Chapter 3
Ultrasound for Vascular Access
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Introduction

Central venous access is an invasive procedure that carries its own inherent
life-threatening risks and complications (Table 3.1) [1-4]. Precision and protocol
are required for implementation of a proper ultrasound technique. In the intensive
care unit (ICU), central venous access is required for fluid management in shock
patients, delivery of inotropes and vasopressors, measurements and monitoring
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Table 3.1 Complications of

Regional
central venous access

Immediate
¢ Inadvertent arterial puncture
¢ Hematoma
¢ Pneumothorax
¢ Hemothorax
e Catheter malposition
¢ Air embolism
e Arrhythmias
e Thoracic duct injury (left neck)
¢ Brachial plexus nerve injury
Late
e Lumen occlusion
* Venous thrombosis
¢ Arteriovenous fistula
¢ Exit-site infection
Systemic
¢ Catheter-related bloodstream infection (CRBSI)

Table 3.2 Advantages of .
ultrasound-guided central
venous access

Increased cannulation success rate
* Increased first-attempt success

¢ Decreased complication rate

¢ Detection of anatomical variation
¢ Detection of thrombosis

e Optimal vessel selection (e.g., internal jugular,
subclavian, femoral vein)

¢ Confirmation of catheter site
* Rule out complications (e.g., pneumothorax)

of central venous pressure, total parenteral nutrition, hemodialysis, plasmapheresis,
transvenous pacemakers, and facilitation of vascular and cardiac procedures.
Insertion is contraindicated at sites of infection or thrombosis. Relative
contraindications include severe coagulopathy and bleeding disorders, systemic
infection, presence of a right ventricular assist device, or pacing wires at the inser-
tion site [5]. Advantages of ultrasound-guided vascular access (UGVA) are sum-
marized in Table 3.2 and further analyzed in this chapter.

Traditional sites for central venous access are the internal jugular, subclavian,
and femoral veins. Additionally, over the past decade, peripherally inserted central
catheters (PICC) have gained popularity and have been increasingly used in patients
needing prolonged central venous access. Ultrasound guidance has been used to
augment successful placement of peripheral intravenous lines and arterial cathe-
ters — especially in patients with difficult anatomic landmarks or in the very young.
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Technical and Patient Considerations

Vein Selection

A pre-procedural scan is strongly recommended to guide the selection of an optimal
target vessel [6]. Criteria that favor the selection of a vein are:

1. Vessel patency (venous collapse during breathing or compression without signs
of thrombosis)

2. Easy accessibility (measure the distance between the skin surface and the vessel
wall)

3. Diameter (vessel size less than three times the caliber of catheter may carry a
greater risk for thrombosis) [7].

4. Anatomical variation

5. Intended purpose (i.e., neck surgery often requires infra-clavicular vascular
access)

6. Intended duration for catheter placement

Complication rates after the implementation of landmark techniques differ
between sites. The internal jugular vein carries the highest risk of accidental arterial
puncture and hematoma, the subclavian carries the highest risk for pneumothorax,
hemothorax, and catheter malposition, while the femoral vein carries the highest
risk for thrombosis and infection (Table 3.3) [1, 5, 8]. The 2011 Guidelines for the
Prevention of Intravascular Catheter-Related Infections recommends the use of the
subclavian vein site (rather than internal jugular or femoral veins) in adult patients
to minimize the risk of infection. However, the aforementioned guidelines were
based on data obtained prior to the introduction of standardized insertion bundles
and modern anti-infective techniques such as the use of chlorhexidine gluconate
(CHG) dressing devices. Recent studies show that CHG-impregnated sponge dress-
ing when used with the standard care decreases the incidence of major catheter-
related infections from 1.4 to 0.6 per 1,000 catheter-days [9].

Table 3.3 Complication rates in different central veins®

Complication Internal jugular [1] Subclavian [8] Femoral [5]
Arterial puncture % 10.6 5.4 6.25
Hematoma % 8.4 54 -
Pneumothorax % 2.4 4.9 -
Hemothorax % 1.7 4.4 -
Malposition % - 11 -

Infection (rate per 1,000 8.6 4 15.3
catheter-days) [5]

Thrombosis (rate per 1,000 1.2-3 0-13 8-34

catheter-days) [5]
4Results associated with the landmark/blind method
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Pre-procedural Preparations

* Selection of probe: a high-frequency (10-15 MHz) linear probe (Fig. 3.1) is
commonly used for UGVA, while low frequency curved-array probes (Fig. 3.2)
are reserved for vessels that might be located deeper than expected for various
reasons (i.e., obese patients, subcutaneous edema, anatomical anomalies, etc.).
Hockey-stick probes bearing smaller footprints are oftentimes used in pediatric
patients and in neonates (Fig. 3.3).

e Sterile techniques should be followed in all cases: hand washing, full sterile
barrier protection, sterile probe cover and gel (Figs. 3.4) [6].

* The ultrasound machine should be positioned opposite to the operator to facilitate
direct and straightforward visualization of the screen (Fig. 3.5).

Fig. 3.1 A high-frequency
linear probe is commonly
used for vascular scanning

Fig. 3.2 A low-frequency
convex probe can be used to
scan vessels located at greater
depth from the skin surface as
low-frequency enhances the
deeper penetration of the
ultrasound beam
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Fig. 3.3 A hockey-stick
probe combines high-
frequency scanning with a
smaller footprint and is
commonly used in pediatric
patients

Fig. 3.4 A standard central venous access kit and ultrasound probe with a sterile cover

Tips to Differentiate Veins from Arteries

* Shape: arteries tend to be circular and veins elliptical.

» Size: the vein is usually larger than the adjacent artery and increases in size with
Trendelenburg positioning.

* Compressibility: veins are easily compressible.

¢ Color flow fills venous lumen completely (color mode).

e Normal central venous flow on Doppler mode demonstrates spontaneity,
phasicity, and augmentation.
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Fig. 3.5 The ultrasound machine is positioned opposite to the operator to facilitate direct and
straightforward visualization of the screen in this supraclavicular cannulation of the right subcla-
vian vein

Procedure Checklist and Bundle

The American Society of Anesthesiologists Task Force on Central Venous Access
recommends the use of a central line insertion work and safety checklist and
bundling of required equipment to minimize errors, risk of infection, and compli-
cations [10]. These simple measures (Pronovost’s checklist) have shown tremen-
dous reduction (up to 66 %) in central line-associated bloodstream infections
(CLABSIs) [11].

Image Acquisition and Interpretation

A few practical tips when performing an ultrasound-guided central venous cannula-
tion for the first time include:

* Always adhere to a strict sterilization process by implementing a sterile probe
cover and sterile gel as previously mentioned.

* Initially, avoid pressing too hard with the probe on the cannulation site as normal
veins are collapsible vessels (Fig. 3.6).
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Fig. 3.6 Applying full probe
pressure this patent internal
jugular vein (IJV) which
accompanies the common
carotid artery (CCA) in the
left lateral neck fully
collapses and vanishes (top)
while using less (middle) and
light (bottom) probe pressure
the vein gradually reappears
until it reaches its full size
(bottom)

41

* Optimize the two-dimensional image: center the image on the screen and adjust
depth, gain, and focus, while obtaining the proper orientation of anatomy with

standardization of the dot on the left.

* Once the two-dimensional image of the vein is obtained, check its patency by

applying probe pressure to exclude thrombosis (Video 3.1).

Two-dimensional ultrasound can demonstrate either a short-axis view (a transverse
view of the vessels) or a long-axis view (a longitudinal view of the vessels). The
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Fig. 3.7 Femoral vein thrombosis: Compression with the probe fails to collapse the vessel. FA
femoral artery, F'V femoral vein, Arrow head denotes thrombus

longitudinal axis view allows for continuous visualization of the needle trajectory
and reduces the risk of posterior wall puncture. However, it requires advanced pro-
cedural skill and experience to synchronize the needle trajectory within the real-
time ultrasound image. When using color-Doppler mode, operators should interpret
the generated color (blue or red) dependent on probe orientation. Flow directed
towards the probe will generate a red shift and flow directed away from the probe
will generate a blue shift. Thus, red and blue shades in color flow do not necessarily
represent the respective artery and vein but the direction of flow towards or away
from the probe.

Pre-procedural scanning: detection of vessel size and patency and exclusion of
possible thrombosis (Fig. 3.7). Notably, pre-procedural lung ultrasound should also
be performed to exclude pneumothorax (Fig. 3.8) and thus confirm the presence of
a normal aeration pattern.

For obvious reasons, catheter insertion should not be attempted when a preexist-
ing clot exists in the target vessel. It is essential to scan the latter prior to catheteriza-
tion to exclude thrombosis, especially in ICU patients. Notably, 90 % of potential
thrombi originate from the femoral-popliteal system; however, upper extremity
deep venous thrombosis may also occur in ICU patients. In a cohort of critical care
patients, Blaivas et al. reported an incidence of upper extremity deep vein thrombo-
sis around 11.25 % [12]. Risk factors included central venous catheter-associated
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Fig. 3.8 Depiction of the barcode sign (indicative of pneumothorax) on M-mode in a patient’s left
anterior chest (mid-clavicular line) prior to cannulation

thrombosis, malignancy, total parenteral nutrition, hypercoagulable states, and
obesity (body mass index or BMI >35 kg/m?).

Ultrasound signs of venous thrombosis include lack of complete vein compres-
sion, presence of intraluminal echoes (although acute thrombus can be echolucent),
decrease or absence of color flow. Also, venous Doppler demonstrates decreased or
absent spontaneity, phasicity or augmentation and either dilated or contracted veins
(Fig. 3.9). The sonographic detection of thrombosis aids in the diagnosis of catheter-
related infections [13].
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Fig. 3.9 Normal venous flow is spontaneous (automatically heard with Doppler), phasic (flow
increases and decreased with respiration), and augmented (increased with distal compression).
Although normal Doppler signs may be present with partially occlusive thrombosis, the usual
Doppler findings include: absence of spontaneity (no venous flow) indicating venous obstruction,
continuous flow indicating proximal obstruction or extrinsic compression, while distal compres-
sion does not produce augmentation. Note the flow augmentation in a normal brachial vein that has
been compressed distally (a) and the spontaneous, phasic flow occurring in a normal subclavian
vein (b). Observe the absence of flow in a totally thrombosed internal jugular vein (¢) and continu-
ous flow in an extrinsically compressed internal jugular vein (d)

Basic Competencies

Operators who perform ultrasound-guided placement of central venous catheters
should be familiar with the sonoanatomy of the cannulation site and possess basic
ultrasound skills such as the ability to differentiate between arteries and veins,
detect venous thrombosis, and select the optimal vessel for cannulation. We recom-
mend using real-time techniques where the operator moves the probe and needle
slowly, in a simultaneous fashion, to ensure that the needle tip is visualized continu-
ously [6]. This technique can be performed by a freehand approach or by the imple-
mentation of needle guides which keep the needle attached to the plane of the probe
at all times. The former approach is technically demanding as it depends largely on
the fine coordination of probe positioning and needle movement; however, it allows
a great degree of freedom in maneuvers and adjustments of the penetrating needle
trajectory (Figs. 3.10 and 3.11).
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Fig. 3.10 Freehand access
cannulation of the internal
jugular vein on the long axis
requires fine coordination of
movements (note that the
plane and trajectory of the
needle follows the plane of
the probe)

Fig. 3.11 Freehand access
cannulation of the internal
jugular vein on the short axis
is relatively easier compared
to the long-axis approach.
However, needle visualization
on the short-axis approach is
more problematic (note that
the angle of the penetrating
needle is around 40-45°)

Internal Jugular Vein Cannulation

Anatomy

The internal jugular vein drains blood from the brain, face, and neck. It begins at the
jugular foramen in the skull, merges through the carotid sheath (along with the com-
mon carotid artery medially and vagus nerve posteriorly), and joins the subclavian
vein behind the medial end of the clavicle to form the brachiocephalic vein. Rotating
the head will lead to overlapping of internal jugular vein with the common carotid
artery. The thoracic duct ascends on the left side of the neck along the left margin of
the esophagus until C-7, where it bends laterally behind the carotid sheath and then
turns down again to drain into the left brachiocephalic vein [14].
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Procedure

A high-frequency linear transducer is placed over the groove between the sternal
and clavicular head of the sternocleidomastoid muscle at the lateral side of the neck
(Figs. 3.10 and 3.11). Pre-procedural scanning is performed to identify the adjacent
structures and evaluate the vein’s depth, caliber, and patency (Figs. 3.12, 3.13, and
3.14). Electrocardiogram monitoring is necessary to evaluate the occurrence of pos-
sible dysrhythmias during guide wire insertion. Strict sterility is achieved by means

Fig. 3.12 Transverse view of the internal jugular vein and carotid artery. CA carotid artery, 1J
internal jugular vein

Fig. 3.13 Longitudinal view of the internal jugular vein
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Fig. 3.14 Internal jugular vein cannulation (short-axis technique): (a) transverse view IJ internal
jugular vein, CA carotid artery; (b) longitudinal view of the internal jugular vein; (c) needle tip in
the vessel lumen denoted by arrow head; (d) guide wire confirmation in longitudinal view denoted
by arrow heads

of a sterile probe cover and sterile single-use gel as previously described. The
internal jugular vein can be cannulated using either the long-axis or short-axis tech-
niques. When using the short-axis technique the penetration angle of the needle is
usually around 45 ° to the skin (Fig. 3.11).

Subclavian Vein Cannulation

Anatomy

The axillary vein is the continuation of the brachial vein into the chest wall and
becomes the subclavian vein as it passes medially under the first rib. The subclavian
vein joins the internal jugular vein at the medial border of scalenus anterior, where
it gives rise to the brachiocephalic vein (also known as the innominate vein). Notably,
the dome of the pleura is adjacent to the subclavian vein. In the blind landmark tech-
nique, the deltopectoral groove formed at the inferior junction of the middle and
medial third of the clavicle is the most common needle insertion site [14].
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Procedure

The patient is placed in a supine position with a slight retraction of the shoulder to
best expose the vein. The needle bevel should be directed anteriorly during insertion
and then be turned caudally upon venipuncture to direct the guide wire toward the
right atrium. Electrocardiographic monitoring and sterile techniques should be
applied as previously described. Ultrasound-guided cannulation of the subclavian
vein can be achieved using either a supraclavicular or an infraclavicular approach
(Figs. 3.15, 3.16, 3.17, 3.18, 3.19, and 3.20).

* Supraclavicular approach

Key points of this approach include:

— Scan the neck and localize the internal jugular vein. Follow the vein caudally
to the junction of the subclavian vein, orient the probe in the longitudinal axis
in the supraclavicular fossa, and angulate it anteriorly. The subclavian vein is
usually seen (within 1-2 cm) at the level where it joins the brachiocephalic
vein medially.

— Identify the adjacent structures (e.g., artery and pleura).

Fig. 3.15 Supraclavicular
short-axis approach (fop) and
infraclavicular long-axis
approach (bottom) in the
cannulation of the subclavian
vein (the arrow is showing
the position of the clavicle)
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Clavicle

Pleural =~
Interface

Fig. 3.16 Transverse view of the infraclavicular subclavian vasculature demonstrating the
relationship of the vessels to the pleural interface and clavicle. SCA subclavian artery, SCV subcla-
vian vein

s 5 K i AT ¥

Fig. 3.17 Longitudinal view of the infraclavicular subclavian vein

— Atthe back of the clavicle insert the needle just lateral to the probe (long-axis),
while directing the needle tip slowly towards the sternal notch.

— Under ultrasound guidance the guide wire is introduced; then, the ipsilateral
internal jugular vein is scanned before catheter insertion to rule out malposi-
tioning of the guide wire.
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Clavicle

Fig. 3.18 Transverse view of the supraclavicular subclavian vasculature demonstrating the
relationship of the vessels to clavicle. SCA subclavian artery, SCV subclavian vein

Fig. 3.19 Subclavian vein cannulation (short-axis technique): (a) transverse view SA subclavian
artery, SV subclavian vein, Arrows pleural line, * clavicle; (b) needle tip in the vessel lumen
denoted by arrow head; (c) guide wire insertion in the subclavian vein; (d) longitudinal view and
catheter confirmation in the subclavian vein denoted by arrow heads
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Fig. 3.20 Cannulation of the subclavian vein (SCV) on the longitudinal axis (infraclavicular
approach): (a) transition of the axillary vein (AXV) to SCV at the level of the first rib (arrow ster-
num shadow); (b) echogenic needle (arrowhead) advancing towards the AXV; (¢) echogenic nee-
dle (arrowhead) advancing towards the SCV (arrow sternum shadow); (d) echogenic needle
(arrowhead) in the SCV lumen (arrow sternum shadow)

» Infra-clavicular and axillary approaches:

— Place the probe on the lateral chest wall just below the clavicle. The subclavian
vein can be visualized and cannulated using either a long-axis technique (the
probe marker is oriented laterally) or a short-axis technique. The penetration
point of the needle can be located either medially/towards the sternum (in this
case the subclavian vein itself is usually cannulated) or laterally/towards the
axilla (in this case the axillary vein is usually cannulated) [8, 15].

— Using a smaller gauge needle might be safer when puncturing deeper vessels
(e.g., axillary) when compared with the traditional central venous line intro-
ducer needle [16].

Tips to differentiate between the subclavian vein and artery include:

1. Although the vein is not pulsatile, it is important to distinguish transferred
pulsatility and respiratory variation of the vein from arterial pulsation.

2. The vein is usually anterior to the artery.

3. Pulsed-wave Doppler demonstrates the characteristic pulsation of the artery and
respiratory hum of the vein.

Factors that are associated with difficult subclavian vein cannulation and high
rates of complications include obesity (BMI >30 kg/m?), history of previous
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Fig. 3.21 Depiction of the lung point sign (indicative of pneumothorax) on M-mode in a patient
following the placement of a subclavian vein catheter

catheterization, and prior radiotherapy or regional surgery. The current evidence
recommends the use of ultrasound for high-risk patients [4].

Post-procedural evaluation to rule out pneumothorax (Fig. 3.21) by lung ultra-
sound (i.e., absence of lung sliding, barcode sign on M-mode, absent B-lines, lung-
point sign are all suggestive of pneumothorax) should be performed after the
cannulation of the internal jugular and subclavian veins due to their close proximity
to the pleura.

Femoral Vein Cannulation

Anatomy

The common femoral vein is formed by the superficial (continuation of the popliteal
vein) and deep femoral veins; it lies to the medial side of the common femoral artery
(inside the femoral sheath) and passes behind the inguinal ligament to form the
external iliac vein. The greater saphenous vein empties into the common femoral
vein about 4 cm below the inguinal ligament. The femoral triangle, which is formed
superiorly by the inguinal ligament, medially by the adductor longus muscle, and
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laterally by the sartorius muscle, includes the neurovascular bundle (femoral vein,
artery, and nerve). Due to its proximity to the perineum, infection is a major
complication for femoral vein catheters [14].

Procedure

The femoral vein is visualized at the inguinal crease (Figs. 3.22 and 3.23). Sweeping
the probe caudally aids in identifying its tributaries and its relationship to the adja-
cent artery (i.e., possible overlapping), as well as in detecting any other venous

Fig. 3.22 Transverse view of the femoral vasculature demonstrating compression of the common
femoral vein. CFV common femoral vein, FA femoral artery

Fig. 3.23 Longitudinal view of the common femoral vein
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Fig. 3.24 The femoral artery
(red color) is accompanied by
a double system of femoral
veins (blue color)

anomalies such as thrombosis or a double femoral venous system (Figs. 3.7 and
3.24). The best entry point is devoid of branching veins. Current evidence recom-
mends the use of ultrasound to identify overlapping vessels and patency [4].

Tips for facilitating access of the femoral vein:

1. Slightly abduct the hip with external rotation.
2. Reverse Trendelenburg position can increase the common femoral vein cross-
sectional area by more than 50 % [4].

Advanced Competencies

Experienced operators usually cannulate a central vein using a real-time longitudi-
nal axis approach, which allows better control of the needle trajectory and avoid-
ance of posterior wall puncture (Fig. 3.20). However, complications may occur even
under ultrasound-guidance. Advanced competencies regarding ultrasound-guided
vascular access also include the ability of the physician to diagnose abnormal vas-
cular anatomy, such as the presence of pseudoaneurysms, fistulas, and non-
thrombotic vessel obstructions (Fig. 3.25).
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Fig. 3.25 Color mode
depicting a traumatic
pseudoaneurysm of the
femoral artery after a blind
femoral vein cannulation
(observe the typical “yin—
yang” sign on color mode)

»

Ultrasound-Guided Arterial Cannulation

The procedure for arterial cannulation is the same as for venous cannulation. Real-
time guided cannulation is preferred over the skin-marking static-imaging tech-
nique (Fig. 3.26) [4]. Ultrasound-guided arterial cannulation is helpful in many
scenarios commonly encountered in ICU practice such as obese patients, abnormal
anatomy, hypoperfusion, non-pulsatile artery, and previously unsuccessful cannula-
tion attempt [17]. A meta-analysis has demonstrated that ultrasound-guided radial
artery cannulation improves first pass success [18].
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Fig. 3.26 Axillary artery cannulation: (a) transverse view AA axillary artery, AV axillary vein, NB
nerve bundle; (b) Color-Doppler confirmation of the artery and vein; (c) needle tip in the vessel
lumen denoted by arrow head; (d) longitudinal view and catheter confirmation in the axillary
artery (arrow heads)

Ultrasound-Guided Venous Access Considerations in Pediatric
Patients and Neonates

The current recommendations support the use of real-time ultrasound during internal
jugular and femoral vein cannulation to improve success and to reduce the incidence
of complications in pediatric patients [4].

Internal Jugular Vein Cannulation

The neck should be scanned along the course of the vein to identify the best access
point for cannulation. Trendelenburg positioning and liver compression techniques
are used for increasing the vein size [4]. After the guide wire insertion, another scan
should be performed to confirm its presence within the vein before dilatation and
catheter insertion.
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Subclavian Vein Cannulation

A hockey-stick probe, as previously mentioned, at the supraclavicular level assists
in obtaining a longitudinal view. Needle insertion is performed via infraclavicular
route under direct ultrasonic guidance [19].

Femoral Vein Cannulation

Femoral vein access in pediatrics is a challenging procedure due to the high preva-
lence of anatomic variations. Hopkins et al. [20] demonstrated an overlap between the
femoral artery and vein in 36 % of patients placed in straight leg position and in 45 %
of patients placed in frog leg position. Moreover, the overlap increased distal to the
inguinal ligament (75 % in straight leg position and 88 % in frog leg position 1 cm
below the inguinal ligament on the left (»p=0.02) versus 93 % in straight leg position
and 88 % in frog leg position at this level on the right). Vein diameter was significantly
greater in the frog leg position versus straight leg position on the left, but not on the
right, and diameter change with the frog leg position varied by age. Thus, the authors
suggested considering placing the patient >2 years of age in a frog leg position (60°
leg abduction and external hip rotation) to increase the diameter of the femoral vein
and to cannulate the vessel by means of sonography. Cannulation should be done at
the level of the inguinal crease where less overlap occurs. Additional tips to improve
venous visualization in small children include putting a small towel under the child’s
buttock, reverse Trendelenburg positioning, and gentle abdominal compression [4].

Peripheral Vascular Access in Pediatrics

Peripheral venous access can be a challenge, especially in small, obese, or dehy-
drated children, and in cases of previously failed venipuncture. Ultrasound-guided
peripheral vascular access may improve the success rate in difficult cases when
performed by trained physicians [21]. Recently, the High-frequency Ultrasound in
Kids Study (HUSKY) group [22] demonstrated that high-frequency (50 MHz)
micro-ultrasound (HFMU) facilitated better visualization in sub-10-mm spaces
when compared to conventional ultrasound. HFMU may be a valuable tool for
accessing peripheral vasculature in pediatrics.

Peripherally Inserted Central Lines

PICCs are inserted via a peripheral vein in the arm with a tip that terminates cen-
trally, at the junction of the right atrium and superior vena cava. It can remain in
position for prolonged periods of time and carries less incidence of infection than
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Fig. 3.27 Surveillance
scanning after the placement
of a subclavian vein catheter
in a cancer patient has
depicted a catheter-associated
chronic thrombosis. However,
this is not by itself an
indication for removing the
catheter. Absolute indications
include: catheter malfunction
and documented catheter-
associated bloodstream
infection

RIGHT  SCV  Chronic THROMBUS ~S/P IV LINE~

traditional central venous catheters [6], and it is a preferable choice in patients who
need prolonged central access. Ultrasound can be used to optimize the selection
of an upper extremity vein for insertion of the PICC line and facilitate catheter
surveillance (Fig. 3.27).

Special Challenges

Challenging cannulation scenarios commonly occur in the ICU (e.g., previous can-
nulation attempts, prohibitive bracing, tubing, or dressings at access sites, signifi-
cant anatomic anomalies, presence of subcutaneous air and/or edema, etc.). The
advent of ultrasound guidance has afforded the opportunity to adapt insertion pro-
cedures to establish venous access. Sofi and Arab reported successful ultrasound-
guided cannulation of the internal jugular vein in a prone-positioned patient during
a surgery complicated by unpredicted massive blood loss [23]. Castillo et al.
reported a patient with kyphosis and a fixed chin-on-chest deformity in whom suc-
cessful cannulation was performed by ultrasound-guided catheterization of the left
axillary vein using a micropuncture technique [16].

Evidence Review and Evidence-Based Use

The US Agency for Healthcare Research and Quality (AHRQ) lists ultrasound-
guided vascular access as one of the top 11 evidence-based practices, while several
other evidence-based guidelines support the use of the ultrasound method over the
landmark technique [4, 24, 25]. Virtually all medical societies related to the care of
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critically ill patients advocate for the use of ultrasound for obtaining vascular access
[4, 6, 10]. Current recommendations of the American Society of Cardiovascular
Anesthesiologists include [4]:

* Internal jugular vein: Trained clinicians should use real-time ultrasound
whenever possible to improve cannulation success and to reduce the incidence of
complications (Category A, Level 1 evidence).

* Subclavian vein: High-risk patients may benefit from ultrasound screening
before cannulation to identify vessel location, patency, and thrombus (Category
A, Level 3 evidence).

» Femoral vein: Ultrasound should be used for examining the femoral vein for
identification of vessel overlap and examining patency (Category C, Level 2
evidence).

* Pediatric patients: Trained clinicians should use real-time ultrasound during
internal jugular cannulation whenever possible to improve cannulation success
and reduce the incidence of complications (Category A, Level 1 evidence;
Category C, Level 2 evidence for femoral vein cannulation).

* Arterial lines: Although the council does not recommend routine real-time ultra-
sound use for arterial cannulation in general, in the case of radial artery, support-
ing evidence does exist as previously mentioned (Category A, Level 1
evidence).

* Peripheral venous access: The council does not recommend routine use of real-
time ultrasound use. However, there is supporting evidence advocating the use of
ultrasound for PICC insertion (Category B, Level 2 evidence).

Pitfalls and Precautions

Complications may occur even under ultrasound guidance. Oftentimes these com-
plications are due to lack of experience. One of the major complications, especially
when using a short-axis approach, is puncture of the posterior vessel wall. The
incidence has been reported to be as high as 64 % in a resident-based study [26].
Additional training with simulation models and optimization of the ultrasound
technique (i.e., less probe pressure over the vein, use of an in-plane technique)
could minimize the incidence of the aforementioned complication. French et al.
suggested the use of four-dimensional imaging (real-time three-dimensional imag-
ing) to reduce the errors in identifying vessels and complications during ultra-
sound-guided central venous cannulation; however, this method is not yet widely
available [27].

Hereby, we wish to underline once again the advantages of the three-step real
time ultrasound technique. The ultrasound method facilitates the identification of
the vein prior to the needle insertion and confirms the proper placement of the guide
wire prior to dilation, thus avoiding the pitfall of dilating an artery (Fig. 3.28). The
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Fig. 3.28 Sonographic
identification of the guide
wire prior to dilation in the
subclavian (top) and the
internal jugular (bottom)
veins, respectively

latter may occur in critical care patients who have coded and have severe hypotension.
Finally, post-procedural scanning enables the prompt identification of various com-
plications (i.e., catheter malpositioning, hematoma, pneumothorax, etc.)

Notably, recent randomized case—control studies have demonstrated that
echogenic technology significantly improved cannula visibility, decreased access
time and mechanical complications during the real-time ultrasound-guided inter-
nal jugular vein cannulation via a transverse approach and subclavian vein cannu-
lation via a longitudinal approach (Fig. 3.20) [28]. Apart from the aforementioned
technological developments, the implementation of a real-time ultrasound tech-
nique is essential in both training and routine practice. We strongly advocate using
a three-step approach for the optimization of the ultrasound method in the ICU
(Fig. 3.29).
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 Evaluate vascular patency and select the optimal vessel for
cannulation

* Real-time ultrasound-guided puncture of the vein (preferably
on the longitudinal axis to avoid posterior wall puncture) and
placement of the guide wire accordingly. Identification of the
guide wire in the vessel lumen by ultrasound is essential.

* Rule out complications (e.g. pneumothorax, malpositioning
etc.). In the ICU, routine catheter surveillance by ultrasound
for identification of late complications (catheter associated
thrombosis and/or infections etc.) is recommended.

Fig. 3.29 A three-step approach for the optimization of ultrasound-guided central venous access
in the ICU

Training Requirements

Further discussion regarding this topic is available in its own chapter, but in general
here is what is recommended. Recommended training and curriculum for ultrasound-
guided central venous access includes knowledge of [4, 29] principles of ultrasound
physics and knobology/equipment operation; infection control standards; basic
sonoanatomy: differentiation between arteries/veins, image optimization; ultra-
sound guided cannulation procedural steps and indications; complication preven-
tion; and catheter surveillance.

Summary

Real-time ultrasound-guided catheterization of the vein is a skill that requires proper
training and considerable experience. The implementation of a simple three-step
approach (pre-procedural scanning, real-time technique, post-procedural scanning
including catheter surveillance) may optimize ultrasound-guided central venous
access in the ICU (Fig. 3.29). Ultrasound guided vascular access is one of the top 11
evidence based practices, while its implementation in routine practice increases the
safety of the procedure and the satisfaction of patients, thus improving the standard
of care.

Acknowledgment We are thankful to Dr. Rayan S. Terkawi and Dr. Khaled S. Doais, for their
help in preparing the pictures in this chapter.)



62

A.S. Terkawi et al.

References

10.

11.

12.

13.

15.

. Karakitsos D, Labropoulos N, De Groot E, Patrianakos AP, Kouraklis G, Poularas J, Samonis

G, Tsoutsos DA, Konstadoulakis MM, Karabinis A. Real-time ultrasound-guided catheterisa-
tion of the internal jugular vein: a prospective comparison with the landmark technique in criti-
cal care patients. Crit Care. 2006;10:R162.

. Millet JD, Gunabushanam G, Ojili V, Rubens DJ, Scoutt LM. Complications following vascu-

lar procedures in the upper extremities: a sonographic pictorial review. Ultrasound Q.
2013;29:33-45.

. McGee DC, Gould MK. Preventing complications of central venous catheterization. N Engl J

Med. 2003;348:1123-33.

. Troianos CA, Hartman GS, Glas KE, Skubas NJ, Eberhardt RT, Walker JD, Reeves ST. Special

articles: guidelines for performing ultrasound guided vascular cannulation: recommendations
of the American Society of Echocardiography and the Society of Cardiovascular
Anesthesiologists. Anesth Analg. 2012;114:46-72.

. Graham AS, Ozment C, Tegtmeyer K, Lai S, Braner DA. Videos in clinical medicine. Central

venous catheterization. N Engl J Med. 2007;356:e21.

. Lamperti M, Bodenham AR, Pittiruti M, Blaivas M, Augoustides JG, Elbarbary M, Pirotte T,

Karakitsos D, Ledonne J, Doniger S, Scoppettuolo G, Feller-Kopman D, Schummer W, Biffi
R, Desruennes E, Melniker LA, Verghese ST. International evidence-based recommendations
on ultrasound-guided vascular access. Intensive Care Med. 2012;38:1105-17.

. Pittiruti M, Malerba M, Carriero C, Tazza L, Gui D. Which is the easiest and safest technique

for central venous access? A retrospective survey of more than 5,400 cases. J Vasc Access.
2000;1:100-7.

. Fragou M, Gravvanis A, Dimitriou V, Papalois A, Kouraklis G, Karabinis A, Saranteas T,

Poularas J, Papanikolaou J, Davlouros P, Labropoulos N, Karakitsos D. Real-time ultrasound-
guided subclavian vein cannulation versus the landmark method in critical care patients: a
prospective randomized study. Crit Care Med. 2011;39:1607-12.

. Timsit JF, Schwebel C, Bouadma L, Geffroy A, Garrouste-Orgeas M, Pease S, Herault MC,

Haouache H, Calvino-Gunther S, Gestin B, Armand-Lefevre L, Leflon V, Chaplain C, Benali
A, Francais A, Adrie C, Zahar JR, Thuong M, Arrault X, Croize J, Lucet JC. Chlorhexidine-
impregnated sponges and less frequent dressing changes for prevention of catheter-related
infections in critically ill adults: a randomized controlled trial. JAMA. 2009;301:1231-41.
Rupp SM, Apfelbaum JL, Blitt C, Caplan RA, Connis RT, Domino KB, Fleisher LA, Grant S,
Mark JB, Morray JP, Nickinovich DG, Tung A. Practice guidelines for central venous access:
a report by the American Society of Anesthesiologists Task Force on Central Venous Access.
Anesthesiology. 2012;116:539-73.

Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H, Cosgrove S, Sexton B, Hyzy R,
Welsh R, Roth G, Bander J, Kepros J, Goeschel C. An intervention to decrease catheter-related
bloodstream infections in the ICU. N Engl J Med. 2006;355:2725-32.

Blaivas M, Stefanidis K, Nanas S, Poularas J, Wachtel M, Cohen R, Karakitsos D. Sonographic
and clinical features of upper extremity deep venous thrombosis in critical care patients. Crit
Care Res Pract. 2012;2012:489135.

Lordick F, Hentrich M, Decker T, Hennig M, Pohlmann H, Hartenstein R, Peschel C. Ultrasound
screening for internal jugular vein thrombosis aids the detection of central venous catheter-
related infections in patients with haemato-oncological diseases: a prospective observational
study. Br J Haematol. 2003;120:1073-8.

. Snell RS. Clinical anatomy for medical students. Philadelphia: Lippincott Williams & Wilkins;

2000.

O'Leary R, Ahmed SM, McLure H, Oram J, Mallick A, Bhambra B, Bodenham AR. Ultrasound-
guided infraclavicular axillary vein cannulation: a useful alternative to the internal jugular
vein. Br J Anaesth. 2012;109:762-8.



18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Ultrasound for Vascular Access 63

. Castillo D, McEwen DS, Young L, Kirkpatrick J. Micropuncture needles combined with

ultrasound guidance for unusual central venous cannulation: desperate times call for desperate
measures—a new trick for old anesthesiologists. Anesth Analg. 2012;114:634-7.

. Sandhu NS, Patel B. Use of ultrasonography as a rescue technique for failed radial artery can-

nulation. J Clin Anesth. 2006;18:138-41.

Shiloh AL, Savel RH, Paulin LM, Eisen LA. Ultrasound-guided catheterization of the radial
artery: a systematic review and meta-analysis of randomized controlled trials. Chest.
2011;139:524-9.

Pirotte T, Veyckemans F. Ultrasound-guided subclavian vein cannulation in infants and chil-
dren: a novel approach. Br J Anaesth. 2007;98:509-14.

Hopkins JW, Warkentine F, Gracely E, Kim IK. The anatomic relationship between the com-
mon femoral artery and common femoral vein in frog leg position versus straight leg position
in pediatric patients. Acad Emerg Med. 2009;16:579-84.

Oakley E, Wong AM. Ultrasound-assisted peripheral vascular access in a paediatric ED. Emerg
Med Australas. 2010;22:166-70.

Latham GJ, Veneracion ML, Joffe DC, Bosenberg AT, Flack SH, Low DK. High-frequency
micro-ultrasound for vascular access in young children — a feasibility study by the High-
frequency UltraSound in Kids studY (HUSKY) group. Paediatr Anaesth. 2013;23(6):529-35.
Sofi K, Arab S. Ultrasound-guided central venous catheterization in prone position. Saudi J
Anaesth. 2010;4:28-30.

Hind D, Calvert N, McWilliams R, Davidson A, Paisley S, Beverley C, Thomas S. Ultrasonic
locating devices for central venous cannulation: meta-analysis. BMJ. 2003;327:361.

Milling Jr TJ, Rose J, Briggs WM, Birkhahn R, Gaeta TJ, Bove JJ, Melniker LA. Randomized,
controlled clinical trial of point-of-care limited ultrasonography assistance of central venous
cannulation: the Third Sonography Outcomes Assessment Program (SOAP-3) Trial. Crit Care
Med. 2005;33:1764-9.

Blaivas M, Adhikari S. An unseen danger: frequency of posterior vessel wall penetration by
needles during attempts to place internal jugular vein central catheters using ultrasound guid-
ance. Crit Care Med. 2009;37:2345-9. quiz 59.

French JL, Raine-Fenning NJ, Hardman JG, Bedforth NM. Pitfalls of ultrasound guided vas-
cular access: the use of three/four-dimensional ultrasound. Anaesthesia. 2008;63:806—13.
Stefanidis K, Fragou M, Pentilas N, Kouraklis G, Nanas S, Savel RH, Shiloh AL, Slama M,
Karakitsos D. Optimization of cannula visibility during ultrasound-guided subclavian vein
catheterization, via a longitudinal approach, by implementing echogenic technology. Crit Care
Res Pract. 2012;2012:617149.

Moureau N, Lamperti M, Kelly LJ, Dawson R, Elbarbary M, van Boxtel AJ, Pittiruti
M. Evidence-based consensus on the insertion of central venous access devices: definition of
minimal requirements for training. Br J Anaesth. 2013;110:347-56.



	Chapter 3: Ultrasound for Vascular Access
	 Introduction
	 Technical and Patient Considerations
	 Vein Selection
	 Pre-procedural Preparations
	 Tips to Differentiate Veins from Arteries
	 Procedure Checklist and Bundle
	 Image Acquisition and Interpretation

	 Basic Competencies
	 Internal Jugular Vein Cannulation
	 Anatomy
	 Procedure

	 Subclavian Vein Cannulation
	 Anatomy
	 Procedure

	 Femoral Vein Cannulation
	 Anatomy
	 Procedure

	 Advanced Competencies
	 Ultrasound-Guided Arterial Cannulation
	 Ultrasound-Guided Venous Access Considerations in Pediatric Patients and Neonates
	 Internal Jugular Vein Cannulation
	 Subclavian Vein Cannulation
	 Femoral Vein Cannulation
	 Peripheral Vascular Access in Pediatrics
	 Peripherally Inserted Central Lines

	 Special Challenges
	 Evidence Review and Evidence-Based Use
	 Pitfalls and Precautions
	 Training Requirements
	 Summary
	References


