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Ultrasound-Guided Central Venous

Access
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Introduction

Central venous access is a commonly performed
procedure in a variety of acute care settings. The
use of real-time ultrasound guidance for cannula-
tion has been shown to improve success rates and
decrease mechanical complications when com-
pared to traditional landmark-based techniques.
Multiple studies have demonstrated the benefits
of using ultrasound guidance for central venous
access in internal jugular and subclavian veins.
Real-time needle visualization results in fewer
needle pass attempts, increased first-pass suc-
cess, and decreased complications. Understanding
sonographic anatomy and basic principles of
needle guidance is crucial to successfully per-
form central venous cannulation using ultrasound
guidance. Ultrasound-guided needle placement
can be performed in an “in-plane” or “out-of-
plane” or “oblique” technique. Once the guide-
wire is inserted, ultrasound can be used to ensure
the correct placement of the wire. It is critical to
confirm wire location prior to dilation and central
line placement. The diameter of the typical intro-
ducer needle and guidewire ensures minimal
complications in the case of arterial penetration
in comparison to dilation and cannulation with a
central line catheter. Following catheter place-
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ment, ultrasound can be used to confirm catheter
position using a saline flush test in combination
with cardiac sonography.

Advantages of Ultrasound
Guidance

Ultrasound provides real-time visualization of the
needle and needle tip in relation to the target ves-
sel and other surrounding vital anatomic struc-
tures leading to improvements in success rates
and decreases in complications over traditional
landmark techniques. The benefit of ultrasound
has been extensively demonstrated for placement
of CVCs in the internal jugular vein. A recent
Cochrane review found a 71% reduction in com-
plications and a 57% increase in first-stick suc-
cess when using ultrasound guidance for internal
jugular CVC placement compared to anatomic
landmark techniques [1]. Another similar review
also showed a reduction in complications with
ultrasound-guided subclavian CVC placement
and an improved success rate for femoral vein
CVC placement [2]. Ultrasound guidance for
internal jugular venous access is currently recom-
mended by multiple organizations including the
Agency for Healthcare Research and Quality [3].

Another advantage to ultrasound is the ability
to evaluate the patency of a vein prior to cannula-
tion. The operator can ensure the vein distends
adequately without evidence of stenosis, throm-
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bus, or variant anatomy. After cannulating the
vessel, ultrasound can visualize guidewire entry
and confirm successful catheter placement.

Anatomy

The internal jugular and subclavian veins are
commonly used for ultrasound-guided central
venous access. The internal jugular vein exits the
skull via jugular foramen; then descends down
the neck, lateral to the carotid artery within the
carotid sheath; and eventually joins the subcla-
vian vein. It is the most superficial in the upper
part of the neck and lies underneath the sterno-
cleidomastoid muscle at the level of the thyroid
cartilage. At the level of the sternoclavicular
joint, the internal jugular vein joins the subcla-
vian vein to form the brachiocephalic vein. Since
it is not concealed by bone, it is an ideal vein to
visualize using ultrasound. The subclavian vein
is a continuation of the axillary vein, lying ante-
rior to the subclavian artery and runs from the
lateral border of the first rib to the medial border
of the anterior scalene muscle. It joins the inter-
nal jugular vein posterior to the sternoclavicular
joint and forms the brachiocephalic vein. Since
the subclavian vein runs for a significant distance
under the clavicle which generates an acoustic
shadow on ultrasound, it is technically challeng-
ing to perform ultrasound-guided cannulation
compared to internal jugular vein cannulation.
The common femoral vein is found medial to the
common femoral artery below the inguinal liga-
ment. In the proximal thigh, the femoral and deep
femoral veins join to form the common femoral
vein. Below the inguinal ligament, the greater
saphenous vein joins the common femoral vein
anteromedially. The common femoral vein
becomes the external iliac vein as it ascends pos-
terior to the inguinal ligament.

It is crucial to distinguish the sonographic
appearance of veins from arteries to perform
ultrasound-guided central venous access. Veins
and arteries are typically identified by their size,
shape, ability to be compressed with pressure,
color Doppler characteristics, and spectral

Doppler waveforms. Both structures have an
anechoic lumen, while the artery is round in
appearance, has a thick hyperechoic wall, and
demonstrates visible pulsations. Veins have rela-
tively thin hypoechoic wall, are oval in appear-
ance, are easily compressible with pressure, and
demonstrate phasic flow (Figs. 6.1, 6.2, 6.3, and
6.4). Pulsed-wave Doppler is the only reliable
method of confirming vessel identify in almost

Fig. 6.1 B-mode image of oval internal jugular vein
(IJV) and round carotid artery (CA). (Courtesy of Srikar
Adbhikari, MD)

Fig. 6.2 Color Doppler image of internal jugular vein
and carotid artery demonstrating the differences in the
direction of flow. (Courtesy of Srikar Adhikari, MD)
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Fig. 6.3 Spectral Doppler image of internal jugular vein
showing phasic flow. (Courtesy of Srikar Adhikari, MD)
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Fig. 6.4 Spectral Doppler image of common carotid
artery showing pulsatility. (Courtesy of Srikar Adhikari,
MD)

all conceivable situations as various combina-
tions of conditions can lead to confusion between
artery and vein when relying solely on compres-
sion and color Doppler assessment.

Indications

e Providing medications that are caustic to
smaller vessels, i.e., vasopressors, certain anti-
biotics, and long-term electrolyte replacement

e Large volume resuscitation (Cordis line)

* Hemodynamic monitoring

e Transvenous cardiac pacing

* Hemodialysis/plasmapheresis
» Difficult venous access

Contraindications

A CVC should not be placed in an area with over-
lying cellulitis or where it will be difficult to
maintain site sterility. A CVC should not be placed
in a clotted or stenotic vein or if there is known or
suspected venous injury. Coagulopathic and obese
patients should be approached with great care as
there is an increased risk of complications. If a
patient is in need of dialysis or is to have an arte-
riovenous (AV) fistula placed, the central line
should not be placed in the vein that the AV fistula
or temporary catheter will be placed.

Equipment and Probe Selection
Probe Selection

A high-frequency linear probe (Fig. 6.5) should
be used as it provides the best resolution for
superficial structures such as the veins that
require cannulation as well as the needle tip.
Typical modern broadband transducers now
range from approximately 15-6 MHz, but exact
frequencies and bandwidth can vary widely.

Fig. 6.5 High-frequency linear array probe
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Fig. 6.6 Endocavitary probe

While attempting a supraclavicular subclavian
line, the endocavitary probe (Fig. 6.6) or other
small footprint high-frequency probe can be used
as this provides better access to the supraclavicu-
lar fossa.

Equipment

Antiseptic (chlorhexidine gluconate, betadine, etc.)
Local anesthetic (1% lidocaine)

Gauze

25 gauge needle for anesthetic infiltration
18 gauge introducer needle

Syringes (3 cc, 10 cc)

Needles for anesthetic (18 gauge, 25 gauge)
Sterile drapes, gown, gloves, mask, and hat
Sterile ultrasound probe cover

J-shaped guidewire

Dilator

11 blade scalpel

Large Tegaderm

Biopatch

Catheter

Preparation and Preprocedure
Evaluation

The site and choice of catheter depends on the
clinical scenario. The subclavian or internal jugu-
lar veins are typically preferred because of lower
infection rates and thrombosis, but a femoral
CVC is appropriate in many situations. For cer-

Fig. 6.7 Cordis catheter with dilator in place

tain procedures or when large volume resuscita-
tion is required, a large bore 8.5 french (2.8 mm)
introducer (Cordis) (Fig. 6.7) may be required.
When central access is required to give specific
medications or provide central venous pressure
monitoring, a multilumen CVC (Fig. 6.8) may be
more appropriate. (It is important to note that a
multilumen CVC is typically inferior to large
bore peripheral IV access for rapid volume resus-
citation due to the resistance to flow caused by
the longer catheter length.) Informed consent
should be obtained and the benefits and risks
explained. In emergent settings, if the patient or a
next of kin is unable to provide timely consent,
implied consent may be necessary.

Prior to setup, anatomic landmarks should be
assessed by ultrasound. First note the location of
the target vein and its corresponding artery. Veins
will appear to have thin walls versus the thicker
walled and pulsatile artery. Note that the artery
should not be easily compressible, while the vein
should compress with gentle probe pressure. The
use of color Doppler may also demonstrate the
pulsatile flow of the artery and the steady flow of
the vein. Scan up and down to visualize the
course of the vein, while also taking note of sur-
rounding structures. It is important to identify
surrounding vessels, nerves, lymphatics, or evi-
dence of lung tissue as these structures should be
avoided while placing the line.

There are two ways that ultrasound can be uti-
lized to guide the placement of CVCs. The static
approach describes when ultrasound is used to
confirm the location of the target vein and its tra-
jectory and to assess the surrounding anatomy,
but is not used during the procedure itself. The
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Fig. 6.8 Triple lumen
catheter

site of needle insertion over the vein must be
marked on the skin prior to sterilization. The
dynamic approach is when ultrasound is used to
provide real-time visualization during needle
insertion and help guide needle advancement into
the target vessel. It has been found that the static
approach has superior first-attempt success rates
than the landmark technique (also known as the
“blind” technique) alone. It can be done quickly
if the practitioner is unable to place the line with
the ultrasound probe remaining stable or if a ster-
ile cover is not available. However, the same
study found the dynamic approach to be superior
to both static and landmark techniques [4]. The
dynamic approach is strongly recommended as
there is potential for the alignment and orienta-
tion of vessels to change with movement (partic-
ularly for the internal jugular vein with head and
neck movements).

After scanning the vessel, the room should be
set up appropriately with ultrasound machine and
equipment in locations that permit the operator to
easily access equipment and visualize the screen.
The patient should be prepared and draped in
normal sterile fashion. Clean the patient’s skin
with chlorhexidine gluconate or a comparable
antiseptic solution. The operator should gown

and then drape the patient. It is important to have
an assistant to aid the operator in handling equip-
ment and the ultrasound probe.

When using a dynamic approach, the ultra-
sound probe must be placed in a sterile sleeve. A
sheath of at least 6 feet in length is important to
cover enough cable length to avoid contaminating
the sterile field with uncovered cable. However,
some radiology procedural sterile sheaths can be
so long as to be unmanageable when it comes to
dressing a standard ultrasound transducer. Sterile
ultrasound sleeves are typically packaged with
sterile ultrasound gel. A copious amount of gel
should be placed directly in the sleeve prior to
inserting the probe to ensure that the entire foot-
print of the ultrasound probe is covered. The ultra-
sound probe can then be lowered into the sleeve
by the assistant (Fig. 6.9). Rubber bands provided
are used to keep the sterile sleeve in place. When
applying the rubber band, try to make sure there is
a layer of gel in between the transducer footprint
and the sterile sleeve free of air bubbles.

In the event that an assistant is not available, a
single-operator technique can be used to cover
the probe. The probe should be placed in a holder
on the ultrasound cart, and gel should be applied
prior to the operator gowning. After the operator
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Fig. 6.9 Lowering the probe into the sleeve when an
assistant is present

Fig. 6.10 The single operator with a sterile glove can
invert the end of the probe cover and grasp the probe

has put on sterile gloves and gown, the operator
will place his hand inside the sterile ultrasound
cover sleeve and grasp the nonsterile probe as
demonstrated in Fig. 6.10. The operator can then
grab the corner of the sleeve and pull the cover
over the probe and cord as shown in Fig. 6.11.

All equipment should be inventoried and
inspected prior to starting the procedure. When
using a multilumen CVC, the lumens should be
instilled with normal saline to assess for integrity
and/or malfunction.

Procedure

The previously determined site of needle entry
should be anesthetized using local anesthesia.
Always make sure to aspirate prior to instilling
the lidocaine to ensure the needle is not inside a

Fig. 6.11 The practitioner then grabs the bottom of the
probe cover and pulls it down over the cord

Table 6.1 Advantages and disadvantages of the in-plane,
out-of-plane, and oblique needle visualization techniques
for dynamic ultrasound-guided central venous catheter
placement

Advantages Disadvantages
In-plane Constant needle tip Potential for cylinder
and vessel tangential effect
visualization May be difficult to
without any need to keep the vessel and
move the probe needle within the plane
of the beam
Cannot see adjacent
structures
Out-of- Able to The probe must be
plane simultaneously moved with the needle
view the vessel, and tip to keep it in view
surrounding Loss of needle tip
structures visualization can result
in complications
Oblique Hybrid approach May be conceptually
allowing partial more difficult
view of vessel and ~ Potential for needle to
surrounding travel out of plane
anatomy with
constant needle
visualization

vessel. The dynamic approach for ultrasound
guidance can be performed using three different
needle visualization techniques: in-plane, out-of-
plane, and oblique (Table 6.1).

Out-of-Plane Approach

In the out-of-plane approach, the ultrasound
beam is insinuated perpendicular to the target
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Fig.6.12 Echogenic needle tip is visualized inside a vein
in out-of-plane approach (known as the “target sign”)

vessel causing it to appear as a circle. Once the
needle is inserted through the skin, the practitio-
ner should translate the ultrasound probe both
proximally and distally to identify the location of
the needle tip. The needle tip is seen as a bright,
hyperechoic dot with reverberation artifact
(Fig. 6.12). Because the needle will also be per-
pendicular to the ultrasound beam, or “out-of-
plane,” the practitioner must actively translate the
ultrasound probe as the needle is advanced to
maintain constant needle tip visualization. If the
needle tip is not adequately visualized, the opera-
tor can move the needle side to side to create a
jiggling effect of the needle tip to aid in its iden-
tification. The needle should be slowly advanced
toward the vessel while relocating the tip after
each manipulation until the needle tip indents
and punctures the anterior wall of the target vein.
Once the needle tip is properly positioned within
the vein, it should appear as a target sign. Again,
the ultrasound probe should be moved distally to
ensure that the needle does not pass through the
back wall of the vein. Once you see the “target
sign” fan the probe distally the “target sign”
should disappear, and when you fan the probe
back proximally the “target sign” should reap-
pear. This indicates the needle tip is in the vessel
and is known as the “vanishing target sign” [5].
An advantage of the out-of-plane approach is
it allows for simultaneous visualization of the
vessel and surrounding structures (artery, nerves,
etc.). A common drawback is for the operator to

Fig.6.13 In-plane approach with needle inside the target
vessel

mistake the shaft of the needle for the needle tip,
which can result in advancing the needle too far
and potentially puncturing the posterior wall of
the vein or other nearby structures.

In-Plane Technique

In the in-plane approach, the beam is parallel to
the long axis of the target vessel causing the ves-
sel to appear as a rectangle on the screen. The
needle is inserted and advanced toward the vessel
in this same plane (also known as an “in-plane”
approach). The benefit of the “in-plane” tech-
nique is the operator does not need to move the
probe as the needle is advanced; the needle tip
will always be visible so long as the needle
remains in the plane of the beam. This minimizes
the chances of advancing the needle tip past the
posterior wall of the target vessel. Figure 6.13
shows an example of a needle in the vessel in
long axis. A disadvantage of the in-plane
approach is it requires that the sonographer be
able to maintain alignment of the vessel and nee-
dle in the beam of the ultrasound probe, which
may be difficult in some patients. If the operator
swings the syringe either left or right, the needle
may move out of plane and become only partially
visualized. If the operator accidentally translates
or fans the probe, the beam will go from cutting
through the main sagittal portion of the vessel to
a parasagittal portion which may prevent
successful cannulation. This latter issue is often
termed the cylinder tangential effect.
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Oblique Approach

The oblique approach is a hybrid of the long-axis
and short-axis approaches. Starting with an out-
of-plane approach, the ultrasound probe is rotated
so the vein is visualized midway between its
short and long axis. With this technique, the nee-
dle is advanced in plane with the ultrasound
probe. This allows for both visualization of the
full length of the needle and assessment of anat-
omy around the vein (Fig. 6.14) [6, 7].

One alternate technique is to use the out-of-
plane approach when puncturing the skin to make
sure the needle enters directly above the vessel
and then switches to an in-plane approach to visu-
alize advancement of the needle. Alternatively,
the oblique view may be utilized. Upon success-
ful needle placement into the vessel, blood should
be able to be aspirated in the syringe. At this
point, the syringe can be removed, and dark, non-
pulsatile blood should flow out of the needle. The
guidewire should be inserted into the needle and
advanced into the vein. Ultrasound can be used to
visualize the guidewire as it is inserted into the
vein (Fig. 6.15).

Guidewires typically have 5 cm hash mark-
ings to let the operator know how much guide-
wire has been inserted. The operator should not
insert more than 10-15 cm of guidewire. If
ectopy is noted on cardiac monitoring, the guide-
wire should be pulled back. The operator should
never let go of the guidewire as the negative pres-
sure generated by a deep inspiration can cause

catheter embolization. A small incision should be
made adjacent to the needle just large enough to
pass the dilator. The needle can be removed and
the dilator inserted while always maintaining
control of the guidewire. After the skin and tissue
are dilated, the catheter can then be thread over
the guidewire using the Seldinger technique.
Feed the wire back through the catheter until it
comes out at the back end of the catheter (typi-
cally the brown port of a triple lumen). Grab the
wire coming out at the back end of the catheter,
and then advance the catheter into the vein. At
this point, the guidewire should be completely
removed, and blood should be withdrawn from

Fig.6.15 The guidewire (arrows) is visualized inside the
vessel in the in-plane approach. (Courtesy of Srikar
Adhikari, MD)

Fig.6.14 Oblique view as the needle is entering the vessel
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the ports. The amount of catheter to be inserted
into the patient depends on the location (right
internal jugular, 14 cm; left internal jugular or
right subclavian, 16 cm; left subclavian, 18 cm).
Test each line using the normal saline in the
syringe you have prepped making sure that each
port is free of any air bubbles prior to flushing. A
biopatch should be placed at the skin around the
CVC. The CVC should be secured using sutures
or specially made clips. The site should finally be
cleaned and covered with a Tegaderm™.

When placing a Cordis, the dilator is already
within the CVC (Fig. 6.7). Once the blade is used
to make an incision in the skin and the needle is
removed with the guidewire in place in the ves-
sel, place the Cordis over the guidewire, and push
the catheter into place making sure to keep the
wire in your hands at all times. Remove the dila-
tor with the wire and place the tubing to the end
of the Cordis and flush the line. The line will
similarly be sewn into place and covered with a
large Tegaderm™.

Internal Jugular Vein Cannulation

Ultrasound-guided internal jugular vein catheter-
ization is often the first choice for many practitio-
ners due to its relative ease of access with
ultrasound compared to the subclavian vein, phy-

Fig.6.16 Optimal
placement of the
ultrasound machine
allows both the
procedure site and the
screen to be easily
visualized

sician familiarity, and a lower rate of catheter-
related infections when compared to femoral
lines [8]. Accessing the internal jugular vein may
be difficult in patients that are unable to lay flat
and severely dehydrated (resulting in collapse of
the 1J) or who have neck trauma resulting in the
need for a cervical collar. Potential complications
associated with placement of an internal jugular
venous catheter include pneumothorax, bleeding,
hematoma formation, arterial cannulation, and
laceration of the thoracic duct (left side cannula-
tion) [6]. Ultrasound guidance can decrease the
risk of these complications.

When prepping for internal jugular cannula-
tion, the patient should be placed in
Trendelenburg position (head of bed down) with
the patient’s head slightly rotated away from the
procedural site (Fig. 6.16). With the practitioner
standing at the patient’s head, the ultrasound
should be positioned next to the patient with the
screen in line with the practitioner. The right
internal jugular is preferred as it provides a
straight course to the superior vena cava. As with
the landmark technique, locate the anterior tri-
angle of the neck with the two bellies of the ster-
nocleidomastoid muscle and the clavicle as the
inferior portion of the triangle (Fig. 6.17). When
scanning this region, the internal jugular vein
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can be visualized lateral and superficial to the
carotid artery (Fig. 6.18). Figures 6.19 and 6.20
illustrate needle puncturing internal jugular vein
in in-plane and out-of-plane approaches. It is
important to note that rotating the patient’s head
may cause the carotid artery to be displaced pos-
terior to the internal jugular vein, increasing the
potential for inadvertent arterial puncture. The
internal jugular vein should be imaged along its
course to assess for its relative position to the
carotid artery, vessel depth, and site of maximal
diameter. After the catheter is secured, a chest
x-ray should be obtained to assess placement.
The tip of the line should terminate within the
superior vena cava or just above the cavoatrial
junction.

'

Fig. 6.17 The internal jugular typically is found inside
the anterior triangle of the neck, which is defined by the
clavicle at the lower border and the two heads of the ster-
nocleidomastoid muscle

Fig. 6.19 Needle puncturing internal jugular vein in in-
plane approach. (Courtesy of Srikar Adhikari, MD)

Fig.6.20 Needle puncturing internal jugular vein in out-
of-plane approach. (Courtesy of Srikar Adhikari, MD)

Fig. 6.18 Internal jugular vein (star) and carotid artery (triangle) in short axis (left) and in long axis (right)
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Fig.6.21 Ultrasound
machine positioning for
femoral line placement
allowing the screen to be
in line with the operator

Common Femoral Vein Cannulation

The common femoral vein (CFV) is another option
for central venous access, although it has been
shown to have higher rates of catheter-related
infections than both the internal jugular and subcla-
vian vein. These lines are often placed as tempo-
rary central access in emergency situations as they
can be placed while the patient is being intubated
and during chest compressions or procedures to the
chest including thoracentesis or thoracotomy.

The CFV is optimally visualized when the leg
is abducted and externally rotated (frog leg posi-
tion). The operator should be positioned on the
side of cannulation with the ultrasound screen in
line with the practitioner (Fig. 6.21). The CFV is
found just below the inguinal ligament where it
travels medial to the common femoral artery and
femoral nerve. It is important to make sure the
femoral artery is not overlying the femoral vein
prior to attempting cannulation (Fig. 6.22).

The line should be placed as noted above.
Successful catheter placement can be confirmed
with ultrasound by visualizing the catheter within
the femoral vein and seeing that the catheter
flushes and draws venous blood.

Subclavian and Axillary Vein

Cannulation

Since 2011, the CDC has recommended that a
subclavian or axillary line should be placed over
an internal jugular or femoral line to reduce the
risk of infection when placing a nontunneled
catheter [9]. The lower infection risk of subcla-

Fig.6.22 Femoral vein (star) in short axis is distal to the
inguinal ligament, the femoral artery (triangle) is seen lat-
eral to the vein, above the vein is a needle approaching the
vein, and it is marked by the arrow

vian and axillary venous catheters is sometimes
offset by the high risk of pneumothorax — a com-
plication often associated with physician inexpe-
rience [6]. Ultrasound guidance can be used to
help avoid this risk.

The axillary vein arises from the brachial vein
in the axilla and travels across the chest toward the
first rib where it becomes the subclavian vein. The
axillary vein can be cannulated under ultrasound
guidance using the infraclavicular approach. The
subclavian vein can be cannulated under ultra-
sound guidance wusing the supraclavicular
approach. For both approaches, the patient should
be placed in Trendelenburg position to minimize
the risk of air embolism.
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Fig.6.23 Supraclavicular
approach for subclavian
vein cannulation using a
linear probe

For the supraclavicular approach, the operator
should stand at the patient’s head with the ultra-
sound next to the patient and the screen of the
ultrasound in line with the practitioner. The linear
probe can be used for this approach (Fig. 6.23);
however, an endocavitary probe may provide bet-
ter access to this region given its small footprint
(Fig. 6.24). To identify the subclavian vein, first
locate the internal jugular vein and track it proxi-
mally. The subclavian vein will be seen uniting
with the internal jugular vein in the supraclavicu-
lar fossa (Figs. 6.25 and 6.26). The vessel can be
cannulated using an in-plane technique. If avail-
able substitute a neonatal-type, high-frequency
micro-convex array probe for the endocavitary
probe as it will be easier to wield when attempt-
ing vascular access while still providing good
access to this site.

For the infraclavicular approach, the practitio-
ner usually stands on the patient’s side with the
ultrasound machine near the patient’s head.
Sonographic visualization of the axillary vein is
improved when the patient’s arm is abducted and
externally rotated. The axillary vein can be visu-
alized by placing the transducer on the lateral
position of the chest wall (Fig. 6.27). The axillary
vein can be followed as it travels inferior to the
deltopectoral groove of the clavicle and becomes
the subclavian vein as it crosses the first rib
(Fig. 6.28). You may be able to see lung sliding

Fig. 6.24 Supraclavicular assessment of the subclavian
vein using endocavitary probe

Fig. 6.25 With the linear probe, the subclavian vein is
seen (triangle) joining the internal jugular vein (star); a
valve is seen in the subclavian vein
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Fig. 6.26 The confluence of the subclavian vein (trian-
gle) and the internal jugular vein (star) is seen with the
endocavitary probe

Fig. 6.27 Infraclavicular approach for the assessment of
axillary vein

deep to the axillary vein. The axillary vein can be
cannulated using either an in-plane or out-of-
plane approach as previously described.

An axillary CVC is more easily placed with
ultrasound guidance than a subclavian CVC
since the clavicle does not obscure the vessel. It
has also been demonstrated that the axillary
vein tracts away from both its corresponding
artery and the rib cage as it courses distally,
suggesting less risk of arterial puncture and
pneumothorax [10].

Confirming Placement

X-ray has previously been the study of choice to
assess for proper placement of upper extremity
CVCs. The catheter should be seen coursing
along the path of the vein with its tip terminating
near the superior vena cava/right atrial junction.
A large downside to x-ray confirmation is the
time and resources it requires to obtain the image
and process it for review. Alternatively, bedside
ultrasound can be used to rapidly assess for
proper catheter placement using agitated saline.
Agitated saline can be made at the bedside with
two 5 ml syringes and a three-way stopcock. One
syringe should be filled with normal saline and
the other empty. Place the two syringes on the
stopcock, and close the third end so that the

Fig. 6.28 The axillary vein (star) and artery (triangle) in short axis (left image) and the axillary vein (star) long axis
(right image)
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syringes are flowing into one another. “Agitate”
the saline by quickly moving the saline between
the two syringes. Once this is complete (10—
30 seconds of agitation) (Fig. 6.29), instill the
saline into the central line while using ultrasound
to visualize the right atrium and ventricle. If the
catheter is correctly placed, agitated normal
saline bubbles (Fig. 6.30) will be seen within the
right atrium and right ventricle [11]. Subclavian
CVC placement sometimes results in cannulation
of the ipsilateral internal jugular vein. A tech-
nique to detect this complication is to flush nor-
mal saline into the CVC while placing the palm
of your hand on the patient’s neck. If a thrill is
palpated when fluid is instilled, the line should be
reattempted [12].

Fig. 6.29 Agitated saline is made by rapidly shifting
saline between two syringes via a three-way stopcock

Complications
Pneumothoraces

This is a risk when placing subclavian and
internal jugular CVCs. Ultrasound can evaluate
for a pneumothorax after line placement more
quickly and accurately than portable chest
x-ray [13]. With the patient lying supine, the
linear probe is placed in the midclavicular line
with the probe marker toward the patient’s
head. The pleural line can be identified as a
hyperechoic line between the inferior aspects
of the ribs (Fig. 6.31). As the patient breaths,
the sonographer should note sliding or “shim-
mering” of the lung pleura. In the case of a
pneumothorax, this will be absent. Occasionally,
comet tails may be seen which is an indication
of normal lung tissue and rules out a pneumo-
thorax in this region. The sonographer should
scan between multiple rib spaces to ensure that
the patient does not have a small or focal pneu-
mothorax. Use of M-mode may also help the
sonographer. In the event of a pneumothorax
and absent lung sliding, there will be no motion
detected, and the “barcode” sign (Fig. 6.32)
will be seen. Alternatively, when lung sliding is
present, one will see the ‘“seashore” sign
(Fig. 6.33) [11].

Fig.6.30 Before (left) and after (right) agitated saline is flushed through a CVC. The right atrium and ventricle fill with

the hyperechoic microbubbles of the agitated saline (arrows)
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Fig. 6.31 Hyperechoic pleural line of lung between two
ribs (starred)

9.0cm

Infections

Nontunneled CVCs are at the highest risk for
central line-associated bloodstream infections
(CLABSI) with femoral lines yielding the high-
est infection rate. Intrinsic or non-modifiable
risk factors for infection are patient age, under-
lying disease or conditions, and patient gender
(increased risk in males and the elderly).
Extrinsic or modifiable risk factors include pro-
longed hospitalization before CVC insertion,
multiple CVCs, parenteral nutrition, femoral or
internal jugular access site, heavy microbial
colonization at insertion site, multilumen CVCs,
lack of maximal sterile barriers for CVC inser-
tion, and CVC insertion in an intensive care unit
or emergency department [14]. Using ultra-
sound guidance for CVC insertions helps

9.0cm

Fig. 6.32 “Seashore sign” seen in M-mode indicating normal lung sliding
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Fig. 6.33 “Barcode sign” which denotes no lung sliding, concerning for a pneumothorax

decrease the risk of associated infections by
decreasing the number of cannulation attempts.
Adherence to full barrier precaution technique
throughout the procedure is also vital in reduc-
ing infection rates. Additionally, the continued
need for central access should be frequently
reassessed to minimize the duration that CVCs
are in place.

Other Complications

Other potential complications of CVC place-
ment include arterial puncture, hematoma for-
mation, arteriovenous fistula  formation,
intraluminal dissection, venous air embolism,
retroperitoneal bleeding, pseudoaneurysm, a
lost wire which may cause an atrial wall rupture,
thrombus formation, nerve injury, anaphylaxis

from an antibiotic impregnated catheter, tho-
racic duct injury (with left-sided cannulation),
or catheter malposition [6].

Pearls and Pitfalls

e A common pitfall in the out-of-plane approach
is to mistake the shaft of the needle for the tip
resulting in advancing the needle too far which
can lead to posterior wall, artery, or lung
perforation.

* When using the out-of-plane approach, the
transducer must be constantly repositioned to
maintain visualization of the needle tip.
Slightly jiggling the needle can also help
localize the tip.

e Taking time to set up the room appropriately
making both CVC materials and ultrasound
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equipment easily accessible will improve
overall success of the procedure.

e Visualize the target vessel in both the long and
short axis prior to starting the procedure to
ensure there is no variant anatomy or barriers
to line placement (clot, stenosis).

e A useful approach is to start in the out-of-
plane approach to make sure the needle entry
is directly over the vessel and then switch to
an in-plane approach to advance the needle
into the vein.

e Consider the subclavian or axillary vein when
the internal jugular vein is completely col-
lapsed due to dehydration as there is a high
likelihood of posterior wall puncture.

Integration into Clinical Practice

Ultrasound decreases complications and improves
success when placing CVCs. Ultrasound guid-
ance for internal jugular cannulation is recom-
mended by multiple organizations. Ultrasound
guidance should be routinely used for CVC place-
ment to enhance patient safety. Use of ultrasound
guidance is considered as standard of practice in
current clinical practice.

Evidence

e 2015 Cochrane review on ultrasonography for
internal jugular line placement found that use
of ultrasound when compared to the landmark
technique reduced arterial punctures, number
of attempts, and time to successful cannula-
tion [1].

e 2013 meta-analysis found decreased risks of
cannulation  failure, arterial puncture,
hematoma, and hemothorax in adult patients
for which ultrasound guidance was used for
CVC placement [15].

 First-pass success is significantly increased by
use of ultrasound guidance in internal jugular
vein cannulation [16].

Use of ultrasound for subclavian cannulation
is associated with better outcomes and, in at
least one study, a zero incidence of pneumo-
thorax [17].

Key Points

e Ultrasound guidance improves success
and reduces the risk of complications
when placing CVCs.

e Ultrasound can be used for placement of
internal jugular, subclavian/axillary, and
femoral lines.
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