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GUIDELINES

European Society of Anaesthesiology guidelines on peri-
operative use of ultrasound-guided for vascular access
(PERSEUS vascular access)

Massimo Lamperti, Daniele Guerino Biasucci, Nicola Disma, Mauro Pittiruti,

Christian Breschan, Davide Vailati, Matteo Subert, Vilma Traškaitė, Andrius Macas,

Jean-Pierre Estebe, Regis Fuzier, Emmanuel Boselli and Philip Hopkins

Ultrasound for diagnostic and procedural purposes is
becoming a standard in daily clinical practice including
anaesthesiology and peri-operative medicine. The project
of European Society of Anaesthesiology (ESA) Task Force
for the development of clinical guidelines on the PERiopera-
tive uSE of Ultra-Sound (PERSEUS) project has focused on
the use of ultrasound in two areas that account for the
majority of procedures performed routinely in the operating
room: vascular access and regional anaesthesia. Given the
extensive literature available in these two areas, this paper
will focus on the use of ultrasound-guidance for vascular
access. A second part will be dedicated to peripheral nerve/
neuraxial blocks. The Taskforce identified three main
domains of application in ultrasound-guided vascular

cannulation: adults, children and training. The literature
search were performed by a professional librarian from the
Cochrane Anaesthesia and Critical and Emergency Care
Group in collaboration with the ESA Taskforce. The Grading
of Recommendation Assessment (GRADE) system for
assessing levels of evidence and grade of recommendations
were used. For the use of ultrasound-guided cannulation of
the internal jugular vein, femoral vein and arterial access, the
level evidence was classified 1B. For other accesses, the
evidence remains limited. For training in ultrasound guidance,
there were no studies. The importance of proper training for
achieving competency and full proficiency before performing
any ultrasound-guided vascular procedure must be empha-
sised.
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Summary of recommendations
The grading of recommendations is shown in bold type.

Ultrasound-guided cannulation in adults
(1) We suggest following a step-wise approach for

ultrasound-guided vascular access device placement

which includes: preprocedural ultrasound evaluation

of the vessel; recognition of possible local disease;

ultrasound-guided real-time puncture; verification of

the direction of guidewires and catheters into the

vessel towards the superior vena cava for centrally

inserted central catheters or towards the inferior vena

cava for femoral or groin catheters; verification of the

correct position of the catheter tip; detection of

possible postprocedural early and late complications

(2B)

Ultrasound-guided cannulation of the internal

jugular vein

(1) The quality of evidence on which to base recom-

mendations is generally weak, with randomised

controlled trials that have a high degree of heteroge-

neity due to the different patient populations,

settings and operators performing the procedures.

(2) We recommend the use of ultrasound-guidance for

internal jugular vein cannulation in adults, as it is

safer in terms of reduction of overall complications, it

improves both overall and first-time success, and it

reduces the time to successfully puncture and

cannulate the vein (1B).

(3) In terms of safety and efficacy, the use of an out-of-

plane approach is similar to the in-plane approach

when ultrasound guidance is used for internal jugular

vein cannulation (2A).

Ultrasound-guided cannulation of the subclavian vein

(1) The quality of evidence on which to base recom-

mendations is generally weak, with data from

clinically heterogeneous randomised controlled trials

that have some methodological problems.

(2) We recommend the use of ultrasound-guidance for

subclavian vein cannulation in adult patients, as it is

safer, and it reduces the incidence of both failures and

overall complications when compared with the

landmark technique (1C).

Ultrasound-guided cannulation of the axillary vein

(1) The quality of evidence on which to base recom-

mendations is generally weak, with data from only a

few, small, clinically heterogeneous randomised

controlled trials.

(2) We recommend the use of ultrasound-guidance

during axillary vein cannulation, as it reduces the

risk of major complications and increases the rate of

first-time success when compared with the landmark

technique (2A).

Ultrasound-guided cannulation of the femoral vein

(1) The quality of evidence on which to base recom-

mendations is weak, with data from only small

randomised controlled trials and cohort studies with

high heterogeneity and some methodological pro-

blems.

(2) We recommend the use of ultrasound-guidance for

cannulation of the femoral vein (or other veins of the

groin) in adults, as it is safer, it reduces the incidence

of major complications, it improves the success rate

and it reduces the time to successful cannulation

(1C).

(3) We also recommend the use of ultrasound guidance

for cannulation of the femoral vein (or other veins of

the groin) in adults, as it may indirectly decrease

infectious and thrombotic complications by reducing

the likelihood of some risk factors (e.g. haematoma)

related to the puncture (1C).
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(4) We suggest considering ultrasound-guided puncture

of the superficial femoral vein at the mid-thigh to

enable an exit site in a well tolerated area, reducing

the risk of infection and thrombosis (2C).

(5) We recommend out-of-plane puncture of the

femoral vein using a short-axis view. A short-axis

view allows a panoramic view of arteries and nerves

and so helps to avoid inadvertent damage to these

structures (1C).

Ultrasound-guided cannulation of any peripheral

vein during emergency or elective situations

(1) The quality of evidence on which to base recom-

mendations is weak, with data from only small

randomised controlled trials and prospective cohort

studies with high heterogeneity.

(2) We recommend adopting and applying a tool for the

assessment of difficult peripheral venous access to

enable early identification of those patients who may

benefit from ultrasound-guided peripheral vein

cannulation (1C).

(3) We recommend the use of ultrasound guidance for

peripheral vein cannulation in adults with moderate

to difficult venous access, both in emergency and

elective situations, as it is safer and more effective in

terms of a reduction of complications, improved

overall success rate and reduced time to achieve

vascular access (1C).

(4) We recommend the use of ultrasound scanning

before peripheral vein cannulation in order to

evaluate the location of a vein as wells as its diameter

and depth. This will enable the choice of the most

appropriate length and diameter of peripheral

vascular access device and the safest puncture site,

so as to reduce the risks of accidental dislodgment

and extravasation, phlebitis and thrombus formation

(1C).

(5) We recommend routine use of ultrasound guidance

for peripherally inserted central catheter placement,

taking care that the exit site is located at the mid arm

level (1C).

Ultrasound-guided cannulation of any central vein for

long-term central vascular devices

(1) The quality of evidence on which to base recom-

mendations is weak, with data from only small

randomised controlled trials with high heterogeneity.

(2) We recommend ultrasound guidance for placement

of long-term vascular access devices, as it has been

shown to significantly reduce early mechanical

complications (arterial puncture, haematoma, pneu-

mothorax, haemothorax) (1C).

(3) We recommend ultrasound guidance for placement

of long-term vascular access devices, as it has been

shown to be cost-effective by indirectly reducing

complications such as catheter-related thrombosis

and catheter-related infections (1C).

(4) We recommend ultrasound-guided puncture of the

axillary vein at the thorax for long-term central

vascular access device placement, as it has been

shown to reduce the risk of pinch-off syndrome (1C).

(5) We recommend ultrasound guidance for catheter tip

location and tip navigation to avoid primary malposi-

tion (1C).

(6) We recommend preprocedural sonographic evalua-

tion of all possible venous option for long-term

vascular access device placement to plan and choose

the safest approach (1C).

(7) We recommend ultrasound for timely diagnosis of all

potentially life-threatening complications (pneumo-

thorax, haemothorax, cardiac tamponade and so on)

after central venipuncture, as it has been shown to

be more accurate and faster than a chest radiograph

(1B).

Ultrasound-guided cannulation of an artery during

elective procedures

(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively few

randomised controlled trials that have a high degree

of heterogeneity.

(2) We recommend the use of ultrasound guidance for

radial artery catheterisation in all adult hypotensive,

hypovolaemic and haemodynamically unstable

patients, and in those with vascular diseases and

small arteries with a weak and/or thin pulse, as it has

been shown to be more effective in reducing

complications, the time to successful cannulation

and the number of attempts, and in increasing overall

success and first-time success rate (1B).

(3) We recommend the use of ultrasound guidance in all

adults needing femoral artery catheterisation, as it has

been shown to be safer by reducing major and minor

complications, and it increases both overall success

and first-time success rates, and reduces the time to

successful cannulation (1B).

(4) Use of a short-axis view out-of-plane approach is not

superior to a long-axis view in-plane approach when

ultrasound guidance is used for radial artery cathe-

terisation (2A).

(5) Before radial artery catheterisation, we suggest a

modified Allen’s test is performed using duplex

ultrasonography and colour-doppler to evaluate ulnar

artery collateral blood flow: absence of reverse flow in

the superficial palmar branch in the hand during

radial artery compression, or absence of flow in the

dorsal digital artery to the thumb during radial artery

compression represent contraindications to radial

artery catheterisation (2C).

(6) The catheterisation of a small radial artery is not

recommended, as it is associated with the develop-

ment of a clinically relevant pressure gradient

(central to radial) in the course of (cardiac) surgery.

Thus, values obtained by invasive blood pressure
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measurement in a small radial artery can be falsely

low (2C).

Ultrasound for confirmation of the correct position of

the central venous catheter tip in any patient for any

elective or emergency situation

(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively small

randomised controlled trials and prospective cohort

studies that have a high degree of heterogeneity.

(2) When an intracavity electrocardiogram is not appli-

cable, we recommend using real-time ultrasound to

detect and prevent central venous catheter malposi-

tion, as it has been shown to be well tolerated,

feasible, quickly performed and interpreted at the

bedside, and it is more accurate and faster than chest

radiograph (1C).

(3) We recommend combining and integrating vascular

ultrasound (to assist in navigating the tips of

guidewires and central venous lines) with transtho-

racic echocardiography (for tip location) (1C).

Ultrasound for verification of immediate

postprocedural life-threatening complications

following central venous cannulation

(1) The quality of evidence on which to base recom-

mendations is generally weak, with prospective

cohort studies with a high degree of heterogeneity.

(2) We recommend performing pleural and lung ultra-

sound (PLUS) to rule out potential pleural-pulmo-

nary complications (mainly pneumothorax) soon after

the procedure in any difficult puncture of the

subclavian or axillary vein and, particularly, if the

patient complains of shortness of breath or discomfort

that worsens after catheter placement (1B).

(3) We recommend using PLUS to monitor the

development of a confirmed pleural-pulmonary

complication or for follow-up of treatment (1B).

(4) We recommend ultrasound for diagnosis and follow-

up of catheter-related thrombosis (1C).

Ultrasound-guided cannulation in children
(1) For vascular access device placement in paediatric

patients, we suggest the global use of ultrasound to

assist all steps of the procedure that include

preprocedural ultrasound evaluation of all possible

options; recognition of possible local disease; ultra-

sound-guided real-time puncture; verification of the

direction of guidewires and catheters in the vessel,

and onwards towards the superior vena cava for

centrally inserted central catheters, or onwards

towards the inferior vena cava for femoral or groin

catheters; verification of the correct position of the

catheter tip; detection of possible postprocedural

early and late complications (2B).

Ultrasound-guided cannulation of the internal

jugular vein in children

(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively few

small randomised controlled trials and prospective

cohort studies that have a high degree of hetero-

geneity.

(2) We recommend the use of ultrasound guidance for

internal jugular vein cannulation in children, as it

increases the success rate and reduces both the time

to successful cannulation and the incidence of

complications (1B).

Ultrasound-guided cannulation of the

brachiocephalic vein in children

(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively few

small prospective cohort studies that have a high

degree of heterogeneity and some methodological

problems.

(2) We recommend ultrasound guidance for brachioce-

phalic vein cannulation only when performed by

experts (1C).

Ultrasound-guided cannulation of the femoral vein in

children

(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively few

randomised controlled trials that have a high degree

of heterogeneity.

(2) We recommend the use of ultrasound guidance for

femoral vein cannulation in children, as it increases

the success rate (1C), with a tendency to reduce the

risk of complications, without reducing the time of

successful cannulation.

Ultrasound-guided cannulation of the radial artery in

children

(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively few

randomised controlled trials that have a high degree

of heterogeneity.

(2) We recommend the use of ultrasound guidance for

routine arterial cannulation in children, as it increases

the success rate (1B).

Ultrasound-guidance cannulation of peripheral veins

in children

(1) Due the paucity of well conducted studies, we cannot

recommend the routine use of ultrasound for

cannulation of peripheral veins in paediatric patients.

Some evidence suggests that the use of ultrasound by

an experienced operator improves the success rate of

difficult peripheral vein cannulation in children; in

these circumstances, it may be of some benefit (2B).

Guidelines for perioperative use of ultrasound in vascular access 347
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Training
Generic learning/training objectives

Recommendations with strong consensus

At the completion of their training, the practitioner

should be able to demonstrate

(1) Knowledge of what ultrasound is and how it

is generated.

(2) An understanding of the relationship between the

frequency used, tissue penetration and image

quality.

(3) Knowledge of the biological effects and safety

of ultrasound.

(4) An understanding of the basic principles of real-time

and Doppler ultrasound including colour flow and

power Doppler.

(5) Selection of the most appropriate transducer for

different examinations.

(6) Adjustment of ultrasound machine settings to

optimise image quality.

(7) Adjustment of transducer pressure, alignment,

rotation and tilting to optimise image quality.

(8) Identification of arteries, veins, nerves, tendons,

muscle and fascia, bones and air-filled spaces.

(9) Recognition of common artefacts and provision of an

explanation as to how they occur.

(10) An understanding of in-plane and out-of-plane

needle visualisation techniques.

(11) Knowledge of the benefits and limitations of in-

plane and out-of-plane techniques.

(12) The ability to minimise unintended transducer

movement during needle visualisation.

(13) The ability to maintain visualisation of the needle

shaft and tip during in-plane techniques.

(14) The ability to visualise the needle tip during out-of-

plane techniques.

(15) That they can record ultrasound images.

(16) An understanding of the principles of patient

information, consent and preparation for ultra-

sound-guided procedure.

(17) Understanding the importance of practising within

their own level of competence.

(18) Procedures to minimise the risks of incorrect-

site interventions.

(19) Procedures to minimise cross-infection from

ultrasound equipment.

(20) The ability to perform ultrasound-guided proce-

dures under sterile condition.

(21) An understanding of the value of and techniques of

continual personal audit for quality assurance

and improvement.

Learning and assessment methods for generic

competencies

Recommendations with strong consensus
(1) Learning and assessment methods should be tailored

to learning objectives.

(2) Certifying organisations should decide learning and

assessment methods for each learning objective.

(3) Training course organisers should be able to request

approval for proposed learning and assessment

methods from the European Society of Anaesthesi-

ology (ESA) or relevant national societies.

(4) Training and successful assessment in a teaching

laboratory simulation environment is essential before

the practitioner undertakes ultrasound-guided pro-

cedures on patients.

(5) Assessment of competence to perform practical

procedures is best undertaken using a global rating

score added to a checklist of the individual

components of the task.

Specific learning/training objectives for ultrasound-

guided vascular access

Recommendations with strong consensus

At the completion of their training the practitioner, in

addition to achieving the generic objectives, should be

able to demonstrate:

(1) Knowledge of the sectional and ultrasonic anatomy of

the neck, axillary/subclavian veins, arm (basilic vein),

groin/femoral triangle, forearm (radial artery).

(2) That they can recognise vascular disease using

ultrasound, for example vessel patency, vessel

occlusion, deep venous thrombosis, arterial thrombo-

sis, pseudo aneurysm, arteriovenous fistula.

(3) Ability to use techniques to augment the size of

different veins.

(4) Proper selection of the catheter/vein ratio.

(5) Identification of the intravascular location of guide-

wire and catheter tip.

(6) Techniques for catheter tip navigation.

(7) PLUS techniques for ruling out complications of

central venous access.

Training and assessment methods for an initial level

of competency in ultrasound-guided vascular access

Recommendations with strong consensus
(1) Before attempting their first directly supervised

attempt for each ultrasound-guided vascular access

procedure, the practitioner should have observed

five ultrasound-guided procedures of that type and

performed five ultrasound scans on patients sched-

uled for that ultrasound-guided procedure.

(2) The practitioner undergoing training in ultrasound-

guided vascular access should maintain a logbook

that documents every procedure they perform.

(3) For each ultrasound-guided vascular access proce-

dure, the practitioner should be directly observed

for at least five ultrasound-guided procedures of that

type before their ability is assessed for subsequent

practice with distant supervision.

(4) For each ultrasound-guided vascular access proce-

dure, the practitioner should be signed off as
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appropriately skilled for that procedure by an expert

trainer using a global rating scale before they

perform the procedure with distant supervision.

(5) To be eligible for completion of competency-based

training in both adult and paediatric ultrasound-

guided vascular access, the practitioner should have

performed 30 ultrasound-guided vascular access

procedures of any type in a 12 months period.

(6) To be eligible for completion of competency-based

training in ultrasound-guided vascular access,

cumulative summated outcomes for key perfor-

mance indicators should be within the tolerance

limits of expert practice standards.

(7) Competence in ultrasound-guided vascular access

for eligible practitioners can be signed off if they

achieve satisfactory global rating scores following

direct observation of a procedure by an expert

trainer.

(8) Maintenance of competence in ultrasound-guided

vascular access will require cumulative summated

outcomes for key performance indicators to be

within the tolerance limits of expert practice

standards.

(9) Maintenance of competence in ultrasound-guided

vascular access will require evidence of regular

continuing professional development activities

relevant to ultrasound-guided vascular access.

(10) Maintenance of competence in ultrasound-guided

vascular access should be based on performance

indicators only and not number of procedures.

Performance indicators for ultrasound-guided

vascular access procedures

Recommendations with strong consensus

The following are useful performance indicators for

ultrasound-guided vascular access:

(1) First-time puncture rate.

(2) Successful completion of procedure within 30 min.

(3) Total procedural time.

(4) Incidence of major complications.

(5) Incidence of overall complications.

(6) Patient satisfaction.

Criteria for defining an expert trainer in ultrasound-

guided vascular access

Recommendations with strong consensus

An expert trainer in ultrasound-guided vascular access

must be able to demonstrate

(1) One year of independent practice in ultrasound-

guided vascular access following completion of

competency-based training, or

(2) Continuous independent practice in ultrasound-

guided vascular access for at least 3 years which

began before the introduction of competency-based

training (’Grandfather’ clause).

(3) Cumulative summated outcomes for key perfor-

mance indicators to be within the tolerance limits of

expert practice standards.

(4) Evidence of regular continuing professional devel-

opment activities relevant to ultrasound-guided

vascular access and education/training.

(5) For paediatric practice, should meet relevant national

criteria for maintaining practice privileges as a

specialist paediatric clinician in children from the

relevant age group (neonate, infant, toddler, older

child).

Introduction
The ESA formed a Task Force for the development of

clinical guidelines on the PERioperative uSE of Ultra-

Sound (PERSEUS). Although ultrasound is widely used

in the peri-operative settings for many purposes, includ-

ing peri-operative echocardiography, lung ultrasound,

gastric ultrasound and ultrasound for difficult airway

evaluation, the PERSEUS project has focused on the

use of ultrasound in two areas that account for the

majority of procedures performed routinely in the oper-

ating theatres: vascular access and regional anaesthesia.

These guidelines are based on the current evidence, as

provided by randomised controlled clinical trials and

relevant cohort studies. The evidence-based recommen-

dations will hopefully encourage clinicians involved in

these peri-operative procedures to apply the evidence in

seeking clinical excellence and the best possible out-

comes. One aspect to consider, which is not taken into

account in these guidelines due to lack of data, is the

availability of ultrasound equipment: it may take valuable

time to acquire and set up the equipment and have

everything ready for needle to skin (5 to 10 min or more).

Hence, the use of US is still debated in emergency

situations.

We are aware that financial limitations, national laws and

regulatory rules may be very different from place to place,

so that in some European countries, anaesthesiologists

may not be able to perform ultrasound-guided procedures

routinely. Nonetheless, the aim of the PERSEUS guide-

lines is to provide a clear definition of the procedures

wherein ultrasound guidance should be considered as a

standard of care, as well as those procedures or situations

wherein there is insufficient evidence that ultrasound

guidance should replace alternative techniques.

We are also aware that in the past, some clinicians have

raised concerns about the potential legal implications of

clinical guidelines.1 Indeed, we feel that any guideline

needs to be applied in a wise, context-sensitive manner.

The final decision to follow a recommendation is in the

hands of the clinician, according to each patient’s needs,

patient safety, available resources, local hospital policy

and national laws. On the contrary, it is the responsibility

of the clinician to try to adhere to evidence-based

Guidelines for perioperative use of ultrasound in vascular access 349
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guidelines and, should they plan not to apply any guide-

line recommendation, they should explain the reason to

the patient and document the discussion in order to

minimise the prospects of a possible negligence claim

if complications occur.

The term ‘point-of-care ultrasound’ (POCUS) is being

used more and more frequently in clinical practice.2 It is

commonly applied to bedside ultrasound-based proce-

dures using portable ultrasound devices for either diag-

nostic or therapeutic purposes, but it applies equally to

the use of ultrasound devices in the operating theatre

during the peri-operative period.

As recommended by the American Institute of Ultra-

sound in Medicine, in order to prevent any mechanical or

thermal damage to biological tissues by ultrasound, opti-

mal total acoustic power and frequency should be set as

low as possible to obtain the safest image resolution

following the ALARA principles (As Low As Reasonably

Achievable).3,4 Two parameters, the mechanical index

and thermal index, have to be below the cut-off value

beyond which harmful effects might occur.3 The Food

and Drug Administration recommends three different

cut-off values of thermal indices depending on the struc-

tures encountered in the path of the ultrasound beam:

soft tissues, bone or cranium.5 In the light of this evi-

dence, ultrasound has to be used according to Food and

Drug Administration recommendations and ALARA

principles in order to be well tolerated and to avoid

any damage.

The two main peri-operative ultrasound-guided proce-

dures that have gained rapid popularity in the last 20

years are vascular access and regional anaesthesia. Pro-

ponents relate the improved procedure success rates

when using ultrasound mainly to the ability to visualise

the target (blood vessels or nerves), while real-time

visualisation of the needle trajectory throughout the

procedure reduces the risk of major complications such

as unintended arterial puncture or pneumothorax. The

goal of the PERSEUS guidelines is to review the safety

and effectiveness of ultrasound-guided vascular access

and regional anaesthesia, so as to provide recommenda-

tions based on the best clinical evidence or, when this is

not available, on the consensus opinion of the experts

enrolled in this ESA Task force.

As with any new technique in medicine, there are two

main issues that have limited the use of ultrasound

guidance: training and lack of availability of the new

technology. Both problems will be addressed in the

PERSEUS guidelines. We will introduce some key

aspects of a structured training process for both vascular

access and regional anaesthesia, to be used as a guide for

national and local courses that enable certification of

practitioners. These recommendations will help structure

training in ultrasound guidance both for those currently

practising ultrasound-guided procedures without a formal

proficiency certificate, and for novices in their

residency training.

It is not within the scope of these guidelines to provide a

financial evaluation of the impact of the use of ultrasound

guidance in vascular access and regional anaesthesia, but

there will be a focused analysis on potential cost-savings

associated with the utilisation of these techniques.

Due to the size of the topic, the PERSEUS guidelines

will be presented in two separate articles. The current

manuscript will provide evidence-based recommenda-

tions for ultrasound-guided vascular access in adults

and paediatric patients. A separate article will discuss

the use of ultrasound in regional anaesthesia, including

peripheral nerve blocks and neuraxial anaesthesia.

The following materials and methods will be focused on

the first part of the guidelines, though they were basically

the same for both parts of the PERSEUS project.

Materials and methods
Selection of the task force

Following the new policies and procedures of the ESA

Guidelines Committee, an open call on the ESA website

was placed and ESA members with a specific interest in

peri-operative ultrasound-guided procedures were

invited to apply. Six ESA members (M.L., N.D.,

D.G.B., E.B., J.P.E., P.H.) were selected by the ESA

Guidelines Committee. A further member (A.M.) was

appointed by the European Board of Anaesthesiology.

The Chairman of the Task Force (M.L.) was appointed

by the Task Force during a preliminary meeting held at

the 2016 ESA Conference in London. After that meeting,

five more members (M.P., D.V., M.S., R.F., V.T., C.B.)

were selected on the basis of their specific expertise and

previous publications in the fields of vascular access and

regional anaesthesia and for their experience in deliver-

ing training courses around Europe on POCUS.

All members of the Task Force were involved in both

parts of the PERSEUS guidelines: the role of ultrasound

for peri-operative vascular access (discussed in the pres-

ent manuscript) and the role of ultrasound in regional

anaesthesia (discussed in a separate article).

To frame the literature search, we created separated

questions with inclusion and exclusion criteria according

to the PICOT process (Population, Intervention, Com-

parison, Outcome, Timing).6 The literature search pro-

tocol and its implementation were supported and

performed by a professional librarian (Janne Vendt, from

the Cochrane Anaesthesia, Critical and Emergency Care

Group, Herlev, Denmark).

Literature search

We identified relevant studies by developing subject-

specific search strategies, as described in Supplemental

Digital Content 1, http://links.lww.com/EJA/A278.
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The search strategies consisted of subject terms specific

for each database in combination with free text terms.

Where appropriate, the search strategy was expanded

with search filters for humans or age. We searched the

following databases from January 2010 to August 2017 for

relevant studies: PubMed, EMBASE (Ovid SP),

Cochrane Central Register of Controlled Trials (CEN-

TRAL), CINAHL (EBSCO) by using Medical Subject

Headings and title and abstract keywords.

We also scanned the following two trial registries for on-

going and unpublished studies: Clinical Trials (clinical-

trials.gov); WHO, International Clinical Trials Register,

Search Portal.

All relevant studies published between August 2017 and

September 2018 were also reviewed and considered in

our analysis.

We checked the reference lists of the included studies

and relevant reviews for additional studies. The search

results were exported to EndNote and duplicates were

removed before the retrieved publications were screened

for eligibility.

Eligibility criteria

We included the following publication types: randomised

controlled trials (RCTs), prospective cohort studies, ret-

rospective cohort studies, systematic reviews and meta-

analyses and also case series with a sample size greater

than 100 patients. We excluded narrative reviews, edi-

torials, case series less than 100 patients, case reports,

nonhuman studies and papers written in a non-European

language. In every section, inclusion and exclusion crite-

ria were identified on the basis of the PICOT process. We

included studies on ultrasound-guided vascular access

carried out on either adults or paediatric patients. All

articles comparing the use of ultrasound guidance to any

other technique for vascular access were selected. We

applied no limitation on study duration or length of

follow-up.

Study selection

Three members of each thematic cluster (see Supplemen-

tal Digital Content 2, http://links.lww.com/EJA/A279)

evaluated titles and abstracts identified in the literature

search, verifying each publication for eligibility and rele-

vance to the key clinical questions. A fourth reviewer

resolved possible disagreements. Papers included after

the abstract review process were documented in an End-

Note bibliographic database for each cluster and the full-

text retrieved for review. An overview of the total number

of abstracts screened and articles finally included for each

cluster is summarised in Supplemental Digital Content 2,

http://links.lww.com/EJA/A279.

Two members of each thematic cluster reviewed the full-

text and assessed the evidence provided by each paper,

following the recommendations of the Cochrane

handbook for systematic reviews interventions.7 Dis-

agreements were resolved by consensus or by consulting

a third reviewer.

Strength of evidence

The ESA Guidelines Committee selected the GRADE

system for assessing levels of evidence and grade of

recommendations (GoR). This approach classifies recom-

mendations into two levels, strong or weak (Supplemen-

tal Digital Content 3, http://links.lww.com/EJA/A280). A

two-level grading system has the merit of simplicity. For

clinicians, the two levels simplify the interpretation of the

strong and weak recommendations. The PERSEUS

Taskforce members were asked to define relevant out-

comes across all clusters and rank the relative importance

of outcomes, following a process proposed by the

GRADE group. After selecting the relevant papers for

each cluster, one member per group – expert in the use of

RevMan and GRADEPRO – conducted the final grading

of the papers. All relevant results in RevMan are reported

as Supplemental Digital Content 4, http://links.lww.com/

EJA/A281 for each cluster.

For training in ultrasound guidance, there were no stud-

ies. In this situation, we used the RAND method with a

modified Delphi process. We adapted the RAND/UCLA

Appropriateness Method for enabling expert consensus8

using iterative Delphi rounds conducted online. State-

ments were generated by the panel in order to develop

consensus on aspects of training in ultrasound-guided

vascular access and regional anaesthesia where evidence

was lacking, incomplete and/or of low quality. We also

included statements that assessed the appropriateness, in

the context of anaesthesia training, of recommendations

from other organisations who have produced guidelines for

training of nonradiologists in interventional ultrasound-

guided procedures. In the Delphi rounds, the panel mem-

bers rated the appropriateness of each statement on a scale

of 1 (completely inappropriate) to 9 (completely appropri-

ate). The median appropriateness score (MAS) was used to

categorise a statement as inappropriate (MAS 1 to 3.4), of

uncertain appropriateness (MAS 3.5 to 6.9) or appropriate

(MAS 7 to 9). To quantify consensus, we used the dis-

agreement index, a dimensionless variable that is inde-

pendent of the size of the expert panel. The smaller the

value of disagreement index, the greater is the consensus: a

disagreement index more than 1 indicates a lack of con-

sensus.9 Delphi rounds were planned to continue until an a

priori stopping rule was reached for each statement as

follows: if MAS more than 7 or less than 4 and disagree-

ment index less than 0.5, or if disagreement index

improves less than 15% in successive rounds.7 The Delphi

process was managed by one author (P.M.H.).

Round 1

Agreed statements were sent to panel members using an

online questionnaire generated in Google forms. Panel
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members were instructed to rate each statement on a

scale of 1 (completely inappropriate) to 9 (completely

appropriate) with an option not to respond to statements

that were outside their expertise. Respondents were also

asked to provide freehand comments, for example on the

wording of the statements or to suggest additional state-

ments.

Round 2 and subsequent rounds

Raw scores and freehand comments from Round 1 were

extracted from Google forms, converted into an Excel

spreadsheet and de-identified. Before Round 2, panel

members received their own Round 1 scores, the de-

identified scores of other panel members (as raw data and

summary bar charts), the calculated MAS and disagree-

ment index values and information on how these should

be interpreted.

Round 1 statements that met a stopping criterion were

not included in Round 2. Other Round 1 statements were

included in Round 2 unchanged or were amended based

on the freehand comments from Round 1. If panel

members made suggestions for additional statements

in Round 1, these were included in Round 2. The Round

2 statements were formatted as an online questionnaire as

for Round 1, and the panel members asked to respond to

the round 2 statements as for round 1. If the stopping

criteria were not met for all statements after Round 2, the

process for subsequent rounds would follow that of

Round 2.

A series of 92 statements, subdivided into 10 themes

regarding PICOTs where scientific evidence for the use

of ultrasound in vascular access and regional anaesthesia

was lacking, was agreed for Round 1. Twelve out of 13

panel members responded in Round 1.

Sixty-one of the statements were rated as appropriate

with MAS more than 7 and disagreement index less than

0.5. Eleven statements were not carried forward to Round

2 either because they were considered inappropriate

(MAS <4 and disagreement index <0.5) or because a

mutually exclusive statement met the stopping criteria

for appropriateness.

Round 2 consisted of 29 statements including 13 new

statements derived from freehand comments made by

panel members in Round 1. All 13 panel members

participated in Round 2. Nineteen statements were rated

as appropriate with MAS more than 7 and disagreement

index less than 0.5. One statement (Volume of local

anaesthetic used is a useful performance indicator for

ultrasound-guided regional anaesthesia) met a stopping

criterion (disagreement index improved by less than 15%

on previous round) but only achieved a MAS of 7. Ten

statements were not carried forward to Round 3 because a

mutually exclusive statement met the stopping criteria

for appropriateness.

Round 3 was made up of just six statements, in which

separate criteria for paediatric vs. adult ultrasound-

guided vascular access were introduced. Twelve panel

members responded. Consensus was reached on only two

statements with the other four meeting stopping criteria.

Review process

The ESA Guidelines Committee supervised and coordi-

nated the preparation of guidelines. The final draft of the

guidelines underwent a review process previously agreed

upon by the ESA Guidelines Committee. The draft was

posted on the ESA website from 5 May to 4 July, and the

link sent to all ESA members, individual or national (thus

including most European national anaesthesia societies).

We invited comments within this 4-week consultation

period. The most relevant comments have been collected

from all these resources and addressed in the final version

of the paper as appropriate. The Taskforce also sent the

draft for review to experts external to the ESA with

specific expertise and peer-reviewed publications in

the specific area of interest (ultrasound guidance in

vascular access). The external reviewers were contacted

by the Taskforce chairman and they were asked to

complete their review within 2 weeks from submission.

All the appropriate comments and suggestions were used

to modify the document. After final approval by the ESA

guideline committee, the ESA will be responsible for

publication of the guidelines and for implementation

programmes for education at different levels. Finally,

application of the guidelines throughout Europe will

be monitored and a regular update of the guidelines is

planned every 5 years.10

Definitions
The main focus of the ESA Task Force was to answer the

question, ‘Should ultrasound be used routinely during

vascular cannulation or during peripheral nerve blocks

and neuraxial anaesthesia, providing local resources and

expertise are available?’ We first agreed, through a Delphi

consensus, some definitions on the use of the ultrasound

techniques, then we identified specific PICOT questions

on the use of ultrasound that were answered after a

revision and analysis of the literature.

Definitions regarding ultrasound techniques

As there was lack of clarity in the literature regarding

definitions, this Task Force formulated some definitions.

A procedure is defined as ultrasound-assisted when ultra-

sound scanning is used to verify the presence and position

of a suitable target vessel (or any anatomical variations or

disease) before needle insertion, without real-time ultra-

sound needle guidance.

A procedure is defined as ultrasound-guided when ultra-

sound scanning is used to verify the presence and

position of a suitable target vessel before skin puncture
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and real-time ultrasound imaging is used to guide the

needle tip into the vessel.

The longitudinal view or long axis view is an ultrasound

imaging approach that describes the relationship

between the plane of the probe and the axis of the vessel.

In the long axis view, the plane of the probe is parallel to

the long axis of the vessel.

The transverse view or short axis view is an ultrasound

imaging approach that describes the relationship

between the plane of the probe and the axis of the vessel.

In the short axis view, the plane of the probe is perpen-

dicular to the axis of the vessel.

The oblique axis view is obtained by initially locating the

vessel in the short axis, followed by rotation of the probe

to almost midway between the short axis and long

axis views.

As regards the visualisation of the needle during the

procedure, the Task Force agreed on the definition of

two approaches:

(1) the in-plane approach: where, regardless of the vessel

view, the needle is advanced ‘in-plane’, that is within

the plane of the array of transducer elements within

the probe, that is providing a long axis view with

visualisation of the whole shaft of the needle as it

progresses towards the target.

(2) the out-of-plane approach: where, regardless of the

vessel view, the needle is advanced ‘out-of-plane’,

that is perpendicular to the plane of the array of

transducer elements within the probe, providing a

short axis view of the needle, visualised as a

hyperechoic dot.

Application of ultrasound to vascular

cannulation

Secure venous access for the administration of intrave-

nous drugs and fluids is mandatory during the peri-

operative period and the use of ultrasound was initially

proposed as a rescue technique when the traditional

landmark techniques had failed. More recently, interna-

tional guidelines have suggested the use of ultrasound as

a primary technique because of its apparent advantages

over landmark techniques. Finally, many guidelines

(National Institute of Clinical Excellence,11 European

Society of Intensive Care Medicine,12 American Society

of Anesthesiology13) recommend the use of ultrasound

not only for venepuncture itself but also for preprocedural

scanning of the vessel and of the surrounding structures.

We have considered the use of ultrasound for the place-

ment of all types of vascular catheter, either into a deep

vein or into an artery, in both adults and children, and in

both elective or emergency settings.

As the use of ultrasound is particularly common for

central venous cannulation, we adopted a new

classification of central venous catheterisation according

to the insertion site, as follows:

(1) Centrally inserted central line is a central venous

catheter inserted into a deep vein in the supracla-

vicular or infraclavicular area.

(2) Peripherally inserted central line is a cntral venous

catheter inserted into a deep vein of the arm (usually

the basilic vein but also the brachial veins).

(3) Femorally inserted central line is a central venous

catheter inserted into a deep vein at the groin (either

the common or the superficial femoral vein).

General recommendations

We recommend that the above definitions be used in

both clinical practice and research.

Ultrasound-guided vascular cannulation
The use of ultrasound in vascular access placement has

dramatically reduced the number of early and delayed

complications and it has been suggested as a routine

practice for cannulation of the internal jugular vein

(IJV).14 Due to the limited number of studies, the evi-

dence is generally weak as regards the added value of

ultrasound during the cannulation of other vessels,15 and

accordingly, our guidance will be presented along with

the GRADE recommendation (Supplemental Digital

Content 3, http://links.lww.com/EJA/A280). We will

present the evidence on ultrasound when used for these

more controversial sites, such as the subclavian and

axillary veins, as well on other sites such as the deep

veins of the arm, wherein ultrasound is now commonly

used for the placement of peripherally inserted central

line catheters. The benefits of ultrasound are not

limited solely to the act of venepuncture, but are

extended to the preprocedural detection of disease

or abnormal anatomy, choice of vein16 and to the timely

detection of early insertion-related complications and

of late complications such as catheter-related thrombo-

sis. To avoid possible contamination of the needle

entry site, there should be strict observation of the

central line associated bloodstream infection preven-

tion bundles whenever any ultrasound-guided vascular

access is attempted. Few studies have considered the

time spent to set up the ultrasound equipment ready

for use, and so this has not been quantified. However,

this panel of experts agreed that, assuming the equip-

ment is at hand, properly trained healthcare operators

take a very short time, less than 1 min, to set up the

equipment ready for use.

These guidelines will hopefully help the clinician to

make a rational use of ultrasound in relation to the

placement of a vascular access device (Fig. 1).

Results of the meta-analyses performed on the different

PICOTs are available in Supplemental Digital Content 4,

http://links.lww.com/EJA/A281.
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Fig. 1
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I. Identify anatomy of insertion site and localization of the vein  

 
• Identify vein, artery, anatomical structures 
• Check for anatomical variations  
• Use short axis (transverse; A) and long 
axis (longitudinal; B) view  
• Perform this step before prepping and 
draping of the puncture site 

 

 
II. Confirm patency of the vein  

 
• Use compression ultrasound to exclude 
venous thrombosis 
• Use colour Doppler imaging and Doppler 
flow measurements to confirm the patency of 
the vein and to quantify blood flow  
 

 

 
III. Use real -time US guidance for puncture of the vein  

 
• Use an aseptic approach  
• Use a short axis/out-of-plane (A) or a long 
axis/in-plane (B) approach 
• Try to the tip of the needle during the 
needle approach to the vein and puncture of 
the vein  

 

 
IV. Confirm needle position in vein  

 
• Confirm that the needle tip is placed 
centrally in the vein before the guide wire 

 
 
 
 

 

 
V. Confirm wire position in vein  

 
• Confirm the correct position of the guide 
wire in a short axis (a) and a long axis (b) 
view 
 
 
 

 

 
VI. Confirm catheter position in vein  

 
• Confirm the correct position of the central 
venous catheter in the vein in a short axis  
(a) and a long axis (b) view  
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(a) (b)

(a) (b)

(a) (b)

Step-by-step approach for vascular access placement. Although this refers to ultrasound-guided catheterisation of a vein, it can be applied to any
vessel.
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Ultrasound-guided vascular cannulation in

adults
Should ultrasound-guidance be used during

cannulation of the internal jugular vein for central

venous line placement in adults?

The IJV represents the most commonly used central vein

for central venous catheter placement in the peri-opera-

tive period. Figure 2 shows the transverse view visualisa-

tion of the IJV. Existing guidelines,13,14 meta-analyses17

and RCTs18 recommend the use of ultrasound in both

elective and emergency settings but, in some of them, the

recommendation is qualified by an assumption that the

technology may not be available.18 Five hundred and

eighty-eight abstracts were screened for relevance; 235

papers were selected for analysis, but only 30 of them

were finally included to inform the current guidelines.

We analysed the efficacy of ultrasound guidance when

compared with landmark or other techniques.

Overall success

Using a random effects model, our analysis of

15 RCTs19–33 and one prospective cohort study34 showed

that landmark-based and ultrasound-assisted cannulation

techniques are less effective than ultrasound guidance,

with 128 fewer successes per 1000 cannulations [relative

risk (RR); 95% confidence intervals, CI)]: 0.20 (0.12 to

0.34) with I2 (measure of heterogeneity)¼ 39%. In one of

these studies30 wherein the overall results of ultrasound

guidance and a landmark technique were similar, the

authors suggested that their findings could be explained

by a lack of adequate training in ultrasound guidance. In

another other large study,21 in which the operators were

experienced in both techniques, ultrasound guidance was

superior with a 100% success rate. These findings illus-

trate the importance of adequate training in all

comparator techniques if equipoise is to be achieved.

We note that training was not considered as an important

factor for bias in previous systematic reviews and it was

not possible for us to assess biases related to the levels of

competency in vascular access placement.

Overall complications

Ultrasound is effective in reducing the rate of all inser-

tion-related complications, including mechanical (arterial

puncture, posterior wall puncture, haematoma, pneumo-

thorax) and infectious complications. In considering the

overall rate of complications, we performed a meta-anal-

ysis on 20 RCTs18–38 and one prospective cohort study.20

Our results revealed that, compared with the landmark or

any other technique, ultrasound had a RR (95% CI) of

0.27 (0.20 to 0.35) favouring ultrasound, the equivalent of

75 fewer complications for every 1000 procedures. Our

analysis revealed that major complications such as carotid

puncture can be avoided when ultrasound is used by

experienced as well as inexperienced operators.21,34

Carotid puncture can lead to an expanding haematoma

that can quickly compress the trachea producing airway

obstruction and hypoxia. Not only can the use of ultra-

sound avoid or minimise this risk but also it can be useful

for estimating the size of the haematoma. Evaluating

whether there is an ongoing blood leak is useful in

determining the need for interventional radiology or

tracheal intubation. The studies analysed showed a con-

sistent reduction in minor complications such as small

haematomas or multiple vessel punctures when ultra-

sound was used. Minor complications can lead to late

problems such as deep venous thrombosis and central

line associated blood stream infection: multiple injuries

to the skin and vein wall may increase the risk of bacterial

contamination or local thrombosis.
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Fig. 2

Short axis view of the right internal jugular vein in an adult patient. External view: the ultrasound prove is placed in the mid-neck area to obtain a view
of the neck vessels. The head of the patient could be slightly rotated. Ultrasonographic image: CA, carotid artery; EJV, external jugular vein; IJV,
internal jugular vein; ScmM, sternocleidomastoid muscle.
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First-time success

We analysed 11 RCTs18,19,23,24,26–28,33,35,36,38 in which

first-time success was considered as a primary or second-

ary outcome. A random effects meta-analysis gave a RR

(95% CI) of 0.34 (0.28 to 0.41), I2¼ 49%, favouring

ultrasound: equivalent to 334 per 1000 more first-time

successful cannulations compared with landmark techni-

ques. Ultrasound-guided techniques were also more

effective than ultrasound-assisted techniques. The

first-time success using ultrasound guidance was

extremely variable, ranging from 78.9 to 96.6%, but

consistently better than with other techniques (23 to

65%). Again, these results seem to be related to the

proficiency of the operators. For example, the study by

Milling et al. 28 compared ultrasound guidance with other

techniques in a teaching hospital wherein the operators

had not received adequate training.

Time to successful puncture

In only five RCTs21,22,25,32,38 was the time required to

obtain a successful puncture of the IJV a primary or

secondary outcome. The meta-analysis on these studies

showed that ultrasound guidance was 2.5 s faster (95% CI,

2.55 to 2.43) than any other technique. A clear advantage

of the ultrasound-guided technique was evident in the

study by Karakitsos et al.21 who found the time to suc-

cessful puncture was 17.1 s (SD, 1.3) compared with 44 s

(SD, 3.5) when using a landmark technique. However,

these differences are of doubtful clinical relevance if we

consider the overall time to complete the cannulation of

the IJV and the time to set up the ultrasound equipment.

Time to successful cannulation

Three RCTs19,35,38 and one prospective cohort study34

described the total time required to perform the cannu-

lation of the IJV when ultrasound guidance was compared

with other techniques. The results from the meta-analy-

sis revealed that ultrasound guidance was more efficient

as the complete procedure took 2.17 min less (95% CI,

2.23 to 2.11). The papers analysed revealed a great

variability in terms of time to complete the procedure,

ranging from 4 to 19 min when using ultrasound guidance

compared with 8 to 21 min using other techniques. Before

drawing conclusions on this issue, we need further clini-

cal studies with a common protocol for timing the pro-

cedure. The preparation of the ultrasound probe and the

setup of the ultrasound machine should be considered in

the assessed timeframe. When a central line placement is

needed, the availability of an ultrasound machine ready

for use will minimise the time required for IJV cannula-

tion.

Recommendations

The quality of evidence on which to base recommenda-

tions is generally weak, with RCTs that have a high

degree of heterogeneity due to different patient popula-

tions, settings and operators performing the procedures.

We recommend the use of ultrasound guidance for IJV

cannulation in adults, as it is safer in terms of a reduction

in overall complications, it improves both overall and

first-time success, and it reduces the time to successful

puncture and cannulation of the vein (1B).

In terms of safety and efficacy, the use of an out-of-plane

approach is similar to the in-plane approach when ultra-

sound guidance is used for IJV cannulation (2A).

Should ultrasound guidance be used during

cannulation of the subclavian vein for central venous

line placement in adults?

The subclavian vein has been suggested as the vein of

choice for central venous cannulation in patients admit-

ted to the ICU because of a reduced risk of catheter-

related infections and thromboses,39 but its ‘blind’ punc-

ture by landmark techniques is frequently associated

with complications such as arterial puncture and pneu-

mothorax. We analysed 588 abstracts for relevance,

selected 235 papers for analysis and finally included

seven papers to inform our guidelines. The ultrasound-

guided technique was compared with landmark techni-

ques, as other techniques were not used.

Overall success

Our random effects meta-analysis of studies published

after 2005 (six RCTs)29,40–44 included studies wherein

the ultrasound-guided technique was used for cannula-

tion of the subclavian vein. Our results show that land-

mark techniques were less effective than ultrasound

guidance, RR (95% CI) 0.36 (0.24 to 0.54), equivalent

to 141 fewer successes per 1000 cannulations, although

the high degree of heterogeneity (I2¼ 62%) should be

noted. This finding is in line with Lalu et al.,45 who

reported a RR of 0.24 for failed cannulation. There is

still a lack of agreement on the use of an infra or

supraclavicular approach and on the use of ultrasound

guidance in the peri-operative setting or in the ICU. For

both these reasons, further studies are required to define

any real advantage of USG when the SCV is preferred for

central venous access.

Overall complications

We performed a meta-analysis on six RCTs29,40,41,43,46,47

and found that, for subclavian vein cannulation, ultra-

sound guidance results in RR (95% CI) of 0.42 (0.31 to

0.58), I2¼ 56%: equivalent to 124 fewer major complica-

tions per 1000 cases compared with landmark techniques.

Although we did not analyse every single complication in

detail, our results are consistent with the previous analy-

sis by Lalu et al.,45 which reported arterial puncture as the

main major complication, with ultrasound guidance

resulting in a more than 60% reduction compared

with landmark techniques. In the same systematic

review,45 other reported complications during subclavian

vein cannulation were pneumothorax, haemothorax and
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haematoma: in each case, the incidence was reduced with

ultrasound guidance compared with landmark techni-

ques. Catheter malposition may still occur with either

ultrasound guidance or landmark techniques, and this

seems to be related to the failure to use ultrasound for tip

location and tip navigation, as will be described later in

this guideline.

We did not analyse the time to successful subclavian vein

cannulation or the total time taken to perform the pro-

cedure, as there were no clear data available to perform

even a narrative review on these endpoints.

It should be noted that the results from our meta-analyses

were greatly influenced by one study: the study by

Fragou et al.41 accounted for 33% of the weighting of

our findings.

Recommendations

The quality of evidence on which to base recommenda-

tions is generally weak, with data from clinically hetero-

geneous randomised controlled trials with some

methodological problems.

We recommend the use of ultrasound guidance for sub-

clavian vein cannulation in adult patients, as it is safer,

and it reduces the incidence of both failures and of overall

complications when compared with the landmark tech-

nique (1C).

Should ultrasound guidance be used for cannulation

of the axillary vein for central venous line placement

in adults?

Cannulation of the axillary vein as an alternative to the

subclavian vein gained popularity after the introduction

of ultrasound guidance into clinical practice. The axillary

vein can be visualised infraclavicularly, both in short and

long axis views, and it can be punctured both out-of-plane

and in-plane.48–50 Figure 3 shows a transverse and lon-

gitudinal view of the axillary vein. In the past, there has

been some confusion between axillary and subclavian

vein cannulation using the infraclavicular approach. Con-

sidering that the transition from the axillary to the sub-

clavian vein is located at the external margin of the first

rib, and that ultrasound visualisation of the first rib is

often difficult because it is hidden by the clavicle, it may

be difficult to determine if the cannulated vein is actually

the axillary or subclavian vein, particularly when adopting

an out-of-plane, short axis technique. We found 588

abstracts potentially relevant to this topic, 235 were

selected for analysis and finally only two RCT studies50,51

were used to inform the guidelines; a meta-analysis could

not be performed.

Overall complications

The reported rate of complications and malposition in the

study by Xu et al.50 was lower when ultrasound guidance

was used: 0.6 vs. 3.7% (P¼ 0.001) and 0.6 vs. 2.1%

(P¼ 0.017), respectively. The study by Liccardo et al.51

did not report major complications such as pneumothorax

but supported ultrasound guidance because it was asso-

ciated with a lower risk of malposition of the

pacemaker leads.

First-attempt success

The study by Xu et al.50 found that ultrasound guidance

was associated with a first-attempt success rate of 96%

compared with 81.7% using landmarks. Liccardo et al.,51

in a smaller RCT using ultrasound guidance to cannulate

the axillary vein for pacemaker wire implantation,

reported that the frequency of success at the first attempt
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Fig. 3

Short axis view of the right axillary vein in an adult patient. External view: the ultrasound probe is placed under the clavicle, perpendicular to its main
axis. Ultrasonographic image: the blue arrow indicates the axillary vein (AV); the red arrow indicates the axillary artery (AA); PM, pectoralis muscle.
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was comparable to that of subclavian vein cannulation

using a landmark technique (93.3 vs. 95.6%). They con-

cluded that their ultrasound-guided approach to the

axillary vein was as effective and as well tolerated as

the classical technique for subclavian vein cannulation,

and with the added advantage of being free from the risk

of pneumothorax or damage to the pacemaker wires.

There were no data in either of the studies regarding the

time required to puncture or to cannulate the

axillary vein.

Recommendations
(1) The quality of evidence on which to base recom-

mendations is generally weak, with data from only a

few, small, clinically heterogeneous RCTs.

(2) We recommend the use of ultrasound guidance

during axillary vein cannulation, as it reduces the risk

of major complications and increases the rate of first-

time success when compared with the landmark

technique (2A).

Should ultrasound guidance be used during

cannulation of the femoral vein, or other veins in the

groin, for venous line placement in adults?

There is a huge body of evidence-based literature prov-

ing that ultrasound guidance significantly reduces early

mechanical complications, late infectious and thrombotic

complications, the number of attempts and the costs of

femoral-inserted catheters. The veins in the groin, such

as the femoral vein, are usually punctured when the

supraclavicular or infraclavicular areas cannot be accessed

(e.g. skin lesions or infections, burns, trauma and so on),

when the superior vena cava cannot be cannulated (e.g.

superior vena cava syndrome due to a mediastinal mass,

surgical corrections of congenital heart diseases, superior

vena cava occlusion and thrombosis and so on) or as a

second option after the right IJV when a dialysis catheter

is needed. Figure 4 shows a transverse view of the

femoral vein.

A recent Cochrane meta-analysis concluded that ultra-

sound-guided cannulation of the femoral vein provides

only small benefit when compared with the landmark

technique.15 The analysis included data from only four

controlled trials (randomised or not). Although there are

fewer randomised clinical trials of ultrasound-guided

femoral vein cannulation than IJV cannulation, there is

a broad consensus that the benefits of ultrasound guid-

ance can be extended to all venous access sites.15–17 This

panel of experts, after systematic update and review of

recent evidence, concurs with this opinion: we concluded

that the lack of benefit is more likely related to a lack of

adequate studies rather than to a failure of ultrasound at

these sites.

The use of ultrasound guidance gives the further option

of using the superficial femoral vein at the mid-thigh

level. This technique enables a catheter exit site in a

clean, flat and stable area where dressings can be man-

aged optimally, reducing the risk of infections and throm-

bosis, and without the need for tunnelling the catheter.

We screened 218 abstracts for relevance and 15 papers

were selected for analysis: only 10 of these were finally

included to inform the current guidelines. We analysed

the advantages/disadvantages of ultrasound guidance

when compared with landmark or other techniques for

insertion of femoral catheters.

Overall success

Our meta-analysis on four prospective observational stud-

ies5255 and two RCTs19,56 showed that ultrasound guidance is
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Fig. 4

Short axis view of the femoral vein in an adult patient. External view: the ultrasound probe is placed at the groin. Ultrasonographic view: FV, femoral
vein; FA, femoral artery.
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more effective than landmark and other techniques, RR

0.2 (95% CI, 0.12 to 0.34), equivalent to 160 more

successful cannulations per 1000 procedures (95% CI,

116 to 176).

Major complications

Ultrasound guidance reduces the incidence of major

complications such as arterial puncture, posterior wall

puncture, haematomas and infections. Haematomas,

although sometimes considered to be minor complica-

tions, are not harmless, as they are precursors of infection

and thrombosis. We performed a random effects meta-

analysis on eight prospective observational studies52–

55,57–59: this revealed that USG was associated with fewer

complications than landmark or other techniques with a

RR (95% CI) of 0.4 (0.30 to 0.55), I2¼ 29%: equivalent to

121 fewer complications per 1000 procedures (95% CI, 91

to 142). A separate analysis of two RCTs19,56 showed that

ultrasound guidance provides a significant reduction in

overall complications compared with landmark or other

techniques with a RR (95 CI) of 0.4 (0.3 to 0.55), I2¼ 0.

Number of attempts

In one RCT56 and in two prospective observational

studies,52,58 the total number of attempts was signifi-

cantly lower with ultrasound guidance than with any

other technique: reducing the number of attempts may

indirectly reduce the rate of infections.

Time to successful cannulation

Only one RCT19 and two prospective observational stud-

ies52,58 considered the time to cannulation as a primary or

secondary outcome. A meta-analysis showed that ultra-

sound-guided cannulation is faster (90 s vs. 5 min) than

any other technique. By reducing the time to successful

cannulation, ultrasound-guided cannulation may indi-

rectly reduce infectious complications related to the

puncture technique, by reducing the chance of accidental

breakdowns of the sterile technique.

Recommendations
(1) The quality of evidence on which to base recom-

mendations is weak, with data from only small RCTs

and cohort studies with high heterogeneity and some

methodological problems.

(2) We recommend the use of ultrasound guidance for

cannulation of the femoral vein (or other veins in the

groin) in adults, as it is safer, it reduces the incidence

of major complications, it improves the success rate

and it reduces the time to successful cannulation

(1C).
(3) We also recommend the use of ultrasound guidance

for cannulation of the femoral vein (or other veins in

the groin) in adults, as it may indirectly decrease

infectious and thrombotic complications by reducing

the likelihood of some risk factors (e.g. haematoma)

related to the puncture (1C).

(4) We suggest considering ultrasound-guided puncture

of the superficial femoral vein at the mid-thigh to

enable an exit site in a safe area, reducing the risk of

infection and thrombosis (2C).
(5) We recommend an out-of-plane puncture of the

femoral vein using a short axis view. A short axis view

allows a panoramic view of arteries and nerves and so

helps to avoid inadvertent damage to these structures

(1C).

Should ultrasound guidance be used for cannulation

of any peripheral vein in adults during elective or

emergency procedures?

Peripheral vein puncture and cannulation is a routine and

very common procedure required in a broad range of

clinical applications, from peripheral venous catheters

(short and long cannulas, midlines and so on) to periph-

erally inserted central venous catheters (PICCs). A

peripheral venous catheter is often needed to maintain

fluid and electrolyte balance, deliver blood products and

administer drugs, either in emergency or elective situa-

tions. For short, and medium-term inpatient and outpa-

tient care, a PICC may be needed for the purpose of

frequent blood sampling, for administration of drugs with

low (<5) or high (>9) pH, for infusion of solutions with

high osmolality (>500 mOsm l�1) and/or for administra-

tion of parenteral nutrition with high osmolality

(>800 mOsm l�1)60 or even for haemodynamic monitor-

ing.61 Figure 5 shows a transverse view of the veins in the

mid upper arm level.

The traditional cannulation technique for peripheral

intravenous catheters based on visual inspection and

palpation of superficial peripheral veins of the arm can

often be difficult for many reasons: small peripheral veins,

subcutaneous fat, previous repeated attempts at cannula-

tions, chronic medications or drug abuse, age-related

diseases, malnutrition or dehydration.62 Difficult periph-

eral venous access, defined as the absence of veins easily

visible or palpable in both arms after tourniquet place-

ment, is associated with repeated unsuccessful attempts,

delay in management, increase in costs, adverse events

such as nerve damage, paraesthesia, haematoma, arterial

puncture and placement of unnecessary centrally

inserted central venous catheters.63,64 Many authors have

investigated the factors associated with difficult periph-

eral venous access, and different scores (so-called ‘DIVA’

scores) have been validated in adult and paediatric set-

tings.62,65 USG provides a promising strategy for obtain-

ing peripheral intravenous access in patients with

predicted difficult venous access. When cannulating

superficial peripheral veins, it is important to consider

some characteristics of the vessel and of the vascular

access device that may impact on a procedure’s chance of

success and catheter survival: in particular the depth of

the vein and the length of the device.60,66 Although

ultrasound guidance is suitable for veins at a depth of
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more than 7 to 8 mm, more superficial veins (depth

<7 mm) are not easily visualised and punctured, as they

are compressed by the probe itself and by the pressure

transmitted by the needle from the skin to the soft

tissues. Furthermore, the vein depth is an important

factor when choosing the length of catheter.60 Longer

catheters (i.e. mini-midlines, which are 8 to 15 cm long)

have longer survival than short peripheral cannulas.66,67

Keyes et al.67 also showed that for vessels greater than

1.2 cm in depth or for insertion into the deep brachial or

basilic veins of the arm, the survival probability at 48 h of

traditional short peripheral cannulas was significantly

lower than placement into more superficial vessels.

PICCs must be placed by puncturing a deep peripheral

vein of the arm above the elbow crease, thus increasing

success rate and reducing thrombotic and infectious

complications. The puncture of these veins requires

the use of ultrasound guidance.12,14 It is widely accepted

that PICCs should be routinely inserted at mid-arm level

by ultrasound guidance and using micro-introducer tech-

nique.12

We screened 3911 articles for relevance and 108 papers

were selected for analysis: only 15 of these were finally

included to inform the guidelines. We analysed the out-

comes of ultrasound-guided cannulation of peripheral

veins vs. any other technique in adults, for both elective

and emergency procedures.

Overall success

Our random effects meta-analysis of four RCTs indicated

that ultrasound-guided cannulation compared with land-

mark is more effective with RR of 0.43 (95% CI, 0.24 to

0.80), equivalent to 338 (95% CI, 129 to 481) more

successful cannulations per 1000 procedures, but there

was a high level of heterogeneity (I2¼ 85%).64,68–70 A

further analysis on five prospective observational studies

found that ultrasound-guided cannulation is better than

landmarks with RR of 0.21 (95% CI, 0.08 to 0.55),

equivalent to 220 (95% CI, 146 to 248) more successful

cannulations per 1000 procedures, but again there was a

high level of heterogeneity (I2¼ 77%). In addition to

fewer skin punctures, we found increased patient satis-

faction associated with the use of ultrasound guidance for

peripheral vein cannulation.71–75 This might be associ-

ated with a reduced number of attempts in patients with

difficult peripheral venous access.

Overall complications

The most common complications reported were haema-

tomata and arterial punctures. Other complications

included nerve injury with pain and transient neurologi-

cal deficit, and nerve injury with transient nerve pain but

no associated neurological deficit. Specifically, for PICC

placement, the most common complications were venous

thrombosis, bleeding, tip malposition and arm discom-

fort. Our random effects meta-analysis of five prospective

observational studies71,73–76 revealed that ultrasound-

guided cannulation compared with landmark or any other

technique was associated with RR (95% CI) of 0.32 [0.19

to 0.54, I2¼ 34%, equivalent to 222 (95% CI, 180 to 252]

fewer complications per 1000 procedures. Only one

RCT70 was found and, in this, the overall complications

were among the secondary outcomes. In this study, the

authors enrolled 1189 individuals, the majority of the

total number of patients included in our analysis. They

found that ultrasound guidance was superior to land-

marks or any other technique for those cases with mod-

erately difficult or difficult intravenous access. But these

authors also found that the landmark technique was more
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Fig. 5

Short axis view of the deep vein of the arm in an adult patient. External view: the ultrasound probe is placed over the anterior aspect of the arm.
Ultrasonographic image: Hum, humerus, BV, basilic vein; BA, brachial artery; the red arrow indicates the small brachial vein; the yellow arrow
indicates the brachial nerve.
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successful in patients with easy venous access, or if it was

a second attempt after a previous failure.

Time to successful cannulation

In three prospective observational studies, the high level

of heterogeneity (I2¼ 100%) precludes reporting our

meta-analysis.71,72,77 One of these studies reported ultra-

sound guidance to be two times faster than the landmark

technique (mean 26.8 vs. 74.8 min).71

Our meta-analysis of six RCTs showed no difference in

time to cannulation using ultrasound-guided cannulation

vs. landmarks. Evaluation of individual studies suggests

that when an expert operator can easily see or palpate the

vein, landmarks seem to be superior especially in terms of

procedural duration. In contrast, ultrasound guidance is

more successful when a superficial vein is not clearly

visible or palpable and the access is difficult.63,64,70,78–80

Recommendations
(1) The quality of evidence on which to base recom-

mendations is weak, with data from only small RCTs

and prospective cohort studies with high heteroge-

neity.

(2) We recommend adopting and applying a tool for the

assessment of difficult peripheral venous access in

order to best identify those patients who may benefit

from ultrasound-guided peripheral vein cannulation

(1C).
(3) We recommend the use of ultrasound guidance for

peripheral vein cannulation in adults with moderate

to difficult venous access, both in emergency and

elective situations, as it is safer and more effective in

terms of reduction of complications and improved

overall success rate and reduced time to achieve

vascular access (1C).
(4) We recommend the use of ultrasound before

peripheral vein cannulation in order to evaluate the

location of the vein as well as its diameter and depth.

This will enable the choice of the most appropriate

length and diameter of peripheral vascular access

device and the safest puncture site, so as to reduce

risks of accidental dislodgment and extravasation,

phlebitis and thrombus formation (1C).

(5) We recommend routine use of ultrasound for

peripherally inserted central catheter placement,

taking care that the exit site is located at mid-arm

level (1C).

Should ultrasound guidance be used for cannulation

of any central vein for long-term vascular access

device placement in adults?

A long-term central venous catheter is a device implanted

so as to obtain long-term stabilisation and to protect it

against extraluminal contamination.

This definition includes the following long-term central

venous devices:

(1) A totally implanted central venous catheters in which

the catheter is connected to a subcutaneous reservoir

(Port catheters);

(2) A central venous catheter tunnelled and cuffed;

(3) A central venous catheter tunnelled, not cuffed but

stabilised with a subcutaneously anchored system.

There are some complications that are specific to this

type of catheter where evidence suggests ultrasound may

play an important role in prevention and diagnosis. We

screened for 122 abstracts for relevance and 99 papers

were selected for analysis, but only four of them36,81–83

were finally included to inform the current guidelines.

We analysed the use of ultrasound guidance compared

with landmark or other techniques in terms of the rate of

pinch-off and infectious and thrombotic complications

when placing long-term central venous access devices.

Catheter-related thrombosis

By reducing the number of puncture attempts and thus

the endothelial damage, and by decreasing technical

failure rates and likelihood of hematoma formation,

which can cause vein collapse, ultrasound guidance indi-

rectly reduces the incidence of catheter-related throm-

bosis compared with landmark guidance or surgical

placement.12,81,83,84 Furthermore, ultrasound enables

early diagnosis of catheter-related thrombosis and its

differentiation from a fibroblastic sleeve.

Catheter-related infections

By reducing the number of puncture attempts and the

subsequent risk of haematoma formation, which repre-

sents an ideal environment for bacterial replication, and

decreasing the time to achieve a successful cannulation

and the subsequent possible breakdown of the sterile

technique, ultrasound indirectly reduces the incidence of

catheter-related infections, in both adults and children,

when compared with landmark guidance or surgical

placement.12,81,83,84

Pinch-off syndrome

Pinch-off consists of damage to a catheter (especially if

made of silicone) in its extravascular tract due to com-

pression between the first rib and clavicle before it enters

the subclavian vein. Compared with the 1.7% rate of

pinch-off syndrome with the landmark technique, there

were no cases in the ultrasound group.82 This is because

the catheter, as shown by computed tomography (CT)

scan,82 enters the vessel before it passes between the first

rib and the clavicle.

Cost-effectiveness

Biffi et al.83 demonstrated that ultrasound guidance for

long-term central venous catheter placement is cost-

effective, with an estimated saving of s2000 per patient

when compared with landmark guidance or surgical

placement.
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Recommendations
(1) The quality of evidence on which to base recom-

mendations is weak, with data from only small RCTs

with high heterogeneity.

(2) We recommend ultrasound guidance for placement

of long-term vascular access devices, as it has been

shown to significantly reduce early mechanical

complications (arterial puncture, hematoma, pneu-

mothorax, haemothorax) (1C).
(3) We recommend ultrasound guidance for placement

of long-term vascular access devices, as it has been

shown to be cost-effective by indirectly reducing

complications such as catheter-related thrombosis

and catheter-related infections (1C).
(4) We recommend ultrasound-guided puncture of the

axillary vein at the thorax for long-term vascular

access device placement, as it has been shown to

reduce the risk of pinch-off syndrome (1C).
(5) We recommend ultrasound for catheter tip location

and tip navigation to avoid primary malposition (1C).
(6) We recommend preprocedural sonographic evalua-

tion of all possible venous option for long-term

vascular access device placement to plan and choose

the safest approach (1C).
(7) We recommend ultrasound for timely diagnosis of all

potentially life-threatening complications (pneumo-

thorax, haemothorax, cardiac tamponade and so on)

after central venepuncture, as it has been shown to be

more accurate and faster than a chest radiograph (1B).

Should ultrasound guidance be used for cannulation

of any artery in adults during elective procedures?

Arterial catheter placement is a common procedure per-

formed in a broad range of clinical settings (e.g. medical

emergencies, major elective and emergency surgery,

ICU) mainly for haemodynamic monitoring and repeated

arterial blood sampling.86 The sites most commonly used

for arterial cannulation are the radial and femoral arteries.

The radial artery is the preferred site for arterial cannu-

lation because of its consistent anatomical accessibility,

ease of cannulation, low rate of complications and ease of

optimal nursing and wound dressing.86 Failing the radial

artery, the femoral artery is the next choice.86 Although

one advantage of femoral artery cannulation is that the

vessel is larger than the radial artery, it is associated with a

higher risk of infection.86,87

The traditional technique for arterial catheter placement

is the pulse palpation method in which the pulse of the

artery is the landmark for the puncture site and needle

direction. However, accurate localisation of small arteries

using the pulse palpation method is technically difficult

and can be very challenging particularly in the presence

of dehydration, hypotension or haemodynamic instabil-

ity, and in those patients with vascular diseases. In all

these cases, multiple cannulation attempts are common

and may result in serious complications. The most

frequent complications are arterial occlusion, haematoma

formation and nerve injury. Although rare, other serious

complications, such as permanent ischaemic damage,

sepsis and pseudo-aneurysm formation, may occur.

The use of ultrasound guidance has been proposed to

minimise these complications.

Before radial artery cannulation is attempted, Allen’s test

is commonly used to assess collateral circulation of the

hand through the ulnar artery. Recently, a modified

Allen’s test performed using duplex colour-Doppler

imaging and pulsed Doppler has been proposed.88,89

These studies have shown that dynamic duplex ultraso-

nography and Doppler can provide more accurate ana-

tomical and physiological information about the ulnar

collateral blood flow than the traditional Allen’s test. In

fact, the absence of reverse flow in the superficial palmar

branch in the hand upon radial artery occlusion or an

absence of flow in the dorsal digital artery to the thumb

during radial artery compression appear to represent

contraindications to radial artery catheterisation.89

Sixty-six articles were screened for relevance. Twenty-

five papers were selected for analysis, 13 of which were

included to inform the guidelines for radial artery cathe-

terisation, but with only three included for femoral artery

cannulation. We analysed the outcomes of ultrasound

guidance for placement of arterial catheters vs. any other

technique of arterial cannulation in adults, in both elec-

tive and emergency procedures.

Overall success

Using the pulse palpation technique, a failure to obtain

arterial access has been reported in up to 20% of radial

artery catheterisations and 13.6% of femoral artery cathe-

terisations.

Our random effects meta-analysis of 10 RCTs90–99 of

radial artery cannulation showed that ultrasound guid-

ance was more effective than pulse palpation or any other

technique with a RR (95% CI) of 0.42 (0.26 to 0.68,

I2¼ 30%), equivalent to 39 (95% CI, 10 to 51) more

successful cannulations per 1000 procedures

Two randomised controlled trials100,101 of femoral artery

catheterisation showed that ultrasound guidance

increases success rate when compared with pulse palpa-

tion technique with RR 0.74 (95% CI 0.55 to 0.99),

equivalent to 73 more successful attempts per 1000 pro-

cedures.

Overall complications

Our random effects meta-analysis of eight RCTs90,95–

98,102–104 of radial artery catheterisation showed that

ultrasound-guided technique compared with any other

technique is associated with 67 (95% CI, 37 to 89) fewer

complications per 1000 procedures with a RR of 0.56

(95% CI, 0.30 to 1.03), I2¼ 70%. We made a further

random effects meta-analysis of three RCTs100,101,105
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of femoral artery cannulation that revealed that ultra-

sound guidance compared with any other technique was

associated with 41 fewer complications per 1000 proce-

dures with a RR of 0.36 (95% CI, 0.16 to 0.82); I2¼ 41%.

First-time successful cannulation

Our random effects meta-analysis of 11 RCTs91–

95,98,99,102–104 of radial artery catheterisation showed that

ultrasound-guided cannulation compared with any other

technique is more effective in increasing success rate at

the first attempt with 187 (95% CI, 103 to 285) more

successful first-time cannulations per 1000 procedures

with a RR of 0.66 (95% CI, 0.60 to 0.72); I2¼ 47%.

Two RCTs of femoral artery catheterization (100, 101)

found that ultrasound guidance compared with any other

techniques allows a significantly increased first-time suc-

cess rate with a RR of 0.31 (95% CI 0.26 to 0.38),

equivalent to 341 more successful first-time cannulations

per 1000 procedures (95% CI 3.02 to 3.72).

Time to successful cannulation

A meta-analysis of 10 RCTs90,91,93,94,96–99,102,104 showed

that ultrasound-guided catheterisation of the radial artery

was 29 (95% CI, 25 to 84) s faster than the pulse palpation

or any other technique. Two RCTs100,101 of femoral

artery catheterisation found that ultrasound guidance

was 25 (95% CI 14 to 37) s faster than other techniques.

Although the time saved may not be relevant in clinical

practice, these data indicate that ultrasound guidance

does not waste time, which is relevant in the

emergency situation.

Short axis out-of-plane vs. long axis in-plane for radial
artery cannulation

Two different approaches for ultrasound-guided radial

artery cannulation can be used: short-axis þ out-of-plane

and long-axis þ in-plane techniques. Moreover, some

authors have proposed an oblique approach106 and new

articles are currently in publication regarding this

new approach.

The current available literature is equivocal in reporting

the superiority of the short-axis out-of-plane technique

over the long-axis in-plane technique for radial artery

cannulation in both adults and children. Berk et al.107

showed that rate of cannula insertion success at the first

attempt was 51 and 76% with the use of short-axis out-of-

plane or long-axis in-plane, respectively. Also, Stone

et al.,108 in a simulated model, found that the long-axis

þ in-plane technique was associated with improved

visibility of the needle tip during puncture, which may

help to decrease the risk of complications. On the con-

trary, Quan et al.109 showed that the first-attempt success

rate was significantly higher in a slightly modified short-

axis þ out-of-plane technique than the long-axis þ in-

plane technique. Although Song et al.110 have recently

found a similar success rates with either technique in

paediatric patients, the rate of posterior wall puncture was

lower with the long-axis þ in-plane technique. Finally,

Sethi et al.111 showed that short-axis þ out-of-plane and

long-axis þ in-plane for radial artery cannulation are

similar in terms of overall success and time to successful

cannulation in adult patients.

Recommendations
(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively few

RCTs that have a high degree of heterogeneity.

(2) We recommend the use of ultrasound guidance for

radial artery catheterisation in all adult hypotensive,

hypovolaemic or haemodynamically unstable

patients, and in those with vascular disease and in

small arteries with a weak and/or thin pulse, as it has

been proved to be more effective in reducing

complications, time to cannulation and number of

attempts, and in increasing overall success and first-

time success rates (1B).
(3) We recommend the use of ultrasound guidance in all

adults needing femoral artery catheterisation, as it has

been shown to be safer in reducing major and minor

complications, with increased overall success and

first-time success rates, and, thus, reduced time to

cannulation (1B).
(4) ’Use of a short axis view out-of-plane approach is not

superior to a long-axis view in-plane approach when

ultrasound guidance is used for radial artery cathe-

terisation (2A).
(5) Before radial artery catheterisation, we suggest a

modified Allen’s test is performed using duplex

ultrasonography and colour-Doppler to evaluate

ulnar artery collateral blood flow: absence of reverse

flow in the superficial palmar branch in the hand

during radial artery compression or absence of flow in

the dorsal digital artery to the thumb during radial

artery compression represent contraindications to

radial artery catheterisation (2C).

(6) The catheterisation of a small radial artery is not

recommended, as it is associated with the develop-

ment of a clinically relevant pressure gradient

(central to radial) during cardiac surgery. Thus,

values obtained by invasive blood pressure measure-

ment in a small radial artery can be falsely low112

(2C).

Should ultrasound be used for confirmation of the

correct position of the central venous catheter tip for

any patient and any elective or emergency situation?

Prevention of central venous catheter tip malposition is of

paramount importance, as it has been associated with

significant complications, including central venous or

superior vena cava thrombosis, arrhythmias, cardiac tam-

ponade and haemodynamic monitoring inaccuracy.

Moreover, with malposition, appropriate treatment

may be delayed with subsequent further related
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complications. In this regard, the intracavitary electrocar-

diographic (IC-ECG) method60,85,113,114 is currently

recommended in international guidelines84 as accurate,

well tolerated and cost-effective for assessing the proper

location of the central venous catheter tip. However, this

method is commonly considered to be applicable only

when there is a well defined and identifiable P wave in

the ECG trace. Although a few studies have recently

suggested that IC-ECG might also be used in patients

with atrial fibrillation after some appropriate modifica-

tions of the basic technique, in patients with a pacemaker

or with other arrhythmias, IC-ECG is still considered to

be not applicable. As bedside chest radiograph has been

shown to be inaccurate in identifying the catheter tip

location due to the inaccuracy of the radiological land-

mark for the cavo-atrial junction, ultrasound imaging has

been proposed as an alternative technique to IC-ECG

and chest radiograph for tip location. Indeed, the appli-

cation of ultrasound to vascular access should not be

limited to venepuncture but should be extended to assist

in all steps of the procedure.11,115 Specifically, in regard to

the prevention of primary malposition, ultrasound may

play two roles as a ‘tip location’ and a ‘tip navigation’

technique.121 Ultrasound-based tip navigation techni-

ques can be used to confirm that the catheter or the

guidewire is threading towards the cavo-atrial junction by

songraphic visualisation throughout the ipsilateral bra-

chiocephalic vein, ruling out catheter misdirection into

the ipsilateral IJV or other superior vena cava tributary

veins (e.g. the contralateral brachiocephalic vein). Sono-

graphic tip navigation may be performed with the same

linear probe used for the puncture.

As a tip location technique, ultrasound allows direct or

indirect visualisation of the catheter tip or the J-guide-

wire at the cavo-atrial junction, upper right atrium or in

the lower superior vena cava by means of transthoracic

echocardiography.118–149 Different approaches and dif-

ferent protocols have been described in the literature on

this topic. Four different echocardiographic views have

been tested: the apical four-chamber view, the subcostal

four chambers view, the subcostal bi-caval view and the

suprasternal/supraclavicular view. Both of the four cham-

bers views allow only evaluation of the right atrium

without visualisation of the superior vena cava or inferior

vena cava. On the contrary, the subcostal bi-caval view,

the most studied approach, allows visualisation of the

superior vena cava, cavo-atrial junction, right atrium and

inferior vena cava. Four groups of researchers116–119 have

studied the suprasternal/supraclavicular view, which

allows identification of the confluence between the

two brachiocephalic veins, the superior vena cava, the

right branch of the pulmonary artery and the aortic arch.

These structures enable indirect identification of the

cavo-atrial junction.

Ultrasound-based tip navigation may be used during the

procedure to help the operator in directing the guidewire

and/or the catheter in the right direction. On the contrary,

tip location methods verify that the tip of the catheter is

in the desired definitive position. Thus, it is clear that tip

navigation does not replace the tip location method, and

ideally both should be integrated.

We screened 976 titles and abstracts for relevance and 35

of these were assessed for eligibility and selected for

analysis: only 32 of these118–149 were finally included to

inform the current guideline. The included studies used

different ultrasound protocols and reported a wide range

of diagnostic accuracy. To address this issue, we per-

formed a meta-analysis of these studies. We analysed

feasibility and diagnostic accuracy of ultrasound-based

tip navigation and tip location techniques as well as the

time required to perform them.

Accuracy and feasibility

Ultrasound for tip location was feasible in 93% of cases

(2725 catheters out of a total of 2933 patients enrolled

across all the included studies). The reasons for this

reported 7% of failure rate were the poor echogenicity

and high acoustic impedance of the chest restricting the

use of all subcostal, suprasternal/supraclavicular and api-

cal views; other factors such as obesity, recent open

abdominal surgery, overinflation of the stomach or colon,

presence of a drainage tube and so on may restrict the use

of the subcostal acoustic window.

Overall accuracy of the ultrasound protocols was 97.3 vs.

96.7% with chest radiograph.

We performed a meta-analysis of 31 prospective

observational studies and one RCT. Different sono-

graphic methods have been assessed in the included

studies. The ultrasound protocols can be classified

into four groups: vascular ultrasound and transthoracic

echocardiography; transthoracic echocardiography com-

bined with contrast-enhanced ultrasound; a combination

of first and second; and, supraclavicular ultrasound.

Contrast-enhanced ultrasound is defined as a flush

of the central venous catheter with agitated or non-

agitated 0.9% saline, generating microbubbles visible

during transthoracic echocardiography. In 11 of these

studies,118,120,121,125,130,131,132,136,145,150,152 vascular ultra-

sound was coupled with transthoracic echocardiography

with or without contrast-enhanced ultrasound, whilst in

22 studies119,120,124–127,128,130,131–138,145–150 catheters

were visualised by ultrasound directly after placement.

Interestingly, in six studies,129,116,117,118,151,152 the

advancement of the guidewire was assessed in real-time

by ultrasound, showing that this technique can signifi-

cantly reduce the incidence of malposition.

The group of studies in which transthoracic echocardiog-

raphy with or without contrast-enhanced ultrasound was

tested produced a pooled sensitivity of 75% (95% CI, 72.5

to 77.3) and a pooled specificity of 99.3% (95% CI, 96.6 to

99.6). In these studies, after central venous catheter
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placement, an apical four-chamber view or, more usually,

a subcostal bi-caval view was obtained. The central

venous line was flushed with either 10 or 20 ml of

0.9% saline solution vigorously shaken, with or without

1 ml of air, to create microbubbles. If the central venous

catheter was positioned correctly, the microbubbles were

visible on transthoracic echocardiography within 2 s in the

majority of publications (within 0.5 s for Meggiolaro

et al.120): a delay more than 2 s indicated incorrect place-

ment of the catheter tip.

When transthoracic echocardiography with contrast-

enhanced ultrasound was coupled with vascular ultra-

sound for catheter tip navigation to ensure the correct

placement of the central venous catheter, this yielded the

highest sensitivity of 82.6% (95% CI, 79.1 to 85.7) with a

specificity of 99% (95% CI, 97.9 to 99.7). After central

venous line insertion, the right atrium and superior vena

cava were evaluated through the subcostal bi-caval view.

If the catheter tip could not be visualised at the cavo-

atrial junction or in the lower superior vena cava through

this method, all ipsilateral and contralateral superior vena

cava tributary veins were scanned to detect tip mal-

position.

When transthoracic echocardiography with contrast-

enhanced ultrasound was coupled with vascular ultra-

sound, the specificity remained high 99.2% (95% CI, 97.9

to 99.7), while the sensitivity dropped again to 50% (95%

CI, 45.7 to 54.3).

The supraclavicular ultrasound imaging group produced

a specificity of 91.8% (95% CI, 83.2 to 96.3), but due to

absent cases of malposition, the sensitivity could not be

calculated. In these studies, the authors used a micro-

convex ultrasound transducer placed in the right supra-

clavicular fossa. After having obtained an appropriate

view of the superior vena cava close to the right branch

of the pulmonary artery, the guidewire was inserted

under real-time ultrasound guidance and the central

venous catheter advanced along the guidewire. When

an adequate view of the right branch of the pulmonary

artery and the lower superior vena cava is not obtained,

this technique may be considered a tip navigation tech-

nique.

We also conducted a subgroup analysis of three prospec-

tive observational studies of paediatric patients.121–123 In

these studies, different echocardiographic approaches

were used, yielding a sensitivity of 83.3% (95% CI,

78.1 to 87.5) with 100% specificity (95% CI, 98.2 to 100).

The prevalence of central venous catheter malposition in

the total population of patients included in our meta-

analysis was 6%. This may be the main reason for the low

sensitivity reported: small changes in the number of false

negatives will significantly influence the sensitivity. Fur-

ther reasons for the wide variability in specificity and

sensitivity may be attributable to the use of different

sonographic approaches and protocols and lack of stan-

dardisation of the operators’ training. Moreover, the

choice of chest radiograph as the reference standard is

inappropriate, as it is known to be inaccurate for tip

location.85,114

Time to diagnosis

Our meta-analysis of 17 prospective observational studies

and one RCT showed that ultrasound enabled a bedside

diagnosis of malposition 80 min (95% CI, 62 to 98 min)

faster than performance and interpretation of a chest

radiograph.117–121,124–136

Cost-effectiveness

We found only one observational prospective cohort

study133 of cost-effectiveness. In this study, the authors

performed a cost-effectiveness analysis of vascular ultra-

sound along with transthoracic echocardiography with

contrast-enhanced ultrasound for tip location coupled

with lung ultrasound to rule out pulmonary complica-

tions. The results indicated a saving of s2.81 per proce-

dure compared with chest radiograph.

Recommendations
(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively small

RCTs and prospective cohort studies that have a high

degree of heterogeneity.

(2) When an intracardiac electrocardiogram is not

applicable, we recommend using real-time ultra-

sound to detect and prevent central venous catheter

malposition, as it has been shown to be well tolerated,

feasible, quickly performed and interpreted at

bedside, and more accurate and faster than a chest

radiograph (1C).
(3) We recommend combining vascular ultrasound for

guidewire and central venous line tip navigation with

transthoracic echocardiography for tip location (1C).

Should ultrasound be used for verification of

immediate postprocedural life-threatening

complications after central venous catheterisation?

As mentioned above in this guideline, today, the modern

application of ultrasound in the field of vascular access

should be extended more globally to assist in all steps of

the procedure, including diagnosis or exclusion of both

early and late complications.115

Several studies have been published about the usefulness

and effectiveness of PLUS for the early diagnosis of

pleural-pulmonary complications after central venous

catheter placement when the pleura could have been

damaged.122,132,133,137,138 Even if performed by ultra-

sound guidance, difficult cases of central venous line

placement may have a small risk of pulmonary complica-

tions, especially when puncturing the subclavian vein in

the supraclavicular area, in the transitional region
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between the subclavian vein and the brachiocephalic

vein or when accessing the axillary vein at the thorax.

The inadvertent damage of the pleura during central

venepuncture can not only result in an obvious pneumo-

thorax, but also sometimes a small so-called ‘radio-occult’

pneumothorax occurs that is usually missed by chest

radiograph.139–141 PLUS has been shown to be more

sensitive than supine chest radiograph and similar to a

computed-tomography scan in the detection of a post-

interventional or posttraumatic small occult pneumotho-

rax.142,143 Even if drainage of a small occult

pneumothorax in a stable patient is not indicated, fol-

low-up observation, and sonographic monitoring is impor-

tant, as in some cases the pneumothorax may progress

quickly to cause haemodynamic instability. Ultrasound

has also been shown to be a useful tool for the diagnosis

and monitoring of late complications such as catheter-

related thrombosis.144

We screened 1523 titles and abstracts for relevance; 16

were assessed for eligibility and selected for analysis, but

only 14 of them118,120,122,126,128,130–134,136–138,145 were

used to inform the current guideline.

Accuracy and feasibility

In the included studies, PLUS was the main sonographic

diagnostic procedure performed to exclude pleural-pul-

monary complications after central venepuncture. The

prevalence of pleural-pulmonary complications among

the population of patients enrolled in the studies

included in our meta-analysis was low (0.94%).

Our meta-analysis showed that PLUS was feasible in

100% of cases. The overall accuracy of PLUS in ruling-

out or detecting pleural-pulmonary complications was

100%. From a total of 1382 central venous catheterisa-

tions, 13 pneumothoraces occurred. PLUS correctly diag-

nosed all 13, while three were missed with chest

radiograph. Overall pooled specificity of PLUS for diag-

nosis of pneumothorax was 100% (95% CI, 99.7 to 100).

As ultrasound guidance significantly reduces the rate of

pleura-pulmonary complications, in nine stud-

ies118,120,128,130,132,134,137,138,145 out of 14 the sensitivity

was not estimable, as none occurred. In the remaining 5

studies,122,126,131,133,136 the pooled sensitivity of PLUS

for pneumothorax diagnosis was 100% (95% CI, 99.7 to

100) compared with a pooled sensitivity for chest radio-

graph of 77% (95% CI, 75 to 79).

We found one prospective observational case–control

cohort study with an historical control group,144 proving

that ultrasound is an effective and valid tool for diagnosis

and follow-up of treatment for catheter-related thrombo-

sis and catheter-related infectious thrombosis. The

authors of this study found that ultrasound allowed early

diagnosis of such complications and enabled their prompt

and timely treatment, with significant positive effects on

outcomes. Compared with the historical control group

(ranging from 1 to 6 years before enrolment of the

prospective cohort), patient survival was found to be

increased in the modern ultrasound group (95 vs. 80%).

Time to diagnosis

Our meta-analysis of 11 prospective stud-

ies118,120,126,128,130–134,136,145 found that ultrasound allows

a quicker diagnosis at the bedside of all possible life-

threatening respiratory complications related to central

venepuncture, being 48 min (95% CI, -65 to -30) faster

than obtaining and interpreting a chest radiograph.

Recommendations
(1) The quality of evidence on which to base recom-

mendations is generally weak, with prospective

cohort studies with a high degree of heterogeneity.

(2) We recommend performing PLUS to rule out

potential pleural-pulmonary complications (mainly

pneumothorax) soon after the procedure in any

difficult puncture of the subclavian or axillary vein

and, particularly, if the patient complains of shortness

of breath or discomfort that worsens after catheter

placement (1B).
(3) We recommend using PLUS to monitor the

development of a confirmed pleural-pulmonary

complication or for follow-up of treatment (1B).
(4) We recommend ultrasound for diagnosis and follow-

up of catheter-related thrombosis (1C).

Ultrasound-guided vascular cannulation in

children

The easy and well tolerated insertion of relatively large

bore central venous catheters (i.e. 3 French size) is now

possible, not only for children and adolescents but,

thanks to ultrasound guidance, even in extremely pre-

term infants weighing well below 1 kg.153,154 Such cathe-

ters enable blood sampling, monitoring and high flow

infusions. These catheters may contribute to reduced

mortality and improved outcomes.155

Both venous and arterial cannulation in small children

have always been challenging, even in experienced

hands, and are often associated with immediate life-

threatening adverse events and long-term complications.

With the introduction of ultrasound guidance, the rate of

successful cannulation has significantly increased, even in

small children; in addition, the occurrence of complica-

tions has been significantly reduced. This is mainly due

to being able to scan and measure veins before cannula-

tion, when the best vein can be chosen and venepuncture

is then performed under real time direct ultrasound

visualisation. Figure 6 shows a transverse view of the

IJV in a paediatric patient. We found 1705 citations of

abstracts and full-published articles relevant to the topic

of vascular access in children. However, further relevant

articles published after the window of the literature

search were also included. From these, 92 papers were
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selected for review, and 27 met the inclusion criteria to

inform the current guidelines.

Recommendations

(1) For vascular access device placement in paediatric

patients, we suggest the global use of ultrasound to

assist all steps of the procedure that include

preprocedural ultrasound evaluation of all possible

options; recognition of possible local disease; ultra-

sound-guided real-time puncture; verification of the

direction of guidewires and catheters in the vessel,

and onwards towards the superior vena cava for

centrally inserted central catheters, or onwards

towards the inferior vena cava for femoral or groin

catheters; verification of the correct position of the

catheter tip; detection of possible postprocedural

early and late complications (2B).

Should ultrasound guidance be used during

cannulation of the internal jugular vein for central

venous line placement in children?

Our analysis of eight studies (two RCTs and five pro-

spective cohort studies),155–162 which included 949 indi-

viduals, showed moderate evidence that ultrasound-

guided cannulation is more effective than landmarks or

other techniques with a RR of 0.3 (95% CI, 0.14 to 0.62) in

achieving a successful cannulation. Four of these studies

(three cohort studies, one RCT)156,158,160,161 included 642

patients in total and provided evidence that the time to

achieve a successful first pass cannulation or overall time

to cannulation was shorter with a mean difference of 6.91

(95% CI, 13.13 to 0.69) s shorter when USG is used, but

with a moderate grade of evidence. Finally, the incidence

of complications was less when ultrasound guidance was

used with a RR of 0.4 (95% CI, 0.23 to 0.70).156,160–162 All

the above-cited studies describe an out-of-plane cannu-

lation technique of the IJV.

Recommendations
(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively few

small RCTs and prospective cohort studies that have

a high degree of heterogeneity.

(2) We recommend the use of ultrasound-guided

cannulation for IJV cannulation in children, as it

increases the success rate, reduces the time to

successful cannulation and incidence of complica-

tions (1B).
(3) Figure 6 show a transverse view of the IJV in a

paediatric patient.

Should ultrasound guidance be used during

cannulation of the brachiocephalic vein for central

venous line placement in children?

Our initial search identified 83 articles related to the

brachiocephalic vein in children: eight were selected to

inform this guideline. These eight prospective cohort

studies,154,155,163–168 all using an ultrasound-guided tech-

nique with no comparison with any other technique,

provide evidence that the supraclavicular cannulation

of the brachiocephalic vein is associated with an overall

puncture success rate over 95%, and a first pass success

rate of around 75%, with an inadvertent arterial injury

rate of less than1%. This panel of authors believes that in

expert hands ultrasound-guided cannulation of the bra-

chiocephalic vein in small infants and neonates is feasible

and safe. Figure 7 shows the long axis view of the left

brachiocephalic vein in an infant. There is some evidence

(two retrospective case analyses and one prospective

cohort study) that the cannulation of the left brachioce-

phalic vein is easier than the right.154,162,164

Recommendations
(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively few

small prospective cohort studies that have a high

degree of heterogeneity and some methodological

problems.

(2) We recommend ultrasound guidance for brachioce-

phalic vein cannulation only when used by experts

(1C).

Should ultrasound guidance be used during

cannulation of the femoral vein for central venous

line placement in children?

We identified 425 articles related to femoral vein cannu-

lation in children and selected three to inform our guide-

lines.169–171 Our analysis of these three RCTs, including

231 children (336 procedures), showed that ultrasound
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Out-of-plane view of the right internal jugular vein in a 3.5 kg baby.
External view: 22-gauge needle with attached syringe aiming at the
internal jugular vein. Probe positioned for the short axis view.
Ultrasonographic image: IJV, internal jugular vein; CA, carotid artery;
ScmM, sternocleidomastoid muscle; AscM, anterior scalene muscle.
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guidance is marginally more effective than landmarks

and/or other techniques for overall success with a RR

(95% CI) of 0.45 (0.24 to 0.87), but the time to achieve a

successful cannulation was not significantly different

with a mean difference (95% CI) in cannulation time

of 95.13 (238.91 to -48.64) s in favour of USG. In the 231

children,169–171 there was minimal evidence that ultra-

sound guidance reduced the occurrence of complications

RR (95% CI) 0.40 (0.11 to 1.42)%.

Recommendations
(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively few

RCTs that have a high degree of heterogeneity.

We recommend the use of ultrasound guidance for fem-

oral vein cannulation in children, as it increases the

success rate (1C), with a tendency to reduce the risk of

complications, without reducing the time of successful

cannulation.

Should ultrasound guidance be used during

cannulation of the radial artery for arterial line

placement in children?

We identified 241 records as a result of the database

search and 58 articles were selected as potentially rele-

vant studies: five met the criteria for inclusion. Our

analysis of these five RCTs,172–176 which included 478

children undergoing arterial cannulation, showed that the

use of ultrasound guidance increases the overall success

rate with a RR (95% CI) of 0.61 (0.39 to 0.94), with a

moderate grade of evidence.

Recommendation
(1) The quality of evidence on which to base recom-

mendations is generally weak, with relatively few

RCTs that have a high degree of heterogeneity.

(2) We recommend the use of ultrasound guidance for

routine arterial cannulation in children, as it increases

the success rate (1B).

Should ultrasound guidance be used during

cannulation of peripheral veins for venous line

placement in children?

Peripheral vein cannulation can be challenging in children,

especially in small infants or patients with poorly visible or

palpable peripheral veins. We found one RCT177 compar-

ing an ultrasound-guided technique with the palpation

technique. Ultrasound guidance had a slightly higher

overall success rate (42 vs. 38%, P¼ 0.08), and significantly

higher success rate in patients with difficult access (35 vs.

18%, P¼ 0.003), but it took longer than the landmark

technique (2.25 vs. 4 min, P< 0.001). However, due to

low external validity and intrinsic risk of bias, the grade of

evidence was defined as low.

Recommendation
(1) Due to the paucity of well conducted studies, we cannot

recommend the routine use of ultrasound guidance for

peripheral vein cannulation in paediatric patients. Some

evidence suggests that the use of ultrasound by an

experienced operator improves the success rate of

difficult peripheral vein cannulation in children; in

these circumstances, it may be of some benefit (2B).

Is the use of ultrasound useful in developing new

approaches for vascular access in children?

There is some evidence to conclude that the use of

ultrasound has contributed to the development of new

approaches for paediatric vascular access. In particular, the

approach to the brachiocephalic and subclavian vein via

the supraclavicular region has only been developed since

the introduction of point of care ultrasound into clinical

practice. Children and neonates, both term and preterm,

can take benefits from this recently described approach.

There is weak evidence that the ultrasound-guided supra-

clavicular cannulation of the brachiocephalic vein or the

subclavian vein may be the best option in children.167,168

Recommendations
(1) We recommend further research to investigate which

supraclavicular approach could be better by using

ultrasound guidance.

Ultrasound-guided vascular cannulation:
training
How should peri-operative ultrasound training

on vascular access placement be performed?

Recently, some authors have suggested introducing the

use of point-of-care and clinically integrated ultrasound
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Fig. 7

Long axis view of the left brachiocephalic vein. External view:
Ultrasound probe placed in the left supraclavicular region to obtain the
optimum long-axis view of the left brachiocephalic vein and puncture
needle indicating the in-plane approach: Cl, clavicle. Ultrasonographic
image: BCV, brachiocephalic vein; SCV, subclavian vein; FR, first rib;
ITA, internal thoracic artery. White boldfaced arrow indicating the
implied needle insertion.
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as a diagnostic tool and as a guide for interventional

procedures into the medical school curriculum.178,179

POCUS is now considered to be within the scope and

practice of all healthcare providers, and consequently, it

should now be integrated into our daily clinical practice.

Central venous catheterisation, arterial cannulation, diag-

nosis of pleural collections and pneumothorax, echocar-

diography, regional nerve blocks and other procedures

are being increasingly performed using ultrasound by

anaesthesiologists and intensivists.

For all these reasons, the definition of a proper and

adequate training is mandatory and among our

precise responsibilities.

To date, there is no high-quality evidence on how POCUS

training should be performed. Indeed, with the exception

of echocardiography, the suggested training for POCUS

applied to emergency medicine and critical care (different

societies)180–184 is based only on minimal requirements

and it is mostly based on expert opinion.

Taking into consideration, the paradigm shift towards

entrustable professional activities and the fact that most

medical educational systems in Europe are turning from a

time-based to a competence-based assessment, training

in ultrasound should also be designed accordingly. There

is an ongoing discussion that training in POCUS, both for

diagnostic and interventional purposes, should be part of

undergraduate training and therefore should be incorpo-

rated into core professional activities.185–187

Specifically, regarding the training on the use of ultra-

sound to guide vascular catheterisation, the majority of

published papers188–191 and the World Conference on

Vascular Access consensus186 suggest that such educa-

tional programmes should include at least formal didactic

or web-based teaching of the foundations of ultrasound

and anatomy, ultrasound-guided insertion procedures

and the prevention of early and late complications. In

addition, the initial hands on training should utilise

laboratory training on models and tools for simulation

practice.192 Only if the trainee has met a minimum

achievement level based on a checklist of skills in the

laboratory/simulation phase should a supervised clinical

phase occur and then, provided there has been adequate

progress along the learning curve, a personal learning

phase with distant supervision. Clinical competence

should be determined by observation during clinical

practice using a global rating scale rather than simply

by the number of procedures performed.

One of the main objectives of our guidelines is to rec-

ommend a structured path for training, assessment and

the certification of proficiency for anaesthesiologists and

intensivists in the use of ultrasound.

Among the 68 articles on ultrasound education that were

screened, only 24 met the inclusion criteria and very few

met the eligibility criteria.193–195 Most papers analysed

were single-centre experiences and, in the light of this, it

was not possible to provide evidence. Accordingly, the

Taskforce decided to perform a modified Delphi consen-

sus method to achieve a consensus on the criteria for

education and training in ultrasound.

Recommendations for training in ultrasound-guided

vascular access

General curriculum: for ultrasound-guided vascular

access procedures, this should consist of

(1) didactic group lectures or web-based teaching;

(2) laboratory training which includes simulation train-

ing;

(3) a clinical phase that includes both closely supervised

and distant supervised learning.

Didactic general content should include the relevant

ultrasound anatomy (both typical and variant presenta-

tions); ultrasound guidance; ultrasound assessment of

veins, arteries and nerves; vein selection criteria; and

complications that may occur. General knowledge of

the available vascular devices and their selection and

maintenance is of paramount importance for the trainee.

Specific ultrasound knowledge of vessel characteristics

and of the respiratory and cardiac systems should also

be taught.

Didactic specific ultrasound content should consist of the

physics of ultrasound, knobology, image optimisation and

interpretation, anatomical ultrasound assessment of both

normal and variant anatomy, and ultrasound artefacts and

simulation skills training. Acknowledgment of the con-

cepts of long and short axis, in-plane and out-of-plane

visualisation of the needle, proper selection of the cathe-

ter/vein ratio is crucial in this setting. Regarding vascular

access placement, education should include sonographic

vascular and cardiac evaluation relevant for tip navigation

and tip location techniques and PLUS for ruling-out

respiratory complications.

Laboratory simulation is mandatory and should include at

least two hands-on sessions: the first on ultrasound anat-

omy in healthy volunteers, discussing anatomical vari-

ability and simulating a decision-making process; the

second focused on procedure simulation practice on

simulators. Simulation practice on models should be

structured with six to 12 steps of increasing difficulty.

The main objective must be to develop operator confi-

dence with image-mediated rather than eye-guided hand

motion and coordination between hands working in dif-

ferent directions, with the nondominant hand holding the

probe obtaining the best ultrasound image of the vessel,

and the dominant operator hand holding the performing

vessel puncture.

We provide an example of a seven-steps approach struc-

ture as follows:
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Step 1: probe orientation and correct acquisition of the

transverse scan of the simulated vessel

Step 2: hand stabilisation, static and dynamic evalua-

tion of the vessel

Step 2a: the ulnar side of the hand rests on the

phantom surface to avoid probe slipping

Step 2b: evaluate the diameter and depth of the vein

Step 2c: test vein compressibility and probe sliding to

evaluate any change in venous depth and course

Step 3: shift to long axis scan of the vein

Step 4: static visualisation of the needle and its tip in

the ‘out-of-plane’ and ‘in-plane’ view

Step 5: dynamic visualisation of the needle and its tip

without a venous target

Step 6: techniques of ultrasound-guided venepuncture

Step 6a: ‘out-of-plane’ technique þ short axis of

the vessel

Step 6b: ‘in-plane’ technique performed using a short

axis view of the vessel

Step 6c: ‘in plane’ technique by using a long axis view

of the vessel

Step 6d: ‘in-plane’ technique performed using the

oblique axis view of the vessel

Step 7: complete simulation of the procedure, which

includes field preparation

Step 7a: ultrasound visualisation of the guidewire

inside the vessel

Step 7b: dilator or micro-introducer insertion and

its visualisation

Step 7c: catheter introduction and securing and

ultrasound visualisation of catheter within the lumen.

It is advisable for a teaching institution to implement a

targeted assessment after laboratory training and before

the clinical phase of learning. Only trainees who pass this

assessment should continue to the clinical aspects of their

training. This approach could be incorporated into trai-

nee’s core professional activities.

Infection control related to ultrasound-guided vascular

access placement should be incorporated in the teaching

phase, in particular as regards sterile draping and com-

plete ultrasound probe and connecting cable cover.

Supplemental Digital Content 5, http://links.lww.com/

EJA/A282 summarises the recommendations for training

arising from the PERSEUS Delphi Consensus process.

How should the competency of a trainee be

assessed for ultrasound-guided vascular access

procedures?

On the basis of our Delphi survey, this panel of experts

recommends that after laboratory training and simulation,

each trainee should pass a theoretical and a practical

examination on a simulator before commencing clinical

training. After an adequate clinical training, including

supervised procedures performed on patients, the trainee

must complete every step of the final assessment in order

to obtain the certificate of proficiency before undertaking

the procedures alone, with distant supervision. It would

be desirable if the training process is completed when the

trainee demonstrates practical competency in a final

assessment through a clinical audit that will be assessed

using a global rating scale. Some authors suggest review-

ing video recordings of trainees performing the procedure

in order to assess competency.181 This would also allow

the identification and discussion of major issues, thus

improving the education process.

The number of performed procedures, the duration of the

clinical training and the rate of complications also deter-

mine competency. Procedural volume is an important

factor in reducing complications as well as developing

and maintaining clinical competence. Global rating scales

should be used as formal evaluation instruments.

Before the decision on competency is made, we recom-

mend that each trainee should perform at least 30 suc-

cessful procedures within 12 months after the end of the

theoretical-practical course and with a complications rate

corresponding to that of experienced operators as pub-

lished in literature.

Who can become a trainer?

On the basis of the Delphi survey, this panel of experts

identified a trainer/instructor as a person in a position of

trust in the learning partnership who must also meet the

following criteria:

(1) be active in clinical practice

(2) have competence in what he/she teaches

(3) have knowledge of best practice and guidelines

(4) have experience and motivation in education

and training

Trainers should also be certified practitioners, actively

participating in the development of quality indicators to

measure outcomes of training. A trainer should be a safety

and patient-orientated healthcare advocate, promoting

the spread of the global use of ultrasound and awareness

of catheter-related infections and thrombosis prevention

culture as well.

The instructor/supervisor should be an active practitioner

who is in clinical practice with competency and knowl-

edge of best practice and clinical excellence demon-

strated through participation in performance of

education and with publication activities in the field of

peri-operative ultrasonography.

Nontechnical skills and feedback

It is usually mistakenly understood both by teachers

and learners that ultrasound-guided procedures and

skills are only about training and performing the

procedure. However, various nontechnical skills

should not be neglected as diagnosis and management
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of catheter-related complications such as catheter-related

thrombosis and catheter-related infections. Trainees

should be actively involved in various peri-operative activ-

ities through all phases of their patient’s peri-operative

course. Catheter-related management should be included

in the core curriculum of training for ultrasound-guided

vascular access, with a focus on the main complications

such as infection control and prevention of catheter-related

thrombosis. Areas of particular importance are teamwork,

communication, assessment of patients, management of

various complications, follow-up during the peri-operative

period and so on.182 Another highly important part of the

whole training process is the giving and receiving of

feedback, which significantly improves the clinical perfor-

mance of the learneers.183 Feedback from trainees to

teachers and instructors also helps to improve teaching

quality and supports the attitude of trainee orientated

medical education. Improvement of nontechnical skills,

giving and receiving feedback should be supported and

encouraged by the programme directors, instructors

and learners.

Final remarks
The data shown in the PERSEUS guidelines on vascular

access aim to answer two main clinical questions: is

ultrasound guidance better than the landmark technique

or any other non-USG technique and how should anaes-

thesiologists be trained to perform these procedures

properly? The number of papers about the use of ultra-

sound in the peri-operative period is too extensive to

present the results in a single paper, so that this first part

has been dedicated exclusively to ultrasound guidance

for vascular access and a second guideline will be devoted

to ultrasound in regional and neuraxial anaesthesia

In addressing these questions, evidence published after

2010 was screened and evaluated in accordance with

GRADE in order to provide a hierarchy of recommenda-

tions on different topics. We took a systematic approach

to searching for all available relevant evidence and this

information was interpreted by experts in the field in

order to provide a comprehensive and useful guideline

that clinicians across Europe can easily implement in

their various clinical settings.

A systematic review with a predefined protocol and

transparent methodology systematically gathers evidence

to answer a specific clinical question, and is combined

with data-synthesis (meta-analysis) that is dependent on

the availability of data and the level of heterogeneity. Our

approach differs from this, as a systematic review does not

make recommendations. Due to the magnitude of the

topics covered in the preparation of the guideline, con-

taining several hundred specific PICOT questions, and

the overall poor quality of evidence, there was little scope

for appropriate data-synthesis. We performed some meta-

analyses (whenever it was possible) to provide an over-

view of some of the data provided in the clinical studies.

Some of these showed statistical significance but with no

clinical relevance, as they did not properly reflect the

settings and the experience of the operators involved in

the study.

The current recommendations cover the most common

questions regarding the use of ultrasound guidance for

vascular access in the peri-operative period, but we

understand that there may be other issues that are

not discussed.

In the past years, some similar systematic reviews12,17,45

did not reach a sufficient level of evidence to prefer USG

over landmark techniques so the aim of the current

guideline is to provide a consensus opinion on the use

of USG in everyday clinical practice especially with

regard to training where the evidence is scarce and not

supported by clinical trials.

There has been some debate whether ultrasound guid-

ance should be used routinely or whether it should be

considered only in difficult patients (such as obese and

paediatric patients, or where landmarks are missing).

Whenever an ultrasound machine is available, vascular

cannulation should be performed under ultrasound guid-

ance, and as an ultrasound machine is available almost in

every surgical and intensive care area, its use should be

considered as the first line for intravenous cannulation.

Considering ultrasound guidance as a second option only

when landmark techniques fail will obviously increase

the difficulties for ultrasound, as the presence of a hae-

matoma or the decreased compliance of the patient may

reduce the success of ultrasound-guided cannulation. We

found similar results when ultrasound guidance was used

for cannulation of the IJV, femoral vein and arterial

accesses. Regarding the use of ultrasound guidance for

brachiocephalic and subclavian vein cannulation and

peripheral venous access, the evidence is still limited,

but there are some studies that support the use of ultra-

sound guidance to improve the efficacy and safety of the

procedure in these situations.

Ultrasound guidance can be considered well tolerated

and applicable in almost all patients in the peri-operative

setting when used by a competent operator. The only

limitations are its use during life-threatening emergen-

cies when there is no time to prepare the ultrasound

machine and the intra-osseous route may still be consid-

ered the first choice if a peripheral venous line cannot be

easily inserted, or in the presence of subcutaneous air that

can make the ultrasound visualisation of underlying

vessels very difficult.

The use of ultrasound is not limited to the act of cannu-

lating a vessel, it should be used to match the vein with

the catheter to be inserted, so as to avoid possible

thrombotic risks due to the excessive size of the catheter

compared with the size of the vein.188 After the vascular

device has been placed, ultrasound should be used to
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check for the correct location of the catheter tip and

possible life-threatening complications.

This Task Force emphasises the importance of a proper

training for achieving competency and full proficiency

before performing any ultrasound-guided vascular proce-

dure. This guideline aims to help to design and establish a

training and evaluation programme that could be consis-

tent between European countries. There are no hard data

or RCTs on how to train and educate trainees. Our recom-

mendations are based on the current practice in the many

centres around Europe involved in education on POCUS.

The ‘see-one, do-one, teach-one’ philosophy should now

be considered obsolete and new objective learning tech-

niques are used to educate anaesthesiologists and intensi-

vists on how to use ultrasound in the peri-operative period.

Two more topics that need further investigation are, first,

How can anaesthesiologists and intensivists who are

already highly skilled in the practice of vascular device

placement by landmark techniques be trained to at least

the same level of proficiency in the use of ultrasound.

Second, how can new ultrasound trained anaesthetists,

with little or no experience or confidence in landmark

techniques, be brought up to the same level of skill in using

landmark techniques as the current cohort of nonultra-

sound trained anaesthetists? Indeed, should we continue

teaching the landmark techniques to our young trainees or

should we move to an ultrasound-based teaching, which in

the end may also benefit the performance of the landmark

technique when the latter is inevitable?

Unfortunately, an increasing number of studies are now

comparing only different ultrasound techniques (e.g. two

or three different visualisations), and for this reason, a real

comparison of ultrasound guidance with other techniques

is becoming more difficult.189

Considering the economic aspects of providing sufficient

ultrasound machines in every hospital, the task force is

aware that there will inevitably be some differences in

national guidelines. The PERSEUS guideline is not

intended to replace possible national or institutional

guidelines, although we hope that it may help to develop

a unified approach among different European countries

especially with regard to the teaching of ultrasound

vascular cannulation. The task force aimed to summarise

the scientific background on ultrasound-guided vascular

placement in the peri-operative area in the hope that this

might help each European anaesthesiologist in their daily

practice and support the purchase of ultrasound equip-

ment when this is not available.

Guidelines can be perceived as ‘friend or foe’ according

to the availability of the equipment and experienced

ultrasound trained anaesthesiologists, but we appreciate

the fact that our recommendations should be evaluated

and sometimes adapted before their implementation in

different European countries. Some countries and

national societies may decide to assess the evidence

and recommendations differently. We emphasise that

our recommendations can be adopted, modified or even

not implemented, depending on institutional or national

requirements and legislation and local availability of

devices, resources and training.

POCUS is just the start of a clinical developing process

that will change the practice of medicine and the delivery

of healthcare.2
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