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Abstract
Purpose This study was designed to explore the safety
and efficacy of percutaneous microwave (MW) ablation as
an alternative treatment for symptomatic giant hepatic
hemangiomas.
Methods Patients (n = 7; 6 females, 1 male; mean
age = 44 years) with symptomatic, giant hemangiomas
(n = 8) were treated with ultrasound-guided percutaneous
MW ablation and followed for a mean of 18 months.
Patient pain was recorded both before and after the procedure according to the 10-point visual analog scale. All
patients were treated using one or three gas-cooled
17-gauge antennas powered by a 2.4-GHz generator

T. J. Ziemlewicz (&)  S. A. Wells  M. A. Lubner 
J. L. Hinshaw  A. R. Cohn  F. T. Lee Jr.
Department of Radiology, University of Wisconsin School of
Medicine and Public Health, 600 Highland Avenue, E3/366,
Madison, WI 53792-3252, USA
e-mail: tziemlewicz@uwhealth.org
S. A. Wells
e-mail: shaneawells@gmail.com

(Neuwave Medical, Madison, WI). Mean ablation time was
11.6 min. Four patients received hydrodissection to protect
the abdominal wall, colon, or gallbladder (5 % dextrose in
water, mean volume 900 mL). Immediate postablation
biphasic CT of the abdomen was performed, and four of
seven patients have undergone delayed follow-up imaging.
Results All ablations were technically successful with no
major or minor complications. Average pain score
decreased from 4.6 to 0.9 (p \ 0.05), and six of seven
patients report resolution or improvement of symptoms at
18-month average follow-up (range 1–33 months). Immediately postablation, mean tumor diameter decreased 25 %
(from 7.3 to 5.5 cm, p \ 0.05) and volume decreased 62 %
(from 301 to 113 cm3, p \ 0.05).
Discussion In this series, percutaneous MW ablation was
safe, well-tolerated, and effective in markedly shrinking
large hepatic hemangiomas and improving symptoms in
most patients.
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Introduction
Hepatic hemangiomas are the most common benign
hepatic neoplasm, with a reported incidence of 3–20 % in
the general population [1]. Hemangiomas are composed of
dilated, endothelial-lined vascular spaces separated by
various amounts of fibrous tissue that can progressively
enlarge, probably the result of vascular ectasia rather than
true neoplastic proliferation or neovascularization [2, 3].
Hemangiomas are referred to as ‘‘giant’’ if greater than
4 cm in diameter and small if less than 1 cm [4]. The vast
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majority are small, follow an indolent course, and require
no specific treatment or imaging follow-up. Infrequently,
large or enlarging hepatic hemangiomas are symptomatic
due to mass effect with the primary cause of pain thought
to be capsular distention [5, 6]. While the risk of rupture is
exceedingly low with only case reports in the literature,
tumor rupture is associated with a mortality rate of 60 % in
these reports [7]. In a large series of untreated patients with
hemangiomas, the overall rate of potentially life-threatening complications is *2 %, including rupture, hemobilia,
heart failure, and Kasabach-Merritt syndrome [8].
Surgical resection has been considered the standard
treatment for the few hemangiomas that need intervention.
Unfortunately, resection is associated with up to 25 %
morbidity, a long recovery period, missed time from work,
and rare perioperative deaths [9, 10]. Minimally invasive
strategies, such as transarterial embolization and radiation,
have been reported with variable success and some morbidity [11–16]. The most extensively studied percutaneous
ablation modality for treatment of hepatic hemangiomas is
radiofrequency (RF) ablation. While generally effective for
giant hepatic hemangiomas less than 7.5 cm, limited power
and small ablation zones can result in long ablation times
(29.4–126.5 min) and incomplete tumor devascularization
requiring repeated ablation, presumably the result of perfusion-mediated tissue cooling (heat-sink) and limited
power deposition [17–24].
Percutaneous microwave ablation is increasingly being
used for the treatment of liver, lung, and renal malignancies
[25–31]. In comparison to RF ablation, microwaves produce
ablation zones that are hotter, larger, form faster, and are
more reproducible [32, 33]. Microwaves rapidly oscillate
polar molecules, such as water, and are therefore particularly
effective for the treatment of tumors with high water content
[34]. Because hemangiomas are composed primarily of
vascular spaces and thus contain large amounts of intratumoral water, we hypothesized that microwave would be a
highly effective percutaneous treatment modality. The
purpose of this study was to evaluate the safety and technical
as well as clinical effectiveness of microwave ablation of
giant hepatic hemangiomas.

Materials and Methods
Patient Population
Institutional review board approval was obtained to deidentify a clinical database for research purposes, and a
waiver of informed consent was granted. From December 2010 to September 2013, seven patients (6 females,
1 male; average age 44 years) with eight giant hepatic
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hemangiomas (mean diameter 7.3 cm, range 3.4–
12.2 cm) were treated with image-guided percutaneous
microwave (MW) ablation. The primary indication for
treatment was abdominal pain. Before the procedure, the
pain score, based on the visual analog scale, was
recorded. Associated symptoms including nausea, vomiting, abdominal fullness, weight loss, and early satiety
also were recorded. There were no asymptomatic
patients in the cohort. Following thorough medical
evaluation by a hepatologist or hepatic surgeon, no other
clinical cause was found to explain symptoms. The
diagnosis of hemangioma was made based on contrastenhanced CT and/or MRI imaging demonstrating discontinuous peripheral nodular enhancement with centripetal fill-in in all patients.
Microwave Ablation Technique
Single-session, image-guided, percutaneous microwave
ablation was performed in all patients. Following induction
of general anesthesia and appropriate patient positioning
and sterile preparation, real-time sonography (Logiq E9,
GE Medical Systems, Waukesha, WI) was used to place
17-gauge microwave antennas using an intercostal or
subcostal approach. Microwave energy (65–140 W) was
deposited into each neoplasm with a 2.4 GHz generator
and monitored using real-time sonography. For six tumors,
three high-powered (0–140 W), gas-cooled, 17-gauge,
liver-tuned antennas were powered simultaneously (Certus
140, LK antennas, Neuwave Medical, Madison, WI). For
the other two tumors, a hemangioma abutting either the
diaphragm or gallbladder was targeted using a modified
triaxial antenna that produces a short ablation zone (Certus
140, PR antenna, NeuWave Medical, Madison, WI).
Focused, unenhanced CT of the abdomen confirmed
antenna position before ablation in six patients. Biphasic
contrast-enhanced CT of the liver in a large-bore CT
scanner (Lightspeed Ultra, GE Medical) using 150 mL of
nonionic iodinated contrast material (Omnipaque 300, GE
Healthcare) was performed immediately following antenna
removal to evaluate the ablation zone, presence of residual
perfused hemangioma, and to assess for immediate complications. Technical effectiveness was defined by treatment of 90–100 % of the volume of the hemangioma, as
the goal was to debulk the tumor while minimizing the risk
of complications. Complications were classified according
to the Society of Interventional Radiology Classification
system for Complications by Outcome [35]. In four
patients, hydrodissection with 5 % dextrose in water
(D5 W, mean volume 900 mL) was necessary before
ablation to protect nontarget structures, specifically diaphragm, abdominal wall, colon, and gallbladder (Fig. 1).
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Fig. 1 Intraprocedural ultrasound images of 39-year-old female with
a giant hemangioma. Pre-procedure diameter = 8.9 cm, volume =
382 mL. Postprocedure diameter = 5.4 cm, volume = 82 mL.
A Pre-procedure ultrasound. B One of three antennas utilized in this
case placed in the center of the hemangioma by US. C US image
obtained within 10 s of beginning ablation, showing early gas bubble
formation along the antenna. D US image obtained following 30 s of

ablation with a single antenna. E US image obtained following 2 min
of ablation with a single antenna. F US image at completion of
procedure with entire hemangioma encompassed by gas. G Preprocedure contrast-enhanced CT. H Post-procedure contrastenhanced CT (arrows outline D5 W instilled to protect the diaphragm). Note capsular retraction due to the marked decrease in the
size of the tumor

Follow-Up

was defined as improvement of symptoms notated during
follow-up. Patients were encouraged to return to normal
activity, including vigorous exercise 1 week following the
procedure. Because patients were referred for treatment of
symptoms, there was no standard postprocedure imaging
algorithm. Four of seven patients underwent follow-up
imaging at the discretion of the referring physician at an
average of 6 (range 3–12) months postprocedure.

All patients were admitted overnight for observation per
our standard protocol. Patients were contacted via phone
1 week postprocedure and at varying intervals up to
12 months postprocedure to monitor for delayed complications, evaluate symptom relief, and to determine impact
of the procedure on daily function. Clinical effectiveness
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Fig. 2 Hemangioma abutting porta hepatis of 40-year-old female
with giant hemangioma in the central liver adjacent to the porta
hepatis. Pre-procedure diameter = 8.1 cm, volume = 289 mL. Postprocedure diameter = 6.5 cm, volume = 151 mL. Pre-procedure CT
images demonstrating proximity to main left (A) and right (B) portal

veins. C and D Postprocedure CT images demonstrating intentional
under treatment (untreated tumor identified by arrows) near main
portal veins and associated bile ducts. Arrowhead in image C outlines
the left hepatic duct

Results

(139–90 mL), corresponding to an overall 35 % decrease
in tumor diameter and 76 % decrease in tumor volume in
these four patients (Fig. 3). Patient, tumor, and procedure
details are outlined in Table 1.
The procedure provided clinical effectiveness in six of
seven patients who had complete pain relief or improvement of pain following the procedure. Two of six patients
described pain relief at 1 week follow-up phone call,
whereas the other four reported relief at either a clinic visit
or phone consultation ranging from 1 to 6 months postablation. Overall pain score on the visual analog scale
decreased from an average of 4.6–0.9 (p \ 0.05). All
patients were able to return to their pre-procedure level of
activity within a week of the procedure. The one patient
whose pain was unchanged after MW ablation underwent
laparoscopic cholecystectomy with chronic acalculous
cholecystitis noted at pathology and subsequently had
complete pain relief. There had been no gallbladder
abnormality noted on imaging before MW ablation. There
was resolution of nausea and intermittent vomiting in the
three patients who demonstrated one of these symptoms

Technical effectiveness was 100 % (8/8) with a mean
ablation time of 11.6 (range 5.0–24.5) min. Three tumors
were treated with *90 % tumor ablation due to the
peripheral or central location of the neoplasm and associated increased risk of thermal injury to the gallbladder or
central biliary tree (Fig. 2). Three additional tumors demonstrated a minimal amount of residual enhancement following treatment, whereas two tumors were treated with
100 % coverage. Immediately following the procedure,
there was a significant decrease of mean tumor diameter
(7.3–5.5 cm, p \ 0.05) and volume (301–113 mL,
p \ 0.05), corresponding to a 25 % decrease in diameter
and 62 % decrease in volume. There was minimal procedural blood loss, no significant procedural complications,
and no delayed adverse events. Mean patient follow-up is
18 (range 1–33) months. In the four patients who underwent delayed imaging follow-up, there was a continued
decrease from immediate postablation measurements in
mean tumor diameter (6.0–5.2 cm) and volume
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Fig. 3 Largest treated hemangioma: 42-year-old female with a giant
hemangioma. A T1-weighted postcontrast MRI demonstrating large
hemangioma occupying the majority of the right hepatic lobe
(diameter = 12.2 cm, volume = 951 mL). B CT image with IV
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contrast obtained 3 months postprocedure. Note the marked decrease
in tumor size (diameter = 7.9 cm, volume = 268 mL). The right
kidney has migrated cephalad due to the tumor shrinkage

Table 1 Patient characteristics, procedure details, and radiologic outcomes
Patient

Gender

Age

Followup
(mo)

Ablation
time
(min)

Mean
power
(W)

Preablation
diameter
(cm)

Postablation
diameter
(cm)

Percent
diameter
change

Preablation
volume (cc)

Postablation
volume (cc)

Percent
volume
change

1

F

39

33

15

88

8.9

5.4

-39

382

82

-79

2

F

57

24

8

65

7.3

6.1

-16

212

120

-43

3

F

42

24

24.5

65

12.2

7.9

-35

951

268

-72

4

F

40

16

9

65

8.1

6.5

-20

289

151

-48

5

F

57

14

5
8.5

65
70

4.1
3.4

4
3

-2
-12

39
21

34
14

-13
-33

6

M

41

10

6

56

4.4

3.5

-20

40

18

-55

7

F

17

96

9.8

7.7

-21

471

214

-55

11.6

71.3

7.3

5.5

-25

301

113

-62

Mean

32

1

44

18

Discussion

Table 2 Patient symptom reporting
Patient

Pain score before
ablation (x/10)

Pain score post
ablation (x/10)

Character of pain

1

4

0

Constant ache

2

5

3

Constant pain,
limits activities

3

3

0

Constant pain and
fullness

4

6

0

Intermittent pain

5

8

0

Constant ache

6

3

3

Intermittent pain

7

3

0

Constant pain

Mean

4.6

0.9

N/A

pre-procedure and resolution of early satiety in the patient
who experienced this before the procedure. Symptom
details are outlined in Table 2.

Most hepatic hemangiomas are small, asymptomatic, and
require no treatment. However, up to 40 % of patients with
hemangiomas of at least 4 cm present with symptoms due
to capsular stretching or impingement on adjacent structures [5, 6]. Unfortunately, there is no definitive test to
determine whether a particular hemangioma is responsible
for symptoms or is simply an incidental coexistent condition. With the uncertainties of treating individual patients
in mind, the ideal treatment modality would be minimally
invasive, safe with very low morbidity, highly effective in
reducing symptoms, and allow a rapid return to normal
function. It is important to keep in mind that many of the
trade-offs encountered during the treatment of cancer are
not applicable to hepatic hemangiomas due to their benign
natural history. Thus, a highly effective but morbid treatment would be a poor choice for most patients.
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Open surgical resection of hemangiomas is a definitive
treatment method but is associated with a 14 % perioperative complication rate, 7 % of which are life-threatening,
as well as rare mortality and a prolonged recovery period
[9, 10]. Less invasive surgical techniques, such as laparoscopic or robotic liver resections, are becoming more
common and hold promise to reduce morbidity and speed
recovery in selected patients [36, 37]. However, to date, the
largest clinical experience remains with conventional open
surgery.
Various percutaneous treatment methods have been
proposed for hepatic hemangiomas, and the largest experience to date is with RF ablation. While the results of
small case series have been excellent, particularly for
smaller hemangiomas [17, 18, 21, 22, 24], RF (as a technology) has the potential to be replaced by MW for the
treatment of benign and malignant tumors in the liver,
kidney, and lung [26–30, 38]. MW devices create a uniform electromagnetic field surrounding antennas, causing
rapid volume tissue heating by oscillation of polar water
molecules. Because MW does not rely on the conduction of
electrical current and is not limited by charring, tissue can
be driven to very high temperatures. This translates to
larger, faster, and more consistent ablation zones in tissue
when compared to RF [32, 33]. For example, in one study
of RF for hemangiomas, the mean treatment time was
39 min for tumors that ranged between 2.5 and 9.5 cm in
diameter (no mean size was reported). The 9.5 cm tumor in
that study required seven separate RF electrode insertions
and 125 min of RF ablation [17]. In another report, a
7.5 cm hemangioma treated by RF required 40 min of
ablation with three electrodes [21]. By way of comparison,
the mean treatment time in the current MW study was
11.6 min. The largest hemangioma in this series (12.2 cm
mean diameter, 951 mL volume) was successfully treated
by MW in only 24.5 min of ablation time. This more rapid
treatment time and decreased number of punctures has the
potential to decrease anesthesia and bleeding complications. The inherently high water content of hepatic
hemangiomas appears to be a near ideal substrate for
heating by microwaves, and the very slow circulation time
in the tumor may limit vascular mediated cooling—a
common reason for failure with all heat-based ablation
methods but less of a limitation with MW [39].
The results of this study demonstrate that microwave
ablation may be a highly effective and safe treatment
modality that rapidly devascularizes even very large
hepatic hemangiomas. In addition, complete coverage of
the hemangioma with ablation is not necessitated for
symptom relief; rather the goal should be to treat 90 % or
more of the tumor volume. Secondary benefits of the
treatment appear to be extensive tumor shrinkage (62 % by
volume immediately following the procedure and 76 % by
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volume at follow-up in this series) and rapid resolution of
abdominal pain, apparently attributed to capsular distention
in most patients. MW is known to cause increased tissue
shrinkage compared with RF ablation [34], and this may be
an advantage when treating symptoms caused by bulky
tumors. The patients in our series recovered quickly, with
all but one reporting either resolution or substantial
improvement of symptoms post treatment, and were able to
rapidly resume activity, including strenuous exercise.
This study has several limitations. First, the number of
patients and tumors is small. This is a reflection of the
limited pool of patients that meet the criteria for treatment,
including: (1) patients with large hemangiomas, (2)
abdominal pain or other symptoms likely to be from the
tumor, and (3) those that wish to undergo any form of
invasive treatment for a benign condition. Another limitation is that this study is retrospective and therefore not a
randomized comparison with either surgery or other treatment modalities. Again, the limited pool of patients makes
such a comparison impractical outside of a multicenter
trial. Despite these limitations, the procedure is noted to
provide statistically significant pain relief without
complication.
In summary, microwave ablation of hepatic hemangiomas with a high-powered microwave device appears to be
safe and effective in providing tumor devascularization,
shrinkage, and pain relief. While not a direct comparison
with RF ablation, comparison with historical data demonstrates that MW can treat similar sized tumors far more
rapidly with fewer applicator insertions.
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