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Abstract: Background: Transarterial chemoembeolization (TACE) is effective
for hepatocellular carcinoma (HCC). Considerable amounts of radioconirast
agent are used for TACE and may induce renal dysfunction. Method: This
study prospectively investigated the incidence and risk factors of acute renal
failure (ARF), defined as an increase of serum creatinine level > 1.5mg/dl
after TACE. Results: ARF developed in 12 (8.6%). of 140 patients after
TACE. _Ilnivariate analysis showed that number of treatment sessions
(234 1.4vs 1.3 £ 1.6, P=0.013), Child-Pugh class B (50% vs 21%,
P =0.035) and the occurrence of severe postembolization syndrome (75% vs
30%, P =.020) were significantly associated with the development of ARF.
Multivariate logistic regression analysis disclosed that the proportional
increased risk of ARF was 65% for each additional TACE therapy (odds
ratio [OR]: 1.65, 95% confidence interval [CI]: 1.13-2.41, P = 0.010). Other
independent risk factors were Child—Pugh class B (OR: 12.82, 95% CI: 2.44—
67.29, P = 0.003} and severe postembolization syndrome (OR: 6.64, 95% CL
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Hepatocellular carcinoma (HCC) is one of the
most common malignant neoplasms worldwide
(1, 2), and has gained global interest recently due
to its increasing prevalence (3). A large propor-
tion of patients were considered to have unresect-
able lesions upon diagnosis due to compromised
hepatic reserve or multifocality of tumors. For
patients with unresectable disease, the goal of
palliative treatment is to control symptoms and
prolong survival. Transarterial chemoemboliza-
tion {(TACE) using iodized oil and chemothera-
peutic agents combines the effect of targeted
chemotherapy with that of ischemic necrosis
induced by arterial embolization. It could be
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1.60-27.49, P = 0.009). Four (33%) of the patients with ARF developed
irreversible renal function impairment, and diabetes mellitus was the only
associated factor (P = 0.067) in this group. Conclusions: ARF after TACE is
closely associated with number of treatment sessions, severity of cirrhosis and
development of severe postembolization syndrome. Effective preventive
measures should be undertaken especially in high-risk patients.
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repeatedly administered and can effectively pro-
long survival in patients with unresectable hyper-
vascular HCC (4-6).

Patients with HCC frequently have coexisting
liver cirrhosis at the time of diagnosis. Advanced
cirrhosis is characterized by peripheral vasodilata-
tion associated with decreased renal perfusion due
to the activation of vasoconstrictor systems,
Therefore, cirrhosis per se is a predisposing factor
for the development of renal dysfunction (7, 8).
The use of iodinated radiocontrast medium in the
angiographic procedure such as TACE may in-
duce or increase infrarenal vasoconstriction and
result in nephropathy especially in high-risk
patients (9, 10). The underlined mechamsm ac-
counting for this nephrotoxicity is that the admin-
istration of radioconirast agents is associated with



the production of endothelin-1, a potent vasocon-
strictor released from endothelium (11}. However,
despite the high clinical importance of renal in-
sufficiency in HCC patients undergoing therapeu-
tic TACE, there has been no prospective study so
far to assess the risk of nephrotoxicity in this
regard, and the frequency of prerenal fathure due
to the administration of intravascular radiocon-
trast agents is not known (7). In this study, we
have investigated the serial changes of renal func-
tions in HCC patients who underwent TACE to
determine the incidence of acute renal failure
(ARF). The risk factors that may predict the
development of ARF were analyzed.

Patients and methods
Patients

From January 2002 to June 2003, 140 consecutive
patients (113 male; mean age: 67 + 9 years) who
underwent TACE for unresectable HCC were
prospectively enrolled to investigate serial
changes of renal function after TACE. HCC
was considered unresectable if there were mulfi-
focal intrahepatic or extrahepatic lesions, which
made extended resection necessary to eradicate
all tumors, or if the hepatic reserve was insuffi-
cient as defined by an indocyanine green 15min
retention rate greater than 30%, or the presence
of ascites or jaundice (12). All of the study
patients fulfilled the following criteria before
treatment: (1) no main portal vein trunk involve-
ment or distant metastasis; (2) Child-Pugh func-
tional class A or B; (3) normal renal function with
a serum creatinine concentration less than 1.5mg/
dl (133 pmol/D); (4) no gross ascites by ultrasound
(US); and (5) platelet count >60 x 10°/cumm.
The baseline demographic data of the study
patients are shown in Table 1. There were 106
(76%) patients that were seropostitive for hepatitis
B surface antigen, and 83 {59%) patients with a
history of previous TACE. The median interval
between the TACE treatment episodes for those

Table 1. Demographic data of study patients

Characteristics Patients {%) (1= 140)
Male/female 113727

Age (years) 67 £ 9
HBsAg-positive (%) 106 {76)
Child—Pugh class A/B 107/33

History of previous TAGE (%) 83 (59)
Previous TACE sessions {range) 23+ 1.5(1-8)
Multipie HCC (%) 55 (39)

Largs (> 5cm) HCC (%) ag (27)

History of diahetes mellitus {%) 28 (20)

AFP lavel {ng/ml) 1536 4 6152
Range 2--48,960

Renal failure after TACE

who had previously received TACE therapy was
3.2 (range, 1-4.6) months.

The diagnosis of HCC was histologically con-
firmed by needle biopsy, ot based on the findings
of typical radiological features in at least two
image examinations including US, contrast-en-
hanced dynamic computed tomography (CT),
magnetic resonance imaging (MRI) and hepatic
angiography, or by a single positive imaging
technique associated with serum o-fetoprotein
(AFP) level >400ng/ml (13). Functional hepatic
reserve was based on the Child-Pugh classifica-
tion and tumor size on the largest dimension of
the main nodule in US or CT (14).

Treatment and follow-up

The TACE was performed according to Seldin-
ger’s technique of arterial embolization (12, 15).
The equipment for selective common or proper
hepatic artery angiography was LCN (GE Medi-
cal System, Waukesha, WI, USA) or Diagnost 3
(Philips, Netherlands). Femoral artery was punc-
tured with a 4-French catheter (Terumo, Japan).
Hepatic arteriography and superior mesenteric
arterial portovenography were performed to de-
fine the size and location of tumor nodules. Dur-
ing the sequential scanning of the liver, 100~150 ml
of radiocontrast agent (Telebrix, France, or Ultra-
vist, Germany} was mjected using a power injector
{(CT9000 ADYV, Liebel-Flarsheim, UK) to evaluate
the vascularity of the tumor (‘tumor stain’). The
arteries supplying the tumor were catheterized
superselectively followed by infusion of a mixture
of 20-30mg of adriamycin (Carlo Erba, Milan,
Htaly) and 5-10ml of Lipiodol (Laboratoire Guer-
bet, Aulnay-Sous-Bois, France). The aim was to
deliver a sufficient amount of emulsion to the
tumoral areas without retrograde flow. Under
fluoroscopic control, the feeding arteries were
subsequently embolized with 2-3mm strips of
Gelfoam (Upjohn, Kalamazoo, MI} untd com-
plete flow stagnation was achieved.

Serum creatinine levels were serially determined
before TACE, and on the third, sixth, and ninth
day after the procedure. Laboratory determina-
tions including biocod cell counts and biochemical
tests were obtained serially during the hospitaliza-
tion period. Patients developing signs of ARF
(oliguria and/or increase in serum creatinine level)
were treated with blood volume expansion utiliz-
ing saline, albumin and/or fresh frozen plasma to
improve renal function and urine output. Central
venous catheterization was applied if necessary to
monitor the flud status, and renal US was per-
formed to exclude causes of postrenal ARF such
as obstructive uropathy. Serial follow-up of renal
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functions was performed for patients who had
developed ARF during hospitalization and after
discharge from hospital,

Definitions

ARF was defined as an abrupt increase in serum
creatinine level of 50% or greater with respect to
the baseline level, or an absolute increase in the
serum creatinine concentration of at least 0.5 mg/
dl to a level greater than 1.5 mg/dl within the first
7 days after TACE (8, 9). This cut-off value was
used because previous studies have shown that
cirrhotic patients with serum creatinine above
this level have markedly reduced glomerular
filtration rate (16, 17). In addition, this cut-off
level of serum creatinine has been used to define
hepatorenal syndrome (18, 19). Renal failure was
classified into two categories: (1) reversible, when
serum creatinine fevel returned to baseline values
during hospitalization; or (2), irreversible, when
serum creatinine did not return to baseline values
and remained elevated over 1.5mg/dl until the
end of hospitalization or death.

The postemboltzation syndrome includes nau-
sea, loss of appetite, fever > 38 °C and transient
ischemic hepatitis as defined by increase of serum
aspartate transaminase (AST) or alanine transa-
minase {ALT) levels > 5-fold of normal or base-
line values. Patients were classified into three
categories according to the presence and severity
of postembolization syndrome: (1) no apparent
postembolization syndrome; (2) mild, when the
duration was less than 3 days; or (3) severe, when
the duration lasted for 3 days or more.

Risk factor analysis and statistical methods

Potential risk factors for the development of
ARF in patients treated with TACE such as

age, gender, HBsAg seropositivity, size and num-
ber of tumor, Child—Pugh class, history of dia-
betes mellitus (IDM), exposure to nephrotoxic
agents including aminoglycoside and nonsteroi-
dal anti-inflammatory agents (NSAID), previous
treatment sessions of TACE, severity of postem-
bolization syndrome, platelet count, serum bio-
chemistries, AFP, and prothrombin time ratio
were analyzed to identify their predictive value.
All statistical analyses were carried out using
SPSS for Windows Release 11.0.1. ¥*-test or Fish-
er’s exact test (two-tailed) was used for categorical
data, and the Mann—Whitney rank sum (nonpara-
metric) test for continuous data. Factors that were
significant or marginally significant in univariate
analysis were subject to multivariate stepwise
logistic regression analysis to determine the ad-
justed odds ratio {OR). For all tests, a P-value less
than 0.05 was considered statistically significant.

Results
incidence of ARF and clinical course

Among a total of 140 TACE treatment sessions,
ARF developed in 12 (8.6%) patients. Baseline
characteristics of patients with and without ARF
are shown in Table 2.

Other complications that occurred after TACE
were also analyzed. Nausea and loss of appetite
occurred in 130 (93%) patients. Post-TACE fever
{ = 38 °C) developed in 99 (71%) patients, and
ischemic hepatitis in 63 (45%) patients. None
developed significant gastrointestinal or extra-
gastrointestinal bleeding that required blood
transfusion, According to the definition used in
this study, eight (6%) patients had no apparent
postembolization syndrome, 86 {61%) had mild
and 46 (33%) had severe postembolization syn-
drome.

Tahle 2. GComparison of patients with and without acute renal failure after TACE

With ARF {n=12} Without ARF (= 128) P
Age (years) 69 +7 67 =10 0.7597
Male (%) 12 (10G) 1061 (79) 0.123
HBsAg-positive (%) 8 (75) 98 (77) 0.485
Child—Pugh class B (%) 6 (50} 27 (21) 0.035
Tumor size =>5cm (%) 4 (33) 34 (19) 0.735
Number of tumor multiple {%) B (50) 49 (38) 0.539
Oiabetes mellitus (%) 5 (42) 23 (18) 0.064
Use of nephrotoxic agents (%) 4 (33) 21 (16) 0.227
Praevious TACE sessions 23 £14 1.3 416 0.013
Albumin (g/d1) 36 03 38403 0.076
Bilirubin {mg/dl) 1.5 £G4 1.3 + 0.6 0114
Creatinine (mg/dl) 11 + .2 11 +05 0.231
ALT (4/1) 54 + 22 60 + 34 0.743
Prothrobmin time ratio =1 (%) 6 (50} 70 (55) 0.771
Platelet count {x 10%cumm) 128 £ 48 146 + 53 0113
AFP (ng/mi) 1230 & 21486 1564 + 6404 0.435
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Fig. I. Serial changes of serum creatinine levels in HCC patients
after TACE.

Serial changes of serum creatinine levels in the
entire patient population are shown in Fig. 1.
Pretreatment serum creatinine was normal (1.1 &
0.2mg/dl} in all patients, and increased to 1.9+
0.2mg/dl vs 1.1 £0.2mg/dl (P<0.0001) at the
third day, 1.7 + 04 mg/dl vs 1.0 + 0.2mg/dl (P <
0.0601) at the sixth day, and 1.5+ 0.7mg/dl vs
1.1 £ 02mg/dl (P=0.065) at the ninth day of
TACE in patients with and without ARF, respec-
tively.

The clinical characteristics of the patients with
ARF are shown in Table 3. Four patients devel-
oped irreversible ARF and one (patient no. &,
Table 3) of them progressed to hepatorenal
syndrome and died 5 weels after TACE. The
serum creatinine level in the other 3 patients
remained elevated above normal value at 6, 8
and 11 weeks respectively after TACE therapy.

Risk factor analysis

As shown in Table 2, patients with ARF under-
went more previous TACE treatment sessions
(23+14 vs 13416, P=0.013), and more

Table 3. Characteristics of the 12 patients with acute renal failure

Renal failure after TACE

Table 4. Indepandent risk factors associated with the occurrence of
acute renal failure

Risk factor Odds ratio  95% CI 4

1.13-2.41  0.010
2.44-6725 0.003
1.60-27.49 0.009

Number of TACE treatment sessions*  1.65
Child-Pugh class B 12.82
Severe postembolization syndrome 6.64

Cl, confidence interval. *The risk was estimated as ihe proporiional
increased risk ratio per treatment session.

often belonged to Child—Pugh class B (50% wvs
21%, P=0.035). DM (42% vs 18%, P =10.064)
and a lower serum albumin level (3.6 £ 0.3 g/dl vs
3.8 £0.3 g/d], P=10.076) were associated with the
development of ARF at a marginal significance.
Patients with severe postembolization syndrome
more frequently developed ARF as compared to
those with no or mild postembolization syndrome
(B/46, 17% vs 4/94, 4%, P =0.020). Multivariate
logistic regression analysis showed that the pro-
portional ncreased risk of ARF was 65% per
additional TACE therapy (OR: 1.65, P =0.010}.
Other independent risk factors associated with
the occurrence of ARF were Child~Pugh class B
(OR: 12.82, P =0.003) and severe postemboliza-
tion syndrome (OR: 6.64, P = 0.009) (Table 4).

Of the 12 patients with ARF (Table 3), those
with irreversible renal function impairment more
frequently were diabetic compared with the pa-
tients with reversible ARF (three in four patients
vs one in seven patients, P = 0.067). No other risk
factors significantly differed between patients
with reversible and irreversible ARF,

Biscussion

In this study, we have prospectively investigated
the incidence and sk factors of ARF in HCC
patients undergoing TACE. The incidence of
ARF was 8.6% for each treatment session. This
rate appears rather high when compared with

Age Child—Pugh Tumor size Muitiple irreversible Previous TACE Severe post-TACE
Patient Gender (years) class >5cm HCCs DM ARF sessions syndreme
1 M 76 B Y Y N N 2 Y
2 M 63 N N Y Y 0 N
3 M 71 B N N N N 2 N
4 M 55 A Y Y Y Y 3 ¥
5 M 63 A ¥ Y N N 4 Y
§ M 72 A N Y N N 4 Y
7 W in 8 N Y Y N 1 Y
g* M 76 B N N Y ¥ 4 N
9 M 73 8 Y N N N 2 N
10 it 58 A N Y N N 0 Y
11 i 74 A N N N Y 3 Y
12 M 77 A N N N N 3 Y

M, male; Y, yes; N, no. *Hepatorenal syndrome cccurred in this patient after TAGE.
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normal subjects who undergo other angiographic
procedures. The cause for this seemingly high rate
is possibly related to the fact that coexisting liver
cirthosis is frequent in HCC patients and to the
substantial proportion {20%) of diabetics in this
study. In addition, more than half (59%) of
our patients had undergone multiple episodes
of TACE therapy. Considerable amounts of
radiocontrast agent are used for TACE. Intrar-
enal vasoconstriction, induced by the release of
endogenous vasoconstrictors, is a pivotal event in
ARF triggered by radiocontrast agent (7, 11).
Although it may be anticipated that HCC pa-
tients undergoing TACE are at high rnisks of
developing renal dysfunction, the incidence and
risk factors for ARF after TACE have not been
previously reported except in the case report form
(20). Our results indicate that ARF in HCC
patients after TACE is not an unusual complica-
tion, and that a third of these patients eventually
developed irreversible renal impairment.

ARF due to radiocontrast agents appears to be
dose-related (10). Consistently, we found that the
risk of renal failure was cumulative and inti-
mately associated with the number of treatment
session. The estimated proportional increased
risk was up to 65% for each additional TACE
therapy. Another important finding of this study
is that Child—Pugh class B was identified as an
independent risk factor for ARF. These results
indicate that the risk of ARF from TACE is
increased in patients with advanced liver cirrhosis
and is in agreement with previous studies showing
that the occurrence of renal dysfunction is corre-
lated with the severity of liver cirrhosis (7, 21-23).

The major side effect of TACE is the develop-
ment of postembolization syndrome, character-
ized by intermittent fever up to 38 °C, ischemic
hepatitis, abdominal pain, nausea, and loss of
appetite. These complications are attributed to
ischemic injury to the liver with release of med-
iators from necrotic tumor cells (4, 5, 15, 24).
Thus, the risk of radiocontrast-associated ne-
phrotoxicity could be further increased in pa-
tients with prolonged volume depletion and
concomitant illness. Postembolization syndrome
was present in the vast majority (34%) of our
patients. The occurrence of severe postemboliza-
tion syndrome was closely associated with ARF
in HCC patients undergoing TACE. The tumor
lysis syndrome, which is typically due to massive
tumor necrosis after systemic chemotherapy for
hematological malignancies, may also induce re-
nal failure. However, this syndrome is rather rare
in HCC patients undergoing loco-regional ther-
apy. None of our patients were noted to have
tumor lysis syndrome after TACE.
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Renal dysfunction is a common event occur-
ring in up to 75% of cirrhotic patients during the
course of the disease. In this and other studies,
the seventy of cirrhasis was consistently identified
as an important factor for the development of
renal insufficiency (20, 22). Patients with ad-
vanced cirrhosis have decreased renal perfusion
due to activation of vasoconstrictor systems (25),
or because of an impaired ability of the kidneys to
synthesize adequate amounts of compensatory
vasodilators such as prostaglandins. Radiocon-
trast agents may further increase vasoconstirctor
systems and thus trigger the development of ARF
n patients with advanced cirrhosis. Alternatively,
although radiocontrast agent may induce renal
insufficiency through a prerenal mechanism, in
severe cases or in those with preexisting nephro-
pathy, acute tubular necrosis may occur due to
sustained decreased renal perfusion (7, 26). Alto-
gether, our findings indicate that decompensated
liver cirrhosis is an important determinant for the
development of renal failure in HCC patients
undergoing TACE,

Among the patients with ARF, there is a trend
showing that DM was the only factor linked with
the irreversibility of renal failure. It is well ac-
cepted that patients with diabetic nephropathy
are at a higher risk of developing acute and
chronic renal insufficiency. Diabetic kidneys are
sensitive and more vulnerable to various forms of
nephrotoxic insults and may eventually progress
into irreversible renal function impairment (27,
28). One patient with irreversible ARF in this
study died of hepatorenal syndrome, which was
probably triggered by the use of radiocontrast
agent in the setting of an advanced cirrhotic stage
and DM.

The use of nephrotoxic agents such as amino-
glycosides and NSAID are well-known predis-
posing factors for renal dysfunction in cirrhotic
patients. Although we tried to avoid the use of
these drugs, a small proportion of our patients,
less than one-fifth, were exposed to nephrotoxic
agents. Use of nephrotoxic drugs was not signifi-
cantly different among patients with or without
ARF. However, because of the relatively small
sample size we cannot exclude the potential im-
pact of nephrotoxic agents in the pathogenesis of
ARF in patients with cirrhosis.

Renali failure is a major cause of morbidity and
mortality in cirrhotic patients (8, 22, 29). To
prevent radiocontrast-induced nephrotoxicity, it
has been recently proposed that the use of non-
ionic, iso-osmolar radiocontrast agent m the
angiographic procedure may significantly reduce
the incidence of nephropathy in high-risk subjects
(). In conclusion, our results indicate that ARF



is not a rare event in HCC patients after TACE.
The development of ARF appears to be dose-
related and is closely associated with the severity
of liver cirthosis and the occurrence of severe
postembolization syndrome. Effective measures
toward prevention and treatment of renal failure
should be investigated and undertaken, especially
in high-risk patients.
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