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Status and advancement of microwave ablation in China

Jie Yu and Ping Liang

Department of Interventional Ultrasound, Chinese PLA General Hospital, Beijing, China

ABSTRACT
Tumour ablation is defined as the direct application of chemical or thermal therapy to eradicate or
substantially destroy a tumour. Currently, minimally invasive ablation techniques are available for the
local destruction of focal tumours in multiple organ sites. Microwave ablation (MWA) is premised on
the biological response of solid tumours to tissue hyperthermia, and it is a relatively low-risk proced-
ure. Due to several advantages of MWA, including higher thermal efficiency, higher capability for coag-
ulating blood vessels, faster ablation time and the simultaneous application of multiple antennae,
MWA could be a promising minimally invasive ablation technique for the treatment of solid tumours.
Therefore, the use of MWA has developed rapidly in China during the last decade. Many successful
studies have been performed, and widespread use has been achieved for multiple types of tumours in
China, especially for liver cancer. This review will describe the state-of-the-art of MWA in China, includ-
ing the development of MWA equipment and its application in the treatment of multiple types of
tumours.
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Image-guided minimally invasive ablation techniques have
achieved widespread expansion as clinical treatment options
for tumours during the past two decades. Due to advance-
ments in both the imaging guidance modalities and the per-
cutaneous devices used to delivery energy into tumour
tissue, various thermal energy sources, such as radiofre-
quency, microwave, high intensity focussed ultrasound, cry-
oablation and laser, have established themselves as viable
treatment options for the eradication of solid tumours in
multiple organ sites. Microwave coagulation was initially
developed in the early 1980s to achieve haemostasis along
the plane of transection during hepatic resections [1]. The
microwave technique was first adopted for tumour ablation
by Saitsu et al. [2] from Japan to treat small liver cancers and
has achieved wider application over the past two decades,
particularly in China. Although radiofrequency ablation (RFA)
remains the most widely used ablation technique worldwide,
with the improvement of microwave ablation (MWA) equip-
ment and treatment strategies, now MWA has expanded its
clinical applications in many institutions in Far East countries
and parts of Western countries, from small hepatocellular car-
cinomas (HCC) to large liver cancers greater than 5 cm and
multiple other solid tumours including those in the kidney,
adrenal, spleen, thyroid, lung, breast, abdominal wall and
uterus [3–10]. The MWA technique has developed rapidly
over the past decade in China and has been used clinically in
more than 500 hospitals in China. MWA is another promising
local thermal ablation technique that has undergone tremen-
dous progress and expanded clinical applications because of
its favourable therapeutic efficacy. In this review, we

summarise the status and the advancement of MWA in
China, especially its application in solid tumour treatment.

Mechanism and equipment development

Microwave energy is a high-frequency electromagnetic wave
that exerts its function by inducing frictional heat from its
interaction with polar water molecules [11,12]. The water
molecules oscillate between 2 and 5 billion times to align
themselves in the field of microwave energy. This rapid
molecular rotation generates heat which leads to cell death
through coagulation necrosis which is instantaneous and
continuous until the energy is stopped. Another less import-
ant mechanism of the heat generation is the ionic polarisa-
tion which occurs when the ions move in response to the
applied microwave electric field.

All MWA systems contain three basic elements—a micro-
wave generator, a low-loss flexible coaxial cable and a micro-
wave antenna. The microwave is generated by the
magnetron. The antenna is connected via a low-loss coaxial
cable to the microwave equipment and delivers the micro-
wave energy from the magnetron to the tissue. The design
of the antenna is vital to its therapeutic efficacy. Currently,
there are five commercially available MWA devices with fre-
quencies of 915MHz and 2450MHz in China (Table 1), all of
which were invented and produced by Chinese institutes.
The device designers have focussed on a needle-like, thin,
internally cooled, coaxial-based interstitial antenna [13,14], to
achieve a larger ablation zone and to allow for percutaneous
use. The diameter of the antennas range from 1.6 to
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2.15mm (14–16 gauge), with different active-tip length
designs for different tumour types. The Kang-you MWA
machine (Kangyou Medical, Nanjing, China) is also equipped
with a thermal monitoring system which can continuously
measure the temperature in real time during ablation. The
thermal monitoring needle can be classified into thermo-
couple and thermistor-type with diameters of 0.7–0.9mm
(20–22 gauge); the needle is introduced into the tumour par-
enchyma through a non-conducting needle trocar. In the
near future, a new type of MWA equipment with function of
ablation protocol planning finished by a three-dimensional
(3D) visualisation software will enter the Chinese clinical mar-
ket, which will focus on promoting the development of preci-
sion ablation.

The status of MWA application in China and other
regions

Currently, there are more than ten different brands of MWA
systems that are clinically available in more than 10 coun-
tries; the majority of them are from China or the USA, with
only one each from the UK and Italy [15]. Most of the MWA
antennae used in the USA are shaft cooling (saline or CO2),
except for the MedWaves AveCure system (non-cooled). The
antenna diameter of the USA systems range from 12 to 17
gauge. Similar to the Chinese systems, the USA systems also
use frequencies of 2450MHz or 915MHz and are equipped
with a temperature monitoring unit. MWA is most widely
used in China, compared with other regions, and it has been
applied for the treatment of lesions in the liver, kidney,
adrenal gland, lung, thyroid, parathyroid, uterus, bone and
breast, all of which will be introduced in the following sec-
tions in detail. After China, the USA is the country with the
second highest application of MWA. The application of MWA
in the USA has been used mainly for the treatment of liver
cancer, with pilot studies in lung and renal cancers [16,17].
Italy and Germany are two other countries with a relatively
high number of MWA reports, behind China and the USA.
Italian investigators have trialled MWA therapy in the liver,
kidney, lung, pancreas and lymph nodes. With regard to liver
cancer therapy, China, USA, UK and Italy have all published
multicentre study results of MWA [18–20], but China has
examined the largest patient samples and reported the most
long-term survival data. Most of the studies from Germany
have focussed on the treatment of thyroid cancer [21]. In
addition, researchers in Japan and Korea have also performed
some preliminary studies on the use of MWA for the treat-
ment of liver and lung cancer, but only with very limited
literatures.

MWA in China for the treatment of liver cancer

The use of MWA for the treatment of liver cancer was first
reported in China in 2001 by Lu et al. [22]. Their study
included 50 HCC patients with 107 lesions (mean size
2.7 cm). Each ablation was performed at 60 W for 300 s. The
results revealed that the complete ablation rate was 94.4%
and the 3-year survival rate was 73%. After that, the MWA
technique was reported in numerous studies with larger sam-
ples of HCC patients and liver metastases patients. The larg-
est series involving the use of MWA for HCC in a single
institution was reported by Liang et al. [23]; the study
involved 288 patients with 477 tumours. The 1-, 3- and 5-
year cumulative survival rates were 93%, 72% and 51%,
respectively. Local tumour progression was observed in 8%
of the patients. Patients with a single tumour�4.0 cm and
child A cirrhosis had a higher probability of long-term sur-
vival [23]. Because MWA was most widely used for the treat-
ment of HCC, comparison studies of MWA with RFA and
surgery show an increasing tendency. Most of the studies
were retrospective and employed cool-tip applicators. The
studies’ results revealed that MWA and RFA could achieve
comparable results [24–26] in small HCC tumours. However,
only two retrospective studies were performed by Chinese
doctors comparing the treatment of HCC with MWA vs. sur-
gery conforming to Milan criteria, but the studies yielded dif-
ferent results. Wang et al. found similar results between
MWA and surgery [27] but Shi et al. detected a lower dis-
ease-free survival in patients treated with MWA [28]. There
are fewer reports on the impact of MWA on liver metastases
than there are for HCC (Table 2). The largest series was also
performed by Liang’s team, and they reported 1-, 3- and
5-year cumulative survival rates of 90.9%, 51.1% and 31.9%,
respectively [29].

For the treatment of malignancies, MWA has achieved
great progress beyond its initial use in small HCC tumours. It
has now been successfully applied in larger tumours and
tumours in risky locations (adjacent to the gallbladder,
gastrointestinal tract, large vessels, hilum, diaphragm and
marginal angle) by using it in combination with transcatheter
arterial chemoembolization, percutaneous ethanol injection,
artificial ascites and artificial pleural effusion [30–39]. As for
its safety, the MWA technique is a safe and feasible liver can-
cer therapy with relatively low major complication rates that
range from 2.2 to 3.9%, based on several large-scale studies
of MWA in the liver [40–42].

Although promising single-centre reports have demon-
strated MWA is safe and effective [22–24,43–51] as shown in
Table 2, it was necessary to evaluate this modality in a

Table 1. Commercial MWA system and antenna in China currently.

Name Company
Internally-cooled

medium
Frequency
(MHz)

Antenna
shape

Antenna diameter
(Gauge)

Antenna active tip
(mm)

Thermal monitoring
system

KY Kang You Institute, Nanjing Saline 2450; 915 Needle 16 and 15 3;5;11;22 Yes
ECO ECO Institute, Nanjing Saline 2450 Needle 15 3;5;11 Yes
MTC VikingJiu Zhou Institute, Nanjing Saline 2450 Needle 14 3;5;11 Yes
METI Fuzhong Institute, Nanjing Saline 2450 Needle 15 3;5;11 No
MTI Great Wall Institute, Nanjing Saline 2450 Needle 15 3;5;11 No

MWA: microwave ablation.
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prospective multicentre study. The first multicentre study
with a large sample was performed in China, and the investi-
gators documented that the 1007 patients with primary liver
cancer treated with MWA achieved 1-, 3- and 5-year survival
rates of 91.2%, 72.5% and 59.8%, respectively [52]. There
were three subsequent multicentre MWA studies from the
United States and Europe that demonstrated low morbidity
rates for MWA treatment of liver tumours, but they did not
provide the long-term survival and recurrence data [18–20].
Because of the advanced techniques and widespread applica-
tion of MWA in China, the Society of Chinese Interventional
Ultrasound (US) outlined the first clinical practice guideline
for percutaneous MWA therapy for hepatic malignancy [42]
to provide assistance to physicians in: (1) evaluating patients
with hepatic malignancy who may be candidates to undergo
percutaneous MWA; (2) providing relevant and updated tech-
nique information for performing this treatment, including
the mechanism, technical advantages, equipment information
and detailed procedures; (3) understanding the consequences
of this therapy and its use in combination with other modal-
ities. With the help of this guideline, more and more patients
with primary and secondary hepatic malignancies will benefit
from the favourable effects of this thermal technique. In add-
ition, MWA has been used by Chinese doctors to treat
benign focal liver lesions including haemangiomas, focal
nodular hyperplasia, inflammatory pseudotumors, solitary
necrotic nodules and hepatic adenomas with the strict indi-
cations administration [53].

MWA in the kidney

Cancer of the kidney accounts for approximately 3.5% of all
malignancies and it is the third most common cancer of the
urinary tract. Renal cell carcinoma (RCC) is the most lethal of
all the genitourinary tumours [54]. The standard of care for
clinically localised RCC remains surgical resection due to the
favourable outcomes after surgery and the relative ineffect-
iveness of systemic therapy. Because of the increased detec-
tion of small RCC, minimally invasive ablative technologies
have emerged as promising treatment options for clinically
localised RCC to reduce procedural morbidity while
maintaining equivalent oncologic effectiveness with surgery.

Effective renal cryoablation and RFA have been achieved by
open and laparoscopic approaches, as well as by percutaneous
image-guided techniques [55,56]. As one of the most recent
and exciting advances in the field of thermoablative techni-
ques, MWA now has a major role in the treatment of liver can-
cer. In contrast, research in the effect of MWA in the
treatment of small RCC is in its preliminary stages, with studies
involving small numbers of patients in the world and in China.

A Chinese research group directed by Liang performed
preclinical studies to evaluate the morphology, size and
histologic features of the ablated areas in animal renal cancer
models [57], and estimated the amount of energy that could
be deposited in tissue. On the basis of this experimental
research, Liang et al. reported the first use of MWA for the
treatment of small RCCs with a mean size less than 3 cm [58].
They observed no residual tumour or recurrence at a median
follow-up of 11 months. Following this report, there have
been several recent studies assessing the safety and efficacy
of MWA techniques for the treatment of small renal tumours
in China (Table 3) [3,58–65]. Liang et al. also reported their
experience with US-guided MWA treatment of RCC with the
largest patient volume and longest follow-up period, to our
knowledge [65]. The results shown in Table 3 demonstrate
that MWA can safely and quickly generate large ablation
zones with uniform tissue necrosis. Successful complete abla-
tion was achieved in 93.8–100% of RCC patients, with the
majority of studies showing no recurrences during a median
follow-up of 10–25.8 months and major complication rates
that ranged from 0 to 2.5%. Two researchers also performed
preliminary studies of MWA for the treatment of large benign
renal tumours and showed that the technique can provide
an effective alternative to nephrectomy for patients with
benign tumours; however, one case resulted in a fistula of
the descending colon and one case developed urinary leak-
age, which suggested that tumours near the colon and col-
lecting system needed to be ablated with particular care. The
effectiveness of MWA for the treatment of relatively large
renal tumours requires further confirmation with larger
samples.

As a new modality for the treatment of renal cancer, the
difference between MWA and traditional surgery awaits clari-
fication. Guan et al. performed a prospective randomised trial

Table 2. Major researches of MWA in primary and secondary liver malignancies treatment.

Lesions
Tumour
size (cm)

Follow-up
(Mons) CA (%) LTP (%)

Survival (%) Major
complication

(%)Author Year Patients HCC Mets System 3-year 5-year

Lu MD et al. [22] 2001 50 107 UMC-I 2.7 ± 1.5 18.1 94.4 �2 cm: 2> 2 cm: 8 73 N/A 0
Liang P et al. [23] 2005 288 477 UMC-I 3.8 ± 1.6 31.4 N/A 8 72 51 N/A
Liang P [29] 2006 128 282 UMC-I 3.5 ± 1.6 30 ± 20 N/A N/A 51.1 31.9 N/A
Dong BW [43] 2006 216 275 UMC-I 3.2 ± 0.2 40 ± 24 95.6 N/A 80.4 68.6 3.7
Kuang M et al. [44] 2007 90 Total 133 FORSEA 0.8–8.0 17.4 ± 4.4 93.2 5 N/A N/A 4.0
Jiao D et al. [45] 2010 60 96 ECO-100A 3.2 ± 0.17 17.2 ± 6.5 78.5–96.4 5.2 N/A N/A 0
Liang P et al. [52] 2012 1007 1363 KY-2000 2.9 ± 1.8 17.3 97.1 5.9 N/A 59.8 2.2
Liu Y [46] 2012 80 57 23 ECO-100C 4.6 ± 1.3 32 87.5 22.2 56.5 34.6 7.5
Wang JB [47] 2014 115 165 KY-2000 3.1 ± 1.1 28 11.8 78.7 N/A 4.3
Zhang TT [48] 2015 89 116 MTC-3C 2.6 ± 1.0 25 91 18.3 53.7 39.6 1.1
Zhang NN [49] 2015 45 60 ECO-100C 3.0–8.0 15 85.7–100 24.4 2-year 86.7 0
Sun AX [50] 2015 182 182 FORSEAþ KY-2000 3.7 ± 0.5 17.8 93 25 60 N/A 2.7
Yu J [51] 2015 1249 1876 653 KY-2000 2.8 ± 1.4 20.3 N/A 4.3 70.1 52.4 N/A

HCC: hepatocellular carcinoma; CA: complete ablation; LTP: local tumour progression; N/A: not available.
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comparing MWA with partial nephrectomy in a cohort of 48
patients [61]. Yu et al. reported their experiences in retro-
spective comparative studies between MWA vs. open radical
nephrectomy in 65 patients, and MWA vs. retroperitoneal lap-
aroscopic radial nephrectomy in 98 patients with small RCC
[62,65]. They both concluded that MWA and surgery could
achieve comparable oncologic outcomes in RCC patients.
However, MWA resulted in lower estimated blood loss, renal
function injury and postoperative hospitalisations. To date,
there have been no other comparative studies between
MWA and other modalities including RFA, and cryoablation
for the treatment of RCC. In summary, MWA appears to be a
safe and effective technique for the management of RCC,
particularly small RCC in selected patients with less tumour
invasion. The outcomes of prospective clinical studies that
compare MWA with other ablation technique will determine
the specific opportunities for the development of MWA for
this indication.

MWA in the lung

Lung cancer is the most common cancer diagnosed world-
wide with 1.3 million new cases every year. However, only
20% of all diagnosed lung tumours are resectable. MWA for
the treatment of lung cancer was first attempted in 2002 in
China, using computed tomography (CT) guided imaging. US
guidance is only feasible for lung cancers in peripheral loca-
tions that can be visualised with ultrasound. A few other
groups have tried to apply MWA for the treatment of lung
tumours (Table 4). The rate of complete necrosis observed in
lung tumours ranged from 56.3 to 84.8% [5,66–72]. Because
MWA was mainly used to treat inoperable pulmonary malig-
nancies, the LTP after MWA treatment of larger tumours was
still a major problem. Most of the studies did not achieve
good long-term survival results for this initial application of
MWA for lung cancer. The most common complication was
pneumothorax with an incidence rate of 1.5–20.6% [5,66–72].
Other common complications after MWA include chest pain,
haemoptysis, skin burns, fever, pleural effusion and pulmoni-
tis. Severe complications were rare.

Compared with traditional pneumonectomy surgery, MWA
represents a potentially safe, effective and less invasive per-
cutaneous technique for the treatment of lung malignancies.
With more widespread application and clinical experience,
MWA may become a valid treatment option in lung

malignancies and it may improve survival in patients who are
not appropriate for surgery.

MWA in the thyroid

Publications on the use of MWA for benign and malignant
thyroid nodules are limited; the first studies were reported
by Chinese researchers. Feng et al. first demonstrated the
feasibility of MWA to treat benign thyroid nodules and
reported a mean volume reduction rate of 45.9% (from 1 to
9 month) [6]. Yue et al. achieved better results in a larger
study of 477 benign nodules, and reported a mean volume
reduction of 65% at 6-month follow-up [73]. Yue et al. also
tried to treat solitary thyroid microcarcinoma and recurrent
papillary thyroid carcinoma with MWA [74,75]. Their results
demonstrated complete necrosis of all lesions without recur-
rence and suggested that MWA may be an alternative treat-
ment option for malignant lesions in selected patients. The
possible major complications of oesophageal perforation, tra-
cheal injury, abscess, permanent hypothyroidism and deep
haematomas that have been reported sporadically with laser
ablation and RFA have not been reported with MWA. The
incidence of vocal cord paresis was 3.6% after MWA; most of
the symptoms were transient and most patients completely
recovered their vocal cord function, either spontaneously or
after active drug treatment [73]. The moving shot technique,
the fluid dissection technique and the use of the modified
small-bore antenna may decrease the risk of nerve injury and
haemorrhage.

Although initial studies determined that MWA was a safe
and effective alternative technique for benign nodules and
small cancers of the thyroid, prospective randomised large
studies comparing MWA with other techniques such as sur-
gery, RFA and laser ablation are necessary to determine the
efficacy, safety, cost/benefit balance and quality of life
outcomes.

MWA in the spleen

Classic splenectomy is regarded as a first-line choice for
hypersplenism and splenic tumours. The spleen is an import-
ant immune organ that defends against infection.
Preservation of 25–50% of the spleen can ensure adequate
physiological function, especially immune function [76].
Chinese researchers have evaluated MWA as a technique to

Table 3. Major researches of MWA in renal tumours treatment.

Author Year System Tumour type
Tumour
number

Tumour
size (cm)

Follow-up
(Mons) CA (%) LTP (%)

Survival (%)
Major

complication (%)3-year 5-year

Liang P et al. [58] 2008 KY-2000 RCC 12 2.0 11 100 0 N/A 0
Bai J et al. [59] 2010 KY-2000 RCC 23 2.8 20 94.4 0 N/A 0
Guan W et al. [60] 2010 KY-2000 hamartoma 16 4.6 16 93.8 0 N/A 6.3
Yu J et al. [3] 2012 KY-2000 RCC 46 3.0 20.1 98 6.1 100 0
Guan W et al. [61] 2012 KY-2000 RCC 48 3.1 ± 0.8 36 95.8 4.2 91.3 N/A 2.0
Yu J et al. [62] 2014 KY-2000 RCC 65 2.7 ± 0.9 20.3 100 1.5 97.1 97.1 2.5
Lin Y et al. [63] 2014 KY-2000 RCC 14 1.0–8.4 9.5 93.8 0 N/A 0
Han ZY et al. [64] 2015 KY-2000 angiomyolipoma 19 3.4 ± 1.7 10 78.9 0 N/A 5.3
Yu J et al. [65] 2015 KY-2000 RCC 98 2.7 ± 0.9 25.8 100 1.0 97.0 97.0 1.7

RCC: renal cell carcinoma.
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preserve part of the spleen in the treatment of hypersplen-
ism and splenic tumours. For hypersplenism, the higher the
splenic volumes that were ablated (over 40–50%), the more
the levels of leukocytes, platelets and peripheral lymphocyte
subsets improved [77–79]. Jiang et al. [79] completed the lat-
est study with the largest patient sample and evaluated the
effects of MWA in 38 patients with secondary hypersplenism
caused by hepatic cirrhosis. The ratio of ablation volume
ranged from 20 to 40%. The leukocyte and platelet levels
started to increase after the 1st week, and 45% of the
patients peaked at 3 months, 32% at 6 months, 13% at 12
months, and 10% peaked at 24 months after ablation. The
clinical symptoms of fatigue, bleeding gums and skin
ecchymosis were definitely improved.

Tumours of the spleen, whether benign or malignant, are
relatively rare entities. Thus, data on the use of ablation for
splenic tumours are rather limited. To date, only two papers
have reported on the use of MWA for splenic tumours,
and both were performed by Liang’s team [7,80]. In their lat-
est study, they evaluated the feasibility and effects of MWA
in 7 patients with 2 benign splenic nodules (diameter range,
5.9–6.3 cm) and 6 malignant nodules (diameter range,
1.3–2.9 cm). All 8 of the nodules showed no progression for
4–48 months and no complications occurred; intraperitoneal
haemorrhage was the major risk.

These limited studies have suggested that MWA is feasible
and effective for the treatment of splenic diseases. Although
there are no reports on the comparative efficacy of MWA,
RFA and HIFU for splenic diseases, due to the higher thermal
efficacy of MWA, there is more potential advantage of MWA
in the spleen due to its rich blood supply. The application of
this new ablation technique in the spleen merits further
exploration and discussion.

MWA in the uterus

Several treatments are commonly used to relieve the symp-
toms of patients suffering from adenomyosis and uterine fib-
roids. Hysterectomy ensures permanent relief of fibroid or
adenomyosis related symptoms, but it is associated with sig-
nificant morbidity and guarantees infertility. Many patients
would prefer alternative modalities for the permanent allevi-
ation of the symptoms of this benign disease rather than a
surgical radical hysterectomy. Cheng et al. first reported on
transvaginal MWA as a minimally invasive treatment for
pedunculated submucosal fibroids in the vagina in 1997 [81].
Zhang et al. first reported on US-guided percutaneous MWA
for symptomatic uterine fibroid in 2008 [82]. Since then,
MWA has developed rapidly as a minimally invasive manage-
ment technique for uterine fibroids within the last several
years in China, with a reported 1-year volume reduction of
93.1% [83]. The use of MWA for adenomyosis was first
reported in 2011 by Zhang et al. [84]. Their group evaluated
the largest sample of MWA therapy for adenomyosis in 142
patients [85]. All of the patients tolerated the therapy well
and reported significant clinical improvements during the fol-
low-up period, with the 1-year symptoms severity score
improving 99.3%. MWA of uterine fibroids can eliminate orTa
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effectively relieve the clinical symptoms and improve quality
of life by shrinking the fibroids and eradicating adenomyosis
tissue. The advantages of this use of MWA are that the pro-
cedure is easy to perform, minimally invasive, safe and it pre-
serves the uterus. However, because this is a relatively new
method for treating disorders of the uterus, comparative
studies with other established minimally invasive techniques
such as uterine artery embolisation are warranted.

MWA in the adrenal gland

Metastatic lesions, functional adrenal neoplasms and larger
benign adrenal neoplasm are the indications for the treat-
ment of adrenal lesions. Because of the relatively high com-
plication rates with adrenalectomy, ablation is a promising
technique for the percutaneous treatment of adrenal
tumours. There are only three published reports on MWA in
adrenal tumours in China, with a total of 47 patients
[4,86,87]. According to Ren et al. who studied 33 patients for
a follow-up period of 24 months, technical success was
achieved in all cases. The rate of local tumour progression
was 15.2% for all of the patients, and there was a significant
difference noted between tumours �5 cm and>5 cm
(p< 0.01). For the seven cases of metabolically active adrenal
tumours, all of the patients demonstrated normalisation of
the abnormal biochemical markers after the ablation. One
patient with a pheochromocytoma experienced a hyperten-
sive crisis during MWA treatment that was relieved after the
ablation was paused and an intravenous drug was adminis-
tered. Percutaneous MWA of adrenal tumours appears to be
a feasible technique for local adrenal tumour control and to
treat hormonally active tumours with clinical syndromes,
especially for tumours that are �5 cm. Larger multi-centre
studies with long-term follow-up are required to further
examine the clinical efficacy of this therapy.

MWA in other organs

MWA has also been trialled to treat solid tumours in multiple
other organs including the bone, breast, abdominal wall and
bladder [8,9,88–95]. Published reports have been very scarce,
and the technique has not been widely used in these organs,
as in the liver, kidney and lung, but the preliminary results
were encouraging. By combining MWA with osteoplasty,
technical success and pain relief were achieved in all 33
patients who suffered from extraspinal bone metastases and
11 patients with osteosarcoma invading the epiphysis [88,89].
Because MWA seemed to provide adequate local tumour
control, it made it possible to salvage more native joints and
bone. For breast cancer therapy, MWA has fewer published
reports than RFA. The only two trials were from Zhou et al.
[9,90] in China; they showed that 97.3% of tumours achieved
complete coagulation with cancer up to 3.0 cm in the largest
diameter in 41 patients and 100% technique success was
achieved in 12 patients with cancer up to 2.0 cm in the larg-
est diameter. By combining MWA with neoadjuvant chemo-
therapy, an alternative method was made available for
small breast cancer patients without surgical options, but the

long-term outcomes need to be determined in the future.
Sun et al. and Qi et al.[91,8] also attempted to treat bladder
cancer and abdominal wall metastases with MWA; they
reported comparable results to surgery and thus provided
another treatment option for these patients. Some prelimin-
ary MWA studies have been performed in prostate cancer,
endometrial and vessel therapy [92–95] which have laid the
foundation for future clinical therapy.

Precision ablation in China

Precision ablation involves achieving complete and conformal
necrosis of a tumour in a 3D space without injuring other
adjacent tissues. Now that MWA is a mature technique in
China, some experienced researchers have begun to pursue
precision ablation in recent years. Liang’s group first tried to
achieve precision MWA in liver tumours by using multimodal
imaging fusion navigation and a computer-assisted 3D visual-
isation ablation planning system which was invented by their
group [96–99]. The development and clinical use of this abla-
tion planning system are also leading research internation-
ally. The 3D visualisation ablation planning system uses
integrated electromagnetic tracking technology with guid-
ance and planning software. The system has the function of
loading the preprocedural images, performing offline tumour
segmentation, creating an interactive puncture path plan-
ning, real time navigation during ablation procedure and
ablation effect evaluation (Figure 1). Pilot results showed that
the system can achieve a higher success rate of first ablation
and fewer sessions; further studies are ongoing and
expected. Several other groups have performed studies on
image fusion techniques for guiding ablation and assessing
ablation margins in liver tumours [100,101]. In combination
with advanced imaging techniques, tumour ablation will be
established on a platform of precision, safety and efficiency.

Technology and market share of MWA in China

Because many clinical uses of MWA have not been published
yet, it is not accurate to illustrate the extent of the adoption
of MWA in China based solely on published reports.
Therefore, we performed a nationwide hospital survey and
learned that MWA and RFA dominated 20% and 80% of the
thermal ablation field for liver cancer 5–10 years ago,
respectively. However, in the last 5 years, with the broad
application of MWA techniques in multiple organs, MWA
dominated approximately 50% of the thermal ablation field
in liver, kidney, thyroid, lung and uterus lesions, and other
ablation techniques dominated approximately 50% of abla-
tion field. This may be related to the higher efficacy and
shorter ablation time of MWA, which can provide a high effi-
ciency to treat the large number of tumour patients in China.

When comparing MWA with other ablation techniques,
the most powerful results are from the studies of HCC ther-
apy. Most comparative studies have demonstrated that MWA
can achieve similar results to RFA in the treatment of HCC.
However, for the treatment of other tumours, there are no
comparative studies to illustrate the differences between
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MWA and other techniques. According to our recent review
papers on MWA therapy in the liver and kidney [21,102],
MWA achieved the similar encouraging results in China com-
pared with the results in other regions. For other types of
tumours, however, there are less data to illustrate the
regional differences.

Conclusion

MWA has proven to be a successful technology with the
advantage of high thermal efficiency for the treatment of
cancer. Many successful studies have been conducted in
China, and more widespread use of MWA has been achieved
in multiple types of cancer, particularly in liver cancer. The
technical advantages of MWA have attracted more and more
researchers from Europe and the USA to focus on it.
However, it is still a relatively novel method, and its use is
not yet comparable to that of surgery and RFA for treating
tumours. With improvements in MWA equipment design and
treatment strategies, the advantages of MWA should be

recognised more widely because it has been proven to be
effective. In conclusion, MWA is a promising method and will
likely be used increasingly for the ablation of tumours in
multiple organs.
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