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… once upon a time … 1978

Anesthesia & Analgesia



… it was the 1983 …

• Anesthesiology



…few years later…

Anesthesiology, 1986



… since then… a lot of original papers...







…and meta-analysis…
– Randolph 1996
– Keenan 2002
– Calvert 2003
– Cochrane (on IJV) 2015
– Cochrane (on ScV and FV) 2015
– …

• All evidence prove that the systematic adoption of US guidance allows:
– To increase first attempt success rate
– To decrease number of complications
– To decrease number of attempts
– To increase cost-effectiveness
– To decrease time to success 



Calvert 2003: US guidance is cost-effective!

‘Economic modeling indicates that US is likely to save 
NHS resources as well as improve failure and 
complication rates’

‘For every 1000 procedures, a resource saving of 2000 
pounds is suggested’



…different guidelines, position statements, consensus conference…
…recommend US guidance…

¨AHRQ Recommendations (2001 and 2013)
¨NICE Guidelines
¨ESPEN Guidelines
¨BCSH Guidelines
¨AVA 2008 Position Statement
¨ACS 2008 Position Statement 
¨ESPEN Guidelines
¨CDC 2011 Guidelines
¨SHEA-IDSA 2014 Guidelines
¨EPIC 3 Guidelines
¨GAVeCeLT – WINFOCUS – WoCoVA Consensus 2012
¨AIEOP Position Paper 2014
¨AAGBI 2016 Guidelines
¨SIAARTI Good Clinical Practice 2018
¨ESA Guidelines











…first experiences were focused only on IJV…
• out-of-plane puncture in its short axis
• In-plane in its short axis









Terminological confusion…
• US guided puncture of the ScV is possible only above

the clavicle
• US guided puncture below the clavicle is a puncture of

– Axillary Vein (on the chest)
– Cephalic Vein (on the chest)







neck

supraclavicular

infraclavicular

breast area

Central Zone Insertion Method (for CICCs)



Exit site location



Exit site location
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• Answer simple clinical questions
• Focused ultrasound view

– Clinically guided

• Rapid
– exam time approx. 10 sec-5 min

• Simple interpretation
– Which is the safest vein to be punctured?
– Which is the proper and safe approach?
– Is the guidewire and/or the catheter travelling towards the right direction?
– Where is located the tip?
– Is there any complications?
– …

CLINICALLY-INTEGRATED POCUS



The global use of US in the
field of VA 



Pre-procedural US evaluation

Exclusion of early and late complications

US guided puncture

Tip navigation and Tip location



Methodology
• Literature Search

– Eligibility Criteria and Studies Selection

• Meta-analysis
• Strength of evidence
• Delphi
• Review Process



Literature Search
• PICOT process

– Population, Intervention, Comparison, Outcome, Timing

• Professional librarian from Cochrane Anaesthesia, Critical 
and Emergency Care Group, Herlev, Denmark

• From January 2010 to August 2017 and then an update 
up to September 2018 
– PubMed, EMBASE (Ovid SP), Cochrane Central Register of 

Controlled Trials (CENTRAL), CINAHL (EBSCO) and trial registries 
for on-going and unpublished studies



PICOT Process
PICO 2
Population/problem

Adult patients requiring a femoral venous access
Intervention
Ultrasound-guided cannulation of the femoral vein
Comparators
Any other technique of femoral vein cannulation
Outcomes
Major complications (haematoma, nerve injury, thrombosis, infections)
Overall success
First attempt success
Timing
Any elective or emergency procedure



Eligibility Criteria and Studies Selection

• randomized controlled trials
• prospective cohort studies
• case series with a sample size greater than 100 patients



Strength of evidence

• GRADE system for assessing levels of evidence and 
grade of recommendations (GoR)

• RAND method with a modified Delphi process when 
literature did not provide enough evidence 





Grading

• Meta-analysis using RevMan 5.0 Cochrane
• Grading delle evidenze con GradePro







Delphi Rounds

• 3 Rounds
• The median appropriateness score (MAS) to categorize a 

statement
– inappropriate (MAS 1 – 3.4), uncertain appropriateness (MAS 3.5-6.9) 

or appropriate (MAS 7-9). 

• disagreement index (DI) to quantify consensus 
– the smaller the value of DI, the greater is the consensus: a DI > 1 

indicates a lack of consensus



DEFINITIONS



Short, Long and Oblique Axis



‘In plane’ vs. ‘out of plane’



Nuova terminologia (WoCoVA)
CVC = cateteri venosi centrali (punta in VCS, VCI, atrio destro)

• CICC – centrally inserted central catheters
– Puntura e incannulamento di vene della regione cervico-toracica
(anonima, succlavia, ascellare, giug.int., giug.est., cefalica)

• PICC – peripherally inserted central catheters
– Puntura e incannulamento di vene del braccio
(basilica, brachiale, cefalica, ascellare)

• FICC – femorally inserted central catheters
– Puntura e incannulamento di vene della regione inguinale
(femorale com., femorale supf., safena) 



US-GUIDED VA IN ADULTS



IJV – Overall Success



IJV – Overall Complications



IJV



IJV – first time success



IJV
Recommendations
• We recommend the use of US guidance for IJV 

cannulation in adults, since it is safer in terms of reduction 
of overall complications, it improves overall and first-time 
success and it reduces the time to obtain a successful 
puncture and cannulation of the vein (1B).

• Use of out-of-plane approach is similar to in-plane 
approach when USG is used for IJV cannulation in terms 
of safety and efficacy 39 (2A).



ScV – Overall Success



ScV – Overall Complications



ScV



ScV
Recommendations
• We recommend the use of USG for SCV 

cannulation in adult patients, since it is 
safer and it reduces both the incidence of 
failures and of overall complications if 
compared to the landmark technique (1C)



• Weak evidence in the last decade
• No evidence on BCV
• Do we really need further evidence???





BCV in Children - Complications

GoR 1C



AxV – First Time Success



AxV– Overall Complications



AxV



• Recommendations
• …
• We recommend the use of USG during axillary

vein cannulation, since it reduces the risk of major 
complications and increases the first-time success 
if compared to the landmark technique (2A).

AxV



FV – Overall Success



FV – Overall Success



FV – Major Complications



FV – Major Complications



FV
Recommendations
• We recommend the use of USG for cannulation of FV (or other groin veins) 

in adults, since it is safer, it reduces the incidence of major complications, it 
improves the success rate and it reduces the time to obtain a successful 
cannulation (1C).

• We also recommend the use of USG for cannulation of FV (or other groin 
veins) in adults, since it may indirectly decrease infectious and thrombotic 
complications by reducing the likelihood of some risk factors (e.g. 
haematoma) related to the puncture (1C).

• We suggest considering USG puncture of the superficial femoral vein at the 
mid-thigh as to have an exit site in a safe area, allowing the reduction of the 
risk of infection and thrombosis (2C).

• We recommend the out-of-plane puncture of FV in short axis. In fact, short 
axis allows a panoramic view of arteries and nerves so to avoid inadvertent 
damage of these structures (1C).



• Ultrasound-guided cannulation of any 
peripheral vein

• We recommend adopting and applying a tool for the assessment of the 
difficult peripheral venous access in order to early identify those patients 
who may benefit US guided peripheral vein cannulation (1C).

• We recommend the use of USG 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).

• We recommend routine use of USG for PICC placement, taking care that 
the exit site be located at mid arm level (1C).



• Ultrasound-guided cannulation of any central 
vein for long-term central vascular devices

• We recommend USG for placement of long term VADs since it has 
been shown to significantly reduce early mechanical complications 
(arterial puncture, hematoma, PNX, haemothorax) (1C). 

• We recommend USG for placement of long term VADs since it has 
been shown to be a cost-effective procedure allowing to indirectly 
reduce complications like catheter-related thrombosis and early 
catheter-related infections (1C)

• We recommend USG puncture of the axillary vein at the thorax for 
long-term central VADs placement since it has been shown to 
reduce the risk of pinch-off syndrome (1C)

• …



• Ultrasound-guided cannulation of an artery 
during elective procedures

• The quality of evidence on which to base recommendations is generally weak, 
with relatively few RCTs that have a high degree of heterogeneity.

• We recommend the use of USG for radial artery catheterization in all adult 
hypotensive, hypovolemic and hemodynamically unstable patients and in 
those with vascular diseases and small arteries with a weak and/or thin pulse, 
since it has been proved to be more effective in reducing complications, 
time to obtain cannulation and number of attempts, and in increasing overall 
success and first-time success rate (1B).

• We recommend the use of USG in all adults needing femoral artery 
catheterization since it has been proved to be safer in reducing major and 
minor complications, and more effective increasing overall success and 
first-time success rate, and, thus, decreasing time to obtain cannulation
(1B).

• Before cannulation of the radial artery an Allen-test should be applied (2C)



• Ultrasound for confirmation of the correct 
position of the central venous catheter’s tip of 
in any patient and any elective or emergency 
situation

• When IC-ECG is not applicable, we recommend using US to 
detect and prevent CVC malposition in real-time, since it has 
been shown to be safe, feasible, quickly performed and 
interpreted at bedside, and more accurate and faster than CXR 
(1C). 

• We recommend combining and integrating vascular US for wires 
and CVC tip navigation with TTE for tip location (1C). 



• “….CVC position, 
according to our meta-
analysis, is best verified
by vascular US 
combined with TTE…”

• Theoretically, the best 
protocol is an US method
incorporating a scan of the 
central vessels bilaterally
(if needed) and visualizing
the migration of the CVC 
tip into the heart through
CEUS 



• Ultrasound for verification of immediate post-procedural 
life-threatening complications in patients receiving central 
venous catheters

– We recommend performing PLUS to rule-out potential pleura-
pulmonary complications (mainly PNX) 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 worsening after catheter placement (1B)

– We recommend using PLUS to monitor the development of a 
confirmed pleura-pulmonary complication or for treatment’s follow-
up (1B)

– We recommend US for diagnosis and follow-up of catheter-
related thrombosis (1C)



76





US GUIDED VA IN PEDIATRICS



IJV - Success



IJV Complications



IJV
Recommendation
• …
• We recommend the use of USG for IJV in 

children as it increases the success rate, 
reduces the time of successful cannulation
and occurrence of complications (1B).



BCV - Complications

GoR 1C



FV - Complications



FV
Recommendation
• We recommend the use of USG for FICC 

in children as it increases the success rate 
and reduces the risk of complications (1B), 
even if the time of successful cannulation
is not reduced



Arterial Line - Success



Arterial Lines

Recommendation
• We recommend the use of USG for routine 

arterial cannulation in children as it 
increases the success rate (1B).



PV
Recommendation
• Due the paucity of well-conducted studies, we 

cannot recommend the routine use of US for 
peripheral veins cannulation in paediatric patients. 
Some evidence suggests the use of USG, in 
experienced hands, improves the success rate in 
case of difficult intravenous access (DIVA) in 
children (2B)



TRAINING



• Generic learning/training objectives
• Learning & assessment methods for generic competencies
• Specific learning/training objectives for US guided vascular

access
• Training & assessment methods for US guided vascular

access
• Performance indicators for US guided vascular access

procedures
• Criteria for defining an expert trainer in US guided vascular

access



Generic learning/training objectives

• It includes:
– Procedures to minimise the risks of incorrect-site 

interventions
– Procedures to minimise cross-infection from 

ultrasound equipment



Training & assessment methods
• Observe 5 ultrasound guided procedures
• Perform 5 ultrasound scans on patients
• Logbook that documents every procedure
• 5 supervised ultrasound guided procedures of each type
• For each ultrasound guided vascular access procedure the practitioner should 

be signed off as competent for that procedure by an expert trainer using a 
global rating scale before they perform the procedure unsupervised.

• To be eligible for completion of competency-based training in both adult and 
pediatric US guided vascular access the practitioner should have performed 
30 US guided vascular access procedures of any type in a 12 months 
period



Performance indicators for US guided
vascular access procedures

Recommendations with Strong Consensus
• The following are useful performance indicators for US guided 

vascular access:
– First-time puncture rate
– Successful completion of procedure within 30 minutes
– Total procedural time
– Incidence of major complications
– Incidence of overall complications
– Patients’ satisfaction



Old technology

has become
disruptive innovation!



How an old technology has become a discruptive innovation
Resa Lewis, TEDMED Talks



Common sense…



Common sense…



1816-1819: René T.H. Laennec





Prof. Paolo Pelosi, Sir Robert Macintosh Lecture, Euroanaesthesia 2019



Thanks a lot


