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h i g h l i g h t s
� Implanted central venous access ports have been used for chemotherapy and nutritional therapy.
� Postoperative complications occurred in 8 patients (6%).
� Benign disease was a risk factor for postoperative complications.
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Background: The aim of our study was revised as follows: to clarify the postoperative complications of
multifunctional central venous ports and the risk factors for such complications to promote the safe use
of the PowerPort system in the hospital.
Methods: The study group comprised 132 patients in whom implantable central venous access ports
(PowerPortⓇ) were placed in our hospital from March 2014 through December 2015. The approach used
for port placement was the subclavian vein in 43 patients (33%), the internal jugular vein in 87 patients
(66%), and the femoral vein in 2 patients (1%).
Results: Postoperative complications occurred in 8 patients (6%). The catheter was removed because of
infection in 4 patients and catheter kinking in 1 patient. Port extravasation occurred in 3 patients. No
patient had catheter pinch-off. The mean operation time was 74 min (range, 32 to 171). No patients had
intraoperative bleeding or pneumothorax. Benign disease was a risk factor for postoperative complica-
tions (p ¼ 0.009).
Conclusion: PowerPort is a multifunctional port. Benign disease was a risk factor for postoperative
complications. Because many types of subcutaneously implanted ports are used in our hospital, we had
to inform the hospital staff about the functions of PowerPort.

© 2017 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The usage of implantable central venous ports has increased
year by year because of progress in chemotherapy, leading to
increased numbers of patients who receive long-term treatment,
and because repeated administration of continuous intravenous
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infusions make it difficult to obtain peripheral vascular access
[1e9]. Home parenteral nutrition is now readily initiated in pa-
tients who require long-term central venous nutrition because of
difficulty in oral or enteral nutrition, such as those with terminal
cancer or short bowel syndrome, thereby eliminating the need for
long-term hospitalization and allowing early return to work. In
addition, the risk of extravasation has decreased even in patients in
whom peripheral venous access is difficult to obtain, thereby
allowing drugs to be safely and reliably administered intravenously
[10,11]. PowerPort is a multifunctional central venous access port
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that can be used to obtain blood samples, perform imaging exam-
inations such as contrast-enhanced computed tomography (CT) or
magnetic resonance imaging (MRI), and administer anticancer
therapy, high calorie infusion solutions, and blood transfusions. The
aim of our study was to determine whether PowerPort is under-
stood and used safely in our hospital. We studied patients in whom
a new multifunctional central venous port was used and clarified
the usefulness of this port and risk factors for postoperative
complications.

2. Material and methods

The study group comprised 132 patients in whom PowerPortⓇ

implantable ports were surgically placed in our hospital from
March 2014 through December 2015 (Table 1). There were 61 men
(46%) and 71 women (54%), with a mean age of 64.5 years (range,
20 to 90) and a mean bodymass index of 21 kg/m2 (range,11 to 35).
The ports were placed to provide treatment in 90 patients (68%)
and nutrition in 42 (32%). The underlying diseases were digestive
tract disorders in 70 patients (53%), medical disorders in 26 (20%),
gynecological disorders in 17 (13%), mammary disorders in 13
(10%), urological disorders in 4 (3%), and others in 2. The approach
used was the subclavian vein in 43 patients (33%), the internal ju-
gular vein in 87 (66%), and the femoral vein in 2 (1%). As for central
venous access and port placement, the approach was basically
made from the right internal jugular vein under superficial ultra-
sonic guidance. However, the approach was determined on the
basis of patient's condition, the lesion site, and skills of physicians
in each department, and a port was placed in the precordial region.
If approaches from the subclavian vein and the internal jugular vein
were difficult, an approach from the femoral vein was selected, and
the port was placed in the lower abdomen. After port insertion, oral
antimicrobial agents were given for 3 days to prevent infection. In
our hospital, clinical residents and surgeons who have practiced for
5 years are in charge of central venous port placement. Practical
training in surgical techniques is included in educational programs
in our university hospital. We take time to educate them. Therefore,
the duration of surgery became relatively long. The used port was a
PowerPort device (Bard X-Port isp, Medicon, Inc., Osaka, Japan). The
presence of port infection was evaluated on the basis of abscess
culture tests, serum culture tests, the detection of pathogens on
culture tests after removal of the port or catheter, and the exclusion
of other diagnoses on heat-source testing.

2.1. Usage

Since January 2014, all implantable central venous access ports
used in our hospital were switched to PowerPort devices (Fig. 1a
and b). To confirm the details of PowerPort device insertion, the
date of insertion, the insertion site, and the name of the surgeon
were recorded in an electronic medical record. In addition, frontal
plain chest radiographs were taken after port placement to confirm
the port (Fig. 2). To facilitate understanding of PowerPort devices by
the staff in our hospital, we conducted awareness and usage
Table 1
Patients characteristics in our study.

Sex Male: Fema
Age
BMI(kg/m2)
Purpose Chemothera
Operation time(min)
Period(median,methods)
educational sessions on PowerPort, which were sponsored by the
Therapy Safety Promotion Office, and prepared an original manual
for usage in our hospital. As for the procedure at the time of usage,
each patient's port certificate and bracelet were confirmed, and the
medical staff then confirmed that the port was a PowerPort device
on the basis of medical records and chest radiographic images. At
the time of contrast-enhanced CT scanning, a pressure-resistant
PowerLoc® port access needle (C.R. BARD, Salt Lake City, Utah,
USA) was used with PowerPort. In addition to anticancer therapy
and venous nutrition, blood collection, transfusion, contrast-
enhanced CT, and contrast-enhanced MRI were performed.

2.2. Primary and secondary outcomes

The evaluated variables were defined as concurrent diseases and
the treatment regimens, the results of imaging studies performed
during the follow-up period, and early and late postoperative
complications derived from the outpatient and inpatient medical
records since March 1, 2014 or from the time of initial presentation
to our hospital. The primary endpoint was postoperative compli-
cations during the follow-up period. The types and incidences of
postoperative complications and risk factors for postoperative
complications were analyzed by univariate analysis. Secondary
endpoints were the safe use of the PowerPort system in the hospital
and early and late postoperative complications.

2.3. System

To ensure that the PowerPort system was understood and used
correctly in our hospital, we held meetings with the department in
charge of using this system. To confirm that the PowerPort system
was used safely, we obtained data on all patients who underwent
port insertion and followed up the patients by sharing electronic
medical records. Conventional port systems were not fully
managed. Many types of ports and different surgical techniques
were used previously, thereby precluding a direct comparison with
our results. Patients who received systemic anticancer agents using
a port and those who required nutritional management were
included in the study. Patients were excluded from the study if they
gave no informed consent for port usage. Overall, 132 patients had
no port dysfunction before and after treatment although port-
related troubles occurred. The limitation of our study was a small
sample size. Further studies of a larger number of patients may be
needed to confirm the usefulness of the PowerPort system and risk
factors for postoperative complications.

3. Results

The median observation period after surgery was 17 months
(range, 8 to 29). Postoperative complications developed in 8 pa-
tients (6%). In 4 patients the port was removed because of infection.
Catheter kinking occurred in 1 patient in whom a right internal
jugular vein approach was used for port placement. The port was
removed and then replaced. Port extravasation occurred in 3
n ¼ 132(%)

le 61 (46%): 71 (54%)
63.5 (±12)
21.0(±4.5)

py: Nutrition 90 (68%): 42 (32%)
74.2 (±26.4)
17.0 (8e29)



Fig. 1. Appearance of PowerPort. PowerPort is characterized by 3 points at the septum of the insertion site on the front (1a) and back (1b) of the device.

Fig. 2. Chest Radiographic Images.

Fig. 3. Patients with Postoperative Complications 3a. Catheter kinking on a chest radiograph (:) 3b. Port extravasation during contrast-enhanced CT of the chest (::). The
puncture needle was located outside the port and surrounded by air.
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Table 2
Patients with postoperative complications.

Case Sex Age Disease purpose Operation time(min) Port site complication Occurrece (days)

1 Female 44 Breast cancer Chemotherapy 171 Rt.internal jugular vein infection 90
2 Male 50 Crohn disease Nutrition 44 Rt.subclavian vein infection 21
3 Male 36 Ulcerative colitis Nutrition 89 Lt.internal jugular vein Infection 150
4 Male 61 Rectal cancer Chemotherapy 62 Lt. subclavian vein Infection 28
5 Female 69 Colon cancer Chemotherapy 150 Rt.internal jugular vein Catheter kink 25
6 Female 66 Ovarian cancer Nutrition 147 Rt.subclavian vein Port extravasationa 9
7 Female 68 Dermatom yosistis Nutrition 148 Rt.internal jugular vein Port extravasationa 35
8 Male 81 Esophageal cancer Nutrition 160 Rt.internal jugular vein Port extravasationa 81

a Reverse blood flow was confirmed before using the port.
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patients (Fig. 3a and b). In all 3 patients, port placement was per-
formed to provide nutrition, and the ports were used after con-
firming reverse blood flow. There was no catheter pinch-off
(Table 2).

Early complications were defined as complications that
occurred within 30 days after surgery and comprised infection in 2
patients, catheter kinking in 1 patient, and port leakage in 1 patient.
Late complications were defined as complications that occurred 30
or more days after surgery and comprised infection in 2 patients
and port leakage in 2 patients. In our study, no patient had port-
associated thrombosis, occlusion, dislodgement, migration,
breakage, or rupture. Only 1 patient had catheter kinking. Port
infection occurred in 4 patients, all of whomhad local infection. The
port was promptly removed after infection in all of these patients.

The mean operation time was 74 min (range, 32e171). No pa-
tient had intraoperative bleeding or pneumothorax. Benign disease
was a risk factor for postoperative complications (p ¼ 0.009)
(Table 3). Postoperative complications developed in 3 patients with
benign disease (30%). One patient had Crohn's disease, in 1 had
ulcerative colitis, and 1 had dermatomyositis. One month after
insertion, postoperative complications occurred in 37.5% of the
patients, and the rate of port patency calculated with the Kaplan-
Meier method was 62.5%. After 3 months, postoperative compli-
cations occurred in 12.5% of the patients, and the rate of port
patency was 87.5%. Because the follow-up period was short, the 1-
year survival rate was 94%. In our hospital, residents and surgeons
who worked for 5 years are in charge of inserting central venous
ports. Practical training in surgical techniques is included in
educational programs in our university hospital. We take time to
educate them. Therefore, the duration of surgery became relatively
long. As for sample size, about 200 more patients may be required
for a significance test. We are planning to study more patients and
perform a retrospective statistical analysis. The following sentences
were added to the Results section.

The causative organisms of port infection were Staphylococcus
epidermidis in 1 patient, Staphylococcus capitis in 1 patient, and
Staphylococcus aureus in 1 patient. The cultures in 1 patient were
negative. As for the treatment of infection, the port was removed
promptly after confirming symptoms such as fever, pain, and
edema. Oral antimicrobial agents were given for 3e5 days. After
port removal, the effect of antimicrobial agents was assessed on the
Table 3
Postoperative complications.

Factors Com

Sex Male: Female 4: 4
Age <65:S65 4: 4
BMIkg/m2 <25: S25 7: 1
Purpose Chemotherapy: Nutrition 5: 3
Port site Internal jugular vein: Subclavian vein 5: 3
Disease Malignant neoplasm: Benign 5: 3
Operation time(min) <90: S90 5: 3
basis of the results of cultures obtained from the port and catheter,
and the antimicrobial agents were modified if necessary.

3.1. Statistical analysis

Patient data are expressed as means ± SD. Comparisons be-
tween 2 groups were done with unpaired t-tests. Incidences were
compared with the use of chi-square tests with Yates' correction.
Statistical significance was evaluated with the Mann-Whitney U
test. Port patency rates were calculated with the Kaplan-Meier
method.

4. Discussion

In our study, complications developed in 8 patients (6%) after
PowerPort placement. The port was removed and replaced because
of infection in 4 patients. Catheter kinking occurred in 1 patient,
and the catheter was replaced. Port extravasationwas detected in 3
patients. Benign disease was a risk factor for postoperative com-
plications. Progress in chemotherapy and an increased number of
drugs that can be selected have prolonged the duration of
chemotherapy and increased the number of doses administered,
thereby increasing the number of ports required to reliably obtain
peripheral venous access. In some patients with unresectable or
recurrent cancer, the gastrointestinal tract cannot be used as a
nutritional route because of intestinal disease. The dissemination of
home-based parenteral nutrition has contributed to improving
patients' quality of life. However, in our study benign disease was a
risk factor for postoperative complications. This was probably
because the daily intravenous administration of high-calorie infu-
sion solutions, frequent port punctures, and long-term treatment
are associated with a high risk of infection, including decreased
disinfectant activity. The extravascular extravasation of anticancer
agents can damage the soft tissue around veins and cause redness,
edema, pain, sacculation, ulceration, and necrosis. In the United
States, the incidence of extravascular extravasation of intravenously
administered necrotic anticancer agents is estimated to range from
0.1% to 6.5%. Therefore, the placement of venous access ports has
been recommended to reliably obtain venous access ports and
decrease the risk of extravascular extravasation [12]. The internal
jugular vein and veins of the upper arm and the forearm have been
plications(n ¼ 8) No commplications(n ¼ 124) p ¼ value

57: 67 0.8248
62: 62 0.9999
98: 26 0.9019
85: 39 0.7254
82: 40 0.7170
117: 7 0.0009
98: 26 0.5131
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advocated for catheter placement. An approach from the internal
jugular vein is free of the risk of catheter pinch-off, but may require
the creation a long subcutaneous tunnel for passage of the catheter
at the time of port placement. Although the risks of catheter
kinking and other complications remain to some extent, a bigger
concern is that the large surgical invasion leads to a poor esthetic
outcome of the neck caused by subcutaneous placement of the
catheter [13]. As compared with conventional venous access, the
advantages of central venous access ports include less pain caused
by frequent punctures, freedom from the need for fluid lines, less
vascular pain, the ability to infuse highly irritating drugs (e.g.,
anticancer agents), a low incidence of infection, and reliable venous
puncture. On the other hand, central venous access ports have
some disadvantages, such as esthetic problems and serious com-
plications (e.g., catheter pinch-off, infection, thrombus formation,
catheter obstruction, and port extravasation) [14]. In all 3 patients
with port extravasation in our study, ports were placed to perform
nutritional therapy, frequent port punctures were required, and the
ports were used after confirming reverse blood flow. Patients and
medical staff members should therefore confirm methods for
puncture at a certain interval. If necessary, the appropriate punc-
ture site should be reconfirmed on superficial ultrasonography.

A previous study reported that catheter rupture occurred when
an implantable port that could not withstand the injection pressure
was used to perform contrast-enhanced CT [15]. The Food and Drug
Administration in the United States recommended that implantable
ports able to withstand the pressure created by rapid injection of
contrast media, should be developed, and PowerPort ports that
permit the rapid injection of contrast media were launched [16].
Recent studies have reported on the safety and usage of ports that
can be used to rapidly inject contrast media. PowerPort devices
were not associated with any adverse events at the time of
contrast-enhanced imaging, and the incidences of adverse events
such as catheter obstruction and infection were similar to those of
other types of ports. PowerPort ports can thus be used safely
[17e19].

Although PowerPort devices have many advantages, the fea-
tures of PowerPort ports should be differentiated from those of the
many other types of ports that have been used in our hospital. In
our hospital, central venous access ports are placed in about 100
patients per year. In some of the patients, ports other than Pow-
erPort devices have been used, and performing contrast-enhanced
imaging via ports that are not designed to be used for contrast-
enhanced CT carries the risk of accidents. We have therefore used
PowerPort devices in all patients in whom implantable ports have
been placed in our hospital since January 2014. At the time of
introduction, we conducted adequate educational sessions and
prepared an original manual to facilitate the understanding of
PowerPort devices by our hospital staff.

It is important to acknowledge that postoperative complications
can occur even if puncture is performed under ultrasound guidance
[20]. After puncture, catheter-related infection, thrombus forma-
tion, and catheter pinch-off occur at certain rates. The early man-
agement of complications is essential before they become serious.
Appropriate countermeasures against such complications must
therefore be clearly defined. Catheter-related infections are often
caused by thrombus formation and bacterial contamination of
infusion solution via the catheter insertion sites, connection sites,
or three-way stopcocks. Long-term catheter placement is associ-
ated with an increased incidence of thrombus formation. One study
reported that thrombus formation occurred in 84% of patients in
whom a catheter was placed for 10months or longer [21]. Scolapios
et al. reported that 11 (5%) of 225 patients with port placement died
of catheter-related sepsis. They strongly recommended that
appropriate action and early catheter removal should be performed
in a timely manner in patients suspected to have catheter-related
infection [22]. Catheter pinch-off syndrome is a troublesome
problem that occurs when a catheter placed along the subclavian
vein route gets caught between the clavicle and the first rib. The
incidence of port catheter rupture has been reported to range from
1.1% to 2.1% [23]. No port catheter rupture occurred in our study.
Fisher et al. reported that serious complications such as arrhyth-
mias, sepsis, and cardiac puncture can occur in about 71% of pa-
tients in whom catheter fragments are released [24].

Careful screening of risk factors for port-related complications
can decrease patients' discomfort associated with port insertion
and management and provide appropriate treatment, permitting
the maintenance of a better quality of life and allowing medical
staff members to offer safe treatment.
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