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Abstract

improve placement techniques.
Methods

Background Totally implantable venous access ports (TIVAP) are eventually explanted for various reasons, related
or unrelated to the implantation technique used. Having more information on long-term explantation would help

From a series of 1572 cancer patients who had TIVAPs implanted in our center with the cutdown

technique or Seldinger technique, we studied the 542 patients who returned to us to have their TIVAP explanted after
70 days or more. As outcome measures we distinguished between TIVAPs explanted for long-term complications
(infection, catheter-, reservoir-, and patient-related complications) and TIVAPs no longer needed. Univariate and
multivariate analyses were run to investigate the reasons for explantation and their possible correlation with
implantation techniques.

Results The most common reason for explantation was infection (47.6 %), followed by catheter-related (20.8 %),
patient-related (14.7 %), and reservoir-related complications (4.7 %). In the remaining 12.2 % of cases, the TIVAP
was explanted complication free after the planned treatments ended. Infection correlated closely with longer TIVAP
use. Univariate and multivariate analyses identified the Seldinger technique as a major risk factor for venous

thrombosis and catheter dislocation.
Conclusions
implantation techniques used.

The need for long-term TIVAP explantation in about one-third of cancer patients is related to the

Introduction

As devices for delivering long-term chemotherapy in
patients with cancer, totally implantable venous access
ports (TIVAPs) have now gained standard acceptance.
Compared with external central venous catheters, TIVAPs
provide simple and more effective management, offer
patients a better quality of life and reduce infective and
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thrombotic catheter-related complications [1, 2]. The two
main methods used for TIVAP implantation are the cut-
down technique (CDT) and the Seldinger technique (ST).
The first involves surgically preparing the cephalic vein at
the deltopectoral groove whereas the second requires sub-
clavian vein or internal jugular vein puncture, with or
without ultrasound guidance [3-6].

Because no definitive conclusions have yet shown that
one insertion technique has advantages over the other in
reducing early TIVAP-related complications, surgeons
decide which technique to use according to their personal
preferences [7, 8]. Whichever placement technique is used
TIVAPs eventually have to be explanted for various rea-
sons [9, 10]. Possible help in differentiating how the two
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Fig. 1 Study flow chart

implantation techniques influence long-term outcome
comes from analyzing the reasons for explantation.
TIVAPs are often explanted late in their lifetime (years
after being implanted) because complications including
infection or vein thrombosis make them no longer usable
[11], patients choose to have them removed or they are no
longer needed. Knowing whether these late adverse events
depend on the implantation technique would help in
choosing the most appropriate technique.

Our aim in this retrospective study was to compare the
causes leading to long-term explantation (more than
3 months after implantation) in cancer patients whose
TIVAPs were also placed in our department with the CDT
or ST. We sought to identify possible correlations between
the implantation techniques used and the reasons necessi-
tating long-term removal.

Methods

From a series of 1572 consecutive cancer patients who had
their TIVAP implanted with the CDT or ST from February
2000 to December 2010 in our center, we studied the 542
(34.5 %) patients who returned for long-term explantation
up to 31 December 2013. To exclude early and late com-
plications, we included in the study only patients whose
TIVAPs were explanted more than 70 days after implan-
tation. We also excluded deceased patients, patients who
had their TIVAPs explanted in other centers, and those who
had undergone a previous implantation (Fig. 1).

All TIVAPs were implanted in day surgery in the same
operating room under local anesthesia (2 % carbocaine,
maximum dose 10 ml) and intravenous antibiotic pro-
phylaxis by two experienced surgical teams, each com-
prising two expert surgeons, all of whom had already done
more than 200 implants, one team specialized in the CDT
and the other in the ST. The two surgical teams implanted
TIVAPs in all the cancer patients referred for implantation
without selection criteria. All patients were implanted with
the same type of TIVAP device “Celsite” by B/Braun
with a silicone catheter. For CDT, the central venous
catheter (CVC) caliber was chosen according to the
cephalic vein diameter. ST catheters were mainly 6.5
French. For the CDT, the left cephalic vein was isolated at
the ipsilateral deltopectoral groove. The right side was
chosen for left-handed patients and for those who had
undergone aggressive surgery in areas adjacent to the left
deltopectoral area. If the cephalic vein proved impossible
to catheterize we proceeded to a Seldinger ipsilateral
direct subclavian vein puncture. The preferred choice for
the ST was generally a right-sided percutaneous subcla-
vian vein puncture without ultrasound guidance. If this
technique failed, the TIVAP was implanted through an
internal jugular vein access under ultrasound guidance.
During the procedure, a radiographic image was taken to
check that the catheter tip was correctly placed in the
superior vena cava.

All TIVAPS were explanted with patients under local
anesthesia. When analyzing the reasons for explantation, as
outcome measures in TIVAPs studied according to the
placement technique used we distinguished between
TIVAPs explanted owing to long-term complications (in-
fection, catheter-, reservoir-, and patient-related compli-
cations) and TIVAPs no longer needed. In patients in
whom TIVAPs were explanted for suspected infection,
manifested during drug infusion with fever and chills, the
bacterial population was verified by testing the explanted
TIVAP microbiologically or by blood culture or both.
TIVAP lifetimes were calculated in months elapsing
between implantation and explantation.

Statistical analysis

Statistical differences between groups were calculated with
the Chi square test (X7 test). Multiple regression analyses
were used to verify correlations between the two implan-
tation techniques and long-term complications responsible
for explantation. One-way analysis of variance (ANOVA)
was run to compare TIVAP lifetime in the two groups.
P values < 0.05 were considered to indicate statistical
significance. All data were analyzed with the NCSS sta-
tistical software package.
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Table 1 Demographic and implantation characteristics according to the implantation technique in the 542 cancer patients who returned in the
long-term to have their totally implanted venous access ports (TIVAPs) explanted

Characteristics Cutdown technique (CDT) Seldinger technique (ST) P value
Explant procedures (n) 368 174
Age (mean years) 61 (21-92) 59 (19-81) ns*
Gender
Male 199 (54.1 %) 71 (40.8 %) 0.004
Female 169 (45.9 %) 103 (59.2 %)
Reasons for implantation
Chemotherapy 352 (95.6 %) 164 (94.2 %) ns
Analgesic therapy, total parenteral nutrition, blood transfusion 16 (4.4 %) 10 (5.8 %)
Tumor types
Solid tumor 347 (94.3 %) 158 (90.8 %) ns
Leukemia and lymphomas 21 (5.7 %) 16 (9.2 %)
Implantation sites
Left cephalic vein 310 (84.2 %) - -
Right cephalic vein 58 (15.8 %) -
Left subclavian vein - 46 (26.4 %)
Right subclavian vein - 105 (60.3 %)
Left internal jugular vein - 4 (2.3 %)
Right internal jugular vein - 19 (11 %)
Catheter size (French)
5F 12 (3.3 %) 529 %) ns
6.5F 261 (70.9 %) 126 (72.4 %)
85F 83 (22.5 %) 41 (23.6 %)
10F 12 (3.3 %) 2 (1.1 %)
Mean TIVAP lifetime in months 38.1 (3.5-148.6) 36.2 (3.4-139.7) ns*

P value X* test and *analysis of variance (ANOVA)

Results

Of the 542 patients who returned to our center to have their
device explanted, 368 had TIVAP implanted with the CDT
and 174 with the ST (Table 1). TIVAPs had a similar
lifetime in the two groups (38.1 vs. 36.2 months). The most
common reason for explantation was infection (47.6 %),
followed by catheter-related (20.8 %), reservoir-related
(4.7 %), and patient-related complications (14.7 %). In
12.2 % of the patients overall, TIVAPs were explanted
because they were no longer needed (Table 2). Infectious
complications led to port removal more often, though not
significantly more often in TIVAPs implanted with the
CDT than with the ST. In 69 of the 258 TIVAPs explanted
for infection, microbiological testing identified bacterial
(88.4 %) or fungal growth (11.6 %). The most common
bacteria was Staphylococcus aureus and the most common
fungus was Candida albicans.

Among catheter-related complications, a frequent reason
for explantation was vein thrombosis. The incidence dif-
fered significantly between the two placement techniques
and thrombosis developed more frequently in TIVAPs

@ Springer

implanted by the ST than by the CDT (16.7 vs. 10.3 %;
P = 0.03 by X? test). Multiple regression analysis con-
firmed that catheter-related vein thrombosis correlated
significantly with the catheter >8.5 French in diameter and
direct right subclavian vein puncture by the ST (Table 3).

Catheter-related complications also included disloca-
tion, when the catheter tip migrated into the contralateral
subclavian vein or into the internal jugular vein. This
complication developed more frequently in patients whose
TIVAPs were implanted with the ST than after CDT (4.6
vs. 0.3 %; P < 0.001 by X? test) and arose only after direct
subclavian vein puncture and never after jugular vein
access. Multiple regression analysis confirmed the differ-
ence specifying that catheter dislocation correlated signif-
icantly with the ST by subclavian vein access (Table 3). In
28 of the 542 patients (5.2 %), TIVAPs were removed
because the catheter occluded; no significant difference
was found in the incidence of this complication between
the two implantation techniques. A severe catheter-related
complication was the pinch-off syndrome [12]. This
adverse event arose in 5.3 % of the patients (mean TIVAP
lifetime 46.8 months) whose TIVAPs were placed by
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Table 3 Multivariate analysis for catheter-related complications: vein thrombosis and catheter dislocation, in the 542 explanted totally
implantable vein access ports (TIVAP) grouped according to cutdown technique (CDT) and Seldinger technique (ST)

Regression coefficient b(i) Standard error Sb(i) T-Value to test HO:B(i) = 0 P value
Vein thrombosis
Catheter diameter > 8.5 F —0.1006 0.0321 —3.139 0.001
Right cephalic vein (CDT) 0.0166 0.0464 0.358 0.720
Left subclavian vein (ST) 0.0496 0.0513 0.968 0.333
Right subclavian vein (ST) 0.1097 0.0366 2.995 0.002
Left jugular vein (ST) —0.1266 0.1635 —0.774 0.439
Right jugular vein (ST) —0.1054 0.0767 —1.374 0.169
Catheter dislocation
Catheter diameter > 8.5 F 0.0068 0.0125 0.545 0.585
Right cephalic vein (CDT) 0.0175 0.0181 0.968 0.333
Left subclavian vein (ST) 0.0437 0.0200 2.185 0.029
Right subclavian vein (ST) 0.0571 0.0143 4.003 <0.001
Left jugular vein (ST) 0.0018 0.0637 0.028 0.977
Right jugular vein (ST) 0.0004 0.0299 0.012 0.990

subclavian puncture access, the only placement technique
at risk for this complication. In these patients, explantation
entailed removing the migrated endovascular catheter
segment with a radiologic endovascular technique.

Reservoir-related complications included port disloca-
tion or dehiscence involving the skin overlying the reser-
voir and developed in 14 patients; no significant difference
was found in the incidence of this complication between
the two implantation techniques (Table 2).

Of the 542 patients whose TIVAPs were explanted, 80
chose to have them removed. No significant difference was
found between removal rates in the CDT and ST groups.
Patients’ decisions on removal reflected subjective distur-
bances (discomfort, pain, difficulty in moving the neck or
shoulder, aesthetic problems). All the patients who wanted
their TIVAPs removed for aesthetic reasons (visible sub-
cutaneous catheter tunneling or reservoir pocket) originally
had them implanted through direct internal jugular vein
puncture. In 12.2 % of the patients overall, TIVAPs were
explanted because they were no longer needed. Removal
rates for this reason were not significantly higher in the
CDT than in the ST placement group.

Discussion

A strong point in our study design is that by analyzing the
causes leading to long-term TIVAP explantation in cancer
patients we extend current knowledge showing that
TIVAPs can have a long lifetime, even up to 12 years.
Ideally TIVAPs for cancer patients should remain efficient

@ Springer

and complication-free over time and should be removed
when therapeutic programs end. In practice, only 12.2 % of
the patients we studied had their TIVAPs removed because
the therapeutic program ended. The remaining 87.8 % had
them removed in the long term because various adverse
events arose. In our series, the main reason for long-term
explantation was infection (47.6 %) as others have reported
[10, 11]. Infective complications were unrelated to the
implant technique (50.3 vs. 42 %). TIVAP infections are
multifactorial events related to the patient’s clinical con-
dition (immunocompetence, performance status, blood
count), the tumor type requiring therapy [11] and, most
important, increased handling [13]. The high infection rate
in our cancer patients depended on the long TIVAP sur-
vival (CDT 38.1 and ST 36.2 months) and presumably on
increased risks related to lengthy management.

When we analyzed catheter-related TIVAP complica-
tions, we found that thrombosis developed less often in
TIVAPs implanted by the CDT than after the ST (10.3 vs.
16.7 %, P = 0.03 by X? test). This difference could be
related to minor venous trauma and less complex
manoeuvers needed to insert the catheter in the cephalic
vein with the CDT technique than with the ST in the
subclavian or internal jugular vein, a procedure that needs
at least 4 different passages through the vein (needle,
guide-wire, dilator, and catheter). Even when done under
ultrasound guidance, repeated maneuvers can damage the
vein wall and increase the thrombotic risk [5]. Neither
repeated maneuvers nor the implantation technique seem
likely to be responsible for thrombosis arising in the long
term (even years after the implant). Equally important, our
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multivariate analysis shows right subclavian vein access as
a further significant risk factor for thrombosis (P = 0.002)
(Table 3). We, therefore, attribute this risk to the obser-
vation that most patients are right-handed and hence the
predominant motor activity in the right arm can lead to
repeated trauma at the point where the catheter enters the
subclavian vein.

Another catheter-related complication arising in the
long-term was the pinch-off syndrome. This adverse event
developed in more than 5 % of the patients and arose
within years after implantation. As expected, all these
patients’ TIVAPs were implanted by the ST with subcla-
vian vein access. These findings are hard to compare with
the literature insofar as published case series analyze
complications (often misleadingly identified as late) arising
up to a maximum of 60-70 days after implantation
whereas the pinch-off syndrome arises months or years
after implantation [14]. Another problem that makes find-
ings for this complication hard to interpret is that the pinch-
off syndrome is described exclusively in case reports
unrelated to the case series from which they originated
[15]. Removing the catheter segment that has migrated into
the vascular system requires interventional radiology and
hospital admission, events that worsen risks for the patient
and increase hospital costs [16].

TIVAPs may also have to be removed for other catheter-
related problems. In our series, in nine patients (1.7 %)
TIVAPs had to be removed because the catheter dislocated.
Of these nine patients, eight had TIVAPs implanted in
subclavian vein (ST) and only one had TIVAPs implanted
with CDT (P < 0.001 by X? test). In four of these eight
cases, the catheter was partially expelled from the vein and
rolled up around the reservoir in the subcutaneous pocket.
Our experience suggests that these adverse events reflect
two technical shortcomings. First, direct puncture place-
ment foresees no system for anchoring the catheter to the
vein. Hence, after a subclavian vein ST implant any event
that temporarily increases superior caval vein pressure
(including repeated coughing, straining, and vomiting) can
progressively expel the catheter and dislocate it from its
normal position in the reservoir pocket. In the other four
patients, the catheter tip dislocated into the contralateral
subclavian or jugular vein, mainly owing to increased
venous pressure or catheter shortness. This complication
never arose in patients with TIVAPs implanted in the
jugular vein, presumably because jugular vein catheters are
unlikely to dislocate given that the subcutaneous tunnel is
invariably longer than the subclavian tract and the entire
endovascular tract is linear.

When we investigated reservoir-related complications,
we found that in 8 patients who underwent both ST and
CDT, TIVAPs had to be explanted because skin dehiscence
and local sepsis developed over the reservoir. The weight

loss typical in patients with cancer presumably leads to
subcutaneous fat thinning causing the reservoir to adhere to
the skin. Repeated membrane puncture or decubitus from
prolonged use of the gripper needles create skin trauma
with progressive tissue loss, bacterial contamination caus-
ing pocket infection, and reservoir expulsion [11, 17].
Other reservoir-related complications independent from the
implantation technique included 6 patients who had their
TIVAPs explanted because the reservoir turned over and
dislocated thus making the system unusable. The last
reservoir-related complication was drug extravasation
(2.2 %), exclusively related to poor TIVAP management.

A major, unexpected finding was that even though their
TIVAPs were functioning properly, 80 patients (15.5 % in
the CDT vs. 13.2 % in the ST group) asked to have them
removed because of discomfort (local pain, feeling of
traction, irritation when moving the arm, shoulder or neck,
or aesthetic reasons). Of the 23 patients in the ST group
who had jugular vein TIVAPs (Table 2), 18 asked to have
them removed chiefly for aesthetic problems. The main
reasons why women found the catheter intolerable were its
lengthy subcutaneous tunneling in the neck, and passage
over the clavicle. For two reasons, this technique should be
reserved to patients with a rich subcutaneous fat layer: first,
because the subcutaneous fat covers the catheter track;
second, inserting the subcutaneous pocket in the anterior
median pectoralis region rather than the deltopectoral
groove makes it easier to find the reservoir.

Conclusion

In our study, the major long-term TIVAP complication was
infection probably related to lengthy management and
linked to long TIVAP lifetimes, regardless of the implant
technique used. The other reasons necessitating long-term
TIVAP explantation correlated with the implantation tech-
nique used. The rates for catheter-related complications
(venous thrombosis, dislocation, pinch-off syndrome) cor-
related significantly with ST placement. Many women with
TIVAPs implanted by the ST in the jugular vein wanted
their devices removed for aesthetic reasons. These findings
merit confirmation in a prospective multicenter study
designed to obtain information on long-term TIVAP out-
comes, though these studies take several years to complete.

TIVAP management must be entrusted to experienced
staff, and to reduce the high risk of complications resulting
from poor management TIVAP procedures must follow
specific protocols. The choice of site and implantation
technique should take into account the individual patient’s
anatomic and aesthetic characteristics. If TIVAPs are cor-
rectly placed and systems properly managed, patients can
use them for a decade or more.
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