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INTERVENTIONAL

Value of Micronester coils in port-catheter
implantation for continuous hepatic arterial
infusion chemotherapy with fixed catheter

tip method

Abstract To retrospectively evaluate
the use of Micronester coils in port-
catheter implantation with the fixed
catheter tip method in comparison with
other previously used coils. The cohort
of this study was 143 consecutive
patients with unresectable

advanced liver cancer for whom a port-
catheter system was percutaneously
implanted. In the most recent 32
patients, Micronester coils were used
for catheter tip fixation. Details of
embolic agents for fixation, persistent
blood flow beyond the distal end of the
indwelling catheter, and complications
were compared between cases without
and with Micronester coils. In all,
percutaneous port-catheter placement
was successful. Mean number of coils
used for fixation was 4.2 without
Micronester coils vs. 2.5 with Micro-
nester coils. N-butyl cyanoacrylate

Introduction

(NBCA)-Lipiodol was additionally
used for catheter tip fixation in 85.6%
of 111 procedures without Micronester
coils and in 50% of 32 using Micro-
nester coils. The gastroduodenal artery
beyond the distal end was not detected
at the final examination after any
procedure. Catheter dislocation oc-
curred in five and hepatic arterial
obstruction or severe stenosis in eight.
The number of coils used and necessity
of NBCA-Lipiodol could be decreased
with usage of Micronester coils with-
out decreasing fixation ability com-
pared to other coils.

Keywords Arteries - Therapeutic
blockade - Catheters and
catheterization - Technology -
Chemotherapeutic infusion - Liver -
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Long-term hepatic arterial infusion chemotherapy (HAIC)
via an implanted port-catheter system is well known as a
last-resort treatment for unresectable advanced liver cancer
[1, 2]. In the past, such catheter placement was done by
surgical laparotomy under general anesthesia [3-6],
making this an invasive procedure. However, recent
advancements in interventional radiological techniques
allow the less invasive implantation of port-catheter
systems, that is, percutaneous implantation under local
anesthesia [7-14].

Among various methods to achieve such implantation
using interventional radiological techniques [7-19],
implantation with the fixed catheter tip method [7, 8,

15-21] is advantageous from the standpoint of prevent-
ing catheter dislocation and hepatic arterial obstruction
[7, 8, 16, 17, 21].

Most recently in our institution, after Micronester coils
(Cook, Bloomington, IN) that provide immediate cross-
sectional vessel occlusion when “nested” into a densely
packed coil mass [22] became commercially available, we
have used these coils in addition to other coils to fix the
catheter tip to the gastroduodenal artery. This strategy was
employed to simplify the procedure, to reduce the number
of used coils, and to fix the catheter tip more strongly.

In the present study, we retrospectively evaluated the
feasibility and usefulness of Micronester coils in port-
catheter placement with the fixed catheter tip method in
comparison with other previously used coils.
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Subjects and methods
Patients

The cohort of this study was 143 consecutive patients
(88 men and 55 women; mean age, 64.5 years; range,
23-84 years) with unresectable advanced liver cancer
for whom a percutaneously implantable port-catheter
system with the catheter tip fixed at the gastroduodenal
artery was placed between February 2002 and February
2006. Sixty-four had primary liver cancer, and 79 had
metastatic liver cancer that originated from colo-rectal
(n=53), breast (n=9), gastric (n=4), gallbladder (n=3),
pancreatic (n=3), lung (n=2), duodenal (n=1), anal
(n=1), esophageal (n=1), uteral (n=1), and jejunal cancer
(n=1). All patients had diffuse or multiple (more than
five) malignant lesions or a few huge malignant lesions in
both the right and left lobes of the liver, making surgical
resection impossible. Most of these patients had been
administered systemic chemotherapy or other interven-
tional treatments, only to develop intractable disease.

Approval was obtained from the institutional ethics
committee before the start of this study. All procedures
were performed after the patient provided written informed
consent. The consent form included permission to use
records, images, and data for research purposes.

Preparation prior to implantation of the port-catheter
system

As the first step in port-catheter implantation, or the day
before port-catheter implantation, arteries were embolized
for two purposes with micro-coils (Diamond Coil, Boston
Scientific, Watertown, MA; Trufill, Cordis, Miami, FL, or
Tornado Coil, Cook, Bloomington, IN). One purpose was
to prevent infusion of anticancer drugs into extra-hepatic
adjacent organs during HAIC and the other was to allow
perfusion of the entire tumor-bearing region from one
catheter. Arteries embolized for these two purposes are
described below.

For the first purpose, in all patients, all angiographically
demonstrated branches that supplied blood to extra-hepatic
adjacent organs (i.e., stomach, duodenum, and pancreas)
and that arose from any segment in the hepatic artery
beyond the projected side hole opening in the common
hepatic artery were embolized with the exception of the
gastroduodenal artery and the right gastroepiploic artery
into which the tip of the indwelling catheter would be
inserted. Examples of such arteries are the right gastric or
the dorsal pancreatic arteries (Fig. 1a).

With regard to the second purpose, in patients with
two or more hepatic arteries, these arteries were
converted into one hepatic artery. To accomplish this,
all hepatic arteries were embolized with the exception of
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Fig. 1 A 70-year-old woman with advanced hepatocellular carci-
noma in whom port-catheter was placed with fixed catheter tip
technique using Micronester coils. a Celiac arteriography shows
sufficient embolization of the right gastric artery (arrow) and
supraduodenal artery (arrowhead). b Roentgenogram shows that a
micro-catheter (arrows) is being advanced over a micro-guide wire
(arrowhead) already positioned with its tip in the right gastroepiploic
artery. Note that the micro-catheter is coaxially advanced from a 5-
French catheter (small arrowheads) inserted from the left subclavian
artery. ¢ Arteriography obtained from the indwelling catheter with a
side hole, which was advanced to the planned position after
exchanging previously inserted 5-French catheter and micro-catheter
with an indwelling catheter, confirms that the side hole (arrow)
opens to the common hepatic artery. All intrahepatic arterial
branches are visualized. d Roentgenogram shows that the tip of
the micro-catheter (arrow) and micro-guide wire is advanced
through the second 5-French catheter inserted from the left
femoral artery with its tip in the common hepatic artery
(arrowhead). e Arteriography via the port obtained just after
putting micro-coils in the gastroduodenal artery outside the
indwelling catheter shows hepatofugal blood flow beyond the
distal end of the indwelling catheter (thick arrows) at this stage.
Note that three Micronester coils (arrows) and the NBCA-Lipiodol
mixture were put in the gastroduodenal artery. f Arteriography via
the port obtained just after implanting the port catheter system
shows that the indwelling port-catheter system has been precisely
implanted percutaneously and hepatofugal blood flow beyond the
indwelling catheter tip has disappeared
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the hepatic artery from which the gastroduodenal artery
diverged. Care was taken to embolize vessels distal to
any extrahepatic branches of the aberrant hepatic artery
and proximal to the first bifurcation of the intrahepatic
segment of the aberrant hepatic artery. Hepatic arterial
flow would then be redistributed to allow complete
hepatic coverage via a single infusion catheter that was
inserted into the hepatic artery from which the gastro-
duodenal artery arises. The most common example of
such cases was a replaced hepatic artery arising from
the superior mesenteric artery and the common hepatic
artery arising from the celiac artery. In such a situation,
the replaced right hepatic artery was embolized to
convert two hepatic arteries into one common hepatic
artery.

Implantation of port-catheter system

Percutaneous placement of long-term indwelling cathe-
ters was performed for frequent HAIC. Indwelling
catheter was inserted from a branch of the Ileft
subclavian artery (n=131), commonly the thoracic-
acromial artery, or the femoral artery (n=12) under
local anesthesia. With catheter implantation, the tip of
the catheter was positioned in the gastroduodenal artery,
and embolic agents were placed on the outside of the
catheter in the gastroduodenal artery to fix the catheter
tip. A side hole was created to open into the common
hepatic artery.

Specifically, implantation took place in the following
order. Step 1: A cobra-shaped 5-French catheter (Clin-
ical Supply, Gifu, Japan) was inserted from a branch of
the left subclavian artery or the femoral artery and
advanced to the common hepatic artery via the celiac
artery. Step 2: A micro-catheter (Renegade-18; Boston
Scientific) was inserted coaxially, after which a 0.016-
inch micro guide-wire (GT wire; Terumo, Tokyo, Japan)
was advanced far into the right gastroepiploic or
pancreaticoduodenal artery (Fig. 1b). Step 3: Using
the catheter exchange method, an indwelling catheter
with a side hole was inserted so that the tip reached 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 gastroduodenal artery diverged
(Fig. 1c). Step 4: A second 5-French catheter that was
either hook- or cobra-shaped (Clinical Supply, Gifu,
Japan) was inserted via the femoral artery, and its tip
was positioned at the celiac or the common hepatic
artery. Step 5: The gastroduodenal artery and the right
gastroepiploic artery outside of the indwelling catheter
were embolized with micro-coils through a micro-
catheter inserted coaxially from the second 5-French
catheter into the gastroduodenal artery outside of the
indwelling catheter (Fig. 1d and e). The first inserted

micro-coil was positioned at the gastroduodenal artery
from the point beyond the distal end of the indwelling
catheter (Fig. le). When stoppage of blood flow in the
gastroduodenal artery was not sufficient by embolization
with micro-coils alone, n-butyl cyanoacrylate (Histoacryl-
Blue; Braun, Melsungen, Germany) (NBCA) mixed with
Lipiodol (Laboratoire Guerbet, Roissy, France) was added
as an embolic agent (Fig. le). Step 6: The proximal end
of the indwelling catheter was connected to a port (Celsite
Port; Toray Medical, Tokyo, Japan). The port was placed
subcutaneously in a pocket created at the area from which
the indwelling catheter had been inserted.

A catheter, which is made of polyurethane and coated
with heparin, with a tapered tip (Anthron P-U catheter;
Toray Medical, Tokyo, Japan) was used as the indwelling
catheter. The outer diameter of the 50-cm proximal shaft
was 5 French and that of the 20-cm distal shaft was 2.7
French, while the inner diameter of the proximal shaft was
0.035 inch and that of the distal shaft was 0.018 inch. A
side hole was created by clipping with small scissors the
distal shaft at a point 3—10 cm from the end of the
indwelling catheter. The distance between the side hole
and the distal end of the indwelling catheter was decided
based on a celiac arteriogram.

In the first 111 patients in whom a catheter was
implanted before Micronester coils became commer-
cially available, the micro-coils used to occlude the
gastroduodenal artery and the right gastroepiploic artery
outside of the indwelling catheter included Diamond
Coils (Boston Scientific, Watertown, MA), Trufill
(Cordis, Miami, FL) or Tornado Coils (Cook, Bloom-
ington, IN). Because Micronester coils had become
available, in the last 32 cases, 3-mm, 4-mm or 6-mm
0.018-inch Micronester coils with an extended embolus
length of 14 cm (Cook, Bloomington, IN) were utilized.
In some cases, other micro-coils in addition to
Micronester coils were used.

To prevent thrombosis of the port-catheter system, the
catheter was flushed with saline and heparin after every
chemotherapeutic drug administration.

Follow-up

All patients were examined by digital subtraction angi-
ography obtained after contrast material was infused via
the port to confirm patency of the hepatic artery or to
identify any other dysfunction in the port-catheter system.
This angiographic study was done just after (Fig. 1f) and
within 2-10 days (mean£SD, 4.46+2.06 days) of im-
plantation, and every 1-4 months thereafter, while
maintenance of the port-catheter system was required
for HAIC therapy. Such intervals depended on the clinical
circumstances of the patient.
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Parameters investigated

The following were investigated: rate of success in port-
catheter placement, details of embolic agents used to fix the
indwelling catheter tip to the gastroduodenal artery,
distance between the side hole and distal end of the
indwelling catheter, existence of persistent blood flow
beyond the tip of the indwelling catheter as shown on
arteriography, and occurrence of complications closely
related to indwelling catheter placement for HAIC.

For statistical analysis, quantitative variables were
compared using the Student’s z-test. Qualitative variables
were compared using the chi-square test or Fisher’s exact
probability test. Differences were considered significant
when the P value was less than 0.05.

Results

In all 143 cases, all branches of the hepatic arteries
beyond the proper hepatic artery were well visualized on
arteriography performed after contrast material was
infused via the port just after placement, which showed
technical success in implantation.

Overall, the mean distance of the side hole from the
end hole of the indwelling catheter was 6.02+1.05 cm
(range, 3—10 cm). The mean number of coils used to fix
the catheter tip in the gastroduodenal artery was 3.9+
1.8 (SD; range, 1-12). NBCA-Lipiodol was addition-
ally used to fix the catheter tip in 111 procedures. Mean
time required for catheter implantation was 92.6+30.3
min (£SD; range, 45-200 min). Difference in distance
of the side hole from the end hole, number of coils,
frequency of usage of NBCA-Lipiodol, and time
required for catheter implantation between cases without

and with Micronester coils to fix the catheter tip to the
gastroduodenal artery are summarized in Table 1. For all
of these parameters, the difference was statistically
significant.

In 44 of 111 (39.6%) procedures without Micronester
coils for catheter tip fixation, the gastroduodenal artery and
the right gastroepiploic artery beyond the distal end of the
indwelling catheter were detected on arteriography via the
port just after implantation, while these arteries were
detected in 15 of 32 (46.9%) procedures with Micronester
coils (Table 1). The difference between the two methods
was not statistically significant (p=0.4639, chi-square test).
However, when such arteriography was obtained 2—10 days
after implantation, the gastroduodenal and/or right gastro-
epiploic artery was detected in only 2 of the 143 patients; the
Micronester coil had been used in both cases. However, the
gastroduodenal and/or right gastroepiploic artery were no
longer detected on arteriography via the port 12 and 15 days
after implantation, respectively.

Regarding difficulties that would prohibit continuation
of HAIC if not corrected (Table 2), catheter dislocation
occurred in 5 of 143 (3.5%) procedures. All five were
patients in whom Micronester coils were not used, with
one dislocation occurring within 10 days after implan-
tation and four thereafter. Hepatic arterial obstruction or
severe stenosis was seen in 8 of 143 (5.6%) procedures
[occurring 1-25 months after implantation (mean,
11.4 months after implantation)]. All were cases without
Micronester coils. No statistically significant difference
was found in either the rate of dislocation or the
frequency of hepatic arterial obstruction or stenosis
between cases in which Micronester coils were and
were not used (5/111 versus 0/32, p=0.5872, Fisher’s
exact probability test and 8/111 versus 0/32, p=0.1991,
Fisher’s exact probability test).

Table 1 Summary of procedure for catheter tip fixation method without and with Micronestercoils

Micronester coils

Not used (n=111) Used (n=32) Statistical test p value
Mean distance of side hole from end hole (cm) 6.15+1.09 (range, 5-10) 5.62+0.82 (range, 3-7) Student’s t 0.009
test
Mean number of coils used to fix catheter tip ~ 4.2+1.8 (range, 1-12) 2.5+0.8 (range, 1-4) Student’s t p<0.0001
test
Number of cases in whom NBCA was 95 (85.6%) 16 (50%) Chi-square 0.00002
additionally used test
Mean time required for implantation (minutes) 100.0+31.6 (range, 52-200) 78.6+£22.2 (range, 45-150) Student’s t 0.0017

test

NBCA: n-butvl cvanoacrvlate
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Table 2 Complications and difficulties in continuing hepatic
arterial infusion chemotherapy with the fixed catheter tip method
without and with Micronester coils

Complication Without With
Micronester ~ Micronester
coils coils

GDA/RGEA beyond distal end of

indwelling catheter detected on arte-

riography via port

Just after implantation 44 15

2-10 days after implantation 0 2%

Catheter dislocation 5 0

Hepatic arterial obstruction 8 0

Gastrointestinal mucosal lesions 1 0

Kinking of catheter in subcutaneous 4 1

space

Necrosis of skin covering subcutane- 0 1

ous port

Infection from port-catheter system 2 0

Large subcutaneous hematoma 1 0

GDA: gastroduodenal artery

RGEA: right gastroepiploic artery

*Hepatofugal blood flow in gastroduodenal artery beyond distal end
disappearing 12 and 15 days after implantation, respectively

Other such complications were gastrointestinal mucosal
lesions caused by distribution of anticancer drugs due to
insufficient embolization of a branch of the pancreatico-
duodenal arcade in one, large subcutaneous hematoma in
one, necrosis of the skin covering the subcutaneous port in
one, infection from the port-catheter system in two, and
kinking of the catheter in the subcutaneous space in five
(Table 2).

Discussion

According to a review of large published studies of
percutaneous port-catheter placement for HAIC, in-
dwelling catheter dislocation occurs at a relatively high
rate, that is, from 5.6%-43.8% [9-14]. The rate of
hepatic arterial obstruction is also relatively high,
ranging from 0%-22.2% [9-14]. In these studies, the
most common interventional radiological procedure
involved positioning the indwelling catheter in the

proper or common hepatic artery. In comparison, data
from studies of implanted port-catheter systems with
catheter tip fixation [7, 8, 16, 19-21] showed lower
rates: 2.2% [8] to 4.4% [16] for catheter dislocation and
5.3% [19] to 6.8% [21] for hepatic arterial obstruction.

A problem with the catheter tip fixation method is that to
obtain sufficient fixation of the catheter tip, a large number
of coils is necessary. Additional use of an NBCA-Lipiodol
mixture with the micro-coils for a stronger fixation has
been recommended [8, 16, 21]. Yamagami et al. [21]
reported in their study of port-catheter implantation with
catheter tip fixation in 128 subjects that the mean number
of micro-coils used for catheter tip fixation was 4.6 and that
in 93% of these procedures the addition of NBCA-Lipiodol
was necessary to obtain sufficient fixation. The present
study showed similar results in those cases that did not
receive Micronester coils for catheter tip fixation; the mean
number of used micro-coils was 4.2 (range, 1-12), and in
86% NBCA-Lipiodol was required for sufficient fixation.

On the other hand, in the present study when Micro-
nester coils were used for fixation, the mean number of
micro-coils used was reduced to 2.5 (range, 1-4). NBCA-
Lipiodol was needed in only 50%. The rate of catheter
dislocation, hepatic arterial occlusion, and frequency of
encountering other difficulties that would prohibit con-
tinuation of HAIC was equal in patients who did and did
not receive Micronester coils. In addition, the period for the
implantation procedure was significantly shorter with use
of Micronester coils. These results show the superiority of
the use of Micronester coils for fixation of the catheter tip
compared to use of other coils alone.

Persistent hepatofugal blood flow in the gastroduo-
denal artery via the end hole, which might cause
gastroduodenal mucosal lesions as a result of inflow of
anticancer drugs into the gastroduodenal artery or the
right gastroepiploic artery if continued [20], disappeared
within 10 days in a majority (93.8%) of the 143 cases
evaluated in the present study and in all cases finally
(15 days after implantation at the latest). This result
suggests equality of fixation ability with and without
Micronester coils to fix the catheter tip.

Although this is a non-randomized, retrospective, and
observational study, the number of subjects for such an
evaluation is relatively large, and only consecutively
treated patients were evaluated. Hence, results of this
study might be valuable, reliable, and exemplify the
potential advantage of using Micronester coils for this
purpose. From the present results, it can be considered that
usage of Micronester coils would simplify the procedure
and reduce the cost of port-catheter implantation without
decreasing the effectiveness of fixation.
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