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Basic Emergency Ultrasound-guided 
Procedures

Introduction

Emergency physicians (EPs) often are called upon to perform a myriad of 
procedures. These procedures often are invasive and can carry a significant 
amount of risk. Recent studies have emphasized that EPs should routinely use 
ultrasound to help guide common procedures performed in the emergency 
department (ED). Ultrasound can be used to determine if certain procedures 
are necessary, and then utilized to help guide the procedural attempt. In gen-
eral, ultrasound is readily available, easy to perform at the bedside, and poses 
no additional radiation risk to the patient. This article discusses the indications, 
contraindications, risks, and benefits of basic ultrasound-guided procedures, 
and describes how to perform each procedure, in addition to providing helpful 
pearls and pitfalls.   

Ultrasound-guided Peripheral IV Placement
Indications. When patients are a “tough stick” and peripheral IV attempts 

have failed using the landmark technique alone, EPs often are called to the 
bedside to help obtain IV access. The external jugular vein (EJ) is an excel-
lent option for peripheral venous access. Contraindications to utilizing the EJ 
include infection overlying the site of entry, fracture of the cervical spine, and 
anatomical obstructions at or around the access point. If the EJ is not acces-
sible, the physician can attempt to secure peripheral IV (PIV) access using ultra-
sound guidance.  

Although ultrasound is especially useful in patients without palpable or vis-
ible peripheral veins, it can also come in handy when searching for deeper target 
veins that are not identifiable on the surface.1 A bedside scan can help to local-
ize a good target vein and map out its course for the highest chance of success-
ful cannulation.

In many instances, peripheral venous cannulation via the landmark approach 
is impeded by obesity, venous degradation from chronic drug abuse, diabetes 
or chronic medical illness requiring multiple intravenous cannulations, overly-
ing scar tissue, or hypovolemia. Two large-bore peripheral IVs can often deliver 
drugs and volume resuscitation at a higher volume and rate than smaller gauge 
triple- or double-lumen central venous lines. Placing an ultrasound-guided 
large-bore PIV is a good alternative in patients who have failed landmark-
guided peripheral attempts, but do not necessarily need central venous access. 

Ultrasound guidance also has been shown to be especially useful in the pedi-
atric population. Using bedside ultrasound to place PIVs in pediatric patients 
with difficult peripheral access requires less overall time, fewer attempts, and 
fewer needle redirections than traditional approaches.2 Visualizing the target 
vein, and monitoring the needle trajectory during the procedure, leads to 
improved patient satisfaction, and higher rates of successful cannulation.

Contraindications. There are no absolute contraindications to performing 
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an ultrasound-guided peripheral vein 
cannulation. Although ultrasound 
guidance may require a few extra 
minutes to gather and set up the 
ultrasound machine, most studies 
have shown that using ultrasound 
guidance will actually decrease the 
amount of time to successful veni-
puncture in patients at risk for diffi-
cult peripheral access.3-5 In addition, 
most studies demonstrate decreased 
number of attempts, faster time to 
successful catheterization, decreased 
number of complications, and higher 
patient satisfaction when ultrasound 
guidance is used.4 

Although most studies have dem-
onstrated clear benefits with ultra-
sound visualization, there are some 
studies that have produced opposing 
results. In 2009, Stein et al published 
a study of 59 patients suggesting 
that ultrasound-guided PIV cannula-
tion did not decrease the number 
of attempts or time to successful 
catheterization, nor did it improve 
patient satisfaction compared with 
the landmark group.5

Risks. The risks of ultrasound-
guided peripheral IV placement 
are similar to those of peripheral 
IV placement without ultrasound, 
including arterial puncture, hema-
toma formation, needle contact 
with major nerves and paresthesias, 
damage to surrounding structures, 
infiltration, infection, and pain.6,7 
Ultrasound guidance can minimize 
these risks. When accessing a deeper 
peripheral vein, note that deeper 
IVs are at higher risk of dislodg-
ing and infiltrating the surrounding 
tissue. Standard-length catheters 
may be too short to access deeper 
peripheral veins, so it may be neces-
sary to obtain longer catheters when 

attempting to cannulate deeper veins 
such as the brachial vein.8 Ensure 
that you can successfully aspirate 
venous blood, and flush the catheter 
smoothly before injecting any medi-
cations or bolus of fluid.

To minimize the risk for infec-
tion or contamination, attempt to 
use sterile ultrasound gel and follow 
standard sterilization techniques dur-
ing ultrasound-guided PIV insertion. 
Studies have shown that both the 
landmark approach and ultrasound-
guided approach to PIV access are 
associated with low infection rates 
and that there is no increased risk 
for infection by using ultrasound to 
assist with PIV access.9 

Benefits. Ultrasound guidance for 
peripheral venous access improves 
patient safety by avoiding the unnec-
essary use of central lines, decreas-
ing the number of PIV attempts, 
improving time to PIV cannulation, 
and reducing the number of compli-
cations, such as accidental puncture 
of adjacent structures. Often times, 
the deep brachial vein or the basilic 
vein is an ideal vessel for cannula-
tion. These veins cannot be palpated 
and are not visible without ultra-
sound guidance. “Blind” attempts 
at puncturing these deeper veins 
can lead to accidental puncture of 
surrounding nerves and arteries. 
Ultrasound-guided cannulation of 
the deep brachial or basilic vein using 
longer catheters provides a rapid 
means for intravenous access and can 
be attempted in patients who need 
short-term vascular access.

How to Perform the Procedure.
• Ultrasound guidance is typi-

cally used to access the antecubital, 
cephalic, basilic, and brachial veins in 
the arm, although ultrasound can be 

used to help cannulate any vein vis-
ible under sonographic guidance in 
the body.

• You can use ultrasound to access 
the external jugular vein in the neck, 
but it is often difficult to visualize 
because it is so superficial and col-
lapses easily under pressure.

Preparation and Positioning
• Place the patient in a position of 

comfort.
• Extend and externally rotate the 

patient’s arm. 
• Use a tourniquet to increase 

venous filling and help prevent 
venous collapse during cannulation 
attempts.

• If you are attempting to cannu-
late a very superficial, peripheral vein 
(< 5 mm from the skin’s surface), 
you can typically use the standard 
catheters that are < 2.5 inches in 
length.

• If you will be cannulating a vein 
> 5 mm below the skin’s surface, 
secure a longer catheter (> 2.5 inches 
in length).

• Recent studies have shown that 
ultrasound guidance can be used 
to insert a 15 cm catheter into the 
deep brachial or basilic vein via the 
Seldinger technique.8

• Use the highest frequency linear 

 � Use the ultrasound probe to visualize the relevant anat-
omy in multiple planes before inserting the needle.

 � Use Doppler imaging to identify adjacent vessels.

 � The short-axis (transverse) view approach requires less 
hand-eye coordination but does not allow for dynamic 
visualization of the needle tip during insertion.

 � The long-axis (parallel) view approach requires more 
hand-eye coordination but allows for dynamic visualiza-
tion of the needle tip during insertion.

Executive Summary

Figure 1: High Frequency 
Linear Array Transducer
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array transducer available. Most lin-
ear array transducers span a range 
from 5-13MHz. (See Figure 1.)

• Prep and clean the patient and 
the ultrasound probe in a standard 
fashion.

• Use sterile ultrasound gel during 
the scan. Single-use Surgilube pack-
ets work well for this application.

• The procedure can be performed 
in the static or dynamic fashion in 
either the short-axis approach or the 
long-axis approach.

Static Approach
• With the static approach, the tar-

get vessel is mapped out using ultra-
sound guidance. 

• In the short-axis, veins will 
appear as thin-walled, oval-shaped, 
anechoic structures on ultrasound.

• Unlike arteries, veins should col-
lapse when gentle pressure is applied 
with the transducer.

• When in doubt, spectral Doppler 
and color Doppler can be used to 
distinguish an artery from a vein. 

• Using the depth markers on the 
side of the ultrasound screen, note 
the distance from the skin to the cen-
ter of the target vein and choose the 
appropriate catheter for this depth. 

• Scan proximally and distally 
along the vessel to delineate any 
bifurcations or changes in depth.  

• Mark the skin above the target 
vein with a skin marker or make a 
slight indentation in the skin with 
the cap of the peripheral IV catheter.

• Remove the ultrasound probe 
and attempt to cannulate the vein 
under the marked skin.

Dynamic Approach
• With the dynamic approach, the 

target vessel is mapped out using 
ultrasound guidance and then can-
nulated under direct ultrasound 
visualization.

• Using the depth markers on 
the side of the ultrasound screen, 
note the distance from the skin to 
the center of the target vessel and 
choose the appropriate catheter for 
this depth. 

• Scan proximally and distally 
along the vessel to delineate any 
bifurcations or changes in depth.  

• Once the entry site has been 
chosen, cannulation can be per-
formed under direct ultrasound 
guidance via the short-axis approach 
or long-axis approach.

Transverse Approach (Short-axis 
Approach)

• Place the probe perpendicular to 
the long axis of the extremity. (See 
Figure 2.)

• Note where the orientation 
marker is on the screen. If the ori-
entation marker is on the left side of 
the screen, ensure that the orienta-
tion marker on the probe is facing 
the same direction.

• In the short axis, veins will 
appear as thin-walled, oval-shaped, 
anechoic structures on the screen 
(See Figure 3.)

• Unlike arteries, veins should col-
lapse when gentle pressure is applied 
with the transducer.

• When in doubt, spectral Doppler 
and color Doppler can be used to 
distinguish an artery from a vein. 

• When the target vein is centered 
in the middle of the screen, it is 
located directly under the middle of 
your transducer.

• Insert your needle at a 45° angle 
and aim for the vessel directly under 

the middle of your probe.
• When the vessel is being can-

nulated under dynamic ultrasound 
guidance, remember that direct visu-
alization of the needle will only be 
noted when the ultrasound beam is 
angled directly at the needle. Because 
the field visualized by ultrasound is 
so narrow, needle position may need 
to be inferred by visualizing ring 
down artifact, soft-tissue changes, 
and tenting of the wall of the target 
structure.

• To maintain visualization of 
the needle tip, you may need to fan 
the transducer or slide the probe 
proximally up the extremity as you 
advance your needle.

• The short-axis approach is easier 
to perform and requires less hand-
eye coordination.

• The main disadvantage of the 
short-axis approach is not being able 
to visualize the needle tip through-
out the duration of the procedure 
without manipulating the transducer. 
You may not visualize the needle tip 
puncturing through the posterior 
wall of the vessel in the short-axis 
approach.

Longitudinal Approach (Long-axis 
Approach)

• Place the probe parallel to the 
long axis of the extremity. (See Figure 
4.)

• Note where the orientation 
marker is on the screen. Ensure that 
the orientation marker on the probe 
is pointing toward the patient’s head.

• In the long axis, veins will appear 
as thin-walled, tubular, anechoic 
structures on the screen. (See Figure 
5.)

Figure 3: Oval Shaped, 
Anechoic Peripheral Vein

Figure 2: Ultrasound-
guided Peripheral IV 
Placement Via the Short-
axis Approach

Figure 4: Ultrasound-
guided Peripheral IV 
Placement Via the Long-
axis Approach
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• Scan around until you capture as 
much of the vein as you can on the 
screen in the long axis.

• Insert the needle at a 45° angle 
just under the distal end of the 
probe.  

• On the ultrasound screen, you 
will visualize your needle tip entering 
the right corner of the image.

• When the vessel is being can-
nulated under dynamic ultrasound 
guidance, remember that direct visu-
alization of the needle will only be 
noted when the ultrasound beam is 
angled directly at the needle. Because 
the field visualized by ultrasound is 
so narrow, needle position may need 
to be inferred by visualizing ring 
down artifact, soft-tissue changes, 
and tenting of the wall of the target 
structure.

• The long-axis approach requires 
a steady hand and good hand-eye 
coordination. It is easy to slip off to 
the medial or lateral side of the vessel 
and lose direct ultrasound visualiza-
tion during the actual cannulation.

• The advantage of performing the 
cannulation under long-axis guid-
ance is the ability to visualize the 
needle tip entering the vessel lumen 
without having to manipulate the 
transducer during the procedure. In 
the long-axis view, you can see if the 
needle tip has accidentally punctured 
through the posterior wall of the tar-
get vein.

Pearls and Pitfalls.
• Veins are typically oval-shaped, 

compressible anechoic structures on 
ultrasound. In contrast, arteries have 
thicker walls and usually are round, 
anechoic, non-compressible, pulsa-
tile structures on ultrasound. Note 

that it may be difficult to distinguish 
between an artery and a vein in a 
hypotensive patient. With decreased 
intravascular volume, both arteries 
and veins will appear compressible 
on ultrasound.

• Application of color Doppler 
over the vessel of interest can help 
distinguish an artery from a vein. 
Apply color Doppler over the target 
vessel. Flow within an arterial lumen 
will appear pulsatile. In contrast, a 
vein will demonstrate a more con-
stant rumble of color flow.

• The color corresponds to the 
direction of flow (toward or away 
from the transducer). Be sure to take 
note of the color scale displayed on 
your ultrasound screen to determine 
which color corresponds to flow 
toward the transducer and which 
color is shown with flow away from 
the transducer.

• During the scan, minimize the 
amount of pressure applied with 
the probe. You may be missing 
superficial veins that have collapsed 
completely under the weight of the 
transducer.

• Follow the Pythagorean theorem 
when determining the angle and tra-
jectory of the needle. If the vessel lies 
1 cm below the skin’s surface, insert 
the needle 1 cm distal to the probe 
and follow the hypotenuse of the tri-
angle distally toward the target vein 
that lies directly under the probe.

Ultrasound-guided 
Central Venous Access

Indications. There are many rea-
sons why patients may require central 
venous access over peripheral venous 

access. The most common include 
requirements for longer-term vas-
cular access, larger lumens, multiple 
lumens for rapid administration of 
drugs, fluid, or blood products, and 
central venous pressure monitoring.

The three most common sites for 
central venous catheter placement are 
the femoral, subclavian, and internal 
jugular veins. All three sites provide 
direct access to the central circula-
tory system, but each site comes with 
its own advantages and disadvan-
tages. In all three sites, access to the 
vein can be obtained using either the 
landmark-guided approach or under 
direct ultrasound guidance. Studies 
have shown that central lines placed 
using the landmark technique alone 
can lead to complications such as 
inadvertent arterial puncture, multi-
ple punctures through the target ves-
sel, extensive bleeding, or accidental 
puncture of adjacent structures such 
as the lung, lymphatic channels, 
arteries, nerves, or the urinary blad-
der. The ultrasound-guided approach 
to central line placement has been 
recommended by various specialties, 
and the consensus is that ultrasound 
guidance can improve time to suc-
cessful cannulation while minimizing 
complications.10

Contraindications. There are no 
absolute contraindications to per-
forming an ultrasound-guided cen-
tral vein cannulation. It is important 
to note that ultrasound guidance 
may require more time than a land-
mark-guided cannulation attempt. In 
time-sensitive, emergent situations, 
place the central line in the quickest 
manner possible. The absolute and 
relative contraindications for per-
forming any central line are applica-
ble with both the ultrasound-guided 
and landmark-guided approaches.

Risks. Placing a central line puts 
the patient at risk for accidental 
puncture of adjacent structures. 
When accessing the internal jugu-
lar vein or the subclavian vein, the 
risks include inadvertent injury or 
catheterization of the surrounding 
arteries, hematoma formation, air 
embolism, hemothorax, pneumo-
thorax, chylothorax, nerve injury, 
dysrhythmias, cardiac perforation, 

Figure 6: Ultrasound 
Image of the Femoral 
Artery Lying Lateral to the 
Femoral Vein

Figure 5: Anechoic, 
Tubular Peripheral Vein  
in the Long Axis
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cardiac tamponade, pseudoaneu-
rysm formation, or line misplace-
ment. During attempts to access the 
femoral vein, the patient is at risk for 
accidental puncture of the femoral 
artery, pseudoaneurysm forma-
tion, hematoma formation, bowel 
or bladder puncture, psoas abscess, 
puncture of the hip capsule, or nerve 
injury. Using ultrasound guidance 
can help guide needle entry and 
catheter placement, thereby reducing 
many of these risks.

Benefits. Use of ultrasound for 
central venous access improves 
patient safety by decreasing number 
of attempts, time to cannulation, and 
number of complications.11 In 2001, 
the Agency for Healthcare Research 
and Quality (AHRQ) listed use of 
ultrasound to achieve central venous 
access as one of the top practices to 
improve patient care.10 With direct 
ultrasound guidance, you can moni-
tor the needle trajectory during the 
entire procedure, thereby minimiz-
ing the risk of injury to adjacent 
structures. Visualizing the path of 
the needle allows you to know when 
you have entered the target vessel 
lumen, and you can monitor vessel 
cannulation under dynamic ultra-
sound guidance.

How to Perform the Procedure. 
Femoral Vein Access Under 

Ultrasound Guidance
• Apply a large amount of ultra-

sound gel to improve the acoustic 
interface.  

• Gently place the 7.5 or 10 MHz 
linear transducer in a transverse ori-
entation inferior to the middle seg-
ment of the inguinal ligament.

• Ensure that the orientation 
marker on the transducer is pointing 
toward the patient’s right.

• Under ultrasound, the femoral 
vein appears as an oval, thin-walled, 
anechoic structure that collapses 
easily under pressure. The adjacent 
femoral artery will be the round, 
anechoic, thicker-walled, pulsatile 
structure lying just lateral to the fem-
oral vein (to the left of the screen). 
(See Figure 6.) The femoral artery 
should not collapse under pressure 
unless the patient is profoundly 
hypovolemic.  

• Application of color Doppler 
over the vessel of interest can help 
distinguish an artery from a vein. 
Apply color Doppler over the target 
vessel. Flow within an arterial lumen 
will appear pulsatile. In contrast, a 
vein will demonstrate a more con-
stant rumble of color flow.

• The color corresponds to the 
direction of flow (toward or away 
from the transducer). Be sure to take 
note of the color scale displayed on 
your ultrasound screen to determine 
which color corresponds to flow 
toward the transducer and which 
color is shown with flow away from 
the transducer.

• Assess for anatomical variations 
or abnormal bifurcations by scanning 
in both a transverse and longitudinal 
fashion along the femoral vein. 

• In approximately 25% of 
patients, the femoral vein may course 
directly posterior to the femo-
ral artery just below the inguinal 
ligament.

• Scan caudally until the femoral 
vein can be visualized coursing dis-
tinctly away from the femoral artery.

• Patient positioning may alter the 
relationship of the femoral vein in 
relationship to the femoral artery.12 
Attempt rotating and abducting the 
femur in different angles to achieve 
the ideal spatial relationship between 
the femoral vein and femoral artery. 
(See Figure 6.) 

• Access the femoral vein in a 
sterile fashion, utilizing either the 
static or dynamic ultrasound-guided 
approach, via the short-axis or 

long-axis approach.
• If the procedure is performed in 

a dynamic manner, remember to use 
sterile ultrasound gel and prep the 
ultrasound probe in a sterile fashion.

• When the vessel is being can-
nulated under dynamic ultrasound 
guidance, remember that direct visu-
alization of the needle will only be 
noted when the ultrasound beam is 
angled directly at the needle. Because 
the field visualized by ultrasound can 
be narrow, needle position may need 
to be inferred by visualizing ring 
down artifact, soft-tissue changes, 
and tenting of the wall of the target 
structure. (See Figures 7 and 8.)

• Under dynamic ultrasound 
guidance, the procedure can be per-
formed via the short-axis or long-axis 
approach. (See Figure 8.)  

• Remember that the short-axis 
approach is easier to perform and 
requires less hand-eye coordination 
for novice users.13 

• The main disadvantage of the 
short-axis approach is not being able 
to visualize the needle tip through-
out the duration of the procedure 
without manipulating the transducer. 
You may not visualize the needle tip 
puncturing through the posterior 
wall of the vessel in the short-axis 
approach unless you change the 
angle of the ultrasound beams.

• The long-axis approach requires 
a steady hand and good hand-eye 
coordination. It is easy to slip off 
to the medial or lateral side of the 

Figure 7: Hyperechoic Ring 
Down Artifact from the 
Needle Advancing Toward 
the Vein

Figure 8: Tenting of the 
Vessel Wall as the Needle Is 
About to Enter the Lumen 
of the Vein
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vessel and lose direct ultrasound 
visualization during the actual 
cannulation.

• The advantage of performing 
the cannulation under long-axis 
guidance is the ability to visualize 
the needle tip entering the vessel 
lumen without having to manipulate 
the transducer during the proce-
dure. In the long-axis view, you can 
see if the needle tip has acciden-
tally punctured through the pos-
terior wall of the target vein. This 
is especially useful in hypotensive 
patients.14 Most experts recommend 
cannulating veins under long-axis 
guidance to maintain direct visual-
ization of the needle at all times and 
avoid accidental puncture of adja-
cent vessels or structures.15 

• Recently, an oblique approach 
has been described in the literature. 
Obtaining an oblique view of the 
target vessel during dynamic can-
nulation enables the user to visual-
ize the needle as it enters the vessel 
while providing the operator with 
direct visualization of surrounding 
structures.16 

Internal Jugular Vein Access Under 
Ultrasound Guidance

• Place the patient in 
Trendelenburg position and turn the 
patient’s head gently toward the con-
tralateral side, away from the site you 
are planning to access.

• Turning the patient’s head more 
than 30° past midline may cause 
compression of the internal jugular 
vein by the sternocleidomastoid 
muscle.

• If the patient is alert and coop-
erative, have the patient use his or 
her sternocleidomastoid muscle to 

elevate the head momentarily to help 
visualize anatomic landmarks.

• In the majority of patients, the 
internal jugular vein lies deep to the 
sternocleidomastoid muscle, lateral 
and superficial to the carotid artery. 
Note that anatomic variations exist, 
so use the superficial landmarks 
solely to guide where you place 
the transducer to begin the scan. 
With ultrasound, you will be able 
to visualize and identify all requisite 
landmarks and vessels and track the 
needle as it enters the target vein.

• Apply a large amount of ultra-
sound gel to improve the acoustic 
interface.  

• Gently place the 7.5 or 10 MHz 
linear transducer at the bifurcation 
of the sternal and clavicular heads of 
the sternocleidomastoid muscle for 
the standard central approach. (See 
Figure 9.)

• Under ultrasound, the inter-
nal jugular vein appears as an oval, 
thin-walled, anechoic structure that 
collapses easily under pressure. The 
adjacent carotid artery will be the 
round, anechoic, thicker-walled, 
pulsatile structure lying just medial 
to the internal jugular vein. The 
carotid artery should not collapse 
under pressure unless the patient is 
profoundly hypovolemic. (See Figure 
10.)

• Don’t be overzealous with your 
compression test. Perform the com-
pression test once or twice to ensure 
that the target vessel is a patent vein 
that does not house any intraluminal 
clot. Multiple compression attempts 

near the carotid sinus can stimulate 
baroreceptors causing bradycardia 
and hypotension if too much or pro-
longed pressure is applied.

• Application of pulse wave 
Doppler over the vessel of interest 
can help distinguish an artery from a 
vein. Flow within an arterial lumen 
will appear pulsatile. In contrast, a 
vein will demonstrate a more con-
stant rumble of color flow.

• Scan along the internal jugular 
vein in a transverse and longitudinal 
fashion to assess for any anatomic or 
pathologic variations.  

• Access the internal jugular vein 
in a sterile fashion, utilizing either 
the static or dynamic ultrasound-
guided approach.

• If the procedure is performed in 
a dynamic manner, remember to use 
sterile ultrasound gel and prep the 
ultrasound probe in a sterile fashion.

• When the vessel is being can-
nulated under dynamic ultrasound 
guidance, remember that direct visu-
alization of the needle will only be 
noted when the ultrasound beam is 
angled directly at the needle. Because 
the field visualized by ultrasound is 
so narrow, needle position may need 
to be inferred by visualizing ring 
down artifact, soft-tissue changes, 
and tenting of the wall of the target 
structure. (See Figures 7 and 8.)

• Under dynamic ultrasound 
guidance, the procedure can be per-
formed via the short-axis or long-axis 
approach.  

• Remember that the short-axis 
approach is easier to perform and 
requires less hand-eye coordination 
for novice users.

• The main disadvantage of the 
short-axis approach is not being able 
to visualize the needle tip through-
out the duration of the procedure 
without manipulating the transducer. 
You may not visualize the needle tip 
puncturing through the posterior 
wall of the vessel in the short-axis 
approach unless you change the 
angle of your ultrasound beams.

• The long-axis approach requires 
a steady hand and good hand-eye 
coordination. It is easy to slip off 
to the medial or lateral side of the 
vessel and lose direct ultrasound 

Figure 9: Transducer 
Position for Visualization of 
the Right Internal Jugular 
Vein

Figure 10: Transverse 
(Short-axis) View of the 
Right Internal Jugular 
Vein (IJ) and Right Carotid 
Artery (CA)
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visualization during the actual 
cannulation.

• The advantage of performing the 
cannulation under long-axis guid-
ance is the ability to visualize the 
needle tip entering the vessel lumen 
without having to manipulate the 
transducer during the procedure. In 
the long-axis view, you can see if the 
needle tip has accidentally punctured 
through the posterior wall of the tar-
get vein. This is especially useful in 
hypotensive patients.14 Most experts 
recommend cannulating veins under 
long-axis guidance in order to 
maintain direct visualization of the 
needle at all times and avoid acciden-
tal puncture of adjacent vessels or 
structures.15

• Recently, an oblique approach 
has been described in the literature. 
Obtaining an oblique view of the tar-
get vessel during dynamic cannula-
tion enables the user to visualize the 
needle as it enters the vessel while 
providing the operator with direct 
visualization of surrounding struc-
tures as well.16

Subclavian Vein Access Under 
Ultrasound Guidance

• Ultrasound can be used to visu-
alize the subclavian vein as it con-
nects to the caudal portion of the 
internal jugular vein.

• The subclavian vein is difficult 
to visualize with ultrasound if an 
infraclavicular approach is utilized 
because the sonographic window can 
be obscured by the clavicle. To cir-
cumvent this limitation, visualize the 
subclavian vein from a supraclavicular 
approach.

• Apply a large amount of ultra-
sound gel to improve the acoustic 
interface.  

• Place the 7.5 to 10 MHz linear 
transducer in a transverse orienta-
tion 1 cm lateral to the sternal notch 
and just superior to the clavicle. (See 
Figure 11.)

• Angle the probe caudally to visu-
alize the subclavian vein lying just 
lateral to the internal jugular vein.

• In this plane, the subclavian vein 
appears as an anechoic, thin-walled 
structure lying just below the hyper-
echoic clavicle. The thicker-walled, 
pulsatile subclavian artery may be 

seen coursing just below the subcla-
vian vein. (See Figure 12.)

• Fanning the probe in a cranial 
fashion may provide you with an 
image of the internal jugular vein 
joining the subclavian vein. (See 
Figure 13.)

• Scan along the subclavian vein to 
assess for any anatomic or pathologic 
variations.  

• Access the subclavian vein in a 
sterile fashion, utilizing either the 
static or dynamic ultrasound-guided 
approach.

• If the procedure is performed in 
a dynamic manner, remember to use 
sterile ultrasound gel and prep the 
ultrasound probe in a sterile fashion.

• When the vessel is being can-
nulated under dynamic ultrasound 
guidance, remember that direct visu-
alization of the needle will only be 
noted when the ultrasound beam is 
angled directly at the needle. Because 
the field visualized by ultrasound is 
so narrow, needle position may need 
to be inferred by visualizing ring 
down artifact, soft-tissue changes, 
and tenting of the wall of the target 
structure. 

• Under dynamic ultrasound 
guidance, the procedure can be per-
formed via the short-axis or long-axis 
approach.

• Because ultrasound visualiza-
tion of the subclavian vein can be 
impeded by the overlying clavicular 
bone, the ease of performing the 
cannulation via the short-axis 
approach versus the long-axis 
approach is largely patient-depen-
dent. Image the vessel in both the 
long and short axis and determine 

which view offers the best visual-
ization of the vein and anticipated 
needle path.

• The advantage of performing the 
cannulation under long-axis guid-
ance is the ability to visualize the 
needle tip entering the vessel lumen 
without having to manipulate the 
transducer during the procedure. In 
the long-axis view, you can see if the 
needle tip has accidentally punctured 
through the posterior wall of the tar-
get vein. This is especially useful in 
hypotensive patients.14 Most experts 
recommend cannulating veins under 
long-axis guidance to maintain direct 
visualization of the needle at all times 
and avoid accidental puncture of 
adjacent vessels or structures.15

• Recently, an oblique approach 
has been described in the litera-
ture. Obtaining an oblique view of 
the target vessel during dynamic 

Figure 11: Transducer 
Position to Visualize the 
Subclavian Vein Using a 
Supraclavicular Approach

Figure 12: Ultrasound 
Image of the Subclavian 
Vein Lying on Top of the 
Subclavian Artery Via the 
Supraclavicular Approach

Figure 13: Ultrasound 
Image of the Internal 
Jugular Vein (IJ) Joining 
the Subclavian Vein from a 
Supraclavicular Approach
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cannulation enables the user to visu-
alize the needle as it enters the vessel, 
meanwhile providing the operator 
with direct visualization of surround-
ing structures as well.16

Pearls and Pitfalls
• Ultrasound-guided placement 

of a central venous catheter requires 
good hand-eye coordination and a 
basic understanding of the principles 
of ultrasound. Performing the pro-
cedure becomes quicker and easier 
with practice.

• When evaluating the target vein 
for cannulation, use ultrasound to 
evaluate for the presence of intralu-
minal clot, also. Because veins are 
thin-walled vessels, they should col-
lapse easily under pressure. Apply 
gentle pressure over the target vein 
with the ultrasound transducer. If 
the walls of the vein do not collapse 
completely and “wink” at you on the 
ultrasound screen, an intraluminal 
clot may be present.

• Although you will be able to 
visualize most sub-acute, hyper-
echoic intravascular clots on ultra-
sound, know that acute clots may 
possess the same echogenicity as 
the surrounding blood in the vessel 
lumen, and are therefore very dif-
ficult to see. Always perform a com-
pressibility test over the vessel you 
are aiming to cannulate.

• During the procedure, you can 
use ultrasound guidance to monitor 
guide-wire placement and ensure 
that it is feeding in the intended 
direction and not through the poste-
rior wall of the vessel.

Ultrasound-guided 
Suprapubic Aspiration

Indications. Prolonged urinary 
retention can lead to obstructive 
nephropathy and renal cell ischemia. 
A suprapubic aspiration and catheter-
ization may be required when uri-
nary retention occurs secondary to 
prostatic obstruction, gynecologic or 
other malignancy, spinal cord injury, 
and other processes that impede 
emptying of the bladder. It is also 
indicated in urethral trauma, urethral 
stricture, chronic urethral infection, 
phimosis, and to obtain sterile urine 
studies in children younger than 2 

years of age.17 Traditionally, suprapu-
bic aspirations are performed using 
landmark guidance alone. A quick 
bedside scan of the bladder can help 
confirm the diagnosis of urinary 
retention and guide catheterization 
attempts.

Contraindications.
Contraindications to suprapubic 
aspiration include an empty blad-
der, recent abdominal surgery, lower 
abdominal wound or cellulitis, previ-
ous pelvic radiation with resultant 
scarring, and known bladder cancer. 
There may be increased risk of bowel 
or peritoneal penetration in patients 
with previous abdominal surgeries or 
scarring.18,19

Risks. Use of ultrasound confers 
no additional risk to the patient. 
With the landmark approach, the 
patient is at risk for accidental punc-
ture of the bowel or peritoneum. 
Perforation of the uterus, rectum, 
and vagina is also possible. Using 
ultrasound to guide the procedure 
greatly diminishes these risks. As 
with the landmark-guided approach, 
ultrasound-guided suprapubic aspira-
tions can still put the patient at risk 
for post-procedure infection, abscess 
formation, bleeding, hematoma 
formation, hematuria, tube dislodge-
ment, persistent urine extravasation, 
ileus, and catheter malfunction.20 
Using a blind approach, the overall 
rate of complications with suprapu-
bic cystostomy is only 1-2%, but up 
to 5% in complicated patients such 
as those with a large body habitus, 
abdominal adhesions, or in uncoop-
erative patients such as children.20,21

Benefits. Using ultrasound guid-
ance to perform a suprapubic aspira-
tion or placement of a cystostomy 
tube is safer and easier to perform 
than using the landmark technique 
alone. In complicated patients, using 
ultrasound confers a higher rate of 
success and decreases the risk of 
complications. Studies have shown 
that physicians have twice the suc-
cess with suprapubic bladder needle 
aspiration when using ultrasound 
guidance. It is easy to learn and 
allows clear visualization of a full 
bladder. Ultrasound is sensitive in 
confirming bladder distention, which 

bears clinical importance. Ensuring 
that the bladder is full and abutting 
the abdominal wall is paramount 
in preventing penetration of bowel 
and other procedural complications. 
Bedside ultrasound facilitates cathe-
ter placement in complicated patients 
by confirming a distended blad-
der and defining its limits. Experts 
recommend the use of ultrasound 
guidance in all cases where there 
is any question of bladder volume, 
anatomical limits, or position.22,23 If 
ultrasound is used to guide cystos-
tomy tube placement, it can not only 
help confirm proper tube placement, 
but also can be used to monitor 
bladder decompression and success-
ful drainage.

How to Perform the Procedure.
• Assemble the required equip-

ment for a suprapubic cath-
eterization. If a pre-packaged 
catheterization kit is not available, 
secure the following items:

– Antiseptic (typically 
povidone-iodine)

– Sterile gloves and drapes
– Gauze pads (4x4)
– 1% lidocaine
– 10 mL syringe
– 25-gauge standard needle
– 22-gauge spinal needle (1.5 

inches for children; 3 inches for 
adults)

– J-tip guide-wire
– 11 blade scalpel
– Dilator
– Introducer sheath
– Foley catheter (should be 1F 

smaller than diameter of introducer 
sheath)

– Sterile, closed system urinary 
drainage bag

– Sterile dressing.
• Have the patient lie supine in a 

position of comfort.
• Prep and drape the patient and 

the ultrasound transducer in a sterile 
fashion.

• You can use a low- or high-
frequency transducer for this 
procedure.  If the patient has an 
abundance of subcutaneous fat 
and tissue, use a low-frequency 
transducer (5-1MHz curvilinear or 
phased array). If the patient is thin 
and devoid of much subcutaneous 
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fat, use the high-frequency trans-
ducer (13-5MHz linear array).

• Visualize the urinary bladder 
via bedside ultrasound. A distended 
bladder will appear as a circular or 
square-shaped anechoic structure on 
ultrasound. (See Figure 14.)

• The bladder volume can be esti-
mated using the equation: volume 
= length x width x height x 0.52. 
The 3 measurements (length, width, 
and height) must be taken in two 
separate planes (longitudinal and 
transverse).24 

• Examine the bladder boundaries 
in both the transverse and longitu-
dinal planes. Take note of any adja-
cent bowel, vascular structures, and 
organs.

• Once the bladder has been visu-
alized and noted to be full, admin-
ister local anesthesia to the skin and 
subcutaneous tissues superficial to 
the middle of the bladder.

• Attach a 10 mL syringe to the 
back of the spinal needle.

• Using ultrasound guidance, 
insert the needle and aim toward the 
urinary bladder directly under the 
ultrasound probe. Gently aspirate 
back on the syringe as you slowly 
advance the needle. Monitor the 
needle trajectory as you aim toward 
the middle of the bladder.

• Look for tenting of the anterior 
bladder wall as your needle is about 
to penetrate it.

• Continue applying negative pres-
sure on the syringe until the anterior 
bladder wall is penetrated and urine 
is noted in the syringe. (See Figure 
15.)

• Once the needle tip is clearly in 
the urinary bladder, attach a 20-60 
cc syringe to a 3-way stopcock and 
continue urine aspiration until the 
patient’s bladder is emptied.

• If the needle becomes clogged 
during the aspiration attempt, inject 
1-2 mL of normal saline as needed 
to flush the needle and confirm the 
needle tip location under direct 
ultrasound visualization.

• If a cystostomy tube is to be 
placed, it can be fed into the bladder 
through the spinal needle using the 
Seldinger technique.

• Remove the syringe from the 

spinal needle and pass the guide-wire 
through the spinal needle into the 
bladder. Ultrasound can be utilized 
to visualize the guide-wire in the uri-
nary bladder.

• Remove the needle over the 
guide-wire, leaving the guide-wire in 
place.

• Make a small stab incision 
adjacent to the guide-wire with an 
11-blade scalpel.

• Advance the dilator and intro-
ducer sheath into the bladder over 
the guide-wire.

• Remove the dilator and guide-
wire, and secure the sheath.

• Advance the cystostomy catheter 
through the sheath.

• Visualize the urinary catheter 
within the bladder on ultrasound.

• Inflate the balloon and attach 
the catheter to the collection 
reservoir.

• Remove the peel-away sheath 
and pull back on the catheter until 
resistance is met.

• Secure the catheter to the 
patient’s abdomen and/or leg.

Pearls and Pitfalls
• Avoid unsuccessful catheteriza-

tion attempts by determining if the 
bladder is full of urine before per-
forming the procedure.

• Always fan through the urinary 
bladder and obtain both longitudinal 
and transverse views. Note any blad-
der diverticula, clots, thickened walls, 
or masses that may interfere with the 
aspiration attempt.

• Aim the ultrasound beams 
so they bisect the needle tip as it 
punctures the skin and enters the 
subcutaneous tissue. Utilize tissue 
movement and artifacts, such as ring 
down, to help visualize the needle 

trajectory. You may need to fan or 
slide the probe away from the punc-
ture site to maintain visualization 
of the needle tip as you advance the 
needle deeper into the patient.

• In emergent situations, a central 
line kit can be used in lieu of find-
ing a suprapubic catheter kit. The 
triple or double-lumen central line 
can serve as a conduit for urinary 
drainage until a cystostomy tube can 
be secured. Note that patients with 
a large number of blood clots or 
large blood clots present should have 
large diameter catheters inserted, 
or have their smaller-diameter con-
duits changed out to larger-diameter 
drainage systems once they become 
available.

Ultrasound-guided 
Abscess Localization and 
Incision & Drainage

Indications. Diagnosing an 
abscess versus cellulitis can be dif-
ficult based on palpation alone. 
Ultrasound can be used at the 
bedside to determine if an abscess 
is present, to delineate if there are 
multiple fluid pockets present, to 
demonstrate the depth of the fluid 
collection, and to help direct incision 
and drainage attempts.25 In patients 
who are considered to have a high 
probability of an abscess, ultra-
sound can be used to ensure that 
all pockets are successfully drained. 
Ultrasound is most useful in patients 
who are low to moderate probability 
of having an underlying abscess. In 
these patients, ultrasound has been 
shown to detect subcutaneous fluid 

Figure 14: Ultrasound of a 
Normal Bladder

Figure 15: Ultrasound 
of Needle Tip Inside the 
Bladder for a Suprapubic 
Aspiration
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collections that may otherwise have 
been missed based on physical exam 
findings alone. Before performing an 
incision and drainage, use bedside 
ultrasound to augment the clinical 
exam findings and help localize the 
best site(s) for drainage.26 

Contraindications. There are no 
absolute contraindications to using 
ultrasound for the diagnosis and 
management of an abscess. Prior to 
performing an incision and drainage 
of an abscess, please note that some 
abscesses should be managed in the 
operating suite, such as perianal 
abscess with fistula in ano, an abscess 
in a location where drainage presents 
a major risk of damage to adjacent 
organs or vessels, deep abscesses 
that cannot be accessed easily in the 
emergency department, abscesses 
that may cause systemic bactere-
mia when incised, and abscesses in 
patients who have a coagulopathy.27 

Risks. There is very little risk to 
using ultrasound to find and drain an 
abscess. Note that the use of bedside 
ultrasound is operator dependent, so 
in rare cases, it can yield false-positive 
results.28 Cellulitic tissue can often 
be surrounded by a large amount of 
edema, which can be mistaken for 

an abscess pocket if not analyzed 
thoroughly. Also, blood vessels and 
pseudoaneurysms can appear very 
similar to abscess pockets on ultra-
sound evaluation. Before performing 
an abscess incision and drainage, 
note the risks of the procedure itself. 
These include damage to surround-
ing structures, systemic infection, 
pain, bleeding, hematoma formation, 
osteomyelitis, septic arthritis, painful 
neuroma, skin necrosis, and cosmetic 
flaws or deformities.29,30

Benefits. Ultrasound can be used 
to reliably identify the presence of a 
drainable fluid pocket and determine 
the exact location and depth of the 
abscess. The benefit of identify-
ing a fluid collection with bedside 
ultrasound outweighs the small risk 
of a false positive. The definitive 
management for soft-tissue abscesses 
requires incision and drainage of all 
fluid pockets. Bedside ultrasound can 
be used to identify multiple pockets 
and deeper fluid collections that may 
not be identifiable on physical exami-
nation alone.31 In addition, an ultra-
sound-guided incision and drainage 
minimizes the risk of accidental 
puncture to adjacent organs, nerves, 
vessels, or tendons. With the aid of 
color Doppler or spectral Doppler, 
ultrasound can be used to identify 
abscess mimics such as a pseudoa-
neurysm, enlarged lymph node, or 
large, tortuous vessels.

How to Perform the Procedure.
• Place the patient in a position of 

comfort.
• Prep and clean the patient and 

the ultrasound probe in a standard 
fashion.

• You will be using a high- 

frequency linear array trans-
ducer (13-5MHz). For superficial 
abscesses, an acoustic standoff pad 
can be used to enhance image resolu-
tion if a higher frequency transducer 
is not available. If commercial acous-
tic standoff pads are not available, 
use a large amount of ultrasound gel 
or scan through a water-filled glove 
sandwiched between two layers of 
gel.

• To minimize the risk of contami-
nation and further infection, try to 
use sterile ultrasound gel during the 
scan. Single-use Surgilube packets 
work well for this application.

• Start by scanning the normal 
tissue margins surrounding the 
area of interest. Note that normal 
subcutaneous tissue will have dark, 
hypoechoic regions of fat mixed in 
with brightly hyperechoic muscle, 
fascial, and tendon planes. (See 
Figure 16.)

• As you scan toward the area of 
interest, look for a spherical or ellip-
tical collection of hypoechoic mate-
rial indicating abscess formation. The 
hypoechoic or anechoic fluid col-
lection may have ring enhancement 
indicated by a rim of hyperechoic 
surrounding tissue.

• Abscesses may appear 
hypoechoic or anechoic during the 
initial stages of formation. As the 
inflammatory process progresses, the 
pus may begin to appear more het-
erogeneous with a mix of hypoechoic 
and hyperechoic material swirled 
together. (See Figure 17.)

• Differentiating between cellu-
litis and small abscess pockets may 
be difficult. Cellulitic soft tissue will 
have a “cobblestone appearance” on 
ultrasound. (See Figure 18.) Large 
collections of subcutaneous edema 
can appear similar to small abscess 
pockets. Apply a small amount of 
pressure over the area of interest. 
Fluid collections secondary to cel-
lulitis will redistribute with pressure. 
Abscess pockets will not diffuse 
under pressure.

• Always obtain images in mul-
tiple planes (longitudinal, transverse, 
oblique) to help define the borders 
of the abscess pocket(s).

• Identify surrounding nerves, 

Figure 16: Ultrasound of 
Normal Soft Tissue

Figure 17: Ultrasound of 
an Abscess Pocket

Figure 18: Ultrasound of 
Soft Tissue Cellulitis
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lymphatic channels, vessels, and 
organs to help prevent accidental 
puncture during the incision and 
drainage.

• The procedure can be performed 
in the static or dynamic fashion once 
the abscess pockets and surrounding 
structures have been identified.

Pearls and Pitfalls
• Minimize your chances of 

accidentally incising a large ves-
sel or pseudoaneurysm or necrotic 
lymph node by obtaining Doppler 
enhanced images of the target struc-
ture. Apply pulse wave Doppler or 
spectral Doppler over the anechoic 
area of interest. 

• Utilize contralateral limbs and 
adjacent areas of normal-appearing 
tissue for comparison.

• Use the depth markers on the 
side of the ultrasound screen to help 
you estimate the required depth of 
your incision for adequate dissection 
and drainage. 

• Scan through the entire area 
of interest to determine if there are 
satellite pockets of fluid or multiple 
loculated collections that also require 
drainage.

• Ultrasound can be used to deter-
mine if a foreign body is present 
within the abscess pocket before inci-
sion and drainage is attempted.

• Re-evaluate the abscess site with 
ultrasound after drainage to deter-
mine if an adequate amount of puru-
lent drainage was expressed during 
the procedure. Ensure that all locu-
lated collections were incised.

Ultrasound-guided 
Foreign Body 
Localization

Indications. It is often difficult to 
determine, by history and physical 
alone, whether a patient’s wound 
contains a foreign body (FB). Occult 
foreign bodies are common, and 
only radiopaque objects such as 
metal, leaded glass, and stone are 
discovered by conventional X-rays. 
Radiolucent objects (i.e., thorns, 
wood, plastic) are easily missed on 
standard plain films.32 Although 
CT and MRI have more sensitivity 
and specificity in detecting foreign 

bodies, their routine use for this 
purpose is not practical. With the 
portability and ease of using bedside 
ultrasound, many clinicians have 
turned to this modality when there 
is a question as to whether a foreign 
body may be present.33 Initial studies 
to determine efficacy of ultrasound 
in identifying radiolucent foreign 
bodies employed various tissue mod-
els. These studies yielded conflicting 
results and found that accuracy of 
ultrasound depends on the physical 
model used, operator experience, 
and size of foreign body.34-36 Clinical 
studies were more favorable, as the 
value of ultrasound to locate foreign 
bodies was repeatedly demonstrated 
in various clinical settings.37-39 In sit-
uations where a potential radiolucent 
foreign body is suspected, bedside 
ultrasound can be used to make the 
diagnosis and to guide attempts for 
foreign body removal.

Contraindications. There are no 
absolute contraindications to using 
bedside ultrasound to detect the 
presence of a foreign body or for 
its use to guide removal attempts. 
Before attempting a foreign body 
removal, note there are several 
relative contraindications to the 
procedure itself. These include 
coagulopathy or bleeding diathesis, 
chronic medical problems that delay 
healing (diabetes, uremia, immuno-
compromised state), involvement of 
the abdomen, pelvis, or thorax, prox-
imity to major vascular structures 
that are difficult to visualize, uncoop-
erative patients, failure to localize the 
foreign body, allergy to anesthetic, 
and joint involvement.40,41

Risks. The only risk of using ultra-
sound to detect a foreign body is 
the risk of obtaining a false-positive 
or false-negative result. This risk is 
reduced with practice. The decision 
to retrieve a foreign body does come 
with certain risks. The procedure 
can cause pain or aggravate local 
bleeding or injury, and even dam-
age neurovascular structures, if not 
performed carefully. Patients who 
undergo foreign body removal are 
also at risk for localized or systemic 
infection, cosmetic defects or flaws, 
and further wound contamination.  

Benefits. Ultrasound allows iden-
tification and removal of foreign 
bodies that are not visible on con-
ventional X-rays or visual inspection 
alone. Using bedside ultrasound for 
the evaluation of a suspected foreign 
body minimizes the risks associated 
with blind exploration attempts. 
Ultrasound can be used in real-
time to localize and guide retrieval 
attempts of foreign bodies under 
direct visualization.

How to Perform the Procedure.
• Place the patient in a position of 

comfort.
• Prep and clean the patient and 

the ultrasound probe in a standard 
fashion.

• For most superficial foreign bod-
ies, use a high-frequency linear array 
transducer (13-5MHz).  

• An acoustic standoff pad can be 
used to enhance image resolution 
of superficial wounds. If commercial 
acoustic standoff pads are not avail-
able, scan through a water-filled 
glove sandwiched between two layers 
of gel.

• To minimize the risk of contami-
nation and further infection, try to 
use sterile ultrasound gel during your 
scan. Single-use Surgilube packets 
work well for this application.

• Start by scanning the normal 
tissue margins surrounding the 
area of interest. Note that normal 
subcutaneous tissue will have dark, 
hypoechoic regions of fat mixed in 
with brightly hyperechoic muscle, 
fascial, and tendon planes. (See 
Figure 16.)

• In general, in the acute phase, 
foreign bodies will appear as bright 
white, hyperechoic structures on 
ultrasound. (See Figure 19.) Note the 
acoustic shadowing behind the for-
eign body.

Figure 19: Ultrasound of a 
Foreign Body in the Arm
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• Some foreign bodies will dem-
onstrate unique sonographic arti-
facts. Metal objects will demonstrate 
a comet-tail artifact secondary to 
sound wave reverberation. (See 
Figure 20.)

• Glass and plastic will dem-
onstrate a more diffuse, scattered 
acoustic shadow farfield, whereas 
sand, gravel, and wood will create a 
dark, dense acoustic shadow deep to 
the object. (See Figure 21.)

• With time, the sonographic 
appearance of foreign bodies can 
change. Plant substances and wood 
can absorb water and appear less 
echogenic with time. In the subacute 
or chronic phase, look for acoustic 
shadowing to help localize the for-
eign body.

• One the foreign body has been 
visualized, use the depth markers on 
the side of the ultrasound screen to 
determine the depth of exploration 
attempts.

• Foreign body retrieval can be 
performed in either the static or 
dynamic fashion.

• Under dynamic ultrasound 
guidance, metal finder needles and 
forceps can be seen and monitored 
during the procedure. Use ultra-
sound to guide the trajectory of your 
forceps or finder needle.

• Scan the area of interest after the 
procedure has been completed to 
determine if there are any retained 
pieces of the foreign body.

Pearls and Pitfalls
• Often times, the foreign body 

may not be able to be visualized 
directly on ultrasound. Look for 
acoustic artifacts such as shadowing 

or reverberation artifact to help 
localize the object.

• Some foreign bodies are sur-
rounded by layers of hypoechoic 
fluid due to inflammatory changes in 
the surrounding soft tissue. The fluid 
can help enhance visualization of the 
foreign body.  

• In contrast, if there is air sur-
rounding the foreign body, it will be 
more difficult to visualize on ultra-
sound. To circumvent the air inter-
face, gently compress the overlying 
tissue with the transducer to mini-
mize the air-tissue interface.

• Even under direct ultrasound 
guidance, note that it may be impos-
sible to detect and remove all foreign 
bodies. Inform and educate the 
patient about the risks and benefits 
of the procedure.

• Aim the ultrasound beams so 
they bisect the needle tip or forceps 
tips as they enter the wound above 
the foreign body. The best approach 
is to obtain a long-axis view of the 
needle and its trajectory toward the 
foreign body. Follow the needle 
in the long axis as you advance it 
deeper toward the target structure.  

Ultrasound-guided 
Arthrocentesis

Indications. An arthrocentesis is 
typically performed for diagnostic or 
therapeutic purposes. Traditionally, 
this is performed by palpating 
external anatomic landmarks and 
directing a needle into the joint 
space. Care must be taken to avoid 
accidental puncture of surround-
ing tendons, nerves, and vascular 
structures. When there is prominent 

overlying edema, subcutaneous fat, 
or scar tissue, identification of the 
external landmarks and the target 
joint space is often rather difficult. 
Bedside ultrasound can be utilized 
to map out the vital structures sur-
rounding the target joint space and 
used to guide needle trajectory dur-
ing the arthrocentesis.42 Although 
ultrasound can be used to guide an 
arthrocentesis of any joint, the most 
common joints evaluated include the 
shoulder, elbow, wrist, hand, hip, 
knee, ankle, and foot.43 

Contraindications. There are 
no absolute contraindications to 
performing an ultrasound-guided 
arthrocentesis. Bear in mind, the 
relative contraindications to perform-
ing a joint arthrocentesis include 
cellulitis or an abscess overlying the 
joint, skin lesions or dermatitis over-
lying the puncture site, bacteremia, 
adjacent osteomyelitis, uncontrolled 
coagulopathy, or presence of an arti-
ficial joint.  

Risks. The biggest risk of per-
forming a landmark-guided arthro-
centesis is the chance of lacerating 
adjacent nerves, vessels, cartilage, or 
tendons. Patients are also at risk of a 
dry tap, developing a hemarthrosis, 
and introduction of organisms into 
the joint with a subsequent joint 
infection.

Benefits. Ultrasound can be used 
at the bedside to clearly identify the 
bony structures surrounding the joint 
of interest. In patients where the 
landmark technique can be unreli-
able, ultrasound can not only define 
the joint space, but can also be used 
to determine if there is intra-articular 
fluid present.44,45 Using ultrasound 
guidance to evaluate the joint and to 
map out overlying structures can min-
imize the risk of a dry tap and prevent 
inadvertent injury to surrounding 
nerves, vessels, cartilage, and tendons. 

How to Perform the Procedure. 
• Place the patient in a position of 

comfort where the target joint is eas-
ily accessible.

• Slight flexion of the target joint 
will increase space at the entry site.

• Prep and drape the ultrasound 
transducer and the patient in a sterile 
fashion.

Figure 21: Ultrasound 
Image of a Rock with 
Dense Acoustic Shadowing 
Farfield

Figure 20: Ultrasound 
Image of a Metal Foreign 
Body and Reverberation 
Artifact
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• You will be using a high-fre-
quency, linear array transducer for 
most superficial joint aspirations (13-
5MHz). If you are accessing a deeper 
joint, or if there is an abundance of 
overlying edema or subcutaneous 
tissue, use the lower-frequency cur-
vilinear or phased array transducer 
(5-1MHz).

• If a commercially packaged 
arthrocentesis kit is unavailable, 
gather the following supplies:

– Sterile gloves and drapes
– Sterile ultrasound probe covers
– Sterile ultrasound gel
– Gauze pads (4x4 inch)
– Skin sterilization solution 

(Betadine or povidone-iodine)
– Lidocaine 1-2% with epinephrine
– 5 mL, 10 mL, and 20 mL 

syringe
– 18-gauge and 25-gauge standard 

needles (larger patients may require 
the use of a 20- to 22-gauge spinal 
needle)

– Hemostat
– Specimen tubes
– Occlusive dressing, bandage, or 

gauze and tape.
• In a sterile fashion, scan around 

the target joint to identify the bony 
structures that make up the joint.

• Bones will appear as bright 
white, hyperechoic structures on 
the ultrasound screen. Bones will 
typically cast dark acoustic shadows 
behind them farfield on the screen. 
The space in between them is the 
joint space. (See Figure 22.)

• Fluid in and around the joint 
will appear dark and hypoechoic. (See 
Figure 23.) If a purulent infection 
has formed or if the patient has a 
hemarthrosis, the fluid may be speck-
led with hyperechoic heterogeneous 
clot or pus.

• Align the joint space in the mid-
dle of the ultrasound screen.  

• Map out any overlying or adja-
cent nerves, tendons, cartilage, and 
vessels that must be avoided during 
the arthrocentesis.

• Inject local anesthetic to anes-
thetize the skin and subcutaneous 
tissue overlying the joint.

• Attach a 10 mL syringe to the 
back of the aspiration needle and 
insert the needle directly under the 

center of the ultrasound probe.  
• Using ultrasound guidance, 

insert the needle and aim toward the 
space between the two hyperechoic 
bones. Gently aspirate back on the 
syringe as you slowly advance the 
needle. Monitor the needle trajec-
tory as you aim toward the middle of 
the joint.

• Continue applying negative pres-
sure on the syringe until joint fluid is 
noted in the syringe.

• If fluid stops flowing into the 
syringe during the procedure, use 
ultrasound guidance to confirm nee-
dle tip placement first, then attempt 
to milk more fluid from the joint by 
squeezing the dependent fluid up 
toward the needle tip.

Pearls and Pitfalls
• Ultrasound is especially useful in 

identifying smaller joint spaces such 
as those in the hand, wrist, and foot.

• Flex and extend the joint under 
direct ultrasound visualization to 
determine the best position to maxi-
mize the amount of joint space avail-
able for aspiration.

• Under ultrasound guidance, you 
can determine if the fluid you are 
aspirating is actually from the target 
joint and not from fluid external to 
the bursa.

• If the needle is dislodged from 
the joint during the procedure, 
attempt to localize the tip via direct 
ultrasound visualization. If the tip is 
difficult to see, inject a small amount 
of normal saline and monitor where 
the saline bubbles originate on 
ultrasound.

• Aim the ultrasound beams so 
they bisect the needle tip as it enters 
the skin, subcutaneous tissue, and 

into the joint. Utilize tissue move-
ment and artifacts, such as ring 
down, to help you visualize the 
needle trajectory. You may need to 
fan or slide the probe away from the 
entry site to maintain visualization 
of the needle tip as you advance it 
slowly into the joint space. 

• An acoustic standoff pad can be 
used to help improve image resolu-
tion of superficial joints. If acoustic 
standoff pads are not readily avail-
able, use an abundance of gel or scan 
through a water-filled glove sand-
wiched between two layers of gel.

Conclusion
Bedside ultrasound provides a safe, 

inexpensive, and efficient way of ana-
lyzing patient anatomy and mapping 
out the best course to proceed with 
various procedures. In well-trained 
hands, ultrasound can be used to 
maximize the chances of success 
while minimizing the inherent risks 
involved with any procedure. Prior 
to performing any invasive proce-
dure, utilize bedside ultrasound to 
map out the target structure and all 
of the adjacent organs and vessels 
that should be avoided. With ultra-
sound guidance, you can improve 
patient satisfaction, decrease the 
time required to successfully per-
form a procedure, and minimize 
complications.  
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Physician CME Questions

41. Which of the following statements is true?
A. The external jugular vein is too super-

ficial to be visualized on bedside ultra-
sound.
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B. Ultrasound can be used to help guide 
cannulation attempts of almost all 
peripheral veins.

C. Ultrasound cannot distinguish 
between an artery and a vein.

D. On ultrasound, peripheral veins are 
thick-walled, non-compressible struc-
tures.

E. All of the above are true.

42. When cannulating the deep brachial vein 
under ultrasound guidance, which of the 
following is true?
A. It is helpful to use a short, 1-2” stan-

dard peripheral IV for cannulation of 
the deep brachial vein.

B. The deep brachial vein lies on the 
radial aspect of the arm, above the 
antecubital fossa.

C. Ultrasound cannot distinguish 
between the deep brachial vein and 
deep brachial artery.

D. Because it is a deeper peripheral vein, 
cannulation of the deep brachial vein 
often requires the clinician to use a 
longer catheter (>2 inches in length).

E. There are no nerves that course near 
the deep brachial vein.

43. Which of the following statements is 
true regarding ultrasound-guided central 
venous catheterization?
A. Ultrasound can be used to visualize 

the internal jugular vein.
B. Ultrasound can be used to visualize 

the subclavian vein.
C. Ultrasound can be used to visualize 

the femoral vein.
D. A compressibility test should be per-

formed on all veins to determine if an 
intraluminal clot is present before ves-
sel cannulation.

E. All of the above are true statements.

44. When performing ultrasound-guided 
vascular access, which of the following is 
true?
A. The subclavian vein can be seen 

coursing farfield to the subclavian 
artery.

B. The femoral vein typically runs medial 
to the femoral artery.

C. On ultrasound, adjacent arteries will 
demonstrate a low flow rumble of 
color when color-Doppler is applied.

D. The long-axis approach to vessel can-
nulation allows the operator to visual-
ize if the needle punctures through 
the posterior vessel wall.

E. The compressibility test should be 
performed on the vein in the long-
axis approach.

45. When performing an ultrasound-guided 
suprapubic aspiration, which of the fol-
lowing is true?
A. Ultrasound can be used to distinguish 

a full bladder from an empty bladder.
B. Ultrasound can be used to localize 

the bladder but it cannot visualize the 
needle entering the bladder due to 
obstructing bowel gas.

C. Ultrasound cannot be used during 
the suprapubic aspiration because the 

ultrasound gel may contaminate the 
aspiration site.

D. A low-frequency transducer should be 
used to image superficial structures.

E. None of the above are true.

46. When using bedside ultrasound to evalu-
ate for the presence of a subcutaneous 
abscess, which of the following is false?
A. Ultrasound can be used at the bedside 

to determine if an abscess is present.
B. Ultrasound can be used at the bedside 

to determine the depth of the abscess.
C. Ultrasound can be used at the bedside 

to determine if multiple pockets are 
present.

D. Ultrasound cannot determine the dif-
ference between a pseudoaneurysm 
and an abscess pocket.

E. Ultrasound cannot be used to deter-
mine the etiology of the patient’s 
abscess.

47. When using bedside ultrasound to guide 
an abscess incision and drainage, which of 
the following statements is true?
A. Ultrasound can be used to guide the 

scalpel during the incision and drain-
age.

B. Ultrasound visualization of the scalpel 
is difficult if the abscess is deeper than 
2 cm.

C. On ultrasound, abscesses will appear 
as bright white, hyperechoic pockets 
in the soft tissue.

D. High-frequency, linear array transduc-
ers should be used to optimally visual-
ize deep abscess pockets.

E. None of the above are true.

48. When using ultrasound to evaluate for the 
presence of a foreign body, which of the 
following statements is true?
A. Wood is not dense enough to be visu-

alized on bedside ultrasound.
B. Gravel and sand will demonstrate 

reverberation artifact on ultrasound.
C. Metal foreign bodies will demonstrate 

reverberation artifact on ultrasound.
D. Plastic and glass are better seen on 

X-ray than ultrasound.
E. All of the above are true.

49. When using ultrasound to guide foreign 
body removal, which of the following 
statements is true?

A. With ultrasound guidance, all foreign 
bodies can be successfully removed 
from all patients.

B. Ultrasound can localize foreign bodies 
less than 1 mm in length.

C. Ultrasound is better than X-ray at 
detecting metal foreign bodies.

D. Ultrasound gel is unsafe to use on 
open wounds and lacerations.

E. None of the above are true.

50. Ultrasound can be used to guide an 
arthrocentesis on which of the following 
joints?
A. ankle
B. wrist
C. knee
D. elbow
E. all of the above

CME Answer Key

41. B; 42. D; 43. E; 44. D; 45. A; 46. D; 47. A; 48. C; 
49. E; 50. E
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