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Abstract

Purpose To evaluate the safety and efficacy of US-guided
percutaneous microwave (MW) ablation in the treatment of
renal angiomyolipoma (AML).

Materials and Methods From January 2011 to April
2014, seven patients (5 females and 2 males; mean age
51.4) with 11 renal AMLs (9 sporadic type and 2 tuberous
sclerosis associated) with a mean size of 3.4 + 0.7 cm
(range 2.4-4.9 cm) were treated with high-powered, gas-
cooled percutaneous MW ablation under US guidance.
Tumoral diameter, volume, and CT/MR enhancement were
measured on pre-treatment, immediate post-ablation, and
delayed post-ablation imaging. Clinical symptoms and
creatinine were assessed on follow-up visits.

Results All ablations were technically successful and no
major complications were encountered. Mean ablation
parameters were ablation power of 65 W (range 60-70 W),
using 456 mL. of hydrodissection fluid per patient, over
4.7 min (range 3-8 min). Immediate post-ablation imaging

DX Fred T. Lee Jr.
flee @uwhealth.org

Mircea Cristescu
mcristescu @uwhealth.org

E. Jason Abel
abel @urology.wisc.edu

Shane Wells
swells@uwhealth.org

Timothy J. Ziemlewicz
tziemlewicz@uwhealth.org

Sean P. Hedican
hedican @surgery.wisc.edu

Megan G. Lubner
mlubner @uwhealth.org

demonstrated mean tumor diameter and volume decreases of
1.8 % (3.4-3.3 cm) and 1.7 % (27.5-26.3 cm®), respectively.
Delayed imaging follow-up obtained at a mean interval of
23.1 months (median 17.6; range 9-47) demonstrated mean
tumor diameter and volume decreases of 29 % (3.4-2.4 cm)
and 47 % (27.5-12.1 cm?®), respectively. Tumoral enhance-
ment decreased on immediate post-procedure and delayed
imaging by CT/MR parameters, indicating decreased tumor
vascularity. No patients required additional intervention and no
patients experienced spontaneous bleeding post-ablation.
Conclusion Our early experience with high-powered,
gas-cooled percutaneous MW ablation demonstrates it to
be a safe and effective modality to devascularize and
decrease the size of renal AMLs.
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Introduction

Renal angiomyolipomas (AML) are rare fat-containing renal
tumors. Although benign, AMLs reaching 4 cm or greater
are at increased risk of life-threatening spontaneous hem-
orrhage (Wunderlich syndrome) [1-3]. Surgical removal of
AMLs is highly effective in preventing hemorrhage, but is an
invasive treatment option for an otherwise benign condition.
Consequently, several percutaneous minimally invasive
therapies have been described for the treatment of AML,
with transarterial embolization currently the most widely
applied method [4]. However, embolization as monotherapy
has been associated with a need for retreatment or surgical
resection in 16-37 % of patients [1, 4-6].

Due to the limitations of current treatment methods, a
number of investigators have explored the use of percuta-
neous ablative techniques such as radiofrequency (RF)
ablation, cryoablation, and microwave (MW) ablation for
the treatment of AMLs [4]. Heat-based methods such as RF
and MW are particularly attractive due to the potential to
create both vascular thrombosis and destruction of the tumor
parenchyma by thermal coagulation that prevents revascu-
larization. While RF ablation has been the most widely
applied percutaneous modality to treat AMLs to date, the
physical qualities of MW ablation make it a compelling
alternative. Compared to RF electrical current, MW energy
produces larger and hotter ablation zones in less time [7] and
more effectively penetrates macroscopic fat [8, 9], which is
the major component of most AMLs. The purpose of this
study is to describe our clinical experience utilizing percu-
taneous MW ablation for the treatment of renal AML.

Materials and Methods
Patient Population

This retrospective review was performed under a waiver of
informed consent provided by the institutional review
board (IRB) at our institution and was compliant with the
Health Insurance Portability and Accountability Act
(HIPAA). Patient charts were retrospectively reviewed for
all patients who had AMLs treated by percutaneous MW
ablation between January 2011 and April 2014. All patients
had a CT or MRI prior to the procedure which was utilized
for treatment planning. Patients were diagnosed either by
imaging alone or in conjunction with percutaneous biopsy.

Microwave Ablation Technique

Single session image-guided, percutaneous MW ablation
was performed in all patients. Following induction of
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general anesthesia, patient positioning, and sterile prepa-
ration, real-time sonography (Logiq E9, GE Medical Sys-
tems, Waukesha, WI) was used to position two or three
17-gage MW antennas (Neuwave Medical, Madison, WI)
using a subcostal approach. The performing physician
determined power settings and time of ablation based on
tumor size and intra-procedure findings. A notable goal of
probe positioning was to place at least one probe directly
adjacent to the largest feeding vessels. In addition, cover-
age of the vascular and soft tissue elements of a tumor by
the ablation zone, as determined by post-procedure con-
trast-enhanced CT, was defined as technical success. In all
patients, 2 % contrast-doped hydrodissection with 5 %
dextrose in water (DSW) or normal saline was utilized to
protect the body wall and adjacent bowel from thermal
injury. Following the completion of each procedure, non-
contrast and biphasic contrast-enhanced CT of the abdo-
men was performed (Lightspeed Ultra, GE Medical,
Waukesha, WI) using 100-150 mL of contrast (Omnipaque
300, GE Healthcare, Waukesha, WI) to assess for residual
untreated tumor, enhancement, and complications.

Follow-Up

All patients were admitted overnight for observation. Post-
procedure imaging was performed with contrast-enhanced
CT or MRI immediately following the completion of each
procedure and approximately every 12 months following
ablation, with concurrent clinical follow-up.

Post-procedural Tumor Evaluation

Mean tumor volume, diameter, and enhancement (utilized
as a surrogate for tumor vascularization) were measured on
pre-procedure, immediate post-procedure, and on delayed
follow-up CT or MRI images using a GE Advantage
Windows Workstation (GE Healthcare, Waukesha, WI).
Fisher’s exact test was performed for statistical analysis
using Excel (Microsoft, Redmond, WA). Diameter was
measured by taking the mean of three perpendicular tumor
measurements, and volume was calculated using software
autosegmentation. Mean tumor enhancement was calcu-
lated by obtaining the mean attenuation value from five
elliptical regions-of-interest (ROIs) on representative slices
through each lesion from contrast-enhanced and non-con-
trast CT images. For patients receiving MRI surveillance, a
contrast enhancement ratio was calculated to assess resid-
ual post-ablation enhancement, a technique previously used
in quantification of hepatic tumor enhancement [10]. We
used the average of five elliptical ROIs to measure signal
intensity on T1 images pre- and post-contrast administra-
tion using the formula (SItypost—SItipre)/SITipre-
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Results

Our cohort includes seven patients (5 females and 2 males;
mean age 51.4, range 23-68 years), with 11 renal AMLs (9
sporadic type and 2 tuberous sclerosis associated) with a
mean size of 3.4 £ 0.7 cm (Table 1) treated with image-
guided percutaneous MW ablation (Fig. 1). The primary
indication for treatment was risk of rupture/hemorrhage
due to size greater than or approaching 4 cm with rapid
tumor growth, or persistent growth or vascularity following
prior embolization in two patients (Fig. 2).

There was 100 % technical success utilizing a mean
ablation time of 4.7 min (range 3-8 min). Procedural
details are outlined in Table 2. There were no major pro-
cedural complications or delayed adverse events. One
patient developed a small intra-procedural subcapsular
hematoma which was self-limited and clinically occult.

Tumor Size

Immediate post-ablation imaging demonstrated a trend
towards minimal decrease in mean tumor diameter and
volume, (1.8 % (3.4-3.3cm), p=10.08; and 1.7 %
(27.5-26.3 cm3), p = 0.105), respectively, which was not
statistically significant. Six of seven patients have received
delayed imaging follow-up to date, at a mean interval of
23.1 months (range 9-47 months), demonstrating a sig-
nificant decrease in mean diameter and volume (29 %
(3424 cm), p=001; and 47 % (27.5-12.1 cm’),
p = 0.01), respectively (Table 2).

Tumor Enhancement

Evaluation of degree of enhancement pre- and immediately
post-ablation (HU) could be calculated for 8/11 tumors
(Table 2). Pre-ablation contrast-enhanced CT images were
unavailable for the remainder of tumors, precluding

Table 1 Patient and tumor characteristics

comparison. A significant decrease in tumor enhancement
was noted immediately post-ablation compared to pre-abla-
tion (44.1-14.6 HU, p < 0.001). Delayed post-ablation
imaging was obtained with CT for three tumors and MR for
seven tumors, with one patient lost to imaging follow-up.
There was a trend towards continued decrease in enhancement
for lesions evaluated by CT on delayed imaging, (from 14.6 to
10.0 HU, p = 0.10), although this was not statistically sig-
nificant. For the remainder of lesions which were evaluated by
MRI, a contrast enhancement ratio measuring less than
5-10 % confirmed the absence of significant post-contrast
enhancement in 4/7 tumors (Fig. 3), and low degrees of
residual enhancement (11-36 %) in the remaining AMLs.

In two patients who had additional untreated tumors,
there was continued growth in the non-ablated AMLs. For
example, an untreated lesion in patient 5 was found to have
enlarged from 4.3 to 5.2 cm, while the treated lesion
decreased in diameter from 4.9 to 2.4 cm over 43 months
(Fig. 4). This patient has been scheduled for MW ablation
of the untreated, growing tumor.

Clinical Follow-Up

Mean clinical follow-up is 22.8 months (range 5-44
months). No patients have experienced renal hemorrhage,
and all patients are asymptomatic. One patient was lost to
follow-up following her first clinical visit and therefore did
not receive delayed imaging. There was no significant
decrease in post-treatment eGFR (95-87 mL/min/m>
mean, p = 0.15).

Discussion
The results of this preliminary study suggest that MW

ablation of renal AMLs is technically feasible and appears
to be safe and effective at early follow-up. All of the

Patient ~ No. of tumors Age/sex Tumor Presentation  Prior treatment Treatment indication
no. ablated etiology
1 2 23/F Tuberous Incidental - Risk of rupture
sclerosis
2 1 50/M Sporadic Pain/ - Risk of rupture
hematuria
3 1 61/F Sporadic Incidental - Risk of rupture
4 1 56/F Sporadic Acute bleed Prior unsuccessful embolization Revascularization on
surveillance Doppler
5 1 68/F Sporadic Incidental Prior unsuccessful embolization Continued growth on
surveillance CT
48/F Sporadic Hematuria  — Risk of rupture
4 54/M Sporadic Incidental Prior contralateral nephrectomy for  Risk of rupture

hemorrhage
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Fig. 1 Ablation technique. A, B CT and ultrasound images after
antenna placement and injection of hydrodissection fluid (5 %
dextrose in water doped with 2 % iohexol) from patient 4. Note the
high-attenuation fluid (black asterisk) displacing colon away from the
ablation zone. By ultrasound, the AML is echogenic without posterior

tumors treated with MW in this series were treated rapidly
without complications, have decreased in volume,
demonstrate less enhancement post-ablation on CT/MR,
and have not required retreatment. Most importantly, no
episodes of spontaneous hemorrhage have been reported
during clinical and imaging follow-up interval of approx-
imately 23 months.

Numerous treatment strategies have been described for
AML, including radical nephrectomy, nephron-sparing
surgery, renal arterial embolization, cryoablation, RF
ablation, and MW ablation [1, 2, 4]. However, our series is
the first to describe the ablation of renal AML with a
readily available high-powered gas-cooled MW ablation
system. Among non-surgical therapies, transarterial
embolization has the most established role, particularly in
patients who present with acute hemorrhage. Unlike abla-
tion, tumor size does not limit the effectiveness of
embolization, with successful treatment of tumors up to
25 cm reported in the peer-reviewed literature [11].
Embolization causes occlusion and thrombosis of the
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acoustic shadowing. C, D CT and ultrasound images immediately
after MW ablation. The tumor has been replaced by gas bubbles
(white asterisk) and the hydrodissection fluid continues to displace the
colon

feeding vessels, and can be performed selectively to min-
imize collateral damage to normal renal parenchyma.
Presumably, tissue ischemia causes damage to the tumor
parenchyma and is the etiology for the tumor shrinkage that
occurs. Embolization is successful in the majority of
patients; however, a substantial subset of patients
(16-37 %) will require re-treatment after a single session
of embolization due to incomplete treatment or revascu-
larization [1, 4-6]. In addition, embolization is associated
with post-embolization syndrome in up to 85 % of patients,
abscess formation in 5 %, and pleural effusion in 3 % [1].
Thus, there is a need for continued exploration of other
minimally invasive treatments that may be better tolerated
or more effective.

Thermal ablation is widely accepted as second-line
therapy for medically or surgically inoperable patients with
small renal cell carcinomas (RCC) [12]. In the treatment of
RCC, it is critical to destroy the entire tumor to avoid local
tumor progression. The goals for the treatment of AML are
different, and therapeutic interventions are aimed primarily
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> Spontaneous Hemorrhage

¥

Fig. 2 Treatment of unsuccessfully embolized tumor. A, B CT
images of patient 4 demonstrate a heterogeneous lower pole renal
mass with surrounding hematoma secondary to spontaneous hemor-
rhage. C, D Ultrasound and CT images obtained 8 months post-

at preventing future episodes of catastrophic bleeding. To
this end, the rationale for treating AMLs with heat is two-
fold: (1) cause immediate vascular thrombosis—in our
series this was accomplished by purposefully targeting the
feeding vessels, and (2) destroy the mesenchymal tumor
elements by thermal coagulation. Similar to treating RCC,
the goal of ablation of AMLs is to expose the entire tumor
to tumoricidal temperatures (>60 °C), and there should be
no surviving cells within the treatment zone to promote
either tumor growth or revascularization. After treatment of
AMLs by thermal ablation, there are no widely accepted
criteria for determining success. In this study, we used
tumor shrinkage or lack of growth, imaging-based metrics
of devascularization, and the absence of hemorrhage as
surrogate markers of treatment success.

Previous small case series using cryoablation [13] and
RF ablation to treat AML have also shown favorable
results. In one RF ablation series, four AMLs ranging in
size from 6 to 32 cm were ablated. Although there was no
change in volume post-ablation (the authors reported a
gradual increase in fatty content of the tumors),

Post-Embolization

embolization demonstrate residual vascularity within the tumor
(arrow). E, F CT images obtained 10 months following microwave
ablation salvage therapy demonstrate decreased vascularity (arrow)
and 40 % volume reduction

hemorrhage was not encountered over 48 months of fol-
low-up [14]. Similarly, in our study, there was no imme-
diate post-procedure change in tumor volume, but rather a
progressive decrease in tumor volume over time. In another
larger RF series, 15 tumors with a mean size of 2.6 cm
were ablated either under CT guidance or during laparo-
scopy, with no CT evidence of enhancement or episodes of
hemorrhage after 21 months of follow-up [15]. This same
study did, however, report a complication rate of 13 %
(hematuria and intercostal nerve transection). We believe
that MW has inherent advantages over RF that will allow
even more effective treatment of AML. While both treat-
ments cause tissue heating and vascular thrombosis [16],
MW ablation is less influenced by tissue type [17]. In
contrast, RF is dependent on the conduction of electrical
current between the electrode and ground pads. Tissues
with low electrical conductivity (such as macroscopic fat,
desiccated tissue, or anionic fluids) force current to higher-
conductivity pathways in the electrical circuit, thereby
reducing the amount of heat generated in the low-con-
ductivity fat, resulting in less effective tissue heating [9,
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Table 2 Procedural details and radiologic outcomes

Tumor Pt. Procedure Diameter

ne- no- Hydro- Mean Ablation Delayed imaging Complications Pre-ablation Diam. change  Diam. change
dissect. vol.  Power time (min) follow-up (mo) diameter (cm) (immed.) (%) (delayed) (%)
(mL) W)

1 1 440 65 6 24 None 3.8 0.0 —33.8

2 1 - 60 8 24 None 2.3 1.5 —353

3 2 180 65 5 39 Hematoma® 3.9 —2.6 —12.0

4 3 200 65 4 n/a None 3.1 —6.5 n/a

5 4 350 65 5 18 None 3.6 —-83 —27.8

6 5 400 70 8 47 None 4.9 —4.8 —64.6

7 6 600 65 5 9 None 2.9 —5.7 —6.9

8 7 1020 65 3 17 None 3.9 0.0 —39.7

9 7 - 65 2 17 None 2.4 11.0 -329

10 7 - 65 3 17 None 3.5 1.0 —16.3

11 7 - 65 3 17 None 33 -5.0 —26.0

Mean 456 65 4.7 23.1 3.4 -1.8 —-29.5

Tumor Pt.  Volume Enhancement Clinical follow-up

no- no- Volume Vol. change Vol. change Pre- Immed. Delayed (HU)/ Follow- Symptoms/
(cc) (immed.) (%) (delayed) (%) ablation post-(HU) (MR CER¥*) up (mo) hemorrhage

(HU)

1 1 29.9 23 —66.2 - - (3.2%) 23 None

2 1 7.6 =75 —40.5 - - (3.7%) 23 None

3 2 26.7 —6.1 —25.8 - - (17.4%) 33 None

4 3 20.3 —11.8 n/a 28.8 7.2 n/a 24 None

5 4 38.9 —6.9 —60.7 74 14.6 6.2 24 None

6 5 73.4 —10.6 —89.6 30 8.6 13.2 44 None

7 6 10.1 -1 —22.3 25.4 4.4 10.7 6 None

8 7 32 -3.1 -59 50.4 6.4 (24.2%) 5 None

9 7 10 29 —45.1 40 29.6 (21.1%) 5 None

10 7 31.8 8.8 —18.9 49 21.8 (19.6%) 5 None

11 7 21.4 —6.9 —46 54.8 24 (21.3%) 5 None

Mean 27.5 —-1.7 —47.4 44.1 14.6 10 22.8 None

* MR Contrast Enhancement Ratio

# Clinically occult

18]. Thus, MW should be more effective that RF for use in
fat-rich tumors, and also allow the treatment of larger
tumors.

There have been previous reports of both laparoscopic
and open MW ablation of AMLs with some success [19],
but comparison with percutaneous ablation is difficult due
to the marked differences in technique and complication
profile. More recently, a series of 19 sporadic AMLs
treated using percutaneous MW demonstrated overall
favorable results, but there was a significant complication
and failure rate with incomplete ablation in four tumors and
two major complications (colonic fistula and abscess) [20].
In those patients, no spontaneous hemorrhage was identi-
fied within the 10-month mean follow-up interval and there
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were no reported cases of tumor enlargement. The authors
did not report tumor diameter or volume change. Com-
parisons between the Asian studies and the current study
are limited due to the lack of hydrodissection (as reported)
for protection of non-targeted tissues, and major technical
differences between MW equipment. The current study
used a multiple antenna high-powered gas-cooled MW
system, while both Asian studies were performed with a
single-antenna water-cooled system not approved for use in
either Europe or the United States.

The most important limitation of this study is the small
sample size. However, AML is not a common tumor, and
the incidence of AMLs in the treatable size range
(~4-10 cm) is low. Large tumors (>10 cm) are not
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Pre-Ablation

Pre-Ablation

Fig. 3 Post-ablation enhancement changes. A Non-contrast CT
imaging of patient 2 demonstrates a 3.9-cm untreated angiomy-
olipoma in the interpolar region of the left kidney. B-D T1 pre-
contrast, T1 post-contrast, and subtraction images performed
39 months post-ablation demonstrate a high T1-signal tumor which
has decreased in size from prior examination. Subtraction

Fig. 4 Pre- and post-procedural
images of treated and untreated
AMLs in the same patient. A,
B Contrast-enhanced CT images
of patient 5 prior to MW and
43 months following ablation
demonstrate marked decrease in
size of a treated AML (green
arrows) by 90 % by volume. C,
D Contrast-enhanced CT
images of the same patient
demonstrate continued growth
of an adjacent untreated lesion
(white arrowheads) over this
same period of time. Treatment
for this lesion is planned for a
future date

Untreated

generally ablation candidates and are usually surgically
removed or undergo embolization, and smaller tumors are
typically observed due to the low incidence of bleeding [4].
By way of context, studies of ablation modalities for
treating AML generally have less than 20 patients [14, 15,

demonstrates the absence of residual contrast enhancement (arrow),
consistent with complete lesion devascularization. E, F Pre- and post-
contrast CT images of patient 6 demonstrate pre-treatment enhance-
ment of the 2.9-cm renal angiomyolipoma measuring 25 HU (mean).
G, H Pre- and post-contrast CT images obtained 9 months following
treatment measure enhancement at only 11 HU (mean)

Post-Ablation

19-21], and prospective studies and comparisons between
modalities are lacking. Other limitations include the lack of
both non-contrast and contrast CT before and after treat-
ment in some patients, thus limiting our ability to evaluate
changes in tumor enhancement post-MW. Our method for

@ Springer



440 M. Cristescu et al.: Percutaneous Microwave Ablation of Renal Angiomyolipomas

determining tumor vascularity (evaluation of enhancement)
is also only a rough approximation of true tumor vascu-
larity and highly dependent on technical parameters
including bolus timing and injection rate.

In summary, this preliminary study of renal AMLs
suggests that treatment with percutaneous MW ablation is
safe, well tolerated, and effective in producing tumor
shrinkage and devascularization. Our study highlights
several important technical aspects of MW ablation of
renal AML. First, our technique suggests that targeting the
largest feeding vessels within renal AMLs allows devas-
cularization and may prevent subsequent growth. More-
over, it appears that although tumoral shrinkage on
immediate post-treatment imaging may be miniscule, it
does not correlate with longer-term treatment success, and
operators should not be discouraged with minimal imme-
diate post-treatment size changes. Lastly, it may be feasible
to use decreased post-contrast enhancement or a low MRI
contrast enhancement ratio as a surrogate for technical
success, although this method requires further validation.
MW ablation appears to be a viable alternative to arterial
embolization and other ablative therapies in the treatment
of AML, although longer-term follow-up is still necessary
to confirm a durable decreased risk of hemorrhage and
continued lack of tumor growth.
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