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Indications

VA can be broadly divided into two categories: peripheral

and central. Peripheral access is for short-term treatment

needs usually involving intravenous (IV) fluids, blood

sampling, and infusion of IV medications. Some medica-

tions cannot be given though peripheral access because of

their tendency to cause vein inflammation (phlebitis).

Indications for central VA span a wide range of clinical

conditions including:

* Poor vascular access

¢ Need for hemodynamic monitoring

¢ Use of medications known to be venous sclerosants

* Repeated venous sampling

e Prolonged administration of chemotherapy, TPN, or
antibiotics

* Need for short-term dialysis, aphaeresis, or plasmapheresis

* Emergency situations

Contraindications

Most contraindications to central VA are relative and depend
on the urgency of the situation and the available alternatives.
Agitated and uncooperative patients may be more safely
treated using peripheral access as opposed to trying to can-
nulate the central veins. Central venous cannulation should
be avoided in the presence of overlying cellulitis or infection
and at sites with indwelling intravascular hardware such as a
dialysis catheter or pacemaker. Distorted anatomy as a result
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of trauma, surgery, obesity, or previous catheterizations also
represents a relative contraindication to central VA.

Central venous access procedures performed on patients
with coagulopathy can result in prolonged bleeding from the
vein, subcutaneous tunnel, or accidental arterial puncture.
Hass et al. evaluated the safety of tunneled central venous
catheter insertions in patients with an INR of greater than or
equal to 1.5 or a platelet count lower than 50,000/dL [6]. They
concluded that a platelet count between 25,000 and 50,000/
dL and/or an INR between 1.5 and 2 is safe even without
coagulation product transfusion. Other authors have reported
that thrombocytopenia (platelets less than 50,000/dL) carries
a higher risk of catheter-related bleeding than prolonged clot-
ting times [7]. Overall, coagulopathy represents a relative
contraindication to central venous access placement that
requires careful consideration of the indications and potential
risks and benefits. If possible, patients with coagulopathy
should be treated by the most experienced proceduralist avail-
able to minimize the bleeding risks. Hemophiliacs who need
central venous access require replacement coagulation prod-
ucts, and the correction of clotting factors should be main-
tained for 48 h prior to the procedure [8].

Patients with cardiac conduction disturbances can have
unanticipated complications during placement of a central
venous catheter. Contact between the guide wire and the side
of the ventricular septum can induce right bundle branch
block during the VA procedure [5, 9, 10]. Although this com-
plication rarely causes hemodynamic instability, complete
heart block can ensue in patients with preexisting left bundle
branch block [10]. An external pacemaker should therefore
be available when performing central VA procedures in
patients with preexisting left bundle branch block.

Types of Venous Access Devices
Central VA catheters come in a variety of sizes, configura-

tions, and materials. Decisions about the location and type of
access catheter should be tailored to the clinical scenario of
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each patient. Factors that influence the choice of central VA
include the predicted duration of the access, the indications
for use, and the patient’s individual anatomy.

VA devices can be broadly categorized as tunneled cath-
eters (TC) and non-tunneled catheters (Table 17.1). The first
decision point in choosing a catheter involves the predicted
duration of vascular access. Short-term, temporary access
usually warrants placement of a non-TC, while patients
needing long-term, permanent access require a TC. Patients
with short-term access needs should not be exposed to the
risks associated with placement of a TC. In contrast, a patient
who requires long-term access for medications such as che-
motherapy benefits from a TC with an implanted port. The
subcutaneous placement of the port enhances patient com-
fort by allowing for normal activities in between therapeutic
infusion sessions. Implanted ports and TCs have lower rates
of infection compared to non-TCs. Potential drawbacks of an
implanted port include the inconvenience of needing to
puncture the skin for access and the small caliber of the cath-
eter which limits the infusion rate.

Table 17.1 Categorizations of catheters

Tunneled catheters Non-tunneled catheters
Dialysis catheter with a cuff

(permanent)

Dialysis catheters non-cuffed
(acute not permanent)

Implantable access ports Central line
Hickman Swan-Ganz catheters
Broviac Peripherally inserted central

catheter (PICC)

Brachial plexus

External
jugular vein

Scalene muscle

First rib

Subclavian
vein
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Vascular access devices have single or multi-lumen
catheters. Multi-lumen catheters allow for the simultane-
ous infusion of more than one blood product or medica-
tion. This advantage must be balanced against the increased
morbidity associated with multiple lumen catheters as
documented in several reports [11, 12]. Decisions regard-
ing the diameter of the catheter depend on the patient’s
access needs and the clinical scenario. Although large-
bore catheters facilitate rapid infusion rates during emer-
gency situations, they have an increased risk of
catheter-related thrombosis. In general the smallest-diam-
eter catheter that is feasible for the patient’s infusion needs
should be chosen [13]. Smaller catheters can often be
placed less traumatically and may have a lower risk of trig-
gering venous stenosis [14].

Vascular Access Site Selection

Choosing the location of central VA depends on several
factors including: operator skill and preference, catheter
and device type, patient anatomy, and indications for
placement [7, 15, 16]. The most common sites for central
VA are the internal jugular, subclavian, and common fem-
oral veins. Practitioners placing central VA should be
familiar with the anatomic landmarks and understand the
advantages and drawbacks of each location for central VA
(Fig. 17.1). Specific techniques regarding placement will
be discussed later.

Esophagus
/_ Trachea
» Carotid artery

Jugular vein

Sternum

Fig.17.1 Enlarged view of the anatomy of the subclavian and jugular vein area
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Internal Jugular Vein Approach

The internal jugular vein remains the most common site for
central VA with a 95-99 % success rate and few complica-
tions [17, 18]. Percutaneous access to the internal jugular
vein is relatively straightforward compared to the subcla-
vian vein. This technical advantage may explain the lower
rate of lung injury (pneumothorax and hemothorax) after
internal jugular vein access compared to the subclavian
approach [7]. In contrast, a systematic review reported
equivalent complication rates for internal jugular and sub-
clavian vein catheters despite a historically higher incidence
of complications associated with the subclavian vein
approach [4]. The right internal jugular vein follows a
straight course into the central venous circulation making
the right side the preferred choice over the left side. Internal
jugular vein catheterization also poses a lower risk of venous
stenosis and thrombosis compared to the subclavian vein
[19]. Minimizing the risk of catheter-associated venous ste-
nosis is an important consideration in patients with chronic
renal failure in whom central venous stenosis is a leading
cause of arteriovenous access failure.

The few drawbacks of internal jugular vein access
involve technical challenges associated with placement
and patient comfort level. Patients with pain or inadequate
sedation during access insertion often tense their sterno-
cleidomastoid (SCM) muscle making it difficult to
advance the catheter. Despite being in a compressible
location, internal jugular vein puncture can result in a
hematoma in a coagulopathic patient potentially compro-
mising the airway. Once in place, non-TCs in the internal
jugular vein can cause discomfort during movement of the
head and neck.

Ultrasound guidance during VA placement can identify
the target vein and provide real-time imaging of the needle
entering the vein. Data suggest that using ultrasound to can-
nulate the internal jugular vein makes the procedure quicker
and safer. Lemeris et al. showed that ultrasound guidance
reduced failure of catheter placement and complication rates
related to insertion by 86 and 57 %, respectively [20]. A large
meta-analysis confirmed the enhanced safety profile ultra-
sound-guided central VA demonstrating significant reduc-
tions in the risk of: insertion failure (relative risk [RR] 0.32),
complication rates from insertion (RR0.22), and the need for
multiple insertion attempts (RR 0.60) [21]. In a prospective
study of 900 patients, ultrasound-guided catheter placement
in the internal jugular vein not only increased success rates
and decreased complication rates but also reduced catheter-
associated infections [18]. The well-documented safety track
record of ultrasound prompted the UK National Institute for
Clinical Excellence (NICE) (www.nice.org.uk) to recom-
mend routine use of ultrasound guidance during internal
jugular catheterization.
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Subclavian Vein Approach

In the past, surgeons preferentially used the subclavian vein
to establish central VA. The subclavian vein is unique in that
the vein can be cannulated from an infraclavicular or supra-
clavicular approach. The supraclavicular technique poses a
greater risk of complications, and some authors recommend
that only experienced operators attempt this approach [17].
Relative contraindications include bilateral pulmonary disor-
ders, high-pressure ventilation, and altered local anatomy
(i.e., after sternotomy). Using ultrasonography to assist with
supraclavicular cannulation significantly decreases the risk
of placement failure and the need for multiple attempts by up
to 86 % [20, 22]. Catheterization of the subclavian vein
regardless of the approach has an overall success rate of
90-96 % [23, 24].

Compared to the internal jugular vein, the subclavian vein
has a predictable course allowing reliable venipuncture using
anatomical landmarks. The subclavian location for central
VA has the advantage of easy access to the catheter and a
more acceptable cosmetic appearance for the patient.
Although observational studies suggest that subclavian vein
access decreases infection risk, these results have not been
validated in prospective trials [25].

The anatomic location of the subclavian vein has several
drawbacks which limit its routine use for VA. The subclavian
vein functions as the primary route for venous drainage from
the arm. Thrombosis of the subclavian vein from catheter
placement can cause acute arm pain and edema requiring
treatment with anticoagulation, thrombolytic therapy, or cath-
eter removal [26-28]. Long-term subclavian vein catheter
placement increases the risk of venous stenosis which can
compromise future arteriovenous access attempts in the same
upper extremity [19]. The subclavian vein should therefore be
avoided as the site for central VA in patients with renal dys-
function who may eventually require hemodialysis. An excep-
tion to this rule would be if the upper extremity were unsuitable
for use as a site for dialysis access, for example, a patient with
contracture of the arm following a stroke. Other complications
associated with subclavian vein cannulation involve injuries
that can be sustained during needle puncture. The reported rate
of pneumothorax and hemothorax ranges from 0 to 12 % and
seems to depend on operator experience [29].

Femoral Vein Approach

The common femoral vein is the easiest site to establish
central venous access. With its relatively straight course
and large lumen, the common femoral vein allows infu-
sion and removal of large volumes of fluid such as that
required in renal replacement therapy or plasmapheresis [7].
In most patients, percutaneous access to the common femoral
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Fig.17.2 (a) Venogram of the right chest intercostal veins with drainage into the vena cava. (b) Completion of catheter placement from subclavian,

through the intercostal veins with catheter tip in the IVC

vein is straightforward as the vein is close to the skin and
relatively isolated from other vital structures. Despite its
advantages, the common femoral vein is the least used access
site due to the increased incidence of complications, espe-
cially infection and thrombosis [30, 31]. Morbid obesity can
obscure the anatomic landmarks of the groin making cathe-
terization of the common femoral vein more difficult. Moving
the pannus cephalad and to the control lateral side with the
aid of an assistant or tape can help determine the appropriate
area for percutaneous access to the femoral vein. Similar to
other VA sites, ultrasound guidance decreases the risk of
failed femoral catheter placement by up to 71 % [20, 22].
Femoral catheters should be removed as soon as possible to
minimize the risk of catheter-associated complications.

Alternative Venous Access

Although most surgeons do not place central VA at noncon-
ventional locations, the surgeon must be aware that alterna-
tive techniques and access sites do exist. Over time, patients
with prolonged central VA often develop stenosis and occlu-
sions of the large veins en route to the central venous system.
In these patients, the subclavian and internal jugular veins no
longer provide an unobstructed pathway to the central venous
system. In the past, overcoming this technical challenge
often required open surgical exposure with direct catheter
placement in the right atrium, superior vena cava (SVC), or
inferior vena cava (IVC) [17]. More recently, central VA
routes have been described involving percutaneous access to

nonconventional veins including the external jugular,
hepatic, intercostal, azygos, and IVC [32-35]. Other tech-
niques involve catheter placement in collateral neck or chest
veins or recanalization of chronically occluded veins [36].
Catheters placed at these unconventional sites follow an
unusual course when visualized on abdominal or chest radio-
graphs (Fig. 17.2). The distal tip of the catheters terminates
in traditional locations such as the right atrium, the lower
SVC, or the upper portion of the IVC [37]. Patients receiving
long-term hemodialysis or total parental nutrition are more
likely to eventually require alternative forms of central VA.

Preparation of the Patient
Consent

Informed consent should be obtained for all elective central
VA insertion procedures. A discussion with the patient and/
or healthcare proxy should include a description of the pro-
cedure as well as its indications, benefits, and acute and
long-term complications (Table 17.2). In emergency situa-
tions, the consent is implied.

Monitoring
Central VA procedures performed at the bedside or in the

angiography suite require some form of monitoring. Cardiac
telemetry and pulse oximetry can detect acute changes in the
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Table 17.2 Immediate and delayed complications

Immediate Delayed

Air embolism Infection
Venous stenosis

Thrombotic

Great vessel perforation/puncture
Catheter malposition
Pneumothorax

cardiorespiratory status of the patient, such as a dysrhythmia
due to wire or catheter placement.

Positioning

Regardless of the access site, the patient’s position should
fulfill two criteria: (1) maximize the comfort of the patient;
and (2) allow the operator to remain comfortable throughout
the procedure. The Trendelenburg position facilitates venous
filling for internal jugular and subclavian access and may
reduce the risk of air embolism [38—40]. Patients who cannot
tolerate Trendelenburg but can follow commands should be
asked to perform the Valsalva maneuver which temporarily
increases the caliber of the internal jugular, subclavian, and
femoral veins [41].

Sterile Technique

Minimizing the risk of infectious complications begins with
patient preparation and choice of venue. VA procedures
should be performed in an environment conducive to aseptic
techniques. Randomized controlled trials suggest that pro-
phylactic intravenous antibiotics reduce catheter-related
infections (CRI) and sepsis in high-risk immunosuppressed
cancer patients; however, current evidence does not support
the routine use of antibiotics for central venous catheter
placement [42, 43].

Aseptic preparation of the patient and members of the
healthcare team plays an important role in infection control.
Most institutions mandate the use of surgical masks and
caps, sterile gloves and gowns, and a large full-body drape
for all central line procedures. Observational studies support
the use of these maximal barrier precautions and hand wash-
ing as effective measures to reduce the rate of central VA
infections [44—46].

Skin preparation options include chlorhexidine, povidone-
iodine, and alcohol-based solutions. A study comparing
povidone-iodine without alcohol to 2 % chlorhexidine
without alcohol reported equivocal findings regarding cath-
eter colonization and catheter-related bacteremia [47].
Studies comparing chlorhexidine with alcohol to povidone-
iodine with alcohol have been inconclusive. Consensus from
several studies favors the use of chlorhexidine with alcohol
for skin preparation [48, 49].
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Use of Ultrasound

First described in 1978, ultrasound guidance for central VA
now has a solid foundation of evidence supporting its use
[22, 50, 51]. Several randomized trials show that using ultra-
sound for central VA reduces the time to cannulation and
decreases the risk of complications and the number of failed
attempts [20-22, 50-52]. By clarifying anatomy and provid-
ing real-time imaging, ultrasound guidance narrows the per-
formance gap between experienced and inexperienced
operators [53]. In the hands of skilled practitioners, ultra-
sound often proves to be the key to successful catheter place-
ment in patients who are otherwise difficult to cannulate
[54]. Current practice guidelines recommend using ultra-
sound guidance for central VA via the internal jugular and
femoral veins when expertise and equipment are available
[22, 52]. In contrast, cannulating the subclavian vein does
not appear to benefit from ultrasound guidance. Recent stud-
ies on subclavian vein access using an axillary and infracla-
vicular approach have determined that ultrasound does not
improve success rate and may increase the time of the proce-
dure when compared to the traditional technique using ana-
tomic landmarks [55-57].

Technique
Internal Jugular Vein

Central Venous Line

After the patient is positioned, the left and right internal jug-
ular veins should be evaluated for patency using the ultra-
sound. A patent internal jugular vein appears to be a large,
echolucent vessel that completely compresses when gentle
pressure is applied through the ultrasound probe. The neck
and infraclavicular area should then be prepped with
chlorhexidine and draped using sterile technique.

The following describes a micropuncture technique; how-
ever, using the larger caliber needle provided in most central
line kits is also acceptable. When the vein has been localized
with ultrasound, the long axis of the probe is placed against the
superior portion of the clavicle (Fig. 17.3a) with the image of
the internal jugular vein centered on the monitor. Under ultra-
sound guidance, the area is infiltrated with lidocaine before
puncturing the skin with a 21-gauge needle. The angle of
puncture is important when using ultrasound guidance. The
needle should be almost parallel to the probe, angled only a
few degrees from vertical. This permits the tip of the needle to
be visualized along its course from skin entry to venipuncture
(Fig. 17.3b). The needle is exchanged over a 0.018-in. guide-
wire for the coaxial 3-French (F) and 5-F micropuncture
sheath. The 0.018-in. wire and 3-F dilator are removed from
the 5-F micropuncture sheath, and a 0.035-in. wire is inserted
with the tip in the SVC. The 5-F sheath is then removed over
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Jugular vein
Ultrasound probe

Clavicle

Fig. 17.3 (a) Ultrasound use to visualize the jugular vein prior to
access placement. (b) Sagittal view of the jugular access. The ultra-
sound is positioned with the inferior portion resting against the clavicle

the guidewire, and a dilator is inserted to dilate the skin track.
The non-tunneled central venous catheter is placed over the
guidewire and advanced into the SVC. The guidewire is
removed and the catheter secured. All of the catheter lumen
should be flushed, and the catheter may be locked with dilute
heparinized saline depending on individual hospital protocol.
A chest x-ray should be performed to confirm catheter tip
location and evaluate for pneumothorax or hemothorax.
Procedures performed with ultrasound guidance and under
fluoroscopy do not usually require a final chest x-ray.

Chest Port Insertion

Single- or dual-lumen implantable ports are best suited for
patients who require intermittent vascular access over a long
period of time. Preparation and positioning are the same as
described for central venous line placement. The long axis of
the ultrasound probe is placed against the superior portion of
the clavicle (Fig. 17.3a) with the image of the internal jugu-
lar centered on the monitor. Placing the ultrasound probe
against the superior portion of the clavicle allows the needle
to puncture the internal jugular vein approximately 1 cm
above the clavicle. Vein puncture at this level allows the
catheter to follow a gentle curve from the vein to its connec-
tion with the reservoir on the anterior chest. A higher vein
puncture site may cause the catheter to kink, while a lower
puncture risks injury to the great vessels and lung. After
achieving ultrasound-guided access to the internal jugular
vein as previously described, the micropuncture sheath, dila-
tor, and 0.018-in. wire are left in place and temporarily
secured to the drape.
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and an acute angle of the needle to the probe to visual the track of the
access needle as it enters the jugular vein

First rib

The next several steps involve creation of the subcutane-
ous pocket and tunnel. An imaginary line at an angle of about
45° is drawn from the puncture site in the neck to the anterior
chest below the clavicle (Fig. 17.4). This area will be the site
of the subcutaneous pocket for the port. After establishing a
field block with lidocaine, the skin is incised, and a 1-cm
deep pocket is created on the anterior chest wall with blunt
finger dissection. The overall size of the pocket should be
limited to a few millimeters larger than the port itself.
Keeping the subcutaneous pocket small minimizes the
chance of the port moving or rotating. The pocket should
extend to the level of the fascia for stable fixation points.

The pocket and the neck incision are then connected subcu-
taneously using the tunneling tool usually provided in the access
kit. Attention is then returned to the neck access site. After
removing the 3-F dilator and 0.018-in. wire, an 0.035-in. wire is
advanced under fluoroscopic guidance into the SVC. Serial
dilators are then passed over the wire before placing the peel-
away sheath into the SVC. Most peel-away sheaths now have a
protective cap, which prevents the sheath from entraining air
when the wire and inner dilator are removed. If a protective cap
is not in place, caution must be taken to avoid an air embolism
when advancing the catheter into the peel-away sheath. The
catheter tip should be positioned just within the right atrium. If
the catheter triggers cardiac irritability on the monitor, it should
be pulled back a few millimeters. The rationale for placing the
catheter within the right atrium has to do with the fact that the
patient is in a supine position. When the patient is upright, the
heart will assume a lower position, and the tip of the catheter
will most likely be located at the atrial-caval junction.
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Fig.17.4 Diagram demonstrates
orientation for position

of subcutaneous pocket. This can
also be utilized for placement

of a tunneled catheter

Subclavian
vein

243

Jugular vein

The peel-away sheath can then be partially removed to
allow a small straight clamp to be placed on the catheter. The
rest of the sheath is then peeled away, and a second clamp is
placed on the catheter as it exits the tunnel into the subcutane-
ous port pocket. Placing these clamps establishes two fixed
points on the catheter ensuring that the catheter position can-
not be changed and that an appropriate length of catheter
remains in the SVC. The catheter can then be attached to the
port after trimming its excess length. The port is inserted into
the pocket; the small straight clamps are removed; and the
port is flushed. The skin incision can be closed with absorb-
able subcutaneous and subcuticular sutures. If vascular access
is needed immediately, a Huber (non-coring) needle can be
left in the port. A final fluoroscopic image should document
the position of the catheter and port.

Tunneled Catheter Insertion

Most TCs are used for dialysis access, long-term TPN, or
chemotherapy. Note that different catheters have been specifi-
cally designed for each of these needs. The risk of infection
and thrombosis increases with the number of catheter lumens
[11, 12]. Therefore, the lowest number of lumens necessary to
fulfill the clinical needs should dictate catheter choice.

The technique for inserting a TC parallels the steps
described for placing a chest port with a few pertinent details.
For internal jugular vein placement, keeping the needle
puncture site approximately 1 cm above the clavicle allows
the catheter to take a gentle bend as it exits the subcutaneous
tunnel and enters the vein. This prevents kinking of the cath-
eter that invariably leads to catheter malfunction. After plac-
ing the micropuncture catheter in the vein, fluoroscopy can

Site for port

help choose the appropriate catheter length. The tip of the
wire is advanced under fluoroscopy to the desired catheter
location; the wire is then marked where it exits the skin,
removed, and measured to determine the distance from the
atrial-caval junction to the vein puncture site. This distance
can be added to the distance from the puncture site to
the anterior chest wall to determine the appropriate catheter
length. The anterior chest wall is then anesthetized along the
route toward the internal jugular puncture site. To minimize
bleeding from the tunnel, a purse-string suture can be placed
at the chosen chest wall exit site. A small incision is then
made in the center of the purse-string suture, and the catheter
is tunneled subcutaneously towards the internal jugular
puncture site. The catheter is then placed using the peel-
away sheath technique previously described. Fluoroscopy
during and after catheter placement allows accurate place-
ment of the catheter tip and ensures that the catheter is not
kinked [58]. The catheter is then secured in place by tight-
ening and tying the purse-string suture around the hub of
the catheter.

Subclavian Vein

Infraclavicular Approach

The anatomic relationship between the subclavian vein and
the clavicle changes with shoulder position [59-61]. Magnetic
resonance imaging shows that passive retraction of the shoul-
ders by placing a rolled towel between the shoulder blades
compresses the subclavian vein between the first rib and clav-
icle which impedes successful cannulation of the vein [62].



244

—y

Jugular vein

Access
needle

Subclavian : X
vein E

K.S. Amankwah

Pleura Subclavian artery

Subclavian
vein

Clavicle

“— First rib

Fig. 17.5 (a) Supraclavicular approach to subclavian vein cannulation. (b) Cross-sectional view through the medial third of the clavicle. The
micropuncture needle is directed anterior to avoid inadvertent injury to the subclavian artery and pleural of the lung

The angle between the subclavian and internal jugular veins
increases when the patient’s head is rotated to the contralateral
side. This change in angle may increase the chance of passing
the catheter from the subclavian into the ipsilateral internal
jugular vein rather than into the SVC [62]. In other studies,
having the patient’s head rotated towards the cannulation side
failed to improve positioning of the catheter into the SVC
[63, 64]. Trendelenburg position does not affect the caliber of
the subclavian vein, which is held open in the flat, supine posi-
tion by the fibrous attachments to the clavicle. Placing the
patient in Trendelenburg still provides benefit by increasing
venous filling and minimizing the risk of air embolism [65].

In preparation for subclavian vein cannulation, the patient
is placed in a supine position in 10-15° of Trendelenburg.
Adducting the patient’s ipsilateral arm will move the subcla-
vian vein closer to the underside of the clavicle. The shoul-
ders typically assume a more cephalad orientation with the
patient in Trendelenburg position which can distort the ana-
tomic landmarks. This tendency should be countered by the
use of gentle caudal arm traction.

The goal of subclavian venipuncture is to pass the needle
below the clavicle and above the first rib to puncture the sub-
clavian vein as it courses over the first rib. The appropriate
course for the needle passes immediately beneath the junction
of the medial one-third and lateral two-thirds of the clavicle
(Fig. 17.5). This junction or so-called “break” of the clavicle
is the point at which the anterior convexity of the medial clav-
icle transitions into an anterior concavity laterally [65]. The
needle should be inserted 1-2 cm inferior and lateral to this
transition point, aiming the needle slightly deep to the sternal
notch. The needle tip may initially come into contact with the
clavicle. The needle should be “walked down” the clavicle to
reach its underside. Keeping the needle parallel to the floor

(the coronal plane) allows it to slide under the clavicle and
enter the vein without injuring the lung or pleura. If the
attempt is unsuccessful, these steps should be repeated with
the needle pointed more cephalad.

Kilbourne and colleagues examined video recordings of
surgery and emergency medicine residents performing subcla-
vian cannulation during trauma resuscitation. They identified
six common technical errors, five of which involved anatomic
considerations including cutaneous puncture too close to the
clavicle, passage of the needle through the clavicular perios-
teum, too shallow a trajectory beneath the clavicle, failure to
identify landmarks properly, and orientation of the needle in a
cephalad direction away from the sternal notch. The final error
was extravascular displacement of the needle after successful
venipuncture but before introducing the guidewire [66]. Being
aware of these errors can improve the teaching effectiveness of
experienced operators and encourage safe practice among cli-
nicians learning the procedure.

Supraclavicular Approach

Bannon and colleagues published an excellent description of
subclavian vein cannulation using a supraclavicular approach
(Fig. 17.5a, b) [67, 68]. The essential landmark for the supra-
clavicular approach is the lateral border of the clavicular
head of the SCM muscle as it attaches to the clavicle. Turning
the patient’s head to the contralateral side accentuates the
posterior head of the SCM and provides unobstructed access
to the subclavian vein [67]. The point of cutaneous puncture
lies 1 cm superior and 1 cm lateral to the SCM attachment
site. The junction of the SCM with the clavicle forms the
claviculosternomastoid angle. The needle tip should be
angled posteriorly 5-15° off a coronal plane and advanced
along a line that bisects the claviculosternomastoid angle.
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This technique will lead to subclavian venipuncture between
the clavicle and the anterior scalene muscle. Other authors
suggest cutaneous puncture directly at the claviculosterno-
mastoid angle. The needle is then advanced along the cla-
viculosternomastoid angle bisector parallel and inferior to
the clavicle to enter the vein at an insertion depth of 1-2 cm
[63]. Anatomic data from three-dimensional computed
tomography reconstructions suggest that, with the SCM-
clavicular junction as a cutaneous puncture point, the needle
should be oriented approximately 11° medially and 35° poste-
riorly as the needle is advanced approximately 1.4 cm to enter
the vein. Unfortunately relatively large variation associated
with these mean values limits their clinical utility [69]. In con-
trast to the infraclavicular approach, supraclavicular subcla-
vian cannulation can be facilitated by ultrasound guidance.

Femoral Vein

The femoral vein is not routinely used for long-term perma-
nent vascular access due to the higher rate of infection and
thrombosis compared to the subclavian and internal jugular
veins. Despite its drawbacks, femoral vein cannulation can be
the only reasonable access site for patients with extensive
upper extremity trauma and/or venous thrombosis and in dial-
ysis patients with central venous occlusion (SVC and innomi-
nate vein). During cardiopulmonary resuscitation (CPR), the
femoral vein has the advantage of allowing cannulation and
access placement without interrupting CPR. Other indica-
tions for femoral vein access include the emergent need for
hemodialysis or plasmapheresis.

To cannulate the femoral vein, the patient is placed in a
supine position with the lower extremity extended and
slightly abducted at the hip. If available, ultrasound should
evaluate the patency of the common femoral vein before pre-
paring the sterile field. A patent femoral vein should com-
pletely compress with pressure from the ultrasound probe; if
it is not compressible, the contralateral femoral vein should
be evaluated and considered for access. If ultrasound is not
available, anatomic landmarks should be defined to facilitate
femoral vein cannulation. The level of the inguinal ligament
can be located by drawing an imaginary line from the ante-
rior superior iliac spine to the top of the pubic tubercle. One
or two fingerbreadths below this line mark the inferior border
of the inguinal ligament. The maximal pulsation of the femo-
ral artery should be identified, and the access needle should
be inserted 1 cm medial to the femoral artery pulse. It is criti-
cal to ensure that the femoral vein is punctured below the
level of the inguinal ligament. Needle puncture above the
inguinal ligament is actually a puncture of the external iliac
vein which quickly becomes a deep retroperitoneal structure
making it difficult to compress and achieve hemostasis if
bleeding occurs [65].
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Morbid obesity poses a technical challenge for femoral
vein access. A common pitfall is to confuse the inguinal
crease formed by the overlying pannus with the inguinal
ligament. With the pannus retracted cephalad, the anatomic
landmarks marking the inguinal ligament can be identified.
Failure to identify the true level of the inguinal ligament
often results in an inappropriately low skin puncture which is
associated with a higher rate of access failure or inadvertent
arterial injury. The previously described micropuncture tech-
nique involving a 21-gauge needle, 0.018-in. wire, and coax-
ial 3- and 5-F catheters can be used for femoral venipuncture
as well. Many central line kits also provide an introducer
syringe with a wire lumen coming through the plunger of the
syringe. The needle and attached syringe should be intro-
duced at a nearly 90° angle. Once the vein has been punc-
tured, the angle should be dropped to 45° to allow the wire to
easily advance through the syringe and into the femoral vein.
The syringe is then removed, and a small skin incision is
made with an 11 blade scalpel. After dilating the skin tract
with a series of over-the-wire dilatators, the catheter can be
inserted, secured, and flushed. Hemodialysis and plasma-
pheresis catheters should be long enough to reach the
IVC. Short catheters that terminate in the iliac venous system
often fail to provide adequate venous flow and are more
prone to thrombosis and malfunction.

Ultrasound guidance can increase the safety and speed of
femoral venous catheter placement. Using a technique similar
to that described for internal jugular vein cannulation, ultra-
sonography performed during the procedure can identify the
femoral vein and provide real-time imaging of the needle
puncturing the vein. The femoral vein typically appears as
larger caliber, easily compressible structure anteromedial to
the pulsatile femoral artery.

Complications

Central VA continues to evolve with improvements in catheter
material technology and the widespread acceptance of safer
insertion techniques. Despite these advances, central venous
catheter placement can still cause acute and delayed complica-
tions (Table 17.1). Rare injuries, including brachial plexus and
laryngeal palsy, have also been reported during short- and
long-term follow-up of patients with central VA [58].

Acute Complications

Air Embolism/Foreign Body Embolism

Air embolism is a rare but potentially lethal complication
that can occur during central VA via the internal jugular or
subclavian vein. Although it is an entirely preventable prob-
lem, air embolism will occur if the practitioner fails to take
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precautions during central venous catheter placement. In the
most common clinical scenario, air enters the vascular sys-
tem through the needle, dilator, or sheath when the patient
suddenly inhales or coughs. Acutely aspirating more than
50-100 mL of air directly into the right atrium and ventricle
can cause a fatal obstruction of the right side of the heart.
Studies have demonstrated that negative intrathoracic pres-
sure can quickly entrain a large amount of air into the vascu-
lar system. A pressure difference of 4 cm H,O allows 90 mL/s
of air to pass through a 4-cm, 18-gauge needle. Intubated
patients have a lower risk of air embolism than spontane-
ously breathing patients due to the absence of negative intra-
thoracic pressure [7].

To minimize the risk of air embolism, the lumen of the
needle, dilator, or sheath should be covered at all times.
Asking the patient to hum during catheter insertion decreases
the chance of sudden inhalation or coughing [37]. Some
catheter manufacturers have developed a sealing valve for
the peel-away sheath that prevents air aspiration once the
wire and dilator have been removed. Symptomatic air
emboli can cause tachyarrhythmias, chest pain, cardiovas-
cular collapse, dyspnea, coughing, and hypoxemia. In the
event of an air embolism, the patient should be turned onto
their left side and placed into the Trendelenburg position.
This maneuver is designed to trap the air in the right ven-
tricular apex; however, its effectiveness has not been rigor-
ously studied. Aspirating through the central venous catheter
if it is in place can potentially remove some of the intracar-
diac air. The patient should also be placed on 100 % oxygen
to increase resorption of the air pocket. Supportive measures
including fluid resuscitation and adrenergic agents should
be used as needed.

Misadventures involving the guidewire or catheter can
result in foreign body embolization. During insertion, the
guidewire can become knotted or entrapped inside the cath-
eter leading to wire fracture and embolization. The catheter
itself can also fracture and embolize due to the shear forces
exerted by the wire [70-72]. Embolization of a wire or
catheter segment can have severe consequences including
perforation or infarction of the heart or occlusion of a
great vessel. Retrieving an embolized foreign body can
involve endovascular techniques using a loop snare device
or open surgery to directly expose the affected vessel [73].
Removal of a small segment of catheter that fractured off
and embolized is not always necessary if this foreign body
does not pose an obvious danger [7]. Decisions about
whether to intervene in these cases requires sound clinical
judgment. Guidewires can also become entangled with a
previously placed IVC filter causing displacement and
structural compromise of the filter. Being aware of the
IVC filter and using careful technique can usually prevent
this complication [74].
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Fig. 17.6 Chest x-ray after placement of jugular line. Arrow
demonstrates catheter tip crossing midline with respect to the trachea

Great Vessel Perforation/Inadvertent Arterial
Catheter Placement
Iatrogenic cardiac perforation and inadvertent injury to the
great vessels during central VA placement can result in
hemothorax, cardiac tamponade, and mediastinal hematoma.
Failure to recognize any of these conditions, alone or in com-
bination, can be fatal. Vessel perforation and arterial mis-
placement that occur more frequently during internal
radiographic signs of these complications include an atypical
catheter course and tip position, pleural effusion, or widened
mediastinum (Fig. 17.6). Jugular and femoral vein catheter
insertion than with subclavian access [4, 30, 75, 76].
Prospective studies report a 6 % incidence of carotid
artery puncture during internal jugular vein access [77].
Higher rates of carotid injury (18-25 %) have been reported
in the pediatric population [75, 78]. Approximately 40 % of
carotid punctures cause a hematoma, and failure to control
the bleeding with manual compression can lead to airway
obstruction, dissection, arteriovenous fistula, cerebrovascu-
lar compromise, and death [77, 79—83]. Puncture of the sub-
clavian artery has a slightly lower incidence, occurring in
0.5-4 % of patients undergoing central VA placement [4,
30]. Hemothorax resulting from inadvertent arterial injury
complicates about 1 % of vascular access cases [4]. In an
unusual case, a hemothorax following dialysis catheter inser-
tion caused spinal cord infarction and quadriplegia [84].
Perforation or cannulation of the carotid or subclavian
artery by large-bore catheters occurs in up to 1 % of central
VA procedures [85-87]. This complication can have serious
and potentially fatal consequences including hemorrhage
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and stroke [87-89]. Stroke and other neurological events
occur in approximately 27 % of patients who sustain unin-
tentional arterial catheterization with an associated mortality
rate of 2040 % [85, 86].

Minimizing the risk of arterial injury during central

venous catheter insertion has two components:

1. Avoiding needle puncture of the artery

2. Recognizing arterial cannulation before dilating or plac-
ing a large-bore catheter

Ultrasound guidance offers the most effective safeguard
against needle puncture of the artery. Visualizing the tip of
the needle when entering the vein lumen with real-time ultra-
sound imaging significantly decreases the chance of arterial
puncture [76, 90, 91]. It is important to understand that inad-
vertent arterial punctures can still occur even with the use of
ultrasound guidance. These events usually involve incorrect
identification of the vascular structures or manipulation of
the needle after venipuncture. The needle can then penetrate
the opposite wall of the vein and puncture the underlying
artery. Bright red, pulsatile blood flow from the needle usu-
ally alerts the operator that an arterial puncture has occurred.
Unfortunately, this warning sign is not always recognized
especially in clinical circumstances involving hypotension
and hypoxemia. If the location of the needle or micropunc-
ture catheter is unclear, the catheter can be connected to a
pressure transducer to confirm low venous pressures and the
absence of arterial pulsations before dilating and placing a
large-bore catheter [76, 92]. Other methods have been
described to identify an arterial puncture; however, none are
infallible [80, 93]. Perforation of the aorta during central VA
can occur in conjunction with a SVC injury [94]. An injury
at the pericardial reflection often leads to cardiac tamponade,
which has a mortality rate exceeding 90 % [95, 96]. Aortic
injuries can occur as a result of multiple venipuncture
attempts or the improper use of large dilators [97, 98]. In a
typical clinical scenario, forceful advancement of the dilator
causes it to override the wire and perforate the central vein or
SVC. The technique of frequently ensuring that the wire
moves freely as the dilator is advanced can minimize the risk
of this complication.

Recognizing and treating a great vessel injury require a
high index of suspicion and prompt diagnostic imaging. A
chest x-ray can be misleading while ultrasound provides lim-
ited visualization of intrathoracic structures. Diagnosing a
central vessel injury can require a contrast-enhanced CT
scan or catheter-directed angiography depending on the clin-
ical urgency. Balloon tamponade can provide temporary vas-
cular control while preparing for open surgical repair or
endovascular intervention using a stent graft or closure
device [99-102].

Pseudoaneurysms and arteriovenous fistulas represent rare
complications of inadvertent arterial cannulation or vessel
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perforation [103, 104]. Arteriovenous fistulas have an
incidence of 0.6 and 0.2 % after internal jugular and subcla-
vian vein access, respectively [81, 105]. Clinical signs of an
arteriovenous fistula include a palpable thrill or audible bruit
in the neck. A pseudoaneurysm is a contained pocket of blood
flow associated with an underlying arterial injury. Depending
on the size and location, a pseudoaneurysm can present as a
pulsatile mass or cause compressive symptoms on adjacent
structures. Although fistulas and pseudoaneurysms can cause
acute symptoms, they usually have a delayed clinical presen-
tation [106]. Injury to the vertebral artery can also occur dur-
ing subclavian or internal jugular vein access and may be
associated with an adverse neurological event [107].

In the past, open surgical repair was the only treatment
option for pseudoaneurysms and arteriovenous fistulas
resulting from VA procedures. Endovascular intervention
including the use of stent grafts now offers an effective and
less invasive alternative in many cases [ 106, 108]. Ultrasound-
guided thrombin injection has been reported in the treatment
of a carotid artery pseudoaneurysm; however, this technique
should be used with caution because of the potential for cere-
bral embolization [109].

Catheter Malposition

For upper body central VA, the catheter tip should be posi-
tioned at the atrial-caval junction. In the absence of imaging
guidance, catheter tip malposition occurs in 25-40 % of cases
[76, 110]. The use of ultrasound and fluoroscopic guidance
increases the rate of accurate catheter placement to 90-100 %
[17]. Advancing the catheter too far so that its tip lies within the
heart itself increases the risk of cardiac tamponade and dys-
rhythmia [91]. At the other extremes, failing to advance the
catheter centrally and leaving the tip positioned in the more
cephalad SVC can increase the risk of catheter malfunction and
thrombosis which can also be life threatening if a pulmonary
embolism occurs [169]. The angle of the catheter should also
be considered during positioning. The left brachiocephalic vein
joins the SVC at nearly a right angle [170]. Catheters inserted
from the left side should therefore be advanced further to lie
within the proximal right atrium in order to prevent the catheter
tip from impinging on the SVC wall.

Catheters placed via the internal jugular veins have fewer
prospects for malposition compared to subclavian vein cath-
eters [4]. Misplacement of the catheter from the subclavian
vein, retrograde into the ipsilateral internal jugular vein
reportedly occurs in up to 15 % of access placement [62, 112].
Maneuvers that can help avoid this complication involve turn-
ing the patient’s head towards the insertion side and manual
compression of the ipsilateral jugular vein during advance-
ment of the wire [113]. Ultrasound guidance can also detect
anatomic variation and assist in appropriate placement of the
catheter tip in both children and adults [114].
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Pneumothorax

Pneumothorax is a common and potentially life-threatening
complication of central venous catheterization comprising
up to 30 % of all mechanical adverse events [115, 116]. The
rate of pneumothorax ranges from 0 to 6 %; however, rates as
high as 12 % have been observed with inexperienced opera-
tors [117]. The risk of pneumothorax increases with the
number of needle passes, emergency access indications, and
insertion of large-diameter catheters such as the ones used
for hemodialysis [110].

Although symptoms of an iatrogenic pneumothorax can
become apparent as early as 6 h post procedure, not all
patients have acute symptoms [118]. Delayed pneumothorax
reportedly occurs in 0.5-4 % of insertions [116, 119, 120].
Mitigating the risk of a pneumothorax requires heightened
awareness and caution especially when catheter insertion
proves to be technically challenging. A small pneumothorax
often remains asymptomatic and may not require interven-
tion if the visceral pleura is less than 2-3 cm from the pari-
etal pleura [37]. Symptomatic or large pneumothoraces
usually resolve after placing a pigtail catheter or small-
caliber chest tube with a Heimlich valve. A tension pneumo-
thorax requires urgent decompression with a 14-gauge
needle placed in the second intercostal space, midclavicular
line followed quickly by chest tube insertion in the standard
location. Awareness and observation for re-expansion pul-
monary edema should also be part of the pneumothorax
treatment algorithm, particularly if the patient is being
treated on an outpatient basis [121]. Re-expansion pulmo-
nary edema occurs in 1-14 % of patients with a pneumotho-
rax [122, 123].

Recent literature suggests that clinician performed bed-
side ultrasound can assist in the immediate diagnosis of a
pneumothorax. Ultrasonography has greater sensitivity and
accuracy than a supine chest x-ray making it more compa-
rable to a chest CT scan [124—126]. The drawbacks of ultra-
sound include the dependency on operator skill and the
limitations imposed by patient factors and equipment [127].

Delayed Complications

Catheter-Related Infections

Infection, the most common long-term complication of cen-
tral VA, occurs with an incidence of 5.3 per 1,000 catheter
days and has an associated mortality rate as high as 35 % [4,
128, 129]. Multiple factors play a role in the pathogenesis of
CRI. Approximately 50 % of CRI involve the patient’s skin
flora and are caused by coagulase-negative staphylococci. In
contrast, gram-negative rods cause most of the infections
associated with groin catheter insertions [130]. Although
catheter removal is not necessary to eradicate coagulase-
negative staphylococcus, CRI caused by S. aureus, Candida,
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Pseudomonas, or Stenotrophomonas maltophilia usually
warrant immediate catheter removal [131, 132]. The risk of
CRI increases if the insertion site carries a heavy bacterial
burden regardless of the aseptic measures taken during cath-
eter placement [134]. During emergency situations with sub-
optimal sterile preparation, the risk of catheter infection
increases, and catheters inserted under these conditions
should be replaced or removed as soon as safely possible.
Catheter insertion protocols that use maximum sterile barrier
precautions reduce the risk of CRI [44—46]. Using chlorhexi-
dine in place of iodine or alcohol appears to be more effec-
tive in reducing CRI and is recommended as the preferred
method for skin disinfection [47-49].

The risk of CRI increases when thrombus forms around
the catheter tip or at the site where the catheter penetrates the
vessel wall [135, 136]. Thrombus formation occurs in
30-70 % of patients when the catheter indwelling time
exceeds 1 week [135, 137-139]. Although heparin coating
may reduce the thrombogenicity of catheters, the potential
risk of heparin-induced thrombocytopenia limits their use
[140]. The risk of thrombosis also increases with the extent
of vessel damage at the time of catheter placement [141].

Catheter indwelling time has a strong association with the
risk of infection [130]. The risk of CRI is nearly zero for
catheters in place less than 3 days. Infection risk increases to
3-5 % for catheters in place 3—7 days, and the overall cumu-
lative risk is 5—-10 % if a catheter is in place more than 7 days
[136, 142, 143].

The patient’s underlying condition and comorbidities also
influence the risk of CRI [144—146]. Patients suffering from
neutropenia and those receiving immunosuppressive therapy
other than steroids have an increased risk of CRI [145, 147,
148]. Long-term total parenteral nutrition and the presence
of malignancy also increase the risk of CRI [149, 150].
Patients with a remote source of infection, such as the lower
respiratory tract or urinary tract, are at increased risk for
CRI; however, no studies suggest that patients with diabetes
have an increased risk of CRI [151].

The physical properties of central venous catheters can
affect the risk of infection. Several reports demonstrate that
infection rate increases with the number of catheter lumens
[11, 12, 136, 154, 155]. This finding may result from the
increased manipulation associated with multi-lumen cathe-
ters especially in the critically ill patient [4, 153]. Catheters
can be made from silicone, polyurethane, Teflon, polypro-
pylene, and polyvinylchloride. Each material has a different
thrombotic tendency which may influence the risk of infec-
tion [7]. TCs have a Dacron cuff, which allows tissue in
growth to immobilize the catheter below the skin surface. In
theory, the cuff creates a barrier for bacterial migration which
may explain why TCs have a lower risk of infection com-
pared to non-cuffed catheters [128]. TCs offer a low mainte-
nance and relatively durable solution for patients with
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long-term vascular access needs. Tunneling offers protection
when care and maintenance may not be optimal, such as
treatment received in the home setting or when the catheter
is in proximity to an open wound.

For patients with chronic kidney disease, infection ranks
second to cardiovascular disease as a leading cause of death
[156]. Non-tunneled dialysis catheters are more susceptible to
CRI compared to tunneled dialysis catheters (3.8—6.6 infec-
tion episodes/1,000 days vs. 1.6-5.5 infections/1,000 days)
[58]. In patients receiving hemodialysis, TCs have a longer
functional life span and a decreased incidence of infection
[157]. Treatment strategies for catheter-related infections vary
with the severity of the infection, the type of catheter involved,
and the clinical presentation. Exit site infections may present
with erythema, exudate, and crusting of the skin around the
catheter. These infections rarely cause systemic illness, and
blood cultures remain negative. Non-tunneled dialysis cathe-
ters with evidence of an exit site infection should be removed
and replaced in 2448 h under appropriate antibiotic coverage.
Tunneled dialysis catheters with limited exit site infection can
be treated with local wound care and topical antibiotics.
Drainage around the catheter from the tunnel should be cul-
tured and treated with antibiotics. Clinical deterioration of the
patients or failure to respond to conservative management
mandates immediate removal of the TC.

Bloodstream infections are the most serious manifesta-
tion of CRI and represent a potentially lethal complication
with an incidence of 1.5-5.5 episodes per 1,000 catheter
days [151, 158]. Dialysis patients with catheter-related bac-
teremia can present with acute onset of fever, chills, or
hypoglycemia. Immunosuppressed and elderly patients may
present with atypical signs such as confusion, hypothermia,
and lethargy. Quantitative cultures from the periphery and
the catheter can aid in making the diagnosis. If the cultures
from the catheter have five- to tenfold more bacterial colo-
nies than the peripheral blood, the catheter is implicated as
the source of infection [159]. All catheter-related bactere-
mias require antibiotic treatment initially directed at staphy-
lococcus and streptococcus and then adjusted to the final
culture results. In selected cases, antibiotic treatment alone
may resolve the infection. Marr and associates salvaged
31 % of catheters using antibiotic therapy alone without any
evidence of systemic complications [151].

Antibiotics usually fail to eliminate catheter-associated
infections because of the presence of biofilm on the catheter
surface [160]. The absence of clinical improvement 36 h
after initiation of antibiotic therapy warrants removal of the
catheter. Several reports support the practice of exchanging
the infected catheter over a guidewire as long as the infection
does not involve the tunnel track or the exit site. A 2-year
prospective observational study of patients with catheter-
related bacteremia evaluated three treatment strategies.
Patients were treated by guidewire exchange, guidewire
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exchange with a creation of a new tunnel, and catheter
removal and replacement. All three treatment modalities had
satisfactory and statistically equivalent cure rates (87.8, 75,
and 86.5 %, respectively) [161]. Infections that persist after
catheter exchange require removal and a 48—72-h “catheter
holiday” before replacement.

Venous Stenosis

Venous stenosis appears to start forming as soon as a catheter
is inserted. Damage to the intima during needle puncture
(vessel injury), venous stasis (decreased vessel diameter),
and hypercoagulability (vessel injury and catheter composi-
tion) all contribute to venous stenosis. Subclavian vein cath-
eters may have the highest incidence of stenosis [19]. As
discussed earlier in the chapter, subclavian vein stenosis can
have a significant negative impact on future attempts to
establish ipsilateral upper extremity arteriovenous access. A
subclavian vein catheter should therefore be avoided in
patients that may require dialysis. Treatment options for
venous stenosis have been discussed in Chap. 19.

Thrombotic Complications
Thrombotic complications of central VA vary in severity
ranging from a fibrin sheath that forms only around the cath-
eter itself to an occlusive clot that becomes a fatal venous
thromboembolism. Several studies report a 33—67 % inci-
dence of thrombus formation for central venous catheters
with indwelling times of 1 week or more [137, 138, 162].
Overt symptoms of thrombosis occur in a smaller number of
patients since many thrombotic catheter complications
remain clinically silent [162]. The rate of catheter-related
venous thrombosis appears to be lower in the subclavian vein
as opposed to the internal jugular and femoral veins [76].
Trottier et al. reported a 22—29 % rate of thrombosis for fem-
oral vein catheters compared to 2 % for subclavian vein
access [163]. Patients with cancer have an even higher rate of
catheter-associated vessel thrombosis (41 %) with pulmo-
nary embolism developing in 11 % of patients [164].
Although catheter-related thrombosis in cancer patients
often responds to acute treatment, the underlying hyperco-
agulability makes it difficult to achieve long-term relief
[165]. A review of the literature by Vescia and colleagues
cautioned against routine prophylactic anticoagulation in
cancer patients with venous catheters as a means of prevent-
ing catheter-induced thrombosis [166]. They suggested that
each institution should assess its rate of catheter-associated
thrombosis to facilitate a more individualized approach to
thromboprophylaxis in patients with central VA. This clini-
cal strategy can also be applied to patients without cancer.
The pathogenesis of catheter-associated thrombus forma-
tion involves injury to the endothelium, disruption of laminar
blood flow induced by local trauma, and catheter thromboge-
nicity [7, 164]. The infusate traveling through the catheter and
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the patient’s underlying disease process may also contribute to
thrombus formation [167]. Although a fibrin sheath contrib-
utes to catheter malfunction and occlusion, it does not always
portend vessel thrombosis [164]. The fibrin sheath is usually
present 24 h after catheter insertion originating from the site of
catheter insertion and slowly growing with fibrin and platelet
deposit until it reaches the end of the catheter. At the catheter
tip, the fibrin sheath can cause intermittent obstruction during
aspiration while infusion through the catheter remains unim-
peded. Postural changes or having the patient perform the
Valsalva maneuver can often overcome the fibrin sheath allow-
ing for blood aspiration [7]. If both aspiration and infusion are
difficult, slow infusion of tissue plasminogen activator 1 mg/h
for a few hours or 5,000-10,000 U of streptokinase may clear
the catheter and restore patency [168]. If this fails, exchanging
the catheter over a guidewire or stripping the fibrin sheath off
of the catheter using an endovascular loop snare offers treat-
ment alternatives.

Conclusion

Although it is often perceived as a minor procedure, placing
a central venous catheter can have a significant impact on a
patient’s well-being. Access to the central venous system
allows patients to receive lifesaving and life-sustaining ther-
apy including resuscitation from shock, acute and long-term
hemodialysis, total parenteral nutrition, and chemotherapy.
Establishing safe and reliable central VA will therefore
continue to play an essential role in healthcare delivery.
Surgeons charged with placing central venous catheters must
be aware of the indications, contraindications, and inherent
risks associated with central VA placement. Decisions
regarding the type of catheter and the access site location
should be individualized based on the patient’s specific needs
and clinical condition. The most important technical aspects
of central VA placement involve appropriate patient posi-
tioning, identifying anatomic landmarks, and the use of
ultrasound imaging. Ultrasound guidance has a well-docu-
mented track record of reducing cannulation time, decreas-
ing failed attempts, and enhancing safety. In many institutions
ultrasound imaging for central VA has evolved from an
adjunctive technique to the standard of care.

Proper technique and safety precautions can minimize,
but not eliminate the risk of catheter-associated complica-
tions. Surgeons must recognize and quickly respond to cen-
tral VA insertion complications to avoid acute cardiovascular
collapse. Non-life-threatening complications also require
appropriate management to ensure reliable central VA in the
long term without compromising future access needs. This
chapter clarifies the key concepts and highlights the central
role that surgeons play in safely and effectively establishing
central VA.
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