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Short-term effects of transcatheter arterial
chemoembolisation on metabolic activity of the
liver of cirrhotic patients with hepatocellular
carcinoma
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Abstract
Background-Transcatheter arterial chemo-
embolisation, a procedure for the
treatment of hepatoceliular carcinoma,
provokes a pronounced but transient
increase in hepatic cytolysis parameters. A
definite evaluation of the impairment of
liver function after this treatment, per-
formed by adequate techniques, is still
lacking.
Aims-To assess and quantify the impair-
ment of liver metabolic activity after
arterial chemoembolisation in patients
with cirrhosis. The variations of hepatic
vein pressure gradient provoked by this
procedure were evaluated.
Patients-15 patients with cirrhosis
(Child's class A and B) and hepatocellular
carcinoma.
Methods-17 transcatheter arterial
chemoembolisations with epirubicin,
iodised oil, and gelfoam were performed;
liver function was assessed before, the
following day, and after seven days
measuring galactose elimination capacity;
aminopyrine breath test was also per-
formed in six patients before the pro-
cedure and seven days after. In 10 patients
intrinsic hepatic clearance ofindocyanine
green and hepatic vein pressure gradient
were measured by hepatic vein catheteri-
sation before and 30 minutes after
chemoembolisation.
Results-Intrinsic hepatic clearance of
indocyanine green decreased significantly
from (mean (SEM)) 355 (140) ml/min to
277 (98) m/min after the procedure (p=
0.0007). Galactose elimination capacity
did not show significant changes, being
4.00 (0.90) mg/min/kg body weight at base-
line, 4-20 (0.90) mg/minlkg body weight
after one day, and 3.95 (0.87) mg/minlkg
body weight seven days after chemoem-
bolisation. Aminopyrine breath test was
2.31 (1.09)% and remained unchanged
after treatment, being 2.39 (2.04)% at day
7. Baseline hepatic vein pressure gradient
was 17.0 (5.5) nmn Hg, and 14-4 (3.7) mm
Hg 30 minutes after chemoembolisation
(p=0.09).
Conclusions-A single transcatheter
chemoembolisation in cirrhotic patients
provokes an acute and transient decrease
in intrinsic hepatic clearance of indocya-
nine green; no liver function impairment

was detected by galactose elimination
capacity and aminopyrine breath test one
and seven days after the procedure.
Therefore it can be considered a safe
therapeutic tool for hepatocellular carci-
noma in Child's class A and B cirrhotic
patients.
(Gut 1996; 39: 325-329)
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Transcatheter arterial chemoembolisation
(TACE) is one of the main treatment options
for patients with advanced cirrhosis and
hepatocellular carcinoma (HCC).1 2 In nearly
90% of patients with HCC liver cirrhosis co-
exists, and this feature limits treatment options
because of the risk of aggravating liver insuffi-
ciency. Therefore, in most clinical settings,
TACE is only used in patients with Child's
class A and B disease. On the basis of
pronounced but transient increase of para-
meters of hepatic cytolysis and considering the
doubtful benefit on survival,3 a deleterious
effect of TACE has been suspected; however a
definite evaluation of the severity of such
damage is still lacking. The small number of
reports that used adequate quantitative tech-
niques have conflicting results.4 5
There is little information also on the effect

of TACE in portal hypertension, as only a
single report showing no relevant effect in
portal hypertension has been published to
date.6 However, an increase in portal hyper-
tension could be hypothesised on the basis
of recent findings6i7 and this can contribute to
the deterioration in liver function in such
subjects.
The aim of this study was to assess the

effects of TACE on liver function investigated
by quantitative techniques independent on
liver perfusion, and on hepatic venous pressure
gradient.

Methods

Patients
From January 1993 to November 1994, 17
TACE procedures were performed in 15
cirrhotic patients (10 males and five females)
with HCC, admitted to the University
Hospital of Padua. Age ranged 33-69 years
(average 62). The diagnosis of cirrhosis was

325

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.39.2.325 on 1 A

ugust 1996. D
ow

nloaded from
 

http://gut.bmj.com/


Bianco, Merkel, Savastano, Bellon, Chiesura-Corona, Bolognesi, Miotto, Enzo, Feltrin, Gatta

Main clinical and biochemical baseline data ofpatients

Child- Neoplastic Total Total Conjugated
Age Pugh nodules protein Albumin PT bilirubin bilirubin AST ALT

Patient (y) score (n) Ascites (g/l) (g/l) (%) (umol/l) (,umobl) (UIl) (UIl)

1 52 7 M N 82 45 76 35-5 8-6 43 32
2 59 9 M N 87 30 40 47-2 21-4 321 203
3 67 7 S Y 75 38 57 20-1 6-4 40 31
4 67 6 M Y 72 44 85 22-2 3-4 48 58
5 33 6 S N 61 46 71 10-3 1-7 46 96
6 59 9 S N 66 35 66 68-4 32-5 238 159
7 67 7 S Y 84 33 94 8-8 4-7 33 22
8 69 7 M Y 74 37 58 20-7 7-3 42 31
9 66 6 M N 81 39 76 18-6 6-9 62 74
10 68 5 M N 83 37 84 12-0 3-4 129 195
11 58 9 M Y 67 24 58 41-0 10-2 61 47
12 60 7 M Y 74 29 65 34-1 12-4 290 34
13 66 5 M N 76 40 92 8-2 4.0 34 27
14 63 6 M N 80 42 91 12-5 3-1 114 98
15 60 5 M N 77 36 98 8-6 3-7 52 21
3* 68 6 S N 74 39 73 10-8 3-3 42 33
4* 69 6 M N 75 38 73 18-5 6-4 64 49

Neoplastic nodules (S: single; M: multiple); ascites: presence (Y) or absence (N) of ascites; total protein: serum concentration of
protein; albumin: serum concentration of albumin; PT: prothrombin time; total bilirubin: serum concentration of bilirubin;
conjugated bilirubin: serum concentration of conjugated bilirubin.
*Patients investigated again after 22 and 23 months respectively.

based on pertinent clinical and laboratory data
and was confirmed by liver histology; accord-
ing to the Child-Pugh classification, nine
patients were in class A and eight in class B.
HCC was diagnosed by liver sonography and
cytological examination of ultrasound guided
fine needle aspiration biopsy. One patient (no
14) had undergone segmental liver resection
two years before admission. In six cases a feto-
protein values were over 200 ug/l.

Using Okuda anatomo-clinical staging nine
patients belonged to stage I, and eight to stage
II. On examination by liver sonography, six
cases showed a single neoplastic lesion and 11
had a multifocal HCC (five cases with two
nodules, three with three nodules, and three
with four or more nodules, respectively).
Computed tomography after lipiodol adminis-
tration showed multiple neoplastic foci in one
patient with only one sonographically detected
lesion. In the five cases with a single neoplastic
lesion, neither liver resection nor percutaneous
ethanol injection were feasible for anatomical
reasons. Two patients (no 3 and no 4) had this
treatment again because, after a successful
TACE, a relapse was detected after 22 and 23
months, respectively. Data concerning this
second treatment are included in the results.
The study was carried out in accordance

with the declaration of Helsinki, and the
protocol was approved by the relevant ethics
authorities. Informed consent was obtained
from all patients.
The Table reports clinical and baseline

biochemical data of the patients.

TACE procedure
TACE was performed according to the
method of Nakamura et at9 and was always
preceded by coeliac, superior mesenteric, and
hepatic arteriography, to evaluate the vascular
anatomy of the liver and to exclude contra-
indications to TACE - that is, occlusion of
portal vein or important arterovenous fistulas,
or both. According to Seldinger's technique a
catheter was inserted via the femoral artery
in the proper hepatic artery or in a lobar or

segmental branch feeding the tumour. As a
rule, bilobarTACE was performed; in only five
cases it was necessary to limit the procedure to
a segmental or subsegmental TACE because of
lowered portal blood flow, as assessed by
portal angiography. An emulsion of 8.3 (3.7)
ml of Lipiodol (Laboratoire Guerbet, Aulnay
sous Bois, France) and 40 (15.8) mg of epiru-
bicin (Farmorubicina, Carlo Erba-Farmitalia,
Milano, Italy) was injected. Different doses
were given in accordance with the tumour size.
An embolising material composed of hand
minced gel sponge (Gelfoam, Upjohn,
Kalamazoo, Michigan, USA) suspended in
diluted contrast medium was then injected.
This injection was performed at small,
repeated doses until lack of injection of
the embolised vessels was obtained at angio-
graphy. Two weeks after the procedure com-
puted tomography was done to demonstrate
Lipiodol accumulation within the neoplastic
lesions.

Evaluation of metabolic activity of the liver
Galactose elimination capacity - the day

before TACE, after an overnight fast, galactose
elimination capacity was performed by the
single injection method.'0 This method allows
the estimation of the phosphorilating capacity
of the liver, irrespective of any change in liver
perfusion. Details of the procedure are
described elsewhere.1 1 For each patient
galactose elimination capacity in relation to
body weight (galactose elimination capacity/
bw) was calculated. The test was repeated 24
hours and seven days after TACE using the
same procedure in all the 17 cases.
Aminopyrine breath test - in six patients, five

males and one female, aminopyrine breath test
was measured before and seven days after per-
forming TACE. This method'2 evaluates the
liver metabolic capacity of the P450 dependent
enzyme system,'3 and, because of the pharma-
cokinetic properties of the compound, the
values obtained are not flow limited. Details
of the procedure have been described
elsewhere." l
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Indocyanin green intrinsic hepatic clearance
(ICG-IHC) - in 10 subjects a hepatic vein
catheterisation was also performed, and ICG-
IHC was determined by the constant infusion
method according to a previously described
protocol'4 before and 30 minutes after TACE.

Evaluation ofportal hypertension
In the 10 patients undergoing hepatic vein
catheterisation, hepatic venous pressure
gradient was measured before and 30 minutes
after TACE, as an index of portal hyper-
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tension. A balloon tipped catheter (Meditech 7
FR) was inserted in a main hepatic vein under
fluoroscopic control, and free and wedged
hepatic vein pressure were recorded by inflat-
ing the balloon until occlusion of the hepatic
vein. Pressure was recorded with a pressure
transducer, coupled to a monitor device (HP
1290 C and HP 54S, Andover, Massachussetts,
USA), and permanent traces were obtained.
Electronic averages of pressure were always
obtained. Adequate occlusion was assessed by
injecting a small amount of contrast medium
in the occluded vessel.

Statistics
All results are expressed as mean (SEM). The
comparison between data was made using the
Wilcoxon rank sum test. The null hypothesis
was rejected at the 0.05 significance level.
When the null hypothesis was not rejected, the
power of the test was assessed according to
standard statistical calculations.

Results

Changes in conventional tests and in clinical
status
Significant changes in alanine transaminase,
aspartate transaminase, serum bilirubin, and
prothrombin values were observed 24 hours
after TACE; all except serum bilirubin
returned to baseline value within seven days
(Fig 1). ax Fetoprotein before TACE was 295
(103) ,ug/l. One month after treatment it
decreased to 130 (51) pug/l (p<0.0001). The
effect was particularly evident in patients with
increased a fetoprotein values. Indeed, in the
six patients with baseline oa fetoprotein over
200 ,ug/l, an average decrease by 42% was seen
after one month.
No significant variation in clinical status

of patients was seen one month after the
procedure. No patient previously anascitic
developed ascites and no case of portosystemic
encephalopathy was seen. The Child-Pugh
score was almost unchanged (before TACE
6.7 (1.3), after one month 6.8 (1.7), mean
increase 1/5%).

Effect on quantitative liver tests
ICG-IHC, already considerably impaired
before the procedure, showed a further
decrease 30 minutes after TACE from 355
(140) ml/min to 277 (98) ml/min, which
averaged 22% (p=0.0007) (Fig 2A).

Baseline galactose elimination capacity was
4.00 (0.9) mg/min/kg bw. One day after TACE
no significant change was seen (4-20 (0.9)
mg/min/kg bw) (p=0-18, power 880/o). Seven
days after TACE, values of galactose elimina-
tion capacity were not different from baseline
(3.95 (0.87) mg/min/kg bw) (p=064, power
96%). Variations are given in Fig 2B.
When the 10 patients undergoing a more

extensive procedure (bilobar TACE) were
considered separately from those undergoing
a more limited procedure (segmental or

n
B

U
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--
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Figure 1: Changes in main biochemical data before and
after TACE ((A) ALT, (B) AST, (C) total bilirubin).
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Figure 2: Variations of liverfunction tests ((A) ICG-IHC
and (B) galactose elimination capacity) before and after
TACE.

subsegmental TACE), no significant variation
in galactose elimination capacity was seen.
Indeed, in patients with bilobar TACE
galactose elimination capacity changed from
4.02 (0.93) mg/min/kg bw to 4.30 (0.99)
mg/min/kg bw and to 4.02 (0.93) mg/min/kg
bw (p=0.066, power 94%; and 0O092, power
98% respectively one and seven days after
treatment). Baseline aminopyrine breath test
was 2.31 (1-09)%, and remained unchanged
seven days after treatment: 2.39 (2.04)%
(p=0.91, power 95%) (Fig 3A).

Baseline HVPG was 17.0 (5.5) mm Hg and
30 minutes after TACE it was 14-4 (3.7) mm
Hg (p=0.09, power 99%). In particular, in the
two patients with minimal portal hypertension,
no change occurred, while in half of those with
more severe portal hypertension a noticeable
decrease was observed (Fig 3B).

Discussion
The results of this study show that the use of
TACE to treat HCC in cirrhotic patients has
only a transient effect on metabolic activity of
the liver, as measured by three quantitative
liver function tests, namely ICG-IHC, galac-
tose elimination capacity, and aminopyrine
breath test. Thirty minutes after the pro-
cedure, a distinct decrease in ICG-IHC was
seen, averaging 22%. This effect was less
evident in patients with more severe liver

u
Basal 30 min

Figure 3: Modification in aminopyrine breath test (A) and
hepatic vein pressure gradient (B) before and after TACE.

function impairment. At variance, at one and
seven days after TACE, galactose elimination
capacity and aminopyrine breath test remained
unchanged from baseline.
The decrease in ICG-IHC cannot be

ascribed to the decrease in liver blood flow in
itself, as intrinsic clearance is flow independent
by its definition.'5 On the contrary, it may
result from a decrease in the number of
hepatocytes, or a decrease in the function of
the single hepatocyte, or the interruption of
blood flow in discrete areas of the liver. Indeed,
the intra-arterial infusion of iodised oil may
provoke, at least transiently, an interruption of
blood flow in some sinusoids, which are filled
by the oily emulsion.'6 This mechanism
excludes such areas from blood exchanges, and
consequently from the access to the dye,
leading to a decrease of calculated intrinsic
clearance. This may be responsible, at least in
part, for the decrease in ICG-IHC seen in our
patients, even if we cannot exclude that the
reduction of function in single hepatocyte
caused by the substances used may play a part
in this phenomenon.

Galactose elimination capacity represents an
estimate of the liver phosphorilating capacity
for sugars,'0 and aminopyrine breath test an
estimate of the metabolic capacity of the P-450
dependent liver microsomal enzymes.'3 Both
techniques supply data independent of liver
blood flow. The lack of decrease in galactose
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elimination capacity or aminopyrine breath
test one and seven days after TACE implies
that no consistent impairment in liver
metabolic capacity occurred in our subjects
at this time. These data are different from
those reported in a Japanese study4 in which
half of the patients experienced a decrease in
maximum removal of ICG measured within
four weeks after TACE. This discordance may
result from the different selection of patients,
because in that study some patients had HCC
superimposed on liver disease other than
cirrhosis. The data of our study also differ from
those of an Italian study in which an increase in
antipyrine clearance was seen.5 Induction of
P-450 dependent enzymes by drugs may be
responsible for this event, as it is not likely that
TACE may have beneficial effects on liver
function by itself.
The effect of TACE on the levels of

sinusoidal portal hypertension has not been
investigated. In this study, half of the patients
with severe portal hypertension showed a
pronounced decrease in HVPG, while those
with mild and clinically unrelevant portal
hypertension did not exhibit any change. The
decrease in HVPG we observed may be caused
by the decrease in arterial blood flow to the
liver induced by embolisation because it was
shown that the terminal arterial vasculature
feeds the sinusoids directly'7 or by a reflux of
the dye towards the portal tree, which may
impair the portal blood inflow to sinusoids'6 or
by a combination of both. In one of the three
patients with severe portal hypertension and no
change in HVPG, only a segmental TACE had
been performed, and this may have led to only
minor changes in liver haemodynamics.

This study cannot define the real clinical
benefit of TACE because a randomised
untreated group was unavailable.

However, the fall in ao fetoprotein one month
after the procedure in most subjects with
increased baseline values may be considered a
surrogate marker of effectiveness oftreatment,'8
considering that spontaneous decrease in a
fetoprotein in HCC is an infrequent event. This
decrease shows that the procedure had a biolog-
ical effect on the tumour mass, and that the lack
of effects on liver metabolic activity and on
clinical status of patients is not caused by a lack
of action on the neoplasm.

In conclusion, the results of this study show
that TACE in cirrhotic patients with HCC
provokes an acute decrease in ICG-IHC. At
variance, no relevant variation in the other liver
function tests, namely galactose elimination
capacity and aminopyrine breath test, was seen

one and seven days after treatment. Therefore
a single TACE procedure seems to be a safe
therapeutic tool for HCC in Child's class A
and B cirrhotic patients.
This study was in part supported by grants from the
Italian Ministry of University and Scientific Research
(National Project 'Liver cirrhosis and virus hepatitis'), from the
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subproject 5), and from the Italian Liver Foundation,
Florence.
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