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Clinical safety and efficacy of microwave ablation 
for small renal masses
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ABSTRACT

 
Purpose: CT-guided MWA is a safe and effective tool that should be utilized in the treatment 
of small renal masses (SRMs). We aim to clarify the utility of CT-guided MWA by examining 
patient outcomes such as recurrence, treatment success, changes in renal function, and 
complications.
Methods: A retrospective review of consecutive patients with SRMs who underwent same 
day renal mass biopsy (RMB) and CT-guided MWA between 2015 and 2022 was performed. 
Treatment safety was assessed by 30-day complications according to the Clavien-Dindo 
system and change in eGFR >30 days post-procedure. Treatment efficacy was defined by 
local recurrence and incomplete treatment rates and calculated using the Kaplan-Meier 
method.
Results: A total of 108 renal masses were found in 104 patients. The overall complication rate 
was 7.4% (8/108), of which 4 were major complications (3.7%). For those with renal function 
available >30 days post ablation, the median eGFR was 47.2 (IQR: 36.0, 57), compared to 
52.3 (IQR: 43.7, 61.5) pre-ablation, p<0.0001. 5-year local recurrence free survival was 86%. 
Among those with biopsy proven malignancy (n= 66), there were five local recurrences 
(7.54%) occurring at a median of 25.1 months (IQR 19.9, 36.2) and one case (1.5%) of incom-
plete treatment.
Conclusions: As the medical field continues to evolve towards less invasive interventions, 
MWA offers a valuable tool in the management of renal masses.  With low major complica-
tion and recurrence rates, our findings support the utility of CT-guided MWA as a tool for 
treatment of SRMs.
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INTRODUCTION

Renal cancer ranks among the top ten most 
prevalent malignancies worldwide, with an incidence 
projected to reach 81,800 cases in the United States 
alone in 2023. The rise in renal cancer over the past 
few decades can be attributed to increased detection of 
small renal masses (SRM). This has been facilitated by 
the widespread use of abdominal imaging across medi-
cal disciplines (1, 2). Presently, accepted approaches for 
managing renal masses encompass active surveillance, 
image-guided ablation, or surgical extirpation (partial or 
radical nephrectomy). Given that a considerable portion 
of incidentally detected masses are SRMs (<4 cm) and 
occurring predominantly in an aging population, the 
development of less invasive strategies is of paramount 
importance. Among emerging minimally invasive tech-
niques, thermal ablation has become a focal point of at-
tention due to its potential as a promising modality for 
managing SRMs.

Radiofrequency ablation (RFA) and cryotherapy 
have been established as standard ablative treatment 
modalities for renal masses and have been utilized for a 
longer duration compared to microwave ablation (MWA). 
Consequently, the existing body of research primar-
ily concentrates on the classic ablative methods, with 
relatively limited focus on MWA. However, the available 
evidence concerning the use of MWA in the treatment 
of renal masses indicates predominantly positive out-
comes. These outcomes include low complication and 
recurrence rates, comparable to other modalities (1, 3-6). 
MWA offers several advantages compared to RFA and 
cryotherapy for the treatment of SRMs. One of the major 
benefits of MWA is its ability to deliver higher tempera-
tures to the target tissue, resulting in faster and more 
efficient ablation (7). This leads to shorter procedure 
times and potentially improved treatment outcomes. Ad-
ditionally, MWA has been shown to have a lower risk of 
thermal injury to surrounding structures due to its ability 
to create a more precise and predictable ablation zone 
(7). Current data indicating alteration in renal function is 
similar between RFA, cryoablation, and MWA (1). These 
benefits position MWA as a promising alternative for the 
treatment of SRMs.

The growing prevalence of renal masses ne-
cessitates the implementation of treatment modalities 
that are both reliable and efficient. We hypothesize that 
MWA is a safe and effective tool that can be utilized in 
the treatment of SRMs. Our research consequently aims 
to clarify the utility of CT-guided MWA in the treatment 
of SRMs by examining patient outcomes such as recur-
rence, treatment success, changes in renal function, and 
complications.

MATERIALS AND METHODS

Patients and Data Collection
A retrospective review of electronic medi-

cal records was conducted to examine patients who 
underwent renal mass biopsy (RMB) at East Jefferson 
General Hospital between 2015 and 2022 (LSU HSC IRB 
#2064). Of the 265 renal mass biopsies, 108 concomitant 
CT-guided MWAs were performed. Three patients who 
received biopsies and underwent RFA were excluded. 
Patient demographics including age, sex, race, and eth-
nicity, along with clinical characteristics and baseline 
laboratory values, were recorded. Glomerular filtration 
rate (eGFR) was estimated using the CKD-Epi formula.  
Following renal mass detection, the size and laterality of 
the index lesion was documented. Renal nephrometry 
score data was not able to be collected as it was not 
consistently documented in the physician notes. Addi-
tionally, due to the time frame of the study, imaging was 
not available for re-review for all patients.  The presence 
of any contralateral lesions was recorded. Notably, pa-
tients with bilateral renal masses or a history of renal 
cell carcinoma were not excluded from this study.

For patient convenience and to limit the need 
for multiple procedures/anesthesia events, our practice 
is to perform RMB immediately prior to the MWA pro-
cedure.  This allows for a single anesthesia event and a 
single renal access event. All pathology was assessed in 
accordance with the WHO 2016 guidelines (8). Details 
of the biopsy and ablation procedures, including any 
complications, were extracted from the medical record. 
30-day complications were classified according to the 
Clavien-Dindo system with Grade III considered major 
complications (9).
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CT-Guided Biopsy and MWA Procedure
RMB and MWA for all patients were performed 

by an experienced interventional radiologist (STB or 
BRH) using CT for procedure imaging guidance. Pa-
tients received either general anesthesia or monitored 
anesthesia care at the discretion of the anesthesiolo-
gist. Multiple cores of tissue were obtained for each 
biopsy to increase the accuracy of diagnosis. A pathol-
ogist was present during the procedure to confirm ad-
equate tissue sampling. For the ablation procedure, the 
Neuwave LK or PR Probe (Ethicon, Rariton, New Jersey) 
was used in either 14, 15, 17, or 19 gauge. Ablation power 
utilized was at the discretion of the interventional ra-
diologist (BRH, STOB). Ablation was performed until 
adequate ablative zones were achieved. Hydrodissec-
tion with either normal saline or contrast was utilized 
in 18 patients to prevent non-target anatomy from in-
terfering with the ablative zones.  Post-procedural and 
delayed imaging were obtained when indicated.  Pre-
procedural stent placement and/or embolization were 
not routinely utilized.

Follow-up
Following RMB and MWA, patients were dis-

charged home from the recovery room.  If available, 
creatine levels at two additional times post-procedure 
were recorded (at 30> but <180 days, >365 days) for cal-
culation for eGFR. Post-procedural scans were routinely 
obtained at 3 months post-procedure and then yearly in 
accordance with AUA guidelines (10). Incomplete treat-
ment was defined as residual tumor enhancement on 
the first post-ablation scan requiring re-intervention. 
Tumor recurrence on subsequent scans after negative 
interval imaging was considered local recurrence.

Statistical Analysis

Continuous variables were summarized using 
medians and interquartile ranges and compared us-
ing Wilcoxon rank sum test. Categorical variables were 
summarized using frequency counts and percentages 
and compared using chi-square test. Change in eGFR 
post ablation was evaluated using Wilcoxon signed-rank 
test. Only patients who had a creatinine available more 

than 30 days post-procedure were included. Five-year 
local recurrence-free survival was calculated using Ka-
plan-Meier methodology. All p-values are two sided un-
less specified and p<0.05 is considered significant. All 
analysis was performed using JMP17.2.0(SAS Institute, 
Raleigh, NC).

RESULTS 

One hundred and four patients undergoing 108 
ablation procedures met the criteria for inclusion in this 
study. Baseline characteristics of the patients are re-
corded in Table-1. The median age for patients under-
going MWA was 72.2 (IQR 66, 78) and 60 (57.7%) were 
male. The median BMI was 31 (IQR 26.0, 35.9) and medi-
an eGFR for the cohort was 52.3 (IQR 42.9, 61.1). At diag-
nosis 17 patients (16.3%) had bilateral lesions, however 
most index lesions (63/108, 58.3%) were right sided. The 
median index tumor size was 2.5 cm (IQR 1.9, 3), with a 
mean of 2.44 cm (std 0.82). Nearly 20% of patients had 
a history of renal cell carcinoma (19, 18.3%).  Six (5.6%) 
of these patients had a prior partial nephrectomy on the 
index kidney and 5 (4.6%) a prior ablation. Of the 11 sal-
vage procedures, 4 (36.36%) of these were treatment for 
the same index lesion. 

On biopsy, 38 (20.135.1%) tumors were iden-
tified as benign, either categorized as oncocytoma 
(21/108, 19.4%), benign parenchyma (16/108, 14.8%) or 
AML (1/108, 0.9%). Four (3.7%) were non diagnostic or 
suspicious, while the rest (66/108, 61.1%) were malig-
nant (Figure-1). Clear cell renal cell carcinoma was the 
most common malignant pathology (46/108, 42.6%). 
Biopsies showing benign parenchyma came from 
smaller masses than those showing neoplasm (includ-
ing oncocytomas), although this did not reach statisti-
cal significance- median 1.9 cm (IQR 1.35, 2.85) versus 
2.5 cm (IQR 2,3) p=0.08.

 Table-2 shows the procedural related details. 
The 17-gauge probe was the most utilized, typically with 
a median microwave generator power of 65 watts (IQR 
65, 90).  The range of ablation time was 1 to 20 minutes, 
with a median time of 10 minutes (IQR 7,10). In total, 
hydro dissection was utilized in 18 procedures (16.6%) 
and 9 procedures (8.3%) required the use of two probes. 
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Table 1 - Baseline Clinical Features of 104 Patients Undergoing Microwave Ablation.
 
Median Patient Age years (IQR) 72.3 (66.7, 78)

Mean Patient Age years (std) 71.34 (10.96)

Male (%) 60 (57.7%)

Caucasian (%) 85 (81.7%)

Median ECOG status (IQR) 0 (0,1)

Mean ECOG status (std) 0.56 (0.9)

Median BMI kg/m2 (IQR) 31 (26.0, 35.9)

Mean BMI kg/m2 (std) 31.4 (7.4)

Median Baseline Creatinine in ng/dl (IQR) (n=101) 1.0 (0.8, 1.21)

Mean Baseline Creatinine in ng/dl (std) (n=101) 1.1 (0.36)

Median Baseline eGFR in mg/ml (CKD-Epi) (IQR) 52.3 (42.9, 61.1)

Mean Baseline eGFR in mg/ml (CKD-Epi) (std) 55.4 (37.7)

Tobacco Use  

Yes 57 (52.8%)

No 44 (40.7%)

Unknown 7 (6.5%)

History of Renal Cell Carcinoma, n (%) 19 (18.3%)

History of non-renal malignancy 41 (39.4%)

Laterality (index lesion)  

Left 45 (41.7%)

Right 63 (58.3%)

Solitary Kidney (%) 7 (6.5%)

Bilateral Tumors 17 (16.3%)

Prior ablation 5 (4.6%)

Prior partial nephrectomy (same side) 6 (5.6%)

Median Tumor Size in cm (IQR) 2.5 (1.9, 3)

Mean Tumor Size in cm (std) 2.44 (0.82)

Biopsy Histology  

Clear Cell RCC 46 (42.6%)

Papillary RCC 16 (14.8%)

Papillary Type 1      11 

Papillary Type 2      3 

Papillary NOS      2

Benign 16 (14.8%)

Oncocytoma 21(19.4%)

Non-Diagnostic 2 (1.9%)

Suspicious 2 (1.9%)

Oncocytic Neoplasm (including chromophobe) 3 (2/7%)

Other 2 (1.9%)
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Figure 1 - Flowchart Detailing Patient Sample.

Post procedure, there were eight admissions 
(7.4%) for observation, with a median length of stay 
of 1 day (IQR 0,1) for admitted patients. Two patients 
(1.9%) required rehospitalization following procedure 
discharge, one for a duodenal perforation and one for 
a pleural effusion the rest were discharged home the 
same day. There were 8 (7.4%) total complications, four 
(3.70%) of which were major, detailed in Table-3. In to-
tal 66 patients had post-procedural creatinine available 
more than 30 days following the ablation. For this co-
hort, the median pre-procedural eGFR was 52.3 (IQR: 
43.7, 61.5) and median eGFR >30 days post-procedural 
was 47.2 (IQR: 36.0, 57), p<0.0001.

The median duration of follow up for those alive 
at last follow up was 22.68 months (IQR: 3.3, 26.6). Dur-
ing this time, a total of four patients died, one of whom 
died with metastatic renal cell carcinoma. This patient 

underwent a nephrectomy and lobectomy 4 years prior 
to contralateral mass ablation. Five years recurrence 
free survival was 86% (Figure-2). A total of six patients 
with biopsy proven malignant pathology required fur-
ther treatment in the same kidney for renal cell carci-
noma. Among those with biopsy proven malignancy (n= 
66), there were five local recurrences (7.54%) occurring 
at a median of 25.1 months (IQR 19.9, 36.2) post abla-
tion and 1 case of incomplete treatment identified on the 
3-month post-ablation CT scan. Of the 5 recurrences, 
3 occurred in the same focus as the ablated neoplasm 
and 2 were in novel foci. Among the entire cohort, there 
were 0 malignant recurrences in patients with biopsy-
proven oncocytoma or benign parenchyma. 

Among those requiring additional treatment, 
management techniques varied. In the case of in-
complete treatment, the patient underwent nephrec-
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Table 2 - Procedure Details for 104 Patients Undergoing Microwave Ablation.

Anesthesia Used

General 89 (82.4%)

MAC 6 (5.5%)

Unknown 13 (7.1%)

Median Ablation Power, Watts (IQR) 65 (65, 90)

65 69 (70%)

90 5 (5%)

95 1 (1%)

100 19 (19%)

140 3 (3%)

Multiple 2 (2%)

Mean Ablation Power, Watts (STD) 75.16 (19.8)

Median Ablation Time, minutes (IQR) 10 (7,10)

Mean Ablation Time, minutes (STD) 9.1 (3.8)

Probe Size, gauge (%)  

14 18 (16.7%)

15 3 (2.8%)

17 75 (69.4%)

19 1 (0.9%)

n/a 2 (1.9%)

Number of Ablations Requiring 2 Probes 9 (8.3%)

Hydrodissection 18 (16.7%)

Normal Saline 10

Contrast 8

Immediate post-procedure admission 9 (8.3%)

Median Length of stay for those requiring admission, days (IQR) 1 (1,1)

Delayed Imaging 74 (68.5%)

tomy with final pathology showing clear cell renal 
cell carcinoma. Two patients with local recurrence 
received repeat ablation and three underwent active 
surveillance.

DISCUSSION

Our findings endorse the application of MWA as 
a therapeutic modality for managing SRMs. Accompa-

nied by a brief procedural duration, MWA demonstrated 
low incidence of complications, incomplete treatment, 
and recurrence. Consequently, our dataset reinforces 
the viability of MWA for the treatment of SRMs (<4cm). 
This endorsement is particularly noteworthy for indi-
viduals within the aging demographic, as our median 
patient age was 72. Additional benefits in treatment with 
MWA could be provided for those navigating intricate 
comorbidities that contraindicate prolonged anesthesia. 
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Table 3 - 30-day procedural related complications for 108 patients undergoing renal mass biopsy and 
microwave ablation.

Clavien Grade n Description Treatment

I 1 Urinary retention Catheter placement

2 Renal hematoma No intervention required; post-operative monitoring via 
CT-Imaging

1 CHF exacerbation. Overnight stay for monitoring

IIIa 1 Intraoperative pleural effusion Thoracentesis requiring local anesthesia

IIIb 1 Duodenal Perforation CT-guided drain placement by Interventional Radiology

1 Pneumothorax Treated intra-op. Resorption of pneumothorax using a 5F 
pigtail catheter

1 Collecting System Extravasation Perinephric drain placement by Interventional Radiology

Figure 2 - Kaplan-Meier Curve Showing Time to Local Recurrence following Renal Mass Ablation.

This data demonstrated major complication 
rates, incomplete treatment rates, recurrence rates and 
procedure times similar to previous research performed 
on MWA (11–14). Overall, our recurrence rates appear to 
be slightly higher than other available literature examin-
ing MWA. There are several possible reasons for this dif-
ference. Our study differs from other pieces of literature 
in the sample size and study duration. The sample size 

of renal masses treated with CT-guided MWA is nearly 
double that of other available studies examining this 
modality. Most literature that exists was published in a 
shorter time such as two years, unlike our ability to ex-
amine recurrence in patients treated as early as 2015. 
In comparison to other modalities of treatment, our lo-
cal recurrence rate of 7.04% is similar to those demon-
strated in other studies. Additionally, our major compli-
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cation rate of 3.70% appears to be consistent or lower 
than treatment with other modalities (1, 15, 16). Systemic 
reviews have been made available which directly com-
pare the results of the different treatment modalities. In a 
metanalysis comparing MWA and cryoablation for treat-
ment of SRMs, MWA showed improved 1-year local tu-
mor recurrence in addition to lower ablation durations. 
Additional research comparing all three treatment mo-
dalities supports similar functional or surgical outcomes 
between the ablation methods, with lower complication 
rates for MWA (17). This is consistent with our results. 
Our study also reveals a median procedure time of just 
10 minutes for MWA, highlighting its efficiency in com-
parison to cryoablation and RFA. This aligns with exist-
ing research indicating that patients undergoing MWA 
require less time under anesthesia (17). Despite these 
promising findings, it’s important to note that current 
guidelines do not include recommendations for MWA 
utilization. However, our work contributes valuable evi-
dence supporting the integration of MWA into clinical 
practice. By showcasing its safety profile and shorter 
procedure duration when contrasted with cryoablation 
and RFA, we believe that wider adoption of MWA could 
be warranted. Further investigation incorporating our 
findings is needed to comprehensively compare MWA 
with other less invasive treatment modalities.

MWA has been determined to be a safe treat-
ment modality with respect to renal function (18, 19). 
Our data revealed that there was a 5-point decrease in 
eGFR > 30 days post-procedure in comparison to pre-
procedure eGFR. This minimal decrease corroborates 
other research examining the effects on renal function 
>6 months post MWA (19). Prior studies indicate that 
the largest decrease in renal function following MWA 
will occurs <30 days post procedure (18). By exam-
ining GFR from >30 days post MWA, we can infer the 
long-term, likely insignificant effects on renal function. 
In comparison to other treatment modalities, available 
research supports the usage of MWA. A study by Zhou 
et al. showed no difference in immediate changes in re-
nal function between the ablative modalities (1) When 
examining MWA and laparoscopic radical nephrectomy, 
renal function is substantially less damaged following 
treatment with MWA (20). Our research affirms MWA as 

a treatment for SRM with the added benefit of preserved 
renal function. 

RMB rarely precedes surgical therapy, despite 
prior studies reporting that around 20% of cT1 lesions re-
veal benign findings on post-surgical pathology reports 
(21). In line with prior literature, approximately 20% of 
patients who underwent concurrent ablation at time of 
biopsy ultimately had benign pathology, overwhelmingly 
oncocytoma. Concomitant biopsy and ablation leading 
to overtreatment of benign lesions has been reported in 
other studies as well.  Additionally, research has shown a 
greater chance of histological diagnoses in comparison 
to non-diagnostic pathology when biopsy and ablation 
are separated (22). The use of staged renal biopsy and 
ablation has been significantly increasing since 2012. 
Although there is a greater expense associated with 
separate interventions, staged biopsy and ablation does 
not only limit the overtreatment of benign masses but 
also has less chance of inpatient stay and readmissions 
post-operatively (23). Currently, these benefits must be 
evaluated against the additional costs.  Future efforts to 
limit costs of the staged method should be considered.

While the study presents evidence in favor of 
MWA in the treatment for SRMs, it is essential to ac-
knowledge the study’s limitations. First, the study’s pop-
ulation is overwhelmingly Caucasian which may poten-
tially impact the generalizability of the results. Though 
the follow-up period is longer than many other studies of 
its kind, we currently do not have long-term data of 10+ 
years, precluding a completely comprehensive under-
standing of MWA’s durability and potential recurrence 
rates. Additionally, the experience of the interventional 
radiologist conducting the MWA procedure has the po-
tential to influence the rates of incomplete treatment and 
complications. To address these limitations, future pro-
spective studies with larger and more diverse cohorts, 
extended follow-up periods, and comparative analyses 
against alternative treatment methods would be invalu-
able in further elucidating the true potential and limita-
tions of MWA.

Additionally, because nephrometry score was 
not consistently documented in physician notes and due 
to the time frame of the study, imaging was not available 
for re-review for all patients, we were not able to include 
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it in our analysis. Future studies evaluating the associa-
tion between nephrometry score and microwave ab-
lation outcomes could be beneficial. Other enhanced 
decision-making processes for the conservative man-
agement of complex renal masses may include utilizing 
preoperative 3D models to develop a tailored strategy 
according to patient and tumor characteristics (24). In 
addition, identification of patients at risk for pathologic 
upstaging could improve treatment efficacy.  Utilization 
of models such as those previously described by Cao et 
al, which incorporates tumor maximum and minimum 
diameter, fibrinogen, and tumor size could also aid in 
better patient selection for ablative procedures (25).

CONCLUSION

This research makes a compelling case for the 
integration of MWA into the armamentarium of renal 
mass treatments. The evidence provided demonstrates 
not only the technical feasibility and safety of this ap-
proach, but also its potential to improve patient outcomes 
and quality of life. As the medical field continues to evolve 
towards less invasive interventions, MWA offers a valu-
able tool in the management of renal masses. Nonethe-
less, further research and long-term follow-up studies will 
be essential to solidify the technique’s role in the broader 
landscape of renal mass treatment strategies.
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