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Abstract Purpose: To provide
clinicians with an evidence-based
overview of all topics related to
ultrasound vascular access.
Methods: An international evi-
dence-based consensus provided
definitions and recommendations.
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Medical literature on ultrasound vas-
cular access was reviewed from
January 1985 to October 2010. The
GRADE and the GRADE-RAND
methods were utilised to develop
recommendations. Results: The
recommendations following the con-
ference suggest the advantage of 2D
vascular screening prior to cannula-

but also in peripheral and arterial
cannulation. Ultrasound can be used
in order to check for immediate and
life-threatening complications as well
as the catheter’s tip position. Educa-
tional courses and training are
required to achieve competence and
minimal skills when cannulation is
performed with ultrasound guidance.

recommendations based on a critical
evidence review and expert consensus
are proposed to assist clinicians in
ultrasound-guided vascular access
and as a reference for future clinical
research.

Keywords Central venous access -
Ultrasound guidance - Arterial

tion and that real-time ultrasound
needle guidance with an in-plane/
long-axis technique optimises the
probability of needle placement.
Ultrasound guidance can be used not

only for central venous cannulation  sions:

A recommendation to create an
ultrasound curriculum on vascular
access is proposed. This technique
allows the reduction of infectious and
mechanical complications. Conclu-
These definitions and

cannulation - Vascular access -
Critical care ultrasound - RAND -
GRADE - Guideline -
Evidence-based medicine

Introduction

Vascular cannulation is a fundamental clinical skill.
Common vascular access procedures in adults and chil-
dren include peripheral venous, central venous and
arterial cannulation. Although these procedures can have
major and minor complications, their success significantly
depends on patient anatomy, comorbid conditions and
operator skill [1, 2].

Ultrasound guidance for vascular access has been in
clinical practice for more than 30 years and has been
increasingly utilised for target vessel visualisation to
minimise complications and increase success rates
during vascular cannulation. Multiple studies have
demonstrated significantly increased safety, effective-
ness and efficiency of ultrasound-guided vascular
access, as compared to cannulation by anatomical
landmarks and/or acoustic Doppler [3-5]. However,
the successful and safe integration of this tool into
clinical practice requires additional training and
experience.

Multiple published guidelines support the clinical
utility of ultrasound guidance, but together they only
partially address the best practice of ultrasound-guided
vascular access [6—16]. Recommendations from our
consensus vary significantly in their quality, methodol-
ogy, clinical scope and targeted audience. A new
systematic approach has been proposed to address
ultrasound-guided practice [17, 18]. These ultrasound-
guided vascular guidelines were structured systemati-
cally and were developed with sound and validated
scientific methodology in an international multidisci-
plinary fashion in order to impact clinical practice
decisively [19].

This paper is a condensed version of the formal rec-
ommendations on ultrasound guidance during vascular
access. A detailed version is accessible online as sup-
plemental material.

Methods

Experts in ultrasound-guided cannulation were identified
on the basis of their previous peer-reviewed articles
related to this topic during the past 10 years.

The literature search was performed in two ways. The
first method entailed a systematic search by multiple panel
experts checked by a professional librarian. The medical
subject headings included ‘ultrasound’, ‘central venous
access’, ‘arterial cannulation’, ‘vascular access’, peripher-
ally inserted central catheter (PICC)’, ‘complications’ and
‘training’. The second method entailed a systematic search
of English-language articles from 1985 to 2010 by an
epidemiologist assisted by the librarian. The two bibliog-
raphies were then compared for thoroughness and
consistency. The GRADE method was the utilised to score
the literature and transform it into level of evidence. This
grading scheme classifies recommendations as either strong
recommendations or weak suggestions. The quality of
evidence was further classified as high (grade A), moderate
(grade B), or low (grade C) according the study design,
consistency of results and directness of the evidence.

The expert panel met in Amsterdam (World Confer-
ence on Vascular Access, June 15, 2010) and Rome
(WINFOCUS World Conference-GAVeCeLT Meeting,
October 8, 2010). The experts formulated draft recom-
mendations before each conference to serve as a
foundation for subsequent discussion and evaluation. The
voting process required expert judgment utilising
GRADE factors. This process provided a structured and
validated method for expert panel activities.

Results

A total of 229 articles were collated into a single bibli-
ography. All of these articles were individually appraised
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on the basis of methodological criteria to determine the
initial quality level. The final judgment about the evi-
dence quality was completed after the articles had been
assigned to their relevant recommendations.

General results

The panel of experts reviewed 9 proposed definitions and
50 recommendations. Of the 59 original proposals, only
47 achieved approval as final recommendations. These

finalised statements each have an assigned evidence level
and recommendation grade.

Recommendations
Consensus definitions (Table 1)
The panel of experts developed consensus definitions on

ultrasound cannulation, ultrasound imaging and ultra-
sound needle visualization (Table 1).

Table 1 Recommended definitions

Domain code

Suggested definition

D1.S1. Ultrasound-
guided
cannulation

D1.S2. Ultrasound-
assisted
cannulation

D1.S3. Ultrasound
verification of
intravascular
placement

D1.S4. Ultrasound-
guided central
venous
cannulation

D1.S5. Ultrasound-
guided arterial
access

D1.Se.
Complications of
vascular access

D3.S1. Ultrasound
vascular imaging

D3.S2. Needle
orientation

D3.S4. Ultrasound
assessment of
vessels

This term is defined as ultrasound scanning being performed to
verify the presence and position of a suitable target vessel
before skin puncture followed by real-time ultrasound imaging
to guide the needle tip throughout the vessel puncture process

This term is defined as ultrasound scanning to verify the presence
and position of a suitable target vessel before needle insertion
without real-time ultrasound needle guidance

This is defined as the use of ultrasound imaging to confirm the
correct local placement of guidewires and catheters in the target
vessel. It follows from this definition that ultrasound imaging
may detect guidewire and/or catheter malposition

Central venous cannulation is achieved when the tip of the
catheter is located either in the lower part of the superior vena
cava or cavo-atrial junction. No recommendation can be made
regarding the preferred site for ultrasound-guided central
venous cannulation in a particular patient. The veins that are
commonly cannulated include the internal jugular, axillary,
brachiocephalic, subclavian and femoral veins. Peripheral upper
extremity vessels such as the basilic, cephalic and brachial veins
can also be utilised

Ultrasound facilitates detection of arteries due to their pulsation
and reduced compressibility. Ultrasound-guided arterial
cannulation is defined as real-time needle guidance for puncture
and cannulation. Ultrasound-assisted arterial cannulation is
defined as arterial imaging to confirm location and patency
followed by cannulation without real-time needle guidance

Major complications of vascular cannulation include inadvertent
arterial or venous puncture, bleeding, pneumothorax, airway
compromise and nerve injury. These complications may be
significantly reduced with ultrasound guidance during vascular
cannulation

Transverse vascular imaging is defined as ultrasound scanning of a
blood vessel in its short axis. Longitudinal vascular imaging is
defined as ultrasound scanning of a blood vessel in its long axis

The orientation of the cannulation needle is defined as in plane
when the trajectory of the needle is fully included in the plane
of the ultrasound beam. Needle orientation is defined as out of
plane when the needle is only partially visualised during
ultrasound imaging

Target vessel assessment by ultrasound is defined as ultrasound
scanning of all clinically relevant cannulation sites to determine
the optimal site prior to cannulation. This clinical approach to
the target vessel can also assess vessel size, depth, patency,
respiratory collapse and proximity to vital structures

Level of  Degree of  Strength of
evidence  consensus recommendation
NA Very good  Strong

NA Very good  Strong

NA Very good  Strong

NA Very good  Strong

B Very good  Strong

A Very good  Strong

NA Very good  Strong

NA Very good  Strong

B Strong

NA not applicable
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It is clinically advantageous that ultrasound vascular
imaging allows the demonstration of a patent and healthy
vessel prior to cannulation [20, 21]. Real-time ultrasound
needle guidance optimises the probability of needle
placement in the vessel upon first pass while minimising
the risk of complications [22, 23]. Although this approach
reflects optimal practice, in true clinical practice it is not
always possible to achieve this ideal.

The evidence suggests that novel ultrasound technol-
ogies, techniques and needles can improve the beneficial
effects of ultrasound-guided vascular cannulation [24-
27]. Furthermore, ultrasound imaging can confirm correct
central venous catheter tip position [28, 29]. Although the
majority of studies have focused on cannulation of the
internal jugular vein [5, 8-12, 30-36], more recent studies
have demonstrated the safety and efficacy of ultrasound-
guided during femoral and subclavian cannulation [18,
37]. Multiple studies have consistently confirmed that the
utilisation of ultrasound guidance during vascular guid-
ance significantly reduces major complications [1-3, 6—
14, 38, 39].

It is important to remember that transverse and lon-
gitudinal vessel imaging are defined according to the
spatial relationship between the ultrasound probe and the
vessel. In contrast, needle imaging by ultrasound is
defined as in plane or out of plane on the basis of the
positional relationship between the axis of the needle and
the plane of the ultrasound beam. According to these
definitions, an ultrasound-guided vascular approach has
the following options: vessel cannulation in plane with the
vessel imaged transversely or longitudinally; and, vessel
cannulation out of plane with the vessel imaged trans-
versely or longitudinally.

From a practical point of view, when the vessel is
visualised in the transverse axis, the puncture is usually
performed out of plane. Similarly, vessel puncture in
plane is typically performed visualising the vessel in the
long axis. Experienced operators may utilise a combina-
tion of these techniques by imaging the vessel obliquely
with the cannulation needle remaining in plane to facili-
tate an optimal trajectory in especially challenging
situations.

Although some operators have associated transverse
imaging with an out-of-plane approach [40], this may not
always be accurate because the internal jugular vein can
be punctured in plane while being visualised in the
transverse axis.

Ultrasound remains an important tool for choosing the
optimal target vessel for optimal clinical outcome. A pre-
cannulation ultrasound examination of the vessels in the
area of interest will detect those whose puncture may be
difficult or impossible. This may be due to variations in
size, position and patency.

In the pre-ultrasound era, vessel cannulation choices
were limited by landmark techniques. Ultrasound imaging
offers cannulation opportunities that may not always be

possible with anatomical landmarks alone. Clinical
examples include the internal jugular vein (Fig. 1), the
external jugular vein, the innominate vein [40], the sub-
clavian vein [18, 41], the axillary/subclavian veins
(Fig. 2) and the cephalic vein. Ultrasound imaging can
also be used to optimise the choice of an upper extremity
vein for positioning a peripherally inserted central venous
catheter (PICC) (Fig. 3).

Available technology and technique for ultrasound
vascular access (Table 2)

The expert consensus process has defined the preferred
probes for ultrasound-guided cannulation and the pre-
ferred settings for challenging patients.

Higher probe frequencies are most suitable for
superficial vessels because higher image resolution
enables the visualisation of adjacent nerves and smaller
arterial branches. Furthermore, these kinds of probes are
ideal for guiding central venous cannulation in neonates
and small children. Lower probe frequencies are required
for imaging target vessels at a greater depth including
obese patients [42].

Although there is clinical interest in three-dimensional
(3D) ultrasound for vascular access, two-dimensional
(2D) imaging is the current clinical standard [20, 43].

Fig. 1 Cross-sectional image through vessels as the base of the
right neck as viewed from above the patient’s head. The carotid
artery (C) and large right internal jugular (R1J) vein lie side by side.
High-resolution ultrasound and accurate needle visualisation allow
such collateral structures to be identified and avoided. The artery
behind the vein vertebral artery (VA) is the thyro cervical trunk (a
major branch of the subclavian artery), which is clearly vulnerable
if the vein is transfixed out of plane by a needle in this area
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Fig. 2 Cross-sectional image of the infraclavicular axillary vessels
as viewed from the right side of the patient. The depth of field is
4.0 cm. The axillary vein (AV) lies close to the axillary artery (AA)
with the chest wall and pleura (PL) below. A significant branch of
the axillary artery the thoraco-acromial trunk (TAT) is shown,
which branches out with tortuous anterior branches crossing over
the vein. The brachial plexus (BP) is typically in close proximity to
the artery. High-resolution ultrasound and accurate needle visual-
isation allow such collateral structures to be identified and avoided

A

Humerus

Fig. 3 Cross-sectional image of medial aspect of right upper arm,
approximately midway between elbow flexure and axilla as viewed
from the patient’s feet. The depth of field is 2.7 cm. The brachial
artery (BA) is accompanied by two partially compressed basilic
veins (BV) (venae comitantes small arrow) and a nerve plexus
(large arrow). The basilic vein is usually closely accompanied by
the medial cutaneous nerves of the forearm (medium arrow). High-
resolution ultrasound and accurate needle visualisation allow such
collateral structures to be identified and avoided

Doppler imaging is regarded as an advanced ultrasound
skill [42] without improving success [44].

Echogenic needles have been designed to provide
better ultrasound visibility in the section proximal to the

bevel. There is little evidence for their superiority over
standard cannulation needles [20, 22-24].

Image saving is not a clinical standard in point-of-care
ultrasound imaging such as during vascular cannulation.
Nevertheless, images are often saved informally if they
are of particular interest. This current practice may impact
subsequent clinical management and information
governance.

Continuous visualisation of the needle during its tra-
jectory (in-plane technique) is particularly relevant when
the major cannulation risk is to penetrate the posterior
wall of the vein. In contrast, a transverse view of the vein
associated with an out-of-plane puncture may be prefer-
able in the setting of small target vessels or when vital
structures are in close proximity to the target vessel. The
in-plane puncture technique may require more training,
because it implies having the skills to direct the needle
exactly within the plane of the probe. Although the evi-
dence base is not yet strong in this regard [20, 45-47], this
expert panel believes that adequate training for ultra-
sound-guided central venous access should include
knowledge and practice of both techniques.

Integration in clinical practice

Ultrasound vascular access in neonates and children
(Table 3)

Clinical experience with ultrasound-guided vascular
access in paediatrics started later than in adults [5, 31, 32,
46, 47]. Ultrasound-guided venous access results in a
lower technical failure rate (overall and on first attempt),
faster access and a reduction in mechanical complications
[32, 48, 49]. However ultrasound visualisation, puncture
and cannulation of central veins in neonates and children
require more training and it has a longer learning curve
than in adults.

Puncture of the internal jugular vein in neonates is still
challenging and to date there are no large studies dem-
onstrating the advantage of ultrasound guidance. For this
reason, no evidenced-based recommendation can be
made, but this panel of experts believes it is helpful to use
ultrasound for routine puncture in both routine and diffi-
cult cases. By recommending “at least” ultrasound skin
marking, we still recommend the ultrasound guidance as
it improves the success rate, allowing pre-location of
vessels; ultrasound guidance should be used as soon as
minimal experience with ultrasound is achieved by the
operator [49].

Ultrasound visualisation of the subclavian vein from
the clavicle to the brachiocephalic vein is possible in
many cases. A longitudinal view of these veins allows an
in-plane needle approach where the needle tip and shaft
are clearly seen [50]. Two different approaches have been
described. The infra-clavicular approach [51] offers a
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Table 2 Recommendations on available technology and ultrasound cannulation technique

Available technology and technique for ultrasound vascular access

Domain
code

Suggested definition

Level of
evidence

Degree of
consensus

Strength of
recommendation

D2.S1

D2.S2

D2.S3
D2.54
D2.S5
D2.S6
D2.S7

D3.53

The frequencies of ultrasound transducers for vascular access range from
5 to 15 MHz. This broad range of frequencies may be incorporated
into a single broad frequency probe

Probes may have a linear or curvilinear scanning surface (footprint).
Small curvilinear probes may fit well within anatomically confined
areas in children or adjacent to the clavicle. The footprint of the probe
is important and typically ranges from 20 to 50 mm in length. Smaller
footprint probes may be preferable for a paediatric patient

2D imaging is currently the standard technology for ultrasound-guided
vascular access

Doppler functions during ultrasound vascular imaging require advanced
competence from the operator

Needle guides can be used to improve the cannulation success for novice
ultrasound users

The screen of the US machines should be placed in the line of sight of
the needle insertion

US devices should have the ability to record and save images/loops for
documentation and teaching. Ideally these should be stored on the
hospital picture archiving and communication system (PACS) or
similar along with other imaging. This is particularly important if
abnormal pathology is seen, e.g. thrombus, or if complications
have occurred

The utilisation of the in-plane technique, usually associated with a long-
axis visualisation of the vessel, leads to higher precision and fewer
complications. It should be used when possible, although it is more
challenging

B

C

o W W W ®W

Very good

Very good

Very good
Very good
Very good
Very good

Very good

Very good

Strong

Strong

Strong
Strong
Strong
Strong

Strong

Strong

Table 3 Recommendations on ultrasound vascular access in neonates and children

Ultrasound vascular access in neonates and children

Domain code  Suggested definition

Level of
evidence

Degree of
consensus

Strength of
recommendation

D4.SD1.S1-2

D4.SD1.S3

D4.SD1.S4

D4.SD1.S5

D4.SD1.S6

D4.SD1.S7
D4.SD1.S8

central venous access in children and neonates

Ultrasound vessel imaging with ultrasound assistance as “a minimum”
should be routinely performed before internal jugular vein puncture in

neonates

In neonates, ultrasound screening should be used before subclavian vein

puncture. Ultrasound-guided puncture should be considered for
catheterization using the supra-clavicular route, but this technique
requires experienced operators

Ultrasound vessel screening should be routinely used before femoral vein

puncture. Ultrasound-guided femoral puncture is recommended to
decrease inadvertent arterial puncture

Ultrasound guidance can be considered when difficult peripheral venous

access is required in areas such as the antecubital fossa and ankle.
Blind deep antecubital fossa puncture should disappear

Ultrasound-guided arterial catheterization improves first-pass success

and should be used routinely in children and neonates

Ultrasound guidance should be routinely used for short- and long-term

D4.SD1.S9

After central venous catheter placement in paediatric patients including
neonates, the ultrasound equipment should remain easily accessible at
the patient’s bedside to detect early life-threatening catheter-related
complications such as pneumothorax, cardiac tamponade and
hemothorax

There is no ideal site for cannulation in children; the best site should be
determined after ultrasound examination

A

A

Very good

Very good

Some

Very good

Very good

Very good

Very good

Very good

Strong

Strong

Weak

Strong

Strong

Strong

Strong

Strong
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longer view of the vein and infra-clavicular exit site. With
this approach, the operator has to deal with the acoustic
shadowing from the clavicle. Strict alignment of the
needle and probe is mandatory during the short distance
of blind progression. The supra-clavicular approach [52],
i.e. passing above the clavicle, offers perfect in-plane
needle visualisation that is not interrupted by a bony
structure. Owing to the probe orientation in the supra-
clavicular fossa, only the distal end of the subclavian and
the brachiocephalic veins is visualised. In small children
and neonates, special care should be given to the brachial
plexus by visualising it and avoiding a too lateral
approach. This approach needs to balance issues of
comfort and infection [53].

Ultrasound visualisation of femoral veins has been
shown to be difficult in infants [54, 55]. Structures in the
inguinal region are far less echogenic than in the neck
region. The puncture of the femoral vein should be per-
formed close to the inguinal ligament at the level of the
common femoral artery. Low abdominal compression can
be used to facilitate vein puncture. If no increase in diam-
eter occurs, iliac vein thrombosis should be suspected [54].

In neonates and children, peripheral venous cannulae
are usually inserted [49]. When superficial veins are not
available and a difficult peripheral access occurs or is
anticipated, ultrasound guidance should be considered for
cannulation of deeper non-externally visible veins.

Ultrasound visualisation of superficial veins may be
difficult because the probe may compress the veins. The
use of a gel “stand off device” may be helpful in such
situations. Deep veins can be effectively visualised and
cannulated with ultrasound guidance [56].

Peripherally inserted central catheters should also be
positioned with ultrasound guidance providing the arm
veins are of appropriate size (at least 3 mm diameter).

Peripheral arteries in neonates and children are smaller
and more difficult to detect than in adults. Therefore, it is
recommended to use ultrasound-guided arterial catheter-
ization routinely in these patients. The experience gained
by using ultrasound routinely will be very beneficial in
difficult or extreme cases [57].

Paediatric central venous cannulation is a delicate and
potentially dangerous procedure, even if performed by
ultrasound guidance. Therefore, it is strongly recom-
mended to have the ultrasound equipment available soon
after the procedure for early ultrasound detection of life-
threatening complications [49].

Most of the benefit of ultrasound during central venous
cannulation comes out not only from the act of ultra-
sound-guided puncture, but particularly from the pre-
procedural ultrasound evaluation of all the possible
venous options. This evaluation may allow a rationale
choice of the most appropriate patent vessels to cannulate.
In order to avoid the risk of venous thrombosis, this panel
suggests that the external diameter of the catheter should
not exceed 1/3 of the internal diameter of the vein.

Similar measurements can avoid the insertion of a J-wire
guide that is larger than the vessel [58]. Further research
is required to compare both the mechanical and infectious
complications for different access sites in neonates and
children.

Ultrasound vascular access in adults (Table 4)

There is a broad consensus and an extensive body of
evidence-based literature demonstrating that real-time
ultrasound-guided venipuncture is associated with fewer
immediate complications, faster access and reduced costs
[3, 6-15, 20, 22, 24, 38, 59].

Although some investigators have suggested the use of
ultrasound for assistance of vascular access [60], it is now
evident that the full benefits of ultrasound are obtained only
when coupling the pre-procedural ultrasound assessment
with a real-time ultrasound-guided venipuncture.

Although most of the randomised clinical trials carried
out in this area have focused on the internal jugular vein
[9-12, 34, 36, 59, 60] and—to a lesser extent—on the
subclavian vein [9, 41] and the femoral vein [6], it is
likely that with growing clinical experience the benefits of
ultrasound-guided venipuncture can be extended to all
venous access sites.

The advantages of ultrasound guidance are evident for
both short-term (non-tunnelled) and long-term (tunnelled,
or totally implanted) central venous access [61], because
in all cases the visualisation and puncture of a central vein
are the main step of the manoeuvre.

Surgical cut-down and direct cannulation of a super-
ficial vein for long-term access in adult patients should be
discouraged, as studies have shown that it appears to be
less efficient and clearly associated with an increased risk
of infection [14, 15, 59]. Patients undergoing repeated
long-term venous access procedures have a much higher
frequency of thrombosed veins at the puncture site. Non-
compressible veins, the presence of engorged collaterals
or reverse venous flow on Doppler all suggest more
central great vein blockage, which predictably leads to a
failure to secure guidewire/catheter tip placement in the
superior cava vein or right atrium. In short-term central
venous catheters, ultrasound guidance allows the operator
to obtain an insertion site in a satisfactory location for
proper securement, adequate room for dressing and taking
into account the patient’s comfort. Thus, adoption of
ultrasound guidance may have a significant favourable
impact on the risk of catheter contamination and catheter-
related infection [9, 15, 53] and on the risk of catheter-
related venous thrombosis [62].

Although the evidence is less compelling when com-
pared to direct central venous access, in the last decade
there has been a growing clinical experience showing that
ultrasound guidance is of importance when positioning
PICCs.
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Table 4 Recommendations on ultrasound vascular access in adults and cost-effectiveness

Ultrasound vascular access in adults

Domain Suggested definition Level of Degree of Strength of

code evidence consensus recommendation

D4.SD2.S1 Ultrasound guidance should be routinely used for short-term A Very good Strong
central venous access in adults

D4.SD2.S2 Ultrasound guidance should be routinely used for long-term A Very good Strong
central venous access in adults

D4.SD2.S3 PICCs should be routinely inserted at mid arm level by ultrasound A Very good Strong
guidance using micro introducer technique

D4.SD2.S4 Use of ultrasound guidance should be taken into consideration for B Very good Strong
any kind of peripheral intravenous line when difficult access is
anticipated

D4.SD2.S5 Ultrasound-guided arterial catheterization improves first-pass A Very good Strong
success and should be used routinely in adults

D4.SD2.S6 Ultrasound can accurately detect pneumothorax and should be Very good Strong
routinely performed after central venous catheter cannulation
when the pleura could have been damaged

D4.SD2.S7 CEUS (contrast-enhanced ultrasound) is a valid method for B Very good Strong
detecting a central venous catheter tip in the right atrium

Cost-effectiveness of the use of ultrasound for vascular cannulation

D5.S1-3 Ultrasound-guided vascular access has to be used because it A Very good Strong

results in clinical benefits and reduced overall costs of care

makes it cost-effective

PICCs were considered a venous access device with
limited indications, high risk of failure during positioning,
low comfort for the patient and high risk of late compli-
cations. Most of these problems were related to the
limited availability of superficial veins of the arm, to the
unpredictable size and direction of arm veins, as well as
the exit site in the antecubital area, which was associated
with poor comfort and difficulty of securement and
dressing.

With the introduction of ultrasound guidance and the
modified Seldinger technique, it became rapidly evident
that ultrasound-guided PICCs were very different from
traditional PICCs [63]. Ultrasound guidance allowed
PICC placement in the majority of patients, even when
there were no obvious superficial veins in the antecubital
area. Insertion in this area allows ease of securement and
dressing, patient comfort, low mobility and low risk of
contamination. Many studies suggest that ultrasound-
guided PICCs are associated with an average risk of
infection significantly lower than standard central venous
catheters [63]. Most of this effect seems to be related to
the location of the exit site at mid-arm, which is far from
airway secretions. It may also be related to case selection
where PICCs are chosen for less intensive treatment
regimens.

Ultrasound-guided arterial puncture is less well doc-
umented in the literature, when compared to venous
cannulation [64]. Nonetheless, meta-analysis [64] and
expert consensus suggest that ultrasound cannulation of
the radial, ulnar, brachial and femoral arteries can be
achieved more easily and rapidly than standard landmark-
based cannulation. This is particularly true when the

pulsation of the artery is not evident, or when the artery is
small. It is recommended that ultrasound should be used
routinely in adults when trained operators are available.

If ultrasound guidance is not used routinely, then we
suggest that repeated landmark-based attempts at multiple
sites should be discouraged because of a high failure rate
and risks to the patient. We suggest that operators stop
such attempts early and visualise vessels with ultrasound
to demonstrate a patent visible vessel, which can be
cannulated in a controlled successful sequence with
ultrasound guidance.

In order to check for immediate post-procedural lung
complications, an ultrasound examination of the pleura
has several advantages: it is bedside, easy to learn and it
can be performed using the same probe used for cannu-
lation [65].

Trans-thoracic echocardiography, particularly if car-
ried out with contrast enhancement [66], has proven to be
a valid method for the detection of the tip of the catheter
in the right atrium. Limits of this procedure include the
following: it cannot give precise information when the tip
is in the superior vena cava; it typically requires a probe
different from the probe used for ultrasound-guided can-
nulation; it requires specific training; it requires the
injection of echo-contrast medium.

Cost-effectiveness of the use of ultrasound
for vascular cannulation (Table 4)

Cost-effectiveness analysis techniques can be used when
comparing varying test modalities. For a strategy to be
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more cost-effective the costs of care need to be
decreased and/or the outcome improved. When both
cost and outcomes are improved, then the strategy of
choice is termed “dominant.” There is a growing body
of evidence that demonstrates the clinical and economic
value of ultrasound-assisted vascular access. In general,
an overall improvement in success rates, reduction in
the time taken for procedures and a reduction in
complications suggest better outcomes and lower costs.
The added value of ultrasound assistance might be
especially important for patients undergoing repeated
access procedures. Given these findings, expanding of
resources and application could provide significant cost
savings.

Decision and sensitivity analyses can be used to
quantitatively measure and report the magnitude of the
cost-effectiveness and potential cost savings [3, 6].
There is still debate on the cost-effectiveness of routine
use of ultrasound for vascular access [67]. Meta-analysis
[3, 6] and guidelines [14] demonstrated that the use of
ultrasound guidance is clearly cost-effective not only in
terms of the reduction of major complications but most
of all regarding the reduction in access time. This cost
was never considered in most economical evaluations
but it is important when an emergency central vascular
access is necessary or when the scheduled surgery is
delayed because of a failed or multiple attempts
procedure.

Education and training in ultrasound for vascular
access placement (Table 5)

Imaging of the target vein by ultrasound prior to cannu-
lation is clinically useful to confirm the presence of a
target vein of adequate size for cannulation. This cannot
be assumed because nearly 10 % of patients have
abnormal venous anatomy, including the absence of the
vein of interest [68]. Furthermore, it is advantageous to
confirm a reasonable target vessel (vein or artery) before
setting up the sterile field because this clinical approach
will facilitate optimal site selection and minimise delays.
This advantage is even more significant in the setting of
small vessels such as in paediatric care. Ultrasound-gui-
ded cannulation, more than ultrasound assistance, has
been demonstrated to be safer and more effective [69].
A major advantage of this method is that the learner
receives visual feedback during vascular cannulation. The
needle trajectory can be visualised and adjusted in real
time to ensure a direct approach to the vessel of interest
with no risk of puncture of nearby vital structures.

Accreditation of the ultrasound vascular access skills
(Table 5)

Ultrasound for vascular access has disseminated widely
throughout clinical practice, but not always with the

Table 5 Recommendations on education, training and accreditation in ultrasound vascular access

Education and training in ultrasound for vascular access placement

Domain code Suggested definition

Level of
evidence

Degree of
consensus

Strength of
recommendation

D6.S1A-S2A

Ultrasound-assistance should be included in the design and B

Weak Some

conduct of education and training for venous and arterial

cannulation
D6.S1B-S2B

Ultrasound guidance should be included in the design and conduct

A Perfect Strong

of education and training for venous and arterial cannulation

D6.S3

Clinical simulation techniques should be included in the design

Good Strong

and conduct of education and training for all forms of vascular

cannulation
D6.S3+4

Ultrasound guidance should be used for any vascular access B

Good Strong

procedure in adults as in children and neonates when the trainee

has obtained appropriate competence
Accreditation of the ultrasound vascular access skills
D7.S1

Accreditation, credentialing or documentation of proficiency of a

NA Good Strong

clinical learner in ultrasound vascular procedures should
include formal education and training (clinical simulation) in an

ultrasound-based curriculum
D7.S52-3

Accreditation, credentialing or documentation of proficiency of a

NA Good Strong

clinical learner in ultrasound vascular procedures should
include independent evaluation of these procedures performed

in real practice by the candidate
D7.54

There should be development of a consensus standard for the

NA Good Strong

accreditation of training and education programs in ultrasound-

guided cannulation

NA not applicable
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support of formal training [69]. Although there is a gen-
eral community consensus that formal education and
training is necessary, barriers to this goal are apparent
such as hardware deficiencies, insufficient instructor
availability and a perceived lack of time required to
achieve certified competency [70]. Formal education with
theoretical lessons on ultrasound physics, ultrasound
anatomy (knobology) and hands-on-training on inanimate
models could achieve standardisation across medical
centres [70].

Clinical simulation provides an optimal training
milieu for the teaching and practice of ultrasound
guidance by learners from multiple clinical environ-
ments. Simulation models can also provide essential
psychomotor feedback required for optimal learning of
ultrasound-guided cannulation [69]. Recent studies
demonstrate the importance of independent evaluation of
learner performance before and after the teaching
intervention [71] to allow objective confirmation of
whether the learner has mastered the content of the
clinical course. There is a lack of consensus and evi-
dence for standards of training and -certification in
ultrasound vascular cannulation. Recently, the WoCoVA
(World Conference on Vascular Access) Foundation
created a task force of experts to define evidence-based
minimal requirements for teaching ultrasound-guided
cannulation as well as the minimal skills required for
achieving competence.

Sterility during ultrasound vascular procedures
(Table 6)

Aseptic technique is a cornerstone in catheter-related
bloodstream infection (CRBSI) prevention. The adoption
of maximal barrier precautions during catheter insertion is
recommended by current Centers for Diseases Control
and Prevention (CDC) guidelines to ensure asepsis [53].
Maximal barrier precautions are very effective in signif-
icantly reducing the risk of CRBSI [72].

When a catheter insertion is performed with ultra-
sound guidance, maximal barrier precautions must
logically and necessarily include a sterile cover for the
probe and cable and the use of sterile gel.

The sterile cover for the probe and cable should enable
the operator to cover these tools without risk of contam-
ination and cover the whole of the cable. Sterile gel
should be used inside and outside the sleeve.

Prevention of infectious and mechanical complications
with ultrasound-guided cannulation (Table 6)

Ultrasound guidance, by reducing the number of required
needle passes through the skin and procedure times, is
likely to minimise bacterial contamination of the central
access insertion site. Furthermore, the risk of a haema-
toma and venous thrombosis is also reduced which is

Table 6 Recommendations regarding sterility using ultrasound guidance and prevention of infectious and mechanical complications

using ultrasound-guided cannulation

Sterility during ultrasound vascular procedures

Domain
code

Suggested definition

Level of
evidence

Degree of
consensus

Strength of
recommendation

D8.S1

Sterile techniques should always be used during the A

Very good Strong

placement of a vascular access device, including hand
washing; sterile full body drapes; wearing of sterile
gowns, gloves, caps and masks covering both the mouth
and nose. Probe and cable sterility have to be maintained
using sterile gel and appropriate probe and cable shields
Prevention of infectious and mechanical complications with ultrasound-guided cannulation

D8.S2
rate of CRBSI in adults and children
D8.S3—+4

Ultrasound guidance should be used in order to decrease the C

A multi-faceted strategy, including the use of ultrasound B

Very good Strong

Good Strong

guidance with specific preventive and educational
measures and the promotion of good practices applied by
both medical and nursing staff, is suggested in order to

reduce the incidence of CRBSI
D8.S5
thrombotic sites
D8.S6

Ultrasound guidance should be used to avoid cannulation of A

Ultrasound guidance, by reducing puncture attempts,

Very good Strong

Very good Strong

technical failure rates and mechanical complications, has
to be preferred because of a reduced incidence of

catheter-related thrombosis
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likely to further reduce the risk of access site infection. A
multi-faceted strategy has been demonstrated to reduce
the risk of CRBSI [53]. The use of ultrasound guidance
for catheter insertion should be included in such a multi-
faceted approach, with the specific goal of infection pre-
vention. Health-care personnel should be aware that the
use of ultrasound enhances the safety of the manoeuvre by
reducing the risk of infection, in addition to avoidance of
mechanical complications. The CDC guidelines recom-
mend that multi-faceted strategies are “bundled”. The
concept of “bundle” was introduced by the Institute for
Healthcare Improvement [73] and developed in large
studies [74].

The positive effect of ultrasound guidance on the risk
of infection was clearly shown in a randomised study
designed to evaluate whether ultrasound-guided cathe-
terization of the internal jugular vein was superior to the
standard landmark method [9].

The CDC guidelines for the prevention of intravas-
cular catheter-related infections recommend the use of
ultrasound guidance to place central venous catheters
[53].

Compression ultrasound allows the detection of
thrombosed veins and it is a very accurate and time-
sparing method to detect thrombosis, whether partial or
total [75]. The conventional risk factors for thrombosis
are summarised in the Virchow’s triad: vascular injury,
stasis and hypercoagulability. On this basis, factors
involved in the pathogenesis of catheter-related throm-
bosis include vessel wall injury as a result of the needle
insertion; venous stasis or occlusion as a result of the
catheter placement; the central position of the tip; the
material of the catheter; the nature of substances being
infused. The use of ultrasound guidance can reduce the

vessel wall injury and alter the choice of a vein to ensure
an appropriate size for cannulation [76].

Summary

Significant evidence has supported the use of ultrasound
guidance for central venous cannulation. This document
has several differences from previously published manu-
scripts regarding ultrasound guidance during vascular
access [14-16]. It addressed conflicting terminology of
ultrasound vascular access through a validated method-
ology for the consensus process. It is based upon an
evidence-based structured process in all recommendations
regarding clinical outcomes not only for central venous
cannulation but also for vascular access in neonates and
for arterial cannulation. It addressed important issues
regarding the optimal technique to use and how to apply it
in everyday practice in order to reduce and detect life-
threatening complications by using ultrasound. There are
some topics that still need to be defined such as education,
training and accreditation and further research is needed
to clarify the role of ultrasound in infectious risk reduc-
tion. In conclusion, given the evidence from literature and
based on voting results, ultrasound guidance has to be
suggested as the method of choice for any kind of vas-
cular cannulation given its higher safety and efficacy.

Acknowledgments Organisational sponsorship was obtained
through pooled funds from unconditional donations including
commercial and academic funding. There was no commercial or
industry input into the guidelines.

References

1. McGee DC, Gould MK (2003) 5.

Verghese S, McGill W, Patel R, Sell J,

9. Karakitsos D, Labropoulos N, De Groot

Preventing complications of central
venous catheterization. N Engl J Med
348:1123-1133

. Oliver W, Nuttall G, Beynen F (1997)
The incidence of artery puncture with
central venous cannulation using a
modified technique for detection and
prevention of arterial cannulation.
J Cardiothoac Vasc Anesth 11:851-855

. Randolph A, Cook D, Gonzales C,
Pribble C (1996) Ultrasound guidance
for placament of central venous
catheters: a meta-analysis of the
literature. Crit Care Med 24:2053-2058

. Schummer W, Schummer C, Tuppatsch
H, Fuchs J (2006) Ultrasound-guided
central venous cannulation: is there a
difference between Doppler and
B-mode ultrasound? J Clin Anesth
18:167-172

Midgley F, Ruttimann R (2000)
Comparison of three techniques for
internal jugular vein cannulation in
infants. Paed Anaesth 10:505-511

. Hind D, Calvert N, McWilliams R,

Davidson A, Paisley S, Beverley C,
Thomas S (2003) Ultrasonic locating
devices for central venous cannulation:
meta-analysis. BMJ 327:361

. Keenan SP (2002) Use of ultrasound to

place central lines. J Crit Care
17:126-137

. Leung J, Dufty M, Finckh A (2006)

Real-time ultrasonographically-guided
internal jugular vein catheterization in
the emergency department increases
success rates and reduces
complications: a randomized,
prospective study. AnnEmMed
48:540-547

10.

11.

E, Patrianakos AP, Kouraklis G,
Poularas J (2006) Real-time ultrasound-
guided catheterisation of the internal
jugular vein: a prospective comparison
with the landmark technique in critical
care patients. Crit Care 10:R162
Augoustides J, Horak J, Ochroch A
(2005) A randomized controller clinical
trial of real-time needle-guided
ultrasound for internal jugular venous
cannulation in a large university
anesthesia department. J Cardiothorac
Vasc Anesth 19:310-315

Troianos C, Jobes D, Ellison N (1991)
Ultrasound-guided cannulation of the
internal jugular vein. A prospective,
randomized study. Anesth Analg
72:823-826



1116

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

Mallory D, McGee W, Shawker T
(1990) Ultrasound guidance improves
the success rate of internal jugular vein
cannulation. A prospective, randomized
trial. Chest 98:157-160

Rothschild JM, The AHRQ Committee
(2001) Making health care safer a
critical analysis of patient safety
practices. Evidence report/technology
assessment: number 43 AHRQ.
www.ahrq.gov/clinic/ptsafety/
summary.htm. Accessed 15 Dec 2011
National Institute for Clinical
Excellence (2002) Guidance on the use
of ultrasound locating devices for
placing central venous catheters.
National Institute for Clinical
Excellence, London. www.nice.org.uk.
Accessed 15 Dec 2011

Pittiruti M, Hamilton H, Biffi R,
MacFie J, Pertkiewicz M (2009)
ESPEN guidelines on parenteral
nutrition: central venous catheters
(access, care, diagnosis and therapy of
complications). Clinical Nutrition
28:365-377

Troianos C, Hartman G, Glas K, Skubas
N, Eberhart R, Walker J, Reeves S
(2011) Guidelines for performing
ultrasound guided vascular cannulation:
recommendations of the American
Society of Echocardiography and the
Society of Cardiovascular
Anesthesiologists. J Am Soc
Echocardiogr 24:1291-1318

Guyatt M, Oxman AD, Shunemann HJ,
Tugwell P, Knotterus A (2011) GRADE
guidelines: a new series of articles in
the Journal of Clinical Epidemiology.
J Clin Epidemiol 64:380-382

Fitch K, Bernstein SJ, Aguilar MD,
Burnand B, LaCalle JR, Lazaro P, van
het Loo M, McDonnell J, Vader JP,
Kahan JP (2001) The RAND/UCLA
appropriateness method user’s manual.
RAND Corporation, Arlington

. Baumann MH, Strange C, Heffner JE,

Light R, Kirby TJ, Klein J, Luketich JD,
Panacek EA, Sahn SA (2001)
Management of spontaneous
pneumothorax: an American College of
Chest Physician Delphi consensus
statement. Chest 119:590-602
Maecken T, Grau T (2007) Ultrasound
imaging in vascular access. Crit Care
Med 35:S178-S185

Kumar A, Chuan A (2009) Ultrasound
guided vascular access: efficacy and
safety. Best Pract Res Clin Anesthes
23:299-311

Chapman G, Johnson D, Bodenham A
(2006) Visualization of needle position
using ultrasonography. Anaesthesia
61:148-158

Ortega R, Song M, Hansen C, Barash P
(2010) Ultrasound-guided internal
jugular vein cannulation. NEJM
362:e57

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

French J, Raine-Fenning N, Hardman J,
Bedforth N (2008) Pitfalls of ultrasound
guided vascular access: the use of three/
four dimensional ultrasound.
Anaesthesia 63:806-813

Hopkins R, Bradley M (2001) In vitro
visualization of biopsy needles with
ultrasound: a comparative study of
standard and echogenic needles using
an ultrasound phantom. Clinical Rad
56:499-502

Phelan M, Hagerty D (2009) The
oblique view: an alternative approach
for ultrasound-guided central line
placement. J Emerg Med 37:403-408
Venkatesan K (2010) Echo-enhanced
needles for short-axis ultrasound-guided
vascular access. Int J Emerg Med
10:205

Reynolds N, McCulloch A, Pennington
C (2001) Assessment of distal tip
position of long-term central venous
feeding catheters using transesophageal
echocardiology. J Parenter Enteral Nutr
25:39-41

Hsu JH, Wang CK, Chu KS, Cheng KI,
Chuang HY, Jaw TS, Wu JR (2006)
Comparison of radiographic landmarks
and the echocardiographic SVC/RA
junction in the positioning of long-term
central venous catheters. Acta Anaesth
Scand 50:731-735

Leyvi G, Taylor D, Reith E, Wasnick J
(2005) Utility of ultrasound-guided
central venous cannulation in pediatric
surgical patients: a clinical series. Ped
Anesth 15:953-958

Verghese S, McGill W, Patel R, Sell J,
Midgley F, Ruttimann U (1999)
Ultrasound-guided internal jugular
venous cannulation in infants.
Anesthesiology 91:71-77

Lamperti M, Caldiroli D, Cortellazzi P,
Vailati D, Pedicelli A, Tosi F, Piastra
M, Pietrini D (2008) Safety and efficacy
of ultrasound assistance during internal
jugular vein cannulation in
neurosurgical infants. Intensive Care
Med 34:2100-2105

Hosokawa K, Shime N, Kato Y,
Hashimoto S (2007) A randomized trial
of ultrasound image-based skin surface
marking versus real-time ultrasound-
guided internal jugular vein
catheterization in infants.
Anesthesiology 107:720-724

Mallory D, McGee W, Shawker T,
Brennen M, Bailey K, Evans R, Parker
M, Farmer J, Parrillo J (1990)
Ultrasound guidance improves the
success rate of internal jugular vein
cannulation. a prospective, randomized
trial. Chest 98:157-160

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Denys B, Uretsky B, Reddy P (1993)
Ultrasound-assisted cannulation of the
internal jugular vein a prospective
comparison to the external landmark-
guided technique. Circulation
87:1557-1562

Serafimidis K, Sakorafas G,
Konstantoudakis G, Petropoulou K,
Giannopoulos G, Danias N, Peros G,
Safioleas M (2009) Ultrasound-guided
catheterization of the internal jugular
vein in oncologic patients; comparison
with the classical anatomic landmark
technique: a prospective study. Int J
Surg 7:526-528

Blaivas M, Adhikari S (2009) An
unseen danger: frequency of posterior
vessel wall penetration by needles
during attempts to place internal jugular
vein central catheters using ultrasound
guidance. Crit Care Med 37:2345-2349
Paul-Andre C, Kendall J (2004)
Ultrasound guidance for vascular
access. Emerg Med Clin N Am
22:749-773

Blaivas M, Brannam L, Fernandez E
(2003) Short-axis versus long-axis
approaches for teaching ultrasound-
guided vascular access on a new
inanimate model. Acad Emerg Med
10:1307-1311

Breschan C, Platzer M, Jost R, Stettner
H, Beyer AS, Feigl G, Likar R (2011)
Consecutive, prospective case series of
a new method for ultrasound-guided
supraclavicular approach to the
brachiocephalic vein in children. Br J
Anaesth 106:732-737

Fragou M, Gravvanis A, Dimitriou V,
Papalois A, Kouraklis G, Karabinis A,
Saranteas T, Poularas J, Papanikolaou J,
Davlouros P, Labropoulos N,
Karakitsos D (2011) Real-time
ultrasound-guided subclavian vein
cannulation versus the landmark
method in critical care patients: a
prospective randomized study. Crit
Care Med 39:1607-1612

Bodenham A (2006) Editorial II:
ultrasound imaging by anaesthetists:
training and accreditation issues. Br J
Anaesth 96:414-417

Dowling M, Jlala H, Hardman J,
Bedforth N (2011) Real-time three-
dimensional ultrasound-guided central
venous catheter placament. Anesth
Analg 112:378-381

Schummer W, Schummer C, Tuppatsch
H, Fuchs J, Bloos F, Huttemann E
(2005) Ultrasound-guided central
venous cannulation: is there a
difference between Doppler and
B-mode ultrasound? J Clin Anesth
18:167-172


http://www.ahrq.gov/clinic/ptsafety/summary.htm
http://www.ahrq.gov/clinic/ptsafety/summary.htm
http://www.nice.org.uk

1117

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Stone M, Moon C, Sutijono D, Blaivas
M (2010) Needle tip visualization
during ultrasound-guided vascular
access: short-axis vs long-axis
approach. Am J Emerg Med
28:343-347

Milling T, Holden C, Melniker L,
Briggs W, Birkhahn R, Gaeta T (2006)
Randomized controller trial of single-
operator vs. two-operator ultrasound
guidance for internal jugular central
venous cannulation. Acad Emerg Med
13:245-247

Mallinson C, Bennet J, Hodgson P,
Petros A (1999) Position of the internal
jugular vein in children. A study of the
anatomy using ultrasonography. Paed
Anaesth 9:111-114

Sigaut S, Skhiri A, Stany I, Golmar J,
Nivoche Y, Constant I, Murat I,
Dahmani S (2009) Ultrasound guided
internal jugular vein access in children
and infant: a meta-analysis of published
studies. Ped Anaesth 19:1199-1206
Detaille T, Pirotte T, Veyckemans F
(2010) Vascular access in the neonate.
Best Pract Res Clin Anaesthesiol
24:403-418

Breschan C, Platzer M, Jost R, Stettner
H, Likar R (2010) Size of internal
jugular versus subclavian vein in small
infants: an observational, anatomical
evaluation with ultrasound. Br J
Anaesth 105:179-184

Pirotte T, Veyckemans F (2007)
Ultrasound-guided subclavian vein
cannulation in infants and children: a
novel approach. Br J Anesth
98:509-514

Rhondali O, Attof R, Combet S (2011)
Ultrasound-guided subclavian vein
cannulation in infants: supraclavicular
approach. Paediatr Anaesth
21:1136-1141

O’Grady NP, Alexander M, Burns LA,
Dellinger EP, Garland J, Heard SO,
Lipsett PA, Masur H, Mermel LA,
Pearson ML, Raad II, Randolph AG,
Rupp ME, Saint S, Healthcare Infection
Control Practices Advisory Committee
(2011) Guidelines for the prevention of
intravascular catheter-related
infections. Am J Infect Control
39:S1-34

Iwashima S, Ishikawa T, Ohzeki T
(2008) Ultrasound-guided versus
landmark-guided femoral vein access in
pediatric cardiac catheterization.
Pediatr Cardiol 29:339-342

Hopkins J, Warkentine F, Gracely E,
Kim I (2009) The anatomic relationship
between the common femoral artery
and common femoral vein in frog leg
position versus straight leg position in
pediatric patients. Acad Emerg Med
16:579-584

56.

57.

58.

59.

60.

61.

62.

63.

64.

Doniger S, Ishimine P, Fox J, Kanegaye J
(2009) Randomized controlled trial of
ultrasound-guided peripheral intravenous
catheter placement versus traditional
techniques in difficult-access pediatric
patients. Pediatr Emer Care 25:154-159
Ganesh A, Kaye R, Cahill A, Stern W,
Pachikara R, Gallagher P, Watcha M
(2009) Evaluation of ultrasound-guide
radial artery cannulation in children.
Pediatric Crit Care Med 10:45-48
Sayin M, Mercan A, Koner O, Ture H,
Celebi S, Sozubir S, Aykac B (2008)
Internal jugular vein diameter in
pediatric patients: are the J-shaped
guidewire diameters bigger than
internal jugular vein? An evaluation
with ultrasound. Ped Anesth
18:745-751

Bishop L, Dougherty L, Bodenham A,
Mansi J, Crowe P, Shannon M,
Treleaven J (2007) Guidelines on the
insertion and management of central
venous access devices in adults. Int J
Lab Hem 29:261-278

Milling T, Rose J, Briggs W, Birkhahn
R, Gaeta T, Bove J, Melniker L (2005)
Randomized, controlled clinical trial of
point-of-care limited ultrasonography
assistance of central venous
cannulation: The Third Sonography
Outcomes Assessment Program
(SOAP-3) Trial. Crit Care Med
33:1764-1769

Serafimidis K, Sakorafas G,
Konstantoudakis G, Petropoulou K,
Giannopoulos G, Danias N, Peros G,
Safioleas M (2009) Ultrasound-guided
catheterization of the internal jugular
vein in oncologic patients; comparison
with the classical anatomic landmark
technique: a prospective study. Int J
Surg 7:526-528

Debordeau P, Chahml D, LeGal G,
Kriegel I, Desruennes E, Douard M,
Elalamy I, Meyer G, Mismetti P, Pavic
M, Scrobohacl M, Levesque H,
Renaudln J, Farge D (2009) 2008 SOR
guidelines for the prevention and
treatment of thrombosis associated with
central venous catheters in patients with
cancer: report from the working group.
Ann Onc 20:1459-1471

Nichols I, Humprey J (2008) The
efficacy of upper arm placement of
peripherally inserted central catheters
using bedside ultrasound and
microintroducer technique. J Inf
Nursing 31:165-176

Shiloh A, Savel E, Paulin L (2011)
Ultrasound-guided catheterization of
the radial artery: a systematic review
and meta-analysis of randomized
controller trials. Chest 139:524-529

. Lichtenstein D, Menu Y (1995) A

bedside ultrasound sign ruling out
pneumothorax in the critically ill. Chest
5:1345-1348

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Vezzani A, Brusasco C, Palermo S,
Launo C, Mergoni M, Corradi F (2010)
Ultrasound localization of central vein
catheter and detection of postprocedural
pneumothorax: an alternative to chest
radiography. Crit Care Med 38:533-538
Calvert N, Hind D, McWilliams R
(2004) Ultrasound for central venous
cannulation: economic evaluation of
cost-effectiveness. Anaesthesia
59:1116-1120

Denys BG, Uretsky BF (1991)
Anatomical variations of internal
jugular vein location: impact on central
venous access. Crit Care Med
19:1516-1519

Lee AC, Thompson C, Frank J, Beecker
J, Yeung M, Woo MY, Cardinal P
(2009) Effectiveness of a novel training
program for emergency medicine
residents in ultrasound-guided insertion
of central venous catheters. CJEM
11:343-348

Barsuk JH, McGaghie WC, Cohen ER
(2009) Simulation-based mastery
learning program reduces complications
during central venous catheter insertion
in a medical intensive care unit. Crit
Care Med 37:2697-2701

Evans LV, Morse JL, Hamann CJ
(2009) The development of an
independent rater system to assess
residents’ competence in invasive
procedures. Acad Med 84:1135-1143
Raad II, Hohn DC, Gilbreath BJ,
Suleiman N, Hill LA, Bruso PA, Marts
K, Mansfiled PF, Bodey GP (1994)
Prevention of central venous catheter-
related infections by using maximal
sterile barrier precautions during
insertion. Infect Control Hosp
Epidemiol 15:231-238

Institute for Healthcare Improvement
(IHI) (2005) What is a bundle?
http://www.ihi.org/knowledge/Pages/
ImprovementStories/WhatlsaBundle.
aspx. Accessed Nov 8 2011

Pronovost PJ, Needham D, Berhenholtz
S, Sinopoli D, Haiatao C, Cosgrove S,
Sexton B, Hyzy R, Welsh R, Roth G,
Bander J, Kepros J, Goeshel C (2006)
An intervention to decrease catheter-
related bloodstream infections in the
ICU. N Engl J Med 355:2725-2732
Farahmand S, Farnia M, Shahriaran S,
Khashayar P (2011) The accuracy of
limited B-mode compression technique
in diagnosing deep vein thrombosis in
lower extremities. Am J Emerg Med
29:687-690

Nifong TP, Mc Devitt TJ (2011) The
effect of catheter to vein ratio on blood
flow rates in a simulated model of
peripherally inserted central venous
catheter. Chest 140:48-53


http://www.ihi.org/knowledge/Pages/ImprovementStories/WhatIsaBundle.aspx
http://www.ihi.org/knowledge/Pages/ImprovementStories/WhatIsaBundle.aspx
http://www.ihi.org/knowledge/Pages/ImprovementStories/WhatIsaBundle.aspx

	International evidence-based recommendations on ultrasound-guided vascular access
	Abstract
	Introduction
	Methods
	Results
	General results

	Recommendations
	Consensus definitions (Table 1)
	Available technology and technique for ultrasound vascular access (Table 2)
	Integration in clinical practice
	Ultrasound vascular access in neonates and children (Table 3)
	Ultrasound vascular access in adults (Table 4)

	Cost-effectiveness of the use of ultrasound for vascular cannulation (Table 4)
	Education and training in ultrasound for vascular access placement (Table 5)
	Accreditation of the ultrasound vascular access skills (Table 5)
	Sterility during ultrasound vascular procedures (Table 6)
	Prevention of infectious and mechanical complications with ultrasound-guided cannulation (Table 6)

	Summary
	Acknowledgments
	References


