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ORIGINAL ARTICLE

Central venous port-related infection in patients with malignant
tumors: An observational study

AKIO AKAHANE, MIYUKI SONE, SHIGERU EHARA, KENICHI KATO,
MICHIKO SUZUKI, RYOICHI TANAKA, AKIRA SUWABE, TETSUYA ITABASHI &
KASHIWABA MASAHIRO

Department of Radiology, Iwate Medical University School of Medicine, 19-1 Uchimaru, Morioka 020-8505, Japan

Abstract
Purpose. We evaluated the characteristics of central venous port (CVP)-related infection with microbiological assessments in
patients with malignant tumors.
Materials and methods. In a prospective setting, patients with CVP for the treatment of malignant tumors were enrolled in this
study. The incidence of CVP-related infection during three months was determined. Microbiological surveillance from skin
swab was performed before and after CVP placement.
Results. Fifty-nine patients were enrolled in this study, and 60 CVPs were implanted. Thirty-six (61%) patients had head and
neck malignancies. Access route was subclavian vein in 43 (71.7%) CVPs and forearm vein in 17 (28.3%). CVP-
related infection was observed in three (5.1%) patients: port-pocket infection in one and probable CVP-related infection
in two patients, respectively. No definitive CVP-related bloodstream infection was observed. Before the placement of CVP,
colonization at the insertion site was observed in ten subclavian CVP patients, while no colonization was observed in the
forearm CVP patients. At 1 and 4 weeks, detection rates of colonization were also higher in subclavian CVP patients. No
definitive relationship was demonstrated between skin colonization and clinical development of CVP-related infection.
Conclusion. The rate of CVP-related infection in this prospective evaluation in patients with malignant tumors was comparable
to previous studies. Colonization of the skin was more prominent in the subclavian site than in the forearm site. Although skin
colonization was not proven to be a risk factor of infection, these results may draw attention to the adequate maintenance of
CVP. (Trial registration: UMIN000003664).

Key words: Central venous catheter, infection, venous port system

Introduction

Central venous catheter (CVC)-related infection has
been a frequent cause of hospital-acquired infection in
patients with malignant tumors (1). Infection may
lead to treatment delay and increase in patient mor-
bidity and mortality. The reported incidence of CVC-
related infections in patients with malignant tumor
ranges from 7% to 19% (1,2).
The central venous port (CVP), a completely

implantable device that enables repeated and long-
term central venous access, was developed in the

1980s. During the past decade, the CVP has grown
in importance in clinical practice in oncology for both
emerging anticancer treatments and advances in sup-
portive care. The CVP may have an advantage over the
CVC in reducing the likelihood of contamination of the
device by extraneous pathogens. However, infection
remains a major problem in cancer patients who
have undergone CVP implantation. The incidence of
CVP-related infection varies between 0.9 and 10.1%
(3–10). Most of the studies were retrospective investi-
gations, and limited information regarding infection is
available from prospective studies (5,7). Moreover, the
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indigenous bacterial flora of the overlying skin of the
port may be associated with infectious adverse events
(AEs); however, no data are available for this topic. The
aim of this study was to evaluate the characteristics of
CVP-related infections with microbiological assess-
ments in patients with malignant tumors.

Materials and methods

Study design and patients

This study was a single-institute, prospective obser-
vational study on infectious AEs in patients with a
central venous port system (CVP). The Institutional
Review Board approved the study protocol before the
initiation of patient enrollment. Between January
2010 and July 2010, eligible patients were included
in this study and were prospectively observed for the
study outcomes. Criteria for patient eligibility were as
follows: hospitalized patient; 18 years old or older;
indication for implantation of CVP for the treatment
of a malignant tumor; follow-up was available at
our institution; and written informed consent was
obtained. Exclusion criteria included the following:
pre-existing CVP, active inflammatory disease, and
uncontrollable co-morbid diseases. All patients were
informed of the complications and benefits of both
chest port and arm port, and selected to the implan-
tation site.

Placement procedure of CVP

All CVPs were implanted via forearm or subclavian
veins in the angiography suite by interventional radi-
ologists or in the operating room by surgeons. Pro-
phylactic antibiotics were not used. Maximal sterile
barrier precautions using sterile gloves, gown, cap,
mask, and a large drape were obtained throughout the
procedure. We used 10% povidone-iodine for the
sterilization. All venipunctures were made with an
18-G indwelling needle after subcutaneous adminis-
tration of local anesthetic.
For the forearm approach, either the ulnar or radial

antecubital vein was punctured. The ulnar vein was
used when possible; however, the radial vein was
accessed when the ulnar vein was narrow upon visual
examination. Venography was not performed when
selecting the vein to access. The forearm CVP was to
be inserted on the opposite side of the dominant arm
except in patients with only small-caliber veins on this
side. A 5-Fr heparin-coated open-ended polyurethane
catheter (Anthron PU; Toray Medical, Tokyo, Japan)
was inserted over the guide wire, and the tip
was placed at the level of junction of the superior
vena cava and right atrium. After subcutaneous

administration of local anesthetic, a pocket was cre-
ated by making a 2–3-cm incision 1–3 cm peripheral
to the venipuncture site.
For the subclavian approach, a 5-Fr heparin-

coated polyurethane catheter (same catheter used in
the forearm approach) or an 8-Fr valved silicone
catheter (Groshong catheter; Bard Access Systems,
Salt Lake City, UT, USA) was inserted over the guide
wire, and the tip was placed at the level of the junction
of the superior vena cava and right atrium. A pocket
was created by making a 4–5-cm incision in the
ipsilateral chest wall approximately 2 cm from the
puncture site.
Implantation procedures, access routes, guiding

method, and required time were recorded using ded-
icated case report forms.

Maintenance of CVP

We did not have uniform hospital guidelines for the
maintenance of CVP at the time of this investigation.
In general, a port was punctured with a non-
coring needle following sterilization with 10% povi-
done-iodine. A semipermeable transparent dressing
was used to cover the needle and was fixed with
adhesive tape. Needle insertion was performed when
intravenous drip infusion was required. In patients
with continuous or multiple infusion, a needle and
an infusion line were exchanged every week. A total of
10 mL of 10% heparinized saline (100 IU/mL) was
administered to lock the system before removal of the
needle.

Microbiological surveillance

We undertook microbiological surveillance at three
time points: on the day of the placement of the CVP,
5–7 days after the placement, and 4 weeks after the
placement. On the day of the placement of the CVP,
two samples were obtained with a skin swab from an
area about 4 cm in diameter at the insertion site of
CVP before sterilization, and just after the CVP
placement in a sterilized condition. At 5–7 days
and 4 weeks after the placement, skin swabs were
taken from the same areawithout sterilization.Micro-
organisms were identified with Gram-stained smear
examination. After searching 1000 fields per smear,
samples were categorized using a five-grade scale:
0, ±, 1+, 2+, and 3+. We performed a qualitative
analysis as follows: negative colonization, 0 or ±;
positive colonization, 1+, 2+, or 3+. During episodes
of fever (body temperature > 38.5�C) without any
contributing sources other than the CVP, blood
cultures were drawn from at least two sites: one via
the CVP and the other by standard venipuncture. For
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cases of infectious signs around the port pocket, swab
cultures were taken from either overlying skin or
inside the pocket when removal was performed.
Catheter-tip cultures were performed in patients
with removal of CVP for the suspicion of CVP-
related infections.

Study outcomes

The main outcome measure was the incidence of
CVP-related infection at 3 months after implantation
of the system. According to the Centers for Disease
Control and Prevention (CDC) guidelines for the
prevention of CVC-related infections (11) and previ-
ous studies (12–14) regarding CVP-related infections,
CVP-related infection was classified into three cate-
gories: CVP-related bloodstream infection, port-
pocket infection, and probable CVP-related infection
(Table I). The follow-up period was set at 3 months
because the reported median time-to-infection ranged
from 27 to 119 days in previous studies (4,15,16).

The presence of the symptoms and signs of infection
were routinely checked daily by the nursing staff,
attending physicians, or the authors until discharge.
Discharged patients were seen weekly or biweekly by
attending physicians or the authors. The presence or
absence of infection was recorded on a case report
form of this study.
Secondary outcomes included technical success of

CVP placement, types, and rates of non-infectious
AEs, presence or absence of colonization and types
of micro-organisms from skin swab cultures, and rates
and reasons of CVP removal. Non-infectious AEs were
categorized according to the Common Terminology
Criteria for Adverse Events (CTCAE) v4.0 and
reported if grade 2 or greater AEs were encountered.
In patients with grade 2 or greater AEs before CVP
placement, relevant AEs were recorded when the
worsening of the grade was observed.

Statistical considerations

Demographic and baseline variables were summarized
by descriptive statistics. Incidences for each category of
CVP-related infection were calculated as the number
of first events over the number of patients at baseline.
SPSS software, version 17 (SPSS, Chicago, IL, USA)
was used for all analyses.
The sample size was considered ‘more is better’

regarding the nature of the observational study of fre-
quency; however, we calculated the minimum required
sample size in view of the feasibility of the study. We
anticipated a 2.4% rate of CVP-related infection
based on the median incidence from the literature.
Calculating with a confidence interval of 95% and
an interval estimation of 0.10, the minimum required
sample was determined to be 55 (17). Thus, we set
a sample size of 60 considering dropouts from the
follow-up.

Results

Patient and treatment characteristics

Fifty-nine patients were enrolled in this study,
and 60 CVPs were implanted: 58 patients had one
CVP placement and 1 patient had two. Patient and
treatment characteristics are reported in Tables II
and III, respectively. Approximately two-thirds of
the study population had head and neck malignan-
cies. Forty-three (72.9%) patients underwent either
chemotherapy or chemoradiotherapy as anticancer
treatments. In all patients, planned follow-up was
completed, and the intention-to-treat analysis was
performed.

Table I. Definitions of the different types of CVP-related infection.

Definition

CVP-related bloodstream infection

Defined as a combination of

1) Clinical features of infection, fever, and chills

2) Isolation of the same organism from the catheter tip and
peripheral blood cultures

3) No other infectious focus explaining the positive blood
culture result

Port-pocket infection

1) Purulent discharge from the port pocket or other suspicious
symptoms such as erythema, induration, or pain in the
region of the port pocket

2) Isolation of the same organism from the catheter tip and
from pus, with or without positive peripheral blood cultures

Probable CVP-related infection

Defined as a combination of

1) Clinical features of infection, fever, and chills

2) Resolution of clinical sepsis after catheter removal

3) Absence of any other infectious focus

One of the following criteria was included:

a) Isolation of the organism from the peripheral blood cultures,
but the catheter-tip culture was negative

b) Isolation of the same organism from peripheral blood
cultures
at a different time when fever and chills followed port flush, but
the catheter-tip culture was negative

c) Blood cultures were negative or not performed

CVP = central venous port.
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Implantation of CVP

Technical success of CVP placement was achieved in
all patients (100%). Details of the placement proce-
dure are shown in Table IV. The access route was the
subclavian vein in 43 (71.7%) CVPs, and 36 (60%)
CVPs were placed by interventional radiologists in the
angiography suite. All forearm CVP placements were
performed by interventional radiologists.

Periprocedural AEs are addressed in the following
section of non-infectious AEs.
The cumulative port access period was 2038 days

(range 0–90 days, median 32.5 days), and port punc-
ture occurred 263 times (range 0–20, median 4). In
three patients, CVP was not used during the study
period due to the alteration of the treatment from
systemic chemotherapy to oral chemotherapy or the
extension of parenteral nutrition.

CVP-related infection and colonization

CVP-related infection was observed in three patients
(5.1%): port-pocket infection was observed in one
patient (1.7%), and probable CVP-related infection
was found in two patients (3.4%). Summaries of the
characteristics of patients and infection are listed
in Tables V and VI, respectively. All patients had
head and neck malignancies. In two patients,

Table III. Treatment characteristics.

Treatment No. of patients (%)

Chemoradiotherapy 32 (54.2)

Chemotherapy alone 11 (18.6)

Radiotherapy alone 0 (0)

Stem cell transplantation 1 (1.7)

Surgery 20 (33.9)

Palliative treatments 8 (13.6)

Table II. Baseline characteristics of patients (n = 59).

Characteristic No. of patients (%)

Age, years

Median 62

Range 24–85

Gender

Male 41 (69.5)

Female 18 (30.5)

Primary tumor site

Head and neck 36 (61.0)

Hematological 15 (25.4)

Gastrointestinal 4 (6.8)

Breast 3 (5.1)

Lung 1 (1.7)

Host risk factor

Diabetes 3 (5.1)

Leukopeniaa 5 (8.5)

Therapeutic risk factor

Urinary catheter 0 (0)

Tracheostomy 9 (15.3)

Chest drainage tube 1 (1.7)

Prior antibiotics 10 (16.9)

Steroid use 4 (6.8)

Mean laboratory values

Albumin, g/dL 3.5

Hemoglobin, g/dL 8.3

aWBC < 3000 mL.

Table IV. Details of CVP placement.

Parameter No. of patients (%)

Insertion site

Subclavian 43 (71.7)

Forearm 17 (28.3)

Side

Right 38 (63.3)

Left 22 (36.7)

Procedure place

Operating room 7 (11.7)

Angiography suite 53 (88.3)

Guiding method

Ultrasound and fluoroscopy 36 (60.0)

External landmark 24 (40.0)

Type of catheter

Open-ended 57 (95.0)

Valved 3 (5.0)

Procedure time, minutes

10–30 36 (60.0)

31–45 16 (26.7)

46–60 8 (13.3)

Operator experience, cases

<10 11 (18.3)

10–50 10 (16.7)

51–100 28 (46.7)

101–200 9 (15.0)

>200 2 (3.3)

The denominator for the percentage is the total number of proce-
dures (n = 60).

Central venous port-related infection and malignant tumors 303



definitive CVP-related culture findings were not
observed; however, fever and chills were observed
following the flush of a port and categorized as prob-
able CVP-related infection. The port access periods of
the patients were 60, 80, and 45 days, and the number
of port punctures were 8, 10, and 5 times, respec-
tively. These three patients were successfully treated
with the removal of CVP and the administration of
antibiotics. No definitive CVP-related bloodstream
infection was observed in this study.
Colonization at the insertion site of CVP was

observed only in ten subclavian port patients
(Table VII) before sterilization on the day of CVP
placement. After sterilization, only one patient showed
colonization (Table VII). At baseline, indigenous skin
bacteria (i.e. Staphylococcus aureus and coagulase-neg-
ative staphylococci) were the frequently detected
micro-organisms (18.6%). At 1 and 4 weeks after
placement, detection rates of all micro-organisms
were also higher in subclavian CVP patients than in
forearm CVP patients. Colonization at 1 and 4 weeks
was observed in 10 head and neck cancer patients out
of a total of 11 patients.

Non-infectious AEs

Table VIII lists non-infectious AEs that occurred
during and after CVP placement. During the place-
ment procedure, we did not encounter severe AEs.
Three patients developed hematoma at the port
pocket, which was treated with compression and
needle drainage but did not require continuous drain-
age or further hemostatic treatments. Five patients
experienced non-infectious postprocedural AEs.
Phlebitis and system occlusion were observed in fore-
arm port patients, and venous thrombosis and pul-
monary thromboembolism were observed in a
subclavian port patient. All instances of phlebitis
were recorded within 1 week after insertion. In
patients with system occlusion, recanalization was
successfully performed by injecting a mixture of
60,000 IU urokinase and 5,000 IU heparin through
a port. In one patient with venous thrombosis and
pulmonary thromboembolism, we removed the CVP
immediately after the diagnosis and treated the
patient with anticoagulants. We did not observe any
CVP-related death in this study.

Removal of CVP

We removed the CVP in seven patients (11.7%).
Emergency removal for AE was needed in five
patients (8.3%). In the emergency patients, the
median time-to-removal was 65 days (range 34–94
days) (Table IX).T
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Discussion

The incidence of CVP-related infection in the liter-
ature varies between 0.9 and 10.1% (3–10), and most
of the studies were retrospective investigations. In this
prospective study, 3 out of 59 patients (5%) presented
CVP-related infection. At the surveillance of the
overlying skin of the port, the subclavian site was
associated with a higher incidence of colonization
than the forearm site, both before implantation
(23.3% versus 0%) and at 1 week (18.6% versus
5.9%) and 4 weeks after implantation (20.9% versus
11.8%). However, no definitive relation was observed
between the presence of colonization and the devel-
opment of infection.
According to the guidelines from the CDC (11), the

density of skin flora at the catheter insertion site is a
major risk factor for catheter-related bloodstream
infections of CVC. The subclavian site is preferred
instead of a jugular or femoral site to reduce the risk for
infection because of a lower density of skin flora (18–
20). In the setting of CVP, skin flora may also con-
tribute to infection because repeated puncture is per-
formed through the overlying skin of the port, although
no data are available from the literature. In our study,
more colonization was observed at the subclavian site
than at the forearm site. Sadoyama et al. demonstrated
that more colonization was observed at the subclavian
site than at the jugular site in patients with CVCs at the
intensive care unit (21). The subclavian site may be
more vulnerable to skin flora than previously recog-
nized; however, no definitive relevance with clinical
infection was demonstrated in our study.
The incidence of CVP-related infection of 5% in

our study is consistent with that reported in other
studies (3,7,22–24). In our study, all cases of infec-
tion were observed in head and neck cancer patients.
We could not eliminate selection bias. Because of
the referral pattern, two-thirds of our cohort con-
stituted head and neck cancer patients. Previous
studies revealed an infection rate of 8.0%–8.4% in
head and neck cancer patients (25,26), and this
population may be at risk of CVP-related infection.
Hematologic malignancies may also be a risk factor
for infection because of intensive chemotherapies
resulting in neutropenia. In our study, however, no
infection was observed in patients with hematologic
malignancy. Moreover, regarding the incidence of
CVP-related infection, adequate diagnosis and clas-
sification are important because the reported diag-
nostic criteria of infection varied among studies
(3,5,24) and may result in uncertainty in compari-
son. In our study, evaluation of infection was per-
formed with rigorous methods to obtain reliable
results.T
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Various factors may contribute to the development
of infection. Possible factors include the general status
of the patients, therapeutic regimen, materials making
up the catheter, placement procedures, and mainte-
nance procedures. Maintenance of CVPs differs from
that of other long-term venous devices such as CVCs.
A reservoir in a port enables the CVP to be completely
implanted under the skin and may reduce the risk of
infection. However, multiple and somewhat compli-
cated maintenance procedures are required for CVPs,
which may increase the risk of contamination. Factors
associated with the risk of infection at maintenance
include the timing and duration of needle insertion,

aseptic techniques, dressing, management of lines
and hubs, and the use of prophylactics for venous
thrombosis. Although definitive evidence is not estab-
lished for each of these factors, sensible measures
against these issues are mandatory. We have been
developing a uniform protocol for the maintenance of
CVP in our hospital. In particular, review and revision
of the management of subclavian CVP are considered
important based on the microbiological results of this
study.
According to a review by Vescia et al. (27), removal

of the CVP is not routinely recommended in patients
with CVP-related infections. The CVP must be
removed for patients with instability, systemic com-
plications from infection, signs of port-pocket infec-
tion, persistent sepsis or relapse of infection after
antibiotic treatment, or the detection of certain
micro-organisms resistant to antimicrobial treatments
with catheter salvage (e.g. S. aureus or Candida spe-
cies). In the guidelines for CVCs, prophylactic anti-
microbial therapy is not recommended (11). The
efficacy of antibiotic lock of the CVP with a high-
dose solution of antibiotics for treatment and preven-
tion of infection remains controversial and is not
routinely recommended (28–30). In our study, all
three patients underwent catheter removal (port-
pocket infection in one patient and unstable patient
condition in two patients), and the patients recovered
after the removal.
Several limitations of our study warrant comments.

First, the cohort size was small, and the observational
period was not long. The number of patients with infec-
tionof three isnot sufficient toperformstatistical analyses
for risk factors of infection. Second, the patientswere not

Table VII. Colonization at the insertion site of subclavian and forearm CVPs (n = 59).

Subclavian: No. of patients (%) Forearm: No. of patients (%)

On the day of placement 1 week 4 weeks On the day of placement 1 week 4 weeks

Pre-sterilization Post-sterilization Pre-sterilization Post-sterilization

Gram-positive cocci 10 (23.3) 1 (2.3) 8 (18.6) 8 (18.6) 0 0 1 (5.9) 2 (11.8)

Staphylococcus aureus 0 0 1 (2.3) 0 0 0 1 (5.9) 0

CNS 8 (18.6) 1 (2.3) 5 6 0 0 0 2 (11.8)

Enterococci 0 0 0 0 0 0 0 0

Other cocci 2 (4.7) 0 2 (4.7) 2 (4.7) 0 0 0 0

Gram-negative bacilli 0 0 0 1 (2.3) 0 0 0 0

Yeasts 0 0 0 0 0 0 0 0

Others 0 0 0 0 0 0 0 0

Total 10 (23.3) 1 (2.3) 8 (18.6) 9 (20.9) 0 0 1 (5.9) 2 (11.8)

CNS = coagulase-negative staphylococci.

Table VIII. Non-infectious AEs.

AE No. (%)

Periprocedural

Pneumothorax 0 (0)

Arterial puncture 0 (0)

Hematoma 3 (5.1)

Total 3 (5.1)

Postprocedural

Phlebitis 3 (5.1)

Fibrin sheath 0 (0)

System occlusion 1 (1.7)

Subcutaneous extravasation 0 (0)

Venous thrombosis 1 (1.7)

Pulmonary thromboembolism 1 (1.7)

Catheter detachment 0 (0)

Total 6 (10.1)
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adjusted regarding the tumor type or other factors
because of the limitation of a single-arm observational
study. Third, uninvestigated confounding factors may
contribute to infection.Maintenance of CVP during the
follow-up period certainly is the main uninvestigated
confounding factor in this study. Optimization of the
maintenance protocol is needed in future studies.
In conclusion, the rate of CVP-related infection in

this prospective evaluation in patients with malignant
tumors was comparable to that reported in previous
studies. Colonization of the skin was more prominent
in the subclavian site than in the forearm site.
Although skin colonization was not proven to be a
risk factor for infection, these findings serve to draw
attention to the adequate maintenance of CVP.
Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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