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Abstract. Totally implantable venous access port systems 
(TIVAPS) are widely used in breast cancer patients. However, 
complications are frequent and may necessitate device 
replacement or removal, resulting in additional patient stress 
and treatment delays. The aim of the present study was to 
investigate possible risk factors for complications. A total of 
2,996 consecutive female breast cancer patients, with a median 
age of 50.2 years (range, 21.2-85.5 years) were enrolled in this 
observational, single-centre study between December, 2008 
and April, 2014. TIVAPS implantation was principally 
performed using local anaesthesia and the blind puncture or 
Seldinger technique through internal jugular or subclavian 
vein access. A retrospective chart review was conducted to 
obtain information associated with TIVAPS and patient data. 
Insertion performed by blind puncture and Seldinger tech-
nique had a success ratio of 96.34 and 99.80%, respectively 
(χ2=29.905, P<0.001). However, the success ratio of the puncture 
technique group was 99.76% when the TIVAPS was implanted 
in the right internal jugular vein. The most common complica-
tions were late complications, with an overall incidence rate 
of 5.41% (162/2,996) during the entire device duration. The 
most common late complications included fibrin formation 
(1.84%, 55/2,996), port-related bacteraemia (1.44%, 43/2,996) 
and deep vein thrombosis (0.63%, 19/2,996). No patient died 
during the study. Our results demonstrated that insertion of 
TIVAPS by blind puncture or the Seldinger technique through 
internal jugular or subclavian vein access is convenient, and 
insertion by the Seldinger technique through the right internal 
jugular vein is the preferred method. Therefore, TIVAPS is 
safe for continuous infusional chemotherapy regimens for 
breast cancer patients.

Introduction

Totally implantable venous access port systems (TIVAPS), 
first introduced in 1982, are currently routinely used in chemo-
therapy, transfusion, parenteral nutrition and blood sampling 
for laboratory testing (1-3), as they require no external dressing, 
allow patient activity and require only monthly flushes of 
heparinized saline to maintain the patency of the catheter. The 
use of TIVAPS is required for a number of patients with breast 
cancer, as the majority of such patients require chemotherapy. 
In chemotherapy patients, central venous administration is 
useful for avoiding venous toxicity. Although TIVAPS are 
generally associated with a lower long-term risk of complica-
tions compared with peripherally inserted central catheters 
and central venous catheters, certain complications associated 
with their placement and long-term use remain a matter of 
concern. These complications, including infection, catheter 
fracture, thrombosis, fibrin formation, port inversion, primary 
dislocation, rejection reaction, port pocket bleeding and extrav-
asation (4-6), may necessitate device replacement or removal, 
resulting in additional patient stress and treatment delays.

Several studies on cancer patients have investigated 
potential risk factors for TIVAPS-related complications, with 
somewhat conflicting results (3,7‑10). The reported experi-
ence with TIVAPS in breast cancer patients has been limited 
to studies including a relatively limited number of patients. 
To date, no specific guidelines or valid recommendations 
regarding port complications and associated risk factors have 
been elaborated. In view of the significance of minimizing 
complications associated with TIVAPS and the limited data 
availability on potential risk factors, we initiated a large-scale 
retrospective study to investigate this issue in the context of 
routine clinical practice in our breast cancer treatment centre.

Patients and methods

Patients. The present study included 2,996 adult female patients 
with breast cancer who underwent insertion of TIVAPS over a 
65-month period (December, 2008-April, 2014) at the Breast 
Disease Center of the Fourth Hospital of Hebei Medical 
University (Shijiazhuang, China). A retrospective chart review 
was conducted to obtain information on demographical 
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characteristics, surgical and device-related factors, wards 
acommodating the patients following port system insertion, 
port system-associated adverse events and biological culture 
results, when available. We monitored the patients until port 
removal, death, loss to follow-up, or until April 30, 2014, 
whichever occurred first. Information regarding patients' age, 
placement side, vein of insertion and catheter tip location, were 
also collected.

Insertion and maintenance of port systems. All the systems 
used consisted of a silastic port with a silicone membrane 
connected to a silicone rubber catheter (7/8F, Groshong catheter, 
BARD X-Port isp™; CR Bard Inc., Murray Hill, NJ, USA). Port 
insertions were performed in the operating theater by a general 
surgeon under local anaesthesia, using the blind puncture or the 
Seldinger technique. For the Seldinger techniques group, first, 
a uniform B-mode ultrasound device was used (Bard), which 
wasequipped with a 5-10 MHz linear array transducer to view the 
internal jugular vein for catheter entry in the neck. Subsequently, 
a ‘micropuncture needle’ was used to puncture the vein through 
an introducer. Following this, a guidewire was inserted into the 
vein through the needle. The needle was withdrawn over the 
wire and a ‘peel-away sheath’ was advanced over the guidewire 
into the vein. Following removal of the dilator component of 
the peel-away sheath, the catheter was introduced through the 
sheath and advanced into position. Finally, the catheter was 
connected with the port. For the other group, a blind puncture 
was used to establish venous access near the supraclavicular 
fossa using a puncture needle and the catheter was subsequently 
inserted through the needle into position (11). A chest X-ray was 
routinely performed following catheter placement to visualize 
the location of its tip and to exclude a pneumothorax. The cath-
eter tip was located at the lower or middle part of the superior 
vena cava. The TIVAPS were routinely sat in a port pocket fixed 
on the fascia pectoralis, infraclavicularly, in the deltopectoral 
groove. Prophylactic antibiotics were not routinely admin-
istered. Catheter tip malposition was identified immediately 
after insertion in 26 port system insertion cases. Adjustments 
were immediately made to ensure the catheter tip was properly 
located inside the superior vena cava.

The insertion of the port systems was preceded by skin 
sterilization with an iodine tincture. The port was flushed 
with 10 ml of heparinized saline (100 IU/ml) to detect any 
possible occlusion or subcutaneous leakage prior to injecting 
any prescribed agent. The port system was flushed with hepa-
rinized saline immediately after each administration and once 
every 4 weeks thereafter, depending on the follow-up schedule 
of the patient when the port systems were used less frequently.

Statistical analysis. Data were analyzed using SPSS 13.0 
software for Windows (SPSS Inc., Chicago, IL, USA). For the 
statistical analysis, a two-sided P-value of <0.05 was consid-
ered to indicate a statistically significant difference. Statistical 
analysis was performed using the Pearson's Chi‑square test or 
Fisher's exact test in cross tables.

Results

Population and port characteristics. A total of 2,996 consecu-
tive female breast cancer patients were included in the present 

study. The overall follow-up duration was with a mean of 
264.0 catheter days [standard deviation (SD) = 112.3 days; 
range, 9-1,608 days]. The mean age ± SD at inclusion was 
48.3±11.2 years and the median age was 50.2 years (range, 
21.2-85.5 years). As shown in Table I, TIVAPS were implanted 
in the right internal jugular vein in over half of the patients, 
followed by the left internal jugular, right subclavian and left 
subclavian veins in the blind puncture group. Furthermore, 
~60% of the patients were implanted with TIVAPS in the right 
internal jugular vein in the Seldinger technique group. The 
blind puncture technique was applied in 984 patients, with a 
success ratio of 96.34%; the Seldinger technique was used in the 
remaining patients, with a success ratio of 99.80% (χ2=29.905, 
P<0.001). In the blind puncture technique group, the highest 
success ratio was 99.76% when TIVAPS was implanted in the 
right internal jugular vein, and the lowest success ratio was 
81.81% when TIVAPS was implanted in the left subclavian 
vein (Table I). There was no significant difference between the 
blind puncture and Seldinger technique groups when TIVAPS 
was implanted in the right internal jugular vein.

Intraoperative complications. We did not observe any 
TIVAPS-related deaths in this series. Pneumothorax was 
observed as a complication of TIVAPS placement in 9 patients 
(0.30%, 9/2,996); only 2 patients (0.07%) required a tube 
thoracostomy to treat a large pneumothorax, with no additional 
morbidity. A total of 2 patients (0.07%, 2/2,996) experienced 
hemothorax as a serious complication of the port implant, both 
of whom were successfully treated with tube thoracostomy 
and venous anticoagulants; 1 patient experienced an accidental 
lymphatic fistula during the implant procedure, which did not 
cause any significant complications; 4 patients experienced port 
pocket bleeding and were successfully treated with re-implanta-
tion; finally, 2 patients required an early revision of the implant 
for malfunction of the catheter due to primary dislocation.

Early complications. The early complications observed in the 
present study are listed in Table II. Compared with late compli-
cations, early complications were rare (0.83%, 25/2,996) and 
the majority occurred within 1 month after the implantation 

Table I. TIVAPS implantation sites and achievement ratio.

 TIVAPS, no. Achievement ratio,
Implantation site (n=2,996) % (no./total)

Blind puncture 984 96.34 (948/984)
  Right internal jugular v. 419 99.76 (418/419)a,b

  Left internal jugular v. 386 96.11 (371/386)b

  Right subclavian v. 91 95.60 (87/91)b

  Left subclavian v. 88 81.81 (72/88)
Seldinger technique 2,012 99.80 (2,008/2,012)
  Right internal jugular v. 1,199 99.92 (1,198/1,199)
  Left internal jugular v. 813 99.63 (810/813)

aP<0.05 compared with left internal jugular, right subclavian and 
left subclavian veins; bP<0.05 compared with left subclavian vein. 
TIVAPS, totally implantable venous access port systems.
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of TIVAPS (5 cases occurred within the first 15 days and 
18 between 15 days and 1 month, prompting premature device 
removal). The remaining 2 cases occurred after >1 month. The 
most common early complications were port pocket bleeding 
and fibrin formation in 7 and 8 cases, respectively. Overall, 
none of the early complications exceeded 0.3% in our study.

Late complications. The details of the late complications are 
presented in Table III. A total of 13 patients suffered catheter 
fracture, including 4 fractures at the port lock level, 3 at the 
site of puncture and 6 at the level of the clavicle (pinch-off 
syndrome). A total of 11 cases presented with a separated cath-
eter tip that had migrated into the heart; in the remaining cases 
the catheter tip was in the superior vena cava. All the separated 
catheter tips were removed through the right femoral vein by 
catheter intervention, with no other significant complications.

Other common late complications included port-related 
bacteraemia, deep vein thrombosis and fibrin formation. A 

total of 43 patients suffered from port-related bacteraemia 
(1.44%, 22-81 days of port use). The causative agents were 
Streptococcus mitis and Staphylococcus epidermidis (40 cases). 
The majority of the infections were successfully treated with 
appropriate systemic antibiotics; 15 ports were removed after 
completing the therapeutic schedule. A total of 90 cases of deep 
vein thrombosis were detected (0.63%, 35-82 days of port use) 
at varying intervals following port placement. Low-molecular 
weight heparin and venous anticoagulants were administered 
for varying periods of time. Of the 19 ports, 8 were removed. 
Finally, 55 cases of fibrin formation occurred (1.84%, 12-52 days 
of port use), requiring 25,000 IU urokinase to remove the fibrin 
from the catheter and restore normal flow through the devices, 
of which 15 were removed due to malfunction despite treat-
ment. There were also 3 rare late complications in our report, 
including extravasation, port inversion and rejection reaction, 
in 13, 3 and 13 cases, respectively.

Port removal due to complications. The ports were removed 
in 82 patients (2.74%, 82/2,996) due to the complications, with 
a median port duration of 5.2 months in this group (Table IV). 
The remaining 2,914 ports remained in situ at the time of the 
last follow-up, or were removed after completing the thera-
peutic schedule.

Discussion

Patients with breast cancer often require continuous infusional 
chemotherapy and frequent blood sampling. The majority 
of chemotherapeutic agents are associated with significant 
venous toxicity and often lead to venous thrombosis or 

Table II. Early complications.

Complications No. (%) Actions taken

Port pocket bleeding 7 (0.23) Re-implantation
  and local treatment
Primary dislocation 1 (0.03) Re-implantation
Deep vein thrombosis 4 (0.13) Anticoagulation
  and port removal
Pocket infection 5 (0.17) Antibiotics
  and port removal
Fibrin formation 8 (0.27) Thrombolysis
  and port removal
Total 25 (0.83)

Table III. Late complications.

Complication No. (%) Actions taken

Catheter fracture 4 (0.13) Port removal
at the lock
Catheter fracture 3 (0.10) Port removal
at the site of puncture
Pinch-off syndrome 6 (0.20) Port removal
Catheter dislocation 3 (0.10) Re-implantation
Port-related bacteraemia 43 (1.44) Antibiotics
  and port removal
Deep vein thrombosis 19 (0.63) Anticoagulation
  and port removal
Fibrin formation 55 (1.84) Thrombolysis
  and port removal
Extravasation 13 (0.43) Port removal and
  local treatment
Port inversion 3 (0.10) Re-implantation
Rejection reaction 13 (0.43) Re-implantation
  or removal
Total 162 (5.41)

Table IV. TIVAPS complications for removal.

Complications No.

Total 82
  Intraoperative (n=5)
    Hemothorax 2
    Lymphatic fistula 1
    Primary dislocation 2
  Early (n=10)
    Pocket infection 5
    Fibrin formation 3
    Deep vein thrombosis 2
  Late (n=67)
    Catheter fracture at the lock 4
    Catheter fracture at the site of puncture 3
    Pinch-off syndrome 6
    Port-related bacteraemia 15
    Deep vein thrombosis 8
    Fibrin formation 15
    Extravasation 13
    Rejection reaction 3

TIVAPS, totally implantable venous access port systems.
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thrombophlebitis if peripheral veins are used, which becomes 
increasingly difficult after multiple courses of chemotherapy 
and frequent venipunctures. By contrast, central venous 
catheters in such patients are associated with less venous 
toxicity and may be used to administer all chemotherapy 
cycles (12,13). Patients also prefer the cosmetic result of a 
fully implanted venous device compared with that of a central 
venous device with external lines. TIVAPS are particularly 
desirable for patients with active lifestyles and they require less 
maintenance compared with external tunneled catheters. The 
majority of studies on TIVAPS have investigated heterogenic 
populations of patients with various malignancies, which led 
to conflicting findings (14). To the best of our knowledge, the 
present study included the most cases who underwent insertion 
of TIVAPS compared with other related studies, and is the first 
to focus on breast cancer patients specifically.

In this large monocentric study, TIVAPS appeared to 
provide long-term safe and reliable intermittent venous access. 
This conclusion is also in accordance with other previous 
studies (1,15,16). In our case series, the overall complication 
rate was 6.86% (205/1,996) over the entire device duration. 
The average port life was ~264 days, despite statistics (some 
of the patients enrolled in our research were only implanted 
with the ports for a few days before the study was closed; e.g., 
the shortest duration was only 9 days) and the vast majority of 
devices remained in situ and complication-free until the day 
of follow-up or the end of the treatment. The longest port life 
was 4.4 years (1,608 days). The complications were divided 
into 3 main categories: Intraoperative, early (occurring prior 
to the first chemotherapy application) and late (ocurring 
after the first chemotherapy application). Intraoperative and 
early complications were rare, with incidence rates of  0.6% 
(18/2,996) and 0.83% (25/2,996), respectively. These two cate-
gories occur early, as a consequence of catheter insertion. The 
key reasons for these two types of complications have not been 
fully elucidated and may include imprudent surgical maneu-
vers or the body constitution of the patients. The former may 
be addressed by improving surgical techniques and operating 
more carefully; however, further studies are required to deter-
mine the latter potential factor.

The most common complications were late complications, 
with an overall incidence rate of 5.41% (162/2,996) during 
the entire device duration. The most common late complica-
tion included fibrin formation (1.84%, 55/2,996), port-related 
bacteraemia (1.44%, 43/2,996) and deep vein thrombosis 
(0.63%, 19/2,996). Other malfunctions, including extravasation, 
rejection reaction, fracture, pinch-off syndrome, dislocation 
and port inversion, occur very rarely (1.5%, 45/2,996). Fibrin 
formation was diagnosed by the physician. As fibrin clot 
formation is the precursor of thrombosis, it is difficult to 
precisely discern. In fact, the treatments for fibrin formation 
and thrombosis are the same in our clinical practice. The 
diagnosis of port-related bacteraemia was defined as a 10-fold 
increase in colony-forming units of bacteria/ml in the blood 
obtained through the device, compared with peripheral blood 
cultures (17). In addition, if qualitative culture was performed, 
the diagnosis of bacteremia was established when the positivity 
of blood culture obtained through the TIVAPS was confirmed 
prior to the culture obtained from peripheral venous blood (18). 
Despite the advances in antibiotic therapy and infection control 

procedures, infections remain the most common complication 
of TIVAPS in cancer patients (19). The incidence of port-related 
bacteraemia in previous reports varied considerably, owing to 
dissimilar patient populations and non-standard definitions. 
The most commonly detected microorganisms were coagu-
lase-negative staphylococci (CoNS). Microbiological agents 
that colonize catheter hubs and the skin surrounding the inser-
tion site are the sources of most port-related bacteraemias (20). 
It has been reported that CoNS adhere to the catheter surface 
through the production of a microbial biofilm (21,22). CoNS 
rapidly migrate down the catheters due to capillary action 
and/or electrostatic attraction between the negatively charged 
organism and the positively charged subcutaneous tissue (23). 
Furthermore, any negligence of aseptic procedures during 
operative and maintenance procedures may be another reason. 
TIVAP-related bloodstream infections contribute to increased 
morbidity and mortality (12-25%), and increase the cost of 
medical treatment and the duration of hospitalization (24,25). 
The treatments include removal or retention of the device, 
antibiotic lock preparations and adaptation according to the 
identified microorganism. Catheter-related thrombosis was 
another frequent complication in our study. A prospective 
study by Lee et al (26) reported catheter-related thrombosis in 
4.3% of cancer patients, which is significantly higher compared 
with that in our study. There was a report that risk factors 
for thrombosis included >1 insertion attempts (26). However, 
tumor type, disease stage, platelet count, number of chemo-
therapeutic cycles or types of chemotherapy were not found to 
be associated with thrombosis (27). Based on earlier studies, 
in which a high incidence of catheter-related thrombosis was 
reported, several studies have been conducted regarding the use 
of thrombosis prophylaxis in these patient groups. However, 
no reduction in the incidence of thrombosis was observed in 
our study. In addition to the abovementioned factors, we also 
demonstrated that location of the catheter tip and vein of 
access were highly significantly associated with the incidence 
of thrombosis, which, to the best of our knowledge, had never 
been priorly reported. A lower incidence of catheter-related 
thrombosis was observed when the catheter tip was located in 
the part of the superior vena cava near the posterior segment 
of the 8th rib, neighbouring the right atrium. The reason may 
be associated with eddying of the blood flow due to the valve 
in the right atrium. Our results also demonstrated that the 
incidence of thrombosis is higher in patients with subclavian 
catheters when compared with internal jugular vein catheters. 
This fact may be explained by the more marked angle the 
subclavian vein forms with the superior vena cava. Injuries to 
the endothelium by pushing the catheter downwards during the 
implantation are more likely if the catheter is inserted through 
the subclavian vein. The chronic mechanical microtrauma 
and subsequent local toxicity of the chemotherapeutic agents 
may lead to further injury of the endothelium and predispose 
to venous thrombosis. However, the jugular vein, particularly 
the right jugular vein, follows a relatively straight course to the 
superior vena cava, which makes it a good candidate for port 
insertion.

Although this is the largest observational study on the 
incidence rate and risk factors for TIVAPS focusing on breast 
cancer patients to date, the study has certain limitations. 
First, it was a monocentric study and all the cases enrolled 
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were breast cancer patients. Second, the incidence of some of 
the complications, such as extravasation, rejection reaction, 
fracture, pinch-off syndrome, dislocation and port inversion, 
was low. As we have little experience and no reliable treat-
ment recommendations, the advantages of TIVAPS must be 
balanced against the risk of complications and port removal 
according to each individual case. Third, almost all the 
TIVAPS were used for chemotherapy in our center. Other 
applications of TIVAPS were rare. Finally, the majority of the 
TIVAPS in our study were inserted in the internal jugular vein 
and only few in the subclavian vein. The bias of the data may 
affect the observational results.

In summary, the insertion of TIVAPS by blind puncture or 
the Seldinger technique was found to be safe and convenient, 
and is favored by both medical oncologists and patients. With 
the increasing use of continuous infusional chemotherapy 
regimes and the need for improved quality of life of the 
patients, a significant increase in the requirement for TIVAPS 
is likely in the future.
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