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Abstract

Purpose To assess the safety and efficacy of percutaneous

thermal ablation for the treatment of hepatocellular

adenomas.

Materials and Methods This is an ethics board-approved,

single-arm, retrospective, cohort study of patients with

pathologically proven hepatocellular adenomas treated

with percutaneous thermal ablation at a tertiary referral

center from 1999 to 2016. Demographic, procedural, and

outcome data were collected and summarized with appro-

priate measures of central tendency and dispersion. Com-

plications were graded per the Society of Interventional

Radiology reporting guidelines. Determination of primary

and secondary technique efficacies was based on post-

procedural imaging.

Results Thirty-six patients (4 male, 32 female) with a

median age of 35 years had 44 procedures for the treatment

of 58 tumors. Twenty-two percent of patients had prior

history of adenoma-related hemorrhage. The median tumor

size was 2.1 cm (range 0.6–6.0). The majority of treat-

ments were done on an outpatient basis, under moderate

sedation, using radiofrequency ablation with ultrasound

guidance. The median procedure time was 85 min. There

were two immediate post-procedural hemorrhages (4.5%

per procedure). During a median follow-up of 1.7 years

(95% CI 0.2–8.0), there were no instances of malignant

transformation, adenoma-related hemorrhages, or deaths.

The primary and secondary technique efficacy rates were

88 and 100%, respectively.

Conclusion Thermal ablation for the treatment of hepato-

cellular adenoma had a primary and secondary efficacy of

88 and 100%, respectively. The major complication rate

was 4.5%. The clinical efficacy during a median follow-up

of 1.7 year was 100%.

Keywords Hepatic � Hepatocellular � Adenoma �
Ablation � Radiofrequency � Microwave

Abbreviation

RFA Radio frequency ablation

Introduction

Hepatocellular adenomas are rare benign hepatic neo-

plasms with an estimated incidence of 0.3–4 per 100,000

[1]. Their clinical importance is due to a risk of hemor-

rhage or malignant transformation. Several management

options are available including discontinuation of oral

contraceptives, surgical resection, and arterial embolization

[2–6]. Percutaneous thermal ablation, a minimally invasive
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procedure used routinely for the treatment of hepatocellular

carcinoma, has been recently described as an option for the

treatment of hepatocellular adenomas [7–10]. The purpose

of this study was to assess the safety and efficacy of per-

cutaneous thermal ablation for the treatment of hepato-

cellular adenomas.

Methods

Patients

Approval for this study was received from the institutional

research ethics board. The study design was a single-arm,

retrospective, cohort of patients with pathologically proven

hepatocellular adenomas treated with percutaneous thermal

ablation at a tertiary referral center from 1999 to 2016. The

radiology information system was searched for interven-

tional radiology reports containing the word ‘‘hepatic’’ OR

‘‘hepatocellular’’ AND ‘‘adenoma’’ or ‘‘adenomas.’’ This

search returned 83 unique patients. Forty-seven of these

patients were excluded because they either did not have a

pathological diagnosis of adenoma or were not treated with

thermal ablation. Thirty-six patients constituted the final

cohort.

Patients were offered ablation after consensus decision

was reached at weekly liver tumor multidisciplinary case

conference attended by specialists including interventional

radiology, abdominal imaging radiology, hepatobiliary

surgery, liver transplantation, hepatology, medical oncol-

ogy, radiation oncology, and pathology. Factors taken into

consideration during the decision-making process included

patient age, gender, childbearing potential, tumor size,

number, and location, previous hemorrhage, potential risk

of hemorrhage, potential risk of malignant transformation,

and medical and surgical comorbidities. Management

options discussed included imaging surveillance, percuta-

neous ablation, and surgical resection.

Procedures

The procedures were performed under either moderate

sedation or general anesthesia by one of 5 interventional

radiologists with 1–39 years of experience. Using sterile

technique, an RFA electrode or microwave applicator was

inserted into each adenoma to be treated under ultrasound,

CT, or combined guidance. A summary of the devices used

is available in Table 1. The choice of guidance and

approach was at the discretion of the operators. Ablation

was performed per the manufacturer’s device protocol.

Thermal protection using hydrodissection and overlapping

ablations were performed at the discretion of the operators.

Patients were followed by liver-specific MR or CT

imaging and in interventional radiology clinic typically on

a schedule of 3 months, 6 months, 1 year, and then yearly.

Follow-up was not standardized and was at the discretion

of the operators. Complications were categorized into

major and minor subgroups based on the Society of

Interventional Radiology Standards criteria [11]. Assess-

ment of primary and secondary technique efficacies was

based on the presence of persistent nodular enhancement

on post-procedural imaging [12].

Statistical Analysis

Demographic, histopathological, procedural, and outcome

data were collected and summarized with appropriate

measures of central tendency and dispersion.

Results

The 36 patients (4 male, 32 female) had a median age of

35 years (range 19–76 years). Eight of thirty-six (22%)

patients had a prior history of adenoma-related hemor-

rhage, and 7/36 (19%) had right upper quadrant pain. The

rest were asymptomatic. Thirty-three of thirty-six (92%)

had one or more of the following risk factors for hepato-

cellular adenomas: oral contraceptives (65%), BRCA

mutation (5%), hemochromatosis (3%), hyperestrogenism

(3%), glycogen storage disorder (5%), alpha-1 antitrypsin

deficiency (3%), and exogenous steroids (5%). All patients

underwent a biopsy of at least one of the treated lesions,

except in two cases of adenomatosis where the pathology

results were based on a prior surgical resection. The

pathological subtypes were as follows: unspecified (69%),

inflammatory (22%), telangiectatic (6%), HNF1-a inacti-

vated (3%). HNF1-a inactivation was tested in 13/36

(36%) of cases and was only positive once. b-Catenin

Table 1 Ablation devices used

Device Number (%)

RFA

Covidien Cool-tip single 18 (41)

Boston Scientific LeVeen

CoAccess

10 (23)

Covidien Cool-tip cluster 5 (11)

Covidien Cool-tip switchbox 3 (7)

Microwave

Angiodynamics Accu2i pMTA 7 (16)

NeuWave Certus 1 (2)
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activation was tested in 29/36 (81%) of cases and was

negative in all cases.

Forty-four procedures were performed for the treatment

of 58 tumors. The median tumor size was 2.1 cm (range

0.6–6.0 cm). On average, 1.4 tumors were treated per

session (range 1–3). Thirty-seven of forty-four (84%) ses-

sions were performed under moderate sedation, 1 (2%)

required deep sedation (performed by an anaesthesiolo-

gist), and the remaining 6 (14%) were under general

anesthesia. Ultrasound guidance alone was used in 27/44

(61%) of procedures, 16/44 (36%) used a combination of

CT and ultrasound, 1/44 (2%) procedure was done with

contrast-enhanced ultrasound. Eight of forty-four (18%)

procedures required thermal protection of adjacent struc-

tures using hydrodissection. Overlapping ablations were

performed in 14/44 (32%) of procedures (31% of RFA

ablations and 38% of microwave ablations). The median

ablation time per tumor treated, defined as the total time

during which energy is actually inputted via the needle

electrode or antenna, was 12 min (95% CI 3–46). The

median procedure time was 85 min (95% CI 56–200).

Thirty-eight of forty-four (86%) procedures were done on

an outpatient basis. The remaining 6 procedures performed

on 5 patients had a length of inpatient hospital stay of

1–6 days (2 patients had procedures that were complicated

by hemorrhage, 1 patient had developmental delay, 1 was

pregnant, and 1 requested overnight stay).

There were two major complications of immediate post-

procedural hemorrhages (4.5% per procedure). The first

patient was a 20-year-old woman with a previous history of

adenoma-related hemorrhage. She underwent ablation of a

4.2-cm segment 6 adenoma (Fig. 1), using a 4.0-cm

LeVeen electrode under CT guidance and general anes-

thesia. Overlapping ablations were performed. The patient

developed increasing abdominal pain following the pro-

cedure. A CT scan was performed demonstrating active

hemorrhage (Fig. 2). The patient underwent arteriography

and had embolization of the right hepatic artery with

absorbable gelatin sponge (Gelfoam, Pfizer, Wayne, PA)

Fig. 1 Patient 7, segment 6 adenoma (white arrow) pre-radiofre-

quency ablation contrast-enhanced CT

Fig. 2 Patient 7, contrast-enhanced CT demonstrated post-procedural

hemorrhage with intratumoral extravasation (arrow) and hemoperi-

toneum with a hematocrit level inferiorly (arrowhead)

Fig. 3 Patient 7, pre-embolization of right hepatic artery demon-

strates enlarged vessels supplying and a focus of active extravasation

(arrow). The entire tumor was embolized with Gelfoam
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(Figs. 3 and 4). The bleeding stopped and the patient was

discharged on post-procedure day 6. Final pathology was

hepatocellular adenoma not otherwise specified. The

patient experienced no further hemorrhage or other com-

plications during a follow-up of 4.8 years (Fig. 5).

The second patient had ablation of a 3.1-cm segment 6

adenoma and a 1.2-cm segment 8 adenoma using a

Angiodynamics Accu2i pMTA microwave applicator

under ultrasound guidance and moderate sedation. The

patient developed increasing abdominal pain following

ablation. A CT scan was performed on the same afternoon

demonstrating recent hemorrhage, but no active extrava-

sation. The patient was managed conservatively with fluids

and was discharged on post-procedure day 6. Final

pathology was hepatocellular adenoma not otherwise

specified. The patient experienced no further hemorrhage

or other complications during a follow-up of 2.3 months.

Imaging follow-up was by modality-specific liver pro-

tocol, contrast-enhanced, CT or MR imaging as follows:

MRI 16/36 (44%), CT 4/36 (11%), initial MRI and sub-

sequent CTs 4/36 (11%), initial CT and subsequent MRIs

11/36 (31%). During a median follow-up of 1.7 years (95%

CI 0.2–8.0), there were no instances of malignant trans-

formation, adenoma-related hemorrhages (other than the

two procedure-related hemorrhages described in the pre-

ceding paragraph), or deaths. The primary and secondary

technique efficacy rates were 88 and 100%, respectively.

Discussion

Hepatocellular adenomas are benign neoplasms composed

of plates of hepatocytes. Portal tracts and bile ducts are

absent. Adenomas can contain areas of necrosis and hem-

orrhage. A pseudocapsule can be present. The hepatocytes

can contain intracellular fat [13].

Hepatocellular adenomas were rare prior to broad use of

oral contraceptives. Multiple studies have demonstrated an

increased incidence of hepatocellular adenomas among

women taking oral contraceptives [14–16]. Cessation of

oral contraceptive use has been associated with tumor

involution or a decrease in lesion size [17, 18]. More recent

series have found additional risk factors to be anabolic

steroids and other drugs, obesity, hemochromatosis, dia-

betes mellitus, portal vein abnormalities, and type Ia

glycogen storage disease [13].

The two major potential complications of hepatocellular

adenomas are hemorrhage and malignant transformation. A

systematic review of a total 1176 patients by Van Aalten

et al. found that hemorrhage was reported in 27.2% of

patients and 15.8% of tumors. Rupture and intraperitoneal

bleeding was seen in 17.5% of patients. Six articles in the

review reported bleeding in tumors\ 5 cm. The smallest

reported bleeding tumor was 1 cm [19]. A study by Deneve

et al. found that risk factors for hemorrhage are increasing

tumor size (odds ratio (OR), 7.8; 95% confidence interval

(CI), 2.2–26.3; p\ 0.01) and recent (within 6 months)

hormone use (OR, 4.5; 95% CI, 1.5–13.3; p\ 0.01) [20].

The second potential complication is transformation to

hepatocellular carcinoma. Stoot et al. conducted a sys-

tematic review which included 1635 hepatocellular ade-

nomas. The risk of malignant transformation was 4.2%.

The median size of tumors with malignant degeneration

was 10.5 cm (range 4.5–18 cm). They found only 3 cases

of transformation in tumors\ 5 cm representing 4.2% of

all transformed tumors [21].

Fig. 4 Patient 7, post-embolization of right hepatic artery with

Gelfoam demonstrates pruning of the right hepatic artery branches

supplying the tumor (arrow) and no active extravasation

Fig. 5 Patient 7, 3-month follow-up contrast-enhanced CT demon-

strates resolving hemorrhage and no enhancement in segment 6

(arrow)
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Several strategies are available for the management of

hepatocellular adenomas. The results of a conservative

approach for patients with\ 5 cm adenomas were reported

by van der Windt et al. Among 32 patients followed for a

period of 24 months, there were no incidents of hemor-

rhage, malignancy, or enlargement following discontinua-

tion oral contraceptives [22].

Traditionally, the definitive management of hepatocel-

lular adenomas has been surgical resection. Dokmak et al.

treated 122 patients with hepatocellular adenomas. Their

median tumor size was 8.4 cm (range 1–22 cm). 12/122

had arterial embolization followed by delayed resec-

tion. Fifteen percent of patients had a post-operative

complication. Thirteen percent required a blood transfusion

with a median of 3 units packed red blood cells. During a

median follow-up of 70 months, there were no incidents of

mortality or malignant transformation [2]. Smaller series

reported a post-surgical complication rate of 4–11%, no

mortality, and similar transfusion needs. Median length of

stay ranged from 6 to 15 days [4–6, 23].

An alternative treatment focused primarily on bleeding

tumors has been transarterial embolization. A systematic

review was performed by Van Rosmalen et al. of 151

patients treated with embolization. Of the 196 tumors, 95

(48.5%) were non-bleeding. No surgery was performed in

68 patients (45%). Elective embolization was done in 49

patients with 66 adenomas. Forty-one (84%) did not

require surgery. Major complications occurred in 8 patients

(5.3%). There were no deaths. Complete tumor disap-

pearance was seen in 10% of tumors and regression in 75%

[24].

Thermal ablation is a common minimally invasive

alternative to surgery which has been recently reported as a

treatment method for hepatocellular adenomas. Rhim et al.

treated 10 patients with pathologically proven hepatocel-

lular adenomas. The mean tumor size was 2.3 ± 0.8 cm

(range: 1.5–4.5 cm). During a mean follow-up of

17.5 months (range 2–35), they reported a 100% primary

efficacy. There were no cases of local tumor progression or

new recurrence and no mortality or major complications

[10].

Van Vledder et al. treated 18 women, the majority of

whom had a history of hormonal contraceptive use. Ten

patients (56%) had multiple adenomas, with a median

number of 2 lesions (range 1–12). The median size was

3.0 cm (0.8–7.3). Forty-five adenomas were treated in 32

sessions (open, n = 4; percutaneous, n = 28). They

reported a primary efficacy of 57.8% and major compli-

cations in 2 patients (11%) [10, 25].

Smolock et al. treated 6 patients with 12 adenomas. The

mean treated tumor size was 2.7 cm ± 2.0. During a mean

follow-up of 12.6 months ± 7.1, the primary efficacy was

100%. They reported no complications or delayed

hemorrhage or malignant transformation [26]. Several

other case reports exist in the literature with favorable

results [7, 27–31].

Our study found a major complication rate of 4.5% per

procedure. This is similar to the results obtained with

surgery and embolization. It should be noted that transfu-

sion requirements were common in the surgical literature

and it is unclear if they were always counted/considered as

complications. Our results are also similar to small studies

performed on ablation. We found no incidents of malignant

transformation or delayed hemorrhage, which again com-

pares well to the other treatment options.

There are limitations to our study. The most important is

a lack of a comparison arm. Our median tumor size was

2.1 cm, with a maximum of 6.0 cm. The risk of compli-

cations of hemorrhage or malignant transformation for

tumors of this size is low. Conservative management has

been previously reported to be successful and may be the

optimal choice. This underlines the need for a prospective

trial comparing outcomes of the different treatment

strategies. Other limitations include a small sample size,

operator variability, and the retrospective nature of the

study.

A recent development in the understanding of hepato-

cellular adenomas has been the Bordeaux system. This has

classified adenomas into four subtypes merging histology

as well as immunohistochemical marker expression. The

four are: inflammatory, HNF1-a inactivated, b-Catenin
activated, and unclassified. The inflammatory subtype is

thought to be at higher risk of hemorrhage, the b-Catenin
activated at higher risk of malignant transformation, and

the HNF1-a inactivated likely to be multiple and lower risk

for both. [32]. Our own cohort of adenoma patients was

only partially tested for these immunohistochemical

markers. There were no patients with the b-Catenin
mutation and only 1 with the HNF1-a mutation. This

precludes us from commenting on the role of immunohis-

tochemical markers in relation to ablation. Furthermore,

additional refinements to the molecular classification sys-

tem are likely forthcoming and may further alter our risk

stratification [33].

In conclusion, thermal ablation performed for the

treatment of hepatocellular adenomas has a similar com-

plication rate to surgery and embolization. Since the pri-

mary application of thermal ablation is for smaller tumors

(\ 5 cm), future studies with comparison to conservative

management are needed.
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