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Hepatic focal nodular hyperplasia (FNH) is one of the most common benign liver tu-
mors with no recognized malignant potential. It occurs predominantly in young 
women 30–50 years of age (1). The majority of FNH are small and asymptomatic, 

thus they are usually discovered incidentally (2, 3). Considering the indolent natural history 
of FNH with a low risk of hemorrhage or necrosis and no potential for malignant degener-
ation, patients with asymptomatic definitive FNH may be managed conservatively (4, 5).

However, in up to 30% of patients FNH produces symptoms of pain or discomfort. These 
are attributed to the pressure of the tumor on the liver capsule or surrounding tissues (6). 
Surgical resection is the preferred and curative treatment for symptomatic FNH (7), but 
there are only limited data evaluating the benefit-risk balance after liver resections for FNH 
(8, 9). Transarterial embolization for symptomatic hepatic FNH has been described as a suc-
cessful alternative to surgical removal (10–13). Different embolization materials used for 
FNH in prior studies included ethanol, lipiodol emulsions, polyvinyl alcohol (PVA) particles, 
gelatin sponge particles, and microspheres. Here, we report the results of 23 consecutive 
patients, who underwent embolization with bleomycin-lipiodol mixture and PVA particles 
for symptomatic hepatic FNH from a single center. 

Methods
Patient selection

Between January 2005 and December 2012, a total of 23 consecutive patients (16 men, 
69.6%; seven women, 30.4%) with symptomatic FNH underwent superselective emboliza-
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PURPOSE 
We aimed to evaluate the therapeutic effect and safety of transarterial embolization using bleo-
mycin-iodinated oil and polyvinyl alcohol particles for the treatment of symptomatic hepatic 
focal nodular hyperplasia (FNH).

METHODS
This retrospective study included 23 consecutive patients with symptomatic hepatic FNH, who 
underwent embolization using bleomycin-iodinated oil and polyvinyl alcohol particles between 
January 2005 and December 2012. Patients were followed-up with radiologic and clinical evalu-
ation. Therapeutic effects including changes in lesion size and symptomatic improvement were 
evaluated after the procedure.

RESULTS
Embolization was performed for 27 lesions in 23 patients. Follow-up period ranged from three 
months to 89 months. The mean lesion diameters decreased significantly from 5.0±2.4 cm to 
3.2±1.5 cm at 3–9 months after embolization (P < 0.001). Five lesions had complete resolution 
in the follow-up period. The clinical symptoms were significantly relieved in all patients. Con-
trast-enhanced scans at follow-up showed complete lack of residual arterial blood supply in the 
majority of lesions. Local recurrence was found in one treated lesion at the 54-month follow-up. 
There were no major complications associated with the procedure.

CONCLUSION
Transarterial embolization using bleomycin-iodinated oil and polyvinyl alcohol particles for he-
patic FNH is a safe and effective alternative treatment with good long-term symptomatic control 
and reduction in lesion size after embolization.
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tion. The average patient age at admission 
was 28±12 years. Nineteen patients had 
a solitary lesion, four patients had two le-
sions, for a total of 27 treated lesions. A de-
finitive pathologic diagnosis of FNH follow-
ing percutaneous biopsies was achieved in 
18 lesions, and the other lesions exhibited 
the characteristic imaging features for FNH. 

Clinical evaluation and imaging exam-
inations with contrast-enhanced computed 
tomography (CT) or magnetic resonance 
imaging (MRI) were performed, and the size 
(the longest axis) of each lesion was mea-
sured before and after the procedure. 

This retrospective study was approved 
by the institutional review board of our 
hospital. The procedures of transarterial 
embolization were explained, and written 
informed consent for embolization was ob-
tained from each patient.

Equipment and procedures
As a rule, all patients received medica-

tions for analgesia and sedation before the 
procedure for pain alleviation during em-
bolization.

All patients underwent interventions in 
a therapeutic angiography suite (Innova 
4100-IQ; GE Healthcare). Intervention was 
performed under local anesthesia via a uni-
lateral femoral approach. A 4 F hepatic artery 
catheter (Cordis) was advanced to catheter-
ize the celiac and superior mesenteric artery. 
Selective digital subtraction angiography 
with nonionic contrast agent (Visipaque; GE 
Healthcare) was performed to visualize the 
blood supply to the lesions and assess the 
patency of the port vein. Branches supply-
ing the lesions were selectively catheterized 
using a 2.7 F coaxial microcatheter (Progreat) 
under roadmap guidance. The tip of the 
microcatheter was placed into the arterial 
branches supplying the lesion to perform 

selective embolization and avoid nontarget 
embolization. Subsequently, bleomycin-io-
dinated oil mixture of 15 mg of bleomycin 
hydrochloride (Hisun Pfizer) mixed with 15 
mL of iodinated oil (Guerbet) was injected 
through the microcatheter until the mix-
ture had accumulated thickly at the lesion 
periphery. The dosage of iodinated oil used 
varied depending on the size of the lesion. 
The embolic particles of 300–500 μm non-
spherical PVA particles (Cook Medical) were 
injected until nearly complete stasis flow 
was achieved in the feeding arteries (Fig. 1). 
If the lesion was supplied by multiple feed-
ing vessels, all feeding vessels underwent 
angiographic embolization whenever tech-
nically feasible. Embolization was performed 
until final arteriography demonstrated no 
further filling of the lesion.

After the procedure, prophylactic antibiot-
ics were routinely administered intravenous-
ly and appropriate hydration was performed 
for 2–3 days. Analgesics and antiemetics 
were administered for symptoms occurring 
immediately postprocedure. Hepatic func-
tion (e.g., aspartate amino transferase, ala-
nine amino transferase) and complete blood 
cell count were monitored before the embo-
lization and on day 1 after the procedure.

Follow-up
Initial follow-up imaging and clinical 

evaluation was achieved in all patients 
3–9 months after the procedure. Radio-
logic examination was performed with 
contrast-enhanced CT or MRI. The patients 
were followed radiologically and clinically 
for 3–89 months after the procedure by two 
interventional radiologists and a hepatobi-
liary surgeon. Recurrence was defined as 
lesion enlargement in the treated area with 
or without still-enhancing areas within or 
near the treated area. The imaging acquisi-
tions were interpreted by two radiologists 
with more than 10 years of experience in 
abdominal imaging.

Statistical analysis 
Categorical data were expressed as the 

number and percentage. Continuous data 

were expressed as mean±SD, and com-
pared using Student’s t test when appro-
priate. Statistical analysis was performed 
using statistical software SPSS 16.0 (SPSS 
Inc.). Significance was established as P val-
ues less than 0.05.

Results
All patients included were symptomatic. 

FNH-associated abdominal or back pain 
was the most common symptom. Emboliza-
tion was performed for a total of 27 lesions 
in 23 patients. The mean dose of bleomycin 
used was 10±4 mg per session.

A hypervascular mass with a dominant 
feeding artery radiating in a spinning wheel 
pattern from the periphery into the mass, 
without arteriovenous shunt or portal vein 
invasion, was the characteristic angiographic 
feature of FNH in the majority of cases (Fig. 2b).

The mean hospital stay was 5±2 days. 
Embolization was well tolerated. After the 
procedure, 17 of the 23 patients (74%) had 
postembolization syndrome character-
ized by pyrexia, loss of appetite, abdomi-
nal pain, low-grade fever, or nausea. These 
symptoms were transient and self-limited. 
No clinical complications or adverse events 
associated with the procedure were noted 
throughout the follow-up period. Transient 
impairment of liver function was found in 
eight patients, in whom liver transaminase 
level increased to twice the normal base-
line value on day 1 after the procedure, but 
levels returned to normal in two weeks in 
all patients. Major complications related to 
bleomycin, such as sclerosing cholangitis, 
interstitial pneumonia, or pulmonary fibro-
sis, were not noted in this study.

All 23 patients underwent an initial fol-
low-up with imaging and clinical evalua-
tion 3–9 months after embolization. Eleven 
patients were reevaluated at 12–38 months 
(mean, 25.9±7.6 months), and eight pa-
tients were reevaluated at 45–89 months 
(60.3±15.4 months). 

Radiologic follow-up demonstrated sig-
nificant size reduction in the treated lesions. 
The mean lesion diameter of 23 patients 
was 5.0±2.4 cm before the intervention and 

Main points

•	 Abdominal pain or discomfort is the most 
frequent indication for treatment of hepatic 
focal nodular hyperplasia (FNH).

•	 Transcatheter arterial embolization (TAE) 
using bleomycin-iodinated oil and polyvinyl 
alcohol particles for FNH is a safe and 
effective alternative treatment to surgical 
resection.

•	 Bleomycin mixed with iodinated oil acts 
not only as an embolizing agent for the 
treatment of FNH but also a sclerosing 
agent, which results in the destruction of the 
feeding arteries of the lesion.

Table. Changes in mean tumor size pre-embolization and postembolization 

	 Pre-embolization 	 3–9 months	 25.9±7.6 months 
	 (n=23)	 postembolization 	 postembolization 
		  (n=23)	 (n=11)	 P 

Tumor size (cm), mean±SD	 5.0±2.4 	 3.2±1.5	 2.4±1.2	 < 0.001



3.2±1.5 cm on initial follow-up imaging per-
formed 3–9 months after the intervention 
(Fig. 2). One of 27 lesions could no longer 
be visualized on MRI at the seven-month 
follow-up, which indicated that the lesion 

had complete resolution. The difference 
between pre- and postembolization diam-
eters was statistically significant (Paired t 
test, P < 0.001) (Table). Contrast-enhanced 
images showed complete lack of residual 

arterial blood supply in the majority of the 
lesions. Initial follow-up CT performed after 
embolization demonstrated good uptake 
of iodized oil in the majority of treated le-
sions evaluated by abdominal CT (Fig. 2d). 

The mean lesion diameter of the 11 patients 
reevaluated at 12–38 months decreased from 
3.4±1.6 cm at the initial follow-up to 2.4±1.2 
cm at the second follow-up, indicating that 
the treated lesions continued to significantly 
shrink in size (P < 0.001). 

Four of 10 lesions of eight patients, 
who had their second follow-up at 45–89 
months, showed complete resolution at 
45, 48, 62, and 89 months, respectively (Fig. 
1). Unfortunately, recurrence was found in 
one lesion. CT examinations at 54-month 
follow-up of this patient showed arterial 
enhancing within the treated area on ar-
terial phase imaging and enlargement in 
lesion size. The patient presented no recur-
rence of clinical symptoms. The recurrence 
was treated with a second embolization 
session and is still being followed. No recur-
rence was found in the remaining lesions 
throughout the observation period.

Clinically, improvement in symptoms of 
abdominal or back pain was found in most 
cases after embolization. Sixteen patients 
(70%) had complete resolution of symp-
toms 3–9 months after the procedure. No 
recurrence of clinical symptoms was seen in 
any patients throughout the whole obser-
vation period.

Discussion
In the present study, embolization treat-

ment of hepatic FNH using bleomycin-io-
dinated oil and PVA demonstrated im-
provement or even complete resolution of 
symptoms and significant reduction in size 
of treated lesions.

Abdominal pain or discomfort is the most 
frequent indication for treatment of hepatic 
FNH. The treatments of hepatic FNH such as 
surgical approaches and conservative man-
agement has changed over time and is still 
evolving. The indications for hepatic resec-
tion include persistent pain with a definitive 
diagnosis and lesions with diagnostic un-
certainty (14, 15). However, the procedure 
of hepatic resection is associated with a 
significant morbidity rate and complete ex-
cision is usually difficult or even impossible.

Transarterial embolization for symp-
tomatic FNH was shown to be an effective 
technique in the published literature. In 
previous studies, the main indications for 
embolization were patients with symptom-
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Figure 1. a–g. A 37-year-old male patient 
suffering from a definitive diagnosis of 
symptomatic FNH of liver. Preprocedural arterial 
phase contrast-enhanced MRI (a) demonstrates 
a hypervascular mass (arrow) located in 
segment V. Celiac arteriogram (b) demonstrates 
the hypervascular lesion (arrow) supplied by 
branches of the right hepatic artery. Selective 
angiography of the feeding arterial branch with 
a microcatheter confirms the hypervascular 
mass (arrow) in the late arterial phase (c). Panel 
(d) shows selective embolization of the target 
artery with a microcatheter. Contrast-enhanced 
MRI (e) performed at 21-month follow-up 
demonstrates minimal residual lesion (arrow) 
at the site of previous embolization. Contrast-
enhanced MRI in the arterial phase (f) and 
T2-weighted MRI (g) obtained at 45-month 
follow-up show no signs of the treated mass at 
the site of previous embolization (dotted circle), 
indicating complete resolution of the lesion.
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atic lesion, increasing lesion size, and symp-
tomatic patients who declined surgical re-
section (10–13). 

Various embolic materials were used in 
previous studies. Theoretically, emboliza-
tion with bleomycin-iodinated oil and PVA 

is more effective than embolization with a 
single embolic agent. The mechanism in-
volves the embolic effect of iodinated oil 
combined with PVA and sclerosing effect 
of bleomycin (16). Compared with previous 
studies, follow-up radiologic examinations 

in the present study showed scarcely resid-
ual enhancing FNH tissue after emboliza-
tion in the majority of the cases. 

Histologically, the FNH lesion is com-
posed primarily of Kupffer cells and nor-
mal hepatocytes, and is believed to occur 
in response to a vascular abnormality (17). 
Bleomycin has been used as a sclerosing 
agent in the treatment of vascular malfor-
mation and hemangiomas. In hepatic FNH 
treatment, bleomycin is thought act as a 
local sclerosing effect on the vascular en-
dothelium inducing secondary formation 
of intraluminal microthrombi and resulting 
in the destruction of the feeding arteries of 
the tumor (18).

Previous studies have shown that bleo-
mycin-lipiodol mixture is a safe embolic 
mixture. The mean dose of bleomycin used 
in the present study was 10±4 mg (range, 
5–17mg), which was much lower than the 
bleomycin-induced toxicity levels (cumu-
lative doses of 100–450 mg) (19). Major 
complications related to bleomycin, such as 
sclerosing cholangitis or pulmonary fibrosis 
were not noted in this study.

Our study has three limitations. First, due 
to the retrospective nature of this study, 
detailed clinical data collection of patients 
pre-embolization was unavailable, and no 
additional radiologic follow-up was per-
formed on the basis of lesion dimensions 
postembolization. Second, measures of 
pain reduction to formally evaluate the 
changes in patient’s symptoms were ab-
sent. Finally, the number of patients fol-
lowed and the duration of follow-up were 
not uniform or standardized.

In conclusion, bleomycin-iodinated oil 
and PVA embolization of hepatic FNH im-
proved or even completely resolved symp-
toms and significantly decreased the lesion 
size. Embolization using bleomycin-iodin-
ated oil and PVA may be considered as an 
effective and minimally invasive alternative 
for the treatment of symptomatic FNH. 
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