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Abstract

Objective: This present study aimed to evaluate the short- and mid-term results and outcomes, efficacy, safety, and possible prognostic
contributions of ultrasound (US)-guided percutaneous microwave ablation (MWA) treatment performed on small renal masses (SRM).

Methods: We retrospectively analyzed the patients who had undergone US-guided percutaneous MWA of SRM using both their patient files
that contained all of the follow-up informations and all the radiological images on the local picture archiving and communication system
between July 2016 and July 2019. Age and gender of the patients were recorded. The following data and parameters were also obtained:
histopathologic type of the SRM, pre and postablative tumor size in three dimensions (width, length, and height), tumor localization, the
ablation procedure data (patient position, time, energy, presence of repeated ablation, adjacent structures, usage of protective techniques
such as hydrodissection), time of local recurrence, and renal function test and parameters (urea, creatinine, and glomerular filtration rate).
Results: Thirteen patients with thirteen solitary SRMs that were ablated using MWA under USG-guidance were found. We performed one
session for six lesions (46%), two sessions for six lesions (46%), and three sessions for one lesion (8%). Mean ablation time for each session was
2.54 minutes (range: 1.5-4). We demonstrated a complete ablation, which is a primary success, in eleven patients (84%) in the first month
control computed tomography imaging. Two residual tumors were detected in two patients (16%).

Conclusion: MWA for the treatment of SRM is an effective and safe method with high technical success and low complication rates and good
short- and mid-term results and outcomes.
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instruments and techniques, the fact that nephron-sparing
surgery has similar functional and oncological outcomes in
the treatment of renal tumors smaller than 4 cm (SRM) as
radical nephrectomy has made this treatment approach to be

INTRODUCTION

Regarding the current management of small renal masses
(SRMs), which refers to tumors with sizes smaller than 4 cm,
there are several treatment methods depending on the patient’s

condition and clinical status, including open, laparoscopic
or robotic partial or total nephrectomy, percutaneous or
laparoscopic thermal and non-thermal ablations (1). Radical
nephrectomy has been accepted for many years as the gold
standard treatment approach in the management of renal
tumors including SRM (2,3). Due to the advances in surgical

accepted as the new gold standard in the treatment of SRMs
(4-8).

While these developments were experienced in surgical
treatment, a significant increase was observed in the incidental
detection of these tumors in parallel with the technological
developments in the field of radiological imaging (8).
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Moreover, with the advances in imaging methods that are
used for the ablation guidance, minimally invasive local
tumor treatments that began with alcohol injection, continue
today with thermal ablation methods such as radiofrequency
ablation (RFA), microwave ablation (MWA), cryoablation (CA),
and the non-thermal ablation method, which is irreversible
electroporation (9-11). The current literature reports that the
local ablative treatments showed similar oncological outcomes
when compared to the surgical treatment methods. However,
local ablative treatment methods had lower complication
rates and superior outcomes in renal function protection
(12-15). Shorter recovery times and hospital stays, being
minimally invasive procedures, having a minimal risk on
ischemic injury, and their nephron-sparing features, are some
of the advantages of the local treatment options over surgery.
Due to these described features and advantages, local ablative
treatment choices offer curative nephron-sparing treatment
in SRM, especially for the patients having comorbidities that
make surgery impossible (16-20).

There are several articles regarding RFA and CA in the treatment
of SRM under the guidance of cross-sectional imaging such
as computed tomography (CT) and magnetic resonance (MR)
imaging in the current literature. Nevertheless, there are
limited data regarding the MWA of SRMs under ultrasound
(US)-guidance (11). This present study aimed to evaluate the
short- and mid-term results and outcomes, efficacy, safety, and
possible prognostic contributions of US-guided percutaneous
MWA treatment performed on SRM.

METHODS

This retrospective study was approved by the local ethics
committee (Prof. Dr. Cemil Tascioglu State Hospital, 48670771-
514.10). Informed consent was obtained from all the patients.
The authors confirm that the study was carried out in accordance
with the Declarations of Helsinki.

Patient Selection

We retrospectively analyzed the patients who had undergone
US-guided percutaneous MWA of SRM using both their patient
files that contained all of the follow-up informations and
all the radiological images on the local picture archiving and
communication system between July 2016 and July 2019. All the
patients were asymptomatic individuals with the coincidental
detection of a SRM that was compatible with a T1 tumor
according to their CT or MR images. T1 tumor was accepted as
a tumor that was 7 cm across or smaller and was only present
in the kidney with no spread to lymph nodes or distant organs.
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All the patients were technically appropriate for percutaneous
MWA.

Microwave Ablation Procedure

All MWA procedures were performed percutaneously by a
radiologist who was experienced in interventional radiology
and performed more than 15 percutaneous thermal ablation
treatment with using only US guidance under deep sedation.
MWA systems were 15-gauge electrodes with 2.45 GHz Solero
and Acculis MWA generators (Angiodynamics, New York, USA)
in all the procedures. Aplio 500 US system (Toshiba Medical
Systems Corporation, Tochigi, Japan) had been used with
3-6 Mhz convex or 4-9.2 Mhz linear array transducers for the
ablation guidance. All the patients whose preparations were
made before the procedure were positioned on a sterile table
in prone, lateral decubitus, or modified decubitus positions
in accordance with the procedure plan. Following the local
anesthetic infiltration throughout the ablation tract, the MWA
probe was advanced towards the center of the lesion. Once the
active part of the ablation probe was positioned at the center
of the targeted ablation zone, two interventional radiologists
checked whether the lesion had been centralized or not from
different planes using US probe maneuvers. After ensuring the
correct position, the ablation was started with deep sedation.
The ablation time and energy level were selected from the
guide determined by the manufacturer and adjusted to fit the
lesion size properly, including the safety zone which was at
least 5 mm for each margin around the tumor. Midazolam
hydrochloride (3-5 mg) and fentanyl citrate (100-300 ug)
were administered intravenously for the deep sedation.
Immediately after adequate sedation, the ablation process was
begun. The ablation process was controlled by following the
bubbles, indicating the ablation and spread throughout the
ablation zone around the probe with dynamic USG imaging
(Figure 1). When considering incomplete ablations like in the
case of large tumors or tumors in challenging locations etc., it
was tried to cover the all lesion by repositioning the ablation
probe.

Patient Follow-up and Definitions

Immediately after the ablation process, all the patients were
referred to their clinic’s inpatient service to monitor their vital
signs, blood parameters, and renal function tests during the
post-procedural first day. Control CT or MR imaging with US
were obtained for each patients to evaluate the presence early
complications and major residual tumor at the end of the
first day after the ablation. The cross-sectional imaging was
performed with intravenous contrast material administration
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depending on the kidney functions of the patients. Then,
all the patients underwent contrast enhanced (CE) CT scans
or dynamic CE MR imaging were performed quarterly in the
first 2 years, and biannually thereafter for follow-up (Figure
2). Besides, diffusion-weighted (DW) MR imaging obtained at
different b values and apparent diffusion coefficient maps
created from these data were added to the MR controls. In the
first month control, the area with contrast enhancement on
CE CT or MR images and/or the diffusion restriction on DW MR
images were considered as the presence of a residual tumor
due to incomplete ablation. Otherwise, the ablation was
accepted as complete and successful. Local recurrence was
defined as the ablated area with new contrast enhancement
and/or the diffusion restriction on DW MR images in any of
the follow-up period longer than three months (Figure 3).
Patients with the incomplete ablation and local recurrence
underwent a new MWA session.

Data Obtaining

Age and gender of the patients were recorded. The following
data and parameters were also obtained: histopathologic
type of the SRM, pre and postablative tumor size in three
dimensions (width, length, and height), tumor localization,

the ablation procedure data (patient position, time, energy,
presence of repeated ablation, adjacent structures, usage of
protective techniques such as hydrodissection), time of local
recurrence, and renal function test and parameters [urea,
creatinine, and glomerular filtration rate (GFR)]. According to
the growth pattern and tumor localizations, the lesions were
classified into four groups (Figure 4). In CT images of the day
after the procedure, the subcutaneous tissue thickness from
the anterior part of linea alba at the L3 vertebral body level
was measured and grouped in 0.5 cm intervals to evaluate the
effect of body mass by means of fatty tissue. To evaluate the
impact of the interventional radiologist’s experience, the MWA
procedures were grouped into year ranges based on the first
renal microwave procedure in 2016.

Statistical Analysis

Continous and categorical variables were presented as median
(IQR) and number (%). Mann-Whitney U test, chi-square test,
or Fisher extact test were used to compare the differences
between the groups. An overall p value of less than 0.05wasas a

statisfically significant result. Statistical analysis was performed
with Statistical Package of the Social Sciences (SPSS) version 22.0
(IBM Corp.).

Figure 1. Ultrasound-guided microwave ablation procedure of a small renal mass. The lesion localization is in the middle part of the kidney with the
exophytic morphology (A). Ablation probe’s (black arrows in B) active part is positioned at the center of the targeted ablation zone and after ensuring
the correct position, the ablation is begun with the bubbles (white arrow in B) which indicate the ablation process (B, C). Covering the all lesion with

bubbles (red arrows in D) at the end of the targeted ablation time
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RESULTS

Patient Population and Lesion Classifications

Thirteen patients with thirteen solitary SRMs that were ablated
using MWA under US-guidance were found. Of these patients,
seven patients were females and six were males. The mean
age of the patients was 75.38 (range; 48-86 years) (IQR: 72-
80). The histopathologic types of the tumors were detailed in
Figure 5. Twelve patients had inappropriate conditions for
surgical treatment due to a high risk of undergoing surgery
and anesthesia, poor and limited renal function, and clinically
important comorbidities. One patient having a history of

Von Hippel-Lindau Syndrome underwent a previous partial
neprectomy surgery on the contralateral kidney.

The mean longest diameter of the lesions was 33.53 mm (range;
28-50 mm) (Figure 6). Of the thirteen lesions, four lesions (31%)
were in the exophytic, four lesions in the parenchymal (31%),
and five lesions (38%) in the exophytic parenchymal location
(Figure 4, Figure 7). Distribution of the lesions according to the
longest diameter, the categorization of the subcutaneous tissue
thickness, and the distribution of the lesions related to the
interventional radiologist’s years of experience are summarized
in Table 1-3, respectively.

Figure 2. Contrast enhanced (CE) magnetic resonance (MR) images before the procedure (A-D) and follow-up CE computed tomography (CT) images (E,
F). Well-demarcated SRM that was showing peripheral contrast enhancement and exophytic parenchymal localization in the right kidney (white arrow
in B). The lesion showed diffusion restriction in diffusion weighted MR images (red arrows in C and D). In her first month follow-up, CE CT images
demonstrated the ablation zone with no evidence of a residual tumor, compatible the complete ablation (white arrow in F)

SRM: Small renal masses

Figure 3. Dynamic contrast enhanced (CE) computed tomography (CT) images of a 69-year- old female patient with a small renal mass in the left
kidney. Axial CT images before (A) and after (B) intravenous contrast administration show the exophytic parenchymal mass lesion (white arrows in B).
In her first month follow-up CE CT, nodular residual lesion (red arrow) was demonstrated in the posterior part of the ablation zone (C)
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Microwave Ablation Procedure

Amongthe thirteen patients with the thirteen SRM, we performed
one session for six lesions (46%), two sessions for six lesions (46%),
and three sessions for one lesion (8%). Thus, twenty-one ablation
sessions were performed in thirteen SRMs. The mean energy
level applied to the lesion during the ablation period was 109
watts (range; 80-140) per session. Since there was no finding to

n=4 (31%)

n=5 (38%)

=4 (31%)

Figure 4. Classification of the tumor localizations according to growth
patterns. Exophytic (1), exophytic parenchymal (2), parenchymal (3) and
endophytic (4) patterns of the localization
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Figure 5. The histopathologic types of the ablated small renal masses

terminate the ablation in any patient, ablation procedures were
continued till the specified target times were reached in all the
patients. Mean ablation time was 2.54 minutes (range; 1.5-4) for
each session. We demonstrated a complete ablation in eleven
patients (84%) in first month control CT imaging as a primary
success. In this first follow-up CT, since two residual tumors
were detected in two patients (16%), new ablation sessions were
planned to achieve the complete ablation. After the completion
of ablations with mean ablation time of 2.5 minutes and mean
energy level of 90 watts, secondary success was obtained as 100%.
Since there was no endophytic lesion or the lesion with adjacent
organ proximity less than 5 mm, asisted tecniques such as cold
pyeloperfusion and hydrodissection that are used to prevent the
pelvicalyceal system or adjacent structures from the non-target
ablation were not performed in any procedure. Two (16%) lesions
with residual tumor after the first ablation session were located
in the exophytic parenchymal site (Table 4). The features of the
lesions with residual tumors are presented in Table 5. Technical
success rates were 83% (n=5/6), 83% (n=5/6), and 100% (n=1/1)
for one ablation, two ablations, and three ablations in a single
session, respectively.

Patient Follow-up

The mean follow-up period after the successful procedures was
26 months (range; 5-46). One patient died due to myocardial
infarction in the 5th month of follow-up regardless of the

Table 2. Relationship between the years of experience of the
interventional radiologist and the presence of a residual lesion

Residual

Years of Experience lesion Total | pvalue
No | Yes

0-1 2 0 2

1-2 0 4

2-3 5 1 6 0.244

3-4 0 1 1

Total 11 2 13

Table 3. Relationship between the subcutaneous tissue
thickness and the presence of a residual lesion

Table 1. Relationship between the longest diameter of the Subcutaneous tissue Residual lesion Total p value
small renal mass and the presence of a residual lesion thickness (cm) No Yes

. Residual lesion p value 1-1.5 2 0 2
Longest Diameter (cm) Total

No Yes 1.5-2 4 1 5
2-3 0 4 2-2.5 2 0 2 10
3-4 2 8 2,53 2 0 2 ‘
0.590

4-5 1 0 1 3-3.5 1 1 2
Total 11 2 13 Total 11 2 13
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procedure and renal mass. When this patient was excluded,
the mean follow-up period was revised as 27.8 months (range;
11-46). The follow-up periods were less than one year, between
1-2 years, between 2-3 years, and between 3-4 years in one
patient (8%), three patients (23%), six patients (46%), and three
patients (23%), respectively. General technical effectiveness and
local tumor control rates were 100% with eleven lesions that
were completely ablated in a single session, and two lesions
with residual tumors that were completely ablated after a
second session of ablation. Cancer-specific survival rate was
100%. One-year, two-years, and three-years of general survival
and the disease-free survival rates were 100%, 100%, 92% and

Longest Diameter
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Figure 6. Distribution of the tumors according to longest diameter of
the lesion
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Figure 7. Distribution of the tumors according to the site and
localization

Table 4. Relationship between the localization of the small
renal mass and the presence of a residual lesion
Localization Residual lesion Total p value
No Yes
Exophytic 0
Parenchymal 0
- 0.154
Exophytic parenchymal 5 2 7
Total 11 2 13
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100%, 100%, 100% respectively. There was no evidence of distant
metastasis in any patients.

Complications

Only one patient developed a perinephric hematoma controlled
by intravenous hemostatic therapy. After the hematoma was
complicated with abscess formation, the patient was successfully
treated by percutaneous drainage catheter placement under US-
guidance and antibiotherapy. Apart from that, no major and
minor complications occurred in any patient.

Renal Functions

Mean serum creatinine level was 1.07 mg/dL (range; 0.55-1.95)
before the MWA procedure and 1.13 mg/dL (range; 0.6-2.36)
one week after procedure. Mean estimated GFR (eGFR) level
was 64 mL/min/m? (range; 28-111) before the MWA procedure
and 64.7 mL/min/m3 (range; 21-109) one week after procedure.
In the follow-up examinations, a 20% increase was observed in
the two patients’ creatinine values, and these two patients were
observed to be the ones with the highest creatinine values and
the lowest eGFR values before the procedure. Including these
two patients, no dialysis was required in any patient after the
procedure.

DISCUSSION

Despite the well accepted surgical results and outcomes of partial
nephrectomy, advances in imaging techniques and medical
technology have brought the increasingly frequent use of thermal
ablative treatments as an alternative curative method to surgical
tumor excision, which is more conservative and minimally invasive
in the treatment of SRM (20). Additionally, some advantages of
these treatment methods such as having less complication rates
than surgical treatments, shorter recovery times and hospital stay,
not causing ischemic damage to the kidney, and most importantly,
offering curative and nephron-sparing treatments to patients who
are not suitable for the surgical treatments, increased their use in
routine practice (16-20).

It is stated in the urooncology guidelines that RFA and CA,
which are the widely used thermal ablation methods, could be
taken into consideration in the treatment of T1a renal masses.
Although there are fewer studies about MWA in the treatment of
SRM compared to RFA and CA, the technical success and safety
of MWA has been defined (11). In our study, we demonstrated
the efficacy of US-guided MWA with the results and follow-up
data of thirteen patients who underwent SRM treatment using
MWA. We defined the general and the secondary success rates as
100% and this result was found to be comparable to the results



Eur Arch Med Res 2020;36(3):209-17

Aribal and Kaya. Microwave Ablation in Small Renal Masses

Table 5. Features of the lesions with residual tumors

Variables Lesion 1 Lesion 2

Age Years 69 75

Gender Female Male
Histopathologic type Papillary carcinoma Eosinophilic neoplasm
Kidney (L/R) Left/Upper pole posterior Right/lower pole anterior
Localization Exophytic parenchymal Exophytic parenchymal
Pre-ablative size (APXMLxCC) Milimeter 30x24x21 37x32x32
Post-ablative size Milimeter 24x15x26 38x32x38
Ablation time (1. session) Minute 2 3/2

Ablation energy (1. session) Watt 60 100/100
Number of ablation 1 2

Follow-up time Month 1 25

Ablation time (2. session) Minute 3 2

Ablation energy (2. session) Watt 100 60

Number of ablation 1 1

eGFR (pre-ablative) mL/min/m? 96 28

Serum creatinin (pre-ablative) mg/dL 0.55 1.68

eGFR (post-ablative) mL/min/m? 94 21

Serum creatinin (post-ablative) mg/dL 0.58 2.15
Complications No No

L: Left, R: Right, eGFR: Estimated glomerular filtration rate

reported in the literature (11,21-26). Although local recurrence
after MWA treatment is a disadvantage compared to partial
nephrectomy, the high success rate achieved by courtesy of its
easy repeatability both during the procedure and during the
follow-up is an important advantage (9,11).

Factors that may affect the results of MWA can be listed as
follows: tumor size, tumor localization, ablation time, applied
energy level, the surface area of the ablation prob’s active
tip, tissue resistance (27). Tumor size is a determining factor
in the patient selection and prediction of the procedural
success in MWA. While the complete ablation rate is reported
to be approximately 85% in renal masses of 3 cm and smaller,
this rate decreases as tumor size increases and the need for
complementary MWA is reported to increase (11,16-23). Another
important factor affecting the success of the procedure is the
tumor localization. It is known that the complete ablation rate
is higher in the first session in tumors that are far from the
renal pedicle and collecting system, located in the posterior
and exophytic site, in other words, non-vascular perinephritic
tissue (16-20). In contrast with the literature data, two (16%)
lesions with residual tumor after the first ablation session
were located as exophytic parenchymal in our study. It was

observed that histopathologic type, tumor localization, growth
pattern, tumor size, total energy level during ablation process,
interventional radiologist’s experience, subcutaneous tissue
thickness, and number of ablation in the first sessions did not
show a statistically significant relatioship in terms of residual
tumors in the present study.

Thermal ablation processes can be performed under the
imaging guidance of US, CT, or MR. The selection of ablation
method depends on the interventional radiologist’s preference
and expertise and the clinic’s ability to access imaging facilities
(11,12). Combined methods with CT or MR can also be used in
real-time fusion imaging to guide and to monitor the tumor
ablation procedures. The most important advantages of US
is that it allows the insertion of ablation probes in real time
and does not contain ionizing radiation. However, its high
operator dependency, gas artifacts due to adjacent intestinal
structures, and application difficulties in obese patients are
known disadvantages of the US (11). In addition, it is not always
possible to differentiate the parenchymal component of the
tumor from the normal parenchyma in US-guidance (28-30).
(T has some advantages over US, including its less operator
dependency, no intestinal gas artifact, and clear view of the
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adjacent structures in multiplanar reconstructed images (11).
To the best of our knowledge, there was no literature data
that compared US and cross-sectional imaging guidance. Due
tot technical reasons related to anesthesia support in the CT
unit, we performed the thermal ablation treatments of SRM
under US guidance in our department. Although our general
success rate is similar to data in the current literature, we
think that the technical failure of the two residual tumors
in our study was due to the feature of the US, which is the
limitation in the differentiation of the tumor border and
adjacent renal parenchyma since these lesions were in an
exophytic parenchymal localization. Our claim is supported by
the data that the exophytic parenchymal localization of lesions
with residual tumors rather than the endophytic localization
that was accepted as more likely in terms of residue and the
time of the ablation processes were in the partially experienced
years of the interventional radiologist. It is clear that there is a
need for randomized controlled trials comparing CT, MR, and
combined methods with US.

In retrospective cohort studies, MWA had early and mid-term
results comparable to RFA and CA, and the 3- and 5-year disease-
free survival rates were reported 93% and 88%, respectively
(21,24-26,31-33). It is mentioned in a meta-analysis about the
effectiveness of thermal ablative treatment methods that there
was no difference between MWA and CA in terms of local or
metastatic recurrence despite the larger tumor size in MWA than
CA (33). Yu et al. (24) reported that the recurrence rate was 0-23%
in the follow-up of tumors that have been successfully ablated
at the first session. In our study, no evidence of local tumor
recurrence or distant metastasis (0%) were found in an average
follow-up period of 26 months congruently with literature data.

It was revealed that MWA was superior to other local ablative
methods in T1b renal tumor treatment. When compared to
RFA, shorter ablation times, lesser heat sink effect, and the
ability to achieve larger ablation zones can be considered as
the advantages of MWA. Also, Ahmad et al. (34) mentioned that
MWA showed better results in reducing kidney damage and in
tolerability compared to RFA and CA.

MWA is a minimal invasive treatment choice compared to
surgery. However, there could be some minor and major
complications after MWA as follows; perirenal hematoma,
macroscopic hematuria, bleeding, infection, stenosis or fistula
formation due to non-target ablation of pelvicaliceal system,
adjacent organ damage, and the pain at the site of ablation
(35,36). In these current series, complication rates were
reported as 4.8%, which was less than half of the rates reported
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for partial nephrectomy (11%) (21). In our study, self-limiting
perirenal hematoma that did not require transfusion was
observed in one (7.6%) case and it was a little bit higher than
the literature data.

The recent studies have shown that ablative treatment methods
are superior to surgery in the protection of the kidney function
(11,12,27). We demonstrated that there was no significant
difference between pre- and post-ablative serum creatinine and
eGFR values in the present study.

We had several limitations in our study. The first and main
limitation was the small sample size. Because of this, we could
not conduct the subgroup analyses and the comparisons
including the size, histopathologic types, and the localization.
Larger sample size with subgroup analysis including different
localizations and tumor sizes are needed in future studies. The
second is the retrospective design and the short follow-up time
of the study. Randomized controlled prospective studies with
longer follow-up times are required. Despite these, the limited
experience of MWA treatment of SRM through the literature
and usage of US-guidance are the superior features of our
study.

CONCLUSION

MWA in the treatment of SRM is an effective and safe method
due to its high technical success and low complication rates, its
renal function sparing features and good short- and mid-term
results and outcomes when compared to RFA and CA.
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