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Is Percutaneous Ethanol Injection Therapy Still Effective for
Hepatocellular Carcinoma in the Era of Radiofrequency Ablation?

Jung Hyeok Kwon

Department of Radiology, Keimyung University School of Medicine, Daegu, Korea

Percutaneous ethanol injection (PEI) therapy has been
replaced by more-effective thermal ablation techniques
that have lower local recurrence rates. However, PEI
therapy remains useful in certain settings. Since PEI
can be performed in any portion of the liver, PEI ther-
apy can be valuable when tumors are located in
close proximity to intestinal loops or other positions
that are risky for thermal local ablative techniques.
PEI therapy is also valuable in other situations where
radiofrequency ablation (RFA) is difficult, including
technically difficult masses that are not detected with
ultrasound (US), are located in the hepatic dome, in
the subcapsular area, and exophytically, or are sur-
rounded by large vessels. PEI therapy contributes to
combination therapy with transcatheter arterial chemo-
embolization or RFA in advanced-stage hepatocellular
carcinoma (HCC), and also to the treatment of large
HCC or extrahepatic metastasis from HCC. These
roles of PEI therapy should be stressed for the treat-
ment of HCCs in appropriate clinical situations. This
comprehensive review of articles related to PEI ther-
apy illustrates the recent role and indications of this
therapy, which is currently valuable for HCC in the
era of RFA. (Gut Liver 2010;4(Suppl. 1):5S105-112)
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INTRODUCTION

Because of the multifocal nature of hepatocellular carci-
noma (HCC) and the relatively high complication rate as-
sociated with surgery, locoregional therapy has gained an
increasing role in the treatment of HCC." Non-surgical
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therapy of HCC is based on radiofrequency ablation
(RFA), percutaneous ethanol injection (PEI) therapy, and
transcatheter arterial chemoembolization (TACE), with
RFA and PEI therapy being effective in small HCC and
TACE being the method of choice in advanced tumor
stage.””> RFA enables more effective tumor necrosis in
fewer treatment sessions, albeit with a higher rate of
complications than does PEI therapy."®” Because of its
high local recurrence rate, PEI therapy has been replaced
by newer and more effective thermal ablation techni-
ques.® It is reasonable to reserve PEI therapy for HCCs
that are difficult to approach with RFA or located in
areas where RFA is considered unsafe.® Because PEI car-
ries no risk of damage to the remaining parenchyma, this
therapy is safer than any other treatment modality of
HCC.> Also, because combinations of RFA, PEI therapy,
and TACE may produce a synergistic effect, efficacy of lo-
cal ablation in HCC can be improved by combining differ-
ent interventional therapies.*>® In addition, PEI therapy
has it possible to treat medium and large HCCs under
conscious sedation.'®"" Moreover, this therapy could be
performed in limited cases of extrahepatic metastasis
from HCC.'>"

This article aims to provide us with a comprehensive
review of PEI therapy currently valuable for HCC in the
era of RFA. The recent role of PEI therapy is highlighted.

CHOICE AMONG VARIOUS LOCOREGIONAL
THERAPIES

The proper selection of locoregional therapy depends
on careful evaluation of the tumor and liver function sta-
tus as well as updated knowledge of the results of various
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treatment modalities.® For patients with single HCC of
<5 cm in diameter or 3 or less nodules of <3 cm in di-
ameter, local ablation should be offered when surgical re-
section or transplantation is not possible. For patients
with large or multifocal HCCs (four or more) and reason-
able liver function, TACE is considered an effective
treatment. However, for patients with HCCs larger than 5
cm, combination therapy would be better. For patients
with poor hepatic function at risk with TACE, local abla-
tion should be considered.®

Currently, RFA is a first-line treatment of the major lo-
cal ablative techniques for the treatment of HCC, pref-
erably smaller than 3 cm, which is not suited to resection
or transplantation.”® However, PEI therapy remains useful
in select settings, particularly for the ablation of un-
resectable tumors whose locations make them at risk
with other thermoablative modalities. Moreover, PEI ther-
apy is also valuable in other situations difficult to ablate
with RFA, including technically difficult masses, which
are not detected with ultrasound (US), are located in the
hepatic dome, in the subcapsular area, and exophytically,
or are surrounded by large vessels.”” We recommend
RFA in the majority of HCCs smaller than 3 cm but con-
sider PEI therapy and TACE complementary and use
them according to the features of the disease, that is,
size, number, location, margins, presence of satellites or
portal thrombosis, and the response.>” PEI therapy as
well as segmental TACE will continue to have a valuable
complementary role in patients with early-stage HCC.>®®
Appropriate use of each treatment technique can only be
done when the therapeutic strategy is decided by a multi-
disciplinary team and is tailored to the individual patient
and to the features of the disease.®®

UNDERSTANDING OF PEI
HIGH-DOSE PElI THERAPY

THERAPY AND

There are three different approaches towards PEI ther-
apy in HCC."** Low-dose multisession technique (con-
ventional technique) is generally used for single HCC of
<5 cm in diameter or 3 or less nodules of <3 cm in di-
ameter, and aims for patient acceptance and a low rate of
side effects. It is performed on an outpatient basis with
an injected volume per session of 2-10 mL.* Single-ses-
sion procedure is usually performed under general anes-
thesia, and adopted for intermediate HCCs, single or mul-
tiple, that do not occupy more than 30% of the hepatic
volume and with no neoplastic thrombosis in the main
portal branches or in the hepatic veins. A markedly high-
er amount of ethanol is needed to achieve complete tu-
mor necrosis in a single session. The injection volume

can be approximated from the lesion diameter by calculat-
ing the lesion volume as follows: V=4/37 (r+0.5)%."*>*
The other technique, high-dose technique (tolerable
amount more than 10 mL per session without general an-
esthesia) is intermediate between multi-session and single
session, and covers indications of multi-session and those
of single session. The total of calculated amount of etha-
nol is divided by several sessions and injected as much as
possible with tolerable amount per session.'*

It is generally agreed that patients with HCCs 3 cm or
smaller and three or fewer in number are the best candi-
dates for PEI therapy, although many centers perform PEI
therapy for HCCs up to 5 cm.® Tumor size larger than 5
cm has been traditionally regarded to be unsuitable for
PEI therapy. However, for HCCs of 5 to 10 cm sin-
gle-session treatment under general anesthesia have been
used in some institutions. But this technique requires
general anesthesia and produces higher complication
rates.” If one chooses to inject large quantity of ethanol of
tolerable amount more than 10 mL per session without
general anesthesia, the patient will be tolerated and the
number of sessions will be decreased with effective tumor
necrosis.”* In my experience, patients could easily tolerate
injections of 10-30 mL of ethanol per session with only
Demerol injection if necessary. So a nodule 3 c¢m in diam-
eter can be treated in two sessions at the most. Nodules
up to 2 ¢cm in diameter can be treated in one session.
Standard percutaneous ablation therapy is performed with
real-time US-guidance. However, problems remain with
percutaneous ablation therapy carried out under US-
guidance. Because gases from destructed tissue even with
small amount of ethanol obscure a needle tip position at
US, to inject high-dose ethanol continuously under the
US-monitoring may give an anxiety to a performer. And
so safe high-dose injection would be possible under com-
puted tomography (CT)-guidance."

TECHNIQUE OF CT-GUIDED HIGH-DOSE PEI
THERAPY

I will illustrate the technique of CT-guided high-dose
PEI therapy (Fig. 1). The selected body position is mostly
supine, or rarely prone or lateral decubitus, depending on
the proximity of the lesion to the abdominal wall. After a
needle marker grid is applied to the skin, noncontrast CT
scan with a 5-mm section thickness is performed to de-
termine the optimal skin entry point and the safest route
to tumor masses for bypassing the dangerous critical
organ. The angle and depth of needle puncture are de-
termined using the geometric relationship between the
target lesion and the skin puncture point on the CT
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Fig. 1. Method of computed tomography (CT)-guided high-dose percutaneous ethanol injection (PEI) therapy in a 76-year-old man
with viable hepatocellular carcinoma (HCC) in the caudate lobe of the liver in spite of repeated transcatheter arterial
chemoembolization. Radiofrequency ablation was not suitable for this mass since it abutted the portal-vein trunk and was invisible
in ultrasound. (A) Contrast-enhanced CT image shows an enhanced mass (arrow) in the caudate lobe of the liver in the vicinity of
a mass with compact Lipiodol uptake. (B) The procedure. In a supine body position, place a needle marker grid for a possible entry
point on the skin. Determine the angle and depth of the needle puncture (black arrow) using the geometric relationship between
the target lesion (white arrow) and the skin puncture point on a CT image. (C) Confirm needle side holes within the nodule. Instill
ethanol and monitor the needle position, the diffusion of ethanol within the nodule, and whether ethanol leaks into adjacent veins
or structures, by performing noncontrast CT scans after every 3-mL injection. Administer ethanol until the region with markedly low
attenuation becomes at least as large as the mass. Ignore small leaks of ethanol into surrounding normal tissues or structures. (D)
Contrast-enhanced CT image obtained 1 day after PEI therapy shows complete necrosis of HCC (arrow).

image. We use 21-gauge or 22-gauge PEI therapy needles
(Hakko, Tokyo, Japan) that are 15- or 20-cm long and
have a closed conical tip and three or six side holes. The
standard total dose of injected ethanol is calculated ac-
cording to the following equation: V=4/37 (r+0.5),
where V is the volume of ethanol in milliliters and r is

the radius of a nodule in centimeters. The addition of 0.5
to the radius is designed to achieve the necrosis of a rim
of nontumorous tissue around the tumor. Total dose
should be divided into tolerable amount per session. The
diffusion of ethanol in the nodule is monitored with
CT-guidance by performing noncontrast CT scan after ev-
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ery 3-mL ethanol injection. Because injected ethanol
shows markedly low attenuation at CT image, we admin-
ister ethanol until the size of the markedly low attenu-
ation becomes larger than or equal to the size of the
nodule.'® We inject ethanol as much as possible with tol-
erable amount per session. In our study, 10-30 mL of ab-
solute ethanol was injected per session. If we find sig-
nificant ethanol leaks into surrounding veins or surround-
ing structures, we stop injecting ethanol. Demerol 50 mg
is intravenously injected in patients who complain of se-
vere pain during or after ablation therapy. To prevent re-
flux of ethanol along the needle tract and leakage into the
peritoneal cavity, the needle is aspirated with negative
pressure and left in place for 20-30 seconds after com-
pletion of the injection and then slowly withdrawn. PEI
sessions are performed daily if possible, to decrease hos-
pital stay. Entire portion of the tumor should be changed
to black or hypoattenuating areas.”” The remaining, un-
changed areas within the mass represent residual viable
tumor. At next sessions, one should preferentially inject
ethanol into unchanged areas under CT-guidance.*

ROLE OF PElI THERAPY IN THE ERA OF RFA
1. HCCs at risk or difficult to treat with RFA

As PEI therapy can be performed in any portion of the
liver, PEI therapy remains useful for the ablation of un-
resectable tumors whose locations make them at risk or
difficult to treat with other thermoablative modalities.
Our experience of PEI therapy for 124 patients with 142
HCCs which were 3 cm or smaller and at risk or difficult
to treat with RFA showed 84%, 74%, 68%, and 56% at
the 1-, 2-, 3-, and 5-year rates of survival, respectively
(unpublished data; presented at oncology symposium,
Radiologic Society of North America, 2005). As compared
with other articles about PEI therapy for HCCs in favor-
able location, similar therapeutic results were obtained."
Of note is the report of Kuang et al.'’ that the effective-
ness and complication rate of PEI therapy for treating tu-
mors in unfavorable location for RFA were similar to
those of PEI therapy for treating tumors in favorable loca-
tion for RFA.

1) HCC at risk with RFA

Tumors close (<1 cm) to other vital adjacent struc-
tures such as main biliary ducts, gallbladder, stomach,
bowel loop (especially when hepato-intestinal adhesions
are present), kidney, and diaphragm require careful con-
sideration as thermal damage to these organs has been
described, exclusively after percutaneous RFA proce-
dures.>® However, as PEI therapy can be performed in

any portion of the liver, it is a valuable therapy in these
situations.

2) HCC not detected with US

Sometimes some nodules cannot be detected with US,
such as nodules that are located in the hepatic dome, in
the deep region of the liver, and on the surface, or small
nodules that are 1.0 cm or smaller (Figs. 1 and 2). US is
not considered ideal in complex anatomic tumor
locations. CT- and MR-guidance may be even more ad-
vantageous as both techniques offer a significantly more
panoramic view than US and with modern fluoroscopy
modes both techniques allow for a virtually ideal target-
ing of all areas of the liver.""" CT-guided PEI therapy is
safe and effective for the treatment of HCC not detectable
with US."”>'”'® CT-guided RFA may solve this situation.

3) HCC located subcapsularly or exophytically

Subcapsular tumors can be easily ablated without diffi-
culties in contrast to RFA. When we puncture a mass af-
ter crossing normal parenchyma apart from the mass, the
mass can be safely ablated. Exophytic tumor can be ab-
lated after crossing normal parenchyma from opposite
side. When a window of normal parenchyma is not seen,
a direct puncture into an exophytic mass might be an on-
ly choice.

4) HCC abutting on greater vessels

RFA cannot ablate the periphery of the tumor and the
cuff of normal hepatic tissue, when the tumor is sur-
rounded by large vessels, because of the heat-sink effect
of flowing blood.” In contrast, PEI therapy can ablate
safely HCCs without difficulty, in case of masses abutting
on or surrounded by large vessels (Figs. 1 and 2). HCCs
surrounded by large vessels can be easily ablated without
a difference of therapeutic results, as compared with
HCCs not surrounded by large vessels or vital structures.

2. Combination therapy

RFA, PEI therapy, or TACE should be considered com-
plementary rather than competitive each other. Similarly,
transarterial and local ablative therapies should not be re-
garded as mutually exclusive, because combinations of the
two may produce a synergistic effect.*>® The combination
of TACE and PEI therapy, TACE and RFA, or RFA and
PEI therapy is more effective than each of the mono-
therapies in preventing incomplete necrosis, especially in
advanced disease or when tumors are in close proximity
to large vessels.! Using combination therapies with
TACE, RFA, and PEI therapy, it is also suited for tumors
up to 5-7 cm, especially effective for tumors 3-5 cm.
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Fig. 2. Computed tomography (CT)-guided high-dose percutaneous ethanol injection (PEI) therapy in a 53-year-old man with a
small hepatocellular carcinoma in the caudate of the liver that abutted on inferior vena cava and was invisible in ultrasound. (A)
Contrast-enhanced CT image shows a mass in the caudate lobe of the liver (arrow). (B) CT-guided PEI therapy was performed for
this mass at two sessions, with 20 mL of 99% ethanol being injected during each session. (C, D) Contrast-enhanced axial (C) and
coronal (D) abdominal CT images obtained 3 years after PEI therapy show complete necrosis of this mass (arrows).

Thus, the use of multimodal treatment regimens needs to
be expanded.’

1) Combination therapy with TACE

The combination of TACE and PEI therapy has been
used to overcome the limitations of each for the treat-
ment of large HCCs. The greatest drawback of PEI ther-
apy in the treatment of HCC is represented by the diffi-
culty to ablate tumors larger than 5 cm. In large lesions,
ethanol diffusion is often inhomogeneous and incomplete
because it is impeded by the texture of the tumor and by

intratumoral septa. In large HCCs that are pretreated
with TACE, the tumor resistance to perfusion with etha-
nol is markedly decreased, and any intratumoral septa are
usually disrupted as a result of the necrosis induced by
TACE, which facilitates the diffusion of the ethanol and
makes it possible to inject large volume of ethanol into
the lesion. Also, the washout of ethanol is delayed with
the TACE-derived fibrous wall around the lesion after ar-
terial embolization, resulting in longer retention and tu-
moricidal effect.****" Kirikoshi et al.*' reported that in
terms of the effect on the survival period, combined
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TACE+PEI or RFA therapy was more effective than
TACE, PEL, or RFA monotherapy. Compared with re-
peated TACE, PEI therapy after single TACE is more ef-
fective in large HCC and avoids problems such as the de-
velopment of collateral blood supply to the tumor, resist-
ance to cytotoxic drugs, and progressive liver damage.”*°

2) Combination therapy with RFA

The combination of RFA and PEI therapy results in a
larger volume of coagulation necrosis than does RFA
alone, probably because of the effect of hot ethanol in ex-
tending tissue necrosis, diffusion of ethanol into areas not
reached by radiofrequency energy, and reduction of the

heat sink effect. The combination of RFA and PEI therapy
in the management of HCC in high-risk locations has a
higher primary effectiveness rate than does RFA alone.>"’
Zhang et al.”’> reported that the survival curve for the
RFA-PEI group was better than that for the RFA-only
group with 3.1-5.0-cm tumors, but not for those with 3.0

cm or smaller or 5.1-7.0 cm tumors.
3. Ablation or volume debulking of large HCC

It has been possible to treat large HCCs with large
quantity of ethanol. This procedure is valuable in combi-
nation with TACE for this purpose. PEI therapy with
high-dose ethanol may be a valid alternative in patients

Fig. 3. Computed tomography (CT)-guided high-dose percutaneous ethanol injection (PEI) therapy in a 75-year-old woman with left
clavicle metastasis of hepatocellular carcinoma. (A) Contrast-enhanced neck CT image shows a large mass in the left clavicle
(arrows). (B) CT-guided PEI therapy was performed for this bone metastasis at four sessions, with an average of 20 mL of 99%
ethanol being injected during each session. (C, D) Contrast-enhanced axial (C) and coronal (D) neck CT images obtained 2 years
after PEI therapy show complete necrosis of left-clavicle metastasis (arrows).
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otherwise treated surgically or with TACE who present
with adverse prognostic factors or risks for these thera-
pies, and may be an option for selected patients with ad-
vanced disease previously excluded from any therapy. PEI
therapy can be performed in an attempt to decrease total
tumor burden for palliative purpose. In limited cases,
complete necrosis may be possible.”>** In several articles,
the multipronged PEI therapy has it possible to treat me-
dium and large HCCs under conscious sedation in less

.. . . 10,11
than three injection sessions.

4. HCC with distant metastasis

If extrahepatic lesion discovers at imaging, either cura-
tive surgical therapy or percutaneous ablation therapy
may not be offered and the patient will be left with only

%7 Natsuizaka et al.”® reported that the prog-

palliation.
nosis was very poor in patients with HCC with extra-
hepatic metastases, and the median survival period and
1-year survival rate of those patients were 7 months and
24.9%, respectively. Removal of extrahepatic metastasis of
HCC may offer a chance for long-term survival in selected
patients without poor prognostic factors (Child Pugh
class B and C, high alphafetoprotein, metastases to multi-
ple organs) and whose intrahepatic tumors are controll-
able.”® Removal of a solitary extrahepatic metastasis may
be justified provided that intrahepatic recurrence is well
controlled by locoregional therapy.”® PEI therapy has been
performed for the treatment of adrenal metastasis,” nodal
metastasis,”” and bone metastasis from HCC in some
institutions. Our experience in bone metastases showed
that, of 15 patients with 22 bone metastases undergone
PEI therapy, complete necrosis was noted in 12 patients
and partial necrosis was noted in 3 patients, and bone
pain was completely relieved in all patients 2 days after
the last session of PEI therapy, and overall survival rates
at l-year and 2-year were 62% and 33%, respectively
(Fig. 3). Our experience in adrenal metastases showed
that, of 10 patients with adrenal metastases undergone
PEI therapy, complete necrosis was noted in 8 patients
and partial necrosis was noted in 2 patients, and overall
survival rates at 1-year and 2-year were 58% and 33%, re-
spectively (unpublished data; presented at Society of
Gastrointestinal Intervention, 2009).

In any injection therapy the fluid spreads in an un-
predictable way but confines within the mass and ablates
tumor tissue. In contrast, RFA generates heat around the
radiofrequency electrode tip, which is distributed homoge-
neously in all directions, and ablates tissue around tip, ir-
respective of tumor tissue or normal structure.' As most
metastatic HCCs usually have adjacent vital structures,
PEI therapy would be safer than RFA.

5. HCC in patients with poor hepatic function

Local ablation therapy is contraindicated in patients
with gross ascites and coagulopathy that cannot be
corrected. PEI therapy should not be performed with un-
corrected prothrombin times in excess of 16 seconds, or
with a platelet count less than 40,000 per cubic mm.’
However, because PEI is less traumatic and carries no
risk of damage to the remaining parenchyma, PEI therapy
is safer than any other treatment modality of HCC.*®
Even in Child-Pugh C class patients, PEI therapy may be
performed.

CONCLUSION

High-dose PEI therapy is safe and effective for the
treatment of HCCs at risk or difficult to ablate with RFA.
This procedure contributes to the combination therapy
with TACE or RFA in advanced staged HCC, and also to
the treatment of large HCC or extrahepatic metastasis
from HCC. This role of PEI therapy should be stressed
for the treatment of HCCs in proper clinical situations.
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