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Introduction

Percutaneous catheter placement for hepatic artery infu-
sion chemotherapy (HAIC) allows high doses of drugs to 
be delivered to the liver with few systemic side effects. In 
patients with advanced hepatocellular carcinoma (HCC), 
HAIC with a portsystem provides a useful treatment option 
for patients who are not candidates for surgical resection, 
transcatheter arterial chemoembolization (TACE) or radi-
ofrequency ablation (RFA). Although Hammad et  al. [1] 
reported the excellent outcomes of living donor liver trans-
plantation for patients with advanced HCC, the ability to 
perform liver transplantation is limited by the low rate of 
organ donation in Japan [2].

Arai et al. [3] reported various techniques of percutane-
ous catheter placement. HAIC via a portsystem is associ-
ated with a number of potential clinical complications, 
including obstruction or stenosis of the hepatic artery, 
acute gastric or duodenal mucosal lesions, catheter dislo-
cation, infection of the port-catheter system, and bleeding 
around the portsystem [4–6]. In relation to the placement 
of a side-hole infusion catheter, there are two approaches: 
either insertion into the right/left hepatic artery (group 1), 
or insertion into the gastroduodenal artery (GDA) (group 
2) [3, 7]. The group 1 procedure involves the use of fewer 
coils because coil embolization around the tip of the cath-
eter is not necessary.

The purpose of this retrospective study was to evalu-
ate the complications encountered during hepatic arterial 
infusion chemotherapy (HAIC) and to compare the rates 
of the complications in patients in whom the catheter tip 
was inserted into the right/left hepatic artery with those in 
whom it was inserted into the gastroduodenal artery.

Abstract 
Purpose  To compare the complication rates associated 
with hepatic arterial infusion chemotherapy (HAIC) for 
unresectable hepatocellular carcinoma (HCC) using two 
different catheter tip locations, the right/left hepatic artery 
(group 1) and the gastroduodenal artery (group 2).
Methods  Between April 2001 and March 2015, 88 
patients (group 1, n = 36; group 2, n = 52) with unresect-
able HCC, underwent HAIC via a transfemorally placed 
infusion catheter. The incidence of complications related 
to catheter placement (including hepatic arterial occlusion, 
catheter dislocation, non-target embolization and port-
catheter system infection) as well as catheter patency and 
patient survival were evaluated.
Results  The technical success rate was 100%. The overall 
complication rate was 17% (15/88 patients). The specific 
complications were as follows: hepatic artery occlusion, 
n = 1 (group 2, n = 1), gastroduodenal ulcer, n = 6 (group 1, 
n = 2; group 2, n = 4); catheter dislocation, n = 1 (group 2, 
n = 1); port-catheter system infection, n = 3 (group 2, n = 3); 
and bleeding at the puncture site, n = 4 (group 1, n = 1; 
group 2, n = 3).
Conclusions  The complication rates in groups 1 and 2 did 
not differ to a statistically significant extent.
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Methods

Our institutional review board approved this retrospective 
study and waived the requirement for informed consent 
(R-0222). The two authors (R. I. and T. S.) reviewed the 
patients’ medical records retrospectively and evaluated the 
complications that were related to the port-catheter system, 
the total time of fluoroscopy, the total number of coils used 
in the initial procedure, the duration for which the port-
catheter system could be used, and the overall survival. The 
duration for which the port-catheter system could be used 
was defined as the period from the initial use of the port 
(for HAIC) until the end of its use. Overall patient survival 
was defined as the period between the date on which the 
port-catheter system was initially implanted and death or 
the last follow-up examination.

Patients

From April 2001 to March 2015, 88 patients underwent 
the percutaneous implantation of port-catheter systems for 
the treatment of unresectable HCC. Fiftythree of these 88 
patients had previously undergone TACE.

The implantation of the port catheter systems via the 
femoral artery was successful in all patients. In 36 (41%) 
patients, the side-hole infusion catheter was inserted into 

the right/left hepatic artery (group 1). In the remaining 
52 (49%) patients, the catheter was inserted into the GDA 
(group 2). The demographic data related to the procedures 
are listed in Table 1. There were no significant differences 
in the demographic data of the two groups.

Arterial evaluation and coil embolization

Before the implantation of a port-catheter system, the anat-
omy of hepatic arteries and all arterial branches supplying 
the stomach, duodenum, and pancreas was obtained using 
computed tomography angiography (CTA) or catheter 
angiography. We decided, based on the vascular anatomy, 
whether the tip of the infusion catheter should be inserted 
into either the right/left hepatic artery (group 1) or the gas-
troduodenal artery (group 2).

All of the procedures were performed under local 
anesthesia using 1% lidocaine (Xylocaine; Astra-Zeneca, 
Osaka, Japan). The femoral artery was accessed percutane-
ously by direct puncture, and a 4 Fr shepherd hook catheter 
(Terumo Clinical Supply, Tokyo, Japan) was inserted in the 
femoral artery to perform superior mesenteric and celiac 
angiography. Following angiography, coil embolization of 
the right gastric artery was attempted in all cases to prevent 
the development of acute gastric mucosal lesions during 
HAIC. In cases in which embolization of the right gastric 

Table 1   Patient characteristics Group 1 (n = 36) Group 2 (n = 52) p value

Gender 0.102
 Male 31 37
 Female 5 15

Age at port system placement 0.287
 Range 32–80 years 34–80 years
 Mean 68 years 66y

Barcelona clinic liver cancer staging classification 0.491
 Stage B 2 5
 Stage C 34 47

Portal vein tumor thrombosis 0.180
 Presence 28 46
 Absence 8 6

Arterial anatomy in patients without prior hepatec-
tomy (n = 71)

0.399

 Normal 23 33
 Variant 8 7

Type of variant arterial anatomy (n = 15)
 Accessory left hepatic artery 4 1
 Replaced right hepatic artery 3 6
 Multi-variant 1 0

Prior TACE for HCC 0.889
 Presence 22 31
 Absence 14 21
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artery was unsuccessful, we inserted the tip of the infusion 
catheter into the right/left hepatic artery, and the side hole 
of the infusion catheter was placed as far as possible from 
the origin of the right gastric artery to avoid the occur-
rence of acute gastritis. In the case of patients with variant 
hepatic arteries, including a replaced right hepatic artery 
originating from the superior mesenteric artery or an acces-
sory left hepatic artery originating from the left hepatic 
artery, the variant arteries were embolized to create a sin-
gle hepatic arterial inflow. Various pushable and detachable 
microcoils, such as Hilal (Cook, Bloomigton, IN), Tornado 
(Cook, Bloomigton, IN), C-stopper (Piolax, Kanagawa, 
Japan), Trufill DCS Orbit (Codman, Johnson & Johnson), 
Azur (Terumo, Tokyo, Japan), and Penumbra (Medico’s 
Hirata, Osaka, Japan), were used to perform embolization.

The placement of the infusion catheter

The tip of the infusion catheter was introduced into either 
the right/left hepatic artery (group 1) or the GDA (group 
2). In the patients of group 1, the side of the infusion cath-
eter was placed in the proper hepatic artery, to allow the 
drugs to infuse the whole liver through the side hole of the 
infusion catheter. In the patients of group 2, the side hole 
of catheter was located in the common hepatic artery. As 
stated above, the decision regarding the location of insertion 
(right/left hepatic artery vs. the GDA) was made according 
to the vascular anatomy of the patient. If the infusion cath-
eter could not be inserted into the GDA because the celiac 
artery descended steeply from the aorta, it was inserted as 
distally as possible into the right/left hepatic artery with or 
without coil embolization of the GDA (switch from group 
2 to group 1) (Fig. 1). In the patients of group 1, coil embo-
lization of the GDA was not performed when the location 
of the side hole of the implanted catheter meant that there 
would be long distance between the bifurcation of the GDA 
and the PHA. When the side hole of the infusion catheter 
was expected to be located close to the bifurcation of the 
GDA and the PHA, coil embolization of the GDA was per-
formed to prevent the anticancer drugs from flowing into 
the GDA. After the placement of the implanted catheter, 
contrast medium was injected via the infusion catheter to 
ensure that no contrast medium was refluxed to the pancre-
atic and duodenal area. In the patients of group 2, the tip of 
the catheter was implanted in the GDA with coils around 
it, and the side hole of the infusion catheter was placed 
in the common hepatic artery. A polyvinylpyrrolidone-
covered catheter with either a tapered tip (outer diameter 
of the proximal shift, 5  Fr; distal shift, 2.7/3.3/4  Fr) or a 
non-tapered tip (outer diameter of the proximal and distal 
shift, 5  Fr) (W spiral catheter, G spiral catheter; Piolax, 
Kanagawa, Japan) was inserted. If these catheters could not 
be inserted due to excessive tortuosity, a 2.7  Fr diameter 

co-axial catheter was inserted over a 5  Fr infusion shep-
herd hook catheter via the celiac artery (W spiral catheter, 
coaxial system; Piolax, Kanagawa, Japan). These infusion 
catheters contain spirallyarranged shaped-memory alloy 
within the tip. In the case of the 2.7 or 3.3  Fr-diameter 
catheters, the side hole was created for placement into the 
PHA or the common hepatic artery. The distance from the 
side hole to the tip of the catheter was determined based 
on the length of a micro-guide wire that was drawn from 
the intrahepatic artery or the PHA to the common hepatic 
artery. After confirming satisfactory hepatic perfusion and 
the lack of non-target perfusion with the injection of con-
trast medium via the infusion catheter, a subcutaneous port 
(Piolax, Kanagawa, Japan) was connected to the infusion 
catheter and flushed with heparin.

Hepatic arterial infusion chemotherapy

The HCC patients underwent chemotherapy with low-
dose cisplatin with 5-fluorouracil [8, 9]. One course con-
sisted of daily cisplatin (10  mg/day for 1  h) followed by 

Fig. 1   A 75-year-old man with advanced hepatocellular carcinoma 
who underwent HAIC. a The infusion catheter was inserted into the 
right hepatic artery after coil embolization of the posterior-superior 
pancreaticoduodenal artery and the GDA. b A proper hepatic angio-
gram performed with the injection of contrast medium via the port-
infusion catheter showed no reflux of the contrast media into the pan-
creaticoduodenal area
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5-fluorouracil (250  mg/day for 5  h on days 1–5). Three 
serial courses of HAIC were scheduled. When progressive 
disease (PD) was observed after the three courses, HAIC 
was discontinued and alternative treatments were sought. 
The catheter was flushed with 100 UI of heparin (10 ml of 
a solution of 10 UI/mL) before and after HAIC.

Complications

The complications associated with the implantation of a 
port-catheter system were categorized as hepatic artery 
occlusion, gastroduodenal ulcer (acute gastric or duodenal 
mucosal lesions), catheter dislocation, port catheter system 
infection, and bleeding at the puncture site.

When hepatic artery occlusion was suspected during 
HAIC, angiography was performed via the port system. 
In patients with hepatic artery occlusion, the administra-
tion of HAIC via the port was abandoned and an alterna-
tive treatment was selected. When patients suffered from 
abdominal pain, upper endoscopy was performed due to 
the possibility of gastric or duodenal ulcer (acute gastric or 
duodenal mucosal lesions). When acute gastric or duodenal 
mucosal lesions were diagnosed during the upper endos-
copy, celiac angiography was performed via the contralat-
eral femoral artery with a 4 Fr shepherd hook catheter. If 
the artery supplying the stomach or duodenum was visible, 
coil embolization of the artery was performed. When cath-
eter dislocation or migration was confirmed, the infusion 
catheter was withdrawn and a new catheter in a 2.7 Fr dis-
tal shaft was inserted in the right/left hepatic artery via the 
contralateral femoral artery. When a port-catheter system 
infection was suspected, the infusion catheter was removed 
and the patient was treated with antibiotics. If bleeding was 
observed at the puncture site, the infusion catheter was 
removed first, and the femoral artery was then surgically 
repaired.

Statistical analysis

The data were processed and the statistical analyses were 
performed using a commercially available software pro-
gram (MedCalc version 12.7.8.0; MedCalc Software, 
Ostend, Belgium). The incidence of technical complica-
tions in relation to the use of the port-catheter system was 
compared in groups 1 and group 2 using the Chi-square 
test. Quantitative variables were compared using the Mann-
Whitney U test. p values of <0.05 were considered to indi-
cate a statistically significant difference.

Results

The technical success rate was 100% (88/88 patients), and 
the overall complication rate was 17% (15/88 patients). 
The devices and the time of fluoroscopy are shown in 
Table 2. In group 2, the number of coils that were used for 
the placement of the initial port system was significantly 
greater (median, 12 coils) than that in group 1 (median, 7 
coils; p < 0.001).

The technical complications that led to the cessation of 
HAIC are shown in Table  3. Hepatic artery obstruction 
was observed in one (1.1%) of the 88 patients (group 2, 
n = 1; p = 0.405) at 301 days after the initiation of HAIC. 
This patient discontinued HAIC due to hepatofugal arte-
rial blood flow to the splenic artery and transcatheter arte-
rial infusion was performed. Thirty-one patients under-
went upper gastroduodenal endoscopy due to abdominal 
pain during HAIC—no gastric or duodenal ulcers were 
observed in 25 of these patients. In the other 6 patients, 
a gastroduodenal ulcer was endoscopically confirmed in 
6 (6.8% of the 88 patients; group 1, n = 2; group 2, n = 4; 
p = 0.698) at 8–62  days after initiation of HAIC (mean, 
27  days; median, 22  days). The six patients underwent 
celiac angiography. In three patients, newly appeared 

Table 2   The devices and 
fluoroscopic imaging time for 
port system placement

Group 1 (n = 36) Group 2 (n = 52) p value

Type of infusion catheter
 2.7 Fr tapered 12 0
 2.7 Fr tapered with 5 Fr non-tapered 12 0
 3.3 Fr tapered 8 0
 4 Fr tapered 3 32
 5 Fr non-tapered 1 20

Total number of coils in initial port system placement <0.001
 Range 0–30 coils 3–29 coils
 Median 7 coils 12 coils

Fluoroscopic imaging time during procedure (minutes) 0.587
 Range 8–99 min 15–148 min
 Median 41 min 38 min
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duodenal branches were noted and then embolized with 
microcoils (Fig.  2). In the other three patients, a patent 
right gastric artery was depicted on hepatic angiography—
embolization was then repeated with microcoils. HAIC was 
continued after the embolization of these vessels. Cath-
eter dislocation occurred in one patient (1.1%; group 2, 
n = 1) within 95  days after the initiation of HAIC. In the 
patient, the catheter was exchanged for a 2.7 Fr catheter, the 
tip of which was placed in the PHA. Port-catheter system 

infection occurred in 3 (3.4%) of the 88 patients (group 2, 
n = 3; p = 0.145) at 8–74 days after the initiation of HAIC 
(mean, 35 days; median, 22 days). In these cases, the infu-
sion catheter was removed and antibiotics were admin-
istered. In one of the three patients, a new catheter with 
a 2.7  Fr distal shaft was inserted into the PHA after two 
weeks of antibiotic treatment. Bleeding at the puncture site 
was observed in 4 (4.5%) of the 88 patients (group 1, n = 1; 
group 2, n = 3; p = 0.51) at 20–136 days after the initiation 

Table 3   The technical 
complications, duration of 
catheterization, and survival 
time

Group 1 (n = 36) Group 2 (n = 52) p value

Technical complications
 Hepatic artery occlusion 0 1 0.405
 Gastroduodenal ulcer 2 4 0.698
 Catheter dislocation 0 1 0.405
 Port-catheter system infection 0 3 0.145
 Bleeding at puncture site 1 3 0.510

Duration of catheterization (days) 0.696
 Range 4–413 days 4–990 days
 Median 61 days 47 days

Survival time from the date of a port 
system placement (days)

0.946

 Range 45–1220 days 7–3402 days
 Median 257 days 236 days

Fig. 2   A 40-year-old man 
underwent HAIC for advanced 
hepatocellular carcinoma 
extending into the inferior vena 
cava. A gastroduodenal ulcer 
was confirmed by upper gastro-
intestinal fibroscopy at 62 days 
after the start of HAIC. a A 
celiac angiogram showed tumor 
thrombus in the inferior vena 
cava (arrow). b The infusion 
catheter was inserted into the 
GDA after coil embolization of 
the RGA, right inferior pancrea-
ticoduodenal artery, posterior-
superior pancreaticoduodenal 
artery and GDA. c A celiac 
angiogram obtained one day 
after gastrointestinal fibroscopy 
showed the duodenal branch 
arising from the GDA (arrow). 
d The placement of additional 
microcoils in the proximal GDA 
resulted in the complete flow 
occlusion of the GDA and the 
duodenal branch
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of HAIC (mean, 60 days; median, 43 days). In two of the 
four patients, the infusion catheter was withdrawn and the 
femoral artery was surgically repaired. No significant dif-
ference was observed in the rates of technical complica-
tions in the two groups.

The median period of catheterization for HAIC was 
61 days in group 1, and 47 days in group 2 (p = 0.696). At 
the time of writing, 81 (92%) of the 88 patients have died; 
40 (49.4%) of the 81 patients received the best support-
ive care and 35 (43.2%) underwent transcatheter arterial 
infusion (TAI) using cisplatin. With regard to the other 6 
(7.4%) of the 81 patients, 4 patients received sorafenib and 
2 patients were included in a clinical trial. Seven (8%) of 
the 88 patients remained alive at the end of the follow-up 
period; 2 patients underwent hepatectomy after the reduc-
tion of HCC due to the efficacy of HAIC and 5 patients 
were continuing HAIC. The median survival time from 
the date of infusion catheter implantation was 257 days in 
group 1, and 236 days in group 2 (p = 0.946).

Discussion

The evaluation of the complications associated with a treat-
ment is necessary to understand its feasibility and good 
long-term durability. The Japan Clinical Oncology Group 
postoperative complications criteria (JCOG PC criteria) 
standardized the terms used to define adverse events, and 
provided detailed grading guidelines based on the Clavien-
Dindo classification system [10]. With regards to HAIC 
using a port-catheter system, HAIC was discontinued when 
major technical complications occurred. Barnett et  al. [4] 
reviewed 4580 patients who underwent HAIC and evalu-
ated the complications associated with port-catheter sys-
tems. They reported that hepatic artery occlusion occurred 
in 175 (7.8%) of 2256 patients in whom an infusion cath-
eter was inserted into the GDA with an implantable pump. 
Seki et al. [11] recommended that the infusion catheter be 
inserted into the GDA to avoid the mechanical stimulation 
of the vascular wall of the hepatic artery by the catheter tip. 
In their report, however, an end-hole catheter was inserted 
to the PHA or CHA without fixation of the catheter tip. 
Yoshioka et  al. [12] described their clinical experience 
with a side-hole infusion catheter with a spirallyarranged 
shaped-memory alloy within the tip. In our study, a side-
hole infusion catheter with a spiral-shaped tip was inserted 
into the peripheral hepatic arteries or the GDA in all cases. 
Hepatic artery occlusion occurred in one patient in whom 
a side-hole infusion catheter was inserted into the GDA 
after coil embolization of the replaced RHA. There was no 
significant difference in the rate of hepatic artery occlusion 
between our two groups. The use of a variety of catheter 
sizes might help to reduce the incidence of mechanical 

stimulation of the vascular wall of the hepatic artery by the 
catheter tip. Irrespective of the location of the catheter, the 
risk of hepatic artery occlusion might be low during HAIC, 
even after a three serial courses of HAIC.

A number of reports have indicated that the emboliza-
tion of the GDA, the branches of the GDA, and the RGA 
with microcoils can help to prevent the development 
of gastroduodenal ulcers (gastric or duodenal mucosal 
lesions) during HAIC with low-dose cisplatin and 5-fluo-
rouracil [13, 14]. Although we agree with these previous 
reports, in some cases, it can technically difficult to insert 
a micro-catheter into the RGA and perform embolization 
with microcoils due to the narrow diameter and the angles 
that are involved. Yamagami et al. [15] reported that the left 
gastric artery was an efficient route for the catheterization 
of the RGA. In cases in which coilembolization of the RGA 
could not be performed, we routinely selected to insert the 
infusion catheter with a side hole distal to the RGA into the 
right/left hepatic artery. In our study, gastroduodenal ulcers 
developed in two patients of group 1 and in one patient of 
group 2 even though sufficient embolization of the RGA 
and the GDA could be performed. Inaba et al. [13] reported 
that acute gastric mucosal lesions were endoscopically con-
firmed in 2.6% (5/192 patients) of patients with complete 
embolization of the RGA and the GDA—which was simi-
lar to our group 2. Despite the fact that all of the extrahe-
patic vessels were subjected to coil embolization during the 
placement of the initial port system, a small branch perfus-
ing the pancreaticoduodenal vascular bed might have reo-
pened in some cases. Acute gastric mucosal lesions should 
be ruled out when patients suffer from upper abdominal 
pain or nausea, even if the RGA and GDA were completely 
embolized during the placement of the initial port sys-
tem. Despite the higher number of coils that were used to 
induce vessel occlusion in group 2, the rate of acute gastric 
mucosal lesions in the two groups did not differ to a statisti-
cally significant extent.

Frederic et  al. [14] reported that the migration of 
the catheters did not occur in any of the patients (0/14 
patients) in group 1 when the infusion catheter was 
inserted into a segmental hepatic artery, while it occurred 
in 11% (7/64 patients) of group 2, in which the infusion 
catheter was fixed into the GDA. In our study, catheter 
dislocation only occurred in 1 (1.1%) of the 88 patients 
[1 (1.9%) of 52 patients in group 2]. The rate of cathe-
ter system migration in the two groups did not differ to 
a statistically significant extent. The improvement of the 
infusion catheter—by the use of spiral catheters—might 
have reduced the risk of catheter dislocation. In our one 
patient with catheter system migration, the catheter sys-
tems were successfully removed and new catheters were 
immediately inserted. When the infusion catheter was 
introduced from the femoral artery, there was no risk of 
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brain infarction due to the release of thrombi from around 
the tip of the catheter. Yamagami et al. [16] reported the 
procedure for removal of infusion catheter after insertion 
into the left subclavian artery. The removal of infusion 
catheters implanted into the femoral artery was reported 
to be easier and safer in comparison to catheters inserted 
through the left subclavian artery.

A previous report stated that infection occurred only 
in 4 (5.1%) of 77 patients who underwent the insertion 
of a port-catheter system via the femoral artery [17]. A 
previous report stated that a port-catheter system inserted 
via the femoral artery might be susceptible to infection 
because of its close proximity to the perineal region. It 
is important to use aseptic technique when accessing 
the implanted port-catheter system during the femoral 
approach. All of the patients in our study underwent cath-
eter insertion via the femoral artery, and port-catheter 
system infection occurred in 3 (3.4%) of 88 patients [0 
of the 36 patients in group 1 and 3 (5.8%) of 52 patients 
in group 2]. Although it was unclear why infections only 
occurred in group 2, one of the three patients with port 
infection was immunocompromised. In that patient, the 
port was difficult to implant inside a skin pocket due to 
significant weight loss.

Although there are some reports about the therapeu-
tic benefit of HAIC for advanced HCC, all of the reports 
were based on the original protocol [8, 9]. Ando et  al. 
[8] reported the efficacy of HAIC using low-dose cispl-
atin and 5-FU for 48 advanced HCC patients with por-
tal vein tumor thrombosis. In their report, the median 
survival time of 48 patients was 10.2  months (range 
1.9–76.9 months) during 1.8–8 (median 4) serial courses 
of HAIC. They mentioned that additional therapies might 
be an option for prolonging the survival of patients with 
residual tumors after HAIC. In our study, alternative 
treatments might have extended the life of patients who 
had tumor progression after three serial courses of HAIC.

This study was associated with several limitations. 
First, the study was retrospective in nature. Second, 
we did not investigate the possibility of asymptomatic 
patients with hepatic artery occlusion. Seki et  al. [11] 
noted that a lack of a routine CT/angiographic sur-
veillance might have led to the underestimation of the 
incidence of angiographic evidence of hepatic artery 
occlusion.

In conclusion, no significant difference was observed 
in the complication rates of the two groups in which dif-
ferent catheter tip locations (the right/left hepatic artery 
and the gastroduodenal artery) were used. Both tech-
niques are technically feasible for HAIC and are associ-
ated with low rates of complications. The results suggest 
that the technique can be selected based on the patient’s 
vascular anatomy.
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