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(Figure 1), assessing flow and disease dy-
namics, and finding veins that are not vis-
ible or palpable. US guidance should be 
used for peripheral vascular access, espe-
cially when by use of palpation or sight, 
an appropriate vessel for cannulation is 
unable to be found.2 For some access 
routes, such as upper arm veins and the 
popliteal artery, ultrasound-guided access 
is necessary. For other routes, such as the 
jugular vein, there is clear evidence that 
supports the use of US-guided vascular 
access. US guidance assists in jugular vein 
access because it allows the operator to 
avoid accessing the carotid artery and 
other structures in the neck.1,2 

Vascular access can be challenging 
when patients present with obesity, ede-
ma, poorly palpable pulses, known vascu-
lar disease, intravenous (IV) drug abuse, 
and limited access options.2 Ultrasound-
guided access is beneficial for venous ac-
cess, since many veins are not palpable 
and lie close to major arteries. In these 
cases, US can minimize the chances of 
puncturing the wrong vessel or other 
structures. When accessing non-palpable 
arteries such as the popliteal artery, US is 
essential to ensure access. The use of US-
guided access is becoming more widely 
used in practice and operators should be 
encouraged to be trained in US-guided 
vascular access techniques. Internationally, 
recommendations advocate for US guid-
ance for all venous-access sites for both 
pediatric and adult patients, particularly 
when difficulties are expected.3

 
Technique

Ultrasound can be used to take static 
or dynamic images of a target blood ves-
sel. However, dynamic ultrasound of-
fers the advantage of observing vascular 
access in real time.3,4 Most ultrasound 
machines allow for short axis and long 
axis views to actively visualize wire and 
needle insertion (Figure 2). Color-flow 
ultrasound can confirm arterial and ve-
nous flow, and verify the patency of a 
target vessel. Ultrasound can also dif-
ferentiate between arterial and venous 
structure by performing a compression 
test. In this test, the thinner-walled vein 
collapses when the probe applies pressure 
(Figure 3). Additionally, arterial pulsation 
may be visualized with US, which also 
helps distinguish between arterial and 

venous anatomy. For correct orientation 
of anatomy, the ultrasound probe indica-
tor should be placed to the operator’s left 
side (Figure 4). Basic procedural steps for 
vascular access are described in Table 2.

Radial Artery Access 
As radial artery access becomes more 

common in coronary angiography, US 
guidance has benefits that may result in 
higher cannulation success rates, fewer 
total attempts, and decreased procedural 
time. US guidance is an easily learned 
technique to isolate the artery and deter-
mine size and depth4, and may decrease 
the time that it takes for successful radial 
artery access. In addition, successful US-
guided insertion identifies vessel size to 
ensure that a 6 French sheath can be in-
serted (Figure 5). US guidance and first-
time successful punctures also reduce the 
likelihood of spasm and thrombosis, and 
increase patient comfort.5 Therefore, US 
guidance should be considered for rou-
tine as well as potentially challenging ra-
dial artery access.

Upper Arm Access 
The brachial artery, vein, and nerve 

all lie in close proximity to each other. 
Therefore, US offers the ability to visual-
ize and access the correct vessel during 
brachial access. Brachial artery access is 
associated with higher vascular complica-
tion rates than radial or femoral artery ac-
cess, and compressive complications and 
nerve impacts can occur because of bra-
chial artery or vein punctures.6 Brachial 
artery and vein access can be optimized 
by using micropuncture needles and US 
guidance; this technique allows the op-
erator to effectively visualize vessels, min-
imize access trauma, and avoid nearby 
nerves and vessels.6 Brachial artery access 
is not commonly performed in coronary 
angiography and is generally performed 
on people with advanced atherosclerotic 
disease. Therefore, US guidance provides 
the advantage of minimizing additional 
vascular issues associated with brachial 
artery access (Figure 6).

US insertion has been determined to be 
fast and reliable for use in upper arm ve-
nous access. It allows operators to isolate 
the cephalic, brachial and basilic veins. As 
radial artery access increases for coronary 
angiography, upper arm vein access is 
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Figure 1. Depth and centering markers for vascular access.

Table 1. Advantages of ultrasound-guided access:

• Non-invasive imaging technique to assess vessels.

• Identifies adjacent vessels and structure.

• Accurately determines vessel depth and diameter.

• Assists in accessing central lumen of vessel.

• Is able to observe dynamic vessel puncture. 

• Minimizes use of ionizing radiation.

Table 2. Procedural steps for ultrasound-guided vascular access:
• Use a sterile cover for the probe.

• Lubricate the head of the probe before placing it in the sterile bag to 
improve the ultrasound signal.

• Set the depth and gain for the anatomy being visualized.

• Use the compression test to distinguish between venous and arterial 
anatomy.

• Place probe indicator (horizontal line) to the operator’s left for proper 
orientation.

• Consider the use of color flow to determine flow.

• Consider the use of long- and short-axis views.

• Consider dynamic ultrasound-guided access over static.

• Perform a brief fluoroscopic view for femoral access to minimize the 
likelihood of high stick.

As radial artery access becomes more common 
in coronary angiography, US guidance has 
benefits that may result in higher cannulation 
success rates, fewer total attempts, and 
decreased procedural time.



19A C C E S SO C T O B E R  2 0 1 8

becoming more commonly used for right 
heart catheterization. Each of the three 
upper arm veins can be accessed, but 
they should be evaluated to determine 
size, location and course to choose the 
best access route. The cephalic vein may 
be small-caliber and tortuous, and the 
brachial vein is in close proximity to the 
brachial artery and nerve. In many cases, 
the basilic vein is large, has a straighter 
course to the heart, and avoids arterial 
and nervous system anatomy. Therefore, 
ultrasound not only isolates the veins, but 
also allows access into a vessel that is large 
enough to accommodate swan catheters, 
and more easily travel to the heart and 
pulmonary arteries. The antecubital fossa 
houses the deep brachial vein, which is 
often posterior to the median nerve or 
the brachial artery. The basilic vein is 
more isolated and is frequently the safest 
choice in ultrasound-guided peripheral 
venous access.7 

Jugular Vein Access
Evidence strongly supports US guid-

ance for accessing the internal jugular 
vein.8 Ultrasound is important for jugular 
access, because of the proximity of the ca-
rotid artery, anatomic variations, and oth-
er structures in the neck.1,8,9 Research has 
also concluded that US guidance reduced 
jugular access complication rates, suggest-
ing that US training can be used to curtail 
accidental internal carotid artery (ICA) 
puncture, local hematoma, and pneumo-
thorax rates.9 Both short- and long-axis 
real-time US guidance approaches for 
internal jugular vein cannulation have 
proven to perform better than the land-
mark insertion technique for central ve-
nous catheters.10 Preliminary ultrasound 
evaluation of the vein patency, size and 
location should also be analyzed when at-
tempting jugular vein access11 (Figure 7).

Lower Extremity Access
Femoral arterial and venous access is 

widely used for a wide variety of proce-
dures. For arterial access, US guidance, 
in conjunction with external rotation of 

Figure 4. Probe indicator orientation.

Figure 2. Short- and long-axis views: femoral vein.

Figure 3. Compression of vessels clarifies veins and arteries. Shown are neck vessels non-compressed and compressed.

When using large-caliber sheaths for 
procedures such as transcatheter aortic 
valve replacement (TAVR) and endovascular 
aneurysm repair, US guidance of the vessel 
ensures placement of the sheath into the center 
of a large, disease-free vessel segment. This 
may help minimize procedural complications, 
improve the technical success of the procedure, 
and optimize hemostasis. 
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the leg and fluoroscopic marking of the 
femoral head, can decrease the number of 
attempts for successful common femoral 
artery cannulation. It reduces the time to 
obtain access, the risk of puncturing the 
wrong vessel or vessel segment, and sub-
sequent vascular complications (Figures 
8-9). US guidance helps avoid punctures 
into the superficial femoral artery or 
profunda, decreases inappropriate punc-
tures of the femoral vein, and it may pre-
vent sticks above the inguinal ligament. 
Increasing US experience was associated 
with a reduced time required for access 
with US guidance, and operators with 
greater than 10 procedures have reduced 
access time and demonstrate a trend to-
ward improved common femoral artery 
cannulation success.12-15 When using 
large-caliber sheaths for procedures such 
as transcatheter aortic valve replacement 
(TAVR) and endovascular aneurysm re-
pair, US guidance of the vessel ensures 
placement of the sheath into the center of 
a large, disease-free vessel segment. This 
may help minimize procedural complica-
tions, improve the technical success of the 
procedure, and optimize hemostasis. 

Fluoroscopic location of the femoral 
head is an important tool to isolate the 
femoral artery and vein. However, it is 
not an accurate landmark on its own, 
because fluoroscopic guidance does not 
reduce the number of puncture attempts 
required to achieve access, puncturing 
a deep artery at a level identified by a 
surface marker can be difficult without 
repeated fluoroscopy, and individual pa-
tient anatomy may vary17-19 (Figure 8). 
Due to these variables and the ability to 
puncture the target vessel in real time, 
ultrasound has a defined role for femoral 
vessel access. 

In the electrophysiology lab, US-
guided venous access is becoming in-
creasingly common. When placing mul-
tiple venous sheaths into a single femoral 
vein, US guidance allows the operator to 
minimize the risk of puncturing the ar-
tery and it determines the ability to de-
ploy a figure-of-eight suture technique 

Figure 5. Sizing of radial and brachial arteries. Shown are radial and brachial artery short axis.

Figure 6. A short-axis view with and without compression to distinguish between artery and vein.

Figure 7. A short-axis view of the jugular vein and internal carotid artery.

US-guided venous access is a valuable tool 
in the hands of an experienced operator. It is 
particularly useful when vascular access is 
difficult, or when the structure can only be 
accessed by ultrasound, as in the case of the 
popliteal artery. 
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for hemostasis. The US allows the op-
erator to deploy the suture without 
creating risk to the femoral artery, and 
ensure that the vessels are deep enough 
to deploy figure-of-eight sutures. When 
accessing the femoral artery and placing 
multiple venous sheaths in a single ves-
sel, US guidance is strongly encouraged 
to optimize vascular access. 

Antegrade femoral artery access is a 
challenge for operators, because it re-
quires a puncture that accesses the com-
mon femoral artery, and directs the wire 
and sheath into the superficial or deep 
femoral artery as needed. US guidance 
allows the operator to enter the common 
femoral artery and guide the sheath into 
the superficial femoral artery to perform 
peripheral interventions. In difficult pa-
tients, such those with significant periph-
eral vascular disease and obesity, US guid-
ance is a valuable tool to ensure successful 
vascular access.

In cases of severe lower extremity dis-
ease, the popliteal artery may be accessed 
using US guidance. Since the popliteal 
artery is not palpable, US guidance is es-
sential for proper sheath insertion. The 
use of the popliteal artery is beneficial 
for patients with severe superficial femo-
ral artery disease that cannot be accessed 
via the femoral, brachial, or tibial arter-
ies. It is an important access option for 
limb salvage and management of severe 
claudication, and US-guided access may 
help limit vascular complications from 
the popliteal approach. 

	
Conclusion

US-guided venous access is a valu-
able tool in the hands of an experienced 
operator. It is particularly useful when 

vascular access is difficult, or when the 
structure can only be accessed by ul-
trasound, as in the case of the popliteal 
artery. Ultrasound helps determine the 
depth and diameter of the vessel, iden-
tifies other important anatomical struc-
tures, and provides supplemental imaging 
to assess vascular disease at access sites. 
It also reduces fluoroscopic doses by us-
ing non-radiation imaging modalities. Its 
popularity is increasing and appropri-
ate training, preparation, technique, and 
equipment can facilitate a high-quality, 
safe, and effective cannulation. n
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Figure 8. Common femoral artery and vein with compression and without compression. 

Ultrasound helps determine the depth and 
diameter of the vessel, identifies other 
important anatomical structures, and provides 
supplemental imaging to assess vascular 
disease at access sites. It also reduces 
fluoroscopic doses by using non-radiation 
imaging modalities.


