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Abstract

The purpose of this study was to prospectively compare
the efficacy and controllability of pushable coil and
detachable coil during embolization of gastroduodenal
artery (GDA) while performing percutaneous implanta-
tion of port-catheter system for hepatic artery infusion
chemotherapy. Fifty patients (M:F = 42:8, age: 31–
81 years) with advanced hepatocellular carcinoma
undergoing port-catheter system implantation were ran-
domized into pushable coil group and detachable coil
group. During catheter fixation, GDA was embolized as
close to the origin as possible. Success rate, number of
coils used, number of coils removed due to malposition
after deployment, time to occlusion, uncoiled GDA
length, pushability, and complications were compared.
Pushability was graded as no tension, slight tension, and
difficult to advance. Embolization was successful in 49
patients. One failure resulted from repeated regurgitation
of pushable coil into hepatic artery. Number of coils used
and removed coils, time to occlusion, and uncoiled GDA
length were 1–3 (mean 2.32), 5 coils in 3 patients, 4–
20 min (mean 8.00), and 0–15.0 mm (mean 3.36) in
pushable coil group, and 1–5 (mean 2.12), 2 coils in 2
patients, 2–15 min (mean 7.40), and 0–10.2 mm (mean
2.92) in detachable coil group, respectively, without sig-

nificant difference. Pushability was no tension (n = 24)
and slight tension (n = 1) in pushable coil group and no
tension (n = 16), slight tension (n = 7), and difficult to
advance (n = 2) in detachable coil group. One hepatic
artery dissection occurred in the failed case during coil
removal. Pushable coils and detachable coils had similar
efficacy and controllability during GDA embolization,
although there was a trend favoring detachable coil.
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Since the first introduction of Gianturco coil [1], various
coils have been introduced and are in use for transcath-
eter embolization of vascular lesions. There are two
systems of coil deployment, which are pushable coil and
detachable coil. The pushable coil has the advantage in
cost-effectiveness and is simple to use, but has the dis-
advantage that the coil cannot be retrieved once
deployment has begun. When deployed inappropriately,
the coil has to be removed. On the contrary, the
detachable coil has the advantage that the coil can be
retrieved when inappropriately placed. The interlock
IDC coil (Boston Scientific, Natick, USA) is a platinum
coil with thrombogenic fibers, which has mechanical
detachable system. Embolization of GDA, vascular
communications in congenital heart disease, and renal
AVM using the interlock IDC coil has been reported
[2–4].Correspondence to: Sung II Park; email: astarte@yuhs.ac
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Hepatic artery infusion chemotherapy using the per-
cutaneously implanted port-catheter system is one of the
last resort treatments for unresectable, advanced hepa-
tocellular carcinoma [5–8]. During implantation of the
port-catheter system, the catheter tip is commonly
inserted into the gastroduodenal artery (GDA) followed
by coil embolization of the GDA for stabilization of the
catheter [9–11].

The purpose of this study was to prospectively com-
pare the efficacy and controllability of the detachable coil
(interlock IDC coil; Boston Scientific) and the pushable
coil (micro-nester coil; Cook, Bloomington, USA) during
embolization of GDA while performing percutaneous
implantation of port-catheter system for hepatic artery
infusion chemotherapy.

Materials and methods

Patient population

This prospective study was approved by the institutional
review board, and written informed consent for the
procedure and enrollment in the study was obtained
from all patients. All procedures performed were in
accordance with the guidelines of the institution.

From December 2011 to November 2012, 50 patients
with unresectable, advanced hepatocellular carcinoma
undergoing percutaneous port-catheter implantation for
hepatic artery infusion chemotherapy were randomized
into pushable coil group and detachable coil group using
permuted block randomization, and were enrolled in the
study. On referral of percutaneous port-catheter system
implantation, the study was explained to the patient on
the day before the procedure. On the day of procedure
when the patient was willing to participate in the study,
written informed consent was obtained. The results of
permuted block randomization were not informed to the
operator until the GDA was selected for embolization.
Only after selection of the GDA using a microcatheter,
the operator was informed of which coil to be used for
embolization of GDA. In all patients, only the coils
determined by the permuted block randomization were
used. The patients were 42 men and 8 women with ages
ranging from 31 to 81 years (mean 58.0 ± 11.8 years).

Criteria for inclusion in the study were any patient
over 20 years of age undergoing percutaneous hepatic
artery port-catheter implantation for unresectable, ad-
vanced hepatocellular carcinoma. Exclusion criteria were
patient who cannot give permission or refuse to be en-
rolled in the study, previous history of hepatic surgery,
significant hepatic artery variation on CT/MRI, port
catheter fixation in artery other than GDA or its bran-
ches, reversed flow in the GDA, and Child-Pugh class C
patients. During the case collection period, 85 patients
were excluded, and were due to the significant hepatic
arterial variation and/or previous history of hepatic
surgery in 52, reversed flow in GDA in 25, the patients’

refusal in 6 patients, and Child-Pugh class C in 2
patients.

Procedure of percutaneously port-catheter
system implantation

All procedures of percutaneous port-catheter system
implantation were performed in the angiography suites
by one interventional radiologist to minimize any possi-
ble inter-operator bias. The procedures were performed
as follows:

1. After sterile preparation, the femoral artery was
accessed under ultrasonography guide, and a 5F
angiography catheter (Yashiro; Terumo, Tokyo,
Japan or RH-R; Cook) was inserted. All patients
underwent angiography of superior mesenteric artery,
celiac artery, hepatic artery, and any possible extra-
hepatic collateral artery for road mapping of the
feeders of hepatocellular carcinoma.

2. When present, a microcatheter was inserted coaxially,
and transcatheter arterial chemo-embolization was
performed for extra-hepatic collateral feeders of the
main tumor.

3. Non-hepatic arterial branches originating from the
hepatic artery were also embolized using Vortex coils
(Boston Scientific) or Tornado coils (Cook) of
appropriate size.

4. Percutaneous implantation of the port-catheter sys-
tem (Healthport LP set; Baxter Healthcare, Deerfield,
USA) was performed immediately after angiography
and/or chemo-embolization. According to the celiac
and common hepatic angiograms, location of the tip
of the port catheter was determined: in the GDA, a
branch of GDA or gastroepiploic artery. A side-hole
was made using a sterile scissor so as the side-hole was
located at distal common hepatic artery.

5. A 0.035 inch hydrophilic guide wire (Radiofocus;
Terumo) was used to select the artery in which the tip
of the port catheter was determined to be placed, and
the angiography catheter was exchanged to the port
catheter. The port catheter was positioned so as the
side-hole was located at distal common hepatic artery.

6. A microcatheter was inserted coaxially, and was
passed through the side-hole of the port catheter. The
GDA was selected and was embolized using either the
micro-nester coil (Cook) or the interlock IDC coil
(Boston Scientific), as predetermined by the permuted
block randomization. The diameter of the coil used
was determined as 100–150 % of the diameter of
GDA.Coil embolization was performed so as the
proximal-most location of the coil mass was located
as close to the origin of the GDA as possible (Fig. 1).
To confirm occlusion of GDA, the microcatheter was
retrieved to the proximal-most level of the coil mass
and angiography was performed. When flow in the
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GDA decreased, angiography was repeated in 1 min
interval until occlusion. When flow in the GDA per-
sisted without change, additional coiling was per-
formed. Coiling was repeated until complete occlusion
of GDA was confirmed by angiography.

7. The proximal segment of the port catheter was
embedded in the subcutaneous tunnel, and surplus
length of the catheter was cut off. Then the port
catheter was connected to the port chamber, which
was implanted in the subcutaneous fat layer of
abdominal wall. Port-catheter angiography was per-
formed to confirm final location of the side-hole.

Definition and statistics

Technical success was defined as successful implantation
of the port-catheter system for hepatic artery infusion
chemotherapy with occlusion of the GDA by coil
embolization.

The success rate and complications were compared
between the two groups. The angiograms were reviewed
and analyzed to compare the pushable coil group and
detachable coil group with parameters of number of coils

used for occlusion of GDA, number of coils removed
after deployment due to regurgitation into the hepatic
artery, time to occlusion of GDA, the shortest distance
from origin of GDA to proximal-most part of the coil
mass, and pushability of the coil. Pushability of the coil
was measured in 3 grades of no tension, slight tension,
and difficult to advance. The one interventional radiol-
ogist who performed the procedures graded the push-
ability immediately after the procedure. Angiograms
obtained during needling the port-catheter system for
chemotherapy and medical records were reviewed for
evaluation of follow-up results of the port-catheter sys-
tem and clinical results of treatment. Survival rates were
obtained by Kaplan–Meier survival analysis. All statis-
tics were performed using SPSS 22.0 for windows (SPSS
Inc, Chicago, USA). The parameters were compared
using v2 test. Mean values are provided as mean ± SD.

Results

Coil embolization was successful in 49 patients, in 24
patients (96 %) in the pushable coil group and in 25
patients (100 %) in the detachable coil group. One failure

Fig. 1. Images of a 78-
year-old male with
hepatocellular carcinoma in
right lobe of liver. A Portal
venous phase image of
contrast-enhanced CT
reveals the large
hepatocellular carcinoma
replacing near entire right
lobe of liver with tumor
thrombosis in right portal
vein. B Common hepatic
arteriography reveals the
huge hypervascular tumor
staining. C Spot radiography
obtained after embolization
of the gastroduodenal artery
using interlock IDC coil. The
tip of the port catheter is
located within the distal
gastroepiploic artery. D
Final port-catheter
angiography reveals the coil
embolized to the level of
origin of gastroduodenal
artery.
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resulted in the pushable coil group due to continuous
regurgitation of the coil into the hepatic artery (Fig. 2).

The results comparing pushable coil and detachable
coil are provided in Table 1. There was no statistically
significant difference between the pushable coil and
detachable coil in the number of coil used for emboli-
zation, time to occlusion of GDA, and the length of
uncoiled segment of GDA, although there was a trend
favoring detachable coil. During the procedures, 5 coils
in 3 patients of the pushable coil group and 2 coils in 2
patients of the detachable coil group were removed using
micro-snare due to regurgitation into the hepatic artery
after deployment. The pushability of the pushable coil
was no tension (n = 24) and slight tension (n = 1),
whereas the pushability of detachable coil was no tension

(n = 16), slight tension (n = 7), and difficult to advance
(n = 2). One complication of hepatic artery dissection
occurred in the failed patient with coil regurgitation into
the hepatic artery during removal (Fig. 2).

The patients underwent 0 to 15 sessions (mean
5.7 ± 3.8) of intra-arterial chemotherapy after 0 to 15
sessions (mean 5.1 ± 4.0) of port needling and follow-
up angiography in the angiography suite. Follow-up
angiograms revealed mild port catheter migration but
with maintained main flow to the liver in 4 (16 %),
port occlusion in 1, and recanalized GDA flow in 1
patient in the pushable coil group, and mild port
catheter migration in 1, port occlusion in 1, and he-
patic artery occlusion in 1 patient in the detachable
coil group.

Fig. 2. Images of a 60-
year-old male with
hepatocellular carcinoma in
left lobe of liver. A, B Portal
venous phase images of
contrast-enhanced MR
reveal the hepatocellular
carcinoma in left lateral
segment with tumor
thrombosis in left portal vein
and bile duct invasion. C
Image obtained during
embolization of
gastroduodenal artery using
micro-nester coil. The
proximal segment of the coil
continuously regurged back
into the hepatic artery, and
was removed. Dissection of
the proper hepatic artery
occurred during removal. D
Follow-up angiography after
port-catheter system
implantation via left
subclavian artery reveals
dissection in the proper
hepatic artery, occluding
right hepatic artery.

Table 1. Results comparing pushable coil and detachable coil

Pushable coil Detachable coil P value

Number of coil used (ea) 1–3 (2.32 ± 0.56) 1–5 (2.12 ± 0.83) 0.191
Time to occlusion of GDA (min) 4–20 (8.00 ± 6.62) 2–15 (7.40 ± 3.38) 0.125
Distance from GDA origin (mm) 0–15 (3.36 ± 3.38) 0–10.2 (2.92 ± 2.48) 0.548

Numbers in parenthesis are mean ± SD
P values in v2 test

598 S. I. Park et al.: Hepatic artery infusion chemotherapy



In 5 patients, complete remission could be achieved
after down staging and hepatic resection in 4 and liver
transplantation in 1 patient, although 1 patient expired
during follow-up due to sepsis. In 11 patients with clin-
ically stable disease, 1 patient is still under treatment, 8
patients expired due to complications of cirrhosis, 1
patient expired due to pneumonia, and 1 patient was
transferred to other institution for treatment. In 34
patients with clinically progressed disease, 2 patients are
still under treatment, 30 patients expired due to pro-
gression of the hepatocellular carcinoma, and 2 patients
expired due to sepsis. The 6-month and 1-year survival
rates were 76 % and 43.5 %, respectively.

Discussion

Coil embolization is one of the essential interventional
procedures in treatment of various vascular lesions
including embolization of injured vessel by trauma,
arteriovenous fistula and malformation, congenital vas-
cular lesion, and aneurysm of various organs. Along with
n- butyl cyanoacrylate glue, coil is also one of the most
commonly used embolic materials while performing
percutaneous implantation of port-catheter system for
hepatic artery infusion chemotherapy.

During percutaneous implantation of port-catheter
system, the tip of the indwelling catheter is fixed in a
branch artery to lower the rate of catheter dislodgement
and hepatic artery obstruction [9–11]. Use of the micro-
nester coil in catheter fixation during port-catheter
implantation has been reported [12]. Using the micro-
nester coil, the mean number of coils used for fixation
could be decreased from 4.2 to 2.5, and use of n-butyl
cyanoacrylate-lipiodol glue could be decreased consid-
erably. In our study, the mean numbers of coil used were
2.32 ± 0.56 in the micro-nester coil group, and
2.12 ± 0.83 in the interlock IDC coil group, without
using n-butyl cyanoacrylate-lipiodol glue. Occlusion of
GDA could be obtained with comparable number of
coils used, but without additional glue embolization. In
our study, the coils were positioned as close to the origin
of GDA as possible, which may have increased the
packing density and subsequently resulted in GDA
occlusion with similar number of coils without adding
glue embolization.

The GDA should be occluded as close to the origin as
possible to prevent recanalization of the GDA [13] and to
prevent flow of the chemotherapeutic agent to the pan-
creaticoduodenal branches. Recanalization of the GDA
after coil embolization occurred in over 20 % of patients
undergoing percutaneous port-catheter system implan-
tation or 90Y radioembolization [13]. In these patients,
mean distance from origin of GDA to the proximal-most
coil mass was 12.6 mm in the recanalized group, whereas
it was 9.6 mm in the occluded group. Mean distance

from the origin of GDA to proximal-most coil mass of
3.36 ± 3.38 mm in the micro-nester coil and
2.92 ± 2.48 mm could be achieved in our study by
intentionally coiling as close to the origin of GDA as
possible. Although the distance from the origin of GDA
to the coil mass was sufficiently short in both groups to
prevent recanalizaton, and the difference was statistically
insignificant, there was a trend favoring the interlock
IDC coil as repositioning of the coil was possible.

The interlock IDC coil is a mechanically detachable
coil by interlocking arm mechanism which can provide
controlled delivery. The position of the coil, stability,
and packing density can be controlled during the
deployment procedure by repeated retrieval and reposi-
tioning, until optimally positioned. The interlock coil is
potentially a useful device when precise positioning of
the coil is required. Although our study failed to prove
statistically significant benefit compared to the micro-
nester coil, there was a trend favoring the interlock IDC
coil in the number of coils required for occlusion, time to
occlusion, and precise positioning of the coil.

Although with some advantages, the interlock IDC
coil also has some disadvantages. Unless the interven-
tional radiologist is familiar with the other detachable
coils which are commonly used in neurointerventional
procedure, some learning curve is anticipated. Secondly,
as the introducer sheath of the coil is tapered to avoid
premature deployment, the tip of the introducer sheath
may collapse when tension is given toward the hub of the
microcatheter. As a result, the interlock IDC coil may
not advance into the microcatheter. Thirdly, the coil and
the delivery wire were relatively rigid and difficulty in
advancing the coil through the microcatheter was occa-
sionally encountered as in two of the cases in detachable
coil group of our study. Subsequently in cases when
acute angulation of the celiac artery was anticipated, the
5F angiography catheter was advanced to distal common
hepatic artery to overcome the rigidity. And lastly, the
relatively higher cost is another disadvantage of the
interlock IDC coil. The list price of the micro-nester coil
suggested by the manufacturer is $145, where as the list
price of the interlock IDC coil ranges $400 to $1,150
according to the length of the coil. Including the coils
retrieved due to inappropriate positioning after deploy-
ment, the cost of coils used for the patients included in
our study ranged $145 to $435 (mean $319 ± 72.5) in the
micro-nester coil group, whereas the cost ranged $400 to
$3,000 (mean $1,168 ± 518.6) in the interlock IDC coil
group.

In conclusion, the micro-nester coil and the interlock
IDC coil were similar in the number of coils required for
occlusion, time to occlusion, and precise positioning of
the coil, although there was a trend favoring detachable
coil. Detachable coil has the merit of easy retrieval when
coil position is inappropriate and avoid unnecessary re-
moval procedure.
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