver: Lessons Learned and 
Phenomena Observed on Ablative Effects 
Near Major Intrahepatic Vessels," Journal 
of Gastrointestinal Surgery, vol. 13, pp. 
334-340, 2009/02/01 2009. 

[15] W. Shi, P. Liang, Q. Zhu, X. Yu, Q. Shao, 
T. Lu, et al., "Microwave ablation: Results 
with double 915 MHz antennae in ex vivo 
bovine Livers," European Journal of 
Radiology, vol. 79, pp. 214-217, 8// 2011. 

[16] D. Jiao, L. Qian, Y. Zhang, F. Zhang, C. Li, 
Z. Huang, et al., "Microwave ablation 
treatment of liver cancer with 2,450-MHz 
cooled-shaft antenna: an experimental and 
clinical study," Journal of Cancer Research 
and Clinical Oncology, vol. 136, pp. 1507-
1516, 2010/10/01 2010. 

[17] O. Planché, C. Teriitehau, S. Boudabous, J. 
Robinson, P. Rao, F. Deschamps, et al., "In 
Vivo Evaluation of Lung Microwave 
Ablation in a Porcine Tumor Mimic 
Model," CardioVascular and 
Interventional Radiology, vol. 36, pp. 221-
228, 2013/02/01 2013. 

[18] R. Hompes, S. Fieuws, R. Aerts, M. Thijs, 
F. Penninckx, and B. Topal, "Results of 
single-probe microwave ablation of 
metastatic liver cancer," European Journal 
of Surgical Oncology (EJSO), vol. 36, pp. 
725-730, 8// 2010. 

[19] G. Zanus, R. Boetto, E. Gringeri, A. Vitale, 
F. D'Amico, A. Carraro, et al., "Microwave 
Thermal Ablation for Hepatocarcinoma: 
Six Liver Transplantation Cases," 
Transplantation Proceedings, vol. 43, pp. 
1091-1094, 5// 2011. 

9

http://www.rae.es/
http://www.nlm.nih.gov/
http://www.atsdr.cdc.gov/
http://www.cancer.org/


[20] K. A. Simo, V. B. Tsirline, D. Sindram, M. 
T. McMillan, K. J. Thompson, R. Z. Swan, 
et al., "Microwave ablation using 915-MHz 
and 2.45-GHz systems: what are the 
differences?," HPB, vol. 15, pp. 991-996, 
2013. 

[21] D. M. Lloyd, K. N. Lau, F. Welsh, K.-F. 
Lee, D. J. Sherlock, M. A. Choti, et al., 
"International multicentre prospective 
study on microwave ablation of liver 
tumours: preliminary results," HPB, vol. 13, 
pp. 579-585, 2011. 

[22] L. Ratanaprasatporn, K. P. Charpentier, M. 
Resnick, S. Lu, and D. Dupuy, "Intra-
operative microwave ablation of liver 
malignancies with tumour permittivity 
feedback control: a prospective ablate and 
resect study," HPB, vol. 15, pp. 997-1001, 
2013. 

[23] T. Livraghi, F. Meloni, L. Solbiati, and G. 
Zanus, "Complications of Microwave 
Ablation for Liver Tumors: Results of a 
Multicenter Study," CardioVascular and 
Interventional Radiology, vol. 35, pp. 868-
874, 2012/08/01 2012. 

[24] D. A. Iannitti, R. C. G. Martin, C. J. Simon, 
W. W. Hope, W. L. Newcomb, K. M. 
McMasters, et al., "Hepatic tumor ablation 
with clustered microwave antennae: the US 
Phase II Trial," HPB : The Official Journal 
of the International Hepato Pancreato 
Biliary Association, vol. 9, pp. 120-124, 
01/11/received 2007. 

[25] A. Veltri, C. Gazzera, C. Rotondella, F. 
Camerano, M. Busso, and G. Gandini, 
"Image-guided microwave ablation of 
hepatic tumours: preliminary experience," 
La radiologia medica, vol. 117, pp. 378-
392, 2012/04/01 2012. 

[26] G. Carrafiello, M. Mangini, F. Fontana, A. 
Ierardi, G. De Marchi, N. Rotolo, et al., 
"Microwave ablation of lung tumours: 
single-centre preliminary experience," La 
radiologia medica, vol. 119, pp. 75-82, 
2014/01/01 2014. 

[27] M. Little, D. Chung, P. Boardman, F. 
Gleeson, and E. Anderson, "Microwave 
Ablation of Pulmonary Malignancies Using 
a Novel High-energy Antenna System," 
CardioVascular and Interventional 
Radiology, vol. 36, pp. 460-465, 
2013/04/01 2013. 

[28] B. A. Wolf Farrah J., Thomas Ng, Damian 
E. Dupuy, "Intraoperative Microwave 
Ablation of Pulmonary Malignancies with 
Tumor Permittivity Feedback Control: 
Ablation and Resection Study in 10 
Consecutive Patients," Radiology, vol. 262, 
pp. 353-360, 2012. 

[29] G. Carrafiello, M. Mangini, I. De Bernardi, 
F. Fontana, G. Dionigi, S. Cuffari, et al., 
"Microwave ablation therapy for treating 
primary and secondary lung tumours: 
technical note," La radiologia medica, vol. 
115, pp. 962-974, 2010/09/01 2010. 

[30] G. Carrafiello, M. Mangini, F. Fontana, C. 
Recaldini, F. Piacentino, C. Pellegrino, et 
al., "Single-Antenna Microwave Ablation 
Under Contrast-Enhanced Ultrasound 
Guidance for Treatment of Small Renal Cell 
Carcinoma: Preliminary Experience," 
CardioVascular and Interventional 
Radiology, vol. 33, pp. 367-374, 
2010/04/01 2010. 

[31] W. Guan, J. Bai, J. Liu, S. Wang, Q. 
Zhuang, Z. Ye, et al., "Microwave ablation 
versus partial nephrectomy for small renal 
tumors: Intermediate-term results," Journal 
of Surgical Oncology, vol. 106, pp. 316-
321, 2012. 

[32] M. F. J. Cepeda, "Estudio y Desarrollo de 
Aplicadores Coaxiales Tipo Slot de 
Ablación por Microondas para el 
Tratamiento Mínimamente Invasivo del 
Cáncer de Mama," Doctor, Bioelectronica, 
Centro de Investigación y de Estudios 
Avanzados del Instituto Politécnico 
Nacional, México, 2011. 

10


	ADPD4F7.tmp
	Microwave ablation in tumors: A state of the art review


