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Editor’s key points

† This review presents
consensus on standard
minimal requirements for
training on central
venous access devices.

† An international task
force generated an
evidence-based
consensus.

† The task force proposed
16 recommendations.

† Standardized education,
simulation practice, and
supervised insertions are
the key to ensuring safe
and competent practice.

Summary. There is a lack of standard minimal requirements for the training of insertion
techniques and maintenance of central venous access devices (CVADs). An international
evidence-based consensus task force was established through the World Congress of
Vascular Access (WoCoVA) to provide definitions and recommendations for training and
insertion of CVADs. Medical literature published from February 1971 to April 2012
regarding ‘central vascular access’, ‘training’, ‘competency’, ‘simulation’, and ‘ultrasound’
was reviewed on Pubmed, BioMed Central, ScienceDirect, and Scopus databases. The
GRADE and the GRADE-RAND methods were utilized to develop recommendations. Out of
156 papers initially identified, 83 papers described training for central vascular access
placement. Sixteen recommendations are proposed by this task force, each with an
evidence level, degree of consensus, and recommendation grade. These recommendations
suggest central venous access education include didactic or web-based teaching with
insertion procedure, infection prevention, complications, care, and maintenance of devices,
along with laboratory models and tools for simulation practice incorporating ultrasound.
Clinical competence should be determined by observation during clinical practice using a
global rating scale rather than by the number of procedures performed. Ensuring safe
insertion and management of central venous devices requires standardized education,
simulation practice, and supervised insertions.
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computer-assisted instruction; consensus; evidence-based medicine; education; GRADE;
guideline; humans; infection; internship and residency; programme development;
programme evaluation; RAND; supervision; simulation; subclavian vein; training; ultrasound
guidance; ultrasonography; vascular access; vascular surgical procedures

Education surrounding the insertion of central venous access
devices (CVADs) remains undefined. Training is defined as the
acquisition of knowledge, skills, and competence related to a
specific activity or procedure. Understanding and establish-
ing the level of education required for safe insertion proce-
dures and management of CVADs is the focus of this
publication. There is variability of knowledge and compe-
tency among inserters which is represented quantitatively
by the number of complications that occur from patient
to patient.1 It has been demonstrated that a systematic
training process, including ultrasound instruction before

patient insertions, reduces mechanical and infectious com-
plications.2 – 6

Current CVAD literature related to training, supervision,
and competence acquisition does not define a fully standar-
dized programme for trainees; nor does it establish guide-
lines for supervisors. No standard didactic or simulation
training is currently required before the insertion of CVADs
by clinicians in training other than supervision of an unspeci-
fied number of insertions. The supervision requirements do
not specify the role, experience, or competence of the
supervisor.
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Healthcare workers involved in the placement of CVADs
using ultrasound guidance need appropriate education and
training to ensure patient safety and avoid major complica-
tions with the insertion of CVADs.7 – 10 Basic knowledge of
anatomy, ultrasound physics and imaging, and infection pre-
vention strategies have been proposed for the standard di-
dactic education. These recommended topics are necessary
for adequate understanding and safety of the insertion pro-
cedure.11 12

There are two areas of focus to be addressed in any CVAD
educational course; insertion and management. The inser-
tion method and site selected affect the amount of risk
involved related to trauma, colonization, and the ability to
complete therapy successfully. Even the decision to choose
a particular type or size of device contributes to the risk for
infection and the development of thrombosis.8 13 – 15 Further-
more, there is a synergistic effect in which risk factors for one
event may impact the incidence of other complications. For
example, there is a direct association between catheter-
related thrombosis and infection; the incidence of throm-
bosis increases with multiple insertion attempts which then
increases the risk of infection.8

A growing body of knowledge points to simulation training
as a key to safe patient insertions3 16 by advocating
competency-based education and multidisciplinary practice
models.17 Application of ultrasound guidance with CVAD
insertions reduces insertion-related complications, increases
success, and establishes a process for vascular access based
on safety and vein preservation. The safety afforded with
ultrasound-guided insertions dictates that this technique be
included in the educational process of any central venous
device placement.18 19 Educational processes and supervised
insertions are needed for healthcare providers to establish
credentialling for CVAD procedures in any healthcare facil-
ity.11 20 In keeping with recommendations and guidelines,
standard education on principles of insertion and infection
prevention practices should be provided to all CVAD inserters
initially and at least annually.7 – 9

To address the issue of standardization of CVAD training, a
task force was formed by the World Congress of Vascular
Access (WoCoVA) with a goal to create evidence-based
recommendations for minimal education and training for
central venous device insertion and management.

Methods
Eight worldwide educational course experts on vascular
access device placement, not supported by industry, were
identified by WoCoVa in 2010 to create an evidence-based
consensus21 on minimal requirements in training in central
venous device placement. These experts qualified based on
a minimum authorship of two peer-reviewed articles pub-
lished in the past 10 yr related to this topic, and additional
activities including teaching and speaking on vascular
access. Seven panellists accepted who then created a
roadmap to achieve a final document with evidence-based
recommendations on CVAD education. A search of medical

literature was performed using two methods to avoid selec-
tion bias: the first method entailed a systematic search by
all panel experts. Medical subject headings including
‘central vascular access’, ‘training’, ‘competency’, ‘simula-
tion’, ‘infection’, ‘complications’, and ‘ultrasound’ were
searched on Pubmed, BioMed Central, ScienceDirect, and
Scopus databases including articles dated from February
1971 to April 2012. A professional medical librarian from
the National Neurological Institute Besta in Milan supple-
mented this first search with a hand search based on
selected articles from the expert panel. The second method
entailed a systematic search of English language articles
from the same period by an epidemiologist (M.E.) assisted
by a professional librarian. The two bibliographies were
then compared for thoroughness and consistency. Out of
156 papers initially identified, 83 papers were linked with
training in vascular access. The GRADE and the GRADE-RAND
methods were utilized to develop the 16 recommenda-
tions.22 – 24 The GRADE method utilized two phases in the de-
velopment of these evidence-based recommendations. This
methodology has been previously detailed in the published
literature. There are 15 factors that are typically considered
in the GRADE process. The level of evidence quality was
scored according to nine factors. The final classification of
evidence quality was divided into three levels (A, high; B,
moderate; C, low). The transformation of evidence into a rec-
ommendation was a function of the panel evaluation of five
factors. The GRADE system has not standardized this
decision-making process of the expert panel. In an effort to
standardize this evidence processing, the methodology com-
mittee of this working group selected the Rand Appropriate-
ness Method (RAM). The panellists held conference calls in
which they discussed the topics of the Consensus and
voted separately on all recommendations using a web-based
voting system. The voting process required expert decisions
utilizing GRADE factors such as outcome importance and
evidence-to-recommendation transformers. This process
provided a structured and validated method for expert
panel activities. In addition, it standardized statistical meth-
odology for determining the degree of agreement to serve as
a foundation for deciding about the recommendation grade
(weak vs strong).

Results
Eighty-three articles were analysed and voted upon accord-
ing to the GRADE factors. Sixteen recommendations were
proposed, each with an evidence level, degree of consensus,
and recommendation grade (Table 1).

Adult learning methods
These teaching methods follow a consistent scientific ap-
proach or educational style to engage the student’s mind.

The approach to teaching and learning with regard to
CVAD insertion should be underpinned by a constructivism
or adult learning philosophical framework such as experien-
tial learning.
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Table 1 List of evidence-based recommendations on training on the insertion of CVADs

Section code Recommendation Level of
evidence

Degree of consensus,
strength of
recommendation

W_R1 Didactic Educational
Content

Education on anatomy and physiology is relevant to ultrasound
guidance, vein assessment, and selection, and complications
that may occur at any possible CVAD insertion site. Specific
knowledge of vessel characteristics, skin, peripheral nervous,
respiratory, and cardiac systems is included. Insertion sites for
central venous access include: upper arm, chest, neck, and
inguinal. Anatomy and physiology include both typical and
variant presentations

C Perfect consensus, strong

W_R2 Didactic Education on
Ultrasound-guided Technique

Education for using ultrasound for vein access and assessment
is a component of any CVAD insertion course. Education
includes: physics of ultrasound, image optimization, image
analysis, anatomical assessment of both normal and variant
anatomy, and simulation skills training. Landmark techniques
are also components of CVAD education programmes in case
circumstances arise that do not permit the use of ultrasound.
Educational programmes emphasize the indisputable benefit
of ultrasound for CVAD insertion

B Perfect consensus, strong

W_R3 Education on Tip
Placement

Education on CVAD tip placement is based on three essential
features that reduce risk: high blood flow, parallel positioning
to the vessel, and pulsatility of blood flow. To achieve these
three ideal factors of tip location, the tip of the CVAD is at or
near the cavo-atrial junction

C Very good, strong

W_R4 Infection Education to prevent catheter-related primary bloodstream
infections focus on pre, intra, and post-procedure insertion,
care, and maintenance. Three main sources of infection
contamination: the catheter–skin junction (extraluminal), the
needleless connector and hub (intraluminal), and iatrogenic
contamination. Topics to include: site selection, device
selection, indications for use, maximal barrier precautions,
hand washing, skin antisepsis, and the use of central line
checklists are included in CVAD insertion course. Observers,
empowered to stop a procedure if contaminated, are part of
the implementation of the educational programme

A Perfect consensus, strong

W_R5 Education on Catheters Topics in educational programmes include catheter: material
composition, size, features, and number of lumen. Focus
education on various risks vs benefits of catheter features for
both short- and long-term use

C Perfect consensus, strong

W_R6 Education on Procedure Any central venous access educational programme includes
insertion procedure for respective device placement, with both
typical and variant scenarios

B Perfect consensus, strong

W_R7 Education on Care and
Maintenance

CVAD care and maintenance is addressed in CVAD education
programme. Complications from CVAD use are related to the
insertion procedure or from continued care and maintenance
of the device

B Perfect consensus, strong

W_R8 Instructors Only providers with demonstrated qualification and
competency can provide education on CVAD insertion. The
basic tenants of qualification and competency are addressed
within the content of a CVAD education programme

C Perfect consensus, strong

W_R9 Ultrasound Simulation A simulation practice on ultrasound anatomy is included in the
curriculum of CVAD placement training

B Perfect consensus, strong

W_R10 Anatomical Models Inanimate models/simulators replace the human anatomy as
clinicians follow minimal requirements to allow for the
detection of main vessels and surrounding structures

A Perfect consensus, strong

W_R11 Objective Grading of
Proficiency

Levels of performance of theoretical and practical skills are
objective and the trainee completes every step of the final
assessment in order to obtain the certification of proficiency in
ultrasound CVAD positioning

C Perfect consensus, strong

Continued
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Experiential learning is a model of learning, in which
learning/meaning is derived from direct experience. Accord-
ing to Bruner,25 professional judgement and higher level
skills can be gained from repeated patient care experiences.
Experiential learning can be attained in a reflective cycle
such as Kolb’s learning cycle.26 This cycle applies to patient
experiences by observing and reflecting, formulating
abstracts and generalizations, and finally testing the implica-
tions of concepts in new situations. Theoretical perspective
and empirical knowledge are gained from various disciplines
including: psychology, sociology, ethics, management, edu-
cation, and biological sciences.

Experiential education is a methodology where educators/
mentors purposefully engage with learners in direct experi-
ence and reflection in order to increase knowledge, develop
skills, and clarify values.27 The practical application of experi-
ential learning has to take into account the learner’s previous
experience, knowledge base, and theoretical preparation.
Context of learning will vary, but will guide the learner
from being dependent to becoming a supervised participant
and then, onto supported independence.

Situated learning is a model of learning in a community of
practice where learning is derived from active or guided par-
ticipation. Guided participation involves cognitive (thinking)
ability, problem solving, adequate knowledge, personal
skills, and appropriate attitudes and values. Students learn
best when involved in genuine professional practice, sup-
ported by an experienced, capable mentor. The experienced

practitioner (mentor) is the most valuable resource available
to the learner. Effective mentor–learner relationships are
dynamic and complex and can be achieved through guided
participation.28

Educational courses on central venous device placement
should include basic anatomy, ultrasound physics and
imaging, detection/management of major and minor compli-
cations, and maintenance/care of the CVAD.7 – 9 11

Educational programmes reduce the occurrence of CVAD
infections and insertion complications.5 8 29 30 The use of
ultrasound, checklists, bundle programmes, and simulation
labs in conjunction with organized educational programmes
improves patient safety related to CVAD insertion.8 31 Experi-
ence and skill are also associated with reduced complication
rates related to insertion.1 32 33 Educational programmes
that include simulation experience with ultrasound offer
the greatest advantage in terms of knowledge and skill
acquisition before actual patient interaction.16

Educational content should be directed at how to perform
a CVAD insertion.8 23 Clinician knowledge of certain subject
areas and competence in device insertion influence the rate
of occurrence for CVAD-related complications. This panel of
experts recommends the following topics be covered during
the didactic section of an educational course on CVADs:11 18

(1) Anatomy and physiology of relevant body systems
(2) Ultrasound for insertion and assessment
(3) Central venous device tip location

Table 1 Continued

Section code Recommendation Level of
evidence

Degree of consensus,
strength of
recommendation

W_R12 Examination and
Competency

The training process is complete when the trainee fully
succeeds in the didactic exam specific to the particular CVAD
and demonstrates practical competency in a final assessment/
review

C Perfect consensus, strong

W_R13 Supervision Supervision is performed by a practitioner who is in clinical
practice, is confident with demonstrated competency and has
a thorough current knowledge of best practice demonstrated
through participation in performance of education, or with
publication activities dealing with CVADs

C Perfect consensus, strong

W_R14 Didactic or Web-based
Training

Standardized training programmes include didactic or
web-based teaching, simulation practice and supervised
practice. The Web/Internet/online education is a useful
alternative educational method for teaching skills in central
venous catheter insertion

B Perfect consensus, strong

W_R15 Objective Competency Competency is first determined by an objective method of
assessment rather than the number of procedures performed.
Procedural volume is an important factor in reducing
complications and developing and maintaining clinical
competence. Global rating scales are used as formal
evaluation instruments to determine competence and may be
used for annual assessment of competence

B Perfect consensus, strong

W_R16 Education for Children
and Neonates

CVAD education with neonates and children includes: specific
aspects of teaching and training with vascular access device
insertion, insertion with and without ultrasound, near-infrared
technology, and other technology aids for insertion

B Perfect consensus, strong
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(4) Infection control and sterile technique
(5) Device selection and indications
(6) Insertion procedures, complication prevention, evalu-

ation, and management
(7) Care and maintenance practices along with needle-

less connectors and securement devices
(8) Qualification and competency
(9) Simulation training

(10) Anatomical models
(11) Objective grading and proficiency
(12) Examination and competency
(13) Supervised instruction
(14) Didactic or web-based training
(15) Developing clinical competence
(16) Education for children and neonates

Anatomy
Knowledge of anatomy affects decision-making and may
help to avoid insertion complications (inadvertent nerve, ar-
terial, or lung puncture).1 Inexperience leads to more
attempts, more trauma during insertion procedures, increas-
ing the risk of infections.14 15 34 35 This supports the idea that
more training and knowledge of relevant anatomy and physi-
ology reduces complications during CVAD insertions.36

In terms of insertion site selection: the vessels, skin, and
nerves systems directly impact the ability to insert and main-
tain a CVAD. Additional body systems include musculoskel-
etal, cardiac, and respiratory systems. Infection and
thrombosis can both be impacted by site selection, skin in-
tegrity, and catheter–vein ratio (CVR).8 14 37 – 39

Anatomy and physiology training content:

† Vessel anatomy, location, size, and path19 37

† Vessel differentiation with ultrasound8 19

† Blood flow dynamics8

† Virchow’s triad8

† Skin integrity, colonization1

† Peripheral nerve identification and distribution19

† Respiratory anatomy8 19

† Upper and lower extremity, axillary, neck, and chest
anatomy8 19

Ultrasound vein assessment and access
Ultrasound-guided access should focus not only on vein
puncture but also on assessment and selection of veins
based on size, patency, and risk reduction (Table 2).39

The use of ultrasound during CVAD insertions increases
first-pass success rates and reduces overall complications.40

41 Anatomy is variable and therefore, blind insertion or land-
mark methods have limitations.42 Ultrasound visualization
identifies variant anatomy before the procedure and offers
the clinician valuable and potentially lifesaving information.
A high-risk procedure can be identified and avoided, and
one that would be difficult and traumatic becomes safer
for the patient.

It is known that vessel characteristics like size and patency
impact vascular access outcomes. A simulation study

demonstrated that a CVR that approaches 1:3 reduces blood
flow by 80%, while a CVR of 1:4 may only decrease blood
flow by 40–60%.37 At this time, there are no in vivo
studies15 29 43 that provide outcomes of CVR. However, the
use of ultrasound assessment facilitates vein selection, diam-
eter measurements, appropriate catheter selection, and sub-
sequently reduces the risk of venous thrombosis.

Tip location
Tip location defines a device as central, peripheral, or non-
central. A non-central tip location of a CVAD greatly increases
the risk for catheter-related complications. Complications
include thrombosis, vascular erosion, cardiac erosion, tam-
ponade, and arrhythmia.44 Even within the superior vena
cava, the risk associated with catheter-related thrombosis
varies greatly depending on how close the tip is to the
right atrium. The more cephalad the CVAD tip is from the
right atrium, the greater the risk for catheter-related throm-
bosis.13 Defining the exact location of the true cavo-atrial
junction (CAJ) has been a subject of much debate. Even
varying expert opinions exist on whether a tip should be
above or below the CAJ.44 45 The tip at or near the CAJ
provides the least risk. Some exception for right atrial tip
placement may exist for the optimal performance of haemo-
dialysis catheters.44 46

Infection control
Central catheter-related infection remains a high source of
morbidity and mortality in the acute and long-term care
environment.8 Through the use of systematic educational

Table 2 Recommended curriculum for ultrasound vascular
assessment and intravascular placement39

Procedural
ultrasound

Skills required

Describe the indications and limitations when
using ultrasound to assist in bedside
procedures

Define the relevant local anatomy for vascular
access—central and peripheral placement

Understand the standard protocols when
using ultrasound to assist in procedures

Physics/
knobology

Skills required

Understand the role of physics in ultrasound

Define necessary terms: piezoelectric effect,
frequency, resolution, attenuation,
echogenicity, Doppler

Understand the role of instrumentation in
image acquisition

Image mode, gain, time gain compensation,
probe types

Understand types of ultrasound artifacts and
their role in image acquisition: mirroring,
reverberation, shadowing, enhancement
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programmes, compliance tracking, and checklists, strides have
been made to reduce the occurrence of infections.8 32 40

Infection control and sterile technique are key principles
to include in any CVAD insertion programme. The most
serious and costly complication of CVAD insertion and main-
tenance is the catheter-related bloodstream infection
(CRBSI). CRBSI has three main sources of contamination:
the catheter–skin junction (extraluminal), the needleless
connector and hub (intraluminal), and iatrogenic contamin-
ation from another site of infection.8 Understanding the
mechanisms of CRBSIs is key to making clinical decisions
that mitigate risk including: optimal site selection, the use
of maximal barrier precautions, hand hygiene, appropriate
use of skin antiseptic solutions, and evaluation of device ne-
cessity with prompt removal. These five points are the basic
elements of the Central Line Bundle Program proven to
reduce the risk of CRBSIs.8 32 40 The bundle is focused on
site selection and the ability of the inserter to maintain a
sterile environment during CVAD placement.

Inadequate care and maintenance practices during dress-
ing changes, flushing protocols, access for infusions, and
needleless connector disinfection all contribute to the devel-
opment of complications.8 38 47 48

Device selection and indications
Device characteristics and indications for use affect the se-
lection of a CVAD and contribute to successful completion
of the treatment plan. The size of a catheter influences
flow which impacts the risk of vessel wall damage.15 29 42

There is a debate over whether valved catheters impact
device function and decrease overall risk to the patient. Mul-
tilumen catheters are considered higher risk for infection-
related complications compared with those with fewer
lumens.8 It is incumbent on any education programme to
provide current research information on CVAD design fea-
tures and how these features influence risk profiles.

Insertion procedure
The provider of CVAD insertion education shall provide updated
evidence-based education regarding device placement based
on the current accepted standards and manufacturer instruc-
tions for use. Professional organization guidelines49 and litera-
ture50 give suggestions for proper device insertion and use.

Care and maintenance
The Centers for Disease Control recommend that clinicians
receive insertion procedure and maintenance education in
an effort to prevent device complications.8 In a study by
Davis,49 71% of CVAD bacteraemias occurred after 5 days sig-
nifying failure and contamination during maintenance prac-
tices. The ability to reduce CVAD infections relies as much on
care and maintenance as it does on insertion.

Qualification and competency
Only clinicians competent in CVAD insertion and mainten-
ance should perform these procedures.8 Instructors must

also demonstrate continued competency and proficiency in
CVAD insertion. Competency extends to periodic assessment
and not just an initial evaluation at the time of training.51 A
systematic approach is required to continually measure out-
comes and provide feedback relevant to competence as a
function of safety. Studies evaluating the relationship
between clinical knowledge and experience have concluded
that the decline in knowledge after initial training is accom-
panied by a decrease in quality of care.52

Ultrasound and insertion simulation training
Ultrasound guidance is recognized as the gold standard for
CVAD insertion.7 18 53 All training labs should include ultra-
sound skills education. At the end of the learning period
(see the Developing clinical competence section), all trainees
should be able to detect major vessel abnormalities with the
aid of ultrasound.12

Anatomical models
There are a variety of inanimate models useful for simulating
vessel anatomy visualization with ultrasound. The best simu-
lation models should include vessels and also mimic the
normal body anatomy with muscles, soft tissues, and
bones. For this reason, inanimate animal models such as
turkey breasts may be effective for simulation practice with
ultrasound.

In the future, virtual simulators may be available for
perfect hand–eye coordination of the trainee.53 – 55

Objective grading and proficiency
The application of the learning curve concept to CVAD place-
ment means the reduction, by 50%, of major complications
during the learning process. With the landmark technique,
the suggested minimal CVAD placements required to achieve
minimal experience was .50 insertions.56 With ultrasound
guidance, it has been suggested11 12 that CVAD-skilled trai-
nees require less training than novices but have more prob-
lems with hand–eye coordination.2 3 57–60 There is no
common training guideline on ultrasound training.11 61 This
Consensus Task Force recommends 6–8 h of didactic educa-
tion, 4 h hands-on training on inanimate models, then 6 h
hands-on training on normal human volunteers for detection
of normal ultrasound anatomy. This training should be
followed by supervised ultrasound cannulations, coaching
the trainee during the procedure in order to achieve the
required minimal skill competence with the lowest rate of
complications.62

Examination and competency
A training log-book should be used by the trainee as a check-
list to verify completion of all the steps of the training
process. If the trainee fails to pass a step, he/she has to
repeat the performance until able to demonstrate compe-
tence. The educational competence should be evaluated
with a multiple-choice test of at least 100 questions. The
trainee must pass with at least 70% (according to similar
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educational courses)63 of correct answers before proceeding
to the hands-on training exam. In the practical audit, the
trainee is examined according to practical skills acquired
during the training process.64 The final audit should be ob-
jective and the trainee must pass all the practical steps
required. If the trainee fails in the final audit, he/she
should continue in his/her current practice until full achieve-
ment of practical goals referenced to the Global Rating Scale
(Supplementary Appendix S1).

Supervised instruction
Studies65 – 67 suggest that neither medical students nor resi-
dents are completely satisfied with their skills in invasive pro-
cedures. The most common form of teaching procedural
skills has been the traditional demonstration followed by
supervised practice and then the teaching of that skill (‘see
one, do one, teach one’). It is recognized that often practi-
tioners supervise procedures before they feel confident and
competent in their own practice.68 This method of teaching
procedural skills may have a negative impact on patient
safety if the supervision is by an inexperienced practitioner.

There is a growing recognition of the importance of train-
ing in invasive procedures and also the requirement of com-
petence before procedure performance that must be
validated as part of a credentialling process.4 34 68 – 70 Com-
petency validation requires application of clinical experience,
education of the skills to be attained, completion of proced-
ural demonstration, and supervision of a specified number of
successful procedures.71 – 73 This panel concludes that super-
visors require full and certified competence in central venous
device placement and must maintain their skills through
their clinical activity. Supervisors should be certified with an
educational course for trainers before starting their teaching
activity.

Didactic or web-based training program
Some authors70 discussed a standardized training process for
CVAD insertion to improve clinical knowledge, perception, and
attitudes of the residents and decrease the rate of complica-
tions.73 Other authors evaluated a comprehensive inpatient
procedure service rotation which aimed to improve Internal
Medicine residents’ knowledge and comfort in performing
procedures including central venous catheterization.74 The
outcomes of this study suggest that a comprehensive pro-
gramme results in improved knowledge and comfort for
residents.

Another issue under debate is where training should
take place. Trainees who are taught procedural skills in the
medical setting perceive that specific education taught
before the insertion procedure is rare.75 The Internet provides
an alternative to training and is currently being used in
medical training centres. It has been proven that this
method could provide a useful alternative to face-to-face
didactic lectures teaching procedural skills and was at least
as effective as traditional teaching methods.76 – 78

Developing clinical competence
Several studies demonstrate an inverse relationship between
healthcare professionals’ experience and their rate of com-
plications.57 79 – 81 Substantial evidence relating to clinical
competence in central venous device insertion is sparse.
From the literature, it appears that there are no standard
methods of assessing the competence of the practitioner.
According to recommendations of the National Institute for
Clinical Excellence (NICE), those involved in placing CVADs
using ultrasound guidance should undertake appropriate
training to achieve competence.7 Defining a competent prac-
titioner in objective terms is a difficult task. Competence is
often determined after a pre-determined number of proce-
dures being performed or after a subjective assessment by
a proctor who is deemed to be competent.67 82 This approach
is often criticized however, as it relies on general agreement
to determine the number of procedures necessary to gain
competence. Other authors suggest an alternative, more ob-
jective method of training programme.83 This assessment
process includes the completion of a written test assessing
the practitioner’s cognitive level of the procedure. This
written exam should be in conjunction with a visual exam
to test the knowledge of normal vs abnormal vessels, and
a skills test using simulation to test the practitioner’s ability
to perform the procedure to a satisfactory standard. The
practitioner would then undertake observed procedures
under the direct supervision of an experienced practitioner.

The two main approaches to rating technical performance
are global rating scales and checklists. The goal of checklists
is to guide behaviour by confirming routine. It has been
argued that the global rating scales (Likert type scales) do
not address procedural shortcomings. Global rating scales
of competence have evolved84 and a validated 24-item
checklist using the Angoff method has been created to
assess the competence of residents in CVAD insertion.85

Because CVAD insertion is sequential and predictable, assess-
ment of the procedure can be performed using a checklist, as
each component of the skill can be assessed. Formal evalu-
ation of competence is performed using instruments such
as the Ottawa Global Rating Scale (GRS) and the Ottawa
Crisis Resource Management (CRS) checklist which both
demonstrate effectiveness in multiple domains.86

Teaching CVAD insertion with children and neonates
Central venous catheterization in paediatric patients and
neonates is considered a challenging procedure, even when
ultrasound guidance is used. Several papers demonstrate a
significant reduction in major complications when ultrasound
guidance is used instead of the landmark technique.87 – 90

Central venous device placement in children and neonates
requires specific training in order to achieve competence in
central vein cannulation.

Materials used for CVAD placement in paediatric patients
must follow specific requirements:

(i) The catheter is selected according to the type of
therapy to be administered to the child/neonate.
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(ii) Ultrasound probes must be linear with a small foot-
print and a high frequency (from 10 mHz up).

(iii) Nitinol soft-tipped guidewires are preferred.

It is necessary to have minimal cannulation of 70 central vein
punctures per year in order to maintain the skills and the
competence in these patients.91 Ultrasound guidance
enhances first-time success and time to cannulation in
small infants, but requires supervised training to gain profi-
ciency. It has been demonstrated to take 15 supervised,
ultrasound-guided cannulations to reach proficiency with
small infants.91

Minimal training is also required for peripheral vein cannu-
lation in paediatric patients.92 Nurses and physicians should
be trained in paediatric-specific i.v. procedures during their
academic/employment training period. Even so, additional
factors noted in the literature were better indicators of
success, such as difficulty and cooperativeness of the child.93

In cases of difficult peripheral vein access, ultrasound guid-
ance may not always be useful because simple compression
of the probe over the skin may cause collapse of superficial
veins, necessitating the use of a very lightweight probe for
these patients. In this case, near-infrared technology has
increased success rates of peripheral vein catheterizations.94 95

Conclusion
Evidence supporting and directing the education and training
of those who insert and maintain CVADs is limited. This study
suggests evidence-based recommendations that provide
direction for establishing consistency in the development of
training programmes and measuring competency through
completion of didactic lessons, simulation, examination and
supervised practice. These recommendations should be con-
sidered minimal level requirements for all inserting clinicians.
Each recommendation was considered necessary by the con-
sensus group in establishing uniform training throughout the
world, both with adults and children/neonates. This document
is designed to serve as a guideline for those creating educa-
tion and training programmes and for those undertaking the
training. More research is necessary to establish stronger
recommendations and clearer directives.

Supplementary material
Supplementary material is available at British Journal of
Anaesthesia online.
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