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Abstract The first placement of a totally implantable
central venous access device (TIVAD) was performed
in 1982 at the MD Anderson Cancer Center in Houston
by John Niederhuber, using the cephalic vein—exposed
by surgical cut-down—as route of access to central
veins. After that, TIVADs proved to be safe and effec-
tive for repeated administration of drugs, blood, nutri-
ents, and blood drawing for testing in many -clinical
settings, especially in the oncologic applications. They
allow for administration of hyperosmolar solutions, ex-
treme pH drugs, and vescicant chemotherapeutic agents,
thus improving venous access reliability and overall
patients’ quality of life. Despite the availability of a
variety of devices, each showing different features and
performances, many issues are still unsolved. The aim
of this review article is to point out what has changed
since the first implant of a TIVAD, and what it is still
matter of debate, thus needing more investigation.
Topics analyzed here include materials, choice of the
veins and techniques of implantation, role of ultrasound
(US) guidance in central venous access, position of
catheter tip assessment, TIVAD-related infection and
thrombosis, and quality of life issues.
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Introduction

The first placement of a totally implantable central venous
access device (TIVAD) was performed in 1982 at the MD
Anderson Cancer Center in Houston by John Niederhuber,
using the cephalic vein—exposed by surgical cut-down—as
route of access to central veins [1]. After this initial applica-
tion, technique spread throughout the world, and long-term
TIVADs proved to be safe and effective for repeated admin-
istration of drugs, blood, nutrients, and blood drawing for
testing in many clinical settings. Their increasing use has been
advocated for allowing the administration of hyperosmolar
solutions, extreme pH drugs, vescicant chemotherapeutic
agents, thus improving venous access reliability, reducing
the discomfort and anxiety associated with repetitive venous
access, and increasing the overall patients’ quality of life.
Over the last decades, many changes have occurred in this
field, especially in the oncology setting, which is the most
frequent application of these devices, with new chemotherapy
combinations and more complex regimens becoming avail-
able. Despite the availability of a variety of devices, each
showing different features and performances, many issues
are still unsolved. The Aim of this review article is to point
out what has changed since the first implant of a TIVAD in
1982, and what it is still matter of debate, thus needing more
investigation. Topics analyzed here include materials, choice
of the veins and techniques of implantation, role of ultrasound
(US) guidance, position of catheter tip assessment, TIVAD-
related infection and thrombosis, and quality of life issues.
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Materials
Silicone versus polyurethanes

TIVADs consist of a reservoir [usually made of titanium and/
or plastic polymers, developed to safely perform magnetic
resonance imaging (MRI)], connected to a central venous
catheter (CVC). Catheters are usually made of silicone or
polyurethane, which have different features. Silicone rubber
chemical structure is composed of adjacent polymer chains,
cross-linked to each other. Its physical properties vary accord-
ing to the degree of cross-linking. Polyurethanes are a class of
materials with a broad spectrum of physical and chemical
properties. Their commonality is the urethane linkage between
“hard” and “soft” polymer chains (segments). New generation
polyurethanes guarantee a minimal interaction between device
and blood, thus showing a nice biocompatibility, previously
attributed to silicone only. In spite of many reports from the
literature, investigating ease of insertion, risk of mechanical
phlebitis, infusate compatibility, stability, durability, and vas-
cular damage, there is no currently conclusive evidence
supporting an inherent superiority of a material over another.
Teflon, silicone, and polyurethane have been associated with
fewer catheter-related infections than polyvinyl chloride or
polyethylene. However, all available catheters for long-term
use are made either of polyurethane or silicone, and there is no
specific recommendation regarding materials for clinical prac-
tice [2].

Catheter design

Valved catheters have the advantage of not requiring heparin
flushes. Nevertheless, they may need pressurized infusions for
the administration of blood products and are more expensive.
In a controlled randomized trial, they were not superior to a
traditional, open-ended device in terms of catheter efficacy
and early and late complications [3].

Catheters coated with antiseptic drugs

Rates of catheter-related bloodstream infection (CRBSI) are
significantly reduced by catheters coated with rifampicin/
minocycline or internally and externally coated with
chlorhexidine/silver sulfadiazine [4, 5]. The use of a CVC
coated with an antimicrobial is therefore to be considered for
adult patients who require short-term central venous catheter-
ization and who are at high risk for CRBSI if the facility
infection rates remain high despite the implementation of a
comprehensive strategy to control them [6]. It is important to
underline that most evidence in this area concerns short-term,
non-tunneled central venous access. There is no evidence to
support the use of TIVADs or long-term tunneled catheters
coated with antiseptic drugs. In the near future, new materials
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will be available in this clinical setting, needing appropriate
trials.

Power technology

The use of totally implantable venous access devices in radi-
ology may be associated with complications such as occlusion
of the system (because of the high density of contrast media),
infection (if the port is not handled in aseptic conditions, using
proper barrier protections), and mechanical complications due
to the high-pressure administration of contrast by automatic
injectors (so-called “power injectors”): extravasation of con-
trast medium into the soft tissues, subintimal venous or myo-
cardial injection, or serious damage to the device itself (break-
age of the external connections, dislocation of the non-coring
needle, or breakage of the catheter). The latter problem—i.e.,
damage of the device from a power injection—is not an
unjustified fear, but a reality. A warning by the U.S. Food
and Drug Administration first issued in July 2004 [7] reported
around 250 complications of this kind, referring to both
TIVADs and CVC and peripherally inserted central catheter
(PICC) systems, which occurred over a period of several
years. In all cases, the damage occurred during the injection
of contrast by means of “power injectors” for computed
tomography (CT) or MRI procedures. In addition to the ob-
vious loss of a vascular access and the need for repositioning a
new device, in some cases, the breakage of the catheter may
cause an extravasation of contrast into the patient’s soft tis-
sues, and/or an embolization of catheter fragments in the
central venous or pulmonary arterial circulation (which may
result in the need to retrieve them by interventional radiology).
Typical mechanical damage includes breakage of the exten-
sion of the non-coring needle or its detachment from the
needle, sudden expulsion of the non-coring needle from the
silicone septum and thus from the port chamber, and breakage
of the silicone portal septum. The more fragile the system is,
even in one of its components, the lower the injection pressure
at which mechanical damage may occur.

The availability of power-certified TIVADs has recently
solved this problem; a final recommendation of a multidisci-
plinary international panel recently addressing this issue is that
radiologic units using contrast infusion through venous ports
should adopt specific protocols (or “bundles’) for prevention
of infective and mechanical complications and should imple-
ment an educational strategy including training courses for the
healthcare personnel working with venous access devices [8].

Techniques, choice of the venous site, and use
of ultrasound guidance for central venous access

Surgeons have traditionally implanted the TIVADs in the
operating theater, using the cephalic vein isolated at deltoid—
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pectoralis groove by cut-down technique to access central
veins. In case of atrophy or inability to use the cephalic vein,
it is possible to use external jugular, axillary, or internal
jugular vein. When the patients present an occlusion of the
superior vena cava, femoral or saphenous vein can be used [9,
10]. However, in the last decades, this procedure is being
performed more commonly by the Seldinger’s technique via
a percutaneous approach. The percutaneous approach to the
subclavian or internal jugular vein has become the most
popular procedure for placing a CVC in the superior vena
cava, both for short- and long-term use. The great flexibility of
percutaneous cannulation, the short duration of the procedure
in most situations, and the possibility to switch from a proce-
dure that requires an operating theater to a less demanding
(especially cost-wise) outpatient procedure have made the
superiority of percutaneous central vein access quite obvious,
reducing significantly the need for open cut-down procedures.

Recently, a modified Seldinger’s technique was proposed,
first described by Coit et al. [11] in 1988 and successfully
applied in a subsequent randomized controlled trial [12]. Itis a
combination of open cannulation of the cephalic vein and the
Seldinger’s technique. The aim of this rescue technique is to
avoid a percutaneous puncture of the subclavian vein and the
risk of pneumothorax/hemothorax after a failed open access of
the cephalic vein. Therefore, a guidewire and, if necessary, a
dilator and peel away sheath is introduced into the dissected
cephalic vein to overcome a narrow or strongly curved vessel.

Central venous cannulation can be an unsafe procedure: the
National Confidential Enquiry into perioperative deaths has
reported one death resulting from a procedure-induced pneu-
mothorax. Recognition of risk factors for difficult catheteriza-
tion is therefore essential, and all patients should be evaluated
for conditions that might increase the difficulty of catheter
insertion, such as skeletal deformity, presence of scars, obesi-
ty, or previous surgery at insertion site. The preferential use of
the internal jugular vein for the percutaneous “blind” (based
on anatomic landmarks) approach for central venous cannu-
lation is not able to eliminate the risk of pneumothorax,
especially when anatomic abnormalities, dehydration, inexpe-
rience, or disease-related alterations may force the operator to
resort to subclavian venipuncture after failed attempts.
Mechanical complications of CVC insertion without US guid-
ance, such as arterial puncture and pneumothorax, are seen in
up to 21 % of attempts, and up to 35 % of insertion attempts
are not successful. Real-time sonography provides a means to
safely direct the cannulating needle toward the internal jugu-
lar, axillary/subclavian, and femoral veins while avoiding
puncture of the accompanying arteries and other organs.
According to this technique, an ultrasound probe is used to
locate the vein, and the introducer needle is guided through the
skin and into the vessel. Although some investigators have
suggested in the past the use of ultrasound for assistance of
vascular access, it is now evident that the full benefits of

ultrasound are obtained only when coupling the pre-
procedural ultrasound assessment with a real-time
ultrasound-guided venipuncture. Ultrasound does not obviate
the need for anatomic knowledge, so surface anatomic land-
marks remain necessary for orientation of both cannulating
needles and the ultrasound probe itself. Given the superficial
location of the central veins at the sites of venipuncture, a high
frequency probe of at least 7.5 mHz creates optimal images.
Higher probe frequencies are most suitable for superficial
vessels, because higher image resolution enables the visuali-
zation of adjacent nerves and smaller arterial branches. They
are ideal for guiding central venous cannulation in neonates
and small children. Lower probe frequencies are required for
imaging target vessels at a greater depth, including obese
patients. Ultrasound equipment can be easily used within a
sterile field. Needle guides which orient the needle within the
field of view along the path of the ultrasound beam can
facilitate venipuncture in some conditions, but they are not
favored by many operators (including the authors of this
paper), willing a complete maneuverability of the needle.
With respect to long-term use of TIVADs ports in oncology
patients, we recently investigated the issue of which vein or
technique, if any, is the best for accessing the central veins in a
randomized three-arm trial [13]. Briefly, 403 patients eligible
for receiving i.v. chemotherapy for solid tumors were random-
ly assigned to implantation of a single type of port (Bard Port,
Bard Inc., Salt Lake City, UT), through a percutaneous land-
mark access to the internal jugular, a US-guided access to the
subclavian, or a surgical cut-down access through the cephalic
vein at the deltoid—pectoralis groove. Early and late compli-
cations were prospectively recorded until removal of the de-
vice, patient’s death, or ending of the study. Four hundred one
patients (99.9 %) were assessable: 132 with the internal jug-
ular, 136 with the subclavian, and 133 with the cephalic vein
access. The median follow-up was 356.5 days (range, 0—
1,087). No differences were found for early complication rate
in the three groups: internal jugular, 0 % [95 % confidence
interval (CI) 0.0 to 2.7 %]; subclavian, 0 % (95 % CI 0.0 to
2.7 %); cephalic, 1.5 % (95 % CI 0.1 to 5.3 %). US-guided
subclavian insertion site had significantly lower failures (e.g.,
failed attempts to place the catheter in agreement with the
original arm of randomization, P=0.001). Infections occurred
in one, three, and one patients (internal jugular, subclavian,
and cephalic access, respectively, P=0.464), whereas venous
thrombosis was observed in 15, 8, and 11 patients (P=0.272).
We concluded that central venous insertion modality and sites
had no impact on either early or late complication rates when
performed by experienced operators, but US-guided subcla-
vian insertion showed the lowest proportion of failures.
There is now compelling evidence that ultrasound-guided
venipuncture (by real-time ultrasonography) is associated
with a substantial benefit, and ultrasound support is therefore
strongly recommended (Grade A) for all CVC insertion. The
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US guidance has been evaluated in RCTs, which have been
pooled in three meta-analyses [14—16]. In a 1996 meta-
analysis of eight RCTs, US guidance was characterized by a
lower rate of failure and complications and by a higher rate of
success at the first attempt if compared to the landmark
technique. In 2001, the Stanford Evidence Based Practice
Center at the UCSF published the results of the project
“Making Health Care Safer: A critical analysis of patient
safety practices,” identifying US guidance for CVC placement
as 1 of 11 evidence-based clinical tools which should be
enforced in clinical practice. National Institute for Clinical
Excellence-UK made similar recommendations in 2002, and
the implementation of National Institute for Clinical
Excellence-UK guidelines has been associated with a signif-
icant reduction in complication rates in UK tertiary referral
centers. Similar recommendations, based on the published
data of RCT meta-analyses, have been made by several sci-
entific societies. Most recently, the Association for Vascular
Access has drafted a position statement on the use of real-time
imaging for placement of central VADs (available at www.
avainfo.org) advocating the use of ultrasound guidance for all
non-emergent central vascular access procedures. Other pro-
spective studies, some of which were RCTs, have addressed
this issue in a number of settings, such as the intensive care
unit, emergency room, oncology, pediatrics, and dialysis,
leading to the conclusion that ultrasound guidance improves
the success rate of vein cannulation, reducing the number of
attempts, complications, and failures. A randomized study of
US-guided versus blind catheterization of the internal jugular
vein in critical care patients showed that US guidance was also
associated with a decrease of catheter-related infections [17].
Finally, an international panel of experts recently provided
evidence-based recommendations for the systematic use of
ultrasound guidance for all vascular access [18].

Concerns have been expressed with respect to training, as
the novel techniques should be incorporated into the ultra-
sound courses that are currently being set up for radiologists,
anesthesiologists, and surgeons. Moreover, the landmark
method would remain important for emergencies when ultra-
sound equipment and/or expertise might not be immediately
available.

There is a lack of consensus for standards of training in
ultrasound vascular cannulation. Although formal education
and training are considered necessary, barriers to this goal are
apparent, such as hardware deficiencies, insufficient instructor
availability, and a perceived lack of time required to achieve
certified competency [19]. Theoretical lessons on ultrasound
physics, ultrasound anatomy, and hands-on-training on inan-
imate models could achieve standardization across medical
centers.

Cost analysis is certainly a key issue. Calculations should
be precise and also include costs for ultrasound devices and
operator training. Calvert et al. [16] compared the economics
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of using 2D-ultrasound locating devices and traditional land-
mark methods for central venous cannulation. They reached
the conclusions that the cost of using ultrasound for central
venous cannulation was less than 10 1b sterling per procedure,
and that the introduction of 2D ultrasound for central venous
cannulation would save the United Kingdom—National Health
Service money (£2,000 for every 1,000 procedures).
However, some criticism derived from the incidence of arterial
puncture that the authors used in their analysis. Based on
experience and published data, a 12 % incidence of arterial
puncture using the landmark approach was judged almost an
order of magnitude too high. Using a significantly lower and
more realistic arterial puncture incidence reduces the cost of
the landmark technique and may change the cost-effectiveness
calculation to the point where the ultrasound choice may no
longer be dominant, meaning that while ultrasound is more
effective, it also costs more. Finally, since the reference is
internal jugular vein cannulation in the operating theater, the
question of whether the results can be extrapolated to other
central venous cannulations performed outside that setting
was not addressed. While many RCTs have clearly shown
that ultrasound guidance is superior to the landmark tech-
nique—at least in terms of immediate outcome—for internal
jugular vein cannulation in a variety of clinical settings,
doubts still persist for the subclavian insertion site. US guid-
ance for subclavian venous catheterization has yielded incon-
sistent results in a small number of trials [20, 21]; limited
evidence favored 2D ultrasound guidance for subclavian vein
procedures in adults (relative risk 0.14; 95 % confidence
interval, 0.04 to 0.57). A recent randomized trial in ICU
patients [22] suggests that ultrasound-guided cannulation of
the subclavian vein is superior to the landmark method in
terms of average access time, number of attempts, frequency
of artery puncture, hematoma, hemothorax, pneumothorax,
brachial plexus, and phrenic nerve injury.

Quite obviously, a TIVAD implantation does not finish
with catheter positioning in the superior vena cava, and to
make a subcutaneous pocket for the port still represents a
significant part of the entire procedure. According to some
authors, as long as there will be a need to perform a skin
incision to create the subcutaneous pocket, the surgical cut-
down could be reasonably attempted and the cephalic vein
used as preferred choice, having a range of possible alterna-
tives in case of failure [23]. More studies are needed to address
cost-effectiveness of this policy.

Position of catheter tip, its influence on late complications,
and methods to assess it

The optimal position of the catheter tip and the definition of
the best assessment technique of this position are still a matter
of debate [24], in spite of their importance for avoiding
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complications and maintaining functionality of long-term
TIVADs. Once excluded, the branches of the superior vena
cava (SVC) [25, 26] or the lower part of the right atrium (RA),
where catheter tip can damage the vein or heart wall [27], the
golden standard—at least for oncology patients receiving
long-term treatments—seems to be the atriocaval junction,
where the SVC merges into the RA. Unfortunately, precise
localization of the junction between SVC and RA may be
difficult to obtain on plain film radiograph. Tumors or medi-
astinal shifting may indeed obscure the recognition of these
structures, and some thin catheters are not easily seen, partic-
ularly in obese patients. So, the precise location of catheter tip
with respect to surrounding structures is often imprecise and
subject to inter-observer variability. In the 1980s, FDA rec-
ommendations [28] and NAVAN statements [29] were driven
by potentially fatal complications observed in patients with
catheter tips deeply located in the RA. Atrial perforation, atrial
thrombus formation—with eventual pulmonary embolism—
and cardiac tamponade with exceptional cases of fatal out-
come were reported. In adherence with these recommenda-
tions, tips of central catheters shifted outside the RA, even into
the brachiocephalic veins, where they are associated with a
significant incidence of catheter malfunction, venous throm-
bosis, and vessel’s stenosis. Different findings were obtained
by hemodialysis catheters: tip location in the right atrium
allows better flow rates in both directions, without an increase
in thrombus formation nor damage to the atrial wall.
Consequently, guidelines from the National Kidney
Foundation: Dialysis Outcomes Quality Initiatives [30] ad-
vised inserting catheter tips in the RA as preferential site.
More recently, the European Society for Clinical Nutrition
and Metabolism (ESPEN) guidelines addressed the long-
term delivery of hyperosmolar parenteral nutrition solutions.
On the basis of grade A level of evidence, they recommended
inserting central catheter tips in the lower third of the superior
vena cava, at the atriocaval junction, or in the upper portion of
the right atrium [31].

Instrumental assessment of catheter tip position is manda-
tory before releasing the device for use, as the risk of initial
catheter malposition is quite high when evaluation rely only
on anatomical landmarks, without other verification [32, 33].
The simplest method is a postoperative plain chest X-ray, but
its interpretation can lack precision. Moreover, this policy is
not advised for TIVADs, which require a new, costly proce-
dure for postoperative correction of initial malposition. This
led to the implementation of intraoperioperative checking
techniques, among which fluoroscopy and more recently in-
travascular electrocardiogram, either using an ionic
conducting solution or a metallic guidewire [34-36], are the
most widely used. Fluoroscopy is currently the most used;
patients receive only a small amount of radiation, but repeated
exposure remains a concern for care providers. Further limi-
tation is the need of an expensive equipment, not always

available. This favored the use of an assessment method based
on electrocardiography [intravascular electrocardiogram
(IEG) technique]. Tracking the IEG “P-wave” changes during
intravascular motion of the electrode allows to detect very
precisely the junction between the SVC and the RA, but only
in the presence of atrial contractions. Consequently, the ab-
sence of a clear P-wave on the surface ECG (for example, in
case of atrial fibrillation) or catheter malposition in one of the
affluent veins of the SVC precludes IEG changes and infor-
mation about the intravascular electrode location may not be
obtained.

Infectious complications and central venous
catheter-related thrombosis

Important complications like thrombosis and infections are
still associated with TIVADs, sometimes leading to device
loss, significant morbidity, increased duration of hospitaliza-
tion, and additional medical costs. Intravascular catheter-
related infections are a major cause of morbidity and mortality,
representing the third most frequent type of nosocomial infec-
tion [37]. Catheter-sparing diagnostic methods, such as differ-
ential quantitative blood cultures and differential time to pos-
itivity (DTTP), have recently emerged as reliable diagnostic
techniques. Paired blood cultures (aerobic and anaerobic)
from a peripheral vein and the central catheter should be
obtained. If the culture from the central catheter turns positive
before the peripheral sample (diagnostic cutoff, 2 h), this so-
called DTTP can help to make the diagnosis of catheter-
related infection [38].

Possible preventive strategies include skin antisepsis, max-
imum sterile barrier, use of antimicrobial catheters, and anti-
microbial catheter lock solutions. It should be underlined that
respect of sterility is of paramount importance in both the
implant and management of a long-term central venous ac-
cess. Prospective trials suggest that the risk of CRBSI may be
reduced by using maximal sterile barriers, including a sterile
gown and sterile gloves for the operator, and a large sterile
drape for the insertion of central venous access devices. Full-
barrier precautions during CVC insertion are recommended
by most guidelines, and this practice has been adopted by
most “bundles” of evidence-based interventions aiming to
reduce CRBSI in multicenter prospective trials. Proper edu-
cation and specific training of the staff is universally recom-
mended as one of the most important and evidence-based
strategies for reducing the risk of catheter-related infections
(Grade A). There is now good evidence demonstrating that the
risk of infection declines following the standardization of
aseptic care and increases when the maintenance of intravas-
cular catheters is undertaken by inexperienced healthcare
workers. In addition, it has been proven that relatively simple
education programs focused on training healthcare workers to
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adhere to local evidence-based protocols may decrease the
risk to patients of CRBSI. In a very important multicenter
prospective study carried out in 108 ICUs, Provonost et al.
[39] showed that the adoption of a bundle of a small number
of evidence-based interventions (hand washing; full-barrier
precautions during the insertion of central venous catheters;
skin antisepsis with chlorhexidine; avoiding the femoral site if
possible; removing unnecessary catheters as soon as possible)
was highly effective in producing a clinically relevant (up to
66 %) and persistent reduction in the incidence of CRBSIL.

Catheter-related thrombosis is particularly relevant because
the incidence of venous thromboembolism is markedly higher
in patients with cancer than in patients without cancer [40] as
thrombosis is a direct consequence of tumor growth and host
inflammatory responses and an indirect consequence of can-
cer treatment, venous stasis, and direct vessel trauma. In a
systematic review [41], the incidence of symptomatic CVC-
related deep vein thrombosis in adults varied between 0.3 and
28.3 %, whereas the incidence of venography-assessed cases
(mostly asymptomatic) ranged from 27 to 66 %. Pulmonary
embolism has been reported to occur in 15 to 25 % of patients
with CVC-related vein thrombosis. Regarding the possible
role of the insertion technique in inducing thrombosis, pro-
spective nonrandomized studies have suggested a relationship
between minimal insertion damage to the vein wall, as obtain-
ed with ultrasound guidance, and low rate of subsequent
thrombotic events. Materials can also have an effect on throm-
bosis rates. Prospective trials have indicated an inherent supe-
riority of silicone and second-third generation polyurethane
over more rigid materials like polyvinylchloride, tetrafluoro-
ethylene, and polyethylene. In addition, a lower diameter
catheter and a single lumen might be protective against the
risk of central venous thrombosis.

When thrombosis occurs, medical treatment or catheter
removal are the possible options. Studies on the pharmaco-
logic treatment of catheter-related thrombosis have focused on
clinically overt thromboses, reporting a rate of successful
catheter preservation ranging from 45.5 to 96 %. No clear
advantages could be obtained by catheter removal after the
thrombosis was established, and the clinical outcome did not
seem to be influenced by this measure. The mandatory indi-
cations to catheter removal in case of thrombosis include
infected thrombus, malposition of the tip (primary or second-
ary to migration), and irreversible occlusion of the lumen.

Thrombolytic drugs (urokinase or recombinant tissue plas-
minogen activator) should be used in acute symptomatic cases
diagnosed fewer than 24 h after the first symptoms. Efficacy
of systemic versus local thrombolysis is still a matter of
debate, especially for large thrombi. Chronic symptomatic
cases should be treated with a combination of low-
molecular-weight heparin (LMWH) and then oral anticoagu-
lants or with LMWH long-term alone, depending on the
clinical setting. Compared with warfarin, LMWH exhibits a
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superior safety profile and more predictable antithrombotic
effects and can usually be given once daily in a unit dose
without the need for dose monitoring, but use in patients with
renal failure (especially for glomerular filtration rate <30 mL/
min) should be cautious because even low prophylactic doses
of LMWH may accumulate and cause bleeding.

Although some early open-label trials suggested a benefit
from oral, low-dose daily warfarin or daily SC dose of
LMWH, more recent double-blind, placebo-controlled RCTs
did not find any advantages for ecither of these prevention
strategies [42—44], and the choice to start prophylaxis against
venous thromboembolic events in all oncology patients bear-
ing a CVC, either with LMWH or with minidose warfarin,
remains unsupported by evidence-based medicine. More stud-
ies are needed to identify subsets of cancer patients who are at
high risk of developing CVC thrombosis and may benefit
from prophylactic systemic anticoagulation. Indeed, in a re-
cent observational study [45] compared with patients with no
treatment, continuous antithrombotic prophylaxis adminis-
tered to patients who were older and had a history of venous
thromboembolism, as well as more advanced cancer, did not
prevent catheter-related thrombosis but significantly reduced
systemic venous thromboembolism (8.2 versus 4 %) and
mortality (44 versus 25 %).

van Rooden et al. [46] have shown a close association of
CVC-related infection with thrombosis: they found that the
risk of developing clinically manifest thrombosis increases
substantially after an episode of CVC-related infection (rela-
tive risk, 17.6) and is enhanced by the severity of the infection.
Comparing patients without catheter-related infections and
patients with systemic catheter-related infection, the absolute
risk of thrombosis increased from 2.5 to 57.1 %. Moreover, in
patients having two or more positive subsequent CVC lock
fluid cultures with identical microorganisms, 71.4 % devel-
oped thrombosis as compared with 3.3 % in patients with
negative or a single positive culture.

In conclusion, most TIVAD-related infections can be now-
adays prevented, and a number of measures have been imple-
mented to reduce the risk of infections. Thrombosis still
remains a major problem. Future prevention studies should
aim to achieve a better understanding of the risk factors for
thrombosis, contributing to a better definition of the patient
population at risk; certain patient groups, including those with
a hematologic malignancy undergoing intensive chemothera-
py, as well as those with hereditary thrombophilia or with a
history of unprovoked thrombosis, may have an elevated
risk of developing this complication, making them rea-
sonable candidates for prophylaxis. Currently, available
prophylactic agents are not optimal for the prevention of
thrombosis, especially in the cancer patient, and future
studies should be adequately powered and evaluate the
effects of newer anticoagulant agents like factor Xa or
direct thrombin inhibitors.
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Quality of life issues

Many patients suffering from solid tumors require long-term
TIVAD:s for safe, cyclic delivery of chemotherapeutic agents,
transfusion of blood and blood products, and performance of
laboratory tests. Descriptive and prospective nonrandomized
trials have reported a number of patient benefits, including no
need for additional peripheral venipunctures, greater conve-
nience, and arms left free for activities of daily living, whereas
patients generally disliked the visibility of ports and
complained about site soreness [47, 48]. Clinical trials to
evaluate safety, costs, and quality of life of central venous
ports have been basically open-label, single-arm, phase 11
studies or comparative studies with externalized tunneled
systems; they have provided little information on quality of
life and global costs, especially when only prospective data
are taken into consideration. Assessments of quality and sat-
isfaction of care have focused on patients’ satisfaction with
physicians or the health care system [49, 50], while research
on the specific topic of impact of TIVAD on patients’

satisfaction and QoL has been very limited [51-54], and
results must be interpreted with caution, as the cited studies
are nonrandomized. Moreover, evaluation of QoL in these
studies was performed at port removal, using an auto-
questionnaire with items concerning interference of the im-
planted port with daily life, using a single visual analog scale.

A well-functioning TIVAD that will remain in situ for the
time needed is highly desirable in the management of patients
undergoing long-term chemotherapy. An important factor in
the overall assessment of long-term TIVAD is the rate of early
and late complications, as the occurrence of TIVAD-related
complication, especially when it is cause of the loss of the
device, is surely able to have a negative impact on patients’
QoL. A critical analysis of the literature shows very low rates
of complications related to implantation and use of TIVAD in
oncology patients undergoing long-term chemotherapy.
Moreover, we already demonstrated by means of a random-
ized three-arm trial that central venous insertion modality and
sites had no impact on either early or late complication rates
[13], so we can exclude complications’ rate as a factor able to

Table 1 Most relevant improvements and unsolved questions in the field of TIVADs implantation and use

Issue Improvements

Unsolved questions

Materials

Technique

Infectious complications

Catheter-related thrombosis

Quality of life assessment

New generation polyurethans, showing
higher biocompatibility and stability.

Power certification of most TIVADs, able
to avoid potential damage occurring during
the injection of contrast by means of
“power injectors.”

Systematic use of real-time two-dimensional
US guidance for safe and cost-effective
implantation of every central venous device.

Development of reliable techniques for fuoro-free
catheter tip position assessment, like
intravascular EKG.

Availability of reliable, catheter-sparing diagnostic
methods, such as differential quantitative blood
cultures and differential time to positivity (DTTP).

Availability of “bundles” of evidence-based
interventions able to reduce infectious complications
in randomized trials.

Evidence of a correct technique of implantation
and catheter tip position in reducing the
incidence of this still relevant complication.

Availability of validated questionnaires able to
investigate quality of life and anxiety-depression
in oncology patients bearing a TIVAD.

Unavailability of TIVADs coated with antiseptic
drugs for long-term prevention of infectious
complications.

Three-dimensional multiplanar and volume-rendered
US devices, allowing the simultaneous view of the
anatomical structures in 3 orthogonal planes.
Prototypes already available.

Development and successful cost-effective testing of
pharmacological agents able to prevent
infectious complications in the long-term
setting. Some drugs in the pipeline at present
time, needing appropriately powered trials.

Currently available prophylactic agents are not optimal
for the prevention of thrombosis, especially in the
cancer patient.

A better definition of the patient population at risk
should be obtained, including those with a
hematologic malignancy undergoing intensive
chemotherapy, as well as those with hereditary
thrombophilia or with a history of unprovoked
thrombosis.

Patient satisfaction and quality of life, and their
relationships with the device adopted for
long-term use, need further investigation.

Patients and their families still currently play a

minor role in the selection of a device, whereas
patient satisfaction should be a major issue in the
clinical setting of cancer palliation.
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seriously affect QoL and/or patients’ satisfaction or psycho-
logical distress in our experience. Based on these consider-
ations, we performed a randomized trial to compare two
different percutaneous routes of access to superior vena cava
(subclavian and internal jugular) with a surgical cut-down
access through the cephalic vein, evaluating patients’ psycho-
logical distress and quality of life at regular intervals by means
of specific and validated questionnaires. Briefly, 403 patients
eligible for receiving intravenous chemotherapy for solid tu-
mors were randomly assigned to implantation of a single type
of TIVAD, either through a percutaneous landmark access to
the internal jugular or an ultrasound-guided access to the
subclavian or a surgical cut-down access through the cephalic
vein at the deltoid—pectoralis groove. Patients’ QoL and psy-
chological distress were investigated at regular intervals by
means of EORTC QLQ-C30 and Hospital Anxiety and
Depression Scale (HADS) questionnaires, using univariate
and multivariate repeated measure linear mixed models. A
post hoc analysis investigated the impact of type of adminis-
tered chemotherapy (adjuvant versus palliative). Three hun-
dred eighty-four patients (95.2 %) were evaluable, 126 with
the internal jugular, 132 with the subclavian, and 126 with the
cephalic vein access. The median follow-up was 361 days
(range, 0—1,087). Mean score changes for the items of the
EORTC QLQ-C30 scales were significantly associated with
type of administered chemotherapy only (P<0.001), and not
with implantation site. Frequency distribution of patients with
depression and anxiety score greater than 10 at HADS was not
significantly different, with respect either to type of adminis-
tered chemotherapy or TIVAD implantation site. Our report
presents the first randomized evidence on this topic, showing
that QoL assessed by EORTC QLQ-C30 and level of anxiety
and depression expressed by HADS are not influenced by the
TIVAD insertion site and technique used. QoL resulted glob-
ally poorer in patients undergoing palliative therapies, when
compared to those receiving adjuvant treatments [55]. While
awaiting for further evidences, a proper assessment of clinical
setting and patients’ characteristics, and good cooperation and
communication between clinicians and patients, incorporating
reported evidence, may form a good basis for optimal clini-
cally relevant decisions.

Table 1 summarizes most relevant improvements and un-
solved issues in the field of TIVADs use, across the 30 years of
their clinical application.

Closing remarks

After their initial application in 1982, TIVADs spread
throughout the world, facilitating a repeated and safe vascular
access in a number of patients’ categories, in many clinical
settings. Systematic use of real-time two-dimensional US
guidance proved to be safe and cost-effective for TIVAD

@ Springer

implantation, significantly reducing the rate of procedural
complications and related costs. New devices, allowing the
simultaneous view of the anatomical structures in three or-
thogonal planes, will be soon available. Finally, reliable tech-
niques for fuoro-free catheter tip position assessment, like
intravascular EKG, have been successfully developed and
tested.

Complications like thrombosis and infections are still as-
sociated with these devices, sometimes leading to their loss,
significant morbidity, increased duration of hospitalization,
and additional medical costs. A number of measures have
been implemented to successfully reduce the risk of infec-
tions, including maximal barrier precautions during catheter
insertion, catheter site maintenance, and hub handling.
Thrombosis still remains a major problem, as it seriously
complicates the clinical management of the patient because
of the need for anticoagulant treatment and sometimes the
need to achieve another central line. Future prevention studies
should aim to achieve a better understanding of the risk factors
for thrombosis, contributing to a better definition of the patient
population at risk; as currently available prophylactic agents
are not optimal for the prevention of thrombosis, especially in
the cancer patient, future studies should be adequately
powered and evaluate the effects of newer factor Xa or direct
thrombin inhibitors.
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