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Abstract
Background and Aim: In metastatic colorectal cancer, in the last 10 years, hepatic arterial infusion (HAI) was
proposed as an alternative using various chemotherapy agents. The insertion of a port-a-cath in the hepatic artery is
needed and there are various methods to do that, from classical to interventional approach.
Patients and Methods: Patients were selected with metastatic colorectal cancer with inoperable liver metastasis
only and were treated with oxaliplatin HAI, combined with systemic intravenously chemotherapy. The port-a-cath
insertion was done using the classical approach in the same surgical time with the subclavicular vein port insertion.
Results: Thirty-two patients were treated. During our experience we did not encounter intra-operative complications.
Among the immediate post-operative complications mainly consisted of metabolic complications (6.2%) and infection
was the most common late complication (9.4%). In one case we removed the port-a-cath, thus the patient was not able
to continue the treatment.
Conclusion: When talking about the safety of the procedure, we didn’t find it to be more at risk for the patients
compared to the literature. Even though the antibiotic prophylaxis is done regularly, the risk of infection remains,
especially as a late complication

Keywords: Metastatic colorectal cancer; Hepatic arterial infusion;
Hepatic port-a-cath implantation
Background
The colorectal cancer (CRC) still represents in the modern era
a major health problem, being the second cause of cancer related
mortality, despite the major scientific progresses and the emerge of
many new biological agents currently used in the treatment. The liver is
known to be the first metastatic site in CRC and approximately 60-70%
of patients develop them during the course of the disease, out of which
only 10% are eligible for a partial liver resection, the only curative
treatment in this disease.
Nowadays, the modern systemic treatment with or without
biological agents has the purpose to switch the patients with an unresectable liver disease to a resectable stage.
Regional hepatic arterial infusion of chemotherapy (HAI) aims to
deliver higher local drug concentration to un-resectable liver tumors,
leading to fewer significant systemic side effects compared to standard
chemotherapy. The theoretical basis for treating liver tumors with HAI
is that hepatic neoplasms receive ∼95% of their blood supply from the
hepatic artery, unlike normal hepatocytes, which are perfused mainly
by the portal vein [1]. It has been proved that patients treated with
HAI have a better response rate than those on systemic chemotherapy,
despite the low impact on overall survival [2,3]. When it is associated
with systemic chemotherapy, the use of HAI could offer a better
control of the extra-hepatic disease. Therefore, it remains an important
treatment option in patients with advanced, inoperable primary or
metastatic hepatic tumors.
A rather large experience with the HAI technique has been obtained
in patients with isolated liver metastases of colorectal cancer. There are
several randomized trials on HAI using FUDR or 5-FU in patients with
non-resectable colorectal liver metastases that have been performed
since the 1980, but achieved inconsistent results. This fact could be
J Surgery
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explained on one side by the inadequate study designs at the time and
on the other side by the technical problems with the application of the
devices [4-6].
This last issue was significantly improved in the last decade by
introducing different techniques of placing the catheter. Most of the
studies with HAI have been performed on the colorectal cancer patients
with un-resectable liver metastasis [7] and not on primary liver cancer
patients.
This administration of cytotoxic agents to the liver requires catheters
connected to subcutaneous ports in order to allow an easy and repetitive
infusion of chemotherapy directly to liver tumors. Surgically implanted
hepatic catheters have shown to have considerable complication rates
and the repair or replacement of the malfunctioning port systems often
require further surgery procedures. The aim of this article is to provide
a comprehensive review of early and late complications of surgical
implanted catheter-port systems for HAIC.
In order to define the safety and the practicability of the HAI
approach, we included patients with colorectal cancer and nonresectable liver metastasis in a prospective study that took place in our
hospital. The patients were further included in a study that compared
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the standard chemotherapy regimen FOLFIRI with FOLFIRI associated
with the local administration of Oxaliplatin using the hepatic inserted
port. The primary objectives of the study were progression free
survival; among the secondary objectives, which will be detailed in this
article, are “complication rates” and “safety of the device and regional
therapy”.

Material and Method
Study Design, Patient´s Collective and Eligibility Criteria
Patients with colorectal cancer with non-resectable liver metastasis
were enrolled into a prospective phase II study that aimed to
compare the administration of FOLFIRI vs. FOLFIRI and Oxaliplatin
administered in the hepatic artery. The FOLFIRI regimen consisted of
irinotecan 160 mg m-2 IV in 90 minutes, leucovorin 200 mg m-2 IV in
90 minutes (concurrently with leucovorin in separate bags via y-line
connection) and 5-FU 2400 mg m-2 in 48 hours (with an ambulatory
elastomeric pump), repeated at 14 days. Oxaliplatin was administered
85 mg m-2 infused in day 1 over 2 hours, combined with systemic
chemotherapy. Apart from the primary endpoints like progression free
survival and response rate, we also considered evaluating the technical
complications and safety associated with the use of implanted port
catheter systems. The study was performed from 2011 to 2013. The
local ethics committee of the University of Medicine and Pharmacy
Iasi, Romania and Victoria Hospital Iasi, Romania approved the
protocol, and a detailed written informed consent was obtained from
every patient prior to treatment.
The patients included in the trial met the following inclusion
criterias:
-

Age over 18 years-old;

-

Proven histology of colorectal adenocarcinoma

-

Stage IV colorectal cancer,

-

Eastern Cooperative Oncology Group (ECOG) performance
status 0-2

-

Estimated life expectancy of ≥ 3 months.

Leukocyte count of at least 3.5×109/L, neutrophils count of at least
1.5×109/L, platelet count of at least 100X109/L, satisfactory biochemical
results (serum creatinine of 1.3 mg/dL or less, serum bilirubin less than
1.5 mg/dL)
Measurable disease (hepatic lesion with longest diameter of
minimum 20 mm) according to RECIST 1.1 criteria with liver invasion
assessed by computed tomography (CT) as less than 50% of the liver.
The main exclusion criteria were:
-

Detectable extra-hepatic disease (including during laparotomy
for catheterization of hepatic artery)

-

Hepatic artery thrombosis,

-

Peripheral neuropathy,

-

Active infections,

-

Inflammatory bowel disease,

-

Total colectomy,

-

Heart failure,

-

Respiratory insufficiency,

-

Severe coronary artery disease or failure of other organs.

Previous adjuvant chemotherapy including irinotecan or
oxaliplatin were excluded, but previous fluoropyrimidine-based
J Surgery
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adjuvant chemotherapy was allowed if it ended more than 6 months
before random assignment.
We have subcutaneously placed hepatic arterial ports in our
Surgical Unit on 32 patients aged between 37 and 75 years old, which
were eligible for the protocol of systemic chemotherapy with FOLFIRI
and hepatic arterial infusion with Oxaliplatin. Most of the patients
had no prior chemotherapy for metastatic disease, but some had
adjuvant chemotherapy before becoming metastatic, but neither had
chemotherapy less than 6 months prior to entering the study.
The protocol involved also the placement of a subclavian catheter
in order to administer the systemic chemotherapy that consisted
in FOLFIRI protocol during a longer period of time and with better
tolerance for the patients.

Interventions–Port Implantation Procedure
After identifying the right gastroepiploic artery, using as reference
the proximity to the inferior margins of the duodenal bulb, we
continue with the careful dissection of the artery from the vein located
in the immediate vicinity. The right gastroepiploic artery at this level
has a caliber that will allow the catheterization of the gastro-duodenal
artery and then of the hepatic artery. After the distal ligature of the
right gastroepiploic artery we can puncture the artery in the proximal
segment and an arteriography can be made in order to visualize the
hepatic artery and its entire course (Figure 1). This arteriography is not
a compulsory maneuver because it will be accomplished after placing
the catheter.
A small transversal incision of the right wall of the gastroepiploic
artery is made and the guide wire is introduced (Teflon guide wire
0.35”), which ascends afterwards by pushing it into the hepatic artery,
passing through the gastro-duodenal artery. At this moment, palpating
the hepatic artery in the hepatic pediculum in the same time with
ascending the guide wire will allow us to place the catheter properly.
Afterwards, we proceed to the insertion of the silicon radio-opaque
catheter in the proper hepatic artery and ascending as much as possible
in the hepatic artery towards the hepatic hilum, carefully feeling by
hand the artery in the hepatic pediculum (Figures 2-4). During this
step or in the moment of the introduction of the guide wire, it may be
possible that there is the tendency to engage towards the celiac trunk
through the common hepatic artery. If this happens, the guide wire or
the catheter is retracted and we try to re-position it.
At this point, after the correct positioning, a hepatic arteriography
is made through the introduced catheter in order to verify its position.
After the correct positioning of the catheter in the hepatic artery
we will proceed to the chamber positioning (capsule, the “infusional

Figure 1: The Arteriography made Indicates the Correct Position of the
Catheter in the Common Hepatic Artery.
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Afterwards a subcutaneous tunnel is being created to the peritoneal
cavity, using the metallic perforator from the port-a-cath’s kit and
the already positioned in the hepatic artery catheter is being brought
through this subcutaneous tunnel right to the proximity of the capsule.
Using sealing fixing elements of the catheter to the port-a-cath’s
capsule, the catheter is being connected to the chamber. The physical
functionality is being verified and also using arteriography, after which,
the procedure is being considered closed.

Surgical Incidents and Accidents
The impossibility to identify the right gastroepiploic artery in a
well-represented fat tissue covering the epiplones. The dissection is
being made in a more proximal position, closer to the gastro-duodenal
artery.

Figure 2: Port-a-Cath Insertion in the Hepatic Artery.

A hematoma situated at the dissection site can be an impediment in
appreciating the anatomy and the trajectory of the right gastroepiploic
artery to the emerging point from the gastro-duodenal artery. The
dissection is made in a more proximal position, closer to the gastroduodenal artery.
Guide wire or catheter malposition towards the celiac trunk. The
positioning procedure is retried and an arteriographic control for an
eventual anatomic variant is done.
The malposition of the capsule in the thickness of the abdominal
wall and not on the hard layer of the costal margin. Another
subcutaneous pocket will be made.
A bleed of a hematoma where the capsule is situated. The hemostasis
must be carefully controlled in order to avoid the hematoma, which
can be a source of infection for the capsule.

Late Complications
Figure 3: Port-a-Cath Insertion in the Hepatic Artery.

Infection where the subcutaneous capsule is located. It is a severe
complication and antibiotic treatment according to the antibiogram is
needed. The repositioning of the capsule or even the removal of the
port-a-cath is compulsory. The repositioning of the port-a-cath is
made under large-spectrum antibiotics administered in prophylaxis,
according to the existent protocols for a surgical procedure.
Port-a-cath malfunction and its blockage through blood cloth
obstruction. We try a de-obstruction or, if not, the port-a-cath is
suppressed. This incident must be avoided by a proper maintenance
with heparin after the procedure or after the chemotherapy, once a
week or in between administrations.

Figure 4: Port-a-Cath Insertion in the Hepatic Artery.

port”) on the inferior part of the right rib cage on the same layer as
the medial-clavicular line, taking into consideration the fact that the
entire capsule should be placed on the hard layer of the last ribs of the
rib cage. In order to accomplish this separate skin incision made, at
approximately 3-5 cm proximal to the chamber’s positioning spot and
the dissection of the subcutaneous layer to the muscular-aponeurotic
layer of the costal margin of the last ribs. This dissection is done distally
of the incision, in order to avoid the over-positioning of the incision,
and so of the future scar, over the spot of the future injections of the
capsule. Through dissection, a subcutaneous pocket is created in
which we will place the capsule and fix it with three suture points to
the muscular-aponeurotic layer. The maneuver is necessary in order to
avoid a possible migration or subcutaneous torsion of the capsule, thus
being impossible to use it for injections in the future.
J Surgery
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In the same time with placing the catheter in the hepatic artery, a
port-a-cath in the subclavian or jugular vein can be placed, in order
to be able to administer the concomitant systemic chemotherapy.
The technique is the classic Seldinger technique, percutaneously, by
finding the subclavian or jugular vein and placing the capsule in a prepectoral subcutaneous pocket. The radiologic control is necessary after
positioning the catheter, in order to avoid the complications due to the
catheter malposition.

Evaluations
Pretreatment Evaluation and Follow-up
We recorded each patient’s history; clinical examination and
routine laboratory status were performed at least 10 days before
the first chemotherapy application. Basic imaging consisted of an
abdominal CT, chest-X-ray or CT. Before every HAI-application a
clinical evaluation, a full blood count and chemistry were repeated.
Assessment of toxicity was performed according to WHO-criteria.
Response evaluation was performed according to RECIST 1.1 criteria
and repeated in 3-monthly intervals using CT evaluations. In case
of progression (end of treatment), patients were seen at least every
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3 months. The treatment was interrupted in case of grade IV WHO
toxicity, irreversible loss of port function or disease progression.

access for the treatment and can lead to an increased quality of life for
the patients.

Port Complications

Among different techniques used in order to insert a port-a-cath
into the hepatic artery [8-10], the fixed catheter tip method [11] has
proven the advantage of preventing catheter dislocation and hepatic
artery obstruction, thus being used in most centers performing this
technique.

Port-related adverse events were assessed from the date of
implantation. The duration was defined as functional device with or
without revision, but without the requirement for removing the entire
system.

Statistical Evaluations
Our data was analyzed by using SPSS 16.00 for Windows.
We determined the frequency, the regression coefficient, Pearson
correlation and relative risk (RR) assessment. We also used in our study
Chi-Square tests and “p” significance test. A two-sided p-value less
than 0.05 were considered to prove significance for all tests performed.

Results
Patient’s Characteristics
During 2011-2013 a number of 32 patients underwent the surgical
implantation of port-a-cath, as described, in the subclavian vein and
hepatic artery. The patients were aged between 37 and 75 years old,
but with a higher age frequency between 51-70 years old (n=21).
71.9% (n=23) were diagnosed with rectal adenocarcinoma, 15.6%
(n=5) were colon adenocarcinoma, 9.4% (n=3) had double colo-rectal
localization and one patient had a different histology (neuroendocrine
tumor) after resection. Most patients had a well-differentiated (grade 2)
adenocarcinoma (46.9%, n=15), only 25% (n=8) being undifferentiated.
In our lot of patients 6.2% (n=2) had a unique hepatic lesion, unresectable due the large dimension (>5 cm) or due to the proximity
with large vessels. In most cases (56.2%, n=18), our patients had
multiple hepatic lesions between 2-5 cm. 84.4% (27) of the patients
had synchronous hepatic metastasis and in these cases the primary
tumor was resected at the same time with implanting the port-a-cath.
A large proportion (65.6%, n=21) hadn’t had previous chemotherapy
for metastatic disease (especially irinotecan or oxaliplatin based
chemotherapy), but some patients with rectal cancer had previous perioperative radio-chemotherapy with capecitabine, ended more than 6
months before random assignment. (Table I)

Complications
During our study, all patients received peri-operative antibiotic
treatment for 7 days according to internal guidelines. During the
surgery, we did not encounter any intraoperative complications. The
immediate port-related complications mainly consisted of metabolic
complications, post-surgery pre-renal insufficiency, which had a fast
response to medical treatment. Infectious problems (such as sepsis)
and also fistulae were less frequent (only one case) and were resolved
without compromising the oncological treatment (Table II).
Late complications were mainly infectious (9.4%, n=3), which
needed hospitalization and complex antibiotic treatment, as all patients
were at the moment under chemotherapy, thus being at a higher
infectious risk due to post-chemotherapy induced neutropenia. In
all cases, all complications were resolved. In one case, a patient had a
port-a-cath infection that obliged us to remove it (Figure 5). From that
point on, the patient did no longer receive the HAI perfusions with
oxaliplatin.

Discussion
The oncological patients sometimes need long-term systemic or
local chemotherapy, which can be achieved through an access system
connected to an access port. An implantable device, which consists of
a reservoir, a capsule connected to a catheter, will allow the continuous
J Surgery
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A review of large studies involving the percutaneous placement of
port-a-cath for HAI administration using the fixed-catheter method
described a rate of catheter dislocation between 2-8% [1,12].
The present study evaluated a heterogeneous group of 32 patients
diagnosed with metastatic colorectal adenocarcinoma limited to the
liver. For these patients a curative approach of the hepatic involvement
was not feasible due to the number (>2 lesions), size (>2-5 cm) or
localization (the unique lesions were located close to major vessels
and, as a consequence, metastasectomy could not be performed).
In these cases we opted for an interventional approach in order to
obtain a better local response and control. A protocol consisting of
systemic chemotherapy by FOLFIRI protocol and an intra-arterial
Table I: Patient's Characteristics.
Patient's characteristic

N (%)

Sex
Male

16 (50)

Female

16 (50)

Age at diagnosis
< 50 years-old

9 (28.1)

51-70 years-old

21 (65.6)

> 70 years-old

2 (6.2)

Histology
Colon adenocarcinoma

5 (15.6)

Rectal adenocarcinoma

23 (71.9)

Double localization (colon and rectum)

3 (9.4)

Tumor grade
Poorly-differentiated

8 (25)

Moderately-differentiated

1 (3.1)

Well-differentiated

15 (46.9)

N/A

8 (25)

Hepatic lesion(s)
Unique lesion > 5 cm

2 (6.2)

Multiple lesions > 5 cm

9 (28.1)

Multiple lesions 2-5 cm

18 (56.2)

Multiple lesions < 2 cm

3 (9.4)

Metastasis
Synchronous

27 (84.4)

Metachronous

5 (15.6)

Previous chemotherapy
Yes

11 (34.4)

No

21 (65.6)

Table II: Intra and Postoperative Complications.
Complications

N (%)

Intra-operative complications

0 (0)

Early surgical complications
None

28 (87.5)

Metabolic complications

2 (6.2)

Infectious complications

1 (3.1)

Fistulae

1 (3.1)

Late surgical complications
None

28 (87.5)

Infectious complications

3 (9.4)

Dislocation of catheter’s chamber

1 (3.1)
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