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Introduction: Totally Implantable Venous Access Devices (TIVADs) contribute
significantly to the treatment progress and comfort of patients requiring long-
term therapy. However, the procedure for implanting TIVADs, as well as its very
presence, may be associated with complications.

Aim: This study evaluates the indications, safety, and complication rates of
venous port implantations in pediatric patients. It also explores factors
influencing the occurrence of early and late complications post-implantation.

Materials and methods: The study included 383 pediatric patients treated at the
Department of Pediatric Surgery, Traumatology, and Urology in Poznan between
2013 and 2020 who underwent 474 implantations of intravenous ports. Venous
access was achieved using the Seldinger technique. Statistical analysis was
performed using Statistica 13 with TIBCO and PQStat 1.8.2.156 with PQStat.

Results: Venous ports were used in 345 oncology patients requiring
chemotherapy (90% of the total group) and in 38 children (10%) with non-
oncology indications. There were 36 early complications (7.6%) and 18 late
complications (3.8%), excluding infectious complications. The most common
early, non-infectious complications included pneumothorax (15 patients; 3%)
and port pocket hematoma (12 patients; 2.5%). The most common late, non-
infectious complications observed were venous catheter obstruction (8 children;
1.7%) and port system leakage (5 children; 1%). Infectious complications occurred
in 129 cases (27.2%). Children with a diagnosis of non-Hodgkin's lymphoma,
acute myeloid leukemia, and acute lymphoblastic leukemia had a significantly
higher incidence of port infections. Venous ports equipped with a polyurethane
catheter, compared to systems with a silicone catheter, functioned
significantly shorter.
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Conclusions: The Seldinger method of port implantation is quick, minimally
invasive, and safe. The type of port, including the material of the port's venous
catheter, and the underlying disease have an impact on the durability of
implantable intravenous systems. The experience of the surgeon is related to
the frequency of complications associated with the procedure.
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Introduction

Totally Implantable Venous Access Devices (TIVADs),
commonly referred to as ports or vascuports, are subcutaneously
implanted systems for long-term treatment. The indications for
implantation of TIVADs are very broad. They play an important
role in providing long-term venous access. In the pediatric group,
indications include the administration of chemotherapy, and long-
term intravenous antibiotic therapy. They are also used in chronic
disease management and total parenteral nutrition (1-7). The
subcutaneous position of the system allows patients to function
comfortably without the risk of catheter damage. Children can
participate in sports activities, including swimming (1, 2, 8). The
venous port consists of a capsule connected to a central venous
catheter (2). In the central part of the port is a silicone cured
membrane, and beyond it - the port chamber. To access the
chamber, the membrane is punctured percutaneously with a
specially designed non-cutting Huber needle (2, 9).

The optimal location for the venous port capsule is the fascia of
the pectoralis major muscle, on the anterior surface of the chest, in
the subclavian region. A change in the standard location of the
venous port may be dictated by conditions that prevent
implantation in the subclavian region. The location of the port is
determined by the possible intravenous access (subclavian or
femoral vein) (10, 11). Venous ports in children are placed under
general anesthesia.

Depending on the literature reviewed, variable rates of
complications after port implantation are described. They are
typical of the complications of central venous cannulation (12,
13). Early complications associated with port implantation by
subclavian vein cannulation include pneumothorax, pleural
hematoma, cardiac arrhythmia, puncture of the subclavian artery,
displacement of the venous catheter, bleeding into the port locus, or
early infection.

The most common late complications include infection, port
obstruction, system leakage, dermatitis, catheter stenosis associated
with compression in the subclavian space between the clavicle and
first rib, thrombosis associated with the presence of the catheter in
the vessel, and displacement of the catheter tip. It is suggested that
factors that increase the risk of infection include the type of chronic
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disease (acute lymphoblastic leukemia, acute leukemia non-
lymphoblastic), low absolute neutrophil count, patient
malnutrition, fever on the day of surgery, chemotherapy initiated,
and ongoing steroid therapy (1, 14-17).

The primary aim of this study was to evaluate the safety of the
venous port implantation technique and to identify the most
common early and late post-implantation complications.

In addition, the study aims to dissect the variables influencing
the incidence of these complications and to delineate those
attributable to patient factors and procedural specifics.

Materials and methods
Patients and study design

From 2013 to 2020, 383 patients underwent TIVAD
implantation at the Department of Pediatric Surgery,
Traumatology, and Urology in Poznan. Retrospective analysis of
clinical data of patients was performed.

The medical records of the patients were analyzed in terms of
the implantation procedure, the type of port, the experience of the
surgeon performing the procedure, and the occurrence of early and
late complications.

Only those patients whose medical records were confirmed to
be complete from the time of venous port implantation to the day of
removal were analyzed.

Laboratory parameters constituting absolute contraindications
to venous port implantation were Hb levels below 8g%, platelet
counts below 40,000/mmA3, and INR values above 1.5.

Complications related to port implantation were divided into
early complications, directly related to the surgical procedure,
observed up to 30 days after the procedure, and late
complications, related to the operation of the port, observed more
than 30 days after the operation. Parameters assessed as likely to
affect venous port implantation and function were divided into
patient-dependent (age at implantation, gender, weight, clinical
diagnosis, laboratory results) and operator-dependent (surgeon
experience - resident vs specialist, type of venous access, duration
of surgery, type of implanted port) factors.
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The study was approved by the Bioethics Committee at the
Poznan University of Medical Sciences.

Operation technique and
postoperative standards

All port implantation procedures were performed in an
operating room setting, with aseptic principles, under general
anesthesia. Venous access was obtained using the Seldinger
technique. Before the start of the procedure, the appropriate size
of the port was chosen adapted to the patient’s weight and
anatomical conditions. Two types of low-profile venous ports
were used: 8.7 mm high port equipped with a 4.5 F diameter
polyurethane catheter for younger children and 10 mm high port
equipped with a 6.6 F diameter silicone catheter for older children.

Standard postoperative care included continuous monitoring of
vital signs and blood counts. Prior to 2018, a follow-up chest X-ray
in a-p projection was routinely performed 3-4 hours after the
procedure. However, post-2018 protocols were updated to require
chest X-ray imaging only under suspicion of emphysema or
bleeding, relying on close nursing and medical supervision for
monitoring vital functions.

Statistical analysis

Statistical analysis was performed using Statistica 13 from
TIBCO and PQStat 1.8.2.156 from PQStat. 0=0.05 was used as
the level of significance. A result was considered statistically
significant when p<o. For the analysis of factors causing the need
for early port removal or infectious complications for categorical
variables, the chi2 test of independence, Fisher’s exact test, or
Fisher-Freeman-Halton test was calculated. If a relationship was
found, an odds ratio was calculated along with a 95% confidence
interval. The normality of the distribution of continuous variables
was tested with the Shapiro-Wilk test. For continuous variables,
such as age at implantation, body weight, and laboratory
parameters, the Mann-Whitney test was used due to the lack of
conformity to a normal distribution. In addition, a Kaplan-Meier
reliability analysis was performed to determine port durability. The
LogRank test was used to compare port durability between groups.
The Cox proportional hazards model was also used to determine the
risk ratio (Hazard ratio) of port loss along with 95%
confidence intervals.

Results
Study group characteristics

In 383 patients, 474 central venous port implantation
procedures were performed. The body weight of the operated

children ranged from 3.7 kg (4-week-old newborn) to 95 kg (17-
year-old female patient), with a mean of 28 kg with a median of
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20 kg in the study group. The general characteristics of the study
group are summarized in the table (Table 1).

The most common indication for venous port placement was
the need for long-term chemotherapy (345 children; 90.0%). This
group of patients was dominated by children treated for acute
lymphoblastic leukemia (131 patients; 34.2%), central nervous
system tumors (56 patients; 14.6%), lymphomas (50 patients;
13.0%), and neuroblastoma (39 patients; 10.1%). A separate group
of patients were non-oncology patients (38 patients; 9.9%). This
group consisted of 11 (2.9%) children with the syndrome of
congenital anomalies, 13 with hemophilia A (3.8%), 9 with
immune disorders (2.3%), and 5 with cystic fibrosis (1.3%).

A diagram showing the specific indications for port
implantation in the study group of children is shown in Figure 1.

Surgical treatment

In all of the patients, venous access was achieved using the
Seldinger method. During 332 (70.0%) implantations, the catheter
was inserted through the right subclavian vein, during another 140
(29.5%) implantations through the left subclavian vein, in 2
children, the right femoral vein was cannulated. Venesection,
surgical dissection, and exposure of the vein were not used as a
method of accessing the vessel.

Depending on the patient’s clinical condition and the results of
laboratory tests, 173 (36.4%) implantations required the
administration of blood products before the port implantation
procedure. Red blood cell concentrate was administered in 66
implantations (13.9%), platelet cell concentrate in 79
implantations (16.6%), plasma in 23 implantations (4.9%), and
plasma clotting factor concentrate in 5 implantations (1.0%).

The average procedure time for port implantation was 38.5
minutes +/- 16.6 minutes. The shortest procedure took 10 minutes,
and the longest 155 minutes. Half of all procedures performed
lasted at most 35 minutes, and 1/4 lasted at least 45 minutes. The
duration of the procedure depended on the experience of the
operator (p=0.016). The mean duration of venous port function
was 606 days (1 year and 8 months), with a median of 544 days
(1.5 years).

TABLE 1 Characteristics of the study group.

Number of patients 383
Female sex 167 (44%)
Male sex 216 (56%)
Number of implantations 474
Female sex 194 (41%)
Male sex 280 (59%)

Age (range) 21 days-17 years
Median (years) 5

Average (years) 7

Follow-up of port functioning (range) 2 months- 5 years
Median (months) 18
Mean (months) 20
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n=11

cystic fibrosis
n=4

FIGURE 1
Diagram showing the final diagnoses of operated patients.

Complications

In a group of 38 non-oncology patients, there were 3 early and 5
late complications. In 2 children with severe hemophilia, early
postoperative complication was the formation of a giant
hematoma of the operated area, and in 1 patient with
immunodeficiency - pneumothorax. Of the late complications, 2
children with the syndrome of congenital anomalies developed
catheter obstruction, and 3 children with immunodeficiency
developed port infection.

Among the 345 oncology patients, there were 33 early
complications (9.6%) and 13 late complications (3.8%) excluding
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oncological diseases
n=345

acute lymphoblastic
leukemia

n=131

acute non-
lymphoblastic
leukemia

n=28

non-Hodgkin's
lymphoma

n=25

Hodgkin's lymphoma
n=25

tumors of the central
nervous system

n=56

neuroblastoma
n=39

Wilms' tumor
n=32

other

— n=9

infectious complications. Among early non-infectious
complications, pneumothorax (14 patients) and hematoma (10
children) at the site of port implantation were the most common.

Pneumothorax as a complication of port implantation occurred
more often when the operator was a resident physician in training
(p= 0.02580). In 12 of 15 patients (80.0%) whose venous port
insertion was complicated by pneumothorax formation, a pleural
suction drain had to be placed.

Among late complications excluding infectious complications,
we observed catheter obstruction in 6 children (1.7%), system
leakage in 5 (1.0%), deep vein thrombosis in another 4 (0.8%),
and catheter tip displacement in 1 child (0.2%).
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Infectious complications

Infectious complications occurred in 129 cases of all
implantations (27.2%). Early infectious complications up to 30
days after implantation that occurred in the oncology patient
group were found in 12 cases (2.5%), and late infectious
complications occurred in as many as 114 implantations (24.0%).
A diagram showing the frequency and type of complications after
venous port implantation is shown in Figure 2. There was no
relationship between the duration of the procedure and the
occurrence of venous port infection (p=0.413). There was no
relationship between the patient’s CRP level at the time of venous
port implantation and the occurrence of system infection
(p=0.31639). There was also no significant effect of neutrophil
(p=0.55759) and leukocyte (p=0.96035) levels at the time of port
implantation on the occurrence of an infectious complication.

early complications

implantations n=474

FIGURE 2

Diagram showing all early and late, non-infectious and infectious complications in the entire study group.

n=51

late complications
n=132

10.3389/fonc.2024.1351630

The study group of all oncology and non-oncology patients who
received venous port implantation was divided into 4 age ranges:
patients up to 1 year of age (n=48); patients between 1 and 5 years of
age (n=166); patients between 5 and 10 years of age (n=107); and
between 10 and 18 years of age (n=153). Early infections occurred in
2 (4.2%) patients under 1 year of age, 8 (4.8%) in the 1-5 year group,
3 (2.8%) children in the 5-10 year group, and 2 (1.3%) in the 10-18
year group. Late infections occurred in 17 (35.4%) patients under 1
year of age, 59 (35.5%) in the 1-5 year group, 23 (21.4%) children in
the 5-10 year group, and 15 (9.8%) in the 10-18 year group. There
was a significant difference in the rate of occurrence of infectious
complications between the group of patients under 5 years of age
and the other age groups. Significantly more infections occurred in
the group of younger children (p=0.0035).

A correlation was shown between the diagnosis of the
underlying disease and the rate of port infections. The highest

infection
n=15

pneumothorax
n=

hematoma in
the pocket of
the port n=12

pleural
hematoma
n=1
port
obstruction
n=4

catheter
leakage

displacement of
the catheter tip
n=3

infection
n=114

port
obstruction
n=8

catheter
leakage n=5

deep vein
thrombosis
n=4

displacement of
the catheter tip
n=1
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rates of infections of implanted systems were associated with three
specific diagnoses: non-Hodgkin’s lymphoma, acute leukemia, and
acute lymphoblastic leukemia (p=0.00277, Cramer’s V correlation
coefficient=0.246). The correlation between diagnoses and the
incidence rate of venous system infections is shown in Table 2.

Microbiological results indicated that the predominant
microorganisms infecting implantable venous accesses were
skinborne bacteria, including gram-positive granulomas and
gram-negative bacilli. The specific bacterial pathogen causing
fulminant septicemia was Staphylococcus haemolyticus (11.0% of
infected systems) (Figure 3). Candida spp. fungal infection was
confirmed in 2 patients. —

In 129 cases of early and late infectious complications of the
venous port, 96 cases were treated with antibiotic therapy alone as
the primary treatment for the infection. In this group, in 35 cases,
the port was removed after 2-8 days despite antibiotic therapy. In 33
cases, in addition to antibiotic therapy, the venous port was
removed urgently on the first day of the infection. In total,
removal of the system was necessary in 68 patients (53.0% of
patients with an infectious complication). In the entire study
group 14.0% of children lost their port due to infectious
complications. The introduction of targeted antibiotic therapy
and conservative treatment of venous port infection was effective
in 61 children (47.2% of all infected systems). The average duration
of antibiotic therapy was 14 days, ranging from 7 to 23 days. In the
presence of coagulase-negative and methicillin-resistant
staphylococci, vancomycin and teicoplanin were used, while
piperacillin with tazobactam, aminoglycosides, and carbapenems
were used to eradicate gram-negative bacilli. When fungal infection
was confirmed (in 2 children) within the implanted venous system,
the port was immediately removed in each case, in addition to the

intravenous antifungal treatment used.

TABLE 2 The incidence of venous port infections according to the
patient’s underlying disease.

Port infection
(n; %)

14 (25%)

Diagnosis Number of

patients (n)

Tumors of the central 56
nervous system *

Wilms' tumor * 32 1 (3.125%)
Neuroblastoma * 39 15 (38.5%)
Hodgkin's lymphoma * 25 5 (20%)
Non-Hodgkin's 25 15 (60%)
Iymphoma *

Acute non- 28 15 (67.9%)

lymphoblastic leukemia

Acute 131
lymphoblastic leukemia

55 (41.98%)

Other 47 9 (19%)

Total ** 474 129 (27%)

*Tumors and lymphomas requiring treatment with chemotherapy and/or radiation therapy.
**Selected patients had multiple port implantations.
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Length of implanted venous
system function

Using Kaplan-Meier analysis, the lengths of the function of
venous systems implanted in patients with various malignancy
diagnoses were evaluated (i.e., so-called survival analysis). It
showed that patients with acute myeloid leukemia (47%), non-
Hodgkin’s lymphoma (37%), and acute lymphoblastic leukemia
(28%) had the highest probability of losing their venous systems
throughout treatment. The probability of central venous port
removal in children with solid tumors throughout the follow-up
period was significantly lower, at 16% in Wilms tumor, 19% in brain
tumor, and 14% in neuroblastoma. The Kaplan-Meier method was
also used to analyze the reliability (length of function) of the venous
port. The predicted average survival (functioning) time of the
venous port was 1512 days (4 years) (Figure 4).

When performing the analysis of the venous port’s function,
factors that may affect the system’s operating time were also taken
into account. The following factors were shown to affect the
duration of the port: the presence of a hematoma at the
implantation site, the type of venous port implanted, and the
occurrence of infection.

The probability of earlier venous port loss in children who
developed a hematoma at the implantation site was more than 6
times higher than in patients without this complication (p=0.0296)
(Figure 5). We found that the probability of earlier venous port loss
was 1.7 times higher with a polyurethane catheter than with a
silicone catheter (p=0.0365) (Figure 6). We also proved that the
probability of earlier venous port loss in children who developed a
venous port infection was more than 5 times higher than in patients
without this complication (p=0.047) (Figure 7).

Discussion

Central venous ports have become a standard in providing safe,
long-term chemotherapy in adult and pediatric oncology patients,
offering patient comfort, ease of medical use, system longevity and
advantage over other long-term venous accesses (8, 9, 18).
According to studies, in addition to the widespread comfort of
the port, an advantage of the system is the lower incidence of
infection compared to other catheters used in long-term treatment
(10, 16-20). Aseptic implantation techniques are critical for
minimizing early complications like infection. Additionally, the
surgical team’s expertise is paramount in preventing early
complications such as pneumothorax, arterial puncture, or
operative site hematomas. The maintenance and care of the
venous port system, particularly in preparation and blood
collection, are vital, necessitating a skilled nursing staff trained in
strict aseptic protocols (21).

The prevalence of port use varies considerably across centers,
with some adult patient populations showing rates as low as a few
percent annually to about 15% of those receiving chemotherapy (11,
18). In our Department, venous ports are a standard for all children
receiving chemotherapy, emphasizing the importance of comfort
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Candida spp.
Corynebacterium jeikeium
Pseudomonas aeruginosa
Klebsiella pneumoniae  — 9
Staphylococcus aureus

Staphylococcus haemolyticus 11

Stenotrophomonas maltophila

Micrococcus sp.

Staphylococcus hominis 11
Enterobacter cloacae 5

Enterococcus sp.

Escherichia coli

Staphylococcus epidermidis

14

10.3389/fonc.2024.1351630

18

FIGURE 3

Bacteriological results obtained from the patient’s blood culture taken from t

and secure administration routes for long-term treatments. The
common practice of venflon-type peripheral intravenous
catheterization, often painful for children, highlights the benefits
of venous ports (22, 23). Specific patient populations, such as those
with chronic conditions like hemophilia, cystic fibrosis,
mucopolysaccharidosis, and certain chronic neurological
disorders, including drug-resistant epilepsy, necessitate
individualized port implantation strategies. In severe hemophilia,
where routine clotting factor administration is critical, the use of a
venous port has proven effective for both regular and emergency
treatments. Ljung et al’s study in a pediatric hemophilia cohort
demonstrated a 70% success rate free of complications, with a 30%
infection rate among those with implanted ports, reflecting
caregiver satisfaction (24). In cases of cystic fibrosis, where
frequent hospitalizations for treatment are necessary, port
implantation improved the quality of care without complications,
pleasing patients, families, and treating physicians. Similarly, for
patients with immunodeficiencies requiring recurrent transfusions
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FIGURE 4
Graph showing the analysis of the predicted length of vascular
port function.
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or those with congenital syndromes necessitating frequent hospital
stays, port implantation served as a justified and
beneficial intervention.

In our Department venous ports were placed in 12 patients with
the severe form of hemophilia A. In 2 children the procedure was
complicated with the formation of a huge hematoma of the
operated area, despite adequate pharmacological preparation of
the patient for the procedure, resulting in subsequent loss of the
system. Laboratory tests showed that patients who experienced
postoperative bleeding developed neutralizing antibodies against
factor VIIL In our study, ports were implanted in 4 patients with
cystic fibrosis. No complications were observed after port
implantation in these patients, achieving complete satisfaction of
patients, their parents, and pulmonologists. In 9 patients the
indication for port insertion was immunodeficiency, causing the
need for frequent transfusions of immune antibodies (e.g., every 1-2
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FIGURE 5

Graph showing the comparative analysis of the length of the
vascular port function in relation to the formation of a port pocket
hematoma after implantation. The red line indicates the presence of
a port pocket hematoma, and the blue line indicates its

absence (p=0.0296).

frontiersin.org


https://doi.org/10.3389/fonc.2024.1351630
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sosnowska-Sienkiewicz et al.

1051

0951

0.9+

0851

08t

Cumulative overall survival

075+

0.7+

0651

1000 1500 2000
Time [days]

g

FIGURE 6

Graph showing the comparative analysis of the length of vascular
port function in relation to the type of port implanted. The red line
indicates the polyurethane catheter, and the blue line indicates a
silicone catheter (p=0.0365).
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FIGURE 7

Graph showing the analysis of the length of function of infected and
non-infected vascular ports. The red line indicates the infection of
the port, and the blue line indicates the absence of

infection (p=0.047).

months). Syndrome of congenital anomalies was indication for
venous port in 11 patients.

The literature confirms the widespread yet safe use of an
implantable port-type intravenous system in pediatric patients
requiring long-term treatment (4-7, 24-27). The Seldinger
method is described as a safe technique that allows the central
vessel to be reached with relative ease (28). The literature indicates
that the experience of the operator using the technique plays a
significant role. Dheer et al. observed that complications associated
with the method were observed less frequently with greater
familiarity with the procedure by the person performing it. They
emphasized that it is a safe technique, provided it is performed by
an experienced operator (12). Our center’s experience aligns with
literature findings, highlighting the essential role of comprehensive
medical personnel training. The frequency of early complications in
the pediatric population occurring in the Poznan center was similar
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to international literature data for both adult and pediatric patients
(5, 29-34). The incidence of early complications, particularly
pneumothorax, correlated with the operator’s experience, being
higher among physicians in training. This underscores the
necessity for careful postoperative monitoring, as radiological
evidence of pneumothorax may not be immediately apparent, and
children may not verbalize symptoms promptly. Available
publications indicate that pneumothorax did not require surgical
management every time. In the case of dyspnea, drop in saturation,
and emphysema increasing on a follow-up radiograph, it was
necessary to place a pleural drain (16). In a publication by
Barbetakis et al. in a group of 700 adult cancer patients,
pneumothorax occurred in 2.2% of cases (35).

Intravenous port implantation is associated with typical
complications of central venous cannulation. The literature shows
many of the determinants for these complications (12), primarily
derived from adult patient analyses. Early complications following
subclavian vein access for port implantation often include arterial
puncture, potentially leading to subcutaneous hemorrhage, pleural
effusion, or, in severe cases, airway constriction. A substantial adult
cohort (n=700) exhibited a hematoma incidence of 2.2% and
arterial puncture at 1.6% (35). Moreover, studies have reported
cardiac arrhythmias in 2.1% of cases, and infrequently, issues like
catheter kinking, damage to the port chamber, and locus infections
(35). Research by Shankar et al. into a pediatric demographic
(n=122) noted similar early complications within three weeks
post-implantation, such as hematomas, catheter tip displacement,
port obstruction, and infections (30). Our findings in 474
implantations corroborate these figures, with pneumothorax (3%)
necessitating pleural drainage in a majority (80%) and hematomas
(2.5%) at the implantation site. There was no observed correlation
between these complications and patient age. Notably, hematomas
significantly increased the risk of port loss, underscoring the
importance of effective perioperative management and potentially
necessitating system removal when conservative measures fail.

Late complications, estimated at roughly 6%, predominantly
manifest as infections or thrombosis at the catheter’s distal end
(16). These complications, whether within the port tunnel, pocket,
or in relation to the catheter itself, bacteremia and septic
thrombophlebitis, were documented in 6.2% of the pediatric
subjects studied by Shankar et al. (30). Our investigation revealed a
higher incidence, with early infections occurring in 3% and late
infections in 24% of cases. In the available literature, the percentage of
port infections is observed in the range of 2.2%-9% (36, 37). This
discrepancy can be largely attributed to the high proportion of
leukemia and lymphoma cases within our cohort, where aggressive
chemotherapy regimens contribute to sustained immunosuppression
conducive to infections. Our analysis also highlighted an increased
infection susceptibility in patients with acute lymphoblastic leukemia,
acute myeloid leukemia, non-Hodgkin’s lymphoma, and
neuroblastoma, findings that align with other literature (1, 16-18, 34).

Pathogens responsible for these infections have evolved in
parallel with shifts in antibiotic usage and the materials used in
catheters and ports. Most infections originate from skin-dwelling
bacteria or contaminants from healthcare providers’ hands. The
predominant pathogens are skin bacteria such as Staphylococcus
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epidermidis, Klebsiella spp., Acinetobacter spp., and Candida spp.
fungi. Infection rates correlate with the composition of the port, its
placement, and the patient’s overall health. According to Bagnall-
Reeb et al,, the typical duration for antibiotic therapy treating port
infections spans 7 to 21 days, with success rates between 60 and 91%
(38). Our center’s data are consistent with these figures, with
Staphylococcus epidermidis being the most frequent infective agent.
Approximately half of the patients with infected ports responded
positively to a median 14-day antibiotic regimen, yet over half
necessitated port removal due to infection. In our cohort, 14% of
children experienced port loss due to infection, leading to
recommendations for prophylactic antibiotics in
immunocompromised individuals (18, 39, 40).

Catheter-related thrombotic obstruction rates have been
reported between 27-66% in adults and 7-50% in pediatric
patients (39). This complication is often intertwined with
infection, as the fibrin sheath encasing the catheter creates a
conducive environment for microbial growth (10). In our study,
significant thrombosis occurred in 0.8% of cases, often associated
with genetically predisposed thrombophilia or cancer types prone
to thrombosis. Unlike the adult population, where anticoagulant
prophylaxis is commonplace, pediatric practice has not shown a
significant reduction in thrombosis incidence with such
treatment (39).

Furthermore, rarer complications include catheter or port
membrane damage, causing leakage, venous displacement of the
catheter, or port obstruction not amenable to pharmacological
intervention, necessitating surgical revision. These complications
represented less than 3% in our series.

A notable association was identified between the type of venous
port used and the likelihood of port loss. Early port failure was 1.7
times more probable with polyurethane catheters compared to
silicone. Moritz Wildgruber et al. observed a higher prevalence of
infections and obstructions in polyurethane catheter patients (41).
However, to demonstrate the effect of the venous catheter material
on the incidence of infections and thus port loss, we would need an
analysis performed on a group of patients comparable in terms of
underlying disease and the use of a venous catheter of the same
diameter constructed from different materials. These assumptions
could not be met in the study group, as the venous catheters differed
in diameter, and the study groups (younger and older children)
showed a discrepancy in terms of the distribution of the
underlying disease.

The main limitations of our study are the retrospective nature of
the study and the single-center design. Factors not taken into
account in the study design, which may have influenced the
results include postoperative port care and its accuracy by the
nursing team. Despite general standards, any improper handling of
port use may affect the rate of infection.

The high incidence of late infectious complications in our
center calls for further analysis and elimination of factors that
may influence the occurrence of port infections. Another limitation
of the study may be the population we studied, primarily
oncological patients, who made up the majority of the group.
These are particularly vulnerable patients and the results we
obtained may not be applicable to other populations. Although
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we presented a significant group of patients, our study was
conducted using data from a selected period of only 8 years.

Despite the limitations listed, our research has its strengths,
which include among others, the fact that it is based on a large
number of patients and that the data was collected in an extremely
thorough manner (42-44).

Conclusions

TIVADs provides an effective and reliable system for long-term
intravenous treatment in pediatric patients, catering not only to
oncological therapies but also to a spectrum of chronic conditions.
Employing the Seldinger technique, subclavian port insertion is
established as a swift, minimally invasive, and generally safe practice.

The type of port, including the material of the port’s venous
catheter, and the diagnosis of the underlying disease influence the
durability of implantable intravenous systems. Surgeon’s experience
is related to the incidence of complications associated with
the procedure.

Addressing the elevated rates of late-stage infections observed in
our cohort necessitates a meticulous reevaluation of current
protocols and practices, aiming to mitigate risk factors and
enhance patient outcomes.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Bioethics
Committee at the Karol Marcinkowski Medical University in
Poznan. The studies were conducted in accordance with the local
legislation and institutional requirements. Written informed
consent for participation in this study was provided by the
participants’ legal guardians/next of kin. Written informed
consent was obtained from the individual(s), and minor(s)’ legal
guardian/next of kin, for the publication of any potentially
identifiable images or data included in this article.

Author contributions

PS-S: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Supervision, Visualization, Writing - original
draft, Resources. SM: Conceptualization, Data curation, Formal
analysis, Funding acquisition, Investigation, Methodology,
Visualization, Writing - original draft. DJ-L: Conceptualization,
Project administration, Software, Supervision, Visualization,
Writing - review & editing, Formal analysis, Funding acquisition.
KMi: Conceptualization, Data curation, Funding acquisition,

frontiersin.org


https://doi.org/10.3389/fonc.2024.1351630
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sosnowska-Sienkiewicz et al.

Investigation, Methodology, Writing - review & editing. KMa:
Conceptualization, Data curation, Funding acquisition,
Methodology, Project administration, Writing - review & editing.
AK: Conceptualization, Data curation, Funding acquisition,
Investigation, Validation, Writing - review & editing. DZ: Data
curation, Formal analysis, Funding acquisition, Writing - review &
editing, Investigation, Software. PM: Conceptualization, Funding
acquisition, Methodology, Project administration, Supervision,
Visualization, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. Dogar SA, Khan MA. Implantable port devices in pediatric oncology patients: a
clinical experience from a tertiary care hospital. ] Pak Med Assoc. (2013) 63:1248-51.

2. Galloway S, Bodenham A. Long-term central venous access. Br ] Anaesth. (2004)
92:722-34. doi: 10.1093/bja/aeh109

3. Pezeshkpour P, Armstrong NC, Mahant S, Muthusami P, Amaral JG, Parra DA,
et al. Evaluation of implanted venous port-a-caths in children with medical complexity
and neurologic impairment. Pediatr Radiol. (2019) 49:1354-61. doi: 10.1007/s00247-
019-04470-w

4. Geremia C, De Ioris MA, Crocoli A, Adorisio O, Scrocca R, Lombardi MH, et al.
Totally implantable venous access devices in children with medical complexity:
preliminary data from a tertiary care hospital. J Vasc Access. (2017) 18:426-9.
doi: 10.5301/jva.5000727

5. Zhang JJ, Nataraja RM, Lynch A, Barnes R, Ferguson P, Pacilli M. Factors
affecting mechanical complications of central venous access devices in children. Pediatr
Surg Int. (2022) 38:1067-73. doi: 10.1007/s00383-022-05130-1

6. Ullman AJ, Bernstein SJ, Brown E, Aiyagari R, Doellman D, Faustino EVS, et al.
The michigan appropriateness guide for intravenous catheters in pediatrics:
miniMAGIC. Pediatrics. (2020) 145:5269-84. doi: 10.1542/peds.2019-34741

7. Ullman AJ, Chopra V, Brown E, Kleidon T, Cooke M, Rickard CM, et al.
Developing appropriateness criteria for pediatric vascular access. Pediatrics. (2020)
145:5233-42. doi: 10.1542/peds.2019-3474G

8. Rodgers HC, Liddle K, Nixon SJ, Innes JA, Greening AP. Totally implantable
venous access devices in cystic fibrosis: complications and patients' opinions. Eur Respir
J. (1998) 12:217-20. doi: 10.1183/09031936.98.12010217

9. Gergeker GO, Bektag M, Aydinok Y, Oren H, Ellidokuz H, Olgun N. The effect of
virtual reality on pain, fear, and anxiety during access of a port with huber needle in
pediatric hematology-oncology patients: Randomized controlled trial. Eur J Oncol
Nurs. (2021) 50:101886. doi: 10.1016/.¢jon.2020.101886

10. From the American Association of Neurological Surgeons (AANS), American
Society of Neuroradiology (ASNR), Cardiovascular and Interventional Radiology
Society of Europe (CIRSE), Canadian Interventional Radiology Association (CIRA),
Congress of Neurological Surgeons (CNS) and European Society of Minimally Invasive
Neurological Therapy (ESMINT), et al. Multisociety consensus quality improvement
revised consensus statement for endovascular therapy of acute ischemic stroke. Int |
Stroke. (2018) 13:612-32. doi: 10.1177/1747493018778713

11. Walser EM. Venous access ports: indications, implantation technique, follow-up,
and complications. Cardiovasc Intervent Radiol. (2012) 35:751-64. doi: 10.1007/
500270-011-0271-2

12. Dheer G, Chaudhry GK, Singh T. Immediate complications of percutaneous
central venous cannulation in children. J Indian Assoc Pediatr Surg. (2011) 16:145-7.
doi: 10.4103/0971-9261.86873

13. Malbezin S, Gauss T, Smith I, Bruneau B, Mangalsuren N, Diallo T, et al. A
review of 5434 percutaneous pediatric central venous catheters inserted by
anesthesiologists. Paediatr Anaesth. (2013) 23:974-9. doi: 10.1111/pan.12184

14. Pinelli F, Cecero E, Degl'Innocenti D, Selmi V, Giua R, Villa G, et al. Infection of
totally implantable venous access devices: A review of the literature. J Vasc Access.
(2018) 19:230-42. doi: 10.1177/1129729818758999

15. Chang TC, Yen MH, Kiu KT. Incidence and risk factor for infection of totally
implantable venous access port. Langenbecks Arch Surg. (2022) 407:343-51.
doi: 10.1007/s00423-021-02328-0

Frontiers in Oncology

10.3389/fonc.2024.1351630

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

16. Nicpon J, Karczmarek-Borowska B, Pelc M, Freygant K. Zylne cewniki centralne
a Powiklania. Prz. Med Uniw. Rzesz. Inst Lekow. (2014) 1:97-106.

17. Gozdzik J. Porty naczyniowe- zastosowanie kliniczne. Przew Lek. (2007) 1:98-
103.

18. Jarosz J, Misiak M. Wszczepialne systemy dostepu naczyniowego do podawania
chemioterapii (,,porty dozylne”). In: Krzakowski M, Warzocha K, editors. Zalecenia
postepowania diagnostycznoterapeutycznegow nowotworach ztosliwych. Via Medica,
Gdansk, Poland (2013). p. 639-61.

19. Kowalski G, Litwiniuk M, Pyda P, Ramlau C. Przydatnosc i koszty centralnych
cewnikow dozylnych typu ,Port” doswiadczenia wlasne. Wspolczesna Onkologia.
(1998) 5:82-3.

20. Pawlowicz M, Dworzanski K. Wszczepialne porty naczyniowe w leczeniu
choroby nowotworowej. Medipress Medical Update Supp (2004), 3-10.

21. Esposito MR, Guillari A, Angelillo IF. Knowledge, attitudes, and practice on the
prevention of central line-associated bloodstream infections among nurses in
oncological care: A cross-sectional study in an area of southern Italy. PLoS One.
(2017) 12:¢0180473. doi: 10.1371/journal.pone.0180473

22. Kennedy RM, Luhmann J, Zempsky WT. Clinical implications of unmanaged
needle-insertion pain and distress in children. Pediatrics. (2008) 122 Suppl 3:5130-3.
doi: 10.1542/peds.2008-1055¢

23. Cohen LL. Behavioral approaches to anxiety and pain management for pediatric
venous access. Pediatrics. (2008) 122 Suppl 3:5134-9. doi: 10.1542/peds.2008-1055f

24. Ljung R, van den Berg M, Petrini P, Tengborn L, Scheibel E, Kekomaki R, et al.
Port-A-Cath usage in children with hemophilia: experience of 53 cases. Acta Paediatr.
(1998) 87:1051-4. doi: 10.1080/080352598750031365

25. Hendriksz CJ, Harmatz P, Giugliani R, Roberts J, Arul GS. Risks of long-term
port use in enzyme replacement therapy for lysosomal storage disorders. Mol Genet
Metab Rep. (2018) 15:71-3. doi: 10.1016/j.ymgmr.2018.02.007

26. Bow EJ, Kilpatrick MG, Clinch J]. Totally implantable venous access ports
systems for patients receiving chemotherapy for solid tissue Malignancies: A
randomized controlled clinical trial examining the safety, efficacy, costs, and impact
on quality of life. J Clin Oncol. (1999) 17:1267. doi: 10.1200/JC0O.1999.17.4.1267

27. Xu Q, Wang C, Cheng W, Zhen Y, Ding Y, Liu G, et al. Central venous access
devices implantation in children with severe hemophilia a: data from the children
comprehensive care center of China. Heliyon. (2023) 9:¢13666. doi: 10.1016/
j-heliyon.2023.e13666

28. Pybus DA, Poole JL, Crawford MC. Subclavian venous catheterization in small
children using the Seldinger technique. Anesthesia. (1982) 37:451-3. doi: 10.1111/
j.1365-2044.1982.tb01158.x

29. Babu R, Spicer RD. Implanted vascular access devices (ports) in children:
complications and their prevention. Pediatr Surg Int. (2002) 18:50-3. doi: 10.1007/
5003830200011

30. Shankar G, Jadhav V, Ravindra S, Babu N, Ramesh S. Totally implantable venous
access devices in children requiring long-term chemotherapy: Analysis of outcome in
122 children from a single institution. Indian ] Surg Oncol. (2016) 7:326-31.
doi: 10.1007/s13193-015-0485-x

31. Muncie C, Herman R, Collier A, Berch B, Blewett C, Sawaya D. Wound
complications after chemo-port placement in children: Does closure technique
matter? J Pediatr Surg. (2018) 53:572-5. doi: 10.1016/j.jpedsurg.2017.10.044

frontiersin.org


https://doi.org/10.1093/bja/aeh109
https://doi.org/10.1007/s00247-019-04470-w
https://doi.org/10.1007/s00247-019-04470-w
https://doi.org/10.5301/jva.5000727
https://doi.org/10.1007/s00383-022-05130-1
https://doi.org/10.1542/peds.2019-3474I
https://doi.org/10.1542/peds.2019-3474G
https://doi.org/10.1183/09031936.98.12010217
https://doi.org/10.1016/j.ejon.2020.101886
https://doi.org/10.1177/1747493018778713
https://doi.org/10.1007/s00270-011-0271-2
https://doi.org/10.1007/s00270-011-0271-2
https://doi.org/10.4103/0971-9261.86873
https://doi.org/10.1111/pan.12184
https://doi.org/10.1177/1129729818758999
https://doi.org/10.1007/s00423-021-02328-0
https://doi.org/10.1371/journal.pone.0180473
https://doi.org/10.1542/peds.2008-1055e
https://doi.org/10.1542/peds.2008-1055f
https://doi.org/10.1080/080352598750031365
https://doi.org/10.1016/j.ymgmr.2018.02.007
https://doi.org/10.1200/JCO.1999.17.4.1267
https://doi.org/10.1016/j.heliyon.2023.e13666
https://doi.org/10.1016/j.heliyon.2023.e13666
https://doi.org/10.1111/j.1365-2044.1982.tb01158.x
https://doi.org/10.1111/j.1365-2044.1982.tb01158.x
https://doi.org/10.1007/s003830200011
https://doi.org/10.1007/s003830200011
https://doi.org/10.1007/s13193-015-0485-x
https://doi.org/10.1016/j.jpedsurg.2017.10.044
https://doi.org/10.3389/fonc.2024.1351630
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sosnowska-Sienkiewicz et al.

32. Ross AB, Rouanet E, Murphy AJ, Weldon CB, Weil BR. Complications
associated with totally implantable access ports in children less than 1 year of age. J
Pediatr Surg. (2022) 57:463-8. doi: 10.1016/j.jpedsurg.2021.12.004

33. Zhang S, Xiao Z, Yang F. Analysis of related complications of totally implantable
venous access ports in children's chemotherapy: Single center experience. Med
(Baltimore). (2022) 101:€29899. doi: 10.1097/MD.0000000000029899

34. Lee JK, Choi YB. Incidence and risk factors for totally implantable
venous access device infections in pediatric patients with cancer: A study of
25,954 device-days. ] Korean Med Sci. (2022) 37:¢266. doi: 10.3346/
jkms.2022.37.e266

35. Barbetakis N, Asteriou C, Kleontas A, Tsilikas C. Totally implantable central
venous access ports. Anal 700 cases. ] Surg Oncol. (2011) 104:654-6. doi: 10.1002/
j$0.21990

36. Cil BE, Canyigit M, Peynircioglu B, Hazirolan T, Carkaci S, Cekirge S, et al.
Subcutaneous venous port implantation in adult patients: a single center experience.
Diagn Interv Radiol. (2006) 12:93-8.

37. Vescia S, Baumgirtner AK, Jacobs VR, Kiechle-Bahat M, Rody A, Loibl S, et al.
Management of venous port systems in oncology: a review of current evidence. Ann
Oncol. (2008) 19:9-15. doi: 10.1093/annonc/mdm272

38. Bagnall-Reeb H. Evidence for the use of the antibiotic lock technique. J Infus
Nurs. (2004) 27:118-22. doi: 10.1097/00129804-200403000-00008

Frontiers in Oncology

11

10.3389/fonc.2024.1351630

39. Schiffer CA, Mangu PB, Wade JC, Camp-Sorrell D, Cope DG, El-Rayes BF, et al.
Central venous catheter care for the patient with cancer: American Society of Clinical
Oncology clinical practice guideline. J Clin Oncol. (2013) 31:1357-70. doi: 10.1200/
JCO.2012.45.5733

40. Kahn SR, Lim W, Dunn AS, Cushman M, Dentali F, Akl EA, et al. Prevention of
VTE in nonsurgical patients: Antithrombotic Therapy and Prevention of Thrombosis,
9th ed: American College of Chest Physicians Evidence-Based Clinical Practice
Guidelines. Chest. (2012) 141:¢1955-2268S. doi: 10.1378/chest.11-2296

41. Wildgruber M, Lueg C, Borgmeyer S, Karimov I, Braun U, Kiechle M, et al.
Polyurethane versus silicone catheters for central venous port devices implanted at the
forearm. Eur ] Cancer. (2016) 59:113-24. doi: 10.1016/j.ejca.2016.02.011

42. QiuX, Jin G, Zhang X, Xu L, Ding J, Li W, et al. Expert consensus on the clinical
application of totally implantable venous access devices in the upper arm (2022
edition). J Interv Med. (2023) 6:53-8. doi: 10.1016/j.jimed.2023.04.005

43. Becker F, Wurche LA, Darscht M, Pascher A, Struecker B. Totally implantable
venous access port insertion via an open Seldinger approach of the internal jugular vein
- a retrospective risk stratification of 500 consecutive patients. Langenbecks Arch Surg.
(2021) 406:903-10. doi: 10.1007/s00423-021-02097-w

44. Oner M. Implantation of totally implantable access ports via the internal jugular

vein in oncological patients - A single general surgeon's experience. MM]. December.
(2023) 10:171-6. doi: 10.47572/muskutd.1328420

frontiersin.org


https://doi.org/10.1016/j.jpedsurg.2021.12.004
https://doi.org/10.1097/MD.0000000000029899
https://doi.org/10.3346/jkms.2022.37.e266
https://doi.org/10.3346/jkms.2022.37.e266
https://doi.org/10.1002/jso.21990
https://doi.org/10.1002/jso.21990
https://doi.org/10.1093/annonc/mdm272
https://doi.org/10.1097/00129804-200403000-00008
https://doi.org/10.1200/JCO.2012.45.5733
https://doi.org/10.1200/JCO.2012.45.5733
https://doi.org/10.1378/chest.11-2296
https://doi.org/10.1016/j.ejca.2016.02.011
https://doi.org/10.1016/j.jimed.2023.04.005
https://doi.org/10.1007/s00423-021-02097-w
https://doi.org/10.47572/muskutd.1328420
https://doi.org/10.3389/fonc.2024.1351630
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Totally implantable venous ports in infants and children: a single-center retrospective study of indications and safety
	Introduction
	Materials and methods
	Patients and study design
	Operation technique and postoperative standards
	Statistical analysis

	Results
	Study group characteristics
	Surgical treatment
	Complications
	Infectious complications
	Length of implanted venous system function

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


