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Catheter-tip fixation of a percutaneously
implanted port-catheter system to prevent

dislocation

Abstract The aim of this study was
to evaluate the incidence of catheter
tip dislocation in patients with per-
cutaneously implanted port-cathe-
ters for hepatic arterial chemother-
apy with catheter tip fixation. Forty-
seven patients (31 men and 16
women; mean age 66 years) with
unresectable advanced liver cancers
(primary liver cancer, n = 19; meta-
static liver cancer, n = 28) under-
went percutaneously implantable
port-catheter system placement with
the tip fixed at the gastroduodenal
artery with coils and side hole
opened at the common hepatic ar-
tery. In 39 patients, n-butyl cyano-
acrylate (NBCA) mixed with Lipi-
odol was added for fixation. The
position of the side hole after the
indwelling port-catheter system was
investigated, and the correction
method in cases with catheter dislo-

cation was determined. In 2 (25 %)
of the 8 patients without NBCA fix-
ation, dislocation of the catheter was
noted, in contrast to none (0% ) of
37 patients with NBCA fixation.
Two patients in whom NBCA was
used could not undergo long-term
intra-arterial chemotherapy because
of hepatic arterial thrombotic oc-
clusion which occurred after place-
ment of the indwelling catheter, and
were excluded from the evaluation.
Fixation of the catheter tip with
combined use of coils and
NBCA-Lipiodol mixture to the gas-
troduodenal artery is important to
prevent dislocation of the port-cath-
eter system.
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Introduction

Repeated hepatic arterial infusion chemotherapy via an
implanted port-catheter system has found widespread
acceptance as one therapy for patients with unresect-
able advanced liver malignancies [1, 2, 3, 4, 5, 6]; how-
ever, hepatic arterial occlusion, which is one of the most
frequent complications [6, 7, 8, 9], often interferes with
effective hepatic arterial infusion chemotherapy. In
previous non-randomized trials, the incidence of arterial
thrombosis in surgically placed port catheters as op-
posed to percutaneously placed ports has been contro-
versial. Although data from prospective, randomized
trials are missing, some studies indicate a higher rate of

thrombosis for percutaneous port-catheter insertion [10,
11]. One main cause of hepatic arterial occlusion is
considered to be thrombotic occlusion due to stimula-
tion of the vascular endothelium caused by movement
of the tip of the indwelling catheter located at the com-
mon or proper hepatic artery [11]. Recently, develop-
ment of methods to fix the distal tip of the indwelling
catheter [11, 12, 13, 14] has decreased the rate of hepatic
arterial occlusion [13], making long-term hepatic arteri-
al infusion chemotherapy using an implanted port-cath-
eter system inserted percutaneously possible [4, 11, 13].
Moreover, the problem of dislocation of the indwelling
catheter can also be resolved by fixing the distal tip of
the indwelling catheter [14]. However, paralleling the
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increase in our experience of implanting port-catheter
systems with the distal tip of the indwelling catheter
fixed, cases of dislocation, although few, have been seen.

In this paper we evaluate catheter dislocation after
fixation of the catheter tip with coils as opposed to fixa-
tion with coils and n-butyl cyanoacrylate (NBCA).

Materials and methods

During a 24-month period (from April 1998 to March 2000), 47 pa-
tients (31 men and 16 women; mean age 66 years, age range
41-83 years) with unresectable advanced liver cancers underwent
percutaneously implantable port-catheter system placement with
the tip fixed at the gastroduodenal artery with embolic agents and a
side hole opened at the common hepatic artery to administer he-
patic arterial infusion chemotherapy. Nineteen patients had prima-
1y liver cancers and 28 patients had metastatic liver cancers that
originated from colo-rectal cancer (n = 10), breast cancer (n = 6),
gastric cancer (n = 6), lung cancer (n = 3), pancreatic cancer (n = 1),
ovarian cancer (n = 1), and jejunal cancer (n = 1). In all patients,
diffuse or multiple (more than five) malignant lesions, or a few huge
malignant lesions, were seen in both the right and left lobes of the
liver, making surgical resection impossible. In addition, most pati-
ents had been administered systemic chemotherapy or other inter-
ventional treatments, only to develop intractable disease.

Procedures

Percutaneous placement of long-term indwelling catheters was
performed for frequent arterial infusion chemotherapy according
to the procedure of Arai et al. [12] as follows:

1. A 5-F catheter (Clinical Supply, Gifu, Japan) was inserted from
the left subclavian artery or a branch of the right femoral artery,
both of which were exposed surgically under local anesthesia,
and advanced to the common hepatic artery via the celiac artery.
In some cases a second 5-F catheter (Clinical Supply) was in-
serted via the femoral artery during the same procedure. Next,
celiac and/or common hepatic arteriography was performed to
delineate the precise anatomy.

2. A micro-catheter (Renegade-18, Boston Scientific, Watertown,
Mass.) was inserted coaxially, and then the posterosuperior
pancreaticoduodenal and right gastric arteries were embolized
with micro-coils (Diamond Coil, Boston Scientific) to prevent
infusion into adjacent organs of the chemotherapeutic agents.

3. Using the catheter-exchange method, an indwelling catheter
with a side hole was inserted with the tip into the gastroduodenal
artery approximately 5-10 cm from the bifurcation. The side
hole was placed into the common hepatic artery at a site just
proximal to the bifurcation where the gastro-duodenal artery
diverged. The location of the side hole was confirmed by test
injection of contrast material to keep a sufficient distance from
the celiac axis to prevent regurgitation of contrast material into
the left gastric artery and splenic artery.

4. The distal lumen of the indwelling catheter was occluded with a
1.2-cm micro-coil (Hilal Embolization Microcoils, Cook Eu-
rope, Bjaeverskov, Denmark) through a coaxial micro-catheter
(Renegade-18, Boston Scientific) advanced inside the catheter
beyond the created side hole.

5. The gastroduodenal artery was embolized with stainless steel
coils (Embolization Coils, Cook, Bloomington, Ind.) through a

second 5-F catheter (Clinical Supply) inserted via the femoral
artery, or with micro-coils (Diamond Coil, Boston Scientific)
through the micro-catheter inserted through the side hole of the
indwelling catheter coaxially to prevent catheter dislocation.
The number and size of the coils were decided according to the
speed of the blood flow and the diameter of the vessel lumen,
respectively. Embolization was performed until stasis of blood
flow in the gastroduodenal artery was confirmed.

6. After creating large comfortable curves in the aorta to give the
indwelling catheter some leeway to adjust, the proximal end of
the indwelling catheter was connected to a port system (Septum
Port, Sumitomo Bakelite, Akita, Japan), and the port was im-
planted in the subcutaneous space adjacent to the skin incision. A
polyurethane-covered catheter with tapered tip (the outer diam-
eter being 5-F in the shaft and 2.7-F at the tip, the inner diameter
being 0.035-in. in the shaft and 0.018 in. at the tip; Anthron P-U
catheter, Toray Medical, Tokyo, Japan) was used as the indwell-
ing catheter, and a side hole was created at the region where the
diameter was tapered by chipping the indwelling catheter using
small scissors after folding the indwelling catheter. The length
between the side hole and distal end of the indwelling catheter
was designed using a celiac arteriogram, and the redundant distal
part of the catheter tip was cut off using small scissors.

For fixation of the distal tip of the indwelling catheter, micro-coils
and/or stainless steel coils were used in all patients and in the final
39 patients after we had noted the effectiveness of NBCA to fix the
catheter tip, 0.5-1.5 ml of NBCA (Histoacryl-Blue, Braun, Mels-
ungen, Germany) mixed with Lipiodol (Laboratoire Guerbet,
Roissy, France) was added (Fig. 1). The way to mix them was as
follows: Firstly, NBCA was aspirated into a syringe, then Lipiodol
was aspirated into the same syringe after changing the syringe
needle, and finally the operator shook the syringe by hand. The
NBCA:Lipiodol ratio was 1:1.5-2.0. The volume and rate of the
NBCA and Lipiodol mixture were carefully regulated to prevent
overflow of NBCA into the hepatic arteries. A few seconds after
NBCA-Lipiodol was infused from the micro-catheter, the catheter
was promptly withdrawn to prevent fixation of the micro-catheter
tip in the artery. The selected access was the left subclavian artery
in 44 patients and a branch of the right femoral artery in 3 patients.

All patients were examined by digital subtraction angiography
and helical CT obtained after contrast material was infused via the
port to confirm the patency of the hepatic artery and good distri-
bution of the contrast material to the whole liver and to rule out
extra-hepatic infusion, 5-7 days after implanting the catheter-port
system and every 2-3 months thereafter. Informed consent from all
the patients and approval by the institutional ethical committee
were obtained before the start of the study.

Investigated parameters

In patients with indwelling catheters placed with the tip fixed to
the gastroduodenal artery, any movement of the implanted cathe-
ter side hole was investigated, and for cases with dislocation re-in-
tervention after this complication was examined.

Results

As of June 2000, 15 of 47 patients had died, the survival
period from the time of port-catheter-system placement
ranging from 2 to 15 months (mean 5.7 months). The
observation period of the 32 surviving patients from the
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Fig.1a,b A 66-year-old man with advanced hepatocellular carci-
noma. a Common hepatic arteriography before implantation of
port-catheter system. b Arteriography via the port obtained just
after implanting the port-catheter system shows that the indwelling
port-catheter system is precisely implanted percutaneously, and all
hepatic arterial branches are shown. The distal tip of the catheter is
fixed to the gastroduodenal artery with six micro-coils (large ar-
rows) and NBCA-Lipiodol mixture (black arrowhead). The distal
lumen of the indwelling catheter was occluded with a micro-coil.
Note that the right gastric artery (small arrow) and the posterosu-
perior pancreaticoduodenal artery (white arrowhead) are embo-
lized with micro-coils and that the right gastric artery is still visu-
alized at this time but 1 week later has disappeared on the arteri-
ography via the port

time of port-catheter-system placement ranged from 3
to 17 months (mean 8.8 months).

All patients were successfully implanted with the
port-catheter system. The mean required time for all
these procedures was 122 min (range 65-180 min). In
the first 8 patients the catheter tip was fixed with the use
of coils alone in the gastroduodenal artery, whereas in
the final 39 coils and NBCA-Lipiodol mixture were
used; however, hepatic arterial occlusion occurred in
2 patients, 10 days and 2 months, respectively, after
placement of the port-catheter system fixed with coils
and NBCA-Lipiodol. Despite attempts with various
thrombolytic methods, these hepatic arterial occlusions
could not be successfully treated. Both were right he-
patic arterial occlusions, although tumor lesions were
located mainly in the right lobe. Thus, further hepatic
arterial chemotherapy was not attempted. These 2 pati-
ents were excluded from the subjects for the evaluation
because follow-up digital subtraction angiography and
CT were not obtained after hepatic arterial occlusion.
Port-catheter occlusion was seen in no patients. The
complications caused directly by the interventional
procedures, other than hepatic arterial occlusion and
catheter dislocation, were minor.

In 2 (4.4%) of the evaluated 45 patients, dislocation
of the side hole of the implanted catheter was seen (Figs.
2, 3) and was noted at the time of the first digital sub-
traction angiography obtained after contrast material
was infused via the port performed within 1 week after
the placement of the port-catheter system in both cases.
In both patients the side hole had moved distally, and
there had occurred a re-canalization of the gastroduode-
nal artery because this artery was not occluded com-
pletely despite of implantation of coils. NBCA mixed
with Lipiodol was not used for the fixation of the catheter
tip in either case with catheter dislocation. Thus, in 2
(25 %) of 8 cases without fixation of the catheter tip at the
gastroduodenal artery with NBCA-Lipiodol, the side
hole moved in contrast to none of 37 patients with fixa-
tion using NBCA-Lipiodol. According to the statistical
analysis, dislocation of the side hole was seen at a signif-
icantly higher rate in the cases with fixation of the cathe-
ter tip without NBCA-Lipiodol (p < 0.01, chi-square test
for independence).

For the cases with dislocation of the side hole, re-in-
terventional procedure was performed as follows:

1. A 5-F hook catheter was inserted from the right
femoral artery.

2. The inserted catheter was wound to the indwelling
catheter while being pushed up proximally.

3. The side-hole position was confirmed to be re-locat-
ed in the common hepatic artery by test injection of
contrast material infused via the port. In 1 case, in
addition to these procedures, fixation of the indwell-
ing catheter tip at the gastroduodenal artery was
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added using 0.6 ml of NBCA-Lipiodol mixture
through the micro-catheter advanced through the 5-F
catheter, with the tip located at the celiac artery, co-
axially (Fig. 3). These re-interventions in cases with
catheter dislocation resulted in the ability to admin-
ister repeated hepatic arterial infusion chemotherapy
via the implanted port-catheter system at the outpa-
tient clinic in all cases, until the death of the patient
or to date in the currently surviving patients.

Fig.2a—c A 49-year-old woman with liver metastasis of breast
cancer. a Arteriography via the port obtained 5 days after correct
implantation of the port-catheter system shows that the side hole is
dislocated distally. As a result, the gastroduodenal artery is visual-
ized, and therefore the flow from the catheter toward the hepatic
artery is poor. b A 5-F catheter is inserted from the right femoral
artery and is wound to the indwelling catheter while being pushed
up toward the proximal site to correct the position of the indwell-
ing catheter (arrow). ¢ Arteriography via the port after re-inter-
vention shows all hepatic arterial branches and no branches of the
gastroduodenal artery

Discussion

Hepatic arterial infusion chemotherapy is one of the
treatments of choice for unresectable advanced liver
cancers, for which systemic chemotherapy or other in-
terventional therapies are not effective [1, 2, 3, 4]. In the
past, anti-cancer drugs were infused via a catheter with
its tip located at the hepatic artery via the gastroduode-
nal artery exposed at surgical laparotomy under general
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Fig.3a-d A 58-year-old man with advanced hepatocellular carci-
noma. a Arteriography via the port obtained 7 days after correct
implantation of the port-catheter system shows that the side hole is
dislocated distally and the gastroduodenal artery is visualized,
whereas visualization of the right hepatic branches is poor. Note
that the micro-coils inserted at the replaced right hepatic artery to
convert two hepatic arteries into a single vascular supply are seen
(arrows). b A 5-F catheter is inserted from the right femoral artery
and is wound to the indwelling catheter while being pushed up
proximally to correct the position of the indwelling catheter. Ar-

teriography via the port shows no visualization of the gas-
troduodenal artery. ¢ Superior mesenteric arteriography shows re-
canalization of the replaced right hepatic artery. d Arteriography
via the port obtained after correcting the indwelling catheter dis-
location and re-embolization of the replaced right hepatic artery
shows visualization of all hepatic branches and no extra-hepatic
arteries. The NBCA-Lipiodol mixture added to fix the indwelling
catheter tip through the micro-catheter coaxially advanced via the
5-F catheter, whose tip is located at the celiac artery, is seen (ar-
row)
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anesthesia [5, 6, 15]; however, the recent development of
interventional techniques has made it possible to implant
port-catheter systems percutaneously under local anes-
thesia [3,4,7,8,9, 10, 11, 12, 13, 14, 16, 17]. Thus, atten-
tion has come to be paid to hepatic arterial infusion che-
motherapy which can be performed repeatedly at the
outpatient clinic via a percutaneously implanted port-
catheter system for patients with advanced liver cancer
as one effective treatment from the point of view of pro-
longing normal-quality survival [2]. Prolongation of the
survival period and the actual improvement of quality of
life in patients undergoing this therapy are controversial
[1,2, 6]. Also in the present cases, the mean survival pe-
riod of the treated but already dead patients was short,
i.e., 5.7 months, whereas the mean observation period
from placement of the indwelling catheter of the surviv-
ing cases is relatively long (mean 8.8 months).

Among various methods to implant port-catheter
systems using interventional techniques [7, 8, 9, 10, 12,
16, 17], the procedure of Arai et al. [12] (which we em-
ploy), in which the distal tip of the implanted catheter is
fixed at the gastroduodenal artery and the created side
hole is precisely positioned at the common hepatic ar-
tery, is of advantage in performing long-term infusion
chemotherapy because the frequency of hepatic arterial
occlusion is low, occurring in only 5.3 % of 115 patients
[13]. Although a few reports of indwelling port-catheter
systems using other interventional procedures showed a
lower frequency of hepatic arterial occlusion [10, 16, 17],
the numbers of subjects in these reports were much
smaller than in that of Arai et al. [12]. According to Seki
et al. [11], hepatic artery patency was statistically higher
in the group in which port-catheter systems were im-
planted by Arai’s method than in that in which the cath-
eter tip was placed in the proper or common hepatic ar-
tery without fixation of the catheter tip. This result leads
us to speculate that one main cause of hepatic arterial
thrombotic occlusion is mechanical stimulation to the
vascular wall of the common or proper hepatic artery by
movement the catheter tip, if it is not fixed. However,
hepatic arterial occlusion due to other mechanisms, such
as chemical stimulation of anti-cancer drugs and foreign
body material with increased thrombogenicity, cannot be
prevented even with fixation of the catheter tip. Paral-
leling the increase in the number of cases in which he-
patic arterial occlusion is prevented, the therapeutic ef-

fect obtainable by repeated arterial infusion chemother-
apy for advanced liver cancers, especially for some types
of liver metastasis, has improved [3, 4].

To achieve such a good effect, long-term repetition of
infusion chemotherapy without difficulties related to the
port-catheter system, such as dislocation, is necessary. In
the most common interventional procedure, in which the
indwelling catheter tip is positioned in the proper or the
common hepatic artery, indwelling catheter dislocation
occurs at a relatively high rate (6-18 %) [7,10,16,17]. On
the other hand, the method which we chose is theoreti-
cally less subject to dislocation because the distal tip of
the catheter is tightly fixed to the gastroduodenal artery,
although in practice, dislocation of the side hole to the
distal site occurred in 4.4 % of cases in the present study.
The fact that dislocation was not seen in cases with the
catheter tip fixed with the combination of stainless coils
and NBCA-Lipiodol mixture, but only in those in which
the NBCA-Lipiodol mixture was not used, led us to
suggest that just after indwelling port-catheter place-
ment the shape of the catheter is changeable, and insuf-
ficient fixation of the catheter tip may promote its dislo-
cation. The present study also suggests that even if the
indwelling catheter dislocates, planned intra-arterial in-
fusion chemotherapy can be performed without problem
if the dislocation is corrected using comparatively easy
interventional techniques.

NBCA is widely used as a permanent embolic agent
especially in the field of intracerebral interventional ra-
diology including embolization of arteriovenous mal-
formation [18, 19]. By adding Lipiodol to the NBCA,
the embolized vessel can be visualized. And the adhe-
sion time can be flexibly adjusted according to the rate
of mixed Lipiodol.

The limitation of the catheter tip fixation technique
is the inability to safely withdraw the catheter. If either
the patient or the referring physician wants the catheter
to be retracted at some point during the follow-up or
after successful treatment of hepatic malignant lesions,
this is impossible.

In conclusion, although fixation of the catheter tip
with combined use of coils and NBCA-Lipiodol mix-
ture to the gastroduodenal artery was developed out of
consideration of the complication of hepatic arterial
occlusion, it has proved to be also useful from the
standpoint of prevention of catheter dislocation.
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