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INTRODUCTION 
Ultrasound guidance is widely accepted as an essential 
tool for peripheral and central venous cannulation 

AVA campaign: 
‘No more blind sticking’ 

2006 

“... the use of ultrasound remains highly operator-dependent, 
despite technological advances.” 

… BUT … 

 Complications during US-guided CVC placement can occur  
 Understanding how these complications can occur provides the operator 

with a mechanism to prevent their occurrence 
 Operator training and experience are important in determining the 

complications associated 
 with the procedure 

 Operator inexperience or the use of unsuitable equipment, particularly in the 
more challenging patient, may increase  

 rather than decrease complications 

 There is a learning curve associated with  
 sonography, and guidance based on 
 misinformation can harm our patients 

AB Levitov 

… SO WHAT ? 
-  Which training model is effective ? 
-  Which skills must be taught ?  
-  How many procedures should the 

 trainee perform ? 
-  Which sticking technique 

 should he/she learn ? 

?
INTRODUCTION 
Background for a learning protocol 

  Understanding echographic anatomy (reconstruction of a 3-D structure from 2-D 
images) and image interpretation (US semeiotics, artifacts …) 

  Confidence with image-mediated instead of eye-guided hand motion and 
coordination between hands working in different directions: 

  non-dominant hand: probe handling, image adjustement (indirect action on the 
patient) 

  dominant hand: invasive procedure (direct action on the patient)    
  Confidence with the implanted device (how to insert it, how and when 

handle, use and assemble the single parts …)  

The learning process of ultrasound-guided procedures is  
based on integration of three different attitudes: 

Background for a STANDARDIZED 
learning protocol 

Identification of the different phases of the learning 
process allows: 
   Better performance of trainees 
   Standardization of teaching techniques: 

  better qualification of tutors 
  reproducibility and exportability of the training model 

INTRODUCTION 
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  Simulation is already a mainstay of training in technical 
skills 

  Simulation on inanimated phantoms allows: 
  easier deconstruction of the procedure into its single phases 
  lower learning stress (multiple attempts are feasible) 

  In fact, hands-on sessions on inanimated phantoms 
have demonstrated to improve training results in 
different clinical specialties and procedures 

Background for a STANDARDIZED 
SIMULATOR-BASED learning protocol 

INTRODUCTION TRAINING MODEL 
We propose a training model based on a close standardization 
of the technique and of the teaching protocol 
1) Insertion protocol:  

 US evaluation of: 
 Basilic Vein: first choice 
 Brachial Vein: second choice 
 Cephalic Vein: third choice 

 Standardized technique of US guided venipuncture 
  Intracavitary EKG guidance for intraoperative control and standard chest 

X-Ray for documentation of tip position 
2) Teaching protocol: 

 4 hours of theory 
 4 hours of lab training on healthy 

volunteers and home-made simulators  
 4 clinical procedures observed 
 4 procedures performed under supervision 
  tutored learning curve 
  late audit 

3 days 

1 
week 

After 
3 months 

TEACHING PROTOCOL 

  Our hand-on session is part of a complete protocol 
which includes frontal lessons, skills sessions and 
clinical training (already described elsewhere)*. 

  The practical session is based on a step-by-step 
approach to the skills that the trainee must 
progressively achieve 

  Each step presents tasks of increasing difficulty 
  Scanning and sticking techniques are closely 

standardized 

TEACHING PROTOCOL 
4 hours of theory 

  Basic principles of US physics 
  US anatomy of the arm 
  US guided vein sticking techniques  
  Pitfalls of US imaging and US 

needle visualization 
  Complications of improper US 

guidance and  
 prevention of 
 common mistakes 

  Indications for Peripheral Venous 
Catheters insertion and criteria for 
a correct device selection 

  Early and late complications of 
PICC & Midline insertion and their 
prevention 

  Role of US in preventing early and 
late complications  

  International guidelines regarding 
device selection,  

 insertion and  
 management 

ULTRASOUND ISSUES VASCULAR ACCESS ISSUES 

TEACHING PROTOCOL 

Vascular anatomy and US probe 
handling on healthy volunteers 
Training on a home-made phantom, 
according to a strictly standardized step-
by-step skills session protocol 

4 hours of lab training 

7 TEACHING STEPS 
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  Step 1: Familiarity with the ultrasound device settings and 
proficiency in correct image acquisition and interpretation; 
Identification and interpretation of ultrasound artifacts  

  Step 2: correct probe orientation in transversal and longitudinal 
sca;  

  Step 3: Recognition of the venous and the arterial blood ves-sels 
and relevant anatomic structures knowledge of anatomic variation 

  Step 4: Ability to perform CUS (compressive ultrasound) to detect 
thrombosed veins 

  Step 5: transverse scans of the brachial artery and veins above 
the antecubital fold at the elbow 

  Step 6: transversal scan of the basilic vein, by moving the 
probe medially, 

  Step 7: transversal scan of the cephalic vein moving the probe 
laterally to the brachial artery. 

7 STEPS ON A HEALTHY VOLUNTEER 7 TURKEY STEPS 
PHASE 1 – ULTRASOUND IMAGING 
  Step 1: probe orientation 
  Step 2: hand stabilization + static and dynamic evaluation of the 

vein (short axis scan) 
  Step 3: shift to long axis scan of the vein 

PHASE 2 – US GUIDED NEEDLE MANIPULATION 
  Step 4: static visualization of the needle and its tip 
  Step 5: dynamic visualization of the needle and its tip without 

venous target 
  Step 6: techniques of US guided venipuncture 

PHASE 3 – CATHETER INTRODUCTION 
  Step 7: complete simulation of field preparation, catheter 

introduction, securement and medication + US visualization of 
catheter within the lumen 

STEP 6a – US guided venipuncture 
SHORT AXIS 

+ 
OUT OF PLANE 

Correct 
visualization of 

needle tip 
within the 

vessel lumen 

Vein wall 
introflection 

and needle tip 
visualization 

TEACHING PROTOCOL 

4 clinical procedures observed 

The trainees observe the routine activity of 
our vascular access team (minimum 4 
procedures), participating in case discussion 

TEACHING PROTOCOL 
4 procedures performed under supervision 
Tutored learning curve and late audit 

4 procedures  
 The trainees perform a minimum of 4 US guided CVC 
 insertions under the supervision of an expert operator. 

Tutored learning curve 
 The tutored learning curve is completed during a 1 week 
 full immersion in our routine vascular access activity. 
 Active involvement in case discussion, device selection 
 and technical problem solving  is stressed. 

Late audit   
 The trainees are invited to came back to our vascular 
 access service after three months of  autonomous 
 activity and discuss their results. 

Conclusions 
• US-guided peripheral venous catheters insertion is easy to learn 

when a standardized training is provided. 
• The training model should provide the trainee with knowledge of 

US basic principles and US anatomy, structured simulation on 
phantoms and tutored clinical practice 

• A special attention must be given to the pre-clinical training 
phase in order to provide the trainee with a good integration of 
US confidence and technical skill (needle handling, operative 
field preparation, etc.) 

• According to previous studies (Mey et al, Supp Care Cancer 2003), our 
experience shows that good confidence with US anatomy and 
US imaging interpretation is critical 

• Strict standardization of insertion techniques and skill goals 
improves the outcome of both trainers and trainees, and is 
associated with a good translation into clinical practice 
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Conclusions 
• Training ultrasound guided venous cannulation 
 on a home-made phantom is inexpensive, easily 
reproducible and comfortable for operators 

• This model may be exported to training for different 
US-guided invasive procedures such as drain 
placement or biopsies.  

• Strict standardization of tasks and skill goals by means 
of a rationalized, step-by-step approach improves the 
outcome of training. 

Thank you for your attention 
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mauro.pi@iol.it 
antonio.lagreca@rm.unicatt.it 
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