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Abstract

This chapter provides insight into catheter tip
location and review of vascular access devices
from PIV to central venous non-tunnelled and
tunnelled catheters, implanted ports and dialy-
sis catheters. An overview of the guidelines
related to tip location is discussed. The
dynamic relationship between catheter tip
location and how this influences complications
during the procedure and post-insertion is
examined. The various methods of confirming
CVAD tip location are presented, including
ECQG (i.e. echocardiography) versus traditional
means of X-ray, exploring patient implications
of intraprocedural real-time tip location,
reduced radiation dosage and incidence of
manipulations. Case studies illustrating some
of the challenges clinicians face when placing
CVAD:s are incorporated into the discussion.
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7.1 Introduction

A great deal of research, time and energy has
gone into the subject of catheter tip position,
yet it is still yielding debate and controversy.
Many of the guidelines are united in placement
of optimal tip position of a central venous access
device. The associations are the Infusion Nursing
Society (INS), Association of Anaesthetists of
Great Britain and Ireland (AAGBI), European
Society of Parenteral and Enteral Nutrition
(ESPEN) and British Society for Haematology
(BCSH) (Table 7.1).

The reason for the focus on tip position is that
malposition of the catheter tip is associated with
an increased risk of complications. These may
occur at the time of insertion (atrial fibrillation,
ventricular tachycardia or other arrhythmias,
atrial wall damage, catheter malfunction) or post-
insertion (catheter malfunction, vessel erosion,
venous thrombosis). Misplacement of catheter
does not only mean the incorrect vein but also
includes catheters inserted in extra-venous posi-
tions such as in the arterial system, mediastinum,
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Table 7.1 Guidelines for terminal tip placement (Gorski
et al. 2016a; Pittiruti et al. 2009)

INS (2016) | Lower third of the superior vena cava or
cavoatrial junction

AAGBI Lower SVC upper right atrium

(2016)

ESPEN Lower third of the superior vena cava or

(2006) at the atrio-caval junction

BCSH Distal superior vena cava or upper right

(2006) atrium

pleura, trachea, oesophagus, etc. (Gibson and
Bodenham 2013). This chapter will focus on tip
placement, controversies, guidelines and other
considerations when selecting the tip position for
centrally placed intravenous devices.

7.2 Vascular Access Device

Terminal Tip Positioning

Correct terminal tip positioning of a vascular
access device is determined by manufacturer
specifications as well as regulatory and guide-
line evidence-based criteria. Indications for each
VAD also contribute to the choice of device,
function and tip position based on treatment plan.

* Peripheral catheters remain in the periphery
with terminal tip below the level of the axil-
lary vein for upper extremity placement. The
terminal tip of a peripheral catheter does not
enter the chest or torso and, therefore, does
not require any verification following inser-
tion (Gorski et al. 2016a).

¢ Central venous access devices (CVADs), as
their name implies, are inserted with the ter-
minal tip entering central circulation and
advancing towards the heart. Except for hae-
modialysis catheters, terminal tip placement
of all CVAD:s is in the vena cava. For upper
extremity insertions, the terminal tip is
advanced to the superior vena cava; for
lower extremity insertions, the terminal tip
is advanced to the inferior vena cava
(Campisi et al. 2007; National Association of
Vascular Access Networks 1998; Scott 1995;
Vesely 2003).

7.3 Anatomy

A CVAD by definition has the distal tip of the
catheter within the central veins. INS suggests
that ideally a central venous catheter should have
its tip situated in the lower third of the supe-
rior vena cava at or near the cavoatrial junction
(Gorski et al. 2016a). Firstly, let’s review venous
anatomy relevant to tip placement; to consider tip
position and recognise misplacement, we must
be clear in our knowledge of the venous system.
Venous structures, such as vein walls (tunica
intima, tunica media and tunica adventitia), are
thinner and more fragile than arteries, making
them more prone to iatrogenic injury, and their
longitudinal organisation of vein layers means
that tears in the vein walls tend to extend longitu-
dinally (Gibson and Bodenham 2013).

The larger venous vessels within the thorax
relevant to vascular access include axillary, sub-
clavian, brachiocephalic, internal jugular, supe-
rior vena cava, iliac, femoral and inferior vena
cava (Fig. 7.1). In the adult, the superior vena
cava’s average length is 7 cm but varies from 5
to 11 cm (Verhey et al. 2008). The brachioce-
phalic veins, from the right side, is positioned at a
steeper angle and is around 2.5 c¢m in length, and
the left brachiocephalic around 6 cm in length
joins the right brachiocephalic and the SVC at a
less acute angle than the right brachiocephalic.
CVAD insertions from the left brachiocephalic
that are not long enough to drop down into the
SVC can abut the wall of the SVC increasing
the risk of thrombosis and erosion (Gibson and
Bodenham 2013).

Other relevant vasculature also includes the
azygos system which drains venous blood from
the upper thorax and abdominal wall terminating
in the SVC (Tortora and Derrickson 2006). The
azygos vein drains some of the lumbar and pos-
terior intercostal region and also connects to the
posterior aspect of the IVC, level with the first
or second lumbar vertebrae, to the IVC (Gibson
and Bodenham 2013). Catheter tips placed in the
azygos vein viewed on standard anterior-poste-
rior X-ray can appear short at first glance, but
with closer inspection and by performing a lat-
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Fig. 7.1 Anatomy of
the arm and chest (used
with permission of

N. Moureau, PICC
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eral X-ray film, the catheter can be distinguished
as it changes course from the vertical SVC and
may turn abruptly moving posteriorly and infe-
riorly. Smaller vessels such as the superior inter-
costal veins are important as a catheter may
migrate into these during the insertion of upper
thoracic CVADs. VADs inserted via the femoral
veins should have their tips placed in the inferior
vena cava (IVC) above the level of the diaphragm
(Gorski et al. 2016a). During femoral insertion,
the catheter may migrate into smaller veins dur-
ing insertion including lumbar, iliolumbar renal,
suprarenal, common iliac, hepatic and inferior
phrenic veins (Gorski et al. 2016a; Tortora and
Derrickson 2006). The IVC drains blood from
the lower part of the body, ascends along the
anterior vertebral column and is around 2.5 cm
wide (Gibson and Bodenham 2013).

Arm anatomy—Moving away from the larger
more central veins, there are the axillary, bra-
chial, cephalic and basilic veins of the upper arm.
Moving distally, the veins start to become smaller
in diameter, and blood flow is reduced. When
considering veins of the upper arm for PICC
and midline placement, the main vessels include
basilic, brachial and cephalic veins. Moving dis-
tally to around the antecubital area, the median

External jugular vein -

Brachiocephalic -7
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cubital and cephalic are often prominent veins;
smaller vessels include the accessory cephalic,
brachial and intermediate antebrachial. Within
the forearm, there are the branches of the basilic,
cephalic and median veins together with radial,
posterior/anterior ulna and accessory cephalic
veins. The dorsum of the hand includes meta-
carpal veins and the dorsal venous arch (DVA)
which has many tributaries; the medial aspect
of the DVA leads the flow to the cephalic veins,
and the lateral aspect flows to the basilic veins
(Fig. 7.2). Anatomy is not universal, and varia-
tions exist from person to person. Assessment
is the key to identifying anatomical variations
and optimal vein and VAD site. Ultrasound is an
excellent visualization and enhances assessment
of veins, arteries and nerves.
Cannulation—Insertion of a short PIV has
been described as the most frequent invasive
procedure in acute care, with the most common
complications being dislodgement and phlebitis
(2.3-67%) but has a particularly low incidence
of infection relative to other vascular devices
(0.5/1000 catheter days) (Bertoglio et al. 2017).
Catheter sizes from 20G to 22G are recommended
for adult patients if possible (Gorski et al. 2016a).
The forearm is strongly recommended (Bertoglio
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Fig.7.2 Hand and dorsal venous arch (used with permis-
sion of N. Moureau, PICC Excellence)

et al. 2017). Selecting the optimal site for place-
ment of PIV impacts upon the functional lifespan
of the device, Wallis et al. (2014) identified that
the forearm is the optimal position for the lon-
gest dwell time; this area is also associated with
decreased pain (Gorski et al. 2016a). Risk fac-
tors for patients receiving chemotherapy include
placement of the catheter in the hand and ante-
cubital fossa and upper arm when compared to
the forearm (Gorski et al. 2016a). A thorough
assessment is necessary, not only of the suit-
ability of the vessels but to the length of the PIV
related to the depth of the vein. INS recommends
two-thirds of the catheter be placed in the vein to
establish safety (Gorski et al. 2016a). Consider
the use of longer PIV lengths or midlines if a safe
amount of catheter cannot be established within
the vessel. An ultrasound-guided cannula placed
in the upper arm is at increased risk of extrava-
sation and infiltration (Gorski et al. 2016a). PIV
sites such as the wrist and antecubital should be
avoided, as areas of flexion they have increased
rates of complications (Gorski et al. 2016a).
Furthermore, patients planned for future mastec-

tomy surgery or dialysis fistula should not have
PIVs placed over joints, forearm is preferred
(Bertoglio et al. 2017). Due to the relatively
short length of most PIVs, site selection becomes
an important determinant of tip position, as the
insertion site and tip are within a short distance
of each other.

Lower limbs should be avoided for insertion
of intravenous devices unless absolutely neces-
sary as they are at increased risk of tissue damage
(Gorski et al. 2016a), alternative sites should be
explored preferably. PIV position should ideally
be in the non-dominant arm, and ventral surfaces
of the wrist may increase pain and risk of nerve
damage and thrombosis (Gorski et al. 2016a;
RCN 2016). For many years, first attempt PIVs
have been made on the dorsal aspect of the hand,
but with advent of infrared and ultrasound tech-
nology, non-visible or difficult to palpate veins
are now easier to assess and access. Veins of the
forearm can lie slightly deeper than veins on the
dorsum of the hand and overlying the antecubi-
tal area and enhanced by aids such as visualisa-
tion technology. In situations where intravenous
access is needed, more urgently peripheral cath-
eters may be inserted into the external jugular
(Gorski et al. 2016a) or leg veins by a suitably
trained clinician and when treatment is less than
4 days (Chopra et al. 2015).

Midline catheters are used for appropriate
peripheral solutions; the Michigan appropriate-
ness guide for intravenous catheters (Moureau
and Chopra 2016) suggests that they are pre-
ferred for solutions up to 14 days but may be used
in a manner consistent with the clinically indi-
cated removal of peripheral catheters. Midline
catheters come in a variety of length and diam-
eters; INS principles should be followed when
selecting a VAD with the smallest outer diameter
(Gorski et al. 2016a). The midline is placed into
the basilic, cephalic or brachial veins, by way
of sterile procedure similar to PICC placement,
with the exception of need to verify terminal tip
since the midline remains in the peripheral veins
(Gorski et al. 2016a). Adults and older children
should have the tip of the midline placed at the
level of the axilla and distal to the shoulder
(Gorski et al. 2016a).
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The axillary vein by definition is:

the continuation of the basilic and brachial veins
running from the lower border of the teres major
muscle to the outer border of the first rib where it
becomes the subclavian vein. (Farlex Medical
Dictionary 2012)

The teres major muscle is attached to the scap-
ula and to the humerus and is the most inferior
positioned muscle of the muscles connected to
the scapula; its function is to aid adduction of the
arm.

One of the advantages of the midline com-
pared to CVADs is that chest X-ray or ECG
confirmation is not required. When the midline
is appropriate, it may be more time efficient for
the vascular access clinician and a more cost-
effective solution, as midlines are often a compa-
rably cheaper option versus other CVADs. Like
all devices, it must be inserted according to the
manufacturer’s instructions; if there are concerns
during insertion, impaired blood return or resis-
tance to flushing an X-ray or replacement device
should be considered (Alexandrou et al. 2011).
As the tip position of a midline is placed at the
level of the axilla where extravasation could be
a risk, thus placing other anatomical structures at
risk such as arteries and nerves, if fluid escapes
into the tissues, it may be harder to detect than in
the forearm or hand (Hadaway 2000).

Central venous catheter tip location—
CVAD tip position for many years has been
confirmed by the means of a radiograph or chest
X-ray (CXR). In recent years, electrocardiograph
(ECG)-based systems have been developed to
confirm catheter tip position, some of which also
have additional navigational elements. In this
section we will discuss traditional radiographic
techniques, the evolution of current practice and
the adoption of tip confirmation technology.

Undertaking CVAD insertions under direct
X-ray screening/fluoroscopy offers real-time
visualisation of elements of the insertion, such as
position of the guidewire tip deep in the thorax,
migration and immediate confirmation of tip posi-
tion. This has been, and is still for many institu-
tions, the mainstay for CVAD insertions because of
the advantages offered and because in many hos-
pitals CVAD insertions still fall within the remit

of interventional radiologists. Undertaking a post-
procedure chest X-ray following a fluoroscopic
insertion should be decided on an institutional
basis; this is mainly for exclusion of pneumo-
thorax as assessment is limited with fluoroscopy
only; ultrasound sliding lung and assessment of
pneumothorax may also be considered. A similar
technique, but not radiographically robust as inter-
ventional suites, is for a CVAD insertion to take
place in theatre or procedural area with assistance
of a portable X-ray system or C-arm image inten-
sifier. The technology has advanced, and image
quality has improved; however portable systems
remain inferior to fluoroscopy imaging. Both the
fluoroscopy and C-arm approach are relatively
expensive models of practice due to the capital and
maintenance costs related to the systems.

Other models of insertion practice involve
insertion in a designated area, or a multipurpose
room that is suitable also for CVAD insertion.
Using this, tip location can be confirmed dur-
ing insertion using ECG confirmation system or
by sending the patient to X-ray. The latter X-ray
approach is prone to increased risk malposition
as confirmation of tip position is sought follow-
ing insertion. Lastly, many services place PICCs
by the bedside, but this approach too is prone
to higher insertion-related malposition unless
using tip confirmation technology versus post-
procedure X-ray confirmation. As we continue
to see the adoption of ECG guidance systems,
fluoroscopy remains inextricably linked to vas-
cular access services for patients with complex
congenital or disease-related anatomy, stenosis,
etc., where more advanced insertion techniques
are required. However, cost associated with fluo-
roscopy and the need to schedule and transport
patients makes bedside PICC with ECG guidance
more attractive and reasonable given the level of
precision and accuracy associated with ECG.

7.4 ECG Tech Development

The concept of confirming catheter tip position
by alternative means to X-ray is not a new one.
As the knowledge and skills of identifying car-
diac electrical impulses have evolved over the
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last century, this has given us the fundamental
principles of ECG that we use in clinical practice
today. Using this knowledge and transferring it
into clinical applications allow us in today’s clin-
ical practice to confirm tip position of a CVAD
using ECG technology.

Carlo Matteucci a professor of physics in
Florence initially identified electrical impulses
relating to cardiac pulsation (Matteucci 1842).
Marey (1876) used an electrometer to record car-
diac electrical activity from an exposed frog heart.
Soon after Sanderson and Fredrick identified the
two phases of cardiac electrical activity (Burdon-
Sanderson and Page 1878) and at the turn of the
century, Arthur Cushny at University College
London reported the first case of auricular fibril-
lation (atrial fibrillation), making the connection
between an irregular pulse and atrial fibrillation
(Cushny and Edmonds 1906). Augustus Waller
published the first human electrocardiogram,
using a capillary electrometer, where the surface
electrodes were strapped to the front of the chest
and back and used saline jars where the limbs
were immersed in saline solution. He identified
that ‘each beat of the heart is seen to be accom-
panied by an electrical variation’ (Bestman and
Creese 1979; Waller 1887).

Much of Waller’s work was overshadowed
by his colleague Willem Einthoven (1895) who
developed the electrical waveforms we know
today as P-, Q-, R-, S- and T-waves and eventu-
ally received a Nobel Prize for his work in the
discovery of the mechanism of the electrocar-
diogram. The prize was awarded in 1924; sadly
Waller could not be considered for the prize as
he died in 1922.

Hellerstein continued the practical application
of electrocardiography and in 1949 monitored
the heart’s electrical action at the distal catheter
tip using saline within the catheter lumen, as an
agent to conduct the cardiac electrical signals,
using an adapter on the proximal end of catheter
and an ECG monitor. He noted a pronounced
increase in the P-wave as the catheter tip entered
the right atrium (Hellerstein et al. 1949). Several
years have elapsed since these early experimental
technologies gave birth to commercially dedi-
cated systems.

S. Hilland N. L. Moureau

Today there are a number of systems commer-
cially available that confirm catheter tip position,
and there is an increasing trend to include or have
optional navigational functionality.

The catheter tip confirmation systems avail-
able today are fundamentally based around the
principles of ECG developed by the pioneers and
predecessors such as Augustus Waller, who paved
the way for our practice today. Focusing upon the
cardiac impulses, the current systems are reliant
upon the sinoatrial (SA) node and atrial electri-
cal impulses. As the SA node fires, it triggers
depolarisation of the atria and contraction of the
two chambers, which on an ECG is represented
by the P-wave of the normal P-, Q-, R-, S- and
T-wave ECG complexes (Fig. 7.3).

In a sinus rhythm, where conduction is fol-
lowing the normal electrical pathway through
the heart, the P-wave can be easily distinguished.
Certain heart rthythms affect the atrial conduction
pathway and so affect the transmitted P-wave on
the ECG. Atrial flutter and atrial fibrillation are
conditions where the atrial electrical conduction
is disrupted; this is represented on the ECG in
P-wave distortion. When the P-wave is not discern-
ible, then other means of catheter tip confirmation
is required such as a CXR. It is important that in
patients with extreme tachycardia or with a pace-

Fig. 7.3 Electrocardiogram normal sinus rhythm (used
with permission of N. Moureau, PICC Excellence)
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maker in situ, where the P-wave may not be dis-
cernible, an alternative method of tip confirmation
is used. The instructions for use on most systems
will require X-ray confirmation in these clinical
instances. In some of these situations, changes in
P-waves can be identified, aiding the clinician to
achieve satisfactory tip position. However, X-ray
confirmation is still required according to many
systems’ instructions. Technological advance-
ments will soon develop systems that can provide
tip confirmation, even when the clinician cannot
readily identify the P-wave, such as when the
heart is in atrial fibrillation.

The consoles are connected to the catheter via
a sterile component that facilitates impulse con-
duction. ECG-alone systems detect the electrical
impulses at the distal tip of the catheter during
placement; the impulses are then processed by the
console and presented in a graphical display for
the operator to interpret. On the consular display
screen, there are usually two ECG waveforms, one
will be the standard ECG detecting cardiac electri-
cal activity from the skin surface, and the other is
an ECG detecting cardiac impulses from the inter-
nal catheter at the distal tip, the intracavity ECG.

The electrical impulses can be detected via the
saline column in the lumen of the catheter or via a
stylet/wire; both ways conduct the impulses from
the distal tip of the catheter. The stylet system
usually requires a crocodile clip, or an alternate
means, to enable conduction from the stylet to
the console or to a monitoring unit.

During a successful tip placement, the changes
in ECG signal will firstly show a slight elevation
in the P-wave as the catheter enters the SVC and
moves towards the heart.

The P-wave continues to increase in size as
it progresses towards the atria, which reaches its
maximum amplitude at the cavoatrial junction.

As the catheter crosses the threshold of the
cavoatrial junction, a portion of the atria and the
SA node is now slightly superior to the tip of the
catheter. This results in a reduction in the P-wave
height and a portion of the P-wave becoming
negative; a biphasic P-wave can be observed.

If the catheter is advanced, a further reduction
of the P-wave height is observed together with an
increasing biphasic signal.

The action of placing a catheter tip using
ECG catheter tip confirmation system is a pro-
cess, not just a matter of obtaining a particular
waveform and leaving the catheter tip at that
point. The process must include certain steps
and acknowledgements of different waveforms
to ensure that the catheter is indeed in the cor-
rect position. Once the catheter tip starts its jour-
ney down the SVC, the P-wave of the waveform
starts to rise; at this time the catheter should be
advanced slowly, allowing time for the system to
translate the information received at the distal tip
of the catheter into a graphical representation on
the screen for the clinician to interpret. Cautious
advancement of the catheter will see the P-wave
begin to rise as the tip moves down the SVC to
the cavoatrial junction.

Initial systems only offered ECG to provide
tip confirmation, but evolution of this technology
has seen the development of tracking and navi-
gational options to provide added insight to the
inserter of the position and direction the catheter
during insertion and not just tip confirmation. Tip
tracking technology may use magnetic or elec-
tromagnetic methods to track the movement of
the catheter tip. Not all systems can be used with
all different catheter types; some manufacturers
limit the use of their systems to be used solely
with their own products. PICCs have a longer
venous pathway to arrive to their destination and
have a greater opportunity to become misplaced
compared to a non-tunnelled CVC being placed
into the RIJ, where the pathway to the SVC and
CAlJ is a much straighter course and allows the
passage of the catheter without guidance easier
(AAGIB 2016). ECG only may be more suited
for routine RIJ central venous insertions and nav-
igation for other CVAD insertions.

Some tip tracking systems work by placing a
T-piece sensor upon the chest of the patient, and
then as the PICC is passing from the arm through
the axilla towards the central veins, the tip can be
tracked and displayed on the screen.

One system which uses alternative technology
approach is VPS G4™, which uses Doppler sig-
nal to support the navigation. The Doppler sig-
nal is derived from transmitting bursts of fixed
high-frequency energy from the stylet (illustrated
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by the grey wave fronts above) and then listen-
ing for the reflected sound from the blood par-
ticles. Blood particles flowing towards the stylet
will generally reflect a slightly higher frequency
(illustrated by the blue reflected wavelets above
Fig. 7.4), whilst particles moving away from
the stylet will reflect a slightly lower frequency
back to the stylet sensor (shown by the magenta
reflected waves (Fig. 7.5)).

The system can detect if the catheter is pro-
gressing with the flow of the venous blood, or if
the catheter has migrated into the wrong vein, i.e.
internal jugular, contralateral brachiocephalic or
subclavian, by sensing retrograde blood flow and
by displaying this on the console for the inserter
see.

ECG—Walker et al. (2015) undertook a sys-
tematic review of RCTs (729 patients), looking at
ECG only versus landmark/anatomical insertions
with post-procedure CXR (Walker et al. 2015). It
was identified that slightly higher complications

)

A~

Fig. 7.4 Tip tracking and navigation technology (used
with permission of Teleflex)

Fig. 7.5 Sound waves
projecting image (used
with permission of

S. Hill, Precision
Vascular)
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occurred in the ECG arm in two of the studies
reviewed; however these were mainly arterial
punctures or haematoma. The authors point out
that these complications pertain more towards
insertion technique and use of ultrasound rather
than related to the use of ECG. The review iden-
tified that ECG-based method was eighth times
more effective than anatomy guided. The authors
concluded that ECG confirmation appears a suit-
able replacement for post-procedural CXR con-
firmation (Walker et al. 2015).

Yan Jin Liu (2015) studied two groups of
patients using conventional PICC placement
versus ECG-guided PICC placement, followed
up then with CXR (Yan et al. 2017). In this ran-
domised controlled study of 1007 patients, first
attempt success was 89.2% in the ECG group
versus 77.4% in the anatomical landmark group.
The study also showed increased accuracy with
ECG with right-sided placements versus left-arm
approach.

The UK Royal College of Nursing Standards
advises that tip position can be confirmed radio-
graphically or with ECG guidance (RCN 2016).
INS (2016) suggests post-procedure radiograph
imaging is not necessary if alternative tip loca-
tion technology confirms tip placement (Gorski
et al. 2016a).

Ultrasound—In recent years there has been
increasing interest in the role of ultrasound
during tip placement; clinicians have exam-
ined its efficacy of confirmation of CVAD tip
position. Duran-Gehing and colleagues (2015)
describe the method of identifying CVC tip posi-
tion using transthoracic ultrasound, a saline flush
injected via the distal lumen of the CVC whilst
visualising the right atrium with the ultrasound.

| Stylet with Transducer

I -0
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If microbubbles/turbulence of the saline can be
observed within the RA in 2 s of the flush con-
firms satisfactory tip position, the authors suggest
this method has 96% sensitivity. Marano et al.
(2014) used transthoracic ultrasound to confirm
PICC tip position in 53 patients; ultrasound was
undertaken by a non-cardiologist and controlled
by chest radiography. Catheter tip position was
identified using this method successfully in
94.3% of cases, and 3 cases were malpositioned
into the Mid-SVC; the authors suggested larger
cohorts of patient to increase the validity of this
method and noted that a limitation to this method
is body habitus.

Weekes et al. (2016) prospectively inserted
non-tunnelled catheters placed in emergency set-
tings comparing ultrasound versus CXR for 151
patients. Four suboptimal catheter positions were
detected by CXR; ultrasound identified three of
these; again this study showed a shorter time
to when the catheter could be used in the ultra-
sound arm. The authors concluded no significant
difference in the accuracy between ultrasound
and CXR for confirming tip position. Raman
et al. (2017) compared non-tunnelled CVC tip
position using transthoracic ultrasound versus
CXR, monitoring the length of time before the
tip position was confirmed and the catheter could
be used, and identified that ultrasound confirma-
tion allowed the catheter to be used in half of the
time it took to gain CXR confirmation. This is
a promising area of development regarding tip
position ultrasound technology advances, as bed-
side ultrasound is becoming increasingly more
capable and is no longer exclusively the realm
of radiologists. Though limited by body habitus
and patients with increased BMI, high accuracy
of this approach provides another option for the
experienced user, but further research and data is
needed. INS (2016) reaffirms this point and sug-
gests caution with ultrasound for CVAD tip loca-
tion as its use to confirm tip location in all ages
due to small sample sizes (Fig. 7.6).

However, the guidewire would not advance
lower down the vessel (Fig. 7.7). The needle
and guidewire were then removed. The lower
vessel was then cannulated, and the guidewire
was passed routinely without resistance; a fluo-

roscopic image then showed the guidewire has
passed into the ipsilateral subclavian vein.

After removing the needle over the wire, the
wire was then manipulated into satisfactory posi-
tion (Fig. 7.8).

The guidewire continued into a satisfactory
position, and the procedure continued routinely
until the catheter was placed, and the catheter

Fig. 7.6 Ultrasound image of duplicate/fenestrated inter-
nal jugular veins (used with permission of S. Hill,
Precision Vascular)

Fig. 7.7 Fluoroscopic image of guidewire advancement
to left subclavian (used with permission of S. Hill,
Precision Vascular)
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Fig. 7.8 Guidewire in satisfactory position (used with
permission of S. Hill, Precision Vascular)

then doubled back on itself at the brachiocephalic
junction with the SVC (Fig. 7.9).

The catheter was pulled back and readvanced
through the peel-away sheath, and this time it
passed into the contralateral veins. An angled
hydrophilic guidewire was then used to facilitate
passage of the catheter into the correct position.

Though many thousands of catheters are placed
routinely without problems, some patients’ anat-
omy present challenges. Having the necessary
resources including skills and capacity within
radiology is a fundamental necessity and is an
inextricable element of vascular access services.

For many years X-ray has been the mainstay
and viewed as the gold standard, but now viable
alternatives to this are available. The reliability
of X-ray is far from absolute. The suggested level
of error for clinically significant or major error in
radiology ranges from 2 to 20% (Goddard et al.
2001; Holt and Godard 2012), and a ‘real-time’
error rate among radiologists of daily practice
averages between 3 and 5% (Brady et al. 2012).
Where alternative systems exist that avoid the
prescription of ionising radiation, then these sys-
tems must unequivocally be considered.

Fig. 7.9 Catheter doubling back into brachiocephalic
junction with SVC (used with permission of S. Hill,
Precision Vascular)

CVAD performance is directly related to
the position of the terminal tip of the catheter
(Sansivero 2012). CVAD safety and vein pres-
ervation are greatly impacted by tip positioning
with device insertion and impacts the ability of the
patient to receive prescribed therapy (Moureau
et al. 2010). Insertions that are difficult with
multiple threading manipulations may result in
malpositioned catheters (Fig. 7.10). Suboptimal
catheter tip position contributes to catheter dys-
function, thrombosis, vein erosion or continued
malposition of the catheter (Eastridge and Lefor
1995; Moureau 2017; Petersen et al. 1999). For
optimal upper extremity positioning, the termi-
nal tip should terminate in the lower one-third of
the superior vena cava (SVC) near the junction
of the SVC and right atrium, where haemodilu-
tion rates are highest (Caers et al. 2005; Wuerz
et al. 2016). Caers et al. (2005) found that cath-
eter tip locations of CVADs positioned high in
the SVC resulted in significant malfunctions.
Malpositioned catheters, positioned in a subopti-
mal location in the SVC or in the adjacent areas,
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are much more likely to develop thrombosis and
catheter dysfunction in the form of occlusion
(Massmann et al. 2015; Petersen et al. 1999). The
conclusions of the research indicated that the ter-
minal tip of CVADs should be positioned as close

Fig. 7.10 PICC looped in the region of the mediastinum
with P-wave elevation. Not distal SVC and no biphasic
rhythm (used with permission of S. Hill, Precision
Vascular)

Fig.7.11 Accidental
arterial PICC insertion
(used with permission of
S. Hill, Precision
Vascular)

to the SVC/right atrial junction as possible or
slightly inside the right atrium. Multiple factors
are involved with correct placement of the CVAD
such as skill of the inserter, type of insertion, site
selected for insertion and the patients’ anatomy
(Sansivero 2012).

Correct positioning of a CVAD is verified fol-
lowing the insertion procedure with radiologic
confirmation or intraprocedural as with ECG or
ultrasound verification. Radiological confirma-
tion, by either chest X-ray or fluoroscopy, expose
the patient to radiation and require interpretation
on the part of the clinician. Interpretation is based
on the anatomical landmarks and the knowledge
of the clinician interpreting the results. Landmark
determination of CVAD terminal tip precise loca-
tion is controversial and may be influenced by
patient positioning with oblique adjustments,
by anatomical variation, complications of pneu-
mothorax or other lung conditions which may
impact ability to visualise the catheter tip. Often
X-ray views are posterior/anterior and may not
capture depth associated with azygous vein
malpositioning or accidental arterial insertion
(Fig. 7.11). Transoesophageal echocardiogram
tip determination is a costly and invasive proce-
dure that is very accurate, but not practical for
CVAD insertion position verification.
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Electrocardiographic intraprocedural position-
ing and tip confirmation has many advantages.
Evidence supports the ECG method as accurate,
precise and cost-effective for CVAD terminal tip
positioning (Oliver and Jones 2014; Pittiruti et al.
2012; Rossetti et al. 2015; Schummer et al. 2004;
Sette et al. 2010; Smith et al. 2010; Wolters et al.
2009). Precise positioning reduces the incidence
of thrombotic malfunctions, vessel damage lead-
ing to venous thrombosis, arrhythmias, valve
damage or other areas of malposition that impact
the circulation or cardiac function (Fig. 7.12)
(Pittiruti et al. 2011). ECG tip confirmation is per-
formed during insertion using the real-time base-
line rhythm connected to a lead on the patient,
whilst the wire within the catheter functions as
a separate lead (Fig. 7.13). Full description of
the technique is included in multiple references
(Moureau et al. 2010; Pittiruti et al. 2008, 2011,
2012; Rossetti et al. 2015).

The process for ECG positioning uses
impulses from the sinoatrial (SA) node to dem-
onstrate location in respect to the internal cath-
eter. As the catheter advances through the venous
system and approaches the SA node, the P-wave,
as the first impulse of the pQRS complex, begins

S. Hilland N. L. Moureau

to elevate. Maximum intensity is reached as the
catheter reaches the cavoatrial junction (CAJ)
near the SA node, becoming diphasic with a neg-
ative deflection as the catheter passes the node
(See Fig. 7.14). Limiting factors of intraproce-
dural ECG catheter positioning are the absence
of a P-wave, as represented in atrial fibrillation
and other cardiac rhythms where the P-wave may
be indiscernible. Some clinicians have effectively

Fig. 7.13 Nautilus system ECG tip positioning system
(used with permission of Romedex, Bucharest, Romania)

Fig. 7.12 Insertion of port at cavoatrial junction. Computer tomography scan at 20 months within the heart (used with
permission of S. Hill, Precision Vascular)



7 Tip Position

93

Fig.7.14 Elevation of
P-wave (used with
permission of Romedex,
Bucharest, Romania)

SVC

used the ECG system for catheter positioning
even in the presence of atrial fibrillation (Pittiruti
et al. 2014).

Chest X-ray provides confirmation of the
catheter terminal tip position for CVADs whilst
facilitating the evaluation of the lungs to rule
out pneumothorax. Chest X-ray for CVAD tip
verification is based on a one-dimensional view
interpreted by the physician (Schuster et al. 2000;
Verhey et al. 2008). Interpretation position can
be inconsistent with variation from physician to
physician; the junction of the SVC and the CAJ
junction are not clearly defined on the anterior-
posterior chest X-ray (Baldinelli et al. 2015;
Pittiruti 2015; Schuster et al. 2000). Chest X-ray
is a means to verify tip location but is subject
to interpretation and is not precise and is prone
(Moureau 2017). Chest X-ray to verify PICC tip
position is far from ideal. The time involved in
waiting for a chest X-ray to be performed and
reported can be extensive, taking 30 min to multi-
ple hours to complete. Typically, if the location of
the terminal tip is incorrect on the X-ray, the cli-
nician returns to the bedside, removes the dress-
ing and repositions the catheter using ANTT.
(Moureau 2017). In addition to increasing the risk

Rising P

Maximum P

1. Superior Vena Cava (SVC)
2. Cavo Atrial Junction (CAJ)
3. Right Atrium (RA)

Diphasic P

of contamination, this manipulation can require
an additional X-ray to verify whether the reposi-
tioning exercise was successful (Gordon 2016).
Verification of terminal tip position is a safety
requirement which can be satisfied by ECG guid-
ance during placement of the device without the
need for X-ray (Moureau 2017).

With ECG guidance, the location of the
CVAD is known during the insertion procedure.
ECG positioning is both accurate and precise
(Pittiruti et al. 2008). ECG positioning is typi-
cally not applicable for patients with no discern-
ible P-wave in the QRS complex, with fibrillation
or arrhythmias (Pittiruti et al. 2011, 2014). In
these situations, a chest X-ray is recommended
for verification of the catheter terminal tip.

ECG catheter tip verification is performed by
physicians and nurses effectively reducing the
time necessary to confirm proper location whilst
still in the insertion procedure (Moureau et al.
2010; Pittiruti et al. 2011). The process is easily
adapted to the catheter and insertion procedure
with equipment provided by multiple companies.
In addition, any cardiac monitor can be con-
nected using the lead from the right arm as the
catheter lead for intracavitary monitoring.
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7.5

*

10.

11.

12.

Steps for Placing ECG-
Guided PICC with Guidewire
Technique (Moureau et al.
2010)

. Attach (three or five lead) monitor to patient

(always apply all new leads); determine if
the patient is in normal sinus rthythm (NSR)
and atrial fibrillation or is dependently paced.
If the patient is in NSR, proceed with ECG-
guided CVAD insertion.

Detach the right arm lead from the patient,
and attach it to the ECG device or cable.
Prepare the cable for use in the sterile proce-
dure (the cable will attach to the guidewire
within the catheter).

Select the vein and location for CVAD inser-
tion using ultrasound scanning.

. Measure selected vein to estimated location

of caval atrial junction (CAJ).

Set up sterile field; prep and drape patient.
Don personal protective equipment (PPE).
Determine catheter length based on external
measurement. Adjust the guidewire to the
very distal end of the CVAD but not extended
outside the catheter. Flush CVAD with nor-
mal saline. Guidewire must be specific for
the length of that catheter and marked in
advance for intracavitary ECG.

Place the sterile ECG cable into the field.
Insert the CVAD using ultrasound-guided
modified Seldinger technique (MST).

Insert CVAD to its intended goal of the distal
SVC/CALI; attach the ECG. Attach alligator
cable to the guidewire in the CVAD.

Flush the CVAD again with normal saline.
The guidewire is acting as an electric con-
ductor of ECG activity.

A QRS complex should appear on the moni-
tor with a clearly identifiable P-wave. The
P-wave is normal size initially, increasing in
amplitude as the CVAD is advanced
(Fig. 7.2). Compare P-wave size from initial
normal complex to peak level. (Note: Size
may vary with QRS complex comparison
with P-wave and be larger than QRS. The
determinant is positive P-wave change mea-
sured to peak with biphasic notch.)

13.

14.

15.

16.

17.

18.

When the P-wave is about 3/4 of the full
peaked level, approx. 3/4 the size of the
QRS, the CVAD tip is in the lower or distal
SVC (also known as proximal SVC in rela-
tion to the heart).

When the P-wave is fully peaked or at the
highest amplitude (positive P-wave), it is at
the caval atrial junction (SVC/RA).

When a small negative wave spike is seen in
the P-wave, the tip is in the upper part of the
right atrium.

When the P-wave becomes biphasic (nega-
tive and positive P-wave of the same size—
expanding beyond the baseline up and
down), the CVAD tip is in the middle right
atrium. This is known as an atrial spike.

If no QRS pattern change is seen during
advancement of the catheter, the CVAD has
malpositioned in the internal jugular or con-
tralateral in the opposite subclavian vein.
Attempts to reposition can be made until the
P-wave enlargement is seen on the monitor.
Print final strip with P-wave at the same
amplitude as QRS to confirm location of the
tip. Include this ECG strip as part of the
patient’s record. (Note: You may see some
respiratory variation in the waveform.)

7.6

Steps for Placing ECG-
Guided PICC with Saline-
Filled Lumen (Moureau et al.
2010)

. Attach (three or five lead) monitor to patient

(always apply all new leads); determine if
the patient is in normal sinus rthythm (NSR)
and atrial fibrillation or is dependently paced.
If the patient is in NSR, proceed with ECG-
guided CVAD insertion.

Detach the right arm lead from the patient,
and attach it to the ECG device or cable.
Prepare the cable for use in the sterile
procedure.

Select the vein and location for CVAD inser-
tion using ultrasound scanning.

Measure selected vein to estimated location
of CAl.
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10.

11.

12.

13.

14.

15.

16.

. Set up sterile field; prep, and drape patient.

Drop ECG cable with saline adapter septum
onto the sterile field.

Don personal protective equipment (PPE).
Determine catheter length based on external
measurement. Adjust the guidewire to the
very distal end of the CVAD but not extended
outside the catheter. Flush CVAD with nor-
mal saline. Guidewire must be specific for
the length of that catheter and marked in
advance for intracavitary ECG.

Prefill 20 cm?® syringe with saline and attach
a steel needle.

Insert the CVAD using ultrasound-guided
modified Seldinger technique (MST).

Insert CVAD to its intended goal of the distal
SVC/CALI; attach the ECG. Insert needle into
ECG saline adapter. Attach alligator clamp
to the needle in the CVAD.

Flush the CVAD again with normal saline.
Saline is acting as an electric conductor of
ECG activity.

A QRS complex should appear on the moni-
tor with an identifiable P-wave. The P-wave
is normal size initially, increasing in ampli-
tude as the CVAD is advanced (Fig. 7.2).
Compare P-wave size from initial normal
complex to peak level. (Note: Size may vary
with QRS complex comparison with P-wave
and be larger than QRS. The determinant is
positive P-wave change measured to peak
with biphasic notch.)

When the P-wave is about 3/4 of the full
peaked level, approx. 3/4 the size of the
QRS, the CVAD tip is in the lower or distal
SVC (also known as proximal SVC in rela-
tion to the heart).

When the P-wave is fully peaked or at the
highest amplitude (positive P-wave), it is at
the CAJ (SVC/RA).

When a small negative wave spike is seen in
the P-wave, the tip is in the upper part of the
right atrium.

When the P-wave becomes biphasic (nega-
tive and positive P-wave of the same size—
expanding beyond the baseline up and
down), the CVAD tip is in the middle right
atrium. This is known as an atrial spike.

17. If no QRS pattern change is seen during
advancement of the catheter, the CVAD has
malpositioned in the internal jugular or con-
tralateral in the opposite subclavian vein.
Attempts to reposition can be made until the
P-wave enlargement is seen on the monitor.

18. Print final strip with P-wave at the same
amplitude as QRS to confirm location of the
tip. Include this ECG strip as part of the
patient’s record. (Note: You may see some
respiratory variation in the waveform.)

19. Print final strip with P-wave at peak ampli-
tude as QRS to confirm location of the tip.
Include this ECG strip as part of the patient’s
record. (Note: You may see some respiratory
variation in the waveform.)

7.7 Tip Movement

The catheter tip is exposed to many mechani-
cal forces, exerted by the internal mechanical
functions of the human body that can affect
and alter the internal position, namely, the
expansion and deflation of the lungs during
the respiratory cycle and the pulsation of the
heart and arterial structures. Vesely (2003) con-
firms the continual movement of the catheter tip
from cardiac pulsation can lead to thrombosis
development (Vesely 2003). The position of the
patient will also affect the position of the cathe-
ter tip whether sitting, standing, supine or when
considering PICCs if the arm is abducted or
adducted. Foaurer and Alonzo (2000) measured
the effect of moving the arm from an abducted
to adducted position in 61 patients and found
that 43 patients move caudally (lower/towards
the heart), 7 moved cephalad (higher or superi-
orly) and 3 did not change position; the authors
summarised that 58% of PICCs move 2 cm
or more (Foaurer and Alonzo 2000). Hostetter
et al. (2010) confirm that movement of catheter
tip position is reported to be 2-3 cm; a cor-
rectly CAJ placed catheter has the potential
to retract into the SVC and advance into the
RA. Considering such variation occurs when
the arm is abducted, bringing the arm away
from the 90% extended, abducted position prior
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Fig.7.15 Left internal jugular placement with incidental
finding of left-sided SVC (used with permission of S. Hill,
Precision Vascular)

to confirming tip position, more in line with the
body’s natural position may reduce migration
associated with arm abduction.

Anatomical deviations may be present such
as scoliosis, dextrocardia, left-sided SVC
(Fig. 7.15) or iatrogenic abnormalities such as
pneumonectomy (Fig. 7.16). Catheter tip posi-
tion is not static like the snapshot image that
an X-ray provides, which portrays a moment in
time of the catheter tip position. Furthermore,
this snapshot is often not a typical representa-
tion of the catheter tip position. It is standard
practice to ask the patient to take a deep breath
and hold the breath when the X-ray is being
taken. The deep inhalation and breath holding
force the diaphragm low, lowering the position
of the heart within the thorax and altering the
tip position of the catheter. Similarly, the posi-
tion of the patient can affect the position of the
catheter tip.

Fig. 7.16 Left pneumonectomy, right-sided PICC inser-
tion; the PICC extended across the mediastinum to reach
optimal position (used with permission of S. Hill,
Precision Vascular)

7.8  Thrombosis

The position of the catheter tip can influence
the risk of VAD-related thrombosis. The actual
position of the catheter tip can influence the
likelihood of the catheter developing a thrombus.
If the position of the catheter is too long and too
short, abuts the wall of a vessel or is positioned
optimally, all can influence the risk of thrombo-
sis. An older study looking at right atrial throm-
bus on 48 patients with tunnelled CVC in situ,
tip positions were in the superior vena cava and
the right atrium (RA). Thrombus was found in
12.5% of cases by follow-up with transoesopha-
geal echocardiograph, all of the thromboses were
identified in the RA group, and all were asymp-
tomatic (Gilon et al. 1998). Other studies have
found higher incidence of thrombus in the SVC
(Vesely 2003).

A larger randomised controlled study looked
at this issue. Figure 7.17 is from a study looking at
428 CVC insertions, followed up with linograms,
venograms and Doppler ultrasounds. What the
study showed was that the relative position of
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Fig. 7.17 Radiologic anatomy and tip position for
CVADs (Cadman et al. 2004)

the catheter tip was directly proportional to the
risk of thrombosis development. For instance, on
the image, numbers 3 and 4 indicate distal SVC/
cavoatrial junction, and for the catheters with the
tips positioned in this zone, the thrombosis rates
were 2.6%; in the middle third of the SVC, 5.3%;
and in the proximal position (proximal SVC or
thoracic inlet veins), 41% resulted in thrombo-
sis, an increase of 16 times the risk of those cath-
eters placed in a distal position. The reason the
authors gave for increased risk of short left-sided
catheters was the catheter abutting the wall of the
SVC, causing mechanical damage and also the
potential for chemical damage from cytotoxic
drugs inducing thrombotic changes (Cadman
et al. 2004; Vesely 2003). Hallam et al. (2016)
also include device selection based on nutritional
solutions containing final concentrations exceed-
ing 10% dextrose and/or 5% protein and explain
that these also should be administered via a cen-
tral venous catheter with tip placement in the
superior vena cava. DeChicco et al. (2007) also
identify that thrombosis is greater in the proximal
SVC versus lower SVC and RA.

The study by Cadman and colleagues shows
significant associations between thrombosis and
females (twice the risk of males), left-sided inser-
tions and proximal tip position. Catheter tip in
the proximal third of the SVC and above was 16
times more likely to develop venous thrombosis.
Women were twice more likely to develop throm-

bosis than men. Left-sided CVAD insertions may
lead to damage as stiff dilators/introducers are
passed through the brachiocephalic vein to the
SVC (Vesely 2003).

Hostetter et al. (2010) points out that the pres-
ence of thrombosis may lead to infection. The
apparent symbiotic relationship between throm-
bosis and infections has been avidly discussed
within the field of vascular access. Theorists and
clinicians suggest that the composites of a throm-
bus encourage the growth of pathogenic microbes
and conversely the presence of infection releases
coagulative processes that increase the patient to
catheter-related thrombosis (Mehall et al. 2002;
Raad and Bodey 1992; Ryder 2001).

Right atrial thrombus—Some studies have
looked at the development of thrombosis in
the heart. Vesely (2003) explains that catheters
placed within the heart may lead to intracar-
diac thrombosis but points out that some studies
(Kung et al. 2001) show that the placement of
the catheter tip in the SVC did not prevent the
formation of right atrial thrombus (RAT). Dreyer
and Bingham (2005) investigating the right atrial
thrombosis related to haemodialysis catheters
reporting from 22 cases of RAT report that a 33%
mortality exists if RAT is associated with infec-
tion versus 14% without infection (Dreyer and
Bingham 2005). In terms of management of RAT,
the authors suggest that thrombectomy has been
associated with lower mortality than conservative
management with anticoagulants and antibiotics.
A strategy adopted by some includes a thrombo-
sis less than 2 cm being managed conservatively
(anticoagulants for 6 months) with repeated
transoesophageal echocardiograph and catheter
removal, larger than 2 cm, especially if infected,
thrombectomy with antibiotics and anticoagu-
lants (Dreyer and Bingham 2005). However, the
authors concede that the optimal management of
haemodialysis RAT is unknown.

Current practice in many institutions is still for
a post-procedural chest X-ray to be used to verify
the tip position of the catheters following inser-
tion, for services inserting by the bedside, or in
a designated procedure room without ECG guid-
ance or X-ray screening. This can result in patient
delays until the X-ray has been undertaken and
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verified. The limitations of this approach are that
there is limited intraprocedural awareness of
catheter tip position from the point of insertion to
the landing zone.

Rates of malposition vary depending upon
experience and type of insertion. Ibrahim (2012)
identifies a bedside malposition rate for non-
tunnelled CVCs of 14%, with 55% of these tips
being misplaced into the RA and 14% into the left
brachiocephalic vein. Other studies have shown
that CVCs have 6.7% malposition rate (Roldan
and Paniagua 2015) and PICC malposition rates
of 9.3% both without guidance technology, con-
firmed by Hill (2012) whose combined PICC and
CVC non-guided malposition rates were reported
at 8%. Some studies show much higher malpo-
sition rates, up to 41% for central placements,
including tips placed in the proximal third of
SVC, including thoracic inlets, and PICC mal-
position rates up to 63% (Johnston et al. 2013).
In cases of malposition, the catheter may require
manipulation under fluoroscopy, retracting if too
long or removing and replacement (Fig. 7.18).
Manipulation of a catheter depends upon the
availability of the fluoroscopy suite and radiolo-
gist or suitably trained clinician. If fluoroscopy

Fig. 7.18 Contralateral malposition with oblique (used
with permission of N. Moureau, PICC Excellence)

is in high demand, immediate access may not
be possible, increasing patient treatment delay
and increasing costs attributed to the use of fluo-
roscopy. The additional interventions required
to rectify misplaced catheters cause increased
patient anxiety/distress and increase the risk of
infective and mechanical complications. The
additional interventions also decrease the effi-
cacy and cost efficiency of the vascular access
(VA) team.

Dialysis—Tal et al. (2013) explain dialysis
catheter guidelines recommend the catheter to
be placed into the RA. The authors also advocate
that not only the tip of the catheter but the “func-
tional tip’ of the catheter should be placed in the
RA whilst ensuring that the catheter does not
touch the atrial floor as to avoid mural thrombus,
arrhythmias and erosion. The authors describe
the function tip as the portion of the catheter from
the most proximal side hole to the catheter tip.
SVC placement of dialysis catheters can lead to
higher recirculation rates, damage to the vessel
wall, stenosis and catheter occlusion (Tal et al.
2013). Mandolfo et al. (2002) identifies that dial-
ysis catheter tips placed at the cavoatrial junction
benefit from higher blood flow. Equally Vesely
(2003) suggests that stagnation of blood within
the RA may lead to thrombus formation.

The national kidney foundation clinical guide-
lines advocate:

The catheter tip should be adjusted to the level of

the caval atrial junction or into the right atrium to

ensure optimal blood flow. (Atrial positioning is
only recommended for catheters composed of soft

compliant material, such as silicone) (Opinion)
NKF-K/DOQI (2001)

The CAJ cannot be definitively identified
on an X-ray; rather the position of the CAJ is
inferred by looking at other visible anatomical
structures.

CXR—X-ray images are also subject to an
element of magnification; here is an example in
practice. The magnification associated with fluo-
roscopy is illustrated by placing two identical-
sized coins, one on the anterior chest wall and the
second coin level with the patient’s back/spine.
The extent to which magnification affects the
image is dependent upon the distance the inten-
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Figs. 7.19 and 7.20 Lateral view with magnification of the chest using coin perspective (used with permission of

S. Hill, Precision Vascular)

sifier is from the patient. The patient’s physical
size can affect this, i.e. an increase in patient size
results in increased distance from intensifier to
plate resulting in more magnification. This is
illustrated in Figs. 7.19 and 7.20 using the same
size coins, one placed level with the anterior sur-
face of the chest and the second with the patient’s
back. The coin placed posteriorly appears signifi-
cantly larger (126.65 mm) versus the anteriorly
placed coin measuring 75.90, which illustrates
the increasing magnification of internal anatomy
the closer it is to the image receptor.

Parallax—Vesely (2003) describes that the
phenomenon of parallax can be an influential in
determining catheter tip position.

Parallax is defined as:

the position of the image on each emulsion of dual

emulsion film; it is accentuated by tube-angled

x-ray techniques.
Miller-Keane (2003)

The objects in the lateral view are affected
depending upon their relative position to each
other and the angle at which they are viewed.
Place a finger in front of you and view it with
one eye closed then alternate by closing that eye
and opening the other, the differing visual per-
spectives is an example of how the parallax effect
works.

Considering the effects in practice, when
viewing tip position on X-ray, it is important
to select an anatomical structure closest to the
catheter tip position to help to determine its posi-
tion. Parallax may have more effect the further
away the structure is from the point of interest;
for instance, determining tip position by look-
ing at the ribs and selecting anatomy in differ-
ent anatomical planes can lead to error (Aslamy
et al. 1998). Ryu et al. (2007) points out that par-
allax is greater and more variable with portable
anterior-posterior CXR, such as in intensive care
and operating theatres (Ryu et al. 2007).

Aslamy et al. (1998) suggested the tracheo-
bronchial angle was the best radiographic land-
mark to determine the upper margin of the
SVC. The authors determined these conclusions
by studying 42 patients who had undergone
magnetic resonance imaging scans (Aslamy
et al. 1998). Hostetter et al. (2010) explain the
carina later replaced this landmark because the
structure can be identified more clearly. Baskin
and colleagues confirmed this by examining
100 CT scans of patients from the ages of 12 to
28 years and found no association between age
and any other parameters. The authors go on to
explain that the cavoatrial junction lies lower than
commonly believed and suggest that two verte-
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bral bodies below the carina (with the interver-
tebral disc included) is a reliable estimate of the
position of the cavoatrial junction (Baskin et al.
2008). Aslamy et al. (1998) importantly identified
that the right superior heart border that is com-
monly used to determine catheter tip location, in
38% of cases, was formed by the left atrium.
Movement of tip position—Catheter tips are
prone to movement; the still image of a radio-
graphic X-ray detracts from this notion. The
catheter tip is subjected to a range of dynamic
movements from cardiac pulsation and lungs/dia-
phragmatic movement, which all contribute to the
perpetual motion of the catheter tip (Mandolfo
et al. 2002). The position of the patient can affect
tip, whether standing, holding their breath for an
X-ray, abducting or adducting their arm position
(Fig. 7.21). The catheter with the most poten-
tial for internal catheter movement is a PICC. If
the arm is abducted away from the body, this
can cause downward internal movement of the
PICC towards the heart of up to 2 cm; right-sided

Fig. 7.21 PICC tip movement during high-pressure
injection (used with permission of S. Hill, Precision
Vascular)

PICCs have higher rates of this type of movement
vs the left (Aslamy et al. 1998).

Tunnelled CVCs and implanted ports can have
different anatomical sites where they can be situ-
ated. Typically, they are placed on the anterior
chest wall, which has an immediate benefit over
PICCs in the stakes of internal movement, as they
are not influenced to the same extent by the arm
movement as the peripherally inserted counter-
parts. However, what is commonly appreciated
by vascular access clinicians, especially those
working in fluoroscopy, is that significant catheter
tip movement is associated with patient position
changing from supine to standing. Gibson and
Bodenham (2013) point out that this movement
is due to gravity, and as the abdominal contents
move downwards, so do the diaphragm and the
mediastinum, inadvertently causing an upward
movement of the catheter tip. The authors also
point that this is exacerbated in obese patients.
I would add that the most profound movement
observed of long-term catheters is in ladies who
have an increased body mass index, who have
large breasts and where the CVADs are being
placed on the left. The movement for left-sided
long-term devices appears to be more significant
compared with those on the right, one way of
counteracting this is to stabilise the chest wall in
a position that simulates a supine position. This
can be done by placing downward traction of the
upper chest wall with adhesive drapes or using
sensitive tapes; this simulation of supine chest
wall/breast position limits, but does not eradi-
cate, the tip movement from the patient moving
from supine to the standing position. Large breast
tissue has been documented in several studies as
an influential factor in catheter tip placement
(Gibson and Bodenham 2013; Cadman et al.
2004; Vesely 2003).

X-ray outcomes are also subject to the skill
of the radiographer and the presentation of the
patient, obesity, patient position, if the patient
needs a mobile X-ray, or there may be other factor
such as Harrington rods used for spinal support
that may obscure the view of the catheter tip. The
objective of a normal posterior (PA) anterior X-ray
is to provide a balanced field of view to enable
examination of the skeletal structures, organs and
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tissues. The objective of an X-ray post-CVAD
insertion is to primarily identify the tip position,
but at the same time, the clinician will ensure
there are no kinks or loops in the catheter. There
may be occasion that the purpose of the X-ray
is dual fold, for the identification of tip position
and to view the thoracic anatomical structures.
The radiation prescription for a standard X-ray
film may not necessarily be the dose needed to
adequately view the tip position of a smaller-
sized vascular device such as a PICC. Obtaining
adequate exposure to identify the catheter tip is
essential, or repeated X-rays may be needed. If a
repeat CXR is required, a lateral view may pro-
vide an alternative angle if the tip is obscured on
a PA or X-ray can be coned in to focus on the
mediastinal area, which will reduce the radiation
dose to the surrounding thoracic anatomy.

7.9  Conclusion

Tip position continues to be an emotive and con-
trovertial subject. Clinicians must be aware of
the range of movements a CVAD catheter tip is
subjected to when the patient changes positions,
from supine to standing the abdominal contents
drop causing upward movement of the catheter
tip (Vesely 2003), and the movement of PICCs
particularly with abduction of the arm, and con-
sider these potential movements when finalising
catheter tip position. The revolution in catheter
tip navigation and confirmation is now in full
flow; the paradigm shift from radiological con-
firmation to ECG-based technology is now being
reflected practice across the globe. The accuracy,
safety benefits, elimination of radiation exposure,
improved patient experience and vascular access
service efficiency no longer allow X-ray confir-
mation to be the ‘gold standard’.

Case Study

The patient was a 60-year-old female
with a diagnosis of colonic adenocarci-
noma, who had received a previous tun-
nelled CVC via the right internal jugular

side that had been removed due to infec-
tion during a previous cycle of intravenous
anticancer therapy. The patient attended
for a pre-assessment for an implanted port
and underwent all the necessary checks,
including a review of the patient history,
assessment of the right anterolateral upper
chest wall (intended port implantation
site), blood tests and ultrasound review
of the relevant vasculature, taking time to
talk through the procedure with the patient
and provide the supportive literature about
the procedure. The assessment was com-
pleted, and no concerns were noted about
venous or other anatomy, and blood tests
were obtained as per hospital protocol.
During the procedure, ultrasound-guided
cannulation was performed routinely, but
the clinician could not pass guidewire; a
more experienced operator attended who
experienced same issue. As the procedure
was undertaken in a dedicated procedure
room intended to be placed under ECG
guidance, it was decided that the proce-
dure should be undertaken in the X-ray
department under fluoroscopy and was
rescheduled for another day, as not avail-
able that day. A left-sided internal jugular
approach was planned. The ultrasound
assessment showed an interesting image
of duplicated left internal jugular veins.
Passing the ultrasound from higher up the
neck to the base, superiorly to inferiorly,
the veins were one vessel (higher in the
neck) which then split into two as they
both then led separately to form part of the
brachiocephalic vein. The vein positioned
more anteriorly was cannulated under
ultrasound, being more superficial and the
larger of the two vessels (Fig. 7.6).
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Case Study

A call was received from a radiologist to
the vascular access team. The radiologist
explained there was a patient who had
undergone a CT scan and noticed that the
catheter tip was in the ventricle. With great
concern, the team evaluated the terminal tip
position. The patient had also had a CXR
that showed the catheter tip well into the
heart. This implanted port had been in for
20 months. What had gone wrong, and how
had this been missed? The port chamber
was in its original position and had not
slipped out of position; the catheter was still
securely attached to the injectable reservoir
and had not fractured and migrated. Upon
closer investigation of this case, it became
apparent that the port position hadn’t
changed but rather the internal anatomy.
Unfortunately, over the 20 months from
insertion, the patient had slowly developed
bulky abdominal disease leading to upward
movement of the diaphragm, resulting in
the downward displacement of the catheter
tip. Position was corrected by port revision
with tip placed in the distal SVC rather
than at the CAJ to avoid continued deterio-
ration of the patient. Documentation was
established in the medical record to alert
medical providers of the changes in anat-
omy and impact on the port if the abdomi-
nal mass is removed.

Case Study

A patient required 6 weeks of antibiotic
treatment for osteomyelitis. It was deter-
mined that a PICC would be the best device
for the treatment duration and medication.
The patient was positioned and measured
for a placement length estimate. The PICC
was placed by a trained specialist. The
PICC was inserted with maximum sterile
barriers, ultrasound guidance and ECG. The
monitor and leads were prepared in advance

S. Hilland N. L. Moureau

and connected in a sterile fashion during
the procedure. Prior to the procedure, the
baseline EKG was established. During the
procedure, the internal EKG rhythm dem-
onstrated advancement of the PICC as the
catheter entered the SVC. The P-wave
continued to increase in amplitude as the
catheter approached the cavoatrial junc-
tion (CAJ) reaching maximum. No bipha-
sic or downward deflection of the P-wave
noted. PICC was aspirated to confirm blood
return, flushed with normal saline, secured
and the procedure completed.

Summary of Key Points

1. The aim for vascular access clinicians is
to place the catheter tip in the optimal
location.

2. The implications of catheter malposi-
tion can contribute to increased
morbidity.

3. The evolution of radiation-based meth-
ods to confirm catheter tip position can
no longer claim the title of the ‘gold
standard’ in practice.
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