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PREPROCEDURE
1) We recommend that providers should be familiar with
the operation of their specific ultrasound machine prior to
initiation of a vascular access procedure.
2) We recommend that providers should use a highfrequency linear transducer with a sterile sheath and sterile
gel to perform vascular access procedures.
3) We recommend that providers should use twodimensional ultrasound to evaluate for anatomical
variations and absence of vascular thrombosis during
preprocedural site selection.
4) We recommend that providers should evaluate the
target blood vessel size and depth during preprocedural
ultrasound evaluation.
TECHNIQUES
General Techniques
5) We recommend that providers should avoid using static
ultrasound alone to mark the needle insertion site for
vascular access procedures.
6) We recommend that providers should use real-time
(dynamic), two-dimensional ultrasound guidance with
a high-frequency linear transducer for central venous
catheter (CVC) insertion, regardless of the provider’s level
of experience.
7) We suggest using either a transverse (short-axis) or
longitudinal (long-axis) approach when performing realtime ultrasound-guided vascular access procedures.
8) We recommend that providers should visualize the
needle tip and guidewire in the target vein prior to vessel
dilatation.
9) To increase the success rate of ultrasound-guided
vascular access procedures, we recommend that providers
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should utilize echogenic needles, plastic needle guides,
and/or ultrasound beam steering when available.
Central Venous Access Techniques
10) We recommend that providers should use a
standardized procedure checklist that includes the use of
real-time ultrasound guidance to reduce the risk of central
line-associated bloodstream infection (CLABSI) from CVC
insertion.
11) We recommend that providers should use real-time
ultrasound guidance, combined with aseptic technique
and maximal sterile barrier precautions, to reduce the
incidence of infectious complications from CVC insertion.
12) We recommend that providers should use realtime ultrasound guidance for internal jugular vein
catheterization, which reduces the risk of mechanical and
infectious complications, the number of needle passes,
and time to cannulation and increases overall procedure
success rates.
13) We recommend that providers who routinely insert
subclavian vein CVCs should use real-time ultrasound
guidance, which has been shown to reduce the risk of
mechanical complications and number of needle passes
and increase overall procedure success rates compared
with landmark-based techniques.
14) We recommend that providers should use real-time
ultrasound guidance for femoral venous access, which
has been shown to reduce the risk of arterial punctures
and total procedure time and increase overall procedure
success rates.
Peripheral Venous Access Techniques
15) We recommend that providers should use real-time
ultrasound guidance for the insertion of peripherally
inserted central catheters (PICCs), which is associated with
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higher procedure success rates and may be more cost
effective compared with landmark-based techniques.
16) We recommend that providers should use real-time
ultrasound guidance for the placement of peripheral
intravenous lines (PIV) in patients with difficult peripheral
venous access to reduce the total procedure time, needle
insertion attempts, and needle redirections. Ultrasoundguided PIV insertion is also an effective alternative to CVC
insertion in patients with difficult venous access.
17) We suggest using real-time ultrasound guidance to
reduce the risk of vascular, infectious, and neurological
complications during PIV insertion, particularly in patients
with difficult venous access.
Arterial Access Techniques
18) We recommend that providers should use real-time
ultrasound guidance for arterial access, which has been
shown to increase first-pass success rates, reduce the
time to cannulation, and reduce the risk of hematoma
development compared with landmark-based techniques.
19) We recommend that providers should use real-time
ultrasound guidance for femoral arterial access, which has
been shown to increase first-pass success rates and reduce
the risk of vascular complications.
20) We recommend that providers should use real-time
ultrasound guidance for radial arterial access, which has
been shown to increase first-pass success rates, reduce
the time to successful cannulation, and reduce the risk of
complications compared with landmark-based techniques.
POSTPROCEDURE
21) We recommend that post-procedure pneumothorax
should be ruled out by the detection of bilateral lung
sliding using a high-frequency linear transducer before and
after insertion of internal jugular and subclavian vein CVCs.
22) We recommend that providers should use ultrasound
with rapid infusion of agitated saline to visualize a
right atrial swirl sign (RASS) for detecting catheter tip
misplacement during CVC insertion. The use of RASS to
detect the catheter tip may be considered an advanced
skill that requires specific training and expertise.

24) We recommend that cognitive training in ultrasoundguided CVC insertion should include basic anatomy,
ultrasound physics, ultrasound machine knobology,
fundamentals of image acquisition and interpretation,
detection and management of procedural complications,
infection prevention strategies, and pathways to attain
competency.
25) We recommend that trainees should demonstrate
minimal competence before placing ultrasound-guided
CVCs independently. A minimum number of CVC
insertions may inform this determination, but a proctored
assessment of competence is most important.
26) We recommend that didactic and hands-on training
for trainees should coincide with anticipated times of
increased performance of vascular access procedures.
Refresher training sessions should be offered periodically.
27) We recommend that competency assessments should
include formal evaluation of knowledge and technical skills
using standardized assessment tools.
28) We recommend that competency assessments should
evaluate for proficiency in the following knowledge and
skills of CVC insertion: (a) Knowledge of the target vein
anatomy, proper vessel identification, and recognition of
anatomical variants; (b) Demonstration of CVC insertion
with no technical errors based on a procedural checklist;
(c) Recognition and management of acute complications,
including emergency management of life-threatening
complications; (d) Real-time needle tip tracking with
ultrasound and cannulation on the first attempt in at least
five consecutive simulation.

TRAINING

29) We recommend a periodic proficiency assessment of
all operators should be conducted to ensure maintenance
of competency.

23) To reduce the risk of mechanical and infectious
complications, we recommend that novice providers
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should complete a systematic training program that
includes a combination of simulation-based practice,
supervised insertion on patients, and evaluation by an
expert operator before attempting ultrasound-guided
CVC insertion independently on patients.
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pproximately five million central venous catheters
(CVCs) are inserted in the United States annually,
with over 15 million catheter days documented in
intensive care units alone.1 Traditional CVC insertion techniques using landmarks are associated with a high risk
of mechanical complications, particularly pneumothorax and
arterial puncture, which occur in 5%-19% patients.2,3
Since the 1990s, several randomized controlled studies and
meta-analyses have demonstrated that the use of real-time
ultrasound guidance for CVC insertion increases procedure
An Official Publication of the Society of Hospital Medicine
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success rates and decreases mechanical complications.4,5 Use
of real-time ultrasound guidance was recommended by the
Agency for Healthcare Research and Quality, the Institute of
Medicine, the National Institute for Health and Care Excellence, the Centers for Disease Control and Prevention, and
several medical specialty societies in the early 2000s.6-14 Despite these recommendations, ultrasound guidance has not
been universally adopted. Currently, an estimated 20%-55% of
CVC insertions in the internal jugular vein are performed without ultrasound guidance.15-17
Following the emergence of literature supporting the use
of ultrasound guidance for CVC insertion, observational and
randomized controlled studies demonstrated improved procedural success rates with the use of ultrasound guidance for
the insertion of peripheral intravenous lines (PIVs), arterial catheters, and peripherally inserted central catheters (PICCs).18-23
The purpose of this position statement is to present evidence-based recommendations on the use of ultrasound
guidance for the insertion of central and peripheral vascular
access catheters in adult patients. This document presents
consensus-based recommendations with supporting evidence
for clinical outcomes, techniques, and training for the use of
ultrasound guidance for vascular access. We have subdivided
the recommendations on techniques for central venous access, peripheral venous access, and arterial access individually,
as some providers may not perform all types of vascular access
procedures.
These recommendations are intended for hospitalists and
other healthcare providers that routinely place central and
peripheral vascular access catheters in acutely ill patients.
However, this position statement does not mandate that all
hospitalists should place central or peripheral vascular access
catheters given the diverse array of hospitalist practice settings. For training and competency assessments, we recognize
that some of these recommendations may not be feasible in
resource-limited settings, such as rural hospitals, where equipment and staffing for assessments are not available. Recommendations and frameworks for initial and ongoing credentialing of hospitalists in ultrasound-guided bedside procedures
have been previously published in an Society of Hospital Medicine (SHM) position statement titled, “Credentialing of Hospitalists in Ultrasound-Guided Bedside Procedures.”24

METHODS
Detailed methods are described in Appendix 1. The SHM
Point-of-care Ultrasound (POCUS) Task Force was assembled
to carry out this guideline development project under the direction of the SHM Board of Directors, Director of Education,
and Education Committee. All expert panel members were
physicians or advanced practice providers with expertise in
POCUS. Expert panel members were divided into working
group members, external peer reviewers, and a methodologist. All Task Force members were required to disclose any potential conflicts of interest (Appendix 2). The literature search
was conducted in two independent phases. The first phase
included literature searches conducted by the vascular access
An Official Publication of the Society of Hospital Medicine

working group members themselves. Key clinical questions
and draft recommendations were then prepared. A systematic
literature search was conducted by a medical librarian based
on the findings of the initial literature search and draft recommendations. The Medline, Embase, CINAHL, and Cochrane
medical databases were searched from 1975 to December
2015 initially. Google Scholar was also searched without limiters. An updated search was conducted in November 2017.
The literature search strings are included in Appendix 3. All
article abstracts were initially screened for relevance by at least
two members of the vascular access working group. Full-text
versions of screened articles were reviewed, and articles on the
use of ultrasound to guide vascular access were selected. The
following article types were excluded: non-English language,
nonhuman, age <18 years, meeting abstracts, meeting posters, narrative reviews, case reports, letters, and editorials. All
relevant systematic reviews, meta-analyses, randomized controlled studies, and observational studies of ultrasound-guided vascular access were screened and selected (Appendix 3,
Figure 1). All full-text articles were shared electronically among
the working group members, and final article selection was
based on working group consensus. Selected articles were incorporated into the draft recommendations.
These recommendations were developed using the Research and Development (RAND) Appropriateness Method
that required panel judgment and consensus.14 The 28 voting
members of the SHM POCUS Task Force reviewed and voted
on the draft recommendations considering five transforming
factors: (1) Problem priority and importance, (2) Level of quality of evidence, (3) Benefit/harm balance, (4) Benefit/burden
balance, and (5) Certainty/concerns about PEAF (Preferences/Equity/Acceptability/Feasibility). Using an internet-based
electronic data collection tool (REDCap™), panel members
participated in two rounds of electronic voting, one in August 2018 and the other in October 2018 (Appendix 4). Voting
on appropriateness was conducted using a nine-point Likert
scale. The three zones of the nine-point Likert scale were inappropriate (1-3 points), uncertain (4-6 points), and appropriate (7-9 points). The degree of consensus was assessed using
the RAND algorithm (Appendix 1, Figure 1 and Table 1). Establishing a recommendation required at least 70% agreement that a recommendation was “appropriate.” Disagreement was defined as >30% of panelists voting outside of the
zone of the median. A strong recommendation required at
least 80% of the votes within one integer of the median per
the RAND rules.
Recommendations were classified as strong or weak/conditional based on preset rules defining the panel’s level of
consensus, which determined the wording for each recommendation (Table 2). The final version of the consensus-based
recommendations underwent internal and external review by
members of the SHM POCUS Task Force, the SHM Education
Committee, and the SHM Executive Committee. The SHM
Executive Committee reviewed and approved this position
statement prior to its publication in the Journal of Hospital
Medicine.
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TABLE 1. Definitions of Levels of Consensus
Term

Definition

Perfect consensus

All respondents agree on one number (excluding the uncertain zone of 4-6)

Very good consensus

Median and middle 50% (interquartile range) of respondents are found at one integer (eg, median and interquartile range are both at 8) or 80% of
respondents are within one integer of the median (eg, median is 8, 80% respondents are from 7 to 9)

Good consensus

50% of respondents are within one integer of the median (eg, median is 8, 50% of respondents are from 7 to 9) or 80% of the respondents are within
2 integers of the median (eg, median is 7, 80% of respondents are from 5 to 9).

Some consensus

50% or respondents are within two integers of the median (eg, median is 7, 50% of respondents are from 5 to 9) or 80% of respondents are within 3
integers of the median (eg, median is 6, 80% of respondents are from 3 to 9).

No consensus

All other responses. Any median with disagreement

TABLE 2. Degree of Consensus, Strength of Recommendation, and Wording
Degree of Consensus

Strength of Recommendation

Wording [Based on Voting]

Perfect consensus

Strong

Recommend – must/to be/will

Very good consensus

Strong

Recommend – should be/can

Good consensus

Weak/Conditional

Suggest – to do

Some consensus

Weak/Conditional

Suggest – may do

No consensus
Disagreement

No

No recommendation was made regarding

RESULTS

Terminology

Literature Search

Central Venous Catheterization

A total of 5,563 references were pooled from an initial search
performed by a certified medical librarian in December 2015
(4,668 citations) which was updated in November 2017 (791
citations), and from the personal bibliographies and searches
(104 citations) performed by working group members. A total
of 514 full-text articles were reviewed. The final selection included 192 articles that were abstracted into a data table and
incorporated into the draft recommendations. See Appendix
3 for details of the literature search strategy.

Central venous catheterization refers to insertion of tunneled
or nontunneled large bore vascular catheters that are most
commonly inserted into the internal jugular, subclavian, or
femoral veins with the catheter tip located in a central vein.
These vascular access catheters are synonymously referred to
as central lines or central venous catheters (CVCs). Nontunneled catheters are designed for short-term use and should
be removed promptly when no longer clinically indicated
or after a maximum of 14 days.25 In this document, CVCs or
central lines refer to nontunneled catheters, unless otherwise stated. (Note: For this guideline document, PICC lines,
although technically considered to be central lines, will be
specifically referred to as PICC lines and should not be presumed to be included in recommendations about central venous catheters).

Recommendations
Four domains (technique, clinical outcomes, training, and
knowledge gaps) with 31 draft recommendations were generated based on a review of the literature. Selected references were abstracted and assigned to each draft recommendation. Rationales for each recommendation cite supporting
evidence. After two rounds of panel voting, 31 recommendations achieved agreement based on the RAND rules. During
the peer review process, two of the recommendations were
merged with other recommendations. Thus, a total of 29 recommendations received final approval. The degree of consensus based on the median score and the dispersion of voting
around the median are shown in Appendix 5. Twenty-seven
statements were approved as strong recommendations, and
two were approved as weak/conditional recommendations.
The strength of each recommendation and degree of consensus are summarized in Table 3.
E4
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Peripherally Inserted Central Catheter (PICC)
Peripherally inserted central catheters, or PICC lines, are inserted most commonly in the basilic or brachial veins in adult
patients, and the catheter tip terminates in the distal superior
vena cava or cavo-atrial junction. These catheters are designed
to remain in place for a duration of several weeks, as long as it
is clinically indicated.

Midline Catheterization
Midline catheters are a type of peripheral venous catheter that
are an intermediary between a peripheral intravenous catheter
An Official Publication of the Society of Hospital Medicine
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TABLE 3. Summary of Recommendations
No.

Topic of Recommendation

Strength of
Recommendation

Degree of
Consensus

Preprocedure
1

Be familiar with operation of the specific ultrasound machine.

Very Good

Strong

2

Use high-frequency linear transducers with a sterile sheath and sterile gel to perform vascular access procedures with full sterile
precautions.

Very Good

Strong

3

Use two-dimensional ultrasound to evaluate for anatomical variations and absence of vascular thrombosis.

Very Good

Strong

4

Evaluate the target blood vessel size and depth.

Very Good

Strong

Techniques

General Techniques
5

Avoid using static ultrasound to mark a needle insertion site.

Very Good

Strong

6

Use real-time (dynamic), 2-dimensional ultrasound guidance with a high-frequency linear transducer.

Very Good

Strong

7

Use either a transverse (short-axis) or longitudinal (long-axis) approach.

Good

Weak

8

Visualize the needle tip and guidewire in the target vein before dilatation.

Very Good

Strong

9

Utilize echogenic needles, plastic needle guides, and/or ultrasound beam steering when available.

Very Good

Strong

Central Venous Access Techniques
10

Use a standardized procedure checklist.

Very Good

Strong

11

Use real-time ultrasound guidance, aseptic technique, and maximal sterile barrier precautions.

Very Good

Strong

12

Internal Jugular Vein: Use real-time ultrasound guidance to reduce the risk of mechanical and infectious complications, reduce the number
of needle passes, reduce the time to cannulation, and increase procedure success rates.

Very Good

Strong

13

Subclavian Vein: Use real-time ultrasound guidance to reduce the risk of mechanical complications and number of needle passes, and
increase procedure success rates.

Very Good

Strong

14

Femoral Vein: Use real-time ultrasound guidance to reduce the risk of arterial punctures and total procedure time, and increase procedure
success rates.

Very Good

Strong

Peripheral Venous Access Techniques
15

Use real-time ultrasound guidance for insertion of Peripherally Inserted Central Catheters to improve procedure success rates.

Very Good

Strong

16

Use real-time ultrasound guidance for placement of PIV lines in patients with difficult peripheral venous access to reduce procedure time,
needle insertion attempts, and needle redirections.

Very Good

Strong

17

Use real-time ultrasound guidance to reduce the risk of vascular, infectious, and neurological complications during PIV insertion.

Good

Weak

Arterial Access Techniques
18

Use real-time ultrasound guidance for arterial access to increase the first-pass success rates, reduce the time to cannulation, and reduce the
risk of hematoma development.

Very Good

Strong

19

Use real-time ultrasound guidance for femoral arterial access to increase the first-pass success rates and reduce the risk of vascular
complications.

Very Good

Strong

20

Use real-time ultrasound guidance for radial artery access to increase the first-pass success rate, reduce the time to cannulation, and reduce
the risk of complications.

Very Good

Strong

Postprocedure
21

Rule out postprocedure pneumothorax by detection of bilateral lung sliding using a high-frequency linear transducer.

Very Good

Strong

22

Use ultrasound with rapid infusion of agitated saline to visualize a right atrial swirl sign to detect catheter tip misplacement during CVC
insertion.

Very Good

Strong
Continued on page E6
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TABLE 3. Summary of Recommendations (continued)
No.

Topic of Recommendation

Strength of
Recommendation

Degree of
Consensus

Training
23

Complete a systematic training program with simulation-based practice, supervised insertions, and evaluation by an expert operator
ultrasound-guided CVC insertion.

Very Good

Strong

24

Cognitive training in ultrasound-guided CVC insertion should include basic anatomy, ultrasound physics, ultrasound machine knobology,
fundamentals of image acquisition and interpretation, detection and management of procedural complications, infection prevention
strategies, and pathways to attain competency.

Very Good

Strong

25

Demonstrate minimal competence before placing ultrasound-guided CVCs independently.

Very Good

Strong

26

Didactic and hands-on training for trainees should coincide with anticipated times of increased performance of vascular access procedures.

Very Good

Strong

27

Competency assessments with standardized assessment tools should evaluate knowledge and technical skills.

Very Good

Strong

28

Knowledge and skills competency assessments for CVC insertion should include
a) Anatomy of the target vein
b) Demonstration of CVC insertion using a procedural checklist.
c) Recognition and management of acute complications
d) Real-time needle tip tracking with ultrasound and cannulation.

Very Good

Strong

29

Conduct periodic proficiency assessments of all operators to ensure maintenance of competency.

Very Good

Strong

and PICC line. Midline catheters are most commonly inserted
in the brachial or basilic veins, but unlike PICC lines, the tips
of these catheters terminate in the axillary or subclavian vein.
Midline catheters are typically 8 cm to 20 cm in length and inserted for a duration <30 days.

Peripheral Intravenous Catheterization
Peripheral intravenous lines (PIV) refer to small bore venous
catheters that are most commonly 14G to 24G and inserted
into patients for short-term peripheral venous access. Common sites of ultrasound-guided PIV insertion include the superficial and deep veins of the hand, forearm, and arm.

Arterial Catheterization
Arterial catheters are commonly used for reliable blood pressure monitoring, frequent arterial blood sampling, and cardiac
output monitoring. The most common arterial access sites are
the femoral and radial arteries.

RECOMMENDATIONS
Preprocedure
1. We recommend that providers should be familiar with
the operation of their specific ultrasound machine prior to
initiation of a vascular access procedure.
Rationale: There is strong consensus that providers must be
familiar with the knobs and functions of the specific make and
model of ultrasound machine that will be utilized for a vascular
access procedure. Minimizing adjustments to the ultrasound
machine during the procedure may reduce the risk of contaminating the sterile field.
E6
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2. We recommend that providers should use a high-frequency linear transducer with a sterile sheath and sterile
gel to perform vascular access procedures.
Rationale: High-frequency linear-array transducers are recommended for the vast majority of vascular access procedures
due to their superior resolution compared to other transducer
types. Both central and peripheral vascular access procedures,
including PIV, PICC, and arterial line placement, should be performed using sterile technique. A sterile transducer cover and
sterile gel must be utilized, and providers must be trained in
sterile preparation of the ultrasound transducer.13,26,27
The depth of femoral vessels correlates with body mass index (BMI). When accessing these vessels in a morbidly obese
patient with a thigh circumference >60 cm and vessel depth
>8 cm, a curvilinear transducer may be preferred for its deeper penetration.28 For patients who are poor candidates for
bedside insertion of vascular access catheters, such as uncooperative patients, patients with atypical vascular anatomy or
poorly visualized target vessels, we recommend consultation
with a vascular access specialist prior to attempting the procedure.

3. We recommend that providers should use two-dimensional ultrasound to evaluate for anatomical variations
and absence of vascular thrombosis during preprocedural
site selection.
Rationale: A thorough ultrasound examination of the target
vessel is warranted prior to catheter placement. Anatomical
variations that may affect procedural decision-making are easily detected with ultrasound. A focused vascular ultrasound
examination is particularly important in patients who have had
An Official Publication of the Society of Hospital Medicine
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temporary or tunneled venous catheters, which can cause stenosis or thrombosis of the target vein.
For internal jugular vein (IJV) CVCs, ultrasound is useful
for visualizing the relationship between the IJV and common
carotid artery (CCA), particularly in terms of vessel overlap.
Furthermore, ultrasound allows for immediate revisualization
upon changes in head position.29-32 Troianos et al. found >75%
overlap of the IJV and CCA in 54% of all patients and in 64%
of older patients (age >60 years) whose heads were rotated to
the contralateral side.30 In one study of IJV CVC insertion, inadvertent carotid artery punctures were reduced (3% vs 10%) with
the use of ultrasound guidance vs landmarks alone.33 In a cohort of 64 high-risk neurosurgical patients, cannulation success
was 100% with the use of ultrasound guidance, and there were
no injuries to the carotid artery, even though the procedure
was performed with a 30-degree head elevation and anomalous IJV anatomy in 39% of patients.34 In a prospective, randomized controlled study of 1,332 patients, ultrasound-guided
cannulation in a neutral position was demonstrated to be as
safe as the 45-degree rotated position.35
Ultrasound allows for the recognition of anatomical variations which may influence the selection of the vascular access
site or technique. Benter et al. found that 36% of patients
showed anatomical variations in the IJV and surrounding tissue.36 Similarly Caridi showed the anatomy of the right IJV to
be atypical in 29% of patients,37 and Brusasco found that 37%
of bariatric patients had anatomical variations of the IJV.38 In a
study of 58 patients, there was significant variability in the IJV
position and IJV diameter, ranging from 0.5 cm to >2 cm.39 In
a study of hemodialysis patients, 75% of patients had sonographic venous abnormalities that led to a change in venous
access approach.40
To detect acute or chronic upper extremity deep venous
thrombosis or stenosis, two-dimensional visualization with
compression should be part of the ultrasound examination
prior to central venous catheterization. In a study of patients
that had undergone CVC insertion 9-19 weeks earlier, 50% of
patients had an IJV thrombosis or stenosis leading to selection of an alternative site. In this study, use of ultrasound for a
preprocedural site evaluation reduced unnecessary attempts
at catheterizing an occluded vein.41 At least two other studies
demonstrated an appreciable likelihood of thrombosis. In a
study of bariatric patients, 8% of patients had asymptomatic
thrombosis38 and in another study, 9% of patients being evaluated for hemodialysis catheter placement had asymptomatic
IJV thrombosis.37

4. We recommend that providers should evaluate the target blood vessel size and depth during a preprocedural
ultrasound evaluation.
Rationale: The size, depth, and anatomic location of central
veins can vary considerably. These features are easily discernable using ultrasound. Contrary to traditional teaching, the IJV
is located 1 cm anterolateral to the CCA in only about twothirds of patients.37,39,42,43 Furthermore, the diameter of the IJV
An Official Publication of the Society of Hospital Medicine

can vary significantly, ranging from 0.5 cm to >2 cm.39 The laterality of blood vessels may vary considerably as well. A preprocedural ultrasound evaluation of contralateral subclavian
and axillary veins showed a significant absolute difference in
cross-sectional area of 26.7 mm2 (P < .001).42
Blood vessels can also shift considerably when a patient is
in the Trendelenburg position. In one study, the IJV diameter
changed from 11.2 (± 1.5) mm to 15.4 (± 1.5) mm in the supine versus the Trendelenburg position at 15 degrees.33 An
observational study demonstrated a frog-legged position with
reverse Trendelenburg increased the femoral vein size and
reduced the common surface area with the common femoral
artery compared to a neutral position. Thus, a frog-legged position with reverse Trendelenburg position may be preferred,
since overall catheterization success rates are higher in this
position.44

Techniques
General Techniques
5. We recommend that providers should avoid using
static ultrasound alone to mark the needle insertion site
for vascular access procedures.
Rationale: The use of static ultrasound guidance to mark a needle insertion site is not recommended because normal anatomical relationships of vessels vary, and site marking can be inaccurate with minimal changes in patient position, especially of
the neck.43,45,46 Benefits of using ultrasound guidance for vascular
access are attained when ultrasound is used to track the needle
tip in real-time as it is advanced toward the target vessel.
Although continuous-wave Doppler ultrasound without
two-dimensional visualization was used in the past, it is no longer recommended for IJV CVC insertion.47 In a study that randomized patients to IJV CVC insertion with continuous-wave
Doppler alone vs two-dimensional ultrasound guidance, the
use of two-dimensional ultrasound guidance showed significant
improvement in first-pass success rates (97% vs 91%, P = .045),
particularly in patients with BMI >30 (97% vs 77%, P = .011).48
A randomized study comparing real-time ultrasound-guided, landmark-based, and ultrasound-marked techniques found
higher success rates in the real-time ultrasound-guided group
than the other two groups (100% vs 74% vs 73%, respectively;
P = .01). The total number of mechanical complications was
higher in the landmark-based and ultrasound-marked groups
than in the real-time ultrasound-guided group (24% and 36%
versus 0%, respectively; P = .01).49 Another randomized controlled study found higher success rates with real-time ultrasound guidance (98%) versus an ultrasound-marked (82%) or
landmark-based (64%) approach for central line placement.50

6. We recommend that providers should use real-time
(dynamic), two-dimensional ultrasound guidance with
a high-frequency linear transducer for CVC insertion,
regardless of the provider’s level of experience.
Journal of Hospital Medicine® Published Online September 2019
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Rationale: Ultrasound-guided CVCs are most commonly
inserted using real-time ultrasound guidance with a high-frequency linear transducer.28,43,44,51,52 When adequately trained,
ultrasound guidance for CVC insertion may be beneficial for
all operators, regardless of prior experience. The use of ultrasound guidance for CVC insertion has been shown to provide
greater benefit in operators with less experience compared to
those with greater experience.53 A prospective, observational
study of patients undergoing elective ultrasound-guided CVC
insertion found an overall procedure complication rate of
19.5%. There were significantly more complications in procedures performed by operators with <25 insertions compared
to those performed by operators with >25 insertions (25.2%
vs 13.6%, P = .04), highlighting the need for improved training
and supervision of inexperienced operators. Two significant
predictors of increased risk for procedure-related complications were limited experience ( <25 previous CVC insertions)
and insertion in the subclavian vein.54

7. We suggest using either a transverse (short-axis) or longitudinal (long-axis) approach when performing real-time
ultrasound-guided vascular access procedures.
Rationale: In clinical practice, the phrases transverse, short-axis, or out-of-plane approach are synonymous, as are longitudinal, long-axis, and in-plane approach. The short-axis approach
involves tracking the needle tip as it approximates the target
vessel with the ultrasound beam oriented in a transverse plane
perpendicular to the target vessel. The target vessel is seen
as a circular structure on the ultrasound screen as the needle
tip approaches the target vessel from above. This approach is
also called the out-of-plane technique since the needle passes
through the ultrasound plane. The advantages of the short-axis approach include better visualization of adjacent vessels or
nerves and the relative ease of skill acquisition for novice operators.9 When using the short-axis approach, extra care must
be taken to track the needle tip from the point of insertion on
the skin to the target vessel. A disadvantage of the short-axis
approach is unintended posterior wall puncture of the target
vessel.55
In contrast to a short-axis approach, a long-axis approach
is performed with the ultrasound beam aligned parallel to the
vessel. The vessel appears as a long tubular structure and the
entire needle is visualized as it traverses across the ultrasound
screen to approach the target vessel. The long-axis approach
is also called an in-plane technique because the needle is
maintained within the plane of the ultrasound beam. The advantage of a long-axis approach is the ability to visualize the
entire needle as it is inserted into the vessel.14 A randomized
crossover study with simulation models compared a long-axis versus short-axis approach for both IJV and subclavian vein
catheterization. This study showed decreased number of needle redirections (relative risk (RR) 0.5, 95% confidence interval
(CI) 0.3 to 0.7), and posterior wall penetrations (OR 0.3, 95%
CI 0.1 to 0.9) using a long-axis versus short-axis approach for
subclavian vein catheterization.56
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A randomized controlled study comparing a long-axis or
short-axis approach with ultrasound versus a landmark-based
approach for IJV CVC insertion showed higher success rates
(100% vs 90%; P < .001), lower insertion time (53 vs 116 seconds; P < .001), and fewer attempts to obtain access (2.5 vs
1.2 attempts, P < .001) with either the long- or short-axis ultrasound approach. The average time to obtain access and
number of attempts were comparable between the short-axis and long-axis approaches with ultrasound. The incidence
of carotid puncture and hematoma was significantly higher
with the landmark-based approach versus either the long- or
short-axis ultrasound approach (carotid puncture 17% vs 3%,
P = .024; hematoma 23% vs 3%, P = .003).57
High success rates have been reported using a short-axis
approach for insertion of PIV lines.58 A prospective, randomized trial compared the short-axis and long-axis approach in
patients who had had ≥2 failed PIV insertion attempts. Success
rate was 95% (95% CI, 0.85 to 1.00) in the short-axis group compared with 85% (95% CI, 0.69 to 1.00) in the long-axis group.
All three subjects with failed PIV placement in the long-axis
group had successful rescue placement using a short-axis approach. Furthermore, the short-axis approach was faster than
the long-axis approach.59
For radial artery cannulation, limited data exist comparing
the short- and long-axis approaches. A randomized controlled
study compared a long-axis vs short-axis ultrasound approach
for radial artery cannulation. Although the overall procedure
success rate was 100% in both groups, the long-axis approach
had higher first-pass success rates (1.27 ± 0.4 vs 1.5 ± 0.5, P <
.05), shorter cannulation times (24 ± 17 vs 47 ± 34 seconds, P <
.05), fewer hematomas (4% vs 43%, P < .05) and fewer posterior
wall penetrations (20% vs 56%, P < .05).60
Another technique that has been described for IJV CVC insertion is an oblique-axis approach, a hybrid between the longand short-axis approaches. In this approach, the transducer is
aligned obliquely over the IJV and the needle is inserted using a long-axis or in-plane approach. A prospective randomized trial compared the short-axis, long-axis, and oblique-axis
approaches during IJV cannulation. First-pass success rates
were 70%, 52%, and 74% with the short-axis, long-axis, and
oblique-axis approaches, respectively, and a statistically significant difference was found between the long- and oblique-axis
approaches (P = .002). A higher rate of posterior wall puncture was observed with a short-axis approach (15%) compared
with the oblique-axis (7%) and long-axis (4%) approaches (P =
.047).61

8. We recommend that providers should visualize the
needle tip and guidewire in the target vein prior to vessel
dilatation.
Rationale: When real-time ultrasound guidance is used, visualization of the needle tip within the vein is the first step to
confirm cannulation of the vein and not the artery. After the
guidewire is advanced, the provider can use transverse and
longitudinal views to reconfirm cannulation of the vein. In
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a longitudinal view, the guidewire is readily seen positioned
within the vein, entering the anterior wall and lying along the
posterior wall of the vein. Unintentional perforation of the posterior wall of the vein with entry into the underlying artery can
be detected by ultrasound, allowing prompt removal of the
needle and guidewire before proceeding with dilation of the
vessel. In a prospective observational study that reviewed ultrasound-guided IJV CVC insertions, physicians were able to
more readily visualize the guidewire than the needle in the
vein.62 A prospective observational study determined that novice operators can visualize intravascular guidewires in simulation models with an overall accuracy of 97%.63
In a retrospective review of CVC insertions where the guidewire position was routinely confirmed in the target vessel prior
to dilation, there were no cases of arterial dilation, suggesting
confirmation of guidewire position can potentially eliminate
the morbidity and mortality associated with arterial dilation
during CVC insertion.64

9. To increase the success rate of ultrasound-guided vascular access procedures, we recommend that providers
should utilize echogenic needles, plastic needle guides,
and/or ultrasound beam steering when available.
Rationale: Echogenic needles have ridged tips that appear
brighter on the screen, allowing for better visualization of the
needle tip. Plastic needle guides help stabilize the needle
alongside the transducer when using either a transverse or longitudinal approach. Although evidence is limited, some studies have reported higher procedural success rates when using
echogenic needles, plastic needle guides, and ultrasound
beam steering software. In a prospective observational study,
Augustides et al. showed significantly higher IJV cannulation
rates with versus without use of a needle guide after first (81%
vs 69%, P = .0054) and second (93% vs 80%. P = .0001) needle passes.65 A randomized study by Maecken et al. compared
subclavian vein CVC insertion with or without use of a needle
guide, and found higher procedure success rates within the
first and second attempts, reduced time to obtain access (16
seconds vs 30 seconds; P = .0001) and increased needle visibility (86% vs 32%; P < .0001) with the use of a needle guide.66 Another study comparing a short-axis versus long-axis approach
with a needle guide showed improved needle visualization using a long-axis approach with a needle guide.67 A randomized
study comparing use of a novel, sled-mounted needle guide
to a free-hand approach for venous cannulation in simulation
models showed the novel, sled-mounted needle guide improved overall success rates and efficiency of cannulation.68

Central Venous Access Techniques
10. We recommend that providers should use a standardized procedure checklist that includes use of
real-time ultrasound guidance to reduce the risk of central line-associated bloodstream infection (CLABSI) from
CVC insertion.
An Official Publication of the Society of Hospital Medicine

Rationale: A standardized checklist or protocol should be developed to ensure compliance with all recommendations for
insertion of CVCs. Evidence-based protocols address periprocedural issues, such as indications for CVC, and procedural
techniques, such as use of maximal sterile barrier precautions
to reduce the risk of infection. Protocols and checklists that
follow established guidelines for CVC insertion have been
shown to decrease CLABSI rates.69,70 Similarly, development
of checklists and protocols for maintenance of central venous
catheters have been effective in reducing CLABSIs.71 Although
no externally-validated checklist has been universally accepted or endorsed by national safety organizations, a few internally-validated checklists are available through peer-reviewed
publications.72,73 An observational educational cohort of internal medicine residents who received training using simulation
of the entire CVC insertion process was able to demonstrate
fewer CLABSIs after the simulator-trained residents rotated in
the intensive care unit (ICU) (0.50 vs 3.2 infections per 1,000
catheter days, P = .001).74

11. We recommend that providers should use real-time
ultrasound guidance, combined with aseptic technique
and maximal sterile barrier precautions, to reduce the
incidence of infectious complications from CVC insertion.
Rationale: The use of real-time ultrasound guidance for CVC
placement has demonstrated a statistically significant reduction in CLABSIs compared to landmark-based techniques.75
The Centers for Disease Control and Prevention (CDC) guidelines for the prevention of intravascular catheter-related infections recommend the use of ultrasound guidance to reduce
the number of cannulation attempts and risk of mechanical
complications.69 A prospective, three-arm study comparing ultrasound-guided long-axis, short-axis, and landmark-based approaches showed a CLABSI rate of 20% in the landmark-based
group versus 10% in each of the ultrasound groups.57 Another
randomized study comparing use of ultrasound guidance to a
landmark-based technique for IJV CVC insertion demonstrated significantly lower CLABSI rates with the use of ultrasound
(2% vs 10%; P < .05).72
Studies have shown that a systems-based intervention featuring a standardized catheter kit or catheter bundle significantly reduced CLABSI rates.76-78 A complete review of all preventive measures to reduce the risk of CLABSI is beyond the
scope of this review, but a few key points will be mentioned.
First, aseptic technique includes proper hand hygiene and skin
sterilization, which are essential measures to reduce cutaneous colonization of the insertion site and reduce the risk of
CLABSIs.79 In a systematic review and meta-analysis of eight
studies including over 4,000 catheter insertions, skin antisepsis with chlorhexidine was associated with a 50% reduction in
CLABSIs compared with povidone iodine.11 Therefore, a chlorhexidine-containing solution is recommended for skin preparation prior to CVC insertion per guidelines by Healthcare Infection Control Practices Advisory Committee/CDC, Society
for Healthcare Epidemiology of America/Infectious Diseases
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Society of America, and American Society of Anesthesiologists.11,69,80,81 Second, maximal sterile barrier precautions refer
to the use of sterile gowns, sterile gloves, caps, masks covering
both the mouth and nose, and sterile full-body patient drapes.
Use of maximal sterile barrier precautions during CVC insertion
has been shown to reduce the incidence of CLABSIs compared
to standard precautions.26,79,82-84 Third, catheters containing antimicrobial agents may be considered for hospital units with
higher CLABSI rates than institutional goals, despite a comprehensive preventive strategy, and may be considered in specific
patient populations at high risk of severe complications from
a CLABSI.11,69,80 Finally, providers should use a standardized
procedure set-up when inserting CVCs to reduce the risk of
CLABSIs. The operator should confirm availability and proper
functioning of ultrasound equipment prior to commencing a
vascular access procedure. Use of all-inclusive procedure carts
or kits with sterile ultrasound probe covers, sterile gel, catheter
kits, and other necessary supplies is recommended to minimize interruptions during the procedure, and can ultimately reduce the risk of CLABSIs by ensuring maintenance of a sterile
field during the procedure.13

12. We recommend that providers should use real-time
ultrasound guidance for internal jugular vein catheterization, which reduces the risk of mechanical and infectious
complications, the number of needle passes, and time
to cannulation and increases overall procedure success
rates.
Rationale: The use of real-time ultrasound guidance for CVC
insertion has repeatedly demonstrated better outcomes compared to a landmark-based approach in adults.13 Several randomized controlled studies have demonstrated that real-time
ultrasound guidance for IJV cannulation reduces the risk of
procedure-related mechanical and infectious complications,
and improves first-pass and overall success rates in diverse
care settings.27,29,45,50,53,65,75,85-90 Mechanical complications that
are reduced with ultrasound guidance include pneumothorax
and carotid artery puncture.4,5,45,46,53,62,75,86-93 Currently, several
medical societies strongly recommend the use of ultrasound
guidance during insertion of IJV CVCs.10-12,14,94-96
A meta-analysis by Hind et al. that included 18 randomized
controlled studies demonstrated use of real-time ultrasound
guidance reduced failure rates (RR 0.14, 95% CI 0.06 to 0.33;
P < .0001), increased first-attempt success rates (RR 0.59, 95%
CI 0.39 to 0.88; P = .009), reduced complication rates (RR 0.43,
95% CI 0.22 to 0.87; P = .02) and reduced procedure time (P
< .0001), compared to a traditional landmark-based approach
when inserting IJV CVCs.5
A Cochrane systematic review compared ultrasound-guided versus landmark-based approaches for IJV CVC insertion
and found use of real-time ultrasound guidance reduced total
complication rates by 71% (RR 0.29, 95% CI 0.17 to 0.52; P <
.0001), arterial puncture rates by 72% (RR 0.28, 95% CI 0.18 to
0.44; P < .00001), and rates of hematoma formation by 73% (RR
0.27, 95% CI 0.13 to 0.55; P = .0004). Furthermore, the numE10
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ber of attempts for successful cannulation was reduced (mean
difference -1.19 attempts, 95% CI -1.45 to -0.92; P < .00001),
the chance of successful insertion on the first attempt was increased by 57% (RR 1.57, 95% CI 1.36 to 1.82; P < .00001), and
overall procedure success rates were modestly increased in all
groups by 12% (RR 1.12, 95% CI 1.08 to 1.17; P < .00001).46
An important consideration in performing ultrasound guidance is provider experience. A prospective observational study
of patients undergoing elective CVC insertion demonstrated
higher complication rates for operators that were inexperienced
(25.2%) versus experienced (13.6%).54 A randomized controlled
study comparing experts and novices with or without the use of
ultrasound guidance for IJV CVC insertion demonstrated higher success rates among expert operators and with the use of
ultrasound guidance. Among novice operators, the complication rates were lower with the use of ultrasound guidance.97 One
study evaluated the procedural success and complication rates
of a two-physician technique with one physician manipulating
the transducer and another inserting the needle for IJV CVC insertion. This study concluded that procedural success rates and
frequency of complications were directly affected by the experience of the physician manipulating the transducer and not by
the experience of the physician inserting the needle.98
The impact of ultrasound guidance on improving procedural
success rates and reducing complication rates is greatest in
patients that are obese, short necked, hypovolemic, or uncooperative.93 Several studies have demonstrated fewer needle
passes and decreased time to cannulation compared to the
landmark technique in these populations.46,49,53,86-88,92,93
Ultrasound-guided placement of IJV catheters can safely be
performed in patients with disorders of hemostasis and those
with multiple previous catheter insertions in the same vein.9 Ultrasound-guided placement of CVCs in patients with disorders
of hemostasis is safe with high success and low complication
rates. In a case series of liver patients with coagulopathy (mean
INR 2.17 ± 1.16, median platelet count 150K), the use of ultrasound guidance for CVC insertion was highly successful with
no major bleeding complications.99
A study of renal failure patients found high success rates
and low complication rates in the patients with a history of
multiple previous catheterizations, poor compliance, skeletal
deformities, previous failed cannulations, morbid obesity, and
disorders of hemostasis.100 A prospective observational study
of 200 ultrasound-guided CVC insertions for apheresis showed
a 100% success rate with a 92% first-pass success rate.101
The use of real-time ultrasound guidance for IJV CVC insertion has been shown to be cost effective by reducing procedure-related mechanical complications and improving procedural success rates. A companion cost-effectiveness analysis
estimated that for every 1,000 patients, 90 complications would
be avoided, with a net cost savings of approximately $3,200 using 2002 prices.102

13. We recommend that providers who routinely insert
subclavian vein CVCs should use real-time ultrasound
guidance, which has been shown to reduce the risk of
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Ultrasound for Vascular Access | Franco-Sadud et al

mechanical complications and number of needle passes
and increase overall procedure success rates compared
with landmark-based techniques.
Rationale: In clinical practice, the term ultrasound-guided
subclavian vein CVC insertion is commonly used. However, the
needle insertion site is often lateral to the first rib and providers are technically inserting the CVC in the axillary vein. The
subclavian vein becomes the axillary vein at the lateral border
of the first rib where the cephalic vein branches from the subclavian vein. To be consistent with common medical parlance,
we use the phrase ultrasound-guided subclavian vein CVC insertion in this document.
Advantages of inserting CVCs in the subclavian vein include
reliable surface anatomical landmarks for vein location, patient
comfort, and lower risk of infection.103 Several observational
studies have demonstrated the technique for ultrasound-guided subclavian vein CVC insertion is feasible and safe.104-107 In a
large retrospective observational study of ultrasound-guided
central venous access among a complex patient group, the majority of patients were cannulated successfully and safely. The
subset of patients undergoing axillary vein CVC insertion (n =
1,923) demonstrated a low rate of complications (0.7%), proving
it is a safe and effective alternative to the IJV CVC insertion.107
A Cochrane review of ultrasound-guided subclavian vein
cannulation (nine studies, 2,030 participants, 2,049 procedures), demonstrated that real-time two-dimensional ultrasound guidance reduced the risk of inadvertent arterial punctures (three studies, 498 participants, RR 0.21, 95% CI 0.06 to
0.82; P = .02) and hematoma formation (three studies, 498 participants, RR 0.26, 95% CI 0.09 to 0.76; P = .01).46 A systematic
review and meta-analysis of 10 randomized controlled studies
comparing ultrasound-guided versus landmark-based subclavian vein CVC insertion demonstrated a reduction in the risk of
arterial punctures, hematoma formation, pneumothorax, and
failed catheterization with the use of ultrasound guidance.105
A randomized controlled study comparing ultrasound-guided vs landmark-based approaches to subclavian vein cannulation found that use of ultrasound guidance had a higher success rate (92% vs 44%, P = .0003), fewer minor complications (1
vs 11, P = .002), fewer attempts (1.4 vs 2.5, P = .007) and fewer
catheter kits used (1.0 vs 1.4, P = .0003) per cannulation.108
Fragou et al. randomized patients undergoing subclavian vein CVC insertion to a long-axis approach versus a landmark-based approach and found a significantly higher success
rate (100% vs 87.5%, P < .05) and lower rates of mechanical
complications: artery puncture (0.5% vs 5.4%), hematoma
(1.5% vs 5.4%), hemothorax (0% vs 4.4%), pneumothorax (0%
vs 4.9%), brachial plexus injury (0% vs 2.9%), phrenic nerve injury (0% vs 1.5%), and cardiac tamponade (0% vs 0.5%).109 The
average time to obtain access and the average number of
insertion attempts (1.1 ± 0.3 vs 1.9 ± 0.7, P < .05) were significantly reduced in the ultrasound group compared to the
landmark-based group.95
A retrospective review of subclavian vein CVC insertions
using a supraclavicular approach found no reported compliAn Official Publication of the Society of Hospital Medicine

cations with the use of ultrasound guidance vs 23 mechanical
complications (8 pneumothorax, 15 arterial punctures) with a
landmark-based approach.106 However, it is important to note
that a supraclavicular approach is not commonly used in clinical practice.

14. We recommend that providers should use real-time
ultrasound guidance for femoral venous access, which
has been shown to reduce the risk of arterial punctures
and total procedure time and increase overall procedure
success rates.
Rationale: Anatomy of the femoral region varies, and close
proximity or overlap of the femoral vein and artery is common.51 Early studies showed that ultrasound guidance for femoral vein CVC insertion reduced arterial punctures compared
with a landmark-based approach (7% vs 16%), reduced total
procedure time (55 ± 19 vs 79 ± 62 seconds), and increased
procedure success rates (100% vs 90%).52 A Cochrane review
that pooled data from four randomized studies comparing ultrasound-guided vs landmark-based femoral vein CVC insertion found higher first-attempt success rates with the use of
ultrasound guidance (RR 1.73, 95% CI 1.34 to 2.22; P < .0001)
and a small increase in the overall procedure success rates (RR
1.11, 95% CI 1.00 to 1.23; P = .06). There was no difference in
inadvertent arterial punctures or other complications.110

Peripheral Venous Access Techniques
15. We recommend that providers should use real-time
ultrasound guidance for the insertion of peripherally inserted central catheters (PICCs), which is associated with
higher procedure success rates and may be more cost
effective compared with landmark-based techniques.
Rationale: Several studies have demonstrated that providers
who use ultrasound guidance vs landmarks for PICC insertion
have higher procedural success rates, lower complication rates,
and lower total placement costs. A prospective observational
report of 350 PICC insertions using ultrasound guidance reported a 99% success rate with an average of 1.2 punctures per
insertion and lower total costs.20 A retrospective observational
study of 500 PICC insertions by designated specialty nurses revealed an overall success rate of 95%, no evidence of phlebitis,
and only one CLABSI among the catheters removed.21 A retrospective observational study comparing several PICC variables
found higher success rates (99% vs 77%) and lower thrombosis rates (2% vs 9%) using ultrasound guidance vs landmarks
alone.22 A study by Robinson et al. demonstrated that having
a dedicated PICC team equipped with ultrasound increased
their institutional insertion success rates from 73% to 94%.111
A randomized controlled study comparing ultrasound-guided versus landmark-based PICC insertion found high success
rates with both techniques (100% vs 96%). However, there was
a reduction in the rate of unplanned catheter removals (4.0%
vs 18.7%; P = .02), mechanical phlebitis (0% vs 22.9%; P < .001),
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and venous thrombosis (0% vs 8.3%; P = .037), but a higher rate
of catheter migration (32% vs 2.1%; P < .001). Compared with
the landmark-based group, the ultrasound-guided group had
significantly lower incidence of severe contact dermatitis (P =
.038), and improved comfort and costs up to 3 months after
PICC placement (P < .05).112
Routine postprocedure chest x-ray (CXR) is generally considered unnecessary if the PICC is inserted with real-time ultrasound guidance along with use of a newer tracking devices, like
the magnetic navigation system with intracardiac electrodes.9
Ultrasound can also be used to detect malpositioning of a
PICC immediately after completing the procedure. A randomized controlled study comparing ultrasound versus postprocedure CXR detected one malpositioned PICC in the ultrasound
group versus 11 in the control group. This study suggested
that ultrasound can detect malpositioning immediately postprocedure and reduce the need for a CXR and the possibility
of an additional procedure to reposition a catheter.113

16. We recommend that providers should use real-time
ultrasound guidance for the placement of peripheral
intravenous lines (PIV) in patients with difficult peripheral
venous access to reduce the total procedure time, needle insertion attempts, and needle redirections. Ultrasound-guided PIV insertion is also an effective alternative
to CVC insertion in patients with difficult venous access.
Rationale: Difficult venous access refers to patients that have
had two unsuccessful attempts at PIV insertion using landmarks or a history of difficult access (i.e. edema, obesity, intravenous drug use, chemotherapy, diabetes, hypovolemia,
chronic illness, vasculopathy, multiple prior hospitalizations).
A meta-analysis of seven randomized controlled studies concluded that ultrasound guidance increases the likelihood of
successful PIV insertion (pooled OR 2.42, 95% CI 1.26 to 4.68; P
< .008).18 A second meta-analysis that pooled data from seven studies (six randomized controlled studies) confirmed that
ultrasound guidance improves success rates of PIV insertion
(OR 3.96, 95% CI 1.75 to 8.94).19 Approximately half of these
studies had physician operators while the other half had nurse
operators.
In one prospective observational study of emergency department patients with two failed attempts of landmark-based
PIV insertion, ultrasound guidance with a modified-Seldinger
technique showed a relatively high success rate (96%), fewer
needle sticks (mean 1.32 sticks, 95% CI 1.12 to 1.52), and shorter time to obtain access (median time 68 seconds).114 Other
prospective observational studies have demonstrated that
ultrasound guidance for PIV insertion has a high success rate
(87%),115 particularly with brachial or basilic veins PIV insertion,
among patients with difficult PIV access, defined as having had
≥2 failed attempts.58
Since insertion of PIVs with ultrasound guidance has a high
success rate, there is potential to reduce the reliance on CVC
insertion for venous access only. In a study of patients that had
had two failed attempts at PIV insertion based on landmarks, a
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PIV was successfully inserted with ultrasound guidance in 84%
of patients, obviating the need for CVC placement for venous
access.116 A prospective observational study showed ultrasound-guided PIV insertion was an effective alternative to CVC
placement in ED patients with difficult venous access with only
1% of patients requiring a CVC.117 Use of ultrasound by nurses
for PIV placement has also been shown to reduce the time to
obtain venous access, improve patient satisfaction, and reduce
the need for physician intervention.118 In a prospective observational study of patients with difficult access, the majority of patients reported a better experience with ultrasound-guided PIV
insertion compared to previous landmark-based attempts with
an average satisfaction score of 9.2/10 with 76% of patients rating the experience a 10.119 A strong recommendation has been
made for use of ultrasound guidance in patients with difficult
PIV placement by la Société Française d’Anesthésie et de Réanimation (The French Society of Anesthesia and Resuscitation).95

17. We suggest using real-time ultrasound guidance to
reduce the risk of vascular, infectious, and neurological
complications during PIV insertion, particularly in patients
with difficult venous access.
Rationale: The incidence of complications from PIV insertion is
often underestimated. Vascular complications include arterial
puncture, hematoma formation, local infiltration or extravasation of fluid, and superficial or deep venous thrombosis. The
most common infectious complications with PIV insertion are
phlebitis and cellulitis.120 One observational study reported PIV
complications occurring in approximately half of all patients
with the most common complications being phlebitis, hematoma formation, and fluid/blood leakage.121
A retrospective review of ICU patients who underwent ultrasound-guided PIV insertion by a single physician showed high
success rates (99%) with low rates of phlebitis/cellulitis (0.7%).
There was an assumed benefit of risk reduction due to the
patients no longer requiring a CVC after successful PIV placement.122 Another study found very low rates of infection with
both landmark-based and ultrasound-guided PIV placement
performed by emergency department nurses, suggesting
that there is no increased risk of infection with the use of ultrasound.123 To reduce the risk of infection from PIV insertion, we
recommend the use of sterile gel and sterile transducer cover
(See Recommendation 2).

Arterial Access Techniques
18. We recommend that providers should use real-time
ultrasound guidance for arterial access, which has been
shown to increase first-pass success rates, reduce the
time to cannulation, and reduce the risk of hematoma
development compared with landmark-based techniques.
Rationale: Several randomized controlled studies have assessed the value of ultrasound in arterial catheter insertion.
Shiver et al. randomized 60 patients admitted to a tertiary
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center emergency department to either palpation or ultrasound-guided arterial cannulation. They demonstrated a firstpass success rate of 87% in the ultrasound group compared
with 50% in the landmark technique group. In the same study,
the use of ultrasound was also associated with reduced time
needed to establish arterial access and a 43% reduction in the
development of hematoma at the insertion site.124 Levin et
al. demonstrated a first-pass success rate of 62% using ultrasound versus 34% by palpation alone in 69 patients requiring
intraoperative invasive hemodynamic monitoring.125 Additional randomized controlled studies have demonstrated that ultrasound guidance increases first-attempt success rates compared to traditional palpation.23,126,127

19. We recommend that providers should use real-time
ultrasound guidance for femoral arterial access, which
has been shown to increase first-pass success rates and
reduce the risk of vascular complications.
Rationale: Although it is a less frequently used site, the femoral
artery may be accessed for arterial blood sampling or invasive
hemodynamic monitoring, and use of ultrasound guidance has
been shown to improve the first-pass success rates of femoral
artery cannulation. It is important to note that most of these
studies comparing ultrasound-guided vs landmark-based femoral artery cannulation were performed in patients undergoing
diagnostic or interventional vascular procedures.
A meta-analysis of randomized controlled studies comparing ultrasound-guided vs landmark-based femoral artery
catheterization found use of ultrasound guidance was associated with a 49% reduction in overall complications (RR 0.51,
95% CI 0.28 to 0.91; P > .05) and 42% improvement in firstpass success rates.128 In another study, precise site selection
with ultrasound was associated with fewer pseudoaneurysms
in patients undergoing femoral artery cannulation by ultrasound guidance vs palpation for cardiac catheterization (3%
vs 5%, P < .05).129
A multicenter randomized controlled study comparing ultrasound vs fluoroscopic guidance for femoral artery catheterization demonstrated ultrasound guidance improved rates
of common femoral artery (CFA) cannulation in patients with
high CFA bifurcations (83% vs 70%, P < .01).130 Furthermore,
ultrasound guidance improved first-pass success rates (83% vs
46%, P < .0001), reduced number of attempts (1.3 vs 3.0, P <
.0001), reduced risk of venipuncture (2.4% vs 15.8%, P < .0001),
and reduced median time to obtain access (136 seconds vs148
seconds, P = .003). Vascular complications occurred in fewer
patients in the ultrasound vs fluoroscopy groups (1.4% vs 3.4%
P = .04). Reduced risk of hematoma formation with routine use
of ultrasound guidance was demonstrated in one retrospective
observational study (RR 0.62, 95% CI 0.46 to 0.84; P < .01).131

20. We recommend that providers should use real-time
ultrasound guidance for radial arterial access, which has
been shown to increase first-pass success rates, reduce
the time to successful cannulation, and reduce the risk
An Official Publication of the Society of Hospital Medicine

of complications compared with landmark-based techniques.
Rationale: Ultrasound guidance is particularly useful for radial artery cannulation in patients with altered anatomy, obesity,
nonpulsatile blood flow, low perfusion, and previously unsuccessful cannulation attempts using a landmark-guided approach.132 A meta-analysis of six randomized controlled studies
in adults showed that use of ultrasound guidance significantly
increased first-attempt success rate of radial artery catheterization by 14-37% (RR 1.4, 95% CI 1.28 to 1.64; P < .00001), reduced mean number of attempts (weighted mean difference
(WMD) -1.17; 95% CI -2.21 to -0.13; P = .03), and mean time
to successful cannulation (WMD -46 seconds; 95% CI -86.66 to
-5.96, P = .02).133 Other meta-analyses of randomized studies
have demonstrated similar benefits of using ultrasound guidance for radial artery cannulation.126,127,134
A multicenter randomized controlled study that was not included in the abovementioned meta-analyses showed similar
benefits of using ultrasound guidance vs landmarks for radial
artery catheterization: a reduction in the number of attempts
with ultrasound guidance (1.65 ± 1.2 vs 3.05 ± 3.4, P < .0001)
and time to obtain access (88 ± 78 vs 108 ± 112 seconds, P
= .006), and increased first-pass success rates (65% vs 44%,
P < .0001). The use of ultrasound guidance was found to be
particularly useful in patients with difficult access by palpation
alone.135
Regarding the level of expertise required to use ultrasound
guidance, a prospective observational study demonstrated
that physicians with little previous ultrasound experience were
able to improve their first-attempt success rates and procedure time for radial artery cannulation compared to historical
data of landmark-based insertions.136

Postprocedure
21. We recommend that post-procedure pneumothorax
should be ruled out by the detection of bilateral lung
sliding using a high-frequency linear transducer before
and after insertion of internal jugular and subclavian vein
CVCs.
Rationale: Detection of lung sliding with two-dimensional ultrasound rules out pneumothorax, and disappearance of lung
sliding in an area where it was previously seen is a strong predictor of postprocedure pneumothorax. In a study of critically
ill patients, the disappearance of lung sliding was observed
in 100% of patients with pneumothorax vs 8.8% of patients
without pneumothorax. For detection of pneumothorax, lung
sliding showed a sensitivity of 95%, specificity of 91%, and negative predictive value of 100% (P < .001).137 Another study by
the same author showed that the combination of horizontal
artifacts (absence of comet-tail artifact) and absence of lung
sliding had a sensitivity of 100%, specificity of 96.5%, and negative predictive value of 100% for the detection of pneumothorax.138 A meta-analysis of 10 studies on the diagnostic acJournal of Hospital Medicine® Published Online September 2019
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curacy of CVC confirmation with bedside ultrasound vs chest
radiography reported detection of all 12 pneumothoraces with
ultrasound, whereas chest radiography missed two pneumothoraces. The pooled sensitivity and specificity of ultrasound
for the detection of pneumothorax was 100%, although an
imperfect gold standard bias likely affected the results. An important advantage of bedside ultrasound is the ability to rule
out pneumothorax immediately after the procedure while at
the bedside. The mean time for confirmation of CVC placement with bedside ultrasound was 6 minutes versus 64 minutes
and 143 minutes for completion and interpretation of a chest
radiograph, respectively.139

22. We recommend that providers should use ultrasound
with rapid infusion of agitated saline to visualize a right
atrial swirl sign (RASS) for detecting catheter tip misplacement during CVC insertion. The use of RASS to detect
the catheter tip may be considered an advanced skill that
requires specific training and expertise.
Rationale: Bedside echocardiography is a reliable tool to
detect catheter tip misplacement during CVC insertion. In
one study, catheter misplacement was detected by bedside
echocardiography with a sensitivity of 96% and specificity
of 83% (positive predictive value 98%, negative predictive
value 55%) and prevented distal positioning of the catheter
tip.140 A prospective observational study assessed for RASS,
which is turbulent flow in the right atrium after a rapid saline
flush of the distal CVC port, to exclude catheter malposition. In this study with 135 CVC placements, visualization of
RASS with ultrasound was able to identify all correct CVC
placements and three of four catheter misplacements. Median times to complete the ultrasound exam vs CXR were 1
vs 20 minutes, respectively, with a median difference of 24
minutes (95% CI 19.6 to 29.3, P < .0001) between the two
techniques.141
A prospective observational study assessed the ability of
bedside transthoracic echocardiography to detect the guidewire, microbubbles, or both, in the right atrium compared to
transesophageal echocardiography as the gold standard.
Bedside transthoracic echocardiography allowed visualization
of the right atrium in 94% of patients, and both microbubbles
plus guidewire in 91% of patients.142 Hence, bedside transthoracic echocardiography allows adequate visualization of the
right atrium. Another prospective observational study combining ultrasonography and contrast enhanced RASS resulted in
96% sensitivity and 93% specificity for the detection of a misplaced catheter, and the concordance with chest radiography
was 96%.143

Training
23. To reduce the risk of mechanical and infectious complications, we recommend that novice providers should complete
a systematic training program that includes a combination of
simulation-based practice, supervised insertion on patients,
E14
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and evaluation by an expert operator before attempting ultrasound-guided CVC insertion independently on patients.
Rationale: Cumulative experience has been recognized to not
be a proxy for mastery of a clinical skill.144 The National Institute
for Clinical Excellence (NICE) has recommended that providers
performing ultrasound-guided CVC insertion should receive
appropriate training to achieve competence before performing the procedure independently.7 Surveys have demonstrated that lack of training is a commonly reported barrier for not
using ultrasound.145,146
Structured training programs on CVC insertion have been
shown to reduce the occurrence of infectious and mechanical
complications.74,143,147-149 The use of ultrasound and checklists,
bundling of supplies, and practice with simulation models, as
a part of a structured training program, can improve patient
safety related to CVC insertion.9,140,150-154
Simulation-based practice has been used in medical education to provide deliberate practice and foster skill development in a controlled learning environment.155-158 Studies have
shown transfer of skills demonstrated in a simulated environment to clinical practice, which can improve CVC insertion
practices.159,160 Simulation accelerates learning of all trainees,
especially novice trainees, and mitigates risks to patients by
allowing trainees to achieve a minimal level of competence
before attempting the procedure on real patients.152,161,162 Residents that have been trained using simulation preferentially
select the IJV site,147 and more reliably use ultrasound to guide
their CVC insertions.160,163
Additionally, simulation-based practice allows exposure to
procedures and scenarios that may occur infrequently in clinical practice.
Although there is evidence on efficacy of simulation-based
CVC training programs, there is no broadly accepted consensus on timing, duration, and content of CVC training programs
for trainees or physicians in practice. The minimum recommended technical skills a trainee must master include the
ability to (1) manipulate the ultrasound machine to produce a
high-quality image to identify the target vessel, (2) advance the
needle under direct visualization to the desired target site and
depth, (3) deploy the catheter into the target vessel and confirm catheter placement in the target vessel using ultrasound,
and (4) ensure the catheter has not been inadvertently placed
in an unintended vessel or structure.153
A variety of simulation models are currently used to practice
CVC insertion at the most common sites: the internal jugular,
subclavian, basilic, and brachial veins.164,165 Effective simulation
models should contain vessels that mimic normal anatomy
with muscles, soft tissues, and bones. Animal tissue models,
such as turkey or chicken breasts, may be effective for simulated practice of ultrasound-guided CVC insertion.166,167 Ultrasound-guided CVC training using human cadavers has also
been shown to be effective.168

24. We recommend that cognitive training in ultrasound-guided CVC insertion should include basic anatoAn Official Publication of the Society of Hospital Medicine
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my, ultrasound physics, ultrasound machine knobology,
fundamentals of image acquisition and interpretation,
detection and management of procedural complications,
infection prevention strategies, and pathways to attain
competency.
Rationale: After receiving training in ultrasound-guided CVC
insertion, physicians report significantly higher comfort with
the use of ultrasound compared to those who have not received such training.145 Learners find training sessions worthwhile to increase skill levels,167 and skills learned from simulation-based mastery learning programs have been retained up
to one year.158
Several commonalities have been noted across training
curricula. Anatomy and physiology didactics should include
vessel anatomy (location, size, and course);9 vessel differentiation by ultrasound;9,69 blood flow dynamics;69 Virchow’s triad;69 skin integrity and colonization;150 peripheral nerve identification and distribution;9 respiratory anatomy;9,69 upper and
lower extremity, axillary, neck, and chest anatomy.9,69 Vascular
anatomy is an essential curricular component that may help
avoid preventable CVC insertion complications, such as inadvertent nerve, artery, or lung puncture.150,169 Training curricula
should also include ultrasound physics (piezoelectric effect,
frequency, resolution, attenuation, echogenicity, Doppler
ultrasound, arterial and venous flow characteristics), image
acquisition and optimization (imaging mode, focus, dynamic
range, probe types), and artifacts (reverberation, mirror, shadowing, enhancement).
CVC-related infections are an important cause of morbidity
and mortality in the acute and long-term care environment.69
Infection and thrombosis can both be impacted by the insertion site selection, skin integrity, and catheter–vein ratio.2,3,84
Inexperience generally leads to more insertion attempts that
can increase trauma during CVC insertion and potentially increase the risk of infections.170 To reduce the risk of infectious
complications, training should include important factors to
consider in site selection and maintenance of a sterile environment during CVC insertion, including use of maximal sterile
barrier precautions, hand hygiene, and appropriate use of skin
antiseptic solutions.
Professional society guidelines have been published with recommendations of appropriate techniques for ultrasound-guided vascular access that include training recommendations.9,154
Training should deconstruct the insertion procedure into readily understood individual steps, and can be aided by demonstration of CVC insertion techniques using video clips. An
alternative to face-to-face training is internet-based training
that has been shown to be as effective as traditional teaching methods in some medical centers.171 Additional methods
to deliver cognitive instruction include textbooks, continuing
medical education courses, and digital videos.164,172

25. We recommend that trainees should demonstrate
minimal competence before placing ultrasound-guided CVCs independently. A minimum number of CVC
An Official Publication of the Society of Hospital Medicine

insertions may inform this determination, but a proctored
assessment of competence is most important.
Rationale: CVC catheter placement carries the risk of serious
complications including arterial injury or dissection, pneumothorax, or damage to other local structures; arrhythmias; catheter malposition; infection; and thrombosis. Although there is
a lack of consensus and high-quality evidence for the certification of skills to perform ultrasound-guided CVC insertion,
recommendations have been published advocating for formal
and comprehensive training programs in ultrasound-guided
CVC insertion with an emphasis on expert supervision prior to
independent practice.9,153,154 Two groups of expert operators
have recommended that training should include at least 8-10
supervised ultrasound-guided CVC insertions.154,173,174 A consensus task force from the World Congress of Vascular Access
has recommended a minimum of six to eight hours of didactic
education, four hours of hands-on training on simulation models, and six hours of hands-on ultrasound training on human
volunteers to assess normal anatomy.175 This training should
be followed by supervised ultrasound-guided CVC insertions
until the learner has demonstrated minimal competence with
a low rate of complications.35 There is general consensus that
arbitrary numbers should not be the sole determinant of competence, and that the most important determinant of competence should be an evaluation by an expert operator.176

26. We recommend that didactic and hands-on training
for trainees should coincide with anticipated times of
increased performance of vascular access procedures.
Refresher training sessions should be offered periodically.
Rationale: Simulation-based CVC training courses have shown
a rapid improvement in skills, but lack of practice leads to deterioration of technical skills.161,162,177,178 Thus, a single immersive
training session is insufficient to achieve and maintain mastery
of skills, and an important factor to acquire technical expertise
is sustained, deliberate practice with feedback.179 Furthermore,
an insidious decay in skills may go unrecognized as a learner’s
comfort and self-confidence does not always correlate with
actual performance, leading to increased risk of errors and potential for procedural complications.147,158,180-183 Given the decay
in technical skills over time, simulation-based training sessions
are most effective when they occur in close temporal proximity
to times when those skills are most likely to be used; for example, a simulation-based training session for trainees may be
most effective just before the start of a critical care rotation.152
Regularly scheduled training sessions with monitoring and
feedback by expert operators can reinforce procedural skills
and prevent decay. Some experts have recommended that a
minimum of 10 ultrasound-guided CVC insertions should be
performed annually to maintain proficiency.153

27. We recommend that competency assessments should
include formal evaluation of knowledge and technical
skills using standardized assessment tools.
Journal of Hospital Medicine® Published Online September 2019
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Rationale: Hospitalists and other healthcare providers that
place vascular access catheters should undergo competency
assessments proctored by an expert operator to verify that they
have the required knowledge and skills.184,185 Knowledge competence can be partially evaluated using a written assessment,
such as a multiple-choice test, assessing the provider’s cognitive understanding of the procedure.175 For ultrasound-guided
CVC insertion, a written examination should be administered
in conjunction with an ultrasound image assessment to test the
learner’s recognition of normal vs abnormal vascular anatomy.
Minimum passing standards should be established a priori according to local or institutional standards.
The final skills assessment should be objective, and the learner should be required to pass all critical steps of the procedure.
Failure of the final skills assessment should lead to continued
practice with supervision until the learner can consistently
demonstrate correct performance of all critical steps. Checklists are commonly used to rate the technical performance of
learners because they provide objective criteria for evaluation,
can identify specific skill deficiencies, and can determine a
learner’s readiness to perform procedures independently.186,187
The administration of skills assessments and feedback methods should be standardized across faculty. Although passing
scores on both knowledge and skills assessments do not guarantee safe performance of a procedure independently, they
provide a metric to ensure that a minimum level of competence has been achieved before allowing learners to perform
procedures on patients without supervision.188
Competency assessments are a recommended component of intramural and extramural certification of skills in ultrasound-guided procedures. Intramural certification pathways differ by institution and often require additional resources including
ultrasound machine(s), simulation equipment, and staff time, particularly when simulation-based assessments are incorporated
into certification pathways. We recognize that some of these recommendations may not be feasible in resource-limited settings,
such as rural hospitals. However, initial and ongoing competency
assessments can be performed during routine performance of
procedures on patients. For an in-depth review of credentialing
pathways for ultrasound-guided bedside procedures, we recommend reviewing the SHM Position Statement on Credentialing
of Hospitalists in Ultrasound-Guided Bedside Procedures.24

28. We recommend that competency assessments should
evaluate for proficiency in the following knowledge and
skills of CVC insertion:
a. Knowledge of the target vein anatomy, proper vessel
identification, and recognition of anatomical variants
b. Demonstration of CVC insertion with no technical
errors based on a procedural checklist
c. Recognition and management of acute complications, including emergency management of
life-threatening complications
d. Real-time needle tip tracking with ultrasound and
cannulation on the first attempt in at least five consecutive simulations.
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Rationale: Recommendations have been published with the
minimal knowledge and skills learners must demonstrate
to perform ultrasound-guided vascular access procedures.
These include operation of an ultrasound machine to produce
high-quality images of the target vessel, tracking of the needle
tip with real-time ultrasound guidance, and recognition and
understanding of the management of procedural complications.154,175
First, learners must be able to perform a preprocedural assessment of the target vein, including size and patency of the
vein; recognition of adjacent critical structures; and recognition of normal anatomical variants.175,189 Second, learners must
be able to demonstrate proficiency in tracking the needle tip
penetrating the target vessel, inserting the catheter into the
target vessel, and confirming catheter placement in the target vessel with ultrasound.154,175 Third, learners must be able
to demonstrate recognition of acute complications, including
arterial puncture, hematoma formation, and development of
pneumothorax.154,175 Trainees should be familiar with recommended evaluation and management algorithms, including
indications for emergent consultation.190

29. We recommend a periodic proficiency assessments of
all operators should be conducted to ensure maintenance
of competency.
Rationale: Competency extends to periodic assessment and
not merely an initial evaluation at the time of training.191 Periodic competency assessments should include assessment of
proficiency of all providers that perform a procedure, including instructors and supervisors. Supervising providers should
maintain their competency in CVC insertion through routine
use of their skills in clinical practice.175 An observational study
of emergency medicine residents revealed that lack of faculty
comfort with ultrasound hindered the residents’ use of ultrasound.192 Thus, there is a need to examine best practices for
procedural supervision of trainees because providers are often
supervising procedures that they are not comfortable performing on their own.193

KNOWLEDGE GAPS
The process of producing this position statement revealed areas of uncertainty and important gaps in the literature regarding the use of ultrasound guidance for central and peripheral
venous access and arterial access.
This position statement recommends a preprocedural ultrasound evaluation of blood vessels based on evidence that
providers may detect anatomic anomalies, thrombosis, or vessel stenosis. Ultrasound can also reveal unsuspected high-risk
structures in near proximity to the procedure site. Although
previous studies have shown that providers can accurately assess vessels with ultrasound for these features, further study is
needed to evaluate the effect of a standardized preprocedural
ultrasound exam on clinical and procedural decision-making,
as well as procedural outcomes.
Second, two ultrasound applications that are being increasAn Official Publication of the Society of Hospital Medicine
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ingly used but have not been widely implemented are the use
of ultrasound to evaluate lung sliding postprocedure to exclude pneumothorax and the verification of central line placement using a rapid infusion of agitated saline to visualize the
RASS.139-141 Both of these applications have the potential to expedite postprocedure clearance of central lines for usage and
decrease patient radiation exposure by obviating the need for
postprocedure CXRs. Despite the supporting evidence, both
of these applications are not yet widely used, as few providers
have been trained in these techniques which may be considered advanced skills.
Third, despite advances in our knowledge of effective training for vascular access procedures, there is limited agreement
on how to define procedural competence. Notable advancements in training include improved understanding of systematic training programs, development of techniques for
proctoring procedures, definition of elements for hands-on
assessments, and definition of minimum experience needed
to perform vascular access procedures independently. However, application of these concepts to move learners toward
independent practice remains variably interpreted at different
institutions, likely due to limited resources, engrained cultures
about procedures, and a lack of national standards. The development of hospitalist-based procedure services at major
academic medical centers with high training standards, close
monitoring for quality assurance, and the use of databases to
track clinical outcomes may advance our understanding and
delivery of optimal procedural training.
Finally, ultrasound technology is rapidly evolving which will
affect training, techniques, and clinical outcomes in coming
years. Development of advanced imaging software with artificial intelligence can improve needle visualization and tracking.
These technologies have the potential to facilitate provider
training in real-time ultrasound-guided procedures and improve the overall safety of procedures. Emergence of affordable, handheld ultrasound devices is improving access to ultrasound technology, but their role in vascular access procedures
is yet to be defined. Furthermore, availability of wireless handheld ultrasound technology and multifrequency transducers
will create new possibilities for use of ultrasound in vascular
access procedures.

training programs that combine didactic and hands-on training, which optimally include patient-based competency assessments.
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