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Vascular access in pediatrics : a world rapidly changing

The world of pediatric central venous access is rapidly changing, 

as new methodologies of vein visualization and tip location have

dramatically reduced the risks of complications as well as the 

costs associated with such procedures. 



ULTRASOUND GUIDANCE !

(1) the use of ultrasound guidance is mandatory for all 

central lines (PICC – CICC – FICC) in all pediatric 

patients, including neonates – with the only exception 

of umbilical catheters (UVC) and of small-bore 

epicutaneo-caval catheters (ECC).



NIR TECHNOLOGY !

(2) while access to deep veins (CICC, PICC, FICC) demands 

ultrasound, insertion of short peripheral cannulas or ECC in 

superficial veins can be performed considering the use of 

NIR technology



INTRACAVITARY ECG !

(3) the first option as a method for tip location should be the 

intracavitary ECG technique, which is applicable and feasible in

neonates, infants and children in 99% of cases



NO FLUOROSCOPY !

(4) the routine use of fluoroscopy and post-procedural chest x-

ray as radiological methods for tip location should be 

discouraged



MORE ULTRASOUND !

(5) there is a growing evidence that ultrasound may be an 

accurate, inexpensive and non-invasive methodology for tip 

navigation (ultrasound scan of central veins during catheter 

progression), for tip location (echocardiographic visualization of 

the catheter tip) and for ruling out pleural complications after 

central vein puncture (ultrasound scan of pleural space).





Central lines in neonates, infants and 
children

Umbelical – DIRECT INSERTION

Epicutaneo-caval caths – NIR TECHNOLOGY

CICC, PICCs, etc.  ULTRASOUND GUIDANCE



NIR TECHNOLOGY











• VeinViewer



VeinViewer- Vision



VeinViewer- Vision



VeinViewer- Vision



• AccuVein





• Vasculuminator



Veinsite

















NIR TECHNOLOGY

Ideal for detection – puncture – cannulation 

of superficial veins (< 7mm of depth)



ULTRASOUND

Ideal (mandatory !) for detection – puncture –

cannulation of deep veins (> 7mm of depth)







With the only exception of umbelical catheters and epicutaneo-
caval catheters in neonates, ALL pediatric central venous access 
devices must be inserted by ultrasound guidance:

CICC – centrally inserted central catheters (cervico-thoracic 
approach)

- supraclavicular

- infraclavicular

PICC – peripherally inserted central catheters (upper arm)

FICC – femorally inserted central catheters (groin)



US-guided central venous access

Saphenous, femoral – INFERIOR VENA CAVA CATH.(FICC)

Axillary vein at the arm, basilica, brachial - PICC

Axillary vein at the chest – INFRACLAVICULAR CVC (CICC)

Brachio-cephalic, internal jugular, external jugular, subclavian –

SUPRACLAVICULAR CVC (CICC)



Femoral vein = FICCFemoral vein = FICC



Femoral Lines

• May be difficult or not recommended in neonates and small 
infants
– Vein too small (risk of thrombosis)

– Difficult cannulation (sharp angle between femoral and iliac vein)

• Risk of infection due to extraluminal contamination should be 
reduced by appropriate strategies
– Trasparent dressing + glue

– Tunneling

• Never a first option for medium-long term access
– Only if CICC and PICC are contraindicated





Femoral line, tunneled



Of course, also for FICC:

Ultrasound guidance is mandatory

-No role for ‘blind’ venipuncture

-No role for venous cutdown



Axillary vein at the arm, basilica, brachial = PICCAxillary vein at the arm, basilica, brachial = PICC



Conventional use of US guided PICC lines 
in children:

- central lines via arm veins (brachial, basilic, axillary, 
cephalic)

- small caliber veins (3 mm or >)

- small caliber PICCs (3 Fr or >)

- no age limit: only limit is vein diameter

- unlikely in neonates and in small infants



Not to be confused with other peripherally inserted central 

lines in neonates 

Epicutaneo-caval caths

Neonates

Direct or NIR insertion 

Superficial veins

Tip not always central

Caliber < 3Fr

Low flow

No blood sampling

US-guided PICCs

Infants and children

Ultrasound guidance

Deep vein of the arm

Tip must be at CAJ

Caliber 3 Fr or >

High flow (power injectable)

Ok for blood sampling



US guided PICCs

Patients:

- pediatric intensive care unit

- pediatric surgery (perioperative access)

- pediatric parenteral nutrition

- pediatric oncology/haematology

Catheter:

- power injectable polyurethane



RaPeVA

Rapid Peripheral Vein 
Assessment
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100% success at insertion

Consistent adoption of SIP protocol as proposed by 
GAVeCeLT since 2010:

1 – hand washing, maximal barrier protection, 2% chlorhexidine

2 – US scan of all veins before starting the procedure (RaPeVA)

3 – choice of vein matched with cath diameter (3:1)

4 – individuation of brachial artery and median nerve

5 – US-guided puncture and cannulation

6 – tip navigation by US

7 – tip verification by intracavitary EKG

8 – securement with glue + sutureless device + transparent membrane



Though:

Conventional use of PICCs (US-guided 
venipuncture at midarm) is applicable to children 
and some infants, but not to neonates.

Limit (regardless of age/weight):

availability of a deep vein at arm (brachial, 
basilica or axillary) with diameter > 3 mm



Brachio-cephalic, internal jugular, external jugular, 

subclavian – SUPRACLAVICULAR CVC

Axillary vein at the chest – INFRACLAVICULAR CVC

CICC = centrally inserted central cathetersCICC = centrally inserted central catheters



Non-conventional use of PICCs as CICCs

PICCs = ideal as CICC in neonates and small 
infants

- optimal micro-introducer

- echogenic 21G needle

- nitinol guidewire

- adjustable length (tunneling, etc.)

- power injectable polyurethane 



Ideal choice for neonates/infants

- Best material: power injectable PUR

- Best microintroducer kit

- Best technique: ultrasound

- Best vein available (usually: brachio-
cephalic)



‘key points’ for an uneventful insertion of a CICC…

Ultrasound study of deep veins (RaCeVA)

US-guided venipuncture and cannulation

IC-EKG for verification of tip position

Intra-procedural US controls 

- r/o PNX + further verification of tip position by TEE

Tunneling

Securement 

- glue + sutureless device + transparent dressing



‘key points’ for an uneventful insertion…

Ultrasound study of deep veins (RaCeVA)

US-guided venipuncture and cannulation

IC-EKG for verification of tip position

Intra-procedural US controls 

- r/o PNX + further verification of tip position by TEE

Tunneling

Securement 

- glue + sutureless device + transparent dressing





• Ultrasound guided venipuncture is rapidly 
becoming the standard technique for 
achieving a central line in neonates, infants 
and children. 

• Ultrasound gives the possibility of choosing the 
most appropriate and safest venous access, as 
well as performing a 100% safe procedure. 







• Though much of the initial 
experience in this field has 
been carried out with internal 
jugular vein and subclavian
vein, in neonates and in small 
children the largest and 
easiest vein to access is the 
brachio-cephalic vein.



The vein to puncture is chosen after careful 

ultrasound evaluation of central veins. 

RaCeVa = Rapid Central Vein Assessment

Linear probe

10-14 Mhz

‘hockey stick’



IJV CA

RaCeVA in 4 mo. old in PICU
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The choice: BCV



In neonates and small infants

• Infraclavicular approaches (axillary vein) are 

unlikely

• Among the supraclavicular veins, the 

brachiocephalic vein is usually the easiest and 

safest approach



Axillary vein at the chest

• Atypical (CICC or PICC ?)

• Rare (ma possible) in neonates

• Most likely to be feasible in infants and children



‘key points’ for an uneventful insertion…

Ultrasound study of deep veins (RaCeVA)

US-guided venipuncture and cannulation

IC-EKG for verification of tip position

Intra-procedural US controls 

- r/o PNX + further verification of tip position by TEE

Tunneling

Securement 

- glue + sutureless device + transparent dressing



• Different PICCs can be used (silicon, polyurethane, power 

injectable polyurethane), single and double lumen

• The calibre - 3Fr or 4Fr or 5Fr - is chosen considering the 

diameter of the vein (vein mm = or > cath Fr)



Key point

Check the diameter of the vein !



Kits for micro-introduction :

– 21 G echogenic needles

– soft straight tip 0.018’’ guide-wire

– 3,5 or 4,5 Fr micro-introducer-dilator



• All catheters should be inserted by 

real time ultrasound guidance, by the 

‘in-plane’ approach. 



Needle



US guided venipuncture

Always  keep an eye

on the tip of the needle



Easy 

puncture…



Easy 

puncture…



Not so easy! 

(800 gr)



Choice of the vein

A careful ultrasound assessment of the child 

before CVC insertion allows a rationale choice of 

the vein apparently most appropriate in terms of 
caliber, depth and potential risk of pleural or 

arterial damage. 



In our experience, in the vast majority of patients < 

6 years, the brachiocephalic vein is the vein with 

the largest caliber and the easiest to puncture.



US guided puncture of the 

brachio-cephalic vein

In neonates/infants > 750 g 

(our experience)
In neonates/infants > 600 g 

(C.Breschan, Klagenfurt)

In neonates/infants > 450 g 

(J.Bennett, Birmingham)



• Ultrasound is 
constantly used to 
assess the direction 
of the guidewire, soon 
after its insertion in 
the needle

Wrong direction !

Tip location



guidewire



Micro

introducer



Catheter



Tip navigation by US

• US is not just for puncture !

• US control of the direction of guidewire and/or catheter (tip 

navigation by US) is particularly easy in neonates and infants

• Tip navigation by US should be implemented also in UVC and 

ECC !!



‘key points’ for an uneventful insertion…

Ultrasound study of deep veins (RaCeVA)

US-guided venipuncture and cannulation

IC-EKG for verification of tip position

Intra-procedural US controls 

- r/o PNX + further verification of tip position by TEE

Tunneling

Securement 

- glue + sutureless device + transparent dressing



• The correct position of the tip must be 

verified during the procedure via the 

intracavitary ECG method



� Intracavitary ECG (lead II)

� The intracavitary electrode 
is the tip of the catheter

� Based on changes of P 
wave during the progression 
of the catheter into the 
central veins

� CAVO-ATRIAL JUNCTION:
maximal peak of the P wave
(Stas, Yeon, Schummer, 
Pittiruti/La Greca, etc,)
( = CRISTA TERMINALIS)

IC-EKG method



P increasing

Maximal P

P decreasing 
and/or diphasic



IC-EKG in children/neonates: does it work ?

• Yes, it works

• Rationale:
– Surface landmark = unreliable in children
– Chest X-Ray = more difficult to interpretate
– Repositioning because of malposition = more expensive

• Critical issues:
– Never use IC-EKG with guidewire technique (risky)
– P changes are faster and occur in shorter space
– X-Ray criteria for CAJ are unclear
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GAVeCeLT pediatric ECG Study



Applicability

99.4 %

– In 2 children out of 309, the P wave was 

not identified on the surface ECG, so that 

IC-ECG was not performed

• One child 2 mo. old

• One child 5 yr old



Feasibility

99.4 %

– In 2 cases out of 307 no elevation of the P 

wave could be identified:

• One child  1 mo. old

• One child  2 yr old



Accuracy

95.8%

– Gr. A 96.2%

– Gr. B 95%

– Gr. C 96.8%

In all cases of mismatch but one, tip position as estimated with

IC-EKG was too low as estimated by radiological criteria 

(from +1cm to +5cm).

In the 95 cases performed with a dedicated ECG monitor 

(Nautilus) accuracy was 98.8%



Safety

100%

•No complication directly or indirectly 
related to the IC-EKG method



• In the pediatric population, the IC-EKG 
method is applicable and feasible in almost all 
patients (> 99%)

• As compared with the radiological methods, 
the accuracy of the IC-EKG method is very 
high 95.8%, and even higher if performed with 
a dedicated monitor such as Nautilus (98.8%)

• The IC-EKG method is 100% safe also in 
children



What about IC-EKG in neonates ?

• Preliminary personal experience (47 cases, 
not included in the multicenter study)
– Saline technique
– Caths >3Fr, central insertion, US-guidance

– Age 3hrs – 29 days;  weight > 950 gr

RESULTS

– Applicability 100%
– Feasibility : 45 cases out of 47 (96%)

– Accuracy: 100% (check by x-ray and/or 
echocardio.)



AHRQ recommendations 

20132013







‘key points’ for an uneventful insertion…

Ultrasound study of deep veins (RaCeVA)

US-guided venipuncture and cannulation

IC-EKG for verification of tip position

Intra-procedural US controls 

- r/o PNX + further verification of tip position by TEE

Tunneling

Securement 

- glue + sutureless device + transparent dressing



• After the puncture, the possible presence 

of pneumothorax or other pleura-

pulmonary damage is excluded by 

ultrasound scan of the intercostal spaces.

pleura
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Sliding Sign = No PNX

B - mode
M - mode: seashore sign
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No Sliding Sign: PNX!

B - Mode
M - mode: barecode sign
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Linee B
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Lung Point



• After the IC-ECG tip location, the correct position 

of the tip can also be verified by 
echocardiography (TTE)



TTE = best choice in neonates 



Echocardiography (TTE)

• It is particularly easy in neonates and infants

• It is safe and inexpensive but requires some training

• It should be implemented also with UVC and ECC



Echocardiography (TTE)

• Two options are available:

– Subcostal ‘bicaval’ view: 

• direct visualization of the tip in the SVC

– Apical view:

• Indirect visualization of the tip in the SVC (injection of 

saline: appearance in the RA in one second)

• The tip is visualized in the RA and withdrawn 



WoCoVA-GAVeCeLT Consensus, 

Intensive Care Medicine 2012



WoCoVA-GAVeCeLT Consensus, 

Intensive Care Medicine 2012



We do not need routine x-ray

Tip position can be verified during the 
procedure with IC-EKG and/or 
echocardiography.

These methods are easier, safer, 
faster and more accurate than 
fluoroscopy or chest x-ray.



‘key points’ for an uneventful insertion…

Ultrasound study of deep veins (RaCeVA)

US-guided venipuncture and cannulation

IC-EKG for verification of tip position

Intra-procedural US controls 

- r/o PNX + further verification of tip position by TEE

Tunneling

Securement 

- glue + sutureless device + transparent dressing



• In most cases, the catheter is tunneled 

to the infra-clavicular area, so to 

achieve a more favourable exit site













How to tunnel ?





Comments

Tunnelling of central lines is a simple 
technique that allows us to achieve 
simultaneously:

-an optimal site for venepuncture (which 
minimizes the risk of puncture-related 
complications) 

-and an optimal exit site (which reduces the 
risk of late complications).



Please, avoid exit site at the neck ….!



Please, avoid exit site at the neck ….!



‘key points’ for an uneventful insertion…

Ultrasound study of deep veins (RaCeVA)

US-guided venipuncture and cannulation

IC-EKG for verification of tip position

Intra-procedural US controls 

- r/o PNX + further verification of tip position by TEE

Tunneling

Securement 

- glue + sutureless device + transparent dressing



• All catheters are secured by sutureless 

devices; the puncture site and the exit site 

are sealed with cyano-acrylate glue and 

covered with transparent dressing



Glue + sutureless device + 

transparent dressing



Glue !!!!



Comments

Glue is a simple, safe, inexpensive tool 

for closing the skin at the puncture site 

and sealing the skin around the catheter 

at the exit site.

-Stops extraluminal contamination

-Stops bleeding/oozing at the exit site

-Secures the catheter for 7-10 days



Use of glue should be implemented also in ECC



The best securement







Please, avoid sutures….



Please, avoid sutures….



Insertion of a tunneled central 

venous catheter in a neonate
(3Fr power injectable polyurethane) 

Insertion of a tunneled central 

venous catheter in a neonate
(3Fr power injectable polyurethane) 

































Our Insertion Bundle for CICCs in neonates and infants

(1) ultrasound choice of the vein (RaCeVA); 

(2) hand washing + maximal barrier precautions + skin antisepsis with 
2% chlorhexidine; 

(3) Use of ultrasound for venipuncture, for tip navigation and for ruling 
out PNX;

(4) tunnelling of the catheter so to obtain an exit site in the 
infraclavicular area; 

(5) Tip location by intracavitary ECG and/or echocardio; 

(6) sealing of the exit site with glue; 

(7) securement with sutureless device + transparent semipermeable 
dressing.





INS 2016: recommendations for the 
insertion of any central venous access 

device

• Skin antisepsis with 2% chlorhexidine
• Consistent adoption of maximal barrier 

precautions
• Always adopt real-time ultrasound guidance
• avoid fluoroscopy if not absolutely necessary
• Intraprocedural tip location with intracavitary ECG 

whenever possible
• Do not use stitches: secure with sutureless devices

(skin-adhesive or subcutaneously anchored)



CONCLUSION



The soft revolution







ZERO COMPLICATIONS is possible

If we only want it

If we make the ‘right’ choices in terms of 
methodologies and materials



Who is the ‘expert’ ?



Who is the expert ?

To have ‘experience’ is not enough

The expert is the one who knows 
when/how to use the most 
appropriate materials and the most 
appropriate methodology.



Thank you for your attention



mauropittiruti@me.com


