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Abstract Fonseca AZ, Santin S, Gomes LGL, Waisberg J, Ribeiro Jr. MAF.
Radiofrequency ablation (RFA) has become an impor- Complications of radiofrequency ablation of hepatic tumors:
tant option in the therapy of primary and secondary Frequency and risk factors. World J Hepatol 2014; 6(3): 107-113
hepatic tumors. Surgical resection is still the best treat- Available from: URL: http://www.wjgnet.com/1948-5182/full/
ment option, but only a few of these patients are can- v6/i3/107.htm DOI: http://dx.doi.org/10.4254/wjh.v6.i3.107

didates for surgery: multilobar disease, insufficient liver
reserve that will lead to liver failure after resection,
extra-hepatic disease, proximity to major bile ducts and
vessels, and co-morbidities. RFA has a low mortality INTRODUCTION
and morbidity rate and is considered to be safe. Thus,

complications occur and vary widely in the literature, ~ Radiofrequency ablation (RFA) has become an important
Complications are caused by thermal damage, direct ~ ©ption in the therapy of primary and secondary hepatic
needle injury, infection and the patient’s co-morbidities. tumors. Surgical resection is still the gold standard treat-
Tumor type, type of approach, number of lesions, tu- ment, but only 5%-15% of these patients are candidates
mor localization, underlying hepatic disease, the phy-  for surgery'". For a few selected patients who have hepa-

sician’s experience, associated hepatic resection and tocellular carcinoma (HCC), the most common primary
lesion size have been described as factors significantly cancer, liver transplantation is an option but the inclusion
associated with complications. The physician in charge criteria are strict and organ donation is still insufficient.
should promptly recognize high-risk patients more sus- Inadequate liver function, multilobar lesions, extra-hepat-
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ic disease, proximity to major hepatic vessels and the bili-
ary tract, and co-morbidities are factors that make these
patients not eligible for surgery".

Complications rates of RFA vary widely in the lit-
erature. They are divided into major and minor™. The
former are those that need some type of medical intet-
vention (eg., drainage), increase morbidity and mortality,
increase hospital stay or require blood transfusions. All
of the rest are considered minor". Authors have reported
rates as low as 2% to 5.7% for major complicationsw)].
Mortality related to the procedure is low, reported in the
literature to be less than 1%, Tumor type, type of ap-
proach, number of lesions, tumor localization, underly-
ing hepatic disease, the physician’s experience, associated
hepatic resection and lesion size have been described as
factors significantly associated with cornplications[gm. In
one of their papers, Poon e# al'™ concluded that after the
physician’s first 50 procedures, the incidence of complica-
tions is lower, as well as a shorter hospital stay and higher
complete ablation rate.

In this article, we present the frequency and risk fac-
tors for complications after RFA. Complications are sum-
marized in Table 1.

HEMORRHAGIC COMPLICATIONS

Intra-abdominal bleeding is the most common complica-

5,6,12,13 . .
| In Mulier’s review,
[12]

tion encountered in many studies'
it occurred in 0.7% of the procedures in 3670 patients
Similar results were reported by Cutley ez al” (0.9% in
608 patients) and Livraghi ez a/” (0.5% in 2320 patients).
It is believed to be a result of ditect trauma from needle
positioning rather than thermal injury (due to the protec-
tive “heat-sink” effect) ", Injuries to small vessels not
visible on ultrasonography (US) are usually responsible
for its origin. Increasing abdominal pain following the
procedure is generally the most common symptom'™'”.
US or computed tomography (CT) confirms the diagno-
sis. Bleeding complications are more likely to happen in
patients with HCC due to their underlying liver disease.
In a study addressing this issue, tumor size, low platelet
count and tumors located in segment VII were significant
risk factors for intra-peritoneal bleedingm. Intra-hepatic
bleeding may also occur and can be prevented by avoid-
ing hepatic vessels while positioning the needle. This
makes the imaging guidance essential. Both of them tend
to have a benign course and stop spontaneously. Venous
bleeding is usually treated conservatively or with blood
transfusions only; arterial bleeding is more severe and
may require surgical or endovascular intervention” """\
Tract cauterization by the withdrawal of the needle in
high temperatures may prevent this kind of complica-
tion and should be performed in all cases'. Groups
performing this have less or even no bleeding complica-
tions'". Rhim, in one of his articles, states that the open
or the laparoscopic approach can decrease this kind of
complication since needle positioning and withdrawal is
under direct vision"". Transcatheter arterial embolization
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Table 1 Complications of radiofrequency ablation

Hemorrhagic Intra-abdominal bleeding
Intra-hepatic bleeding
Hemothorax

Hemobilia

Subcapsular hematoma

Abdominal wall hematoma

Infection Hepatic abscess
Wound infection
Sepsis

Biliary tract Bile duct injuries
Biliary stricture
Bilomas
Bilioperitoneum
Biliopleural fistula

Liver failure

Pulmonary Pneumothorax
Pleural effusion
Pneumonia

Skin burn

Tract seeding
Vascular damage Portal vein thrombosis
Hepatic veins thrombosis
Hepatic artery damage
Pseudoaneurysm
Visceral damage Colon

Stomach
Gallbladder
Kidney
Diaphragm
Abdominal wall

Small intestine

is the treatment of choice for this hemorrhagic complica-
- [9,14,17]
on

Several authors have also described hemothorax!™>",

It is less frequent than intra-abdominal bleeding, with an
incidence ranging from 0.1% to 0.3%>>517 1t usually
occurs due to injuries to intercostal arteries while percu-
taneously ablating tumors in the right liver through an in-
tercostal approach. Chest pain and dyspnea are the most
common symptoms”sj. US, chest CT and chest X-Ray
confirm the diagnosis. Circulation stabilization and tho-
racic drainage are often necessarylm. An open approach
for these patients should prevent this from happening;

Another hemorrhagic complication is hemobilia, with
an incidence from 0.1% to 0.5%">". It is caused by the
puncture at the same time of the biliary tract and a ves-
sel™. The most common symptoms are abdominal pain,
hematemesis and melena. The main risk in these cases is
biliary obstruction by blood clots, causing jaundice and
liver failure. In this matter, the timing of drainage is es-
sential. Goto e 4/ indicates bile duct drainage when
bilitrubin concentrations exceeds 4 mg/dL; they think that
an early indication of the procedure may delay hemosta-
sis. They also found that tumors in liver segment I was a
significant risk factor for this type of bleeding. Avoiding
puncturing dilated biliary radicles should prevent such
complications to occur,

Subcapsular hematoma and abdominal wall hemato-
ma have also been desctibed. The first one occurs more
often in subcapsular tumors, when tract cauterization is
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not possible, due to its depth. The open or laparoscopic
approach rather than the percutaneous is an option to
avoid them.

This illustrates the need for vigilance for any signs of
bleeding after the procedure and adequate screening for
coagulation disorders, including the use of medications
Y1 Post procedure
imaging is also essential since these complications usually
occur in the first hours after the ablation.

that affect the coagulation cascade"®

INFECTION

Abdominal infection is also a common complication

encountered">*”. This group of complications consists
of hepatic abscess, wound infection and sepsis. He-
patic abscess is a potentially dangerous complication
with an incidence ranging in the literature from 0.3% to
179222 Tt can appear up to more than 60 d after
the procedurem}. Significant risk factors for its develop-
ment are the presence of biliary abnormality or manipu-
lation, prone to ascending biliary infection (bilioenteric
anastomosis, endoscopic papillotomy and tumor with
retention of iodized oil from a previous chemoemboli-
zation)™'*'*** 1n a study conducted by Elias ¢z a/” in
20006, the authors studied 11 patients with enterobiliary
anastomosis or biliary stent and found an incidence of
44% of hepatic abscess in these specific subjects. They
also stated an interesting issue: when the biliary pro-
cedure was synchronous with the RFA, no hepatic ab-
scesses were observed; only when it was performed prior
to the ablation was it considered a risk factor. Entetic
bacteria coming from the injured colonized bile ducts
contaminate the tumor necrosis generated by RFAP,
Patients with hepatic abscess may present with fever and
abdominal pain. The onset of these symptoms and signs
usually occur within the first month after RFA™, Suspi-
cion should arise when patients present with high body
temperatures after the procedure, especially if it lasts
longer than two weeks, although fever can be a symptom
of the postablation syndrome. CT scan confirms the di-
agnosis; air bubbles are usually seen in the abscess. Thus,
they may be seen in the ablated area after the procedure
and this must not be misdiagnosed as an abscess™. An-
tibiotic prophylaxis is controversial in all patients, but
in high risk cases it is recommended™****). A question
that comes up in these patients is if prolonged antibiotic
prophylaxis is useful in reducing its incidence. Hoffmann
et al”" addressed this issue and tried to reduced this risk
by maintaining the antibiotics for over 10 d after the pro-
cedure in 8 patients with prior bilioenteric anastomosis.
The majority of the interventions (9/10) had prior ad-
ministration of intravenous piperacillin/tazobactam and
after the RFA, patients received Ciprofloxacin orally; 4 of
the patients received additional antibiotics (metronidazole,
cefpodoxime and cefazolin). Only one patient developed
a hepatic abscess; he had a chemoembolization 8 d before
the RFA. Despite the low number of patients and the
lack of a control group, the authors suggest that this regi-
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men may decrease the incidence of hepatic abscess. Elias
et al” and de Baere ¢f a/” also debated this matter. Both
groups administered prolonged antibiotics prophylaxis
for 5 d (longer than usual) on these high-risk patients
and a high incidence of hepatic abscess was encountered.
Further studies with control groups and larger series of
patients are necessary to resolve this question.

The most frequent organisms found in these abscess-
es were Enterococcus, E. coli, Bacteroides fragilis, E. faecalis, C.
perfringens and Klebsiella pneﬂﬁfonz'aﬁ’m’w. The best treatment
option is percutaneous drainage in combination with
systemic antibiotics'” ", Early suspicion, diagnosis and
treatment are essential for a good outcome so the physi-
cian should be alert to the patient’s clinical follow up,
especially in those with risk factors.

BILIARY TRACT DAMAGE

Biliary tract damage includes bile duct injuries, biliary

stricture, bilomas and, most rarely, bilioperitoneum and
biliopleural fistula. Its incidence can be as low as 0.1%
and up to 129%"1**%9 Bile ducts changes are expected
and most of these changes have no clinical significance
with the patient being asymptomatic with low rates of
progression[g’u’%]. This explains its low and underesti-
mated frequency since authors ignore those minor chang-
es' In a paper studying this matter, most of these
changes seen on CT were mild dilatation of the upstream
intrahepatic bile duct surrounding the ablation zone",
The authors did not mention the distance between the
tumors and major bile ducts and stated that these changes
are irreversible. In an Italian study, only two of 3554 pa-
tients required therapy after this kind of complication'”.
Another 15 patients presented with asymptomatic bili-
ary tree abnormalities. These injuries are due to thermal
damage from heating and direct mechanical damage from
the needle. It is more likely to happen in hilar tumors or
in tumors closer than 1 cm to major bile ducts when the
safety margin is impossible to be obtained without injury.
Biliary stricture is the most common complication in this
group[m. It may develop weeks to several months after
RFA™. In a study where 28 high-risk patients were ana-
lyzed, the incidence of stenosis in this specific group of
subjects increased up to 46% (13/28 patients with tumors
closer than 5 mm to central bile duct on CT) = Peripher-
al stenosis is usually asymptomatic, but central strictures
may lead to serious complications. These strictures are
believed to lead to liver atrophy and its consequent mal-
function™. This is very important for cirrhotic patients
because, due to their already impaired liver function, they
may ecasily develop liver failure and cholangitis after bile

. 2125
duct stenosis”"?

. Cholestasis and biliary infection may
also occur.

Diagnosis is usually done by CT during follow-up and
can also be detected by endoscopic retrograde cholan-
giography. The latter can also be used therapeutically by
stenting the injured bile duct. The strictures are also well

treated by endoscopic sphincterotornym.

March 27,2014 | Volume 6 | Issue 3 |



Fonseca AZ et a/. Complications of radiofrequency ablation of hepatic tumors

Figure 1 Third-degree grounding pad skin burn on the right thigh.

The association of RFA with transarterial chemo-
embolization (TACE) or percutaneous ethanol injection
(PEI) is an option in these cases as these procedures, pri-
or to the RFA, decrease tumor size and makes it possible
for the ablation to be safer with a larger margin. Ohnishi
et al” reported a method to prevent this complication
by infusing intraductal chilled saline solution through an
endoscopic nasobiliary drainage tube. Only one patient
(2.5%) developed a stricture (left hepatic duct); the 39
remaining subjects were able to avoid thermal injury
with this procedure. The incidence of this complication
was significantly lower than the control group. This also
significantly decreased the worsening of their liver func-
tion compared to the control group. The authors did
not mention recurrence and other complications related
to this procedure. Elias ez a/*” also used this in 13 high-
risk patients after the procedure. Two questions atise. The
first one is if this protection is due to the low temperature
itself or the heat sink effect caused by the solution’s flow
leading to inefficient ablation. The second one is if this
procedure increases the incidence of hepatic abscesses.
These questions need to be answered with future studies.
Another concern regarding this issue is recurrence. This
procedure also has a cooling effect on tumor cells near
the cooled bile duct; thus, more insertions and more
heat are necessaty for adequate ablation which may lead
to higher rates of complications”. Future studies are
needed to address this. Curley ¢ a/” and Huang ez al””
suggested an open approach in these high-risk subjects
for better needle placement with intra-operative ultraso-
nography. Patient selection is vital to avoid this type of
complication.

Biloma is also encountered in this group of com-
plications, with an incidence ranging from 0.1% to
5.8%>** Tt is defined as an encapsulated bile collec-
tion outside the biliary tree due to biliary leakage. This
leakage can be caused by direct damage from the needle,
direct thermal damage and by thermal damage to the mi-
crovasculature of the biliary tract caused by RFA. On CT,
it is characterized as a circumferential fluid collection sut-
rounding the ablation site or a communication between
the bile duct and circumferential collection confirmed on
cholangiography or CT**, Most bilomas develop within
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the first 4 mo but can occur as late as 17 mo™. Almost
all patients are asymptomatic and the fluid formation has
spontaneous regression in half of the cases””. Percutane-
ous drainage is a good treatment option when required.
Sphincterotomy should always be considered to exclude
biliary stenosis and increased biliary pressure as a cause
for biloma formation.

LIVER FAILURE

Liver failure is also a potentially fatal complication, espe-
cially in patients with cirrhosis whose liver function is of-
ten already impaired. Patients who have undergone previ-
ous hepatectomy are also at risk for this complicationm].
Its incidence ranges from 0.2% to 4.3%™>'""* Child
Pugh classification has been significantly related to post
treatment liver failure™"", Hepatic infarction due to inju-
ries to major feeding vessels is believed to be responsible
for its occurrence. Proper and careful needle placement is
essential to avoid this from happening''’. Other causes of
liver failure are extensive ablation (overtreatment causes

destruction of cirrhotic tissue around the lesions), portal
[6,12,16]

vein thrombosis and extensive resection

PULMONARY COMPLICATIONS

Pneumothorax, hemothorax (described in hemorrhagic
complications), pleural effusions and pneumonias are in
this group of complications. Its incidence varies from
0.8% to 2.1%™". Pneumothorax is more likely to hap-
pen in patients with tumors located directly under the
diaphragm when an intercostal approach is chosen'”
Some authors have described the use of artificial pleural
effusion’™. The idea is to separate the lung from the dia-
phragm and avoid these lesions. Inoue ez al™ published a
seties of 64 patients with 82 nodules near the diaphragm
using this technique and encountered complications in 5
subjects. The treatment should be considered individually.
Thoracentesis, underwater seal drainage and diuresis have
been described®™'". Adequate needle positioning with a
safe window (in the percutaneous approach) can avoid
this complication™. Positioning the patient on the right
side can also avoid it by limiting respiratory excursion .
Use of the epipericardial fat pad has also been described
to avoid enteting the pleural cavity”'. Further investiga-
tion with CT is required if the patient experiences dys-
pnea or chest pain after RFA.

SKIN BURNS

Skin burns can occur at the point of needle entry and at
the ground pad sites (Figure 1). This complication had a
higher incidence in earlier studies due to smaller pads. In
recent papers, it became a rarity because of their larger
sizes and increased awareness, with a low incidence from
0.2% to 0.6%"**, Third-degree skin burns are rare,
but have been described, even leading to deaths™”"*",
Adequate pad placement and sizes are essential to avoid
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Figure 2 Tumor seeding on needle entry site after percutaneous radiofre-
quency ablation.

this complication, as well as good contact with the skin.
Large and sometimes multiple ground pads are neces-
sary to disperse the high amount of energy generated by
RFA. They should be equidistant from the needle due to
the asymmetric distribution of the electrical current. This
asymmetry makes the temperature beneath the pads not
uniform, with greater heat on the edges and in the pads
closest to the needle!"”. This was confirmed by de Baére
et al”, describing patients with first and third degree
burns on the edges of one the pads facing the active elec-
trode (needle).

TRACT SEEDING

Tumor seeding in the needle tract has an incidence from
0.2% to 0.9%***. Low rates of tumor seeding may
be explained due to its underestimation in most papers
due to a lack of follow-up. It usually occurs 3 to 12 mo
after RFA™. Viable tumor cells that adhere to a biopsy
needle or the electrode during its extraction, tumor cells
carried into the needle tract with the bleeding and tumor
cells forced into the tract by intratumoral hyperpressure
are mechanisms that explain the seeding > (Figure 2).
Decreasing the number of punctures and transversing a
large amount of hepatic tissue before entering the tumor
may avoid this complication'**

1 Groups performing
needle tract cauterization have not experienced tumor
seeding or have very low rates™ ", Livraghi et al® re-
ported their series with 1314 patients aiming to deter-
mine the risks of this complication in subjects with HCC
treated by percutaneous RFA with a long follow-up (me-
dian 37 mo). They encountered seeding in 12 patients;
tumors were located mostly in intercostal muscle and
successfully treated by resection. The only significant risk
factor described was a previous biopsy. They concluded
that needle biopsy should be avoided. Other risks fac-
tors described by other authors are poorly differentiated,
subcapsular location (where heating of the needle tract is
not possible) and multiple needle insertions™***. Opti-
mal and meticulous first attempt electrode positioning is
desirable!. Besides resection, RFA is also an option for
treating tumor seeding. Some authors suggest the open
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approach in subcapsular lesions to avoid this complica-
FSN S
ton" .

HEPATIC VASCULAR DAMAGE

Portal vein thrombosis, hepatic vein thrombosis, hepatic
artery damage and pseudoaneurysm represent this group
of complications, with an overall complication rate from
0.5% to 1%,

Portal vein thrombosis is a potentially fatal com-
plication, with a 0.2% incidence"”. Thrombosis and
coagulation of vessels larger than 3 mm are rare when
normal flow is granted[37]. Most of these thromboses
are asymptomatic even in larger vessels and no further
therapy is required™. They are caused by heat damage
to the endothelial cells of the portal or hepatic vein, lead-
ing to platelet aggregation and subsequent thrombosis®™.
It can be defined as being adjacent to the ablation zone
and developing within 4 mo after RFAPY. Liver function
tests are usually normal but if elevated should normal-
ize with no clinical significance™. Tts occurrence should
be avoided, especially in cirrhotic patients, as it may lead
to liver failure in a patient with an already impaired liver
function. Risk factors are the central location of the tu-
mor, vein compression by the tumor and the Pringle ma-
neuvet. The latter stops blood flow into the liver and with
that, vessels lose their cooling protection from the “heat-
sink” effect, leading to vessels thrombosis. de Baere e7 al”
showed in their paper that 30% of their procedures with
balloon occlusion (for blood flow stop) led to complete
thrombosis of the ballooned vessel. They also had more
significant portal vein thrombosis in cirrhotic patients af-
ter performing the Pringle maneuver than in noncirrhotic
subjects. It is suggested by the authors that it should be
avoided in these patients, even for short durations”.

Hepatic artery damage has a 0.2% incidence"”. Small
arterioportal shunts may occur after RFA and the major-
ity of them heal spontaneously”. They can be success-
fully treated by endovascular or percutaneous therapies.

VISCERAL DAMAGE

Visceral damage is rare, with an incidence varying from
0.5% to 0.7%%". Damage to the colon, stomach, gall-
bladder, kidney, diaphragm, abdominal wall and small
intestine has been described. Attention should be paid
when tumors are closer than 1 cm to adjacent organs.
Early diagnosis and adequate treatment are essential since
it may lead to death. Risk factors are percutaneous ap-
proach, subcapsular tumors, previous abdominal surgery
and chronic cholecystitis as the patient may have adhe-
sions between the liver and the bowel*">"". Livraghi ez
al® suggest some issues in these patients: they should be
treated by the open or laparoscopic approach for direct
visualization of the organs, assuring they are in fact sepa-
rated, and CT guidance is preferable for better adjacent
bowel identification.

The colon is believed to be at greater risk of being
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damaged due to its thin wall and fixed nature”™. This
complication has an incidence from 0.1% to 0.3%>%1,
Some techniques have been developed to avoid bowel
injuries: patient positioning in a steep oblique and prone
position and breath holding during mechanical ventila-
tion in patients under general anesthesia has also been
described"!. Another technique is creating a barrier
between the liver and the colon, the hydrodissection.
The use of 5% dextrose and saline solutions has been
reported ™, The former is preferred due to its prop-
erties since it does not conduct electricity and hence pro-
vides a thermal barrier around the organ. Song ez al™”
and Inoue ef o/ used artificial ascites and had no gas-
trointestinal injuries. The stomach and small bowel are
less injured because adhesions along the gastrohepatic
ligament are rare as the gastric wall is very thick and the
small bowel has great mobility and peristalsis[()’m]. One
should keep in mind that the onset of the symptoms of
perforation is delayed; therefore, treatment is also usually
delayed and the patient presents with a severe clinical
status, eventually leading to death. A high level of suspi-
cion is essential and close follow-up is important in these
subjects.

Ribeiro e a/” in their series routinely performed
open cholecystectomy prior to RFA in tumors near the
gallbladder, with the intention to avoid cholecystitis and
incomplete ablation. Minimal wall thickening is expected
on imaging after RFA, usually with no clinical signifi-
cance. This probably happens due to the capacity of the
fluid inside the gallbladder to dissipate the heat!"".

Injury to the diaphragm occurs in 0.1% of the
cases ™. Tt frequently results in severe shoulder painm.
Usually, RFA causes thickening of the muscle but perfo-
ration and hernia have been described™. Artificial ascites
can also be used to decrease it.

CONCLUSION

Complication rates of RFA are low, making it a safe and

feasible procedure. Every component of the treatment
should be thoroughly analyzed. Proper patient selection
1s essential; subjects with exclusion criteria may lead to
higher complication rates. Type of approach is also vi-
tal; depending on tumor location, one type may lead to
a higher complication rate than another. This also fits
for imaging guidance, where some tumors locations are
better visualized by a specific method over another. The
physician’s experience is very important as well. Identifi-
cation of high-risk subjects (with close follow-up), early
diagnosis of known complications and a high level of
suspicion are acquired with time and may lead to better
outcomes and reduced risk of complications.
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