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Adverse events related to hepatic ischemia may occur after
transarterial chemoembolization (TACE) and are noted more
frequently in patients with portosystemic shunts. The pre-
sented case describes hepatic infarction after drug-eluting
embolic (DEE) TACE in a patient with a large, presumably
congenital portosystemic shunt. The authors will discuss risk
factors for adverse outcomes after TACE in the setting of
portosystemic shunts and present strategies to minimize
such complications.

Case Report

A 61-year-old womanwith history of hepatitis C virus (HCV)-
related cirrhosis and hepatocellular carcinoma (HCC) was
diagnosed, based upon magnetic resonance (MR) imaging
features, with a new 1.6 cm HCC in hepatic segment 3
(►Fig. 1). She was previously diagnosed with a 2.2 cm HCC
within segment 5 of the right hepatic lobe that had been
treated with conventional TACE 24 months and 7 months
prior, as well as being diagnosed with an additional 1.8 cm
segment 5 HCC treated with percutaneous radiofrequency
ablation (RFA) 21 months prior. She was without local recur-
rence or complications. Prior imaging was also notable for a
shunt between the left portal vein and middle hepatic vein
measuring 2.1 cm in diameter (►Fig. 2a,b).

The patient’s disease status was Barcelona Clinic Liver
Cancer (BCLC) stage A, with Child-Pugh class A liver function
and Eastern Cooperative Oncology Group performance grade
0. Shewas listed for liver transplant. The subcapsular location
of the tumor adjacent to the stomach was considered unfa-
vorable for RFA; therefore, doxorubicin DEE TACE was
planned.

Initial angiographywas performed of the celiac arterywith
a 5 Fr catheter, demonstrating conventional celiac arterial

anatomy. Selective arteriography of the left hepatic artery
(►Fig. 3a) and segment 3 hepatic artery (►Fig. 3b) with a 2.8
French microcatheter (Renegade HI-FLO, Boston Scientific,
Natick, Massachusetts, USA) opacified the hypervascular tu-
mor noted on MR imaging. Two vials of 100–300 micron LC
Bead microspheres (Biocompatibles UK, Franham, United
Kingdom) loaded with 50 mg doxorubicin per vial and sus-
pended in 10 mL iodinated contrast (Ominipaque-300; GE
Healthcare, Little Chalfont, United Kingdom) were adminis-
tered into the segment 3 hepatic artery. Embolotherapy was
performed to angiographic stasis (►Fig. 3c). Levofloxacinwas
administered intravenously during the procedure and con-
tinued orally for 5 days after DEE TACE.

Within 24 hours of the procedure, the patient had severe
epigastric pain that was inadequately controlled with oral
medications. In addition, she developed National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCI CTCAE) grade 4 elevations of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT). Her serum AST
peaked at 2,341 U/L on day 2, and ALT peaked at 1,577 U/L on
day 3. She also developed grade 3 elevation of total bilirubin,
from a baseline level of 1.9 mg/dL to 3.5 mg/dL on day 4. Her
symptoms and LFT elevations improved during inpatient
observation with supportive care. She was discharged 5
days after DEE TACE.

The patient returned to the Emergency Department 6 days
after discharge (11 days after DEE TACE) with persistent
abdominal pain and increased abdominal distention. Multi-
phase contrast-enhanced computed tomography (CT) dem-
onstrated complete response of the treated HCC, but also lack
of enhancement on all contrast phases of liver parenchyma in
the segment 3 territory treated with DEE TACE, reflecting
evolving infarction (►Fig. 4). She had no clinical signs or
symptoms to suggest concurrent infection. With supportive
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management, her LFTs normalized and symptoms resolved
within 14 days of DEE TACE. Follow-up CT and MR demon-
strated progressive involution of the infarcted portion of the
left hepatic lobe (►Fig. 5). She ultimately developed tumor
progression with bone and lung metastases and expired
33 months after DEE TACE.

Discussion

TACE treatment of HCC has conferred a survival benefit over
supportive therapies in randomized controlled trials and is
the standard therapy for BCLC intermediate stage disease.1

However, treatment-related hepatic ischemia may result in

deterioration of liver function and other adverse events.2,3

Hepatotoxicity after TACE is often transient, but a significant
number of patients may experience irreversible elevation of
creatinine, bilirubin, AST and ALT, or develop new or wors-
ening encephalopathy and ascites.4,5

Several risk factors are associatedwith hepatotoxicity after
TACE.4 Patients with poor liver function prior to TACE, as
evidenced by elevated LFTs or refractory ascites, are at higher
risk of irreversible deterioration of liver function.6,7 Tumor
size is also predictive of severe TACE-related toxicity.8 Risk
factors related to procedural technique include TACE admin-
istration via a lower order branch of the hepatic artery, and
embolization to a greater degree of angiographic stasis.9,10

Diminished hepatic perfusion by the portal vein caused by
portosystemic shunting, as in the setting of transjugular
intrahepatic portosystemic shunts (TIPS), may also increase
risk of poor outcomes after conventional TACE. However,
current evidence for this is limited to small, retrospective
observational studies that differ in important variables such
as baseline liver function and TACE technique.

Several case series have reported outcomes of convention-
al TACE in patients with TIPS. Tesdal et al retrospectively
evaluated 6 patients with TIPS who underwent a total of 17
conventional TACE procedures with (n ¼ 3) or without
(n ¼ 3) percutaneous ethanol injection (PEI). In this series,
50% of patients developed encephalopathy, fever, or abdomi-
nal pain after TACE. These authors suggested that patients
with preserved baseline liver function had better outcomes
and therefore may be more appropriate candidates for
TACE.11 In a study of 20 patients with TIPS who underwent
segmental or subsegmental conventional TACE, Kang et al
reported spontaneous bacterial peritonitis in one patient
(5%). No other severe adverse events (SAEs) were reported,
though this may be attributed to the definition of major

Fig. 1 Arterial phase contrast-enhanced axial MR image demonstrates
1.6 cm arterially enhancing HCC (arrowhead) within segment 3 of left
hepatic lobe.

Fig. 2 (a) Serial contrast-enhanced axial CT images from caudal (left) to cephalad (right) direction reveal middle hepatic vein (arrow) to left portal
vein (arrowhead) shunt. (b) Venous phase image from superior mesenteric arteriogram confirms presence of anatomic portosystemic shunt
(arrowhead - portal vein; arrow - hepatic vein).
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complications in this study, as NCI CTCAE was not used.12 In
contrast, Wang et al reported SAEs in 31.6% of 17 patients
with TIPS who underwent at least two conventional TACE

procedures.13 Another retrospective cohort study of 16 pa-
tients with TIPS who underwent conventional TACE proce-
dures reported grade 3 or 4 hepatobiliary SAEs in 25% of
patients.14

Kohi et al retrospectively compared the incidence of
hepatotoxicity within 30 days of conventional TACE for HCC
between 10 patients with TIPS and 148 controls. BCLC stage
was 0/A in 60% of patients in the TIPS group and 63% of the
control group; however, a high proportion of patients in both
groups had baseline Child-Pugh class B or C liver function
(50% in the TIPS group, 72% in the control group). One ormore
grade 3 or 4 hepatobiliary SAEs occurred in 70% of patients
with TIPS compared with 36% of patients without TIPS
(p ¼ 0.046).15 Most SAEs were transient, and there was no

Fig. 3 (a) Digital subtraction left lateral segment arteriogram per-
formed during DEE-TACE demonstrates hypervascular segment 3
tumor (arrowhead). (b) Hypervascular tumor (arrowhead) better
delineated on subsegmental arteriography. (c) Digital subtraction
arteriogram performed after DEE-TACE shows complete devasculari-
zation of treated tumor as well as liver segment 3.

Fig. 4 11-day follow-up contrast-enhanced axial CT image after DEE-
TACE displays geographic non-enhancement and expansion (arrow-
head) of left hepatic lobe indicative of hepatic infarction.

Fig. 5 30-month follow-up contrast-enhanced axial MR image after
DEE-TACE reveals marked atrophy (arrow) of left hepatic lobe. The
treated tumor has been eradicated and is no longer evident.
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statistical difference between the groups for irreversible
hepatotoxicity.

The high incidence of SAEs in TIPS patients in the Kohi
study (15) compared with other studies may be secondary
to a high prevalence of limited hepatic reserve in the
patient population, as well as the procedural endpoint of
angiographic stasis using gelfoam slurry. The current au-
thors reported a lower rate (11%) of grade 3 bilirubin and
AST toxicity in 9 TACE procedures for 7 patients with TIPS;
however, all patients in this cohort had Child-Pugh Class A
or B liver function, themajority of patients had BCLC stage A
disease (n ¼ 6), and TACE was not administered to angio-
graphic stasis.16 Comparison of outcomes between these
studies is inherently problematic because of their small
sample sizes, heterogeneous patient populations, and
study design. However, these studies suggest that SAEs
are relatively common after conventional TACE in patients
with TIPS.

It is currently unknownwhether DEE TACE is safer or more
effective than conventional TACE for patients with significant
portosystemic shunting. Two prospective randomized con-
trolled trials have demonstrated a lower incidence of toxicity
afterDEE TACE comparedwith conventional TACE for patients
without TIPS.17,18 However, a retrospective comparison of
DEE TACE and conventional TACE demonstrated no difference
in toxicity for HCCpatientswith portal vein thrombosis.19 The
reported case illustrates that DEE TACE in the setting of
significant portosystemic shunting can result in severe hep-
atoxity and infarction and should be approached with as
much caution as with conventional TACE.

Modifications to the authors approach to locoregional
therapy (LRT) in this patient may have mitigated hepatotoxici-
ty. The authors typically administer DEE TACE to an embolic
endpoint of angiographic stasis to maximize tumor ischemia,
but this approachmay havebeen too aggressive for the patient.
Conventional TACE has been reported as being safer without
the subsequent administration of gelfoamor particle embolics,
minimizing angiographic stasis among patients with TIPS.14

However, further research is needed to determine whether
lower levels of angiographic stasis after TACE adversely impact
tumor response due to decreased tumor ischemia, andwheth-
er clinical outcomes are affected. Indeed, tumor response to
TACEmay be generally poorer in patients with TIPS because of
TIPS-associated increased arterioportal shunting.20

Other LRTs may impose less risk of hepatotoxic complica-
tions for patients with portosystemic shunts and should be
considered. A study by Padia et al suggested that RFA and PEI
are associated with lower incidence of abdominal pain
(p ¼ 0.003) and grade 2 or greater AST/ALT level elevation
(p < 0.02/0.004) in comparison to TACE.21 Similarly, Park et al
reported no SAEs among 19patientswith TIPSwhounderwent
RFA.22 Yttrium-90 (Y90) radioembolization is less embolic
than TACE, and may be associated with lower rates of hepato-
toxicity in patients with TIPS.23 Safety profiles between TACE
and other LRTs in the setting of TIPS have yet to be evaluated in
randomized controlled studies, but these alternative therapies
should be considered in the clinical management of HCC
patients with significant portosystemic shunting.

In summary, the case presented here demonstrates that
DEE TACE can cause severe hepatotoxicity and irreversible
hepatic infarction in the setting of portosystemic shunting,
and the safety of DEE TACE in this patient group needs further
investigation. Locoregional treatment options for HCC should
be carefully considered in all patients with TIPS in an effort to
minimize complications.
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