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CLINICAL STUDY

Hepatotoxicity after Transarterial
Chemoembolization and Transjugular Intrahepatic

Portosystemic Shunt: Do Two Rights Make a Wrong?

Maureen P. Kohi, MD, Nicholas Fidelman, MD, David M. Naeger, MD,
Jeanne M. LaBerge, MD, Roy L. Gordon, MD, and Robert K. Kerlan, Jr, MD

ABSTRACT

Purpose: To compare the rates of hepatotoxicity after transarterial chemoembolization for hepatocellular carcinoma (HCC) in
patients with and without a transjugular intrahepatic portosystemic shunt (TIPS) who were stratified into comparable risk groups.

Materials and Methods: A retrospective review of patients with HCC who were treated with transarterial chemoembolization
between January 2005 and December 2009 was performed. Of 158 patients with comparable model for end-stage liver disease
(MELD) scores, 10 had a patent TIPS. Hepatobiliary severe adverse events (SAEs) occurring after transarterial chemoembolization
were documented. In addition, 1-year survival and liver transplantation rate after transarterial chemoembolization were calculated in
each group.

Results: The incidence of hepatobiliary SAEs after transarterial chemoembolization was nearly two times higher in patients with a
TIPS (70%) than in patients without a TIPS (36%; P ¼ .046). The liver transplantation rate 1 year after transarterial
chemoembolization was 2.5 times higher in patients with a TIPS (80%) than in patients without a TIPS (32%; P ¼ .004). There
was no significant difference in 1-year survival between the two groups after transarterial chemoembolization.

Conclusions: Patients with HCC and a patent TIPS are more likely to develop significant hepatotoxicity after transarterial
chemoembolization than comparable patients without a TIPS in place.

ABBREVIATIONS

CPT = Child-Pugh-Turcotte; HCC = hepatocellular carcinoma; MELD = model for end-stage liver disease; NCI CTCAE = National
Cancer Institute Common Terminology Criteria for Adverse Events; SAE = severe adverse event; TIPS = transjugular intrahepatic
portosystemic shunt

Hepatocellular carcinoma (HCC) is the second most
frequent cause of cancer death worldwide in men and the
sixth leading cause of cancer death in women (1,2).
Transplantation and surgical resection are considered to
be the only curative treatments (3–5). Only a small
percentage of patients with HCC are candidates for

resection (6,7). Liver-directed therapies are widely used
to ‘‘bridge’’ patients to transplant or to treat patients with
unresectable HCC (8). Transarterial chemoembolization
has become a commonly employed treatment for HCC
(9–11). However, hepatic dysfunction is frequently
observed after chemoembolization (12,13).

In addition to predisposing patients to HCC, cirrhosis leads
to portal hypertension (14). A transjugular intrahepatic
portosystemic shunt (TIPS) is an important therapeutic option
in managing the complications of portal hypertension, such as
variceal bleeding and refractory ascites (15). Some patients
who have undergone a TIPS procedure for the treatment of
complications related to portal hypertension are later found to
have HCC and require therapy for the cancer. However, such
patients are not considered ideal candidates for transarterial
chemoembolization because of the diversion of the portal
venous flow via the TIPS. Previous reports of transarterial
chemoembolization in patients with a TIPS have included case
reports or small patient series without direct comparison with a
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control, non-TIPS group (16–20). The purpose of our study
was to compare the rates of hepatotoxicity after transarterial
chemoembolization for HCC in patients with and without a
patent TIPS who were stratified into comparable risk groups.

MATERIALS AND METHODS

Patients
Our study was approved by our institutional review board.
An informed consent requirement was waived. A retro-
spective record review of patients who underwent trans-
arterial chemoembolization at our institution between
January 2005 and December 2009 was performed. We
identified 10 patients who had a patent TIPS at the time of
the transarterial chemoembolization procedure within the
specified 5-year time period. Calculated model for end-
stage liver disease (MELD) scores for the patients ranged
from 10–18. A TIPS procedure had been performed on six
patients for secondary prevention of variceal bleeding. The
remaining four patients had undergone a TIPS procedure
because of refractory ascites.

Seven patients had undergone the TIPS procedure at
another institution, and records from the procedure were
unavailable for review. The remaining three patients under-
went the TIPS procedure at our institution using previously
described techniques (21). A GORE VIATORR stent graft
(W.L. Gore & Associates, Flagstaff, Arizona) was used for
shunt creation in two cases, with the TIPS in the third
case formed using a WALLSTENT (Boston Scientific,
Natick, Massachusetts). In all three cases, a decrease in

portosystemic gradient was noted from 32 mm Hg to
11 mm Hg, 20 mm Hg to 10 mm Hg, and 32 mm Hg to 8
mm Hg. We identified 148 patients with comparable
MELD scores who did not have a TIPS and were treated
with transarterial chemoembolization in the same 5-year
time period to serve as the control population. All patients
were also classified using the Child-Pugh-Turcotte (CPT)
classification system. All patients had a diagnosis of HCC,
which was based on European Association for the Study of
the Liver guidelines (22). Characteristics of the patient
population are summarized in Table 1.

TIPS patency was confirmed using Doppler abdominal
ultrasound performed within 6 months of the transarterial
chemoembolization procedure as part of routine clinical
care. In all patients with a TIPS, vascular flow was present
throughout the entire shunt, and midshunt velocities
were 4 60 cm/s. Based on prior reports (25,26), midshunt
velocities 4 60 cm/s were considered a reliable indicator
of TIPS patency.

Transarterial Chemoembolization
Regimen
Transarterial chemoembolization was performed with a com-
bination of doxorubicin hydrochloride (25 mg), mitomycin C
(10 mg), and cisplatin (50 mg) administered in a 1:1 emulsion
with ethiodized oil (Ethiodol; Laboratoires Guerbet, Roissy,
France). The aqueous component for the emulsion was
Omnipaque 350 contrast agent (Amersham Pharmacia
Biotech, Piscataway, New Jersey). The transarterial che-
moembolization regimen was similar for patients with and

Table 1 . Patient Characteristics

Variables TIPS Group (n ¼ 10) Non-TIPS Group (n ¼ 148) P Value

Age (y), median (range) 59 (51–72) 59 (40–82) .79

Male gender, number of patients (%) 9 (90) 124 (84) .99

MELD score, median (range) 15 (10–18) 12 (10–18) .35

CPT score, median (range) 7 (5–11) 7 (5–12) .61

Child-Pugh class, number of patients (%) .12

A 5 (50) 41 (28)

B 3 (30) 89 (60)

C 2 (20) 18 (12)

Cause of cirrhosis, number of patients (%) .19

Viral hepatitis 6 (60) 115 (78)

Alcohol 1 (10) 9 (6)

NASH 2 (20) 8 (5)

Other/combination 1 (10) 16 (11)

BCLC stage, number of patients (%) .97

0 1 (10) 17 (11)

A 5 (50) 77 (52)

B 2 (20) 26 (18)

C 0 (0) 7 (5)

D 2 (20) 21 (14)

BCLC ¼ Barcelona Clinic Liver Cancer (23,24, CPT = Child-Pugh-Turcotte, MELD = model for end stage liver disease, NASH =
nonalcoholic steatohepatitis, TIPS = transjugular intrahepatic portosystemic shunt.
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without a TIPS. The dose of doxorubicin was reduced by
50% in patients with serum bilirubin level 4 3.5 mg/dL.
The dose of doxorubicin was reduced for two patients
(20%) in the TIPS group and for 16 patients (11%) in the
non-TIPS group. Mitomycin C was withheld for two
patients in the TIPS group (20%) and for 50 patients
(34%) in the non-TIPS group who had white blood cell
count o 3,000/mL or platelet count o 60,000/mL. Cispla-
tin was not administered to two patients (20%) in the TIPS
group and to 25 patients (24%) in the non-TIPS group who
had a serum creatinine level 4 1.2 mg/dL.

Chemoembolization was performed in a selective fashion,
with a 3-F microcatheter (Renegade HI-FLO, Boston Scien-
tific) coaxially placed into a second-order or third-order
branch off the right or left hepatic artery in close proximity
to the tumor. The endpoint of the embolization was defined as
stasis of flow in the targeted second-order or third-order
branches off the selected hepatic artery. In case of residual
arterial flow at the completion of drug delivery, flow stasis
was achieved by injecting slurry of gelatin sponge (Gelfoam;
Pharmacia & Upjohn, Kalamazoo, Michigan).

Study Outcomes
Determination of hepatotoxicity after transarterial chemoem-
bolization was based on the presence of one of the
hepatobiliary severe adverse events (SAEs) defined using
the National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI CTCAE) version 4.03 (27). Hepato-
toxicity was documented if at least one of the following
abnormal laboratory values or clinical states was observed
within 30 days after transarterial chemoembolization: NCI
CTCAE grade 3 or 4 for serum levels of total bilirubin,
aspartate aminotransferase, alanine aminotransferase, or
creatinine; international normalized ratio for prothrombin
time; platelet count; presence of severe symptoms of ascites
indicating invasive intervention; or clinical hepatic failure
manifesting through asterixis, mild encephalopathy, limiting
self-care or activities of daily living, hepatic necrosis, or
gastric or intestinal hemorrhage. Liver transplantation rate and
overall survival 1 year after transarterial chemoembolization
were documented.

Statistical Analysis
Continuous variables including patient age, MELD score,
and CPT scores were compared using the Wilcoxon rank
sum test. Categorical variables such as gender distribution,
Child-Pugh class, etiology of cirrhosis, and Barcelona
Clinic Liver Cancer stage were compared using Fisher
exact test (selected because of the small number of patients
in some categories). Rates of hepatobiliary SAEs and liver
transplantation after transarterial chemoembolization were
compared using the Fisher exact test. Kaplan-Meier survi-
val curves were generated for a period of 1 year after
transarterial chemoembolization, and differences were
assessed with the log-rank test. A P value o .05 was
considered statistically significant.

RESULTS

The study groups were similar in age range, gender
distribution, MELD score, CPT score, cirrhosis etiologies,
and Barcelona Clinic Liver Cancer stage (Table 1). In
the TIPS group, within 30 days of transarterial chemo-
embolization, 7 patients (70%) had one or more
hepatobiliary SAEs compared with 54 patients (36%) in
the non-TIPS group (P ¼ .046). Individual SAEs are
summarized in Table 2. Among the hepatobiliary SAEs
documented, grade 3 or 4 hyperbilirubinemia in the TIPS
group was seen in 6 patients (60%) compared with 29
patients (20%) in the non-TIPS group (P ¼ .009). Four of
six cases (67%) of grade 3 or 4 hyperbilirubinemia in the
TIPS group were reversible. In the non-TIPS group, 20 of
29 cases (69%) of grade 3 or 4 hyperbilirubinemia were
reversible. No significant difference was noted between the
two groups with respect to the proportions of patients with
grade 3 or 4 aspartate aminotransferase (P ¼ .71) or alanine
aminotransferase levels (P ¼ .45); presence of symptoms
of severe ascites indicating invasive intervention (P ¼ .12);
or hepatic failure manifested by asterixis, mild encephalo-
pathy, or limiting self-care or activities of daily living
(P ¼ 1). None of the patients experienced grade 3 or 4
thrombocytopenia, hepatic necrosis, or gastric or intestinal
hemorrhage.

Of the patients with one or more hepatobiliary SAEs, 2
of 7 patients (29%) in the TIPS group had at least one
irreversible SAE compared with 11 of 54 patients (20%) in
the non-TIPS group (P ¼ .63). The irreversible SAE in the
TIPS group was grade 3 hyperbilirubinemia, and the
irreversible SAEs in the non-TIPS group were grade 3
hyperbilirubinemia and ascites. The remainder of the
patients experienced only reversible SAEs. Mean interval
time to improvement to below a grade 3 abnormality level
was 2.8 months in the TIPS group (range, 1–7 months)
compared with 1.3 months in the non-TIPS group (range,
1–6 months; P ¼ .05).

Mean follow-up period after transarterial chemoemboli-
zation was 16 months (range, 1–59 months). Eight of the
patients with a TIPS (80%) received a liver transplant
within 1 year of transarterial chemoembolization. The rate
of transplantation in the non-TIPS group was significantly
lower (P ¼ .004), with 47 patients (32%) having received
an organ within 1 year of transarterial chemoembolization.
None of the transplanted patients died within 1 year of
transarterial chemoembolization. Overall survival at 1 year
after transarterial chemoembolization was not significantly
different (P ¼ .98) between the two groups (Fig 1).

DISCUSSION

A patent TIPS diminishes portal venous flow to the liver
parenchyma by diverting flow away from the liver. Arterial
embolization would be expected to decrease hepatic perfusion
further and could lead to liver tissue damage. Prior case
reports have illustrated the successful therapeutic effects of a
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TIPS in the setting of variceal bleeding in patients with
preexisting HCC (28–30). However, in each case, there was
concern regarding hepatic dysfunction caused by the TIPS-
induced decrease in portal blood flow. When such a nutrient-
deprived liver parenchyma is subjected to chemoemboliza-
tion, hepatic dysfunction in the form of hyperbilirubinemia,
transaminitis, or ascites can ensue.

In our study population, the rate of severe hepatotoxi-
city, as defined by development of a number of NCI
CTCAE grade 3 or 4 hepatobiliary SAEs 30 days after
transarterial chemoembolization, was nearly two times
higher in patients with a patent TIPS compared with
patients without a TIPS. The rate of grade 3 or 4
hyperbilirubinemia was three times higher in the TIPS
group compared with the group without TIPS.

Despite the increased incidence of hepatobiliary SAEs in
the TIPS group, overall survival 1 year after transarterial
chemoembolization was not significantly different between
the two groups. The rate of liver transplantation within 1

year after transarterial chemoembolization was 2.5 times
higher in patients with a TIPS compared with patients
without TIPS. Although other underlying factors may have
contributed to this increased transplantation rate, the higher
incidence of hepatobiliary SAEs after transarterial che-
moembolization may have been the cause of the increased
need for liver transplantation. The higher rate of transplan-
tation in the TIPS group may explain the observed
similarity in the survival rates observed in both groups 1
year after transarterial chemoembolization.

Our study is the first to compare hepatotoxicity after
transarterial chemoembolization between patients with and
without a patent TIPS. Prior case reports have described
transarterial chemoembolization in patients with a TIPS
(16–20) with successful results. Tesdal et al (16) treated six
patients with HCC and a TIPS with transarterial chemo-
embolization using epirubicin. Three of the six patients
underwent additional percutaneous ethanol injection pro-
cedures. Of the six patients, one patient underwent liver
transplantation, two patients died of peritonitis or liver
failure, and the remaining three patients had stable disease
without signs of hepatic deterioration. The patients who
were alive by the end of the follow-up period and had not
received a liver transplant were in Child-Pugh class A or B.
The authors concluded that transarterial chemoembolization
and additional locoregional therapies can be safe for patients
with a TIPS and HCC, as long as underlying liver function is
adequate. Our study data do not support this conclusion.
Although most of our patients with a TIPS had a similar
severity of cirrhosis (Child-Pugh class A or B), 70% of them
experienced hepatobiliary SAEs. However, Tesdal et al (16)
did not administer gelatin sponge slurry, after transarterial
chemoembolization, and the dose of epirubicin was adjusted
based on liver function and tumor size. It is possible that this
difference in the transarterial chemoembolization regimen
may partly explain the differences observed in hepatobiliary
SAEs between their study and ours.

Table 2 . Hepatobiliary Severe Adverse Events

Severe Adverse Events TIPS Group (n = 10) Non-TIPS Group (n = 148) P Value

Total bilirubin, number of patients (%) .009*

Grade 3: total bilirubin 4 3–10 " ULN 6 (60) 26 (18)

Grade 4: total bilirubin 4 10 " ULN 0 (0) 3 (2)

AST, number of patients (%) .71*

Grade 3: AST 4 5–20 " ULN 2 (20) 35 (24)

Grade 4: AST 4 20 " ULN 1 (10) 1 (0.7)

ALT, number of patients (%) .45*

Grade 3: AST 4 5–20 " ULN 0 (0) 8 (5)

Grade 4: AST 4 20 " ULN 1 (10) 0 (0)

Ascites, number of patients (%) .12

Grade 3: severe symptoms; invasive intervention indicated 2 (20) 8 (5)

Hepatic failure, number of patients (%) .99

Grade 3: asterixis; mild encephalopathy; limiting self-care ADL 0 (0) 1 (0.7)

ADL ¼ activities of daily living, ALT ¼ alanine aminotransferase, AST ¼ aspartate aminotransferase, TIPS ¼ transjugular intrahepatic
portosystemic shunt, ULN ¼ upper limits of normal.
n P value generated using the total number of patients with grade 3 and grade 4 severe adverse events in each group.

Figure 1. The difference in Kaplan-Meier curves as measured
by the log-rank test was not significant (P ¼ .98). (Available in
color online at www.jvir.org.)
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Kang et al (17) showed that selective transarterial
chemoembolization may be a safe and effective treatment
for HCC in patients with a TIPS. In their study, only 1 of 20
patients experienced adverse events (spontaneous bacterial
peritonitis) after transarterial chemoembolization. This rate is
lower than the rate of SAEs noted in our study (70%). An
explanation for this difference could be the different chemo-
embolization regimen. Kang et al (17) performed chemo-
embolization using a mixture of iodized oil and cisplatin,
followed by absorbable gelatin sponge particles. Their results
also suggested that late tumor staging was a poor prognostic
factor for patient survival. Because of the small number of
patients in our study, we did not evaluate for a correlation
between tumor staging and patient survival.

There are limitations in our study. The small number of
patients in the TIPS group and a comparatively large
number of patients in the non-TIPS group potentially limit
the power to detect small differences between the two
groups. However, the sample sizes reflect the maximum
number of patients with a TIPS and without a TIPS who
underwent transarterial chemoembolization retrospectively
at our institution during the specified time period. Multiple
comparisons performed with one group having a small
sample size increase the risk of a type I error. We sought to
limit the number of primary comparisons to three: survival,
transplant, and total SAEs. We secondarily compared
individual SAEs, although the one statistically significant
result could be considered in the context of multiple
comparisons in secondary aims. Another limitation was
the availability of abdominal ultrasound evaluation for
TIPS patency within 6 months of the transarterial che-
moembolization. We acknowledge that this is a long period
of time and can result in underdiagnosis of possible TIPS
stenoses, which may result in shunt dysfunction at the time
of transarterial chemoembolization. The retrospective nat-
ure of the study limits a more accurate assessment of shunt
patency at the time of transarterial chemoembolization.
Review of medical records for each of the patients with a
TIPS performed within 1 week of transarterial chemoem-
bolization did not show clinical signs of TIPS dysfunction
such as variceal bleeding or recurrent ascites, suggesting
that the TIPS was patent at the time of transarterial
chemoembolization. Although laboratory data were avail-
able on all patients within 1 month of transarterial
chemoembolization and at regular intervals during their
clinical follow-up period, clinical data regarding the
presence of ascites or encephalopathy were limited to
notes documented during clinic visits or based on follow-
up imaging; this may have underestimated the number of
patients who experienced ascites or encephalopathy after
transarterial chemoembolization in each group. A prospec-
tive study of patients with a patent TIPS who are under-
going chemoembolization would be helpful in further
delineating the risks and benefits of transarterial chemoem-
bolization in patients with HCC and a patent TIPS.

In conclusion, our study suggests that in patients with a
patent TIPS who are diagnosed with HCC, transarterial

chemoembolization is not a wrong choice of therapy. The
data suggest that transarterial chemoembolization carries a
higher risk of significant hepatic decompensation in
patients with a TIPS compared with patients without a
TIPS. However, transarterial chemoembolization can be
performed in these patients with the foresight that they may
be more likely to develop liver decompensation, and
should liver failure ensue, a liver transplantation may be
required. Conversely, transarterial chemoembolization may
not be safe for patients with a TIPS who are not transplant
candidates. Awareness of the increased risk of hepatic
decompensation after transarterial chemoembolization
should aid hepatologists and interventional radiologists in
making appropriate recommendations for patients with
HCC and a patent TIPS.
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