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Purpose: To evaluate the effects of tumor complexity and technique on 
early and midterm oncologic efficacy and rate of complications 
for 100 consecutive biopsy-proved stage T1a renal cell carci-
nomas (RCCs) treated with percutaneous microwave ablation. 

Materials and 
Methods:

This HIPAA-compliant, single-center retrospective study was 
approved by the institutional review board. The requirement 
to obtain informed consent was waived. Ninety-six consecutive 
patients (68 men, 28 women; mean age, 66 years 6 9.4) with 
100 stage T1a N0M0 biopsy-proved RCCs (median diameter, 
2.6 cm 6 0.8) underwent percutaneous microwave ablation 
between March 2011 and June 2015. Patient and procedural 
data were collected, including body mass index, comorbidi-
ties, tumor histologic characteristics and grade, RENAL neph-
rometry score, number of antennas, generator power, and du-
ration of ablation. Technical success, local tumor progression, 
and presence of complications were assessed at immediate 
and follow-up imaging. The Kaplan-Meier method was used 
for survival analyses.

Results: Technical success was achieved for all 100 tumors (100%), in-
cluding 47 moderately and five highly complex RCCs. Median 
clinical and imaging follow-up was 17 months (range, 0–48 
months) and 15 months (range, 0–44 months), respectively. 
No change in estimated glomerular filtration rate was noted 
after the procedure (P = .49). There were three (3%) pro-
cedure-related complications and six (6%) delayed complica-
tions, all urinomas. One case of local tumor progression (1%) 
was identified 25 months after the procedure. Three-year 
local progression-free survival, cancer-specific survival, and 
overall survival were 88% (95% confidence interval: 0.52%, 
0.97%), 100% (95% confidence interval: 1.0%, 1.0%), and 
91% (95% confidence interval: 0.51%, 0.99%), respectively.

Conclusion: Percutaneous microwave ablation is an effective and safe 
treatment option for stage T1a RCC, regardless of tumor 
complexity. Long-term follow-up is needed to establish dura-
ble oncologic efficacy and survival relative to competing abla-
tion modalities and surgery.
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One hundred biopsy-proved clin-
ical stage T1a RCCs were treated in 
96 patients (28 women, 68 men; mean 
age 6 standard deviation, 66 years 6 
9.4; mean body mass index, 32.2 kg/
m2 6 8.6) during 98 treatment ses-
sions. The cohort of consecutive pa-
tients with previously untreated clini-
cal stage T1a (4 cm) biopsy-proved 
RCC who underwent microwave abla-
tion from March 2011, the inception of 
our microwave ablation program, to 
June 2015 was identified from an insti-
tutional database. Fifty-three patients 
(55 RCCs) were included in an ear-
lier feasibility study (15). Our study 
includes a larger cohort, stratified 
analysis of technique effectiveness for 
low and moderate and/or high com-
plexity tumors, and technical consid-
erations to mitigate procedure-related 
complications. The decision for each 
patient to undergo microwave ablation 
was made in consensus by a team of 
subspecialty radiologists and urologists 
experienced in tumor ablation and kid-
ney surgery, respectively. The decision 
to treat was based on age, comorbidi-
ties, histologic tumor characteristics, 
tumor size and location, and proxim-
ity of nontarget anatomy. Microwave 
ablation was performed by one of six 
radiologists (1–19 years of experience) 

but several physical advantages for 
heat delivery (6,9). During the past de-
cade, higher power microwave systems 
have been developed that offer poten-
tial advantages over older systems, but 
few studies have reported outcomes in 
patients with RCC treated with these 
modern microwave systems.

Historically, percutaneous thermal 
ablation was reserved for small (,3 
cm) exophytic tumors arising from the 
posterior kidney. With increased use 
of ablation devices that harness ther-
mal synergy and procedural strategies 
to displace nontarget anatomy, the size 
and location of successfully treated tu-
mors has expanded (10). However, the 
rate of procedure-related complica-
tions has increased in step (11). Tu-
mor complexity, a summation of renal 
tumor size, location, and depth, has 
been associated with complications 
and local recurrence after thermal 
ablation (12–14). The purpose of our 
study was to evaluate the effects of tu-
mor complexity and technique on early 
and midterm oncologic efficacy and the 
rate of complications for 100 consecu-
tive biopsy-proved stage T1a RCC tu-
mors treated with percutaneous micro-
wave ablation.

Materials and Methods

Patient Selection
This single-center retrospective study 
was compliant with the Health Insur-
ance Portability and Accountability Act. 
The requirement to obtain informed 
consent was waived by the institutional 
review board.

https://doi.org/10.1148/radiol.2016160592
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Advances in Knowledge

 n Tumor size and complexity do 
not affect treatment efficacy and 
complications during microwave 
ablation of stage T1a renal cell 
carcinoma (RCC), and the single-
session technical success rate 
was 100% (100 of 100 RCCs) for 
the entire cohort, including 34 
tumors ranging from 3.0 to 4.0 
cm and 47 moderately and five 
highly complex renal tumors; the 
number of antennas used (P = 
.81), generator output (P = .21), 
and duration of ablation (P = 
.43) was similar for low, mod-
erate, and high complexity RCCs.

 n The median tumor diameter 
when one, two, and three micro-
wave antennas were used was 
1.9, 2.8, and 3.5 cm, 
respectively.

 n Microwave applicators should be 
placed tangential to the renal 
sinus to mitigate the risk of uri-
noma formation.

Implications for Patient Care

 n Microwave ablation of clinical 
stage T1a RCC (4.0 cm) is 
safe, with promising early and 
midterm oncologic outcomes.

 n Our study adds to a growing 
body of literature suggesting that 
stage T1a RCC can be success-
fully treated with percutaneous 
thermal ablation by using a va-
riety of ablation modalities.

The detection of renal cell carci-
noma (RCC) is increasing owing 
to an increase in the diagnosis of  

small asymptomatic renal masses with 
cross-sectional imaging (1). In patients 
with clinical stage T1a RCC (4 cm) 
who are candidates for surgery, sur-
gery is the standard treatment—with 
increasing emphasis being given to 
nephron-sparing techniques (2,3). How-
ever, less invasive options such as active 
surveillance or percutaneous thermal 
ablation are increasingly being used 
as alternatives to surgery for selected 
patients (4,5). For patients who are 
poor surgical candidates, percutaneous 
thermal ablation is an option that may 
provide local control of the tumor with 
short convalescence, few serious com-
plications, and the ability to preserve 
kidney function (2,5–8).

The two most widely applied ther-
mal ablation methods for the treatment 
of RCC to date are radiofrequency (RF) 
ablation and cryoablation. Microwave 
ablation, like RF ablation, is a heat-
based thermal ablation modality with 
an identical mechanism of cell death 
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size), endophytic or exophytic extent, 
nearness of the tumor relative to the 
renal sinus, anterior or posterior de-
scriptor, and location of the tumor 
relative to the polar lines. A RENAL 
score of 4–6 corresponds to low tu-
mor complexity; 7–9, moderate tumor 
complexity; and 10–12, high tumor 
complexity (20). Procedural data col-
lected included type and number of 
microwave ablation antennas, duration 
of ablation, microwave generator out-
put, use and volume of hydrodisplace-
ment, and duration of hospitalization. 
Complications recorded within 30 days 
after ablation were classified accord-
ing to the Clavien-Dindo system (21). 
Complications recorded after 30 days 
were described. Clinical follow-up and 
imaging with contrast-enhanced CT 
or contrast-enhanced magnetic reso-
nance (MR) imaging were performed 
at target intervals of 3–6, 12, 18, and 
every 12 months after ablation. Two 
fellowship-trained abdominal radiolo-
gists (S.A.W. and T.J.Z., with 5 and 7 
years of experience in tumor ablation) 
reviewed images in consensus for tech-
nical success, local tumor progression, 
metastatic disease, and complications. 
Established criteria were used to de-
fine treatment success (22).

Continuous features are summa-
rized as means and standard devia-
tions or medians and interquartile 
ranges (IQRs). Categoric data are 
summarized with frequency counts 
and percentages. A two-tailed paired 
t test was used to compare pre- and 
postprocedure eGFRs. The Kaplan-
Meier method was used for survival 
analyses, which included local progres-
sion-free survival, cancer-specific sur-
vival, and overall survival. The dura-
tion of follow-up for progression-free 
survival was defined from the date of 
the microwave ablation to the date of 
last imaging follow-up. The duration of 
follow-up for cancer specific survival 
and overall survival was defined from 
the date of the microwave ablation 
(or first microwave ablation procedure 
for the two patients with two tumors 
treated in separate sessions) to the 
date of death or the date the patient 
was last known to be alive. P , .05 

power at maximum power for 5 mi-
nutes. The number of antennas used 
was dependent on the size of the index 
tumor, the volume of endophytic com-
ponent, and the proximity of nontarget 
anatomy. In general, tumors 2.5 cm or 
smaller were treated with one antenna, 
tumors 2.5–3.5 cm were treated with 
two antennas, and tumors at least 3.5 
cm were treated with three antennas. 
US or CT fluoroscopy was used for real-
time monitoring of the ablation zone 
and its proximity to nontarget anatomy.

Contrast material–enhanced CT 
was performed immediately after the 
ablation procedure to evaluate tech-
nical success and assess for complica-
tions. For those with a contraindication 
to iodinated contrast material (six of 
96 patients, 6%), postprocedure un-
enhanced CT in conjunction with con-
trast-enhanced US (Definity; Lantheus 
Medical Imaging, North Billerica, Mass) 
was used.

After the ablation procedure, all 
patients were admitted for observation 
according to the routine standard of 
care at our institution.

Data Collection and Analysis
Clinical, pathologic, and procedural 
data for each patient were collected 
from an institutional database by two 
authors (M.E.K. and S.A.W., with 
<1 year and 5 years of experience, 
respectively). Clinical data collected 
included patient age, sex, body mass 
index, Charlson comorbidity index, 
and estimated glomerular filtration 
rate (eGFR). The Charlson comorbid-
ity index predicts 1-year mortality on 
the basis of a tiered scoring system of 
22 health disorders (18). The eGFR 
was calculated by using the Chronic 
Kidney Disease Epidemiology Collabo-
ration formula (19). The preprocedure 
eGFR was obtained within 6 months 
before the ablation procedure, and the 
postprocedure eGFR was obtained 6 
months after the ablation procedure. 
Pathology data collected included tu-
mor size, histologic characteristics, 
Fuhrman grade, and tumor complexity 
as assessed with the RENAL nephrom-
etry score. The RENAL nephrometry 
score is a summation of radius (tumor 

and one of four urologists (1–15 years 
of experience).

Procedure
All procedures were performed in a 
computed tomography (CT) suite (Op-
tima 580 W; GE Healthcare, Wauke-
sha, Wis) with the patient under gen-
eral anesthesia (92 of 96 patients, 96%) 
or deep conscious sedation (four of 
96 patients, 4%). Immediately before 
the procedure, an indwelling bladder 
catheter was placed and a single dose 
of intravenous prophylactic antibiotics 
was administered to cover skin organ-
isms (first-generation cephalosporin 
or clindamycin, weight-based dosing) 
according to the routine standard of 
care at our institution. Ultrasonogra-
phy (US) (LOGIQ E9, GE Healthcare), 
CT fluoroscopy (Lightspeed 580, GE 
Healthcare), or a combination of both 
were used for antenna placement. A 
2.45-GHz, gas-cooled microwave ab-
lation system with 17-gauge antennas 
that can be powered simultaneously 
was used for all cases (Certus 140; 
NeuWave Medical, Madison, Wis). 
The LK (Liver-Kidney) microwave an-
tenna was used before the introduction 
of the Precision PR antenna in early 
2012. Relative to the LK antenna, Pre-
cision PR antennas create smaller and 
more spherical ablations at maximum 
power. There were no staged treat-
ments and treatment intent was cura-
tive for all cases.

Hydrodisplacement was used in 
cases when nontarget anatomy was 
within 1 cm of the tumor or within 
the expected zone of ablation (16). 
For hydrodisplacement, faintly radi-
opaque (2% iohexol solution) normal 
saline was manually infused through an 
18- or 20-gauge introducer placed be-
tween the tumor and nontarget anat-
omy until an adequate margin of safety 
was achieved. When placing multiple 
antennas and/or when CT was per-
formed to confirm precise antenna 
location and proximity of nontarget 
anatomy, each antenna was “fixed” to 
the retroperitoneal tissues by using the 
cryogenic cooling system (17).

Antennas were typically placed with 
an initial goal of applying microwave 
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deviation = 0.72; P = .21, standard devi-
ation = 10.0; P = .43, standard deviation 
= 2.15, respectively). Ablation protocol 
and clinical results are summarized in 
Tables 2 and 3.

Follow-up
Technical success was achieved in all 
100 tumors (100%). The median dura-
tion of clinical follow-up was 17 months 
(IQR, 8–28 months). Six patients were 
lost to follow-up and excluded from sur-
vival analysis. The median duration of 
imaging follow-up was 15 months (IQR, 
6–20 months), with 90 patients (93.8%) 
receiving follow-up imaging in addition 
to immediate postablation contrast-
enhanced CT and/or contrast-enhanced 

was 5 minutes (IQR, 5–6), and the me-
dian generator output was 65 W (IQR, 
65–65 W)—maximum power for a PR 
antenna. There was no significant dif-
ference in the number of antennas (me-
dian: 2 vs 2 vs 2; range: 1–3 vs 1–2 
vs 2–3), generator output (median: 65 
W vs 65 W vs 65 W; range: 50–113 
W vs 65–65 W vs 65–65 W), or time 
(median: 5 minutes vs 5 minutes vs 5 
minutes; range: 3–20 minutes vs 5–6 
minutes vs 5–6 minutes) between low, 
moderate, and high tumor complexity, 
respectively, when stratified accord-
ing to RENAL score (P = .81, standard 

was considered indicative of a signifi-
cant difference for all statistical tests.

Results

Patient and Procedure Data
Single-session treatments were per-
formed for all tumors. Four patients had 
two tumors; both tumors were treated 
in a single session for two patients and 
during separate sessions for two pa-
tients. Clear cell RCC was the predom-
inant RCC subtype (73%), followed by 
papillary (23%) and chromophobe (4%) 
RCC. Most RCCs were Fuhrman grade 
1 (10%) or 2 (55%) at pathologic ex-
amination. The Fuhrman grade was not 
specified in 30 RCCs (30%). The mean 
pre- and postablation eGFR was 71.8 
mL/min/1.73 m2 6 22.4 and 68.7 mL/
min/1.73 m2 6 23.9, respectively. The 
median duration of hospitalization was 
1 day (IQR, 1–1); three patients stayed 
longer than 1 day (range, 2–5 days). 
Clinical and pathologic characteristics 
are summarized in Table 1.

The median tumor diameter was 
2.6 cm (range, 1.2–4 cm; standard de-
viation, 0.8 cm), and the median RE-
NAL nephrometry score was 7 (range, 
4–10). According to the RENAL score, 
there were 48 low complexity, 47 mod-
erate complexity, and five high com-
plexity tumors. The median diameter 
of low (2.6 cm), moderate (2.6 cm), 
and highly complex (2.5 cm) RCCs was 
similar (P = .2; standard deviation, 0.77 
cm). RENAL nephrometry scores are 
summarized in Table 1. A mean volume 
of 519 mL (range, 60–1000 mL) of nor-
mal saline or 5% dextrose in water was 
used for hydrodisplacement in 33 of the 
96 patients (34.4%).

The median number of antennas 
used was two (IQR, 1–2). The PR an-
tenna was used in 94 of the 100 tumors 
(94%) and the LK antenna was used in 
six (6%). One, two, and three antennas 
were used in 35, 48, and 17 ablations, 
respectively. The median tumor diame-
ter when one, two, and three antennas 
were used was 1.9 cm (IQR, 1.5–2 cm), 
2.8 cm (IQR, 2.5–3.1 cm), and 3.5 cm 
(IQR, 3.4–3.7 cm), respectively. The 
median duration of power application 

Table 1

Patient and Tumor Characteristics

Characteristic Value

Mean age (y)* 66 6 9.4 (44–87)
Mean body mass index  

(kg/m2)
32.2 6 8.6

Sex
 M 68/96 (70.8)
 F 28/96 (29.2)
Mean Charlson  

comorbidity index
3.6 6 1.5

Median RENAL  
nephrometry score*

7 (4–10)

Anterior 34/100 (34.0)
Posterior 36/100 (36.0)
Tumor complexity 30/100 (30.0)
 Low (RENAL  

 score, 4–6)
48/100 (48.0)

 Moderate (RENAL  
 score, 7–9)

47/100 (47.0)

 High (RENAL  
 score, 10–12)

5/100 (5.0)

Median tumor  
diameter (cm)*

2.6 (1.2–4)

Histologic  
RCC subtype

 Clear cell 73/100 (73.0)
 Papillary 23/100 (23.0)
 Chromophobe 4/100 (4.0)
Fuhrman grade
 1 10/100 (10.0)
 2 55/100 (55.0)
 3 3/100 (3.0)
 4 2/100 (2.0)
 Not specified 30/100 (30.0)

Note.—Except where indicated, data are raw data, with 
percentages in parentheses.

* Numbers in parentheses are the range.

Table 2

Ablation Protocol and Clinical Results

Ablation Protocol Value

Median no. of antennas  
per tumor*

2 (1–3)

Median duration of  
ablation (min)*

5 (3–20)

Median generator  
power (W)*

65 (45–113.3)

Use of  
hydrodisplacement

33 (34.4)

Mean volume of  
hydrodisplacement  
(mL)*

519 (60–1000)

Mean change in  
eGFR (%)

23.3 6 17.5

Median duration of  
hospitalization (d)*

1 (0–5)

Median duration  
of imaging  
follow-up (mo)†

15 (6–20)

Median duration  
of clinical  
follow-up (mo)†

17 (8–28)

Complications 11/100 (11)
 Grade I 5/100 (5)
 Grade II 3/100 (3)
 Grade III 1/100 (1)
 Grade IV 2/100 (2)
 Grade V 0/100 (0)

Note.—There were 100 tumors in the entire cohort. 
Except where indicated, data are raw data, with 
percentages in parentheses.

* Numbers in parentheses are the range.
† Numbers in parentheses are the IQR.
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US. Four patients have had at least 3 
years of imaging follow-up, 14 have had 
2–3 years, 39 (41 tumors) have had 1–2 
years, and 39 (41 tumors) have had less 
than 1 year. Results stratified according 
to imaging follow-up are summarized in 
Table 4.

Oncologic Efficacy
There was a single treatment failure 
(one of 100 RCCs, 1%) in which lo-
cal tumor progression was identified 
25 months after the procedure. This 

patient had been temporarily lost to 
follow-up and imaging was not per-
formed 10–25 months after the proce-
dure, during which time the tumor re-
curred locally. The patient underwent 
radical nephrectomy and is currently 
alive without evidence of local tumor 
progression or metastatic disease. His-
tologic findings from the percutaneous 
biopsy before the procedure dem-
onstrated clear cell RCC, Fuhrman 
grade 2. However, the tumor was 
upgraded to Fuhrman grade 4 with 

rhabdoid features at explant histologic 
examination.

To date, there have been no in-
stances of progression to metastatic 
disease and no RCC-related deaths. 
Three patients in this series have died 
of unrelated causes: one from a myo-
cardial infarction at 5 months after the 
procedure, one from lymphoma at 9 
months, and one from a gastrointestinal 
bleed at 39 months. Three-year local 
progression-free, cancer-specific, and 
overall survival were 88% (95% confi-
dence interval: 0.52, 0.97), 100% (95% 
confidence interval: 1.0, 1.0), and 91% 
(95% confidence interval: 0.51, 0.99), 
respectively.

Complications
There were 11 (11%) complications 
within 30 days of the procedure: five 
Clavien-Dindo grade I complications, 
three grade II complications, one grade 
III complication, and two grade IV com-
plications. There were no grade V com-
plications. Three complications were di-
rectly related to the ablation procedure. 
A retroperitoneal hematoma necessi-
tating transfusion developed after an-
ticoagulation was resumed in a patient 
with chronic pulmonary emboli (RENAL 
score, 6). Two patients (RENAL score, 
6 and 8) developed hematuria necessi-
tating bladder irrigation and discharge 
with an indwelling bladder catheter. The 
remaining complications included cor-
neal abrasion, urinary retention, urinary 
tract infection, prerenal azotemia, viral 
prodrome, asymptomatic bradycardia, 
myocardial infarction, and stroke.

Six late complications developed dur-
ing imaging follow-up. Six asymptomatic 
urinomas were detected in six patients 
a mean of 173.5 days (range, 112–209 
days) after ablation. Three urinomas 

Table 3

Tumor Complexity: Ablation Protocol and Clinical Results

Tumor Complexity 
Median Tumor  
Diameter (cm)

Median No.  
of Antennas Median Power (W)

Median Ablation Time 
(min)

Local Tumor  
Progression

No. of Clavien-Dindo  
Complications No. of Urinomas

Low (RENAL score, 4–6) 2.6 2 65 5 1 6 1
Moderate (RENAL score, 7–9) 2.6 2 65 5 0 5 3
High (RENAL score, 10–12) 2.5 2 65 5 0 0 2

Table 4

Results according to Follow-up Imaging Time

Characteristic Value

.3 years follow-up (14 tumors, four patients)
 Median duration of imaging follow-up (mo) 41 (36–44)
 Median age (y) 65 (56–83)
 Median Charlson comorbidity index 4 (3–7)
 Median RENAL nephrometry score 6.8 (6–8)
 Median tumor size (cm) 2.9 (2–3.5)
2–3 years follow-up (14 tumors, 14 patients)
 Median duration of imaging follow-up (mo) 29 (24–35)
 Median age (y) 68 (53–82)
 Median Charlson comorbidity index 3 (2–6)
 Median RENAL nephrometry score 6.9 (4–9)
 Median tumor size (cm) 2.9 (1.2–4)
1–2 years follow-up (41 tumors, 39 patients)
 Median duration of imaging follow-up (mo) 17 (12–23)
 Median age (y) 67 (49–87)
 Median Charlson comorbidity index 4 (1–9)
 Median RENAL nephrometry score 6.4 (4–10)
 Median tumor size (cm) 2.6 (1.3–4)
,1 year follow-up (41 tumors, 39 patients)
 Median duration of imaging follow-up (mo) 5 (0–11)
 Median age (y) 65 (44–85)
 Median Charlson comorbidity index 3.3 (2–6)
 Median RENAL nephrometry score 6.7 (4–10)
 Median tumor size (cm) 2.5 (1.3–3.9)

Note.—Numbers in parentheses are the range.
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were associated with renal cortex volume 
loss and resulted in partial or diffuse re-
nal atrophy (Fig 1). There was no change 
in renal cortex volume in the other three 
patients (Fig 2). The decrease in pre- and 
postprocedure eGFR in these patients, 
from a mean of 57.9 mL/min/1.73 m2 6 
26.9 to a mean of 44 mL/min/1.73 m2 
6 20.4, was not clinically or statistically 
significant (P = .5).

Discussion

The results of our study demonstrate 
that percutaneous microwave ablation 
of clinical stage T1a RCC is safe, with 
promising early and midterm oncologic 
outcomes. There was minimal impact 
on renal function and few ablation-re-
lated complications. The results of our 
study add to those from the study by 
Yu et al (23), who compared early and 

Figure 1

Figure 1: (a) Axial contrast-enhanced T1-weighted fat-
saturation MR image shows endophytic 2.5-cm clear cell 
RCC (arrow) (RENAL score, 8). (b) Axial oblique unenhanced 
CT scan obtained after placement of two microwave applica-
tors with US guidance. Both applicators were placed to point 
at renal sinus. Tip of one applicator (arrowhead) terminates 
in renal sinus. (c) Coronal T2-weighted MR image obtained 
24 months after microwave ablation. Urinoma (arrow) 
surrounds index ablation (arrowhead). Inadvertent placement 
of applicator tips into renal sinus caused calyceal injury 
and thermal injury to urothelium, resulting in infundibular 
stricture.

midterm oncologic efficacy of percuta-
neous microwave ablation to open radi-
cal nephrectomy. However, we achieved 
100% technical success in single-ses-
sion ablations for the entire cohort, 
whereas 14 tumors in the study by Yu 
et al required repeat treatment in a 
second session to achieve a similar rate 
of technical success (23). A potential 
explanation for our single-session suc-
cess may relate to differences between 
multiple and single microwave applica-
tor ablations. The simultaneous use of 
multiple microwave antennas creates 
thermal and electromagnetic synergy 
when the antennas are controlled to 
have coherent phase. This synergy gen-
erates larger, confluent ablations that 
are more likely to achieve temperature 
extremes able to overcome perfusion-
mediated tissue cooling (24). Whereas 
Yu et al performed all ablations with a 

single applicator, we generally used two 
applicators for tumors between 2.5 and 
3.5 cm and three applicators for those 
larger than 3.5 cm.

Unlike with RF ablation and cryo-
ablation, the technical success of mi-
crowave ablation was not influenced 
by tumor complexity. Factors associ-
ated with RF ablation and cryoablation 
treatment failures included larger tu-
mor diameters and three of the ana-
tomic components of the RENAL neph-
rometry scores: (a) endophytic and/
or exophytic property, (b) nearness 
to the collecting system, and (c) loca-
tion relative to the polar lines (12). RF 
ablation is known to have limited effi-
cacy for tumors larger than 3 cm, for 
tumors with a significant endophytic 
component, and/or for tumors near 
the collecting system. McClure et al 
(13) showed a significantly higher rate 
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Figure 2

Figure 2: (a) Axial contrast-enhanced T1-weighted fat-saturation  
MR image shows endophytic 2.5-cm papillary RCC (arrow) (RENAL 
score, 7). (b) Two microwave applicators (arrow) were placed across 
base of RCC, tangential to renal sinus, with US guidance. (c) Axial 
oblique unenhanced CT scan helps confirm precise placement of 
applicator (arrow) tangential to renal sinus. Placement of applicators 
tangential to renal sinus mitigates risk of calyceal injury and urinoma 
formation.

of treatment failure for tumors 3.5 cm 
and larger and for tumors that were 
not of low complexity (RENAL score, 
4–6). Schmit et al (12) and Camacho 
et al (14) showed that treatment failure 
with RF ablation and cryoablation was 
associated with RENAL scores greater 
than 7.6 and 8, respectively. Herein, 
we report a 100% rate of single-ses-
sion treatment success for the entire 
cohort, including 34 (34%) tumors 
ranging in size from 3.0–4.0 cm and 47 
moderately and five highly complex re-
nal tumors. Furthermore, the number 
of antennas used, generator output, 
and duration of ablation was similar 
for low, moderate, and high tumor 
complexity. This suggests that micro-
wave ablation of clinical stage T1a RCC 
is more straightforward than RF abla-
tion and cryoablation, where the op-
erator must consider tumor diameter 

and tumor complexity when planning 
and performing tumor ablation.

The one patient who experienced 
local tumor progression had a 2.6-cm 
Fuhrman grade 2 clear cell RCC and a 
RENAL score of 6, which corresponds 
to a low tumor complexity. After sal-
vage radical nephrectomy, the tumor 
was upgraded to Fuhrman grade 4 RCC 
with rhabdoid features, a histologically 
aggressive RCC. Tumor histologic char-
acteristics rather than technique likely 
explained the cause of the treatment 
failure. Histologic grading of RCC from 
renal mass biopsy is a well-known lim-
itation, with concordance rates at ex-
tirpation ranging from 43% to 80% 
(25). Importantly, higher grade RCCs 
(Fuhrman grade III or IV) and RCCs 
with aggressive histologic characteris-
tics (sarcomatoid or rhabdoid features) 
may require a larger margin when 

performing thermal ablation or may be 
more suited for surgical management.

The complication profile in our study 
is similar to that of previous RF abla-
tion and microwave studies (23,26,27). 
Most Clavien-Dindo complications were 
low grade (I or II) and causally unre-
lated to the ablation procedure. How-
ever, we did identify six asymptomatic 
urinomas during postprocedure sur-
veillance. These six urinomas occurred 
early in our microwave experience dur-
ing the treatment of 29 endophytic and 
partially endophytic RCCs (median RE-
NAL score, 8.5). In all patients who de-
veloped urinomas, microwave antennas 
had been placed directly into the renal 
sinus. Three patients developed renal 
cortical loss similar to that previously 
described, presumably the result of 
calyceal strictures (26). Importantly, 
there was minimal impact on global 
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