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Introduction

Renal cancer is the third most common urologic cancer 
after prostate and bladder cancers (1). It is the sixth leading 
cause of death per solid cancer in industrialized countries (2). 
The growing use of imaging studies [computed tomography 
(CT), magnetic resonance imaging (MRI), ultrasound (US)] 
in order to access many diseases has profoundly changed 
the natural history of kidney cancer. Currently, almost half 
of kidney tumours are discovered fortuitously (3). The 

evolution of imaging techniques enables the detection 
of small renal tumours, often asymptomatic and non 
metastatic, therefore associated with better prognosis. The 
different presentation and prognosis of these small renal 
cancers have encouraged the development of nephron-
sparing treatments. Thus, partial nephrectomy has become 
the standard treatment for localized tumours stage T1 
(≤7 cm) (4). However, many patients with small renal cell 
carcinoma (RCC) are not eligible for surgical treatment due 
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to several reasons: multiple comorbidities, advanced age and 
already altered renal function.

New percutaneous ablative treatments have therefore 
emerged. Thermal ablation by radiofrequency or cryotherapy 
is increasingly considered as a reliable alternative to treat 
inoperable patients (4). Other percutaneous ablative 
techniques, such as microwave ablation (MWA) were 
developed more recently. MWA has several theoretical 
advantages over other available techniques (5,6): higher and 
homogeneous heating temperature, faster procedure, greater 
volume of tumour ablation and more complete destruction 
of tumours close to blood vessels due to reduced cooling. For 
these reasons, in our practice, the majority of percutaneous 
renal tumours destruction is now performed by MWA. 
Nevertheless, there are only few series currently available in 
the literature reporting the efficiency of this technique.

The aim of our study was to evaluate the efficacy, 
complications and mid-term results of MWA for inoperable 
patients with small renal tumours. Given that MWA was 
a common practice, the local ethics committee did not 
request additional consent.

Materials and methods

Patients

Between August 2012 and February 2015, 29 tumours were 
treated with MWA in 23 patients in our academic hospital: 
20 patients with a single tumour targeted, one patient with 
two tumours targeted, one patient with three tumours 
targeted and one patient with four tumours targeted. 
Characteristics of our study population are summarized in 
Table 1. Patients included were all referred by urologists 
after being disqualified from surgical treatment for different 
reasons: advanced age ≥75 years (14 patients), significant 
comorbidities (14 patients with synchronous cancer in 
another organ during treatment), bilateral or multiple 
tumours (three patients), hereditary cancer (two cases 
of Von Hippel Lindau disease), recurrence after partial 
nephrectomy (one patient), recurrence on solitary kidney 
after contralateral total nephrectomy (one patient) or kidney 
transplant (one patient).

For patients to be eligible for this treatment, the targeted 
tumour had to be in an accessible location of tumour stage 
T1 (≤7 cm) without any lymph node involvement (N0) or 
distant metastasis (M0). The choice of this treatment was 
validated in a multidisciplinary meeting.

The depth of the tumour was defined according to four 

stages depending on its relations with perirenal fat, renal 
parenchyma and hilar structures (vessels, excretory cavities) 
(Figure 1) (7). Only exophytic (n=18) and parenchymal 
(n=11) tumours were treated in our series. No central or 
mixed tumours were treated.

Of 23 patients, four were on dialysis for chronic 
terminal kidney disease (CKD), seven were moderate 
CKD [glomerular filtration rate (GFR) estimated between 
30-60 mL/min].

Only eight patients in our series underwent a biopsy prior 
to the ablathermy, that confirmed the diagnosis of RCC in all 
cases. The other patients had either typical imaging findings 
with cystic lesions characterised as Bosniak IV or a marked 

Table 1 Summary of the characteristics of our study population

Characteristics Average (range, SD) or proportion [%]

Age (years) 75 (55-90; ±9.7)

Gender

Men 17 [74]

Women 6 [26]

Tumour size (cm) 2.7 (1-4.7; ±1.3)

Tumour stage

T1a 17 [79]

T1b 6 [21]

Localization

Parenchymal 18 [62]

Exophytic 11 [38]

Type

Solid 24 [83]

Cystic 5 [17]

SD, standard deviation.

A CB

Figure 1 Tumour localization. (A) Exophytic tumour (gray colour) 
becoming increasingly embedded in the renal parenchyma. On 
the extreme right, a lesion without component surrounded by the 
perirenal fat therefore regarded as intraparenchymal. Tumours 
are considered exophytic when 25% or more of tumour diameter 
is in contact with the perirenal fat; (B) central tumour, which by 
definition extends into the renal sinus, but not beyond the renal 
capsule; (C) mixed tumour with components in the renal sinus fat 
and in the perirenal fat.
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evolution between two successive examinations.

MWA procedure

In all cases the same system was used: MTA Aculis 
(AngioDynamics, NY, USA) which consists of a microwave 
generator, a control station (temperature monitoring during 
the ablation) and applicators or antennas with integrated 
cooling system. The generator delivers a power of 60 to 
140 W at an operating frequency of 2.45 GHz. Only one 
applicator can be used at a time, available in three lengths, 
14, 19 or 29 cm, for a diameter of 15 Gauges or 1.8 mm. 
A pump system provides a flow of saline in the cable and 
within the applicator, in order to prevent overheating of the 
applicator in normal tissues.

An applicator per patient was used at a cost of €1,385 
excluding tax. Each patient was seen during a consultation 
by the radiologist prior to performing the gesture, to 
explain the procedure, possible complications and collect 
oral and written consent.

Hospitalization was scheduled the day before the 

treatment in the urology department for 2 days (discharge 
the day after the treatment in the absence of complications). 
Ablathermy procedures were all carried out under general 
anaesthesia. The applicator was positioned percutaneously 
under CT or US guidance. The position of the applicator was 
controlled by a CT acquisition before heating. The ablation 
volume and ablathermy duration were defined prior to the 
procedure according to the manufacturer’s instructions.

A hydrodissection technique was used in five patients 
with tumours close to the colon to protect it. A CT scan 
was performed immediately after thermal ablation to access 
the volume of tumour destruction and the absence of 
immediate complications (hematoma, urinoma) (Figure 2).  
All procedures were performed by two experienced 
interventional radiologists (R Loffroy and JP Cercueil, with 
17 and 10 years of experience, respectively).

Follow-up

Each patient was monitored in the urology department after 
treatment: vital signs were taken, pain was assessed with a 

Figure 2 Example of a MWA procedure under CT guidance for a cystic tumour Bosniak IV of the posterior lip of the left kidney. (A) 
Locating tumour site with contrast injection: cystic lesion Bosniak IV of the posterior lip of the left kidney; (B) locating MWA applicator 
before heating: MWA applicator in place; (C, D) CT scan after heating prior (C) and after (D) withdrawal of the applicator demonstrating 
adequate volume of tumour destruction. MWA, microwave ablation; CT, computed tomography.
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visual analog scale, blood samples were drawn to include the 
analysis of serum creatinine levels.

A follow-up with renal MRI was performed in all patients 
at 2 months, 6 months, 1 year and annually for 5 years 
when no recurrence was detected, in addition to the usual 
clinical oncology follow-up by the urologist in charge of 
the patient. Only one patient was followed by CT of the 
abdomen and pelvis with contrast medium injection, because 
of a pacemaker placement 6 months after thermal ablation. 
The MRI protocol was standardized and included Haste 
axial and coronal T2-weighted fast sequences, diffusion 
sequences and especially fat-sat turbo spin echo (TSE) T1-
weighted sequences without and with intravenous injection 
of gadolinium with contrast-enhanced dynamic study and 
subtractions.

Definition

The primary endpoint of this study was the technical 
efficiency, defined by the absence of residual vascularized 
tumour on MRI control performed 2 months after 
treatment. Any residual enhancement confirmed by 
subtraction sequences was considered as residual tumour 
and thus as failure of the procedure. Clinical success 
corresponded to the absence of tumour recurrence at the 
following MRI beyond 2 months. Complications were 
classified as minor or major according to the Society of 
Interventional Radiology (SIR).

Statistical analysis

The quantitative values (patient age, tumour size, length of 
hospital stay and follow-up time) were expressed as mean, 
standard deviation (SD) and the inter-quartile range (IQR). 
Qualitative values (technical efficiency, clinical efficacy, 
mortality, complications) were expressed by frequency and 
proportion. Differences in creatinine levels were analyzed 
using the Student paired t-test or using the paired Wilcoxon 
test. The significance level adopted was P<0.05. Length of 
survival without recurrence was calculated using Kaplan-
Meier method.

Results

The MWA procedure was performed in 23 patients with 
a technical efficiency of 96%, only one patient did not 
benefit from the MRI control at 2 months (death after the 
procedure). One ablathermy procedure by tumour was 

sufficient for all patients. The procedure was rapid in most 
patients as a single heating of the tumour was necessary 
(duration ≤6 min per tumour).

During a mean follow-up of 12.2 months (IQR:  
0-25 months, SD: 6.6 months), no locoregional or distant 
recurrence were observed, indicating a clinical success 
rate of 100%. The recurrence-free survival rate was 78%  
(Figure 3). The average length of hospitalization was  
2.2 days (IQR: 1-5 days, SD: 1 day).

One patient experienced a major complication (4%). He 
experienced a hypertensive crisis in the immediate course 
of the procedure leading to an acute pulmonary oedema 
complicated by cardiogenic shock and death. Three 
minor complications (13%) were identified: a perirenal 
hematoma, a perirenal urinoma and a fracture of the tip 
of the applicator (1 cm to the tip) after repositioning in 
a patient with several targeted tumours. No additional 
specific treatment was required for these complications. 
Among the 13 of 23 patients with available data included 
in the statistical analysis, no significant changes in renal 
function (creatinine levels) were noted before treatment 
and at day 1 after treatment (P=0.57).

Discussion

The therapeutic options for small localized renal tumours 
are surgery (partial or total nephrectomy), thermal ablation 
or active surveillance (4). Partial nephrectomy is considered 
the gold standard treatment. It remains a risky surgery with 
significant complication rates. Some authors have reported 
up to 20% of perioperative complications including 6% of 
patients requiring revision surgery, even if complications are 
less frequent with new robot-assisted surgical techniques (8). 

Kaplan-Meier survival estimate
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Also, some kidney tumours occur in locations not as easily 
accessible to surgery.

Increasingly, kidney tumours are discovered incidentally 
at a localized stage in elderly patients, with significant 
comorbidities, severe renal impairment, short life 
expectancy or a major surgical risk. In these patients at risk 
for surgery, thermal ablative techniques as radiofrequency 
ablation or cryotherapy are recognized today as reliable 
therapeutic alternatives. Many studies have shown that 
technical efficiency and recurrence-free survival rates were 
comparable between partial nephrectomy and thermal 
ablation techniques (9,10). Furthermore, percutaneous 
techniques allow preservation of renal function (11), which 
is essential given the pejorative consequences of chronic 
kidney disease in terms of morbidity and mortality. The 
MWA technique has several theoretical advantages and 
recent publications found very encouraging results in this 
indication (12-16). Yu et al. (14) reported a comparable 
oncological effectiveness between US-guided MWA  
(65 patients) and total nephrectomy (98 patients) on a 
series of 163 patients after a 5-year follow-up. Lin et al. (15)  
reported a technical effectiveness of 93.8% of the MWA 
without major complications for the treatment of RCC 
in a series of 14 patients with solitary kidney. Carrafiello 
et al. (16) reported a 100% efficiency rate of the MWA 
technique without major complications for the treatment 
of seven cystic lesions Bosniak III or IV. The MWA 
technique may also be used safely in patients with an 
implantable cardiac device because of the absence of 
dispersion plate (17), such as for radiofrequency.

Our study,  one of the most important to date, 
corroborates the literature results with a technical efficiency 
of 96% and shows that the MWA is an effective and safe 
technique for the treatment of localized small renal tumours. 
Our results in terms of survival are more disappointing, 
since four patients died during follow-up. However, none 
of the four deaths were directly attributable to local 
recurrence or metastatic renal tumours or ablathermy: 
one death from cardiogenic shock complicating a heart 
attack 18 months after the procedure, and three deaths 
related to another metastatic cancer (pleural, prostate and 
pancreas primary cancer, respectively). Moreover, there 
is clearly a bias selection since all of our patients were 
challenged for surgical treatment. Most had significant 
comorbidities including 14 patients with other cancer 
during treatment. These patients had from the start a 
short life expectancy lowering the sample survival. Only 
one major complication occurred shortly after thermal 

ablation procedure and caused the death of the patient  
2 days after the procedure due to acute pulmonary 
oedema. However, this complication was due to an 
important but underestimated anaesthetic risk in a fragile 
patient of 85 years.

All MWA procedures were performed under CT 
guidance or in combination with US guidance. Some teams 
work under US guidance alone. Nevertheless, we believe 
that the CT guidance has several advantages: more accurate 
determination of tumour limits and relations of tumours to 
treat, more accurate positioning of the applicator, control of 
thermal ablation zone after heating, possibility to treat more 
targeted lesions on the same kidney without significant 
motion artifact, reliable detection of early complications 
such as hematoma or urinoma. The US guidance can be 
as effective, fast and accurate to position the applicators 
especially for superficial lesions, in case of respiratory 
motion. However, US guidance is limited by the narrow 
acoustic window and formation of gas bubble altering the 
image quality with artifacts after starting of the heating.

All patients were monitored by renal MRI at 2 months, 
6 months, 1 year and annually in the absence of recurrence. 
Many authors have described the changes in appearance 
over time of a tumour after thermal ablation (18,19). There 
is currently no published study comparing the differences in 
appearance after microwave treatment and other methods of 
thermal ablation. The most sensitive imaging techniques for 
monitoring are CT scan with contrast medium injection and 
especially renal MRI with subtraction sequences, which is 
more sensitive for the detection of a residual tumour contrast 
enhancement (Figure 4). Moreover, the injection of contrast 
media is crucial to detect a residual tumour or a recurrence. 
Macrocyclic gadolinium products can be injected to limit the 
risks of nephrogenic systemic fibrosis in patients with poor 
renal function. MRI is therefore the method of choice in our 
practice for these reasons and for radiations purposes, despite 
its higher cost and lower availability.

Our study has several limitations, in particular because 
of the retrospective data collection. Due to limited number 
of patients, our study lacks power and cannot highlight 
differences compared to the other thermal ablative 
techniques currently available. A longer-term assessment 
is also necessary to draw any reliable conclusions in 
terms of oncologic efficacy. Also, all Cancer Committees 
of Urological Associations recommend that a biopsy is 
performed for histological evidence of malignancy before 
thermal ablation procedure (grade C) (4). Only eight 
patients in our series underwent a biopsy to confirm 
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the diagnosis of RCC. We did not biopsy five cystic 
masses because the Bosniak classification allowed us to 
reliably assess the risk of malignancy (type IV). The other  
11 patients all had a typical imaging progression of the 
lesion between two successive examinations. Conducting 
a biopsy during an additional procedure prior to ablation 
was debatable in these patients with a short life expectancy, 
especially as most of them were under antiplatelet therapy 
and/or anticoagulant. Performing a biopsy during the 
same session as the ablation did not seem very useful and 
therefore not ethically justified. Indeed, histologic diagnosis 
in this case will have no impact on the patient management 
since the ablation will already be performed by the time 
the results would be received. Even if the biopsy results 
were negative, it would be more careful not to reduce 
follow-up. Indeed, the risk of false negative biopsy remains 
significant (1%) (20). In addition, some authors have 
shown that there may be recurrence in these patients. 
Permpongkosol et al. (21) for example, have found two 
cases of recurrence after thermal ablation in 19 patients 
with prior negative biopsy (21). Moreover, it is logical 
not to biopsy cystic lesions. Finally, it seems important 
to note that our results are valid with the MTA Aculis 

system. There are indeed many differences between MWA 
devices currently available, making future comparison with 
different devices and needles necessary.

Conclusions

The MWA technique appeared to be an effective 
therapeutic alternative, safe and fast for the treatment of 
localized small exophytic and parenchymal renal tumours in 
non-operable patients. It would be necessary to conduct a 
randomized prospective study comparing MWA to surgical 
treatment and to other percutaneous ablation techniques 
to define the future role of this specific therapy in the 
management of selected patients with localized RCC.
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Figure 4 Renal MRI 2 months after MWA of a 4.7 cm exophytic tumour of the left kidney. (A) Axial T2-weighted Haste sequence showing 
a hypointense tumour ablation zone. A halo sign in the perirenal fat is visible; (B) T1-weighted sequence before injection with saturated 
fat signal highlighting typical necrotic-haemorrhagic alterations spontaneously hyperintense; (C) T1-weighted sequence after gadolinium 
injection showing residual artifactual hyperintense signal in the thermal ablation zone; (D) subtraction sequence illustrating the absence of 
enhancement and therefore of residual tumour, thus demonstrating the excellent results of the MWA procedure. MRI, magnetic resonance 
imaging; MWA, microwave ablation.
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