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Hepatic artery complications following liver
transplantation. Does preoperative
chemoembolization impact the postoperative
course?

Panaro F, Ramos J, Gallix B, Mercier G, Herrero A, Niampa H,
Pageaux G-P, Navarro F. Hepatic artery complications following
liver transplantation. Does preoperative chemoembolization impact
the postoperative course?

Abstract: Background: Transarterial chemoembolization (TACE) in
patients with hepatocellular carcinoma (HCC) may cause damage to the
hepatic artery (HA) and impact the postoperative course of the liver
transplantation (LT). We aim to describe the relationship between
preoperative TACE and the occurrence of histological and radiological
hepatic artery complications (HAC).
Methods: All cirrhotic patients with HCC undergoing LT between
January 2009 and October 2012 were included and divided in two groups:
TACE (group 1) and No TACE (group 2). HA histological complications
were reviewed and compared.
Results: Sixty-seven patients were reviewed, 32 in group 1 and 35 in
group 2. Both groups were similar in gender, age, cirrhosis origin, and
American Society of Anesthesiology (ASA) score. After a mean follow-
up of 17 months, 10 radiological HAC occurred: seven in group 1 and
three in group 2 (p = 0.02). There was one thrombosis in each group: six
non-thrombotic complications in group 1 and two in group 2.
Histological screening showed 12 HA injuries in group 1 (three HA wall
edemas, five fibrosis, one edema + fibrosis, one hemorragic
necrosis + thrombosis, two thrombosis) and three in group 2 (two HA
wall edemas, one fibrosis) (p = 0.01). All these injuries were found at the
proper HA and at the right/left HA bifurcation level.
Conclusions: Despite the limits of our study, we found a higher incidence
of radiological and histological injury in patients underwent TACE.
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Hepatocellular carcinoma (HCC) represents
almost 15% of liver transplantation (LT) indica-
tions (1). For carcinologic reasons, some patients
may need another treatment while waiting for a
graft (2, 3). Transarterial chemoembolization
(TACE) is one of these treatment options. TACE
has been widely used since 1980 for unresectable
HCC with good results in several studies (4, 5),

and its positive impact on patient survival was
recently confirmed by a meta-analysis (6, 7). Since
Starzl’s first publications on LT in humans, hepatic
artery complications (HAC) have been recognized
as a factor of graft loss and death (8–10). HACs
may be due to a surgical technique, small diameter,
atherosclerosis, or bile leak, etc. (8–10). TACE is
also used as a down-staging treatment (2, 3, 7).
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TACE, applied directly in HA, may theoretically
damage it and be the cause of arterial complication
(11–14). However, no report has shown that TACE
is a risk factor for HAC.

The aim of this retrospective study was to evalu-
ate the relationship between preoperative TACE,
and the apparition of histological and radiological
HAC in patients transplanted for HCC.

Materials and methods

Study population

After IRB approval, all medical record files of 227
consecutive transplanted patients with whole grafts
between January 2009 and October 2012 were
reviewed.

We performed a retrospective study including all
consecutive patients with HCC who underwent LT
with or without TACE in our center. Seventy-six
patients with HCC were inserted on the waiting
list, but only 67 patients (60 males and seven
females) were finally transplanted.

The patients transplanted were divided in two
groups depending on whether they had TACE
before transplantation or not:

1. Group 1: with TACE (39 on waiting list and 32
were finally transplanted).

2. Group 2: without TACE (37 on waiting list and
35 were finally transplanted).

The mean age was 58.7 yr old (61.2 yr old in
group 1 vs. 59.7 in group 2). In group 2, 13 (37%)
patients had a radiofrequency thermoablation as a
bridge treatment. The patients did not undergo
transplantation because of the progression of the
HCC.

Both groups were similar regarding gender, age,
medical/surgical history, and cirrhosis etiology. Of
86.4% had a past medical history in group 1 vs.
87.5% in group 2, and 43% had previous abdomi-
nal surgery in group 1 vs. 36.3% in group 2
(Table 1). Among them, eight (25%, three right
and five left hepatectomies) patients in group 1 and
six (17%, three right and three left hepatectomies)
in group 2 underwent liver surgery for HCC before
LT.

In both groups, alcoholic liver disease and he-
patitic C virus infections were the main causes of
cirrhosis.

No statistical difference was reported between
groups concerning American Society of Anesthesiol-
ogy (ASA) and WHO performance scale (0 and 1).
More patients had WHO scale 2 in group 2 than in
group 1 (p = 0.005).

For cirrhosis severity, we had more CHILD A in
group 1 (p < 0.001) and more CHILD C in group
2 (p = 0.01). Mean model end-stage liver disease
(MELD) score was 9.72 in group 1 and 17 in group
2 (p < 0.001).
The hepatic artery (HA) anastomosis was per-

formed at the level of the recipient gastroduodenal
artery in 65 (97%) cases, and in two (3%), remnant
cases were performed with the recipient right HA
origin from the superior mesenteric artery.

Selection criteria

All patients affected by HCC were discussed at the
weekly multidisciplinary meeting.
TACE was performed in patients according to

Barcelona algorithm (15). The TACE procedures
were performed only in patients who do not match
the Milan criteria but within the University of Cal-
ifornia San Francesco (UCSF) criteria during the
waiting time period. LT was performed only in
patients within UCSF criteria (15).

Table 1. Recipient characteristics and cardiovascular risks

Parameters

TACE

(n = 32)

No TACE

(n = 35)

Total

(n = 67) p Value

Number 32 35 67

Age (yr) 59.87 57.71 58.74 0.23

Patient medical

history

24 28 52 0.91

Patient surgical

history

25 27 52 1.00

ASA 2 21 18 39 0.72

ASA 3 11 13 24 0.94

WHO scale 0 16 13 29 0.14

WHO scale 1 14 9 23 0.61

WHO scale 2 2 13 15 0.005

Alcohol 16 23 39 0.25

Virus 14 9 23 0.15

CHILD A 24 6 30 0.0002

CHILD B 5 12 17 0.25

CHILD C 3 17 20 0.007

Mean MELD 9.53 17.34 13.61 0.0001

AFP 62 (2–440) 52 (3–501) – 0.06

Gender (M/F) 28/4 32/3 60/7 0.57

TIPSS 3 5 8 0.46

Recipient cardiovascular risks

Arteriopathy 3 5 8 0.53

Hypertension 10 10 20 0.94

Diabetes 10 11 21 0.92

Dyslipidemia 3 5 8 0.08

Smoking 25 21 46 0.34

Smoking

discontinuation

15 11 26 0.34

ASA, American Society of Anesthesiology; WHO, World Health Organiza-

tion; MELD, model end-stage liver disease; AFP, alpha-fetoprotein (nor-

mal range under 5 ng/mL); M, male; F, female; TIPSS, transjugular

intrahepatic portosystemic stent-shunt; TACE, transarterial chemoemboli-

zation. Bold values indicate statistical significance (p<0.05).
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TACE procedure

Three different experienced interventional radiolo-
gists (≥50 procedures) performed all TACE proce-
dures. Conventional TACE and TACE with
drug-eluting beads were performed. Briefly, con-
ventional TACE was performed with an intra-
arterial injection of an emulsion of 40–60 mg of
doxorubicin (Pfizer, Vienna, Austria) in lipiodol
(Guerbet, Milan, Italy) followed by particle embo-
lization with an embolic agent (Bead Block;
Biocompatibles, Farnham, UK). TACE with drug-
eluting beads was performed with doxorubicin-
loaded beads (150 mg doxo per procedure, two
flacons 150–300 lm; DC Bead, Biocompatibles)
(5, 16–19).
In the TACE groups, selective or troncular

embolization of the HA branches feeding the
tumor was performed with a micro catheter
inserted in the femoral artery (micro catheter;
Progreat, Terumo, Leuven, Belgium). Emboliza-
tion was performed until stasis was achieved in
the second- or third-order branches of the right
or left HA (conventional TACE) or until hypo-
stasis was achieved (TACE with drug-eluting
beads).
Contrast-enhanced CT or MRI of the liver was

performed four to six wks after TACE to assess
the effect of embolization on the tumor. In patients
with a residual arterially enhancing tumor, another
TACE was repeated to treat the residual tumors
and any remaining tumor-feeding arteries. In
patients with complete tumor necrosis, contrast-
enhanced CT or MRI was repeated every
three months. In case of recurrence, and if the
patients still fulfilled the UCSF criteria, another
TACE was performed.
TACE was selective in 27 patients and troncu-

lar in five patients. All patients received doxoru-
bicin. Most of them (n = 20, 62.5%) had TACE
with drug-eluting beads. The mean number of
TACE was 1.56 (range: 1–3). The mean interval
between last TACE and LT was 4.1 months
(range: 1–16).

Surgical technique

All patients had an arterial anastomosis between
the proper HA (at the level of the stump of the gas-
troduodenal or the splenic artery) of the graft and
the recipient common HA (at the level of the gas-
troduodenal artery) (13). The recipient gastroduo-
denal artery was not ligated and the anastomosis
was performed with a running suture using poly-
propylene (Prolene suture; Ethicon Inc., Johnson
& Johnson, Sommerville, NJ, USA) 6/0-7/0-8/0

with the aid of 2.5 9 magnification surgical
loupes. When the right HA originated from the
superior mesenteric artery, vascular reconstruction
(aortic patch, splenic, or gastroduodenal artery)
was performed using a prolene 6–7/0 running
suture to obtain a single anastomotic patch. When
HA bifurcation (left and right branches) was low
and when an accessory left HA originated from the
left gastric artery, vessels were cut as short as
possible, but with conservation of a single patch to
easily perform the anastomosis. In addition, when
the caliber of the proper HA was inferior to 3 mm,
we preferred to cut the artery longer but at the
level of the gastroduodenal or splenic artery bifur-
cation to achieve a good-size anastomotic patch.
All the anastomoses were performed by experi-
enced transplant surgeons (≥50 liver transplant
procedures).

Postoperative management and radiological
assessment

After LT, all patients were hospitalized in intensive
care unit. They underwent Doppler ultrasound (D-
US) examination once a day for the first week and
twice a week the following month. Measurements
included the angle-corrected peak systolic and end-
diastolic velocities, the resistive index (RI), and the
systolic rise time. A qualitative assessment of the
hepatic arterial upstroke was made. Thereafter, the
patients were followed by monthly repeated echo
D-US and three monthly CT scan. After the first
year, the patients were followed by an echo D-US
four times per year and a CT scan two times per
year. Patients with abnormal D-US and clinical
findings underwent an angio-CT scan. We defined
radiologic HAC as the presence of abnormal anat-
omy of the arterial vascular imaging (presence of
stenosis, aneurysms, dissection, and thrombosis).
The angio-CT evaluated the arteriograms, the
presence of the arterial-portal venous shunting,
and the portal and supra-hepatic venous system
patencies.

Periodical blood test examinations (liver func-
tion tests, ALP, GGT, PT, INR) were performed
during the entire follow-up. When signs of biliary
complications (hepatic pedicle fluid collection or
bile ducts intrahepatic dilatation) were detected at
D-US or CT scan, MRI cholangiography and liver
biopsies were performed.

Patients with back-table arterial reconstruction
were not routinely placed on antiplatelet therapy,
unless the additional anastomosis involved vessels
with a diameter <3 mm. Patients undergoing arte-
rial thrombectomy (HA thrombosis during the first
15 postoperative days) were routinely placed on
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aspirin (100 mg p.o. daily) in the post-transplanta-
tion period once the graft showed signs of good
function and there was no evidence of bleeding.
Immunosuppression included a regimen of tacroli-
mus (Prograf; Astellas Pharma, Chertsey, UK) as
part of a dual or triple drug regimen with predni-
sone and mycophenolate mofetil (CellCept; Hoff-
man-LaRoche, Basel, Switzerland) (20).

Histological analysis

The policy of our center is to routinely perform
histological analysis of the native liver paren-
chyma and the hepatic pedicle, searching for
metastasis and other abnormalities the day after
LT. To conduct this retrospective study, all the
native liver sections were reviewed and checked
for arterial and biliary tree histological injuries.
The native liver arterial samples removed were
fixed in 10% formalin, embedded in paraffin, and
sectioned (5 lm) for hematoxylin and eosin stain-
ing. All analyses were performed by a single
experienced blinded pathologist. The histological
HA wall injuries were classified as follows: nor-
mal, edema, fibrosis, necrosis/thrombosis, and
dissection. Histology of the arterial wall was
compared with the liver parenchyma structure in
all cases.

Statistical analysis

The summary data are presented as median
(range) or mean. Differences between groups were
calculated by Fisher’s exact test for categorical
variables and the Mann–Whitney U-test for con-
tinuous variables. Patient and graft survival was
analyzed by the Kaplan–Meier method. The out-
come events were death and the presence of arte-
rial histological complications. Survival curves
were compared with the log-rank test. Statistical
significance was indicated by p values of <0.05.
Calculations were made with the SPSS statistical
software package (version 11.5; SPSS, Chicago,
IL, USA). All analyses were carried out by an
experienced statistician.

Results

Donor/recipient vascular risks

Donor/recipients vascular risks were similar in
both groups (Table 1). Indeed, there was no dif-
ference regarding arteriopathy, diabetes, hyper-
lipidemia, and tobacco addiction. Among
recipients, half of the smokers continued to
smoke after LT.

HCC characteristics

Mean age of HCC diagnosis was similar in both
groups: 59.36 vs. 57.33 yr in group 1 and group 2,
(p = 0.32; Table 2). However, there were more
patients within Milan criteria in group 2
(p = 0.03). The mean number of nodules at the
histological analysis of the native liver was 2.9 in
group 1 vs. 1.87 in group 2 (p < 0.001). The mean
alpha-fetoprotein (AFP) level in the group 1 was
of 62 (2–440), the mean AFP level in the group 2
was of 52 (3–501), and there was no a significant
difference (p = 0.06) in AFP levels between the two
groups.
The down staging was performed in 18.75% of

patients in group 1 within the UCSF criteria at the
pre-LT imaging. However, the histological analysis
of the native liver showed that the UCSF criteria
were fulfilled in only three patients.

Graft/donor characteristics

Grafts were similar in both groups regarding age,
cold ischemia time (CIT), and warm ischemia time

Table 2. HCC and hepatic artery characteristics based on native

liver histology

Parameters

TACE

(n = 32)

No TACE

(n = 35)

Total

(n = 67) p Value

Mean age at diagnosis 58 56.14 58.3 0.32

Nodule number 3.03 2.05 2.33 0.0007

Within Milan criteria 17 27 44 0.03

Within UCSF criteria 6 5 11 0.33

Beyond UCSFa 9 3 11 0.03

Tumoral necrosis (%) 86.25 NA – NA

Troncular HA histology

Normal 20 32 67 0.0124

Edema 3 2 5

Fibrosis 6b 1 7

Necrosis 1 0 1

Thrombosis 2 0 2

Segmental HA histology

Normal 0 28 28 0.001

Edema 32 6 38

Fibrosis 3 1 4

Necrosis 0 0 0

Thrombosis 5 0 5

Peritumoral histology

Normal 0 27 27 0.001

Edema 32 8 40

Fibrosis 0 0 0

Necrosis 19 0 19

Thrombosis 18 0 18

Ductal ischemia 32 0 32

NA, not applicable; HA, hepatic artery; UCSF, University of California San

Francisco; HCC, hepatocellular carcinoma; TACE, transarterial chemo-

embolization. Bold values indicate statistical significance (p<0.05).
aThese patients were found beyond the UCSF criteria only at the native

liver histology.
bIn one case, edema + fibrosis.
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(WIT). Mean age of donors was 49.8 yr in group 1
vs. 46.5 in group 2 (p = 0.53). Mean CIT was
429.2 min and 450.7 min in group 1 and 2, respec-
tively. WIT was 56.68 and 64.41 min in group 1
and 2, respectively.

Radiological postoperative arterial complications

Ten (14.93%) radiological HACs were observed
(US, CT scan) in total: seven (21.87%) in group 1
and three (8.57%) in group 2 (p = 0.02; Table 3).
There was one thrombosis in each group, six non-
thrombotic complications in group 1, and two in
group 2. The mean delay between the LT and the
radiological HAC appearance was 27.5 d (range:
1–210 d). All the radiological HACs were reported
at the anastomotic site.
The univariate analysis showed no relationship

between TACE and HA radiological complications
(p = 0.51). Table 3 summarizes the radiological
arterial complications, their management, and the
results.

Histology

Histological screening reported 12 hilar HA inju-
ries in group 1 and three in group 2 (p = 0.01;
Table 2, Fig. 1). Particularly, the pathologists
reported the following: three wall edema, five fibro-
sis, one edema + fibrosis, one hemorragic necro-
sis + thrombosis, two thrombosis in group 1; two
artery wall edema and one fibrosis in group 2
(Fig. 1). All these injuries were found isolated to
the arterial wall segment at the anastomotic site
(proper HA and/or at the right/left HA bifurcation
level [troncular lesions]). Inside the liver paren-
chyma, the arterial wall histology detected a severe
edema in all cases of group 1 and in six cases of

group 2 (p = 0.001). In five cases, a segmental
thrombosis was also found in group 1. The peritu-
moral histological analysis found a severe arterial
wall edema associated with thrombosis in all
patients undergoing TACE. Moreover, we found a
peritumoral bile ductal ischemic injuries in all
patients of group 1, but no common bile duct
lesions were noticed (Table 3).

Follow-up

The overall follow-up was 17 months (Table 4).
Medical complications occurred in 17 (53.2%)
patients in group 1 vs. 21 (60%) in group 2
(p = 0.32). Particularly, sepsis occurred in 9.4%
and 14.3% of patients, respectively (p = 0.12).
Acute rejection was observed in 13.6% and 12.5%
(p = 0.87), and biliary complications (leakage/ste-
nosis) in 13.6% and 20.8%, in group 1 and 2,
respectively (p = 0.45).

The overall surgical complications (minor and
major) were observed in 28% of patients in both
groups (p = 0.87). Two patients died in each
group, the mortality rates being 6.25% in group 1
and 5.71% in group 2 (p = 0.73). The cause of
death was the sepsis associated with multi-organ
failure in all cases. In our series, three of the four
deceased patients had artery complications, includ-
ing two in group 1 and one in group 2. Two of
them were histological complications, and one was
radiological.

Discussion

The aim of this study was to investigate the rela-
tionship between TACE before LT, and the devel-
opment of histological and radiological HACs in
patients with HCC.

Table 3. Groups 1 (TACE) and 2 (no TACE) radiological arterial complications after LT

Arterial complications Delays (d) Management Results

Group 1 (TACE)

Recipient arterial dissection 13 Reconstruction with autologous vein graft Good

Right hepatic artery stenosis 1 Monitoring Good

Rupture of the pseudoaneurysms 64 Reconstruction with autologous vein graft Death

Stenosis of the anastomosis 120 Monitoring Good

Arterial dissection 1 Monitoring Good

Thrombosis 21 End to end re-anastomosis Re-thrombosis

Post-anastomotic stenosis 49 Monitoring Good

Group 2 (no TACE)

Low RI at echo Doppler (stenosis) 2 Monitoring Good

Hepatic artery stenosis and

pseudoaneurysms

64 Reconstruction with autologous vein graft Liver abscesses

LFT: normal

Thrombosis 51 Reconstruction with autologous vein graft Good

RI, resistance index; LFT, liver function tests; LT, liver transplantation; TACE, transarterial chemoembolization.
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We found a statistical association between
TACE, and the radiological and histological arte-
rial wall injury.

In the past 25 yr, TACE has been widely used in
the treatment of HCC (3, 4, 7). However, this
radiological procedure may potentially cause vas-
cular lesions of the arterial wall (9, 11, 14).The
injury of the artery may be related to the presence

of the catheter inside the common HA for almost
one hour as well as in case of selective procedures
(14, 21). Furthermore, the drugs used may also
damage and weaken the vessel wall (20, 22, 23). All
these factors may contribute to increased risks of
arterial complications in patients undergoing
TACE after LT (24–26).
In our study, the pathologists reported differ-

ent grades of arterial wall injury such as edema,
fibrosis, necrosis, and thrombosis. We included
patients with liver dysfunction, which is often
associated with parenchymal fibrosis that usually
does not involve the arterial wall structure (27).
Therefore, this fibrosis which observed in the
arterial wall (media layer) may be related to the
exposure to TACE. Furthermore, none of these
arterial wall injuries were identified at the time
of TACE.
Richard et al. compared the prevalence of hepa-

tic arterial complications in 47 patients who under-
went TACE for HCC before LT. They concluded
that patients who underwent hepatic arterial che-
motherapy were not at increased risk of developing
HACs (28).
In the literature since now, only Lin et al.

showed that TACE is associated with a higher inci-
dence of dissection of the arterial intima. These dis-
sections of the intima may lead to severe
complications such as HA thrombosis and graft
loss. They concluded that these dissections after
chemoembolization could be a source of intraoper-
ative complications which can be avoided. Intraop-
erative recognition of these lesions and rigorous
dissection of the artery to a safe area would be the
key to a good anastomosis (14).
The radiological follow-up for the detection of

HAC was very aggressive in our series which
allowed picking up all vascular abnormality events
in the absence of liver dysfunction.
Recently, in the meta-analysis reported by

Bekker et al. (9), arterial thrombosis was a major
cause of graft loss (53.1%) and mortality (33.3%)
in the early postoperative period. In addition, the
frequent need for retransplantation is a burden
that adds to the problem of the number of grafts
which are already limited. Otherwise, the sequelae
of these complications are associated with an expo-
nential increase in health costs (9).
Our study is limited by the number of patients,

by its retrospective nature, and by the fact that it is
not randomized (selection bias). Moreover, the
ASA, CHILD, and MELD scores were different
between groups, representing other bias.
Our data show a good outcome of patients

undergoing TACE even in cases of very advanced
HCC.

A

B

C

Fig. 1. Different hepatic artery (HA) injuries in patients under-
going transarterial chemoembolization. Light microscopic
appearance of the arteries: edema (A); fibrosis (B); thrombosis
(C). (A) Original magnification 910: vascular injury with
edema in the intima. (B) Original magnification 920: arterial
wall thickened by accumulation of collagen in the intima. (C)
HA pseudoaneurysms (arrow) associated with thrombosis. In
the zoom area (bottom right), giant cells with residual chemo-
embolization agent (*).
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In conclusion, arterial complications of liver
transplants continue to be a source of mortality
and graft loss; therefore, it is necessary to minimize
any risk factors.
TACE is related to arterial histological and

radiological changes and therefore with a higher
risk of vascular complication. The risk of HCC
progression with patient dropout of the list should
balance the theoretical increased risk of vascular
complications.
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