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PREAMBLE

THE membership of the Society of In-
terventional Radiology (SIR) Stan-
dards of Practice Committee repre-

sents experts in a broad spectrum of
interventional procedures from the
private and academic sectors of medi-
cine. Generally, Standards of Practice
Committee members dedicate the vast
majority of their professional time to
performing interventional procedures;
as such, they represent a valid broad
expert constituency of the subject mat-
ter under consideration for standards
production.

Technical documents specifying the
exact consensus and literature review
methodologies as well as the institu-
tional affiliations and professional cre-
dentials of the authors of this docu-
ment are available upon request from
SIR, 3975 Fair Ridge Dr, Suite 400
North, Fairfax, VA 22033.

METHODOLOGY

SIR produces its Standards of Prac-
tice documents with use of the follow-
ing process. Standards documents of
relevance and timeliness are conceptu-
alized by the Standards of Practice
Committee members. A recognized ex-
pert is identified to serve as the princi-
pal author for the standard. Additional
authors may be assigned depending on
the magnitude of the project.

An in-depth literature search is per-
formed with use of electronic medical

literature databases. Then, a critical re-
view of peer-reviewed articles is per-
formed with regard to the study meth-
odology, results, and conclusions. The
qualitative weight of these articles is
assembled into an evidence table (Ap-
pendix 3), which is used to write the
document such that it contains evi-
dence-based data with respect to con-
tent, rates, and thresholds.

When the evidence of literature is
weak, conflicting, or contradictory,
consensus for the parameter is reached
by a minimum of 12 Standards of
Practice Committee members accord-
ing to a modified Delphi Consensus
Method (Appendix 2). For purposes of
these documents, consensus is defined
as 80% Delphi participant agreement
on a value or parameter.

The draft document is critically re-
viewed by the Standards of Practice
Committee members by telephone
conference calling or face-to-face
meeting. The finalized draft from the
Committee is sent to the SIR member-
ship for further input/criticism during
a 30-day comment period. These com-
ments are discussed by the Standards
of Practice Committee and appropri-
ate revisions made to create the fin-
ished standards document. Before its
publication, the document is endorsed
by the SIR Executive Council.
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icine Uniformed Services University of the Health
Sciences, Medical Oncology Clinical Research Unit
Center for Cancer Research, National Cancer Insti-
tute, Bethesda, Maryland; Department of Radiology
(E.N.B.), University of Athens, Athens, Greece. Re-
ceived September 22, 2005; accepted October 29.
Address correspondence to D.B.B.; E-mail:
brownda@mir.wustl.edu

None of the authors have identified a conflict of
interest.

© SIR, 2006

DOI: 10.1097/01.RVI.0000195330.47954.48

225



INTRODUCTION

Chemoembolization of hepatic ma-
lignancy represents an important ther-
apeutic procedure in individuals with
liver-dominant neoplasms. These in-
clude primary hepatic malignancies
and certain other cancers in which the
liver is the dominant site of disease. A
variety of different cancers are amena-
ble to treatment (1–4). Hepatocellular
carcinoma (HCC) has been success-
fully treated with chemoembolization.
Nearly 500,000 patients worldwide are
diagnosed with HCC annually and the
incidence in the United States is in-
creasing dramatically (5,6). Most pa-
tients with HCC are not candidates for
surgical treatment at the time of refer-
ral to an interventional radiology de-
partment. Radiation therapy and sys-
temic chemotherapy are ineffective at
prolonging survival (7) and transplan-
tation remains the only curative op-
tion. The demand for donated organs
far outstrips supply (8). Many patients
require some kind of image-guided
therapy as a bridge to transplantation
or as palliative therapy (9).

The liver is the dominant site of
metastatic disease for a number of ma-
lignancies, including colorectal cancer,
neuroendocrine tumors, and ocular
melanoma. Fewer than 20% of patients
with metastatic disease are candidates
for curative surgical resection (10). Che-
motherapy has provided some im-
provement in survival with colorectal
metastases but has limited benefit for
the majority of patients with metastatic
neuroendocrine tumors (11–13). Pa-
tients who are not surgical candidates
often have diffuse disease, and chemo-
embolization can play an important role
in the treatment of these patients.

These guidelines are written to be
used in quality improvement pro-
grams to assess chemoembolization.
The most important processes of care
are (i) patient selection, (ii) perfor-
mance of the procedure, and (iii) mon-
itoring of the patient. The outcome
measures or indicators for these pro-
cesses are indications, success rates,
and complication rates. Outcome mea-
sures are assigned threshold levels.

DEFINITIONS

• Chemoembolization is defined as
the infusion of a mixture of chemo-
therapeutic agents with or without

ethiodized oil (Ethiodol; Savage Labo-
ratories, Melville, NY) followed by
embolization with particles such as
polyvinyl alcohol or Gelfoam (Phar-
macia & Upjohn, Kalamazoo, MI).

• Embolization is defined as block-
ade of hepatic arterial flow with parti-
cles alone (typically polyvinyl alcohol
or Gelfoam).

• Hepatic artery chemotherapeutic in-
fusion is defined as injection of chemo-
therapy with or without ethiodized oil
in the hepatic artery without emboli-
zation.

• Liver-dominant neoplasm is de-
fined as a malignancy in which the
hepatic component is the only site of
disease or is the site of disease most
likely to lead to patient morbidity
and/or mortality.

• Image-guided therapy refers to the
use of fluoroscopy, computed tomog-
raphy (CT), ultrasound (US), or mag-
netic resonance (MR) imaging to target
tumors for therapy. In the liver, this is
accomplished by catheter-based
means (eg, chemoembolization, embo-
lization, hepatic artery chemothera-
peutic infusion) or by percutaneous
tumor ablation (14).

• Tumor ablation is defined as the
direct application of chemical or ther-
mal therapies to a specific focal tumor
(or tumors) in an attempt to achieve
eradication or substantial tumor de-
struction. Tumor ablation methods fall
into one of two main categories: chem-
ical or thermal (14).

• Chemical ablation refers to instilla-
tion of a pharmacologic agent to cause
tumor necrosis. Examples of chemical
agents include absolute ethanol and
acetic acid.

• Thermal ablation refers to ap-
plication of energy to cause tumor ne-
crosis. Examples of energy sources
include radiofrequency, laser, micro-
wave, US, and cryotherapy.

Chemoembolization, embolization,
and chemotherapeutic infusion are
performed after catheterization of the
proper, lobar, or segmental hepatic ar-
teries with use of standard angio-
graphic principles as described in the
SIR quality improvement guidelines
for diagnostic angiography (15). Un-
less otherwise stated, references in this
document will specifically refer to che-
moembolization, as the majority of the
existing literature has reported on the
use of this technique.

Although practicing physicians

should strive to achieve perfect out-
comes (eg, 100% success, no complica-
tions), in practice all physicians will
fall short of this ideal to a variable
extent. Therefore, indicator thresholds
may be used to assess the efficacy of
ongoing quality improvement pro-
grams. For the purposes of these
guidelines, a threshold is a specific
level of an indicator that should
prompt a review. “Procedure thresh-
olds” or “overall thresholds” reference
a group of indicators for a procedure,
such as major complications. Individ-
ual complications may also be as-
sociated with complication-specific
thresholds. When measures such as in-
dications or success rates fall below a
(minimum) threshold, or when com-
plication rates exceed a (maximum)
threshold, a review should be per-
formed to determine causes and to im-
plement changes if necessary. For ex-
ample, if the incidence of abscess
formation is one measure of the qual-
ity of chemoembolization, values in
excess of the defined threshold (in this
case, 2%) should trigger a review of
policies and procedures within the de-
partment to determine the causes and
to implement changes to lower the in-
cidence of the complication. Thresholds
may vary from those listed here; for ex-
ample, patient referral patterns and se-
lection factors may dictate a different
threshold value for a particular indica-
tor at a particular institution. Therefore,
setting universal thresholds is very dif-
ficult and each department is urged to
alter the thresholds as needed to higher
or lower values to meet its own quality
improvement program needs.

Complications can be stratified on
the basis of outcome. Major complica-
tions result in admission to a hospital
for therapy (for outpatient procedures),
an unplanned increase in the level of
care, prolonged hospitalization, perma-
nent adverse sequelae, or death. Minor
complications result in no sequelae; they
may require nominal therapy or a short
hospital stay for observation (generally
overnight; Appendix 1). The complica-
tion rates and thresholds listed herein
refer to major complications.

INDICATIONS

General Indications

Chemoembolization is indicated in
patients with liver-dominant hepatic
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malignancies who are not candidates
for curative resection. All patients
should undergo preprocedural con-
trast material–enhanced CT or MR im-
aging to ensure that the disease is liv-
er-dominant. The main portal vein
should be patent or collateral flow
should be present with hepatopetal
flow (16,17). If there is a question of
adequate portal perfusion on cross-
sectional imaging, confirmation can be
obtained with catheter angiography
immediately preceding chemoemboli-
zation. Preprocedural evaluation also
includes laboratory evaluation includ-
ing complete blood count, prothrom-
bin time, and evaluation of liver and
kidney function. Exclusion criteria
based on laboratory values are not de-
finitively established. However, the
constellation of more than 50% liver
replacement with tumor, bilirubin
level greater than 2 mg/dL, lactate de-
hydrogenase level greater than 425

mg/dL, and aspartate aminotransfer-
ase level greater than 100 IU/L has a
strong anecdotal association with in-
creased postprocedural mortality (18).
Individual abnormalities of these four
parameters have not been shown to
predict adverse outcomes of chemo-
embolization (19). Laboratory values
and scoring systems have been used
differently by other authors. Com-
monly used scoring systems are out-
lined in Tables 1–3. A bilirubin cutoff
level of 3 mg/dL has been described
(20). The Child-Pugh scoring system is
superior to the Model for End-Stage
Liver Disease system in predicting
long-term survival in HCC (19). Pa-
tients with Child-Pugh class A disease
or class B disease with an albumin
level of at least 3.4 g/dL have im-
proved survival. Another group found
that Model for End-Stage Liver Dis-
ease scores greater than 10 and a Can-
cer of the Liver Italian Program score
greater than 2 constituted a negative
predictor of survival (21).

HCC.—As a result of underlying
cirrhosis, fewer than 20% of patients
with HCC are candidates for surgical
resection (7). Transplantation remains
the only curative option for patients
with HCC, and individuals with lim-
ited disease (1 tumor �5 cm or three
tumors �3 cm each) should be evalu-
ated for transplantation during work-
up as part of a multidisciplinary effort.

Initial randomized trials evaluating
chemoembolization versus symptom-
atic treatment had disappointing re-
sults (22–25). However, three recent
well-constructed randomized trials
(1,2,26), two of which were prospec-
tively randomized (1,2), have demon-
strated significantly improved sur-
vival with chemoembolization. Poor
outcomes from the initial trials can
be directly linked to treatment of pa-
tients with advanced disease and to
administration of excessive therapy.
These outcomes reinforce the need to
treat patients with well-compensated
cirrhosis and to repeat therapy only
when viable tumor is present on
cross-sectional imaging (27). Patients
with small tumors may also be con-
sidered for percutaneous ablative
therapies alone or in combination
with chemoembolization (28–30). The
choice between therapies should be
based on the overall size, number,
and location of the tumors. In some
situations, chemoembolization and
tumor ablation may be appropriate
alone or in combination.

Neuroendocrine malignancy.—Initial
control of symptoms is usually per-
formed with short- or long-acting so-
matostatin agents. Most patients with
symptomatic disease have diffuse
metastases, which are a contraindica-
tion to surgery. The frequent pres-
ence of diffuse metastases also limits
the number of patients who are can-
didates for percutaneous ablative
therapies. Chemoembolization and
embolization of patients with hepatic
metastases from neuroendocrine tu-
mors can result in durable elimina-
tion of hormonal symptoms (3,31). A
number of patients with hormonal-
ly active liver metastases also have
extrahepatic disease at the time of di-
agnosis. However, because chemo-
embolization can still reduce or elim-
inate symptoms, treatment should
not be withheld from these patients.

Colorectal carcinoma.—Fewer than
20% of patients with colorectal me-
tastases are candidates for curative
resection (10). Survival rates with
systemic chemotherapy have im-
proved, with mean survival times
approaching 2 years (11). A gold
standard chemotherapeutic regimen
has not been determined, limiting
studies comparing systemic chemo-
therapy with chemoembolization.
Chemoembolization for hepatic me-

Table 1
Child-Pugh Scoring System

Variable 1 2 3

Encephalopathy None Moderate Severe
Ascites None Moderate Severe
Bilirubin (mg/dL) �2 2–3 �3
Albumin (g/dL) �3.5 2.8–3.4 �2.8
Prothrombin time (sec) �14 15–17 �18

Note.—Child-Pugh Score: A � 5–6; B � 7–9; C � 10–15.

Table 2
Model for End-Stage Liver Disease
Scoring System

R � 0.957 � loge (creatinine [mg/dL)]
� 0.378 � loge (bilirubin [mg/dL])
� 1.12 � loge (INR) � 0.643 � (cause
of cirrhosis [0 for alcohol-induced
cirrhosis and 1 for non–alcohol-
induced cirrhosis]).

Table 3
Cancer of the Liver Italian Program Scoring System

Variable 0 Points 1 Point 2 Points

Child-Pugh stage A B C
Tumor morphology Uninodular Multinodular Massive or �50% of liver
�-Fetoprotein (ng/mL) �400 �400 NA
Macrovascular invasion No Yes Yes

Note.—NA � not applicable
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tastases may be considered as a sal-
vage option when other systemic
chemotherapy options have been ex-
hausted. Other treatment methods,
such as yttrium Y 90 sphere infusion,
are being investigated and may play
an increasing role over time (32).

Other metastases.—Other tumors
that may present with liver-dominant
metastases include ocular melanoma
and soft-tissue sarcoma. These tu-
mors have been successfully treated
with chemoembolization. Patient sur-
vival appears to be improved com-
pared with historical controls, but
randomized prospective data are not
available (33–36).

Participation by the radiologist in
patient follow-up in the hospital and
at imaging follow-up is an integral
part of chemoembolization and will
limit the incidence of postprocedural
complications and ensure appropri-
ate scheduling of follow-up therapy.
Close follow-up with monitoring and
management of the patient by the in-
terventional radiologist is appropri-
ate. Regarding indications for chemo-
embolization, embolization, and che-
motherapeutic infusion for hepatic
malignancy, the threshold is 95% for
the presence of liver-dominant malig-
nancy with preserved hepatic func-
tion. When fewer than 95% of proce-
dures are for these indications, the
department will review the process
of patient selection.

Preprocedural Considerations

Premedication before chemoembo-
lization is standard. Hydration is es-
sential with intravenous administra-
tion of 150–300 mL/h of normal saline
solution. Other premedications in-
clude antiemetics and steroids. Many
operators administer antibiotic cover-
age for gram-negative enteric organ-
isms, even though this practice is not
universal or prospectively proven to
be beneficial for all patients (37,38). In
patients without an intact sphincter of
Oddi from earlier surgery, sphincter-
otomy, or biliary drainage, the risk of
infection after embolization is signifi-
cantly increased (39). The risk of
postembolization infection appears to
be reduced by the performance of
bowel preparation the night before
treatment (40). In patients with carci-
noid tumors, pretreatment with oct-
reotide 150 �g subcutaneously is im-

portant to limit carcinoid crisis caused
by hormonal dumping from tumor ne-
crosis after embolization (3).

Procedural Considerations

Given the frequency of variant he-
patic arterial anatomy, initial angiog-
raphy should include study of the su-
perior mesenteric and celiac arteries
(41). Imaging should be performed
through the portal venous phase to
ensure patency of the main portal vein
or reconstitution via collateral vessels
with hepatopetal flow. Practice pat-
terns for level of catheter selection
range from superselective to lobar em-
bolization depending on the type and
number of tumors to be treated, as
well as the philosophy of the individ-
ual performing the procedure. Treat-
ment of the entire liver in one session
is associated with an increase in mor-
tality (31). When treatment leads to
permanent occlusion of the native he-
patic arteries, several collateral path-
ways have been treated with clinical
success, including the inferior phrenic,
internal mammary, and intercostal ar-
teries (42–44). If these collateral arter-
ies have potential communication
with cutaneous vessels, embolization
without chemotherapy should be per-
formed to limit the risk of cutaneous
ischemic ulceration (45). Treatment
should avoid the cystic artery if possi-
ble. If treatment of the tumor is not
feasible without including the cystic
artery in the infused area, chemoem-
bolization may still be performed. The
principal risk of treatment of the cystic
artery is pain, which may potentially
lengthen the posttreatment hospital
stay but does not result in significant
risk to the gallbladder itself (46). Inter-
mittent infusion of 1% lidocaine be-
tween aliquots of the chemotherapeu-
tic agent/Ethiodol slurry decreases
postembolization pain (47,48).

Chemoembolization versus
Embolization

Randomized trials for treatment of
HCC comparing protocols with and
without chemotherapy are limited. A
prospective randomized trial with
three arms comparing survival with
chemoembolization versus emboliza-
tion versus symptomatic treatment re-
sulted in a significant survival benefit
for chemoembolization versus symp-

tomatic treatment, and the trial was
halted (2). At the time the trial was
terminated, embolization without che-
motherapy was associated with simi-
lar survival rates as chemoemboliza-
tion. The trial was not continued to
determine whether embolization with-
out chemotherapy would lead to a
survival benefit versus symptomatic
treatment alone. A separate meta-
analysis did not reveal any clear-cut
benefit from the addition of chemo-
therapy to embolization (49). A com-
plicating factor in determining the
gold standard arterial infusion ther-
apy is that chemotherapy regimens
vary significantly among trials. No
ideal chemotherapeutic agent has been
identified. A definitive statement re-
garding treatment with or without
chemotherapy can not be made with-
out an adequately powered prospec-
tive trial.

Chemoembolization versus
Chemotherapeutic Infusion

Few comparisons of chemoemboli-
zation versus chemotherapeutic infu-
sion are available. Infusion without
embolization appears to result in a
lower percentage of tumor necrosis
compared with chemoembolization,
particularly in HCCs larger than 3 cm
in diameter (50). However, toxicity to
the surrounding liver may be lower
with infusion alone (51). Chemothera-
peutic infusion may be considered an
option in patients with severe hepatic
dysfunction.

Postprocedural Considerations

Many practitioners recommend ad-
ministration of antibiotics for 3–7 days
after chemoembolization to cover
gram-negative enteric pathogens. Data
regarding the need for routine antibi-
otic prophylaxis are mixed, without
definitive evidence of benefit (38). If a
patient has a disrupted sphincter of
Oddi, it has been suggested that anti-
biotics should be administered for 14
days (40). Even with extended ad-
ministration of antibiotics, data for
this group of patients are limited and
the operator should proceed with cau-
tion in the setting of any biliary abnor-
mality. Antibiotics may be converted
to oral administration as soon as pa-
tients can tolerate a normal diet to fa-
cilitate expedient discharge. Antiemet-
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ics should be continued as long as
needed. Narcotics should be available.
One method preferred by many inter-
ventionalists to control pain is to ad-
minister narcotics via a patient-con-
trolled analgesia pump.

Postprocedural Imaging

Follow-up imaging should be per-
formed 4–6 weeks after all tumor-
bearing areas have been treated. If
treatment of both lobes of the liver is
planned, imaging between sessions
may be performed based on operator
preference. Signs of tumor necrosis on
CT include Ethiodol uptake and ab-
sence of arterial-phase enhancement
when it was present before chemoem-
bolization (52,53). Disappearance of
arterial enhancement is the principal
determinant of tumor necrosis on MR
imaging (54). There is a paucity of lit-
erature regarding follow-up of lesions
after chemoembolization without ar-
terial phase enhancement. Gross
enlargement of a lesion or nodular en-
hancement in portal vein or delayed-
phase imaging has been described as
evidence of residual or recurrent tu-
mor after radiofrequency ablation of
lesions without initial arterial phase
enhancement (55). Similar findings
may be present in the setting of resid-
ual or recurrent tumor after chemoem-
bolization. Patients without active dis-
ease at follow-up should undergo
follow-up imaging every 3–4 months.

Repeat Treatment

Individuals with HCC or metasta-
ses from nonneuroendocrine tumors
require further treatment when new or
residual disease is detected (27). Pa-
tients with liver metastases from neu-
roendocrine tumors should be treated
again if the initial treatment does not
result in symptomatic improvement or
when symptoms recur. Before addi-
tional chemoembolization sessions,
liver function tests and complete
blood count should be performed
again to ensure the patient is still an
appropriate candidate.

SUCCESS RATES

Technical Success

Successful chemoembolization is
defined as successful catheter place-

ment and administration of selected
agents. The threshold is 95% for tech-
nical success of chemoembolization.

Clinical Success

Clinical success is defined as suc-
cessful tumor necrosis resulting in ef-
fective palliation. Effective palliation
is tumor-dependent, with survival as
the primary outcome for tumors such
as HCC and colorectal carcinoma. To
reach this success, individual opera-
tors should have survival rates com-
parable to those in the established lit-
erature. Thresholds are set at less than
100% because operators will encounter
patients in practice who require ther-
apy who have clinical presentations
worse than allowed in clinical trials. In
patients with symptomatic neuro-
endocrine malignancy, clinical success
is defined as the elimination of hor-
monal symptoms (Table 4) (3,19,26,
56–65).

COMPLICATIONS

Complications occur in approxi-
mately 10% of patients. Published
complication rates and suggested
thresholds include the following:

Postembolization syndrome (fever,
pain, increased white blood cell count)
by itself is not considered a complica-
tion but rather an expected outcome of
embolotherapy (46). As noted earlier,
a small percentage of patients will
have prolonged symptoms that re-
quire a greater level of postprocedural
care (56). Published rates for individ-
ual types of complications are highly
dependent on patient selection and are
based on series comprising several
hundred patients, which is a volume
larger than most individual practitio-
ners are likely to treat. Therefore, we
recommend that complication-specific

thresholds should usually be set
higher than the complication-specific
reported rates listed herein. It is also
recognized that a single complication
can cause a rate to cross above a com-
plication-specific threshold when the
complication occurs in a small volume
of patients, eg, early in a quality im-
provement program. In this situation,
the overall procedure threshold is
more appropriate for use in a quality
improvement program.

In Table 5 (39,56,66–69), all values
are supported by the weight of litera-
ture evidence and panel consensus ex-
cept those shown with an asterisk
(weak literature evidence, but 80%
Delphi consensus), or dagger (weak
literature evidence and no Delphi con-
sensus).

OVERALL PROCEDURE
THRESHOLD

The threshold is 15% for all major
complications resulting from chemo-
embolization, embolization, or chemo-
therapeutic infusion.
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APPENDIX 1: SIR
STANDARDS OF PRACTICE
COMMITTEE
CLASSIFICATION OF
COMPLICATIONS BY
OUTCOME

Minor Complications
A. No therapy, no consequence; or
B. Nominal therapy, no conse-

Table 4
Thresholds for Median Survival after Chemoembolization of Hepatocellular and
Colorectal Carcinomas (3,19,26,56–65)

Disease
Median Survival

(months), Reference Threshold (%)

Hepatocellular carcinoma 20 (19,26,56,57) 50
Colorectal carcinoma 10 (58–63) 50
Neuroendocrine tumors 26 (3,64,65) 50
Ocular melanoma 11 (33) 50
Metastatic sarcoma 19 (34,35) 50
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quence; includes overnight admission
for observation only.

Major Complications
C. Require therapy, minor hospital-

ization (�48 hours);
D. Require major therapy, un-

planned increase in level of care, pro-
longed hospitalization (�48 hours);

E. Have permanent adverse sequel-
ae;

F. Result in death.

APPENDIX 2: CONSENSUS
METHODOLOGY

Reported complication-specific
rates in some cases reflect the aggre-
gate of major and minor complica-
tions. Thresholds are derived from
critical evaluation of the literature,
evaluation of empirical data from
Standards of Practice Committee
members’ practices, and, when avail-
able, the SIR HI-IQ™ System national
database.

Consensus on statements in this
document was obtained with use of a
modified Delphi technique (70,71).

APPENDIX 3: EVIDENCE
TABLE

Appendix 3 is available online at
www.jvir.org.
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SIR DISCLAIMER

The clinical practice guidelines of SIR attempt to define practice principles that generally should assist in
producing high-quality medical care. These guidelines are voluntary and are not rules. A physician may deviate
from these guidelines as necessitated by the individual patient and available resources. These practice guidelines
should not be deemed inclusive of all proper methods of care or exclusive of other methods of care that are
reasonably directed toward the same result. Other sources of information may be used in conjunction with these
principles to produce a process leading to high-quality medical care. The ultimate judgment regarding the conduct
of any specific procedure or course of management must be made by the physician, who should consider all
circumstances relevant to the individual clinical situation. Adherence to the SIR quality improvement program will
not assure a successful outcome in every situation. It is prudent to document the rationale for any deviation from
the suggested practice guidelines in the department policies and procedure manual or in the patient’s medical
record.



APPENDIX 3:
EVIDENCE TABLE

Study Study Type No. of Pts. Objective Results and Comments Strength*

Lo et al (1) Single-center,
randomized,
prospective

79 in two groups Determine survival with
TACE vs observation

Survival at 1, 2, and 3 years
with TACE: 57%, 31%,
26% vs 32%, 11%, 3%
with observation;
univariate analysis
significant for improved
survival with TACE,
asymptomatic at
presentation, no branch
PV obstruction,
tumor � 5 cm, Okuda
stage 1; multivariate
analysis significant for
treatment with TACE
and absent PV
obstruction

A

Llovet et al (2) Prospective
randomized trial

112; 37 embolization,
40 TACE; 35
symptomatic

Determine survival
benefit and prognostic
factors for different
treatment options;
bland embolization
done with Gelfoam;
TACE done with
doxorubicin and
Lipiodol; procedures
done on calendar
basis

TACE significantly better
survival than observation
(P � .025); embolization
approached significance
but study was stopped (P
� .07); mean survival
with TACE was 28.7
months; mean survival
with embolization, 25.3
months; mean survival
with observation, 17.9
months

A

Gupta et al (3) Retrospective review
with various
treatments for
carcinoid tumors

81 Evaluate
clinical/radiologic
response, duration of
response, progression-
free survival, overall
survival with liver-
dominant carcinoid
for 9 years

51 patients had extrahepatic
disease; 50 with
embolization, 31 with
HACE; chemotherapy
varied from patient to
patient; mean time to
radiologic progression
was 19 months; 64% with
carcinoid syndrome had
positive response; median
survival, 31 months

A

Salman et al (4) Prospective
randomized
embolization vs
chemoembolization

26 with embolization;
24 with
chemoembolization

PVA vs 750 mg/m2 5-
fluorouracil and
interferon mixed with
PVA

Median survival for all
patients was 11 months;
survival with
extrahepatic disease was
8 months; survival with
liver disease only was 15
months; survival similar
between groups

B

Velazquez et al
(5)

Prospective
nonrandomized

463 with cirrhosis Patients tracked for
development of HCC
with multiple risk
factors evaluated

Hepatitis C positivity and
age older than 55 both
are significant risk
factors. Given the
increased incidence of
hepatitis C in US, many
patients will present with
HCC. Older patients are
also less likely to be
transplant eligible

A

1



APPENDIX 3:
Continued

Study Study Type No. of Pts. Objective Results and Comments Strength*

Caturelli et al
(6)

Prospective single-
center study in
Italy

111 in a single arm Determine the long-term
nontumorous hepatic
tissue damage caused
by TACE

Mean Child-Pugh score for
whole group went from
5.96 to 6.28 after one
TACE and 6.51 after
second TACE (P � NS);
Child-Pugh scores of A
did significantly increase
from 5.37 to 5.73 after
one TACE and 5.89 after
two (P � .05); no
significant change after
TACE in Child-Pugh
class B disease (7.48 to
7.67 and 7.30)

A

Kanematsu et al
(7)

Retrospective review 303 Determine outcomes in
large patient
population

Majority of procedures
were wedge resection
(58%); 4.9% mortality
rate; �50% morbidity
rate, including 13%
wound infection, 10%
peritonitis, 5% biliary
leak, 4% liver failure

A

Wiesner et al
(8)

Prospective
multicenter

3,437 Applied MELD score to
patients on liver
transplant waiting list
while Child-Pugh
scoring was primary
determinant of organ
reception

12% of patients died on the
list; mortality directly
correlates with an
increase of MELD score;
patients dying on
transplant list correlated
with a need for imaging-
guided therapy while
waiting

A

Fisher et al (9) Prospective
nonrandomized;
single-center

33 Evaluate the effect of an
aggressive ablation
therapy regimen
before liver
transplantation on
dropout rate and
cancer-free survival in
HCC

85% received liver
transplant; 12.19%
dropped off transplant
list because of
progression; TIII stage or
AFP �400 ng/mL
predicted dropping off
transplant list

B

Nordlinger et al
(10)

Retrospective review 130 with 143
resections

Determine risks and
benefits of resection
for colorectal cancer

25% of patients seen were
candidates for resection;
2-/3-year survival rates
after initial resection were
57% and 33%; survival
decreased after additional
resections, surgery with
long-term survival

B

Hurwitz et al
(11)

Prospective 813 Patients received
irinotecan, 5-
fluorouracil, and
leucovorin with or
without bevacizumab

Bevacizumab group had
significantly longer
survival (20.3 months vs
15.6 months), longer
progression-free survival,
higher rates of response,
and greater duration of
response than control
group

E
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APPENDIX 3:
Continued

Study Study Type No. of Pts. Objective Results and Comments Strength*

Oberg (12) Review article NA Determine outcomes of
different systemic
therapies for
neuroendocrine
tumors

No benefit from
chemotherapy noted for
carcinoid tumors; 40%–
60% of patients with
endocrine tumors of the
pancreas have temporal
benefit from
chemotherapy;
somatostatin has benefit
in 40%-70% of patients
with carcinoid tumors

A

Ridolfi et al (13) Retrospective review 13 Review experience with
chemotherapy for a
variety of
gastrointestinal
carcinoid tumors

Two partial remissions,
four cases of stable
disease; survival benefit
not commented on

B

Singh et al (15) Standards article NA Review standards of
practice for
individuals
performing
mesenteric
angiography

– A

Pentecost et al
(16)

Case series,
retrospective

9 Review experience of
TACE in patients
with PV thrombosis

No patients died as a result
of treatment; prolonged
responses were obtained;
TACE is safe in setting of
collateral flow

B

Chung et al (17) Retrospective review,
single-center

110; 33 with �2
segments; 77 with
�2 segments

Evaluate safety of TACE
with main and
primary branch PV
thrombosis

Twenty-two of 33 limited
tumors had objective
response; nine of 77
widespread tumors had
significant improvement;
median survival in whole
group was 6 months;
median survival with
limited tumor was 22
months; median survival
with widespread tumor
was 5 months

B

Berger et al (18) Retrospective review 121 and 314
treatments

Determine morbidity
and mortality from
embolization and
chemoembolization

Morbidity was 5.1%;
treatment-related
mortality was 4.1%;
spectrum of elevated
LDH, AST, bilirubin, and
extensive tumor
infiltration leading to
increased mortality

B

Brown et al (19) Retrospective review 87 with 169 TACE
sessions

Evaluate effect of MELD
and Child-Pugh
scoring on survival

Mean survival of whole
group was 17 months;
Child-Pugh class not an
effective predictor of
survival; patients with
Child-Pugh A/B disease
with albumin level � 3.4
g/dL had best survival

A

Stuart et al (20) Prospective
nonrandomized

52 Determination of
treatment safety and
efficacy

Median survival, 16
months; 17% 30-day
mortality rate; note large
number of patients with
PV thrombosis

B
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APPENDIX 3:
Continued

Study Study Type No. of Pts. Objective Results and Comments Strength*

Bruix et al (22) Retrospective review
with 50 of 237
evaluated patients
treated

50 Gelfoam and coils from
“main feeding artery”
with multiple bilateral
treatments done;
survival compared
with mathematical
model 41/50 patients
had mutinodular/
massive tumor
occupying most of the
liver volume

81% of patients showed
objective response at
follow-up CT; median
survival of group was 20
months and was
significantly better than
mathematical model

C

Bruix et al (23) Prospective
randomized trial;
one hospital

40 in treatment, 40 in
symptomatic
therapy

Confirm clinical
usefulness of arterial
embolization in
treatment of HCC

No significant difference in
survival for whole group;
no difference in Child A,
Child B, Okuda I or
Okuda II; embolization
without chemotherapy
performed with Gelfoam
and coils if lobar
embolization done;
bilobar embolization
done in 16 of
embolization group;
follow-up embolization
criteria not given (quoted
that repeat embolization
does not work)

C

Pelletier et al
(24)

Prospective
randomized trial

42 21 patients treated with
doxorubicin/Gelfoam
powder; 21 patients in
control group;
chemoembolization
given on day 0 and a
2 months, 6 months,
and 12 months;
exclusion criteria
included only
encephalopathy and
PV thrombosis; some
Okuda 3 cases in each
group

No significant difference in
survival; 33% survival in
chemoembolization
group at 6 months; no
discussion of patient
selection

C

Pelletier et al
(25)

Prospective
randomized trial

73 treated with
cisplatin/Gelfoam/
Ethiodol and
tamoxifen

Controls received
tamoxifen alone; 37 in
chemoembolization
group, 36 controls;
TACE done every 3
months for 4 cycles
then every 4 months

Embolization done from
proper hepatic artery; no
significant difference in
survival; significantly
greater tumor necrosis in
TACE group;
questionable technique

C

Barone et al (26) Retrospective review 110 treated; 83
controls

Survival comparison
between groups

Median survival
significantly longer with
TACE (26 months vs 10
months); multivariate
analysis demonstrated
longer survival with
TACE, Child-Pugh class
A, low AFP, and tumor
diameter �3 cm

A
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APPENDIX 3:
Continued

Study Study Type No. of Pts. Objective Results and Comments Strength*

Ernst et al (27) Retrospective review 80 per group, 160
total

First group, TACE done
with 3 sessions at 2-
month intervals with
follow-up as
necessary; second
group, embolization
with follow-up as
dictated by
postembolization
imaging

Median survival in group 1,
27 months vs 8 months in
group 2 (P � .001);
survival was significantly
longer for Okuda I and II
cases vs similar Okuda
cohorts in group 2;
breaking up treatments
improves survival

A

Rossi et al (28) Prospective,
nonrandomized

62 RFA performed with
Gelfoam embolization
or balloon occlusion
of feeding hepatic
artery; ablation
spheres determined

Much larger ablation
spheres obtained than
typical for radiofrequency
ablation alone; tumors as
large as 8.5 cm ablated in
1–2 sessions

A

Yamakado et al
(29)

Prospective,
nonrandomized

64 with 108 tumors Determine survival and
feasibility of tumor
ablation of
radiofrequency
ablation done within
2 weeks of
chemoembolization to
treat HCC; 32 tumors
were �3 cm

Complete necrosis obtained
in all tumors; one year
survival, 98%; no local
recurrences in tumors �5
cm at 1 year

A

Li et al (30) Retrospective single-
center

153 Determine effects of
combination TACE/
PEI on patients with
tumors 2–3 cm (n �
47), 3–5 cm (n � 66),
and 5–13 cm (n � 40)

Mean follow-up of 23
months with 1- and 2-
year survival rates of
78% and 54%; cirrhosis
stage (Child-Pugh B or C
vs A) was the only
multivariate predictor of
cirrhosis

B

Brown et al (31) Retrospective review 35 with 63 sessions Determine treatment
outcomes after
embolization for
neuroendocrine
malignancy

96% sessions had hormonal
response; duration of
response was longest for
patients with hormonal
symptoms (17.5 months)
and was shortest when
symptoms were pain
alone (6.2 months); four
deaths occurred after
chemoembolization; three
of these four patients had
whole-liver embolization
in one session

A

Gray et al (32) Prospective
randomized phase
III trial

74 Determine benefit of
addition of SIR-
Spheres to regional
hepatic artery
chemotherapy (12-day
infusion of
floxuridine)

Partial and complete
response rates for SIR
Spheres was greater than
with chemoembolization
alone; longer time to
progression with SIR
Spheres; improved
survival for SIR Sphere
group in patients living
�15 months

C

Mavligit et al
(33)

Retrospective review 30 Determine outcomes
after
chemoembolization
for ocular melanoma

46% complete and partial
response rate; median
survival for group was 11
months (range, 9–18
months)

A
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APPENDIX 3:
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Study Study Type No. of Pts. Objective Results and Comments Strength*

Rajan et al (34) Retrospective review 16 Determine outcomes
after
chemoembolization of
sarcomas from
gastrointestinal tract,
spleen, and other
locations

Thirteen of 16 patients had
radiographic response;
seven patients developed
intrahepatic progression
at mean of 10 months;
four patients had stable
disease with no
progression; median
survival for whole group
was 20 months

B

Mavligit et al
(35)

Retrospective review 14 Determine outcomes
after
chemoembolization of
liver-dominant
sarcomas using PVA/
cisplatin and
intraarterial
vinblastine infusion

Ten major imaging
responses; 70% of
responses were durable
for 8–31 months (median,
12 months)

B

Bedikian et al
(36)

Retrospective review 201 Determine survival with
a variety of methods
to treat liver-
dominant uveal
melanoma including
chemoembolization,
intraarterial infusion,
and systemic
chemotherapy

Chemoembolization was
the best therapy at
inducing tumor response;
only chemoembolization
produced a meaningful
response rate and should
be the primary treatment
for ocular melanoma

B

Reed et al (37) Retrospective review 236 Compare outcomes with
and without antibiotic
prophylaxis

11% rate of infection/sepsis
without antibiotics; 2.6%
rate of infection with
antibiotics

A

Kim et al (39) Retrospective single-
center trial

397 TACE in 157
patients; 136 of 157
with metastases

Studied clinical
radiologic findings,
organisms, and
outcomes

2% rate of abscess per
procedure; one abscess
without bilioenteric
anastomosis; remainder
of infections in patients
with bilioenteric
anastomosis (RR 894)

A

Geschwind et al
(40)

Retrospective review 8; 4 treated with
bowel preparation;
4 treated with
standard
premedication

Evaluate new
preparation with
(bowel preparation
and piperacillin) vs
skin-coverage
antibiotics to limit
abscess formation in
patients with biliary
enteric anastomosis

All 4 patients without
bowel prep/piperacillin
developed abscesses
whereas none of the 4
patients with new
preparation developed
infection

B

Covey et al (41) Retrospective review 600 DSA of 600 patients
reviewed to evaluate
variant anatomy
encountered during
TACE

Replaced LHA in 19.8%,
replaced RHA in 14.8%;
4.7% had replaced LHA
and RHA; 4% had
hepatic artery arising
directly from the aorta;
61.3% had “standard”
hepatic anatomy

A

Chung et al (42) Retrospective review 50 Evaluate outcomes from
chemoembolization of
inferior phrenic artery
branches with
doxorubicin/
Ethiodol/PVA

Complete or partial
response in 31 patients;
78% survival at 1 year,
46% at 2 years; one
complication of livery
abscess/empyema in one
patient

A

6 • Quality Improvement Guidelines for Liver Chemoembolization February 2006 JVIR



APPENDIX 3:
Continued

Study Study Type No. of Pts. Objective Results and Comments Strength*

Kim et al (43) Case series 2 Determine outcomes of
chemoembolization
via the internal
mammary artery

Treatment was safe and
effective with significant
reductions in AFP in both
patients

B

Tajima et al (44) Retrospective single-
center trial

44 Evaluate outcomes;
thoracic complications
graded as follows: 1,
no intrathoracic
abnormalities; 2,
consolidation/pleural
reaction without
Ethiodol; 3, Ethiodol
on pleura; 4, Lipiodol
scattered in lung; 5,
Lipiodol everywhere

Thirty-one of 44 patients
had abnormal CT after
procedure; 52% had
Lipiodol in lungs;
consolidation seen in
68%; pleural effusion in
41%; only 32% had
normal CT; no clinical
description given of
outcomes; increasing
chemotherapeutic agent
and Ethiodol dose
increased complications;
arteriovenous shunting
did not increase
complications

A

Arora et al (45) Case series 5 Report adverse
outcomes after
chemoembolization
via multiple
extrahepatic collateral
vessels

Four patients had ischemic
ulceration of the skin
resulting from
chemoembolization;one
patient developed
radiation burn from
multiple sessions of
chemoembolization,
which degenerated into
squamous cell carcinoma

B

Leung et al (46) Retrospective review 29 with 70 TACE
sessions

�1 day length of stay
for gallbladder
embolization, liver
volume embolized,
embolized volume
occupied by tumor,
previous embolization
in same territory,
dose administered

PES more common with
first embolization
(although not significant);
gallbladder embolization
and �80% of
chemoembolization dose
led to greater PES

A

Hartnell et al
(47)

Retrospective
comparison

27 with no lidocaine;
29 with lidocaine

Determine effect of
intraarterial lidocaine
on pain resulting
from
chemoembolization

As much as 56 mg of 1%
lidocaine infused without
complication;
significantly less
intraprocedural and
postprocedural narcotics
were required; less
postprocedural
prochlorperazine was
required in treatment
group; treatment group
was significantly more
likely to tolerate solid
food within 24 hours and
be discharged earlier

A

Lee et al (48) Prospective single
center

113 Determine effect of
intraarterial lidocaine
immediately before
TACE (n � 30),
immediately after
TACE (n � 46), and
no lidocaine (n � 37)

Lidocaine before TACE
significantly reduced
pain and postprocedural
analgesic requirements

A
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APPENDIX 3:
Continued

Study Study Type No. of Pts. Objective Results and Comments Strength*

Camma et al
(49)

Meta-analysis 2,466 in 18 trials Determine survival
benefit of
chemoembolization
from randomized
controlled trials; also
determine benefit if
any of chemotherapy
in embolization slurry

Chemoembolization
significantly reduced the
2-year mortality rate
compared with
symptomatic therapy; no
evidence that arterial
chemoembolization is
more effective than
embolization alone

B

Maeda et al (50) Single center,
nonrandomized,
retrospective

356; 189 with TACE,
167 with
chemotherapeutic
infusion of
Ethiodol only

Determine factors
regarding survival
with each treatment
as well as local
recurrence

Survival overall similar; for
patients with small
tumors, TACE superior
to Ethiodol infusion; local
recurrence significantly
more common in TACE
group at all time points;
great potential for
selection bias

A

Ikeda et al (51) Retrospective review
single center Japan

168 in two groups Determine efficacy of
embolization vs
infusion
chemotherapy mixed
with Lipiodol (TAI);
94 patients treated
with TAI (cisplatin/
Lipiodol) or TAE
(same with Gelfoam)

No difference in survival;
73% complete plus partial
response rate for
embolization vs 51% for
infusion chemotherapy
(P � .01); toxicity similar
except for nausea and
liver function (both
worse with TAE)

A

Higuchi et al
(52)

Retrospective review,
single center

84 with HCC
treated/resected;
22 with HCC not
treated (controls)

Determine necrosis rates
after TACE and areas
of cellular activity

50 tumors �3 cm (19/100%
necrotic,16/95-99%, 10/
50-94%, 5/�50%); 34
tumors � 3 cm (10/100%
necrotic, 5/95-99%, 12/
50-94%, 7/�50%);
significantly worse
necrosis with � 3 cm;
small HCC most often
had residuals in
extracapsular zone
whereas large HCC had
residual cells interiorly

A

Takayasu et al
(53)

Retrospective review;
multicenter,
Japanese

41 surgical specimens Compared Ethiodol
uptake and change in
size to tumor necrosis
as WHO criteria do
not fit HCC well

Mean necrosis at CT was
78% vs 67% at pathologic
examination (r � .83);
mean tumor reduced
21.2% in size; reduction
rate of tumor and
necrosis rate did not
correlate (r � .38); no
relationship between size
reduction and necrosis

A

Kubota et al
(54)

Retrospective review 84 tumors in 54
patients

Evaluate role of power
Doppler and MR vs
Lipiodol CT

Postprocedural power
Doppler sonography/MR
were excellent predictors
of treatment
success/failure of
chemoembolization

B
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Study Study Type No. of Pts. Objective Results and Comments Strength*

Chopra et al
(55)

Retrospective review 25 Determine recurrence
patterns of hepatic
malignancies after
radiofrequency
ablation

Recurrences can be at the
initial ablation site,
elsewhere in the liver or
extrahepatic; locally
recurrent disease usually
has a nodular, halo, or
gross enlargement of a
previously ablated site

C

Brown et al (56) Retrospective review 46 treated with bland
embolization

Determine survival with
embolization alone;
procedure done from
left or right hepatic
artery and not from
proper hepatic artery

86 embolizations in 46
patients; median survival
was 11.7 months;
significantly worse
survival for Okuda stage
II than Okuda stage I (16
months vs 6 months);
mean stay after
embolization was 3.8
days; 81% of patients had
PES

B

Solomon et al
(57)

Single arm
prospective

38 Describe morphologic
and biologic
responses in a
Western population
with HCC to TACE

Median/mean survival of
17/17.4 months; time to
progression (median/
mean), 13.5/11.6 months;
no complete responses,
numerous partial
responses

A

Leichman et al
(58)

Prospective 33 Estimate 1-year survival
and time to
progression via
treatment with HACE
at weeks 1 and 6
followed by
5-fluorouracil/
leucovorin starting at
week 12;
chemoembolization
mix was collagen,
cisplatin, mitomycin-
c, doxorubicin

Thirteen of 24 patients with
high CEA had �50%
reduction with HACE
alone; median time to
progression was 8
months; median survival
of cohort was 14 months

D

Martinelli et al
(59)

Prospective
randomized

24 12 randomized to PVA
150-250 �m; 12
randomized to 5-
fluorouracil,
interferon-�, and PVA

No difference between
groups in response or
survival; median survival
was 9.3 months from
time of embolization with
a mean of 12 months
follow-up; survival
increase with longer
follow-up?

D

Sanz-Altamira
et al (60)

Prospective 40 1000 mg 5-fluorouracil,
10 mg mitomycin-c,
10 mL ethiodized oil
followed by Gelfoam

Median survival with
ECOG performance
status of 0/1 was 24
months, median survival
of 3 months with status
of � 2; patients with
metastatic disease
confined to liver survived
a median of 14 months vs
3 months with disease
outside the liver

B

Tellez et al (61) Prospective 30 Bovine collagen,
cisplatin, doxorubicin,
mitomycin-c

Median survival, 8.6
months after initial TACE

D
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Popov et al (62) Prospective 11 Patients received
mitomycin-c (no dose
given) mixed with
Ethiodol from
common hepatic
artery every 3-4
months

No radiologic or CEA
responses noted; median
survival was 9 months

D

Hunt et al (63) Prospective
randomized

61 22 patients treated with
Gelfoam; 19 treated
with 500 mg 5-
fluorouracil and
starch microspheres;
20 received no
treatment

Median survival in treated
groups of 13 months;
median survival in
groups who received no
treatment of 9.6 months;
difference not significant,
although study groups
were small

D

Kim et al (64) Prospective 30: 14 islet cell, 16
carcinoid

Evaluate effects of
chemotherapy added
to particle
embolization;
carcinoid tumors
treated with 150 mg
cisplatin and 50 mg
doxorubicin; islet-cell
tumors treated with
350 mg 5-fluorouracil
and 1,000 mg
streptozotocin

Biochemical response in
75% of carcinoid tumors
and 90% of islet-cell
tumors in patients with
symptoms; median
duration of survival was
15 months

B

Clouse et al (65) Retrospective review 20 with various
histologies

Evaluate the effect of
adding chemotherapy
to particles
(doxorubicin 40–80
mg)

Patients with hormonally
active tumors had mean
of 90% decrease in levels
1–2 weeks after
treatment; median
survival of group was 24
months

A

Gates et al (66) Review article 251 Review complications
resulting from
chemoembolization at
a single institution

Complications listed and
added to complication
table in manuscript

A

Sakamoto et al
(68)

Retrospective review 2,300
chemoembolization
procedures

Review complications
resulting from
chemoembolization in
a large institutional
experience

Overall complication rate of
4.4%; details added to
table in manuscript

A

Chung et al (69) Retrospective review 351 with 942
procedures

Elucidate major
complications and
their predisposing
factors

Significant predisposing
factors included biliary
obstruction or previous
biliary intervention, poor
liver function and
nonselective embolization

A

*Literature support for guidelines is as follows: A, good study; supports guideline, threshold, or recommendation; B, Fair study;
supports guideline, threshold, or recommendation; C, poor study; study evidence does not support or refute guideline, threshold,
or recommendation; D, fair study; evidence is in opposition of guideline, threshold, or recommendation; E, good study; evidence
is in opposition of guideline, threshold, or recommendation.
Note.—AFP � �-fetoprotein; AST � aspartate aminotransferase; CEA � carcinoembryonic antigen; DSA � digital subtraction
angiography; ECOG � Eastern Cooperative Oncology Group; HACE � hepatic arterial chemoembolization; HCC �
hepatocellular carcinoma; LDH � lactate dehydrogenase; LHA � left hepatic artery; MELD � Model for End-Stage Liver Disease;
NA � not applicable; PEI � percutaneous ethanol injection; PES � postembolization syndrome; PV � portal vein; PVA �
polyvinyl alcohol; RHA � right hepatic artery; TACE � transhepatic arterial chemoembolization; WHO � World Health
Organization.
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