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Chapter 1
Vascular Access in Pediatric Patients: 
Classification and Indications

Mauro Pittiruti

1.1  �Venous Access in Neonates: Classification

In neonates, as in adults, venous access devices (VADs) are mainly classified in two 
categories, central venous access devices and peripheral venous access devices, 
depending on the position of the tip. A VAD with its tip located in the superior vena 
cava, or in the right atrium or in the inferior vena cava is defined as ‘central’. All 
VADs with tips located in other sites of the vasculature must be regarded as 
‘peripheral’.

Other criteria of classification include (a) the technique of insertion (i.e., percu-
taneous venous access, either ‘blind’ or ultrasound-guided or guided by Near-Infra-
Red technology; direct insertion in a patent vein, as it occurs with umbilical venous 
catheters; surgical cutdown of the vein; etc.); (b) the vein utilized as entrance in the 
vasculature (i.e., a superficial vs. a deep vein; a vein located in the upper limb, in the 
lower limb or at the scalp; etc.); (c) the location of the exit site of the catheter (i.e., 
the chest area, or the groin, or mid-arm, or mid-thigh, etc.). Last but not least, 
venous access devices may be further classified according to specific structural fea-
tures regarding their design or the material they are made of.

1.1.1  �Peripheral Venous Access Devices

Peripheral VADs in neonates are mainly represented by short cannulas.
Short cannulas are inserted by direct venipuncture, with or without the aid of 

visualization by NIR technology (Near Infra-Red); small bore, 24G or 26G cannu-
las are used. Polyurethane cannulas with pre-assembled extension and wide soft 
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wing (so-called ‘integrated’ cannulas) will have chances of longer duration. The 
choice of the superficial vein to be cannulated will be guided preferably by the 
RaSuVA protocol, which involves a systematic examination of the superficial veins 
of the newborn, from the foot to the head, first on the right side and then on the left 
side, evaluating the seven sites where it is more likely to identify a vein: (1) medial 
malleolus, (2) lateral malleolus, (3) retro popliteal area, (4) hand and wrist, (5) ante-
cubital area, (6) preauricular zone, (7) post-auricular zone.

1.1.2  �Central Venous Access Devices

Central VADs in neonates can be classified as follows: (a) Umbilical venous cathe-
ters (UVC) inserted in the umbilical vein soon after birth; (b) epicutaneo-cava cath-
eters (ECC) inserted by percutaneous puncture/cannulation of superficial veins; (c) 
central VADs inserted by ultrasound guided venipuncture in deep veins of the infra/
supraclavicular area (Centrally Inserted Central Catheters = CICCs) or in the groin 
(Femorally Inserted Central Catheters = FICC); (d) central VADs surgically inserted 
by venous cutdown of deep veins.

All central lines will allow the safe infusion of any solutions, including solutions 
potentially associated with endothelial damage. Though, other performances of 
central venous access will depend on the type of device: UVC, CICC and FICC are 
usually appropriate also for administration of blood and blood products, for blood 
sampling and—depending on the exact location of the tip—also for hemodynamic 
monitoring; in contrast, ECC will not be appropriate for these purposes.

The umbilical venous catheter (UVC) is the only central VAD that is positioned 
by direct placement of the catheter into the vein, without the need for percutaneous 
puncture. Positioning is only possible at the time of birth or within few hours after 
birth, when the umbilical cord vessels are still accessible; the position of the tip—
which is traditionally verified with relatively inaccurate systems such as radiology—
should be nowadays more appropriately verified by echocardiography. In fact, UVC 
malposition is potentially associated with very serious complications, so that the 
correct placement of the tip should be assessed as accurately as possible. The choice 
between single and double lumen is mainly related to the clinical conditions of the 
newborn: in the stable preterm newborn a single lumen UVC is sufficient, while the 
acutely ill newborn requires a double lumen UVC. All UVC are made of polyure-
thane, though they are not certified as ‘pressure injectable’. Recent evidence (see 
SHEA guidelines) suggests that UVC made of polyurethane treated with silver ions 
may be preferable, in order to reduce the risk of infection, especially in newborns 
with a gestational age less than or equal to 30 weeks. The caliber of UVC is between 
2.5Fr and 8Fr for the single lumens and between 4Fr and 8Fr for the double lumen. 
The UVC allows high flow, blood sampling, and hemodynamic monitoring. 
UVC < 4Fr, however, have a relevant risk of occlusion. UVC is a central catheter 
potentially burdened by severe complications, both infectious and thrombotic. Within 
few days after birth, it should be removed and replaced with an appropriate venous 
access, which may differ depending on the clinical conditions of the neonate.

M. Pittiruti
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Epicutaneo-cava catheters (ECC) are peripherally inserted central catheters 
inserted into superficial veins; they are different from ultrasound-guided PICCs, 
which are peripherally inserted central catheters inserted in the deep veins of the 
arm. The first-choice material of ECC is polyurethane. Most ECCs are single lumen, 
with caliber ranging between 1Fr and 2.7Fr; double lumen 2Fr ECC are also avail-
able, although less frequently used. Insertion is performed by direct percutaneous 
cannulation of visible/palpable superficial veins, with or without the aid of the visu-
alization by NIR (Near Infra-Red) technology. The choice of vein should be guided 
by the RaSuVA protocol (Rapid Superficial Vein Assessment), which involves a 
systematic examination of the superficial veins of the newborn, from the foot to the 
head, first on the right side and then on the left side, evaluating the seven sites where 
it is most likely to identify a vein: (1) medial malleolus, (2) lateral malleolus, (3) 
retro popliteal area, (4) hand and wrist, (5) antecubital area, (6) preauricular zone, 
(7) post-auricular zone. Echocardiography plays an increasingly important role in 
the correct placement of such catheters, as a method of both tip navigation and tip 
location. According to the latest evidence, ECC are appropriate when the expected 
duration of i.v. treatment does not exceed 2 weeks; due to the small size, they are not 
appropriate for blood sampling or for high flows or for hemodynamic monitoring: 
therefore, they should be used in stable newborns who need only intravenous hydra-
tion/nutrition. In case of failure of the positioning of the ECC (lack of suitable 
peripheral veins, repeated malpositions, repeated ineffective attempts, etc.), a CICC 
or a FICC should be used.

Centrally Inserted Central Catheters (CICCs) are inserted by ultrasound-guided 
puncture and cannulation of different veins of the infra/supra-clavicular area (axil-
lary, subclavian, internal jugular, external jugular, brachio-cephalic). In the new-
born, the easiest and safest supra-clavicular vein available for ultrasound-guided 
puncture and cannulation is always the brachio-cephalic vein. Even in premature 
infants, the caliber of this vein is approximately 3 mm, which allows the placement 
of a 3Fr power injectable polyurethane catheter. Insertion must be carried out 
according to the SICA-Ped protocol developed by GAVeCeLT: ultrasound evalua-
tion of all central veins according to the RaCeVA protocol (Rapid Central Vein 
Assessment); maximum barrier precautions; skin antisepsis with chlorhexidine 2% 
in alcohol; ultrasound-guided venipuncture (in case of brachio-cephalic vein: visu-
alization in long axis and ‘in plane’ puncture); tip navigation by supra-clavicular 
ultrasound scan; tip location by intracavitary ECG technique and/or echocardiogra-
phy; sutureless securement; coverage of the exit site with cyanoacrylate glue and 
transparent semipermeable dressing with high transpirability. Furthermore, in the 
newborn it is always advisable to tunnel the catheter so that the exit site is in the 
infra-clavicular area, even if the puncture site is in the supraclavicular area. For best 
tunneling, we recommend the off-label use of central catheters marketed as PICC 
(3Fr single lumen or 4Fr bi-lumen): these catheters are in power injectable polyure-
thane, high flow, and they are inserted by modified Seldinger technique (which 
makes the tunneling easier). Pressure injectable CICCs can be used not only for 
normal infusions, but also for high flow infusions, for blood transfusion, for blood 
sampling and for hemodynamic monitoring (as long as the tip is positioned in the 
right atrium).

1  Vascular Access in Pediatric Patients: Classification and Indications
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Femorally Inserted Central Catheters (FICCs) are a secondary option compared 
to CICCs, since in most newborns the femoral venipuncture is more difficult than 
the puncture of the brachio-cephalic vein (especially because of the caliber of the 
two veins: the femoral vein is always much smaller). If the caliber of the femoral 
vein is 3 mm or more, a 3Fr power injectable polyurethane catheter can be inserted. 
In smaller veins (2 mm) it is possible to use 2Fr catheters, although currently this 
caliber is only available for limited lengths (6 cm). Insertion must be performed 
according to the SICA-Ped protocol developed by GAVeCeLT: ultrasound evalua-
tion of the groin veins using the RaFeVA protocol (Rapid Femoral Vein Assessment); 
maximum barrier precautions; skin antisepsis with chlorhexidine 2% in alcohol; 
ultrasound-guided venipuncture; tip navigation using ultrasound; tip location using 
intracavitary ECG technique and/or echocardiography; sutureless securement; cov-
erage of the emergency site with cyanoacrylate glue and transparent semi-permeable 
dressing with high transpirability. It is possible (and desirable) to tunnel the cath-
eter downwards to the mid-thigh, so as to obtain an exit site far from the inguinal 
fold. It is important to distinguish between two types of FICC: (a) those with the 
tip in the inferior vena cava (as verified by ultrasound), usable for infusions of any 
type and for blood sampling; (b) those with the tip in the right atrium tip (as veri-
fied with intracavitary ECG or echocardiography), which can be used not only for 
infusion and sampling, but also for hemodynamic monitoring. For best tunneling, 
we recommend the off-label use of central catheters marketed as PICC (3Fr single 
lumen or 4Fr bi-lumen): these catheters are in power injectable polyurethane, high 
flow, and they are inserted by modified Seldinger technique (which makes the tun-
neling easier).

Surgical insertion of central venous access devices by venous cutdown have been 
used in the past, before the introduction of ultrasound in the practice of venous 
access, but today it should be abandoned. The surgical preparation of the vein and 
its direct cannulation is associated with an increased costs and increased risks of 
infection, local hemorrhage, and venous thrombosis. Furthermore, repeated maneu-
vers of venous cutdown are inevitably associated with a progressive depletion of the 
venous patrimony of the child, both directly (sacrifice of the vein) and indirectly 
(local complications such as thrombosis, which may limit the future incannulation 
of local veins).

1.2  �Venous Access in Neonates: Indications

The choice of venous access in the newborn depends on many factors, including: 
the time in which the need for venous access is identified (at birth vs. after 
birth); the clinical conditions of the newborn (stable vs. unstable or critically 
ill): the expected duration of intravenous treatment; the type of solutions to be 
infused.

M. Pittiruti
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1.2.1  �Venous Access at Birth

In some full-term, non-acute ill neonates, venous access at birth may be indicated, 
even if there is no indication to UVC: in this case, the first-choice device is a short 
peripheral cannula. If the expected intravenous treatment is less than a week, the 
placement of a short peripheral cannula in a superficial vein will be sufficient. If 
venous access is required up to 2 weeks, an ECC can be used, inserted into the 
superficial veins. In infants with exhaustion of superficial veins or in newborns in 
which—although there are superficial peripheral veins available—the insertion of 
an ECC encounters repeated difficulties in positioning the tip, the positioning of a 
CICC or FICC will be indicated. In the case of intravenous therapy for duration of 
more than 14 days, it is advisable to resort directly to ultrasound-guided central 
venous access by puncture/cannulation of the brachio-cephalic vein (CICC) or of 
the femoral vein (FICC).

The umbilical venous catheter (UVC) plays a major role in the neonate that 
requires a venous access soon after birth or in the first day of life. The indication to 
UVC is linked to criteria of severity and gestational age. Typical indications are the 
following: newborn with severe asphyxia; gestational age equal to or less than 
28 weeks; gestational age equal to or greater than 29 weeks, but with the need for 
assisted ventilation via orotracheal intubation, or hemodynamic instability, or the 
need for CPAP with FiO2 > 40%, or difficulty in finding peripheral venous access.

In the stable preterm newborn, a single lumen umbilical venous catheter (UVC) 
can be positioned at birth for intravenous hydration and parenteral nutrition; after 
the first few days, it will be necessary to assess whether the venous access is needed 
for a limited period (< 14 days) or longer (> 14 days). In the first case, it will be 
sufficient to plan the positioning of an ECC; in the second case, it will be appropri-
ate to insert an ultrasound-guided central venous access (CICC or FICC).

In the acutely ill newborn with a severe pathology already evident at birth, a dou-
ble-lumen UVC is usually recommended; after few days, the UVC will be removed 
and replaced with an ultrasound guided central venous access (CICC or FICC).

In the severe, critically ill newborn, after the first days of intravenous treatment 
through the UVC, it is necessary to plan the placement of a CVC appropriate not 
only for standard infusions but also for high flow infusions, blood sampling, and 
possibly also hemodynamic monitoring. This can be achieved by ultrasound-guided 
insertion of power injectable polyurethane catheter—3Fr or larger—either in the 
brachio-cephalic vein (CICC) or in the femoral vein (FICC).

Examples of indications to placement of a CICC or a FICC are the following: 
need for central access for rapid fluid repletion (in emergency and/or during major 
surgery); hemodynamic instability and need for monitoring of CVP and O2 satura-
tion in mixed venous blood, at any age of life (in the impossibility of positioning a 
UVC or in the case of malpositioned UVC); major malformation pathologies requir-
ing surgery (e.g., esophageal atresia, omphalocele, gastroschisis, etc.); infants with 

1  Vascular Access in Pediatric Patients: Classification and Indications
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severe type 2 bronchodysplasia (need for mechanical ventilation at 36  weeks of 
postconceptional age) and need for intravenous therapy. In the critically ill new-
born, CICC or FICC should also be immediately placed when there are difficulties 
in positioning the UVC or in case of UVC-related complications (malposition, 
infection, thrombosis).

1.2.2  �Venous Access >24 Hrs. After Birth

When the need for venous access arises days after birth, obviously the placement of 
a UVC is no longer possible. In these cases, the choice of the device depends on the 
clinical conditions of the newborn and the expected duration of the treatment.

In the full-term stable neonate who needs a venous access, the choice of the 
device depends on the expected duration of treatment. If the expected intravenous 
treatment is less than a week, the placement of a short peripheral cannula in a super-
ficial vein will be sufficient. If venous access is required for less than 2 weeks, an 
ECC can be used, inserted into the superficial veins. In case of failure of the posi-
tioning of the ECC (lack of suitable peripheral veins, repeated malpositions, 
repeated ineffective attempts, etc.), a FICC or a CICC should be used.

In the premature newborn in stable conditions, in which a UVC has not been 
placed at birth, the choice of the device depends on the expected duration of treat-
ment. If the expected intravenous treatment is less than a week, the placement of a 
short peripheral cannula in a superficial vein will be sufficient. If venous access is 
required for less than 2 weeks, an ECC can be used. In case of failure of the posi-
tioning of the ECC, or in case of intravenous treatment planned for more than 
14 days, it is recommended to resort directly to a CICC or a FICC.

Critically ill neonates require a central access adequate not only for infusion of 
any type of solutions, even at high flow, but also for blood sampling and for hemo-
dynamic monitoring. Ultrasound-guided placement of a power injectable polyure-
thane catheter, either single lumen (3Fr) or double lumen (4Fr), in the brachio-cephalic 
vein (CICC) or in the femoral vein (FICC) will be the first choice in this situation. 
Examples of indications to placement of a CICC or a FICC: need for central access 
for rapid fluid repletion (in emergency and/or during major surgery); hemodynamic 
instability and the need for monitoring of CVP and O2 saturation in mixed venous 
blood, at any age of life; major malformation pathologies requiring surgery (e.g., 
esophageal atresia, omphalocele, gastroschisis, etc.); infants with severe type 2 
bronchodysplasia (need for mechanical ventilation at 36 weeks of postconceptional 
age) and need for intravenous therapy.

1.3  �Other Vascular Access in Neonates

Other vascular access in neonates include arterial lines, double lumen catheters for 
hemodialysis and intraosseous devices.
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The most frequently used arterial lines are the umbilical arterial catheters, 
inserted soon after birth or in the first hours of life. Main indication for the umbilical 
arterial catheterization is the need for repeated blood sampling in critically ill neo-
nates. Peripheral arterial catheters may be also needed in selected acutely ill neo-
nates for blood sampling and arterial gas analysis: the arteries most frequently 
accessed are the radial artery and the femoral artery. Peripheral arterial catheters are 
available of different calibers and lengths, either in polyurethane or in PEBA (poly-
ether-block-amide) and should be inserted by ultrasound guidance. Access to the 
radial artery requires very small catheters (24G) and may not always be feasible, 
depending on the size and age of the newborn.

Dialysis catheters are double lumen polyurethane catheters available in different 
size and length. Considering the sizes appropriate for newborns, only non-cuffed 
dialysis catheters are available. The insertion of a dialysis catheter in a child with 
less than 30 days of age is a rather exceptional event, and requires a proper evalua-
tion of venous access (the only veins usually adequate are the right brachio-cephalic 
vein and the femoral veins); as the availability of these catheters is very limited, it 
may be necessary to consider the ‘off-label’ use of double lumen power injectable 
catheters (for instance, 5Fr or 6Fr) originally marketed as PICCs.

The intraosseous route is currently considered as a very particular type of intra-
vascular access, since it allows infusion of fluids and peripherally compatible solu-
tions, even if at a very slow rate and for a brief period of time. In neonates, an 
intraosseous access may be required in severely hypovolemic patients, when all 
veins are collapsed and hard to puncture even using ultrasound, or in patients with 
cardiac arrest, when this access may be the only one feasible very rapidly. 
Intraosseous access is usually an emergency solution to be regarded as a temporary 
measure, while planning a more reliable venous access.

1.4  �Venous Access in Infants and Children: Classification

The classification of venous access devices in infants and children is the same as in 
adults, the main differentiation being between central devices (tip in the superior 
vena cava, right atrium or inferior vena cava) vs. peripheral devices (tip in any other 
location). As in neonates, other criteria of classification include (a) the technique of 
insertion (i.e., percutaneous venous access, either ‘blind’ or ultrasound-guided or 
guided by Near-Infra-Red technology; direct insertion in a patent vein, as it occurs 
with umbilical venous catheters; etc.); (b) the vein utilized as entrance in the vascu-
lature (i.e., a superficial vs. a deep vein; a vein located in the upper limb, in the 
lower limb or at the scalp; etc.); (c) the location of the exit site of the catheter, in 
case of external devices, or of the percutaneous access, in case of totally implantable 
devices (i.e., the chest area, or the groin, or mid-arm, or mid-thigh, etc.). Last but 
not least, venous access devices may be further classified according to specific 
structural features regarding their design or the material they are made of.

VADs can be furtherly classified as short term, if they are appropriate exclusively 
for an intra-hospital use, or medium term, if they are appropriate both for an 
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intra-hospital use and for an extra-hospital use for a limited period of time (months). 
Long term VADs are appropriate for extra-hospital use for an unlimited period of 
time (months or years).

1.4.1  �Peripheral Venous Access Devices

Peripheral VADs are currently classified according to their catheter length. Short 
venous cannulas are less than 6 cm long; long peripheral catheters (also sometimes 
named ‘short midlines’ or ‘mini-midlines’) are long 6–15  cm; midline catheters 
(also sometimes named ‘midclavicular’) are longer than 15 cm. Short cannulas and 
long peripheral catheters are usually considered short term VADs. Midline catheters 
are regarded as medium term VADs.

The substantial differences between these short cannulas and long peripheral 
catheters (mini-midlines) are in terms of duration (the life expectancy of an 
ultrasound-guided short cannula is 24–48 hours, while a mini-midline can remain in 
place even for three or four weeks) and in terms of material (short cannulas are in 
polytetrafluoroethylene or in polyurethane; mini-midlines are in polyurethane or 
polyethylene or polyether –block-amide, PEBA) and in term of costs (higher for 
mini-midline).

In the child, the caliber of a mini-midline should be 3Fr (which corresponds 
approximately to 20G).

Some mini-midlines are designed to be positioned with simple Seldinger tech-
nique (needle puncture—insertion of the metal guidewire into the needle—needle 
removal—catheter insertion above the guide), while others have a more complex 
design, in which needle, cannula and metal guide are assembled in an all-in-one 
coaxial device. At present there is no evidence to recommend the latter type of mini-
midline, characterized by a higher cost and less ease of use.

1.4.2  �Central Venous Access Devices

Central venous catheters (CVCs) can be inserted with different approaches in terms 
of the cannulated vein. According to the new terminology suggested by WoCoVA 
Foundation, we can differentiate: PICCs = Peripherally Inserted Central Catheters, 
or CVC inserted in the deep veins of the arm (axillary, brachial, basilica); 
CICCs  =  Centrally Inserted Central Catheters, or CVC inserted in the supra-
clavicular veins (internal jugular, external jugular, subclavian, brachio-cephalic) or 
infra-clavicular (axillary, cephalic); FICCs = Femorally Inserted Central Catheters, 
or CVC inserted in the veins of the inguinal region (common femoral, superficial 
femoral, saphenous).

PICCs, CICCs and FICCs allow the infusion of solutions of any kind, even 
incompatible with the peripheral route; all three devices allow repeated and frequent 
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blood sampling; hemodynamic monitoring is possible only for those CVCs (PICC, 
CICC or FICC) whose tip has been placed in the right atrium.

Any central venous access in the pediatric patient (as in adults) must be placed 
using ultrasound. The ‘blind’ puncture of the subclavian or internal jugular vein is 
now considered a senseless, dangerous, ethically questionable and legally prosecut-
able practice. The positioning of central accesses by venous cutdown—used in the 
twentieth century—is now completely obsolete, since it is associated with a greater 
risk of complications (infectious, thrombotic, hemorrhagic, etc.), longer times, and 
higher costs.

Short term central VADs include non-tunneled CICCs and non-tunneled 
FICCs. PICCs are regarded as medium term central VADs, regardless if they are 
tunneled or not; tunneled CICCs and tunneled FICCs are also considered medium 
term venous access devices. Central VADs are considered long term when there is 
some specific feature potentially associated with ‘long-term’ stabilization; there-
fore, the list of long term central VADs include central catheters connected with a 
subcutaneous reservoir (totally implantable devices), tunneled-cuffed catheters, and 
tunneled non-cuffed catheters secured by subcutaneous anchorage.

1.5  �Venous Access in Infants and Children: Indications

The choice of the most appropriate venous access device in infants and children 
depends whether the line is needed in an emergency situation or its insertion is 
planned as a non-emergency.

1.5.1  �Emergency Venous Access

The VADs appropriate in emergency in the pediatric patient are substantially all 
short-term, either peripheral (short cannulas and long peripheral catheters) or cen-
tral (non-tunneled CICCs and FICCs). In emergency, neither the PICCs nor the 
traditional midlines nor the tunneled catheters nor the devices for long-term venous 
access have a role, as a rule.

It is important to consider that with the term ‘emergency’ we also refer to periph-
eral and central venous access devices positioned in an unplanned way in the operat-
ing room, before an urgent or non-urgent surgical procedure. These VADs should be 
preferentially removed within 24–48 hours; in fact, emergency positioning (or in 
any case in a hurried and unscheduled manner) is not usually compatible with an 
appropriate adherence to international recommendations for infection prevention.

In case of urgent need for venous access (in the emergency room, in the operat-
ing room, in emergency wards, etc.) it is necessary to distinguish between children 
with easy peripheral access (i.e., well palpable/visible superficial veins in the upper 
limbs) vs. children with ‘difficult’ veins.
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Though the child ‘without veins’ obviously does not exist, in many situations (in 
approximately 24% of pediatric patients who arrive in the emergency room) the 
superficial veins of the upper limbs may be hardly visible and/or palpable. This 
category of pediatric patients has recently been classified with the English acronym 
‘DIVA’ (Difficult Intra-Venous Access), normally referring to the difficulty of 
accessing the superficial veins of the upper limbs (i.e. located less than 6–7 mm deep).

In the presence of visible/palpable superficial veins of the upper limbs, the inser-
tion of a short cannula is usually feasible, and constitutes the first choice. In case of 
difficulty in accessing the superficial veins of the upper limbs, it is also possible to 
place a short cannula in superficial veins of the neck (external jugular vein in the 
cervical tract) or of the lower limbs: though, these accesses should be removed 
within 24 hours, due to the high risk of dislocation (external jugular vein) or venous 
thrombosis (veins of the lower limbs).

In emergency, it is advisable to use low-cost short-term cannulas (in polytetra-
fluoroethylene; with or without out wing; without preassembled extension), to be 
removed within 24–48 hours. In the child, the caliber should be 22G or 20G: in the 
hypovolemic child, in whom rapid infusion of fluids is expected, or in the child who 
needs transfusion, 20G cannulas should be used. Wherever possible, within the lim-
its compatible with the emergency situation, it is advisable that any insertion should 
follow the recommendations of the INS and EPIC guidelines (insertion site away 
from flexion zones; hygiene of the operator’s hands and clean gloves; skin antisep-
sis with 2% chlorhexidine in alcohol; cover and securement with transparent semi-
permeable dressing).

The presence of ‘difficult’ superficial veins (DIVA) is an indication to resort to 
an appropriate technology that helps in the identification and cannulation of the 
veins. An example is the NIR technology, which exploiting the properties of wave-
lengths in the near-infrared spectrum (NIR = Near Infra-Red) allows a better visu-
alization of the superficial veins (i.e. located less than 6–7 mm deep).

In the absence of instruments based on this technology, it is necessary to resort 
to cannulation of deep veins (i.e., located more than 6–7 mm deep), using ultra-
sound guidance. In most cases, it is advisable to prefer an ultrasound-guided periph-
eral rather than central VAD. In fact, the majority of the therapies to be infused in 
emergency can be infused peripherally without risk; on the other hand, a peripheral 
VAD will be associated with less risk of complications (greater safety) and at a 
lower cost (greater cost effectiveness) if compared to a central VAD.

The ultrasound-guided technique allows to insert (into the deep veins of the arm) 
not only short cannulas, but also long peripheral devices, such as mini-midlines 
(6–15 cm) or traditional midlines (15–25 cm). While midlines have little role in the 
emergency setting, mini-midlines, although having an expectation of shorter dura-
tion (few weeks) compared to midlines, are ideal in the emergency/urgency setting 
since they are rapid and easy to insert (simple Seldinger’s technique) and inexpensive.

The opportunity to remove emergency mini-midlines within 24–48 hours is con-
troversial: removal is mandatory if the precautions recommended by the infection 
prevention guidelines have not been adopted. On the other hand, a mini-midline 
inserted with an appropriate technique (skin antisepsis with chlorhexidine 2% in 

M. Pittiruti



13

alcohol, maximum barrier precautions, sutureless securement, cover with transpar-
ent dressing) can be left over 48  hours. Mini-midlines can be made of different 
materials; in the case of expected long duration, polyurethane rather than polyethyl-
ene mini-midlines is preferred (the latter being associated with greater risk of 
thrombosis). The difference in material obviously has little relevance if the mini-
midline is to be removed within 48 hours.

In some emergency-urgency situations, an ultrasound-guided peripheral venous 
access may not be feasible or not sufficient or not advisable. In these cases, an 
ultrasound-guided central venous access is adopted, i.e., the ultrasound-guided 
placement of a catheter whose tip arrives in the superior vena cava or in the inferior 
vena cava or in the right atrium.

All current guidelines strongly recommend the use of ultrasound even in 
emergency-urgency. It has been demonstrated that ultrasound-guided venipuncture 
reduces times and risks—if compared to ‘blind’ maneuvers—also in the emergency 
setting.

The placement of a peripherally inserted central catheter (PICC) is almost never 
indicated in emergency, because of the longer time required for the maneuver and 
for the reduced cost-effectiveness (emergency catheters must be removed within 
24–48 hours). Thus, we should choose between a centrally inserted central catheter 
(CICC) and a femorally inserted central catheter (FICC); this choice depends on 
several factors: the presence of local pathological issues that can hinder or make 
difficult the maneuver (i.e.: cervico-thoracic trauma),the more or less adequate 
ultrasound visualization of the veins above/below the clavicle (internal jugular, sub-
clavian, brachio-cephalic, axillary) compared to the visualization of the femoral 
vein, the presence of hypovolemia (in the hypovolemic patient the femoral veni-
puncture will be simpler), or the opportunity to leave the facial-cervical area clear 
for any resuscitation maneuvers. ATLS (Advanced Trauma Life Support) recom-
mends the placement of a FICC in the polytrauma patient: the potential higher inci-
dence of FICC-related infections and thrombosis will not be a problem, as these 
emergency catheters must be removed within 24–48 hours.

The emergency FICC will usually have the tip in the inferior vena cava (ideal 
position: above the bifurcation of the iliac veins, under the bifurcations of the renal 
veins—the surface landmark being the navel): as such, it will be usable for infusions 
of any type and for blood sampling, but not for hemodynamic monitoring.

The ultrasound-guided positioning of a CICC in emergency implies the puncture 
and cannulation of deep veins of the supra/infra-clavicular area. In the supraclavicu-
lar area, we can approach the internal jugular vein (preferably, visualization in short 
axis and ‘in plane’ puncture), the subclavian vein (visualization in long axis and ‘in 
plane’ puncture) or the brachio-cephalic vein (visualization in long axis and ‘in 
plane’ puncture). In the infra-clavicular area, the only approach is usually to the 
axillary vein (visualization in oblique/long axis and ‘in plane’ puncture; or visual-
ization in short axis and ‘out of plane’ puncture).

The choice of the vein should be based on the RaCeVA protocol (Rapid Central 
Vein Assessment), i.e. the rapid and systematic examination of the main deep veins of 
the area above/below the clavicle, so to identify the vein that appears to be the easiest 
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to puncture (and therefore the safest for the patient). In the hypovolemic child, the 
internal jugular and axillary veins are often collapsed and more difficult to cannulate.

The ease of the venous approach also depends on the age of the child: in the 
infant the easiest and safest veins will be the brachio-cephalic and the internal jugu-
lar vein. The CICC used in emergency are made of low-cost polyurethane, and they 
are usually inserted by simple Seldinger technique. The number of lumens will be 
determined by clinical needs. They should preferably be removed within 
24–48 hours.

The emergency FICC will be placed by ultrasound-guided puncture and cannula-
tion of the common or superficial femoral vein (visualization on a short axis, ‘out of 
plane’ puncture) by simple Seldinger technique. Low-cost polyurethane catheters 
are used, of sufficient length to ensure that the catheter tip is actually in a central 
position (i.e., in the inferior vena cava). An approximate evaluation of this distance 
can be obtained by measuring the distance between the puncture site in the groin 
and the navel.

In infants and younger children, the femoral vein can sometimes be very difficult 
to puncture due to its small size. This also limits the caliber of the catheter to be 
positioned. The number of lumens will be dictated by clinical needs. Emergency 
FICC must be removed within 24–48 hours.

In emergency, an alternative option to the use of ultrasound-guided VADs is con-
stituted by the intraosseous access, which can be utilized—but a limited time 
(12-24 hrs). This access allows to obtain rapidly a route that can be used as a periph-
eral venous route (i.e.: fluid therapy, blood transfusions, and infusions of peripher-
ally compatible solutions).

The advantages of intraosseous access are its reliability, the extreme rapidity, and 
the possibility of a successful insertion even in the hands of a clinician with minimal 
training.

Its disadvantages are the high cost, the short duration of the line, the limited 
availability of the device, and the lack of confidence of the operator in the installa-
tion maneuver, which is perceived as traumatic or dangerous.

The ideal indication of intraosseous access—in terms of safety and cost-
effectiveness—is certainly within the sphere of extra-hospital pediatric emergen-
cies. There are still no convincing studies that demonstrate its superiority over other 
methods (such as ultrasound-guided venous access) in the pediatric intra-hospital 
setting or in the pediatric emergency room, with the obvious exception being the 
simultaneous arrival of numerous children serious or traumatized (‘mass 
casualties’).

1.5.2  �Intra-Hospital Venous Access

Traditionally, a distinction is made between VADs appropriate only for intrahospital 
use (short-term devices) and VADs suitable only for non-hospital use (long-term 
devices). Medium-term devices are used both within and outside the hospital.
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As already mentioned, any VAD whose tip is placed in the superior vena cava, or 
in the right atrium, or in the inferior vena cava is defined as ‘central’. Any other 
device whose tip is in another venous district is classified as ‘peripheral’.

The choice between central venous access and peripheral venous access depends 
on the type of use. The common indications to central VAD in the hospitalized 
child are:

	1.	 need for intravenous infusion of drugs and solutions not compatible with the 
peripheral route because potentially associated with endothelial damage: this 
category include vesicant drugs, drugs with pH higher than 9 or less than 5, 
markedly hyperosmolar solutions (above 800–850 mOsm/liter) and many other 
drugs that with different mechanisms, even independent of pH and osmolarity, 
are able to cause irritation and/or damage to the endothelium; lists of peripher-
ally compatible and incompatible drugs can be found on the web (e.g. on the 
website www.gavecelt.info) or in textbooks (such as in the “GAVeCeLT Manual 
of PICCs and Midlines”).

	2.	 need for hemodialysis procedures (for which dedicated devices are required).
	3.	 need for repeated and frequent blood sampling.
	4.	 need for hemodynamic monitoring (oxygen saturation in mixed venous blood; 

measurement of central venous pressure; use for thermodilution technique for 
cardiac output); this use is possible only with those central venous catheters 
whose tip is in the right atrium.

Peripheral venous access. In the hospitalized child, if a peripheral VAD is appropri-
ate (i.e., if the VAD is required only for infusion of solutions compatible with the 
peripheral veins), the choice can fall on different types of devices, depending on the 
expected duration of treatment. Also, the strategy changes depending on the pres-
ence or absence of visible/palpable superficial veins of the upper limb, which may 
classify the child as DIVA (Difficult Intra-Venous Access) or not.

If the superficial veins of the upper limb are visible and/or palpable, for an expected 
duration of 24–48 hours (for example, for a radiological exam, for a surgical proce-
dure, for a bolus infusion of a one-time drug) the obvious choice is a short cannula. 
In the child, 24G—22G cannulas should be used. 20G cannulas are preferably used 
only in case of expected infusion of contrast medium for radiological exams or in 
case of expected blood transfusion or infusion of blood products. For such short dura-
tion of treatment, it will be sufficient to resort to low-cost short cannulas (in polytet-
rafluoroethylene, with or without wing, without preassembled extension), leaving the 
‘integrated’ short cannulas of greater performance (in polyurethane, provided with 
large wing, preassembled extension and preassembled needle-free connector) to clin-
ical situation in which a peripheral access is required for several days (2–7 days). 
These ‘integrated’ short cannulas are associated with a prolonged duration (up to a 
week) only if positioned and managed according to the recommendations of the INS 
and EPIC guidelines (insertion site far from flexion zones; skin antisepsis with 
chlorhexidine 2% in alcohol; coverage with transparent bordered dressing; flushing 
with normal saline—preferably using pre-filled syringes—before and after each infu-
sion; exclusive use for infusion of peripherally compatible solutions).
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Even if placed and managed with the greatest care, it is rare that short peripheral 
cannulas positioned in superficial veins of the arm can—‘integrated’ or not—may 
last for more than a week. It is more likely that they will face different complica-
tions (dislocation, phlebitis, thrombosis, occlusion, and extravasation) that will 
eventually be configured as ‘catheter failure’ and the need to remove the device.

On the contrary, the ultrasound-guided insertion of a long peripheral catheter in 
the deep veins of the upper limb will allow a peripheral access for periods longer 
than one week (up to a month).

Therefore, the most suitable device for ultrasound-guided peripheral access for 
intravenous treatment scheduled for more than a week in an intra-hospital setting 
will certainly be the mini-midline.

In fact, ultrasound-guided short cannulas have a very short duration (24–48 hours) 
and traditional midlines are indicated mainly in the extra-hospital setting.

Central venous access. In the case of indication to a central venous access in an 
intra-hospital setting, the choice is between PICC, CICC and FICC. When the deep 
veins of the arm are available at ultrasound examination (at least on one side), the 
preferable central VAD is the PICC, in children as in adults. This access is in fact 
particularly free from risks of significant complications to the insertion, it can be 
implanted even in very fragile children from the cardiorespiratory or coagulative 
point of view, and it implies an exit site (at mid-arm) particularly favorable both for 
the low bacterial contamination of the skin both for its easy dressing. Furthermore, 
the placement of PICCs in pediatric age has the additional advantage of being asso-
ciated with less need for sedation/anesthesia, compared to the placement of a CICC.

As in adults, also in children the main contraindications to the placement of a 
PICC are the presence of a chronic renal failure of grade 3b −4—5 (i.e., likely cur-
rent or future need for chronic hemodialysis treatment) or the bilateral presence of 
various types of pathologies of the upper limb, vascular (previous or current venous 
thrombosis), lymphatic (previous axillary lymphadenectomy), neuromuscular 
(chronic paresis), cutaneous (burns or other skin lesions, infectious or dystrophic), 
osteo-articular (ankyloses, fractures, etc.).

The ultrasound-guided insertion of a PICC involves the ultrasound identification 
of a vein (a) of adequate internal caliber (at least three times the external diameter 
of the catheter), (b) of not excessive depth (not more than 2.5–3 cm from the skin 
surface), (c) preferably located in the middle third of the arm (Dawson’s green zone).

The arm (from the elbow to the axillary cavity) can be divided into three bands 
of similar size, corresponding to the proximal third (yellow area of Dawson), the 
middle third (Dawson’s green zone) and the distal third (Dawson’s red zone).

Guidelines recommend locating the exit site of the PICC in Dawson’s green 
zone, most appropriate both in terms of stability and in terms of risk of bacterial 
contamination. If in the green zone there is no adequate vein in terms of caliber and 
depth, it is possible, however, to puncture and cannulate a vein of the yellow zone 
(probably with a larger diameter since it is more proximal) and tunnel the catheter 
until it exits the green zone.

The location of the exit site in the green zone in fact allows a better clinical result 
in terms of dressing stability and infectious risk. If a vein of appropriate depth and 
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caliber is visualized in Dawson’s green zone, it is not necessary to tunnel and the 
PICC can be implanted with the traditional method: i.e., the venipuncture site will 
coincide with the emergency site (non-tunneled PICC).

In the child, where the caliber of the veins is on average smaller than in the adult, 
the occurrence of having to puncture in the yellow zone (and therefore tunneling) is 
more frequent than in the adult patient. A tunneled PICC is defined as a PICC where 
the venipuncture site (typically in the yellow zone) does not coincide with the exit 
site (typically, in the green zone). It is possible to tunnel any PICC, or in antero-
grade fashion (if the catheter is designed for a distal ‘trimming’) or even retrograde 
(only for catheters that provide a proximal ‘trimming’). The benefit of tunneling in 
terms of infective risk will be twofold: directly (for protection against extra luminal 
contamination, since tunneling moves the exit site far from the entrance of the cath-
eter into the vein) but also indirectly (because it allows to plan the exit site to an area 
with less bacterial contamination).

In terms of safety and cost-effectiveness, we should always use power injectable 
PICCs, in latest-generation polyurethane, non-valved and open-ended. The most 
widely used PICCs in the pediatric age group are 3Fr single lumen, 4Fr single lumen 
and 4Fr double lumen.

When placement of a PICC is contraindicated due to unavailability of the veins 
of the arm of adequate caliber and/or due to the presence of chronic renal insuffi-
ciency of grade 3b—4—5 and/or for the presence of vascular, lymphatic, neuromus-
cular or osteo-articular to both arms, it will be necessary to resort to a CICC (that is, 
a central catheter inserted by ultrasound guided puncture and cannulation of a vein 
of the cervico-thoracic area or more precisely of the area above/below the clavicle).

The temporary immobility of the arms due to pharmacological effects (children 
under the effect of sedatives/muscle relaxants in intensive care unit) or the presence 
of acute renal failure (another frequent occurrence in intensive care unit) do not 
constitute a contraindication to PICCs. States of severe coagulation alteration do not 
constitute a contraindication to PICCs. There is no specific contraindication to the 
use of PICCs in children in intensive care, nor in the onco-hematologic patient: 
indeed, in these types of pediatric patients the PICC may have a specific indication 
compared to CICC, for example for the presence of tracheostomy or of abnormal 
coagulation.

An infra-clavicular approach is probably the best option for a non-tunneled 
CICC, on all occasions where central venous access is required for intra-hospital 
use in children with contraindication to the PICC. Ultrasound-guided approaches to 
veins of the infra-clavicular area are mostly approaches to the axillary vein, and not 
to the subclavian vein. According all anatomy texts, in fact, the transition between 
axillary vein and subclavian vein falls at the outer edge of the first rib. Since this rib 
is ultra sonographically inaccessible in most cases because hidden by the clavicle, 
the venous tract that is visualized in the infra-clavicular area is the axillary vein, and 
not the subclavian vein. The ‘blind’ infra-clavicular approach (as it was used in the 
twentieth century) was actually an approach to the subclavian vein, since the 
entrance of the needle into the vein occurred behind the clavicle: obviously this 
technique is absolutely proscribed today.
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The advantage of the axillary approach is in its exit site, which is optimal in 
terms of reduction of the risks of dislocation and bacterial contamination (provided 
that there is no tracheostomy).

Unfortunately, in the pediatric age, the axillary vein is not always of suitable cali-
ber for positioning of a CICC: it certainly is in the adolescent, but as one moves to 
lower age groups, the axillary vein becomes less and less accessible, until it is dif-
ficult to propose it in the toddler. In these cases, one will opt for a vein in the supra-
clavicular area (brachio-cephalic, internal jugular, subclavian) and a ‘non-optimal’ 
emergency site, i.e. in the supra-clavicular area. The emergency site in the cervical 
area should nevertheless be avoided. Though, in children over the age of 7–8, a non-
tunneled CICC inserted for example in the brachio-cephalic vein and with a supra-
clavicular exit site may be an appropriate choice. By cannulating a vein in the 
supra-clavicular area (internal jugular, brachio-cephalic, subclavian), the exit site 
naturally falls in the supra-clavicular fossa (care should be taken to orient the cath-
eter laterally, and not upward towards the neck).

In smaller children, however, it is necessary that the exit site is in the infra-
clavicular area (a very favorable site in terms of controlling the risk of infection, 
thrombosis and dislocation); the catheter can then be tunneled downwards, below 
the clavicle. This occurs for example in the presence of a tracheostomy, where it is 
advisable to move the exit site caudally to at least 7–8 cm far from the ostomy, to 
minimize bacterial contamination via the extra luminal route.

Tunneling is always very appropriate in infants and very young children, wher-
ever the management of the exit site in the supra-clavicular area may appear to be 
problematic.

As tunneled CICC, we recommend the off-label use of catheters marketed as 
PICCs, which have the advantage of considerable length (50  cm and more) and 
insertion with modified Seldinger technique (which simplifies the tunneling maneu-
ver). The catheter will be placed in the best available central vein (the one whose 
puncture appears easier, and therefore safer) after an ultrasound evaluation of the 
region (RaCeVA), following a standardized implant protocol, such as the SICA-Ped 
protocol (Safe Insertion of Central Access in Pediatric patients) developed by 
GAVeCeLT.

In few selected cases, such as in the presence of an obstruction of the superior 
vena cava, insertion of a PICC or a CICC might be difficult or impossible. In these 
situations, central venous access can be achieved by placing a FICC.  In contrast 
with the FICCs inserted in emergency, which may not be tunneled and have an exit 
site at the groin, any effort should be done to optimize the location of the exit site 
when the FICC is inserted in elective, non-emergency conditions. This goal can be 
reached by two different strategies: (a) the common femoral vein can be cannulated 
at the inguinal groove, but the catheter tunneled so to obtain an exit site far from the 
groin (either at mid-thigh, with caudad tunneling, or in the abdominal area, with 
cephalad tunneling); (b) in older children, the superficial femoral vein can be 
directly punctured and cannulated at mid-thigh.

Of course, all access to femoral veins must be achieved by ultrasound guidance. 
Depending on the purpose of the FICC, the tip will be placed either in the 
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mid-portion of the inferior vena cava or—if hemodynamic monitoring is required—
in the right atrium (this can be assessed using the intracavitary ECG method of tip 
location). For example, a FICC inserted for chemotherapy in a child with thoracic 
lymphoma may have the tip in the inferior vena cava; a FICC inserted in pediatric 
intensive care unit in a burned child will have its tip preferably in the right atrium, 
so to estimate the central venous pressure and/or measure the oxygen saturation in 
mixed venous blood.

1.5.3  �Extra-Hospital Venous Access

It should be noted that discussing the extra-hospital context we refer not only to the 
VADs used in home care or in hospice, but also to devices used in children who are 
not hospitalized but followed as outpatients. In these patients, the main issue is to 
estimate the duration for which the device should be used. That is. It will be appro-
priate to choose between devices for medium-term venous access (< 4–6 months) 
and long-term venous access (> 4–6 months and/or indefinitely).

When venous access is required for few weeks or few months (medium term), a 
peripheral access is sometimes indicated, provided that the patient does not require 
repeated blood sampling or the infusion of solutions that are not peripherally com-
patible. An example of indication for medium-term peripheral venous access may 
be a patient in palliative care in which there is indication only to hydration and 
administration of analgesics; or a patient who needs periodic transfusions of blood 
or blood products (immunoglobulins, coagulation factors, etc.) at home; or a patient 
in OPAT (outpatient antimicrobial therapy) who receives antibiotics compatible 
with the peripheral route. In all other cases, if there is an indication for repeated 
daily blood sampling or infusion of solutions not compatible with the peripheral 
route (chemotherapy, strongly hyperosmolar parenteral nutrition, antibiotics irritat-
ing the endothelium, etc.) it will be appropriate to resort to a central venous catheter.

Midline catheters (according to European and Australian terminology) are 
peripheral venous access devices, inserted into the deep veins of the arm by ultra-
sound guidance, 15–25 cm long, whose tip is placed in the subclavian or axillary 
vein (hence also the name ‘midclavicular’). Fallen into disuse in the USA, they are 
widely used in Europe (Italy, Spain and UK), especially in palliative care. The dura-
tion of the midline is substantially linked to the appropriateness of use (i.e., exclu-
sively for the infusion of solutions compatible with the peripheral route).

We recommend using polyurethane midlines: open-ended, non-valved, prefera-
bly power injectable. Silicon midlines are fragile, have low flow, and possible lumen 
occlusions are difficult to treat; they should be abandoned. Also, there are no advan-
tages in using valved midlines—in fact there are specific disadvantages (such as an 
increased incidence of malfunctions and higher costs). The use of midlines is not 
widespread in the pediatric field and is usually reserved for older children in adoles-
cence, where the calibers and lengths provided for in the adult can be used.
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In the case of short chemotherapy, or temporary home parenteral nutrition, or 
where there is an indication for infusion of solutions that are not compatible with 
the peripheral route, it is advisable to insert a medium term central venous access. 
Although there is no consensus on the definition of the medium term, in most situ-
ations it is now understood that this is a period of around 4–6 months, to be inter-
preted flexibly.

Medium-term central VAD used in the pediatric patient include PICCs (non-
tunneled or tunneled), tunneled CICCs and tunneled FICCs. In the past, a non-
tunneled silicone CICC (Hohn catheter) had also been included in this category, but 
this device has now fallen into disuse because it is characterized by a high risk of 
accidental dislocation and breakage, because of the fragility and morbidity of the 
silicon.

The choice between PICCs, tunneled CICCs and tunneled FICCs is based on the 
availability of the child’s venous heritage. We recommend using non-cuffed PICC, 
either tunneled or not, depending on the vein availability. The presence of a vein of 
adequate internal caliber (at least three times the external diameter of the catheter) 
located in Dawson’s green area allows the placement of a non-tunneled 
PICC. Although non-tunneled PICCs are normally considered an appropriate access 
for duration of a few months, there are reports in the literature of non-tunneled 
PICCs left in place and functioning for two to three years.

The tunneling of PICCs is a very recent strategy (developed in the last few years). 
Its rationale can be twofold: (a) when no appropriate vein in terms of caliber and 
accessibility is visualized in Dawson’s green zone, the clinician may choose to 
puncture a vein (basilica, axillary, etc.) located in the yellow zone. However, this 
area is not appropriate as an exit site, due to its proximity to the armpit. In this case, 
tunneling allows to have the ideal puncture site and simultaneously also the ideal 
exit site. In other words, Dawson’s ZIM (Zone Insertion Method) helps to define 
when to tunnel (i.e.: when the ideal venipuncture site is in the yellow zone) but also 
how long should the tunnel be (i.e.: long enough to locate the exit site in the green 
zone); (b) tunneling, by moving the exit site far from the catheter entrance into the 
vein, also has a direct protective effect against the risk of extra luminal bacterial 
contamination. In selected cases, tunneling can be adopted programmatically to 
reduce infectious risk.

For both tunneled and non-tunneled PICCs, the insertion technique strictly 
implies the use of ultrasound guidance for venipuncture; though, ultrasound is very 
useful and cost-effective also for the ‘tip navigation’; wherever possible, the ‘tip 
location’ should be performed with the intracavitary electrocardiographic method. 
Fluoroscopy should be avoided as ‘tip location’ method, since is less safe, less accu-
rate and less cost-effective than intracavitary ECG or echocardiography. The prin-
ciples of the insertion technique are those summarized in the SIP protocol (Safe 
Insertion of PICCs), developed by the GAVeCeLT.

It is always preferable to use pressure injectable PICCs, in latest-generation 
polyurethane, open-ended, non-valved. The evidence of the literature shows that the 
silicon PICCs have no advantage over those in polyurethane, but only disadvantages 
(greater incidence of dislocations and rupture). There is no evidence of any 
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advantage in the use of valved PICCs (which in fact are associated with an increased 
risk of malfunctions and higher costs).

When a PICC is contraindicated, the best option as medium-term central VAD in 
a non-hospitalized child is a CICC placed via ultrasound-guided puncture and can-
nulation of a vein in the supra-clavicular area (internal jugular, brachio-cephalic, or 
subclavian vein) or in the infra-clavicular area (axillary vein). The younger the 
child, the more the choice of vein will be restricted to larger veins, such as the 
brachio-cephalic and the internal jugular. In infants, the easiest and safest vein will 
almost always be the brachio-cephalic.

The exit site should preferably be in the infra-clavicular area (a very favorable 
site in terms of risk of infection, thrombosis and dislocation); another fundamental 
issue is that the catheter must be tunneled. The international guidelines advise 
against the use of non-tunneled CICCs in the non-hospitalized patient, due to the 
high risk of dislocations and infections.

As tunneled non-cuffed CICCs, we recommend the off-label use of catheters 
marketed as PICCs, which have the advantage of considerable length (50 cm and 
more) and insertion with modified Seldinger technique (which simplifies the tunnel-
ing maneuver). The catheter will be placed in the best available central vein (the one 
whose puncture appears easier, and therefore safer) after an ultrasound evaluation of 
the region (RaCeVA), following a standardized implant protocol, such as the SICA-
Ped protocol (Safe Insertion of Central Access in Pediatric patients) developed by 
GAVeCeLT.

In selected cases, tunneled, non-cuffed FICCs should also be considered as 
medium-term venous access, if the superior vena cava is thought to be obstructed or 
compressed.

In the case of long-term central venous access (or presumably intended for use 
for more than 4–6 months), the fundamental criteria for choosing the most appropri-
ate system lies in the frequency with which the system will be used.

A frequent use of venous access (more than once a week, for example every day 
or every other day) yields a preferential indication to an external system. An infre-
quent use of venous access (less than once a week, for example every two or three 
weeks) places a preferential indication on a totally implanted system (port).

A tunneled catheter with a Dacron cuff can be used as long-term venous access, 
provided it is properly implanted (important point: the cuff must be at 2 cm or more 
from the exit site). Many pressure injectable cuffed catheters are available on the 
market: they are in latest-generation polyurethane, open-ended, non-valved (Power 
Hickman, Powerline, Proline). These catheters are associated with minimal risk of 
breakage and mechanical complications, and lower risk of malfunction if compared 
to silicon catheters. They are available in various sizes (5Fr, 6Fr, etc.), both single 
and double lumen. The silicon tunneled cuffed catheters used in the past (cuffed 
Groshong, Hickman, Broviac, Leonard) are now obsolete and should no longer be 
used: they have no advantage in terms of biocompatibility, but instead have many 
disadvantages (difficulty in securement, low flow, fragility, tendency to dislocation 
and tip migration, greater incidence of lumen occlusion, difficult dis-obstruction, 
impossibility of use at high pressures).
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The Dacron cuff becomes efficient for stabilization purposes only two to three 
weeks after implantation (i.e., only after the development of adhesions between the 
cuff and the subcutaneous tissue); in this first period after implantation, the catheter 
must be temporarily stabilized with a sutureless system with skin adhesiveness (or 
even with a subcutaneous anchorage).

A tunneled CVC secured with a subcutaneously anchored system (SAS) can be 
used as long-term venous access. In most cases, the SAS will remain in place for 
many months, until the catheter is removed. In the pediatric patient, a device of this 
type has the great advantage of allowing an easy removal, that does not include 
either sedation or local anesthesia (as opposed to what necessary for removal of a 
cuffed catheter).

As tunneled non-cuffed catheters, we recommend using power injectable cathe-
ters, in latest-generation polyurethane, open ended, non-valved. These catheters are 
associated with minimal risk of rupture or mechanical complications, and lower risk 
of malfunction if compared to non-pressure injectable catheters. For this purpose, 
we recommend the off-label use of catheters marketed as PICCs, which have the 
advantage of considerable length (50  cm and more) and insertion with modified 
Seldinger technique (which simplifies the tunneling maneuver).

Ports are typically indicated for long-term venous access, when its use can be 
defined as ‘infrequent’. Typical example of infrequent use (that is, less frequently 
than once a week) is the use of venous access for chemotherapy every two or three 
weeks. In most of these cases, the most appropriate choice will be that of a totally 
implantable central venous system, or a ‘port’.

The choice of a port involves two conditions: (a) that venous access is to be used 
for prolonged periods (longer than 4–6 months), and (b) that access is infrequent. In 
this sense, the use of the port for home parenteral nutrition (HPN)—which implies 
a daily use of the device or in any case for several days a week—should be seen as 
an exception (usually linked to a strong and motivated preference of the patient). 
The daily use of a port for HPN is associated with an increased risk of local compli-
cations of the skin over the reservoir and an increased risk of lumen occlusions due 
to lipid precipitation; also, such occlusions will be more difficult to dis-obstruct if 
compared to an external system. The theoretical advantage of the port in terms of 
infection prevention is completely nullified when the port is used every day (see the 
INS guidelines).

In children, the advantages of the port must be carefully weighed against the 
inevitable disadvantage of having to access the system each time through a puncture 
for positioning the Huber, a sting that can be well tolerated in adults, but which is 
often poorly tolerated in the child (especially if preadolescent), despite the use of 
anesthetic creams.

All the ports available on the market are central venous ports (i.e. with a tip posi-
tioned in the superior vena cava, or in the right atrium, or in the inferior vena cava): 
there are no ‘peripheral’ venous ports. Central access is, however, obtainable by 
puncturing and cannulating different veins, in the cervico-thoracic region (chest 
port), at the arm (PICC-port), or—very rarely—in the groin area (femoral port). The 
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choice will be guided above all by venous availability. In general, even in the pedi-
atric age, if the veins of the arm are adequate, the first choice will be a PICC-port.

The port’s reservoir can be made of completely radio-transparent material (plas-
tic) or a mixture of plastic (resins of various types) and metal (usually, titanium); 
depending on the depth of the pocket, it is possible to choose between ‘standard’ 
(height about 12 mm) or ‘low profile’ (about 10 mm) or ‘very low profile’ (about 
8 mm) reservoirs; for PICC ports, the reservoir is always ‘very low profile’.

The catheter can be made of silicone or polyurethane, without significant differ-
ence in biocompatibility between the two materials. Evidence from the literature 
suggests avoiding valved catheters (greater risk of malfunction) and transparent sili-
cone catheters (greater fragility). For PICC ports, polyurethane rather than silicon 
catheters should be preferred (easier to position). The diameter of the catheter (usu-
ally, 4–5 Fr for the PICC ports, 6–7 Fr for the thoracic ports) must be proportionate 
to the diameter of the vein.

1.6  �Other Vascular Access in Infants and Children

Other vascular access in infants and children include arterial lines, accesses for 
hemodialysis and for apheresis, and intraosseous access.

Peripheral arterial catheters are typically used in pediatric intensive care unit, in 
critically ill children needing repeated blood sampling, arterial blood gas analysis 
and invasive monitoring of the blood pressure. The arteries most accessed are the 
radial artery, the common femoral artery and the pedidial artery. Placement of an 
arterial catheters will always require a careful choice of the caliber and the length, 
depending on the vessel to be cannulated. Arterial catheters are in polyurethane or 
in PEBA, and according to the current guidelines should be placed by ultrasound 
guidance.

Hemodialysis may be required in children as much as in adults, and it will be 
performed with the same accesses: arterio-venous fistula, arterio-venous graft, 
tunneled-cuffed catheters, and non-tunneled non-cuffed catheters. Dialysis cathe-
ters are double lumen, in polyurethane, and they are available in different calibers 
and lengths depending on the size of the vein and the age of the child. They must be 
inserted by ultrasound guidance. The veins more appropriate for dialysis catheters 
are the right brachio-cephalic vein, the right internal jugular vein, and the femoral 
veins. The same catheters used for dialysis may be also used for therapeutic 
apheresis.

Intraosseous access has its major role in the care on extra-hospital pediatric 
emergencies, where obtaining a rapid route for fluid infusion plays a vital role. In 
the intra hospital setting, intraosseous devices should be used in pediatric emergen-
cies (shock, cardiac arrest) when it is impossible to insert a venous line within two 
minutes. The intraosseous access should always be regarded as a temporary solu-
tion, i.e., as a ‘bridge’ to a more permanent and reliable vascular access.
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Chapter 2
Evidence Based Rationale for Ultrasound 
Guided Vascular Access in Children

Nicola Massimo Disma and Mauro Pittiruti

Ultrasound guidance is currently considered mandatory for central venous cather-
ization. The only central venous access devices that do not require ultrasound for 
puncture and cannulation of the vein are the umbilical venous catheter (UVC) and 
the epicutaneo-cava catheters (ECC) in neonates. All other central lines used in 
neonates and in children (CICC, PICC, FICC, port) must be inserted by ultrasound 
guided cannulation of the vein.

Still, ultrasound has a ‘global’ role in central venous access, not limited to venous 
cannulation, but extended also to other maneuvers of great relevance during the 
procedure, such as the appropriate choice of the most appropriate vein, the early 
detection of puncture-related complications, the progression of the catheter in the 
proper direction (tip navigation), the appropriate location of the tip, and the early 
detection of late complications. From this point of view, any central venous access 
in neonates and children will benefit of ultrasound.

Tip navigation, tip location and detection of catheter-related complications will 
be addressed in dedicated chapters. Focusing on ultrasound guided venous cannula-
tion, the impact of ultrasound is different in neonates vs. children.

In neonates, ultrasound guidance has been recently introduced in clinical prac-
tice for insertion of relatively large bore central venous catheters (i.e., 3 French) 
even in extremely preterm infants weighing well below 1 kg. It is usually achieved 
by puncture and cannulation of the brachio-cephalic vein or of the internal jugular 
vein (centrally inserted central catheters, CICCs) or of the femoral vein (femorally 
inserted central catheters, FICCs). As opposed to the peripherally inserted small-
bore catheters (epicutaneo-cava catheters, ECC), 3 Fr power injectable CICCs and 
FICCs enable blood sampling, monitoring, and high flow infusions which may be 
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associated with a reduction of mortality and improved outcome. On the other hand, 
UVC and ECC will not require ultrasound for venous cannulation, though ultra-
sound may be previous for tip navigation and tip location.

In children, on the other hand, any central venous access should be placed by 
ultrasound guidance. As above mentioned, the ‘blind’ puncture of central veins 
based on surface landmarks and the surgical venous cutdown are not acceptable 
anymore from the clinical, ethical and legal point of view. Depending on the vein 
chosen for the procedure, pediatric central venous access devices can be classified 
as centrally inserted central catheters (CICC), peripherally inserted central catheters 
(PICC) and femorally inserted central catheters (FICC).

In small children, as regards the insertion of CICCs, the easiest approach is the 
cannulation of the internal jugular vein (IJV) or of the brachio-cephalic vein (BCV), 
which are large and easy to visualize. The IJV is visualized in short axis and should 
be preferably accessed in-plane. Due to its mobility and compressibility, the IJV 
may not always be a safe choice, because of the risk of passing the needle through 
the posterior wall of the vein, potentially injuring the underlying subclavian artery, 
particularly if adopting an out-of-plane approach. The BCVs are the ideal choice in 
small infants: these veins are large, stable, and relatively easy to access. The subcla-
vian vein (SV) can be visualized in long axis in the supraclavicular region and 
punctured with the in-plane approach; still, there is some risk of inadvertent pleural 
injury if the tip of the needle is not consistently visualized during the maneuver. On 
the contrary, the approach to the BCV is quite safe: this vein is easily visualized in 
long axis with the ultrasound probe placed in the supraclavicular region. A supracla-
vicular in-plane cannulation technique from lateral to medial showing the advance-
ment of the needle over the entire distance is the method of choice. According to 
some authors, it may be easier to cannulate the left over the right BCV due its hori-
zontal course in small babies. On the other hand, pre-scanning of both BCVs will 
already predict the ease of the cannulation. The infraclavicular cannulation of the 
axillary vein at the chest has not been described in infants but it may be easy in older 
children. The axillary vein is small, compressible, and difficult to scan because it 
lies below the great pectoral muscle. Though this vein has not close contact with the 
pleura, when it is accessed by a short axis/out-of-plane approach, there is some risk 
of inadvertent passage through the intercostal space with eventual injury to 
the pleura.

The best strategy for choosing the best vein to access is to perform a RaCeVA 
(Rapid Central Vein Assessment) before the procedure, i.e., a systematic ultrasound 
scan for evaluating the morphologic characteristics of all the major veins in the 
supraclavicular area (IJV, BCV, SV and external jugular vein) and in the infracla-
vicular area (axillary vein and cephalic vein). There is no ideal vein to access in 
neonates, infants, and children: the most appropriate vein (the easiest to approach 
being also the safest) should be decided after appropriate ultrasound evaluation.

In bigger infants and in children, when the size of the deep veins of the arm 
reaches 3 mm, it is possible to insert PICCs. The difference between ECC and PICC 
has already been explained in the previous chapter. PICCs have a higher perfor-
mance than ECC in any aspect; they are inserted in older infants and in children, 
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while ECCs are inserted exclusively in neonates. All PICCs must be placed by ultra-
sound guidance, preferably after a systematic scan of the deep vein of the arms 
(RaPeVA—Rapid Peripheral Venous Assessment).

Femoral lines also play a role in infants and in children, usually as an alternative 
option when insertion of PICCs and CICCs is not considered feasible, or it is likely 
to be associated with late complications. FICCs must be inserted by ultrasound 
guidance, mostly in the common femoral vein; in older children, the superficial 
femoral vein may also be of appropriate caliber. The insertion of a FICC should 
always be performed after a systematic ultrasound study of the veins of the groin/
thigh area (RaFeVA—Rapid Femoral Vein Assessment).

All the above techniques will be described in full detail in dedicated chapters. 
Blind percutaneous approaches (so called ‘landmark-based’ techniques) and surgi-
cal cutdown of the veins must be abandoned. All studies comparing the ultrasound-
guided (USG) vs. ‘blind’ methods clearly favor ultrasound-guidance. Moreover, 
USG has opened the door to some approaches which were difficult or impossible in 
the past. For example, the BCV has become a suitable approach in neonates and 
small infants, though it was very rare in the pre-USG era. Additionally, the USG 
allowed comparison between different approaches of the same vein: the USG supra-
clavicular cannulation of the BCV is superior to the USG infraclavicular cannula-
tion of the SBV. Obviously, comparison between US-guided and landmark-based 
approaches to the BCV will be never tested, as the BCV approach is exclusively 
ultrasound-guided.

Summarizing, USG introduced a significant increase of the success rate cannula-
tion of many central veins, consistently reducing the time spent in achieving the 
successful cannulation and the number of punctures. However, what is far more 
important is that USG introduced the possibility of achieving a successful cannula-
tion even in extremely low weight infants with a very low incidence of complica-
tions. Even if evidence cannot be offered for every single approach, USG should 
replace older techniques at all pediatric ages.

With the only exception of some central venous accesses in neonates (namely, 
umbilical venous catheters and epicutaneo-cava catheters), all the other central 
venous accesses in neonates, infants and children must be placed with ultrasound 
guidance.
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Chapter 3
Principles of Ultrasonography and Settings 
of Ultrasound Devices for Children

Gurinder Singh Malhi and James Bennett

Modern ultrasound scanners have become widely available; light-weight portable 
machines are commonly used to produce a rapidly updated two-dimensional gray-
scale image that aids safe and successful vessel cannulation.

The term ‘ultrasound’ describes all sound waves of frequencies beyond the range 
of human hearing (>20 kHz). Ultrasound imaging utilizes a high range of sound 
waves frequencies (2–15 MHz) to localize and characterize different tissues.

The ultrasound transducer “probe” is a complex and sophisticated piece of elec-
trical equipment, housing piezoelectric crystals, which vibrate to produce an ultra-
sound pulse when exposed to an electrical current. This phenomenon is named the 
piezoelectric effect. Hockey-stick linear probes have a small footprint making them 
ideal for neonatal and pediatric vascular access.

Artefacts describe a range of appearances in the displayed image that are not 
accurate to the original anatomical features being scanned. The presence of artefacts 
reduces image quality and leads to potential tissue damage, should images be mis-
interpreted during invasive procedures.

3.1  �Introduction

In the United Kingdom, the use of ultrasound imaging for obtaining central venous 
access has become routine practice. A 2015 Cochrane review concluded a benefit in 
safety and quality using ultrasound over landmark technique for internal jugular 
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vein cannulation. The Association of Anesthetists of Great Britain & Ireland 
(AAGBI) subsequently published recommendations in May 2016, stating ultra-
sound should be used routinely for internal jugular venous catheter insertion [1]. 
Furthermore, the AAGBI Working Party recommended its use for all other central 
venous access sites, and difficult arterial and peripheral venous cannulation.

Ultrasound imaging can provide useful information during vascular access pro-
cedures, including puncture site evaluation, identification of local pathology, guid-
ance during needle puncture, verification of guidewire position and early recognition 
of complications.

This chapter will provide readers with a brief history of ultrasound, as well as an 
outline of the principles of ultrasonography, the methods for ideal probe selection 
and setting adjustments to improve image quality.

3.2  �History of Medical Ultrasound

In 1794, an Italian priest (Lazzaro Spallanzani) deduced that bats use sound inau-
dible to humans to accurately navigate in complete darkness. His observation saw 
him become a pioneer, inspiring others to explore the use of sound waves to under-
stand the environment.

By 1880, the Curie brothers had discovered the piezoelectric effect. They 
observed that the application of mechanical pressure to a quartz crystal produced an 
electric potential. They also described the reciprocal piezoelectric effect. The gen-
eration and reception of high frequency sound waves using crystals was a significant 
moment in the history of ultrasound and quartz crystals remain integral to modern 
day ultrasound scanners.

During World War I, ultrasound was used to aid submarine navigation with under-
water SONAR (Sound Navigation and Ranging) systems and detect defects in metal 
constructions (the integrity of a ship’s hull). The use of ultrasound in metal flaw 
detection alerted physicians to the possibilities within diagnostic medicine, with the 
first such application arriving when Karl Dussik, at the University of Vienna (1942) 
attempted to demonstrate changes in brain ventricle size secondary to tumor growth.

George Ludwig’s 1949 experiments using industrial flaw detector equipment on 
animal tissues reported the mean velocity of sound transmission to be 1540 m/s. 
This value is still in use today.

Professor Ian Donald (University of Glasgow) explored the application of ultra-
sound in the field of obstetrics in the 1950s. He used the one-dimensional A-mode 
(amplitude mode) to measure the parietal diameter of the fetal head. Later he would 
help invent and construct the world’s first two-dimensional compound B-mode 
scanner, enabling the operator to visualize the density of tissues.

Technological advances in electronics and piezoelectric materials are accredited 
for the subsequent developments in ultrasound application within medicine. 
Collectively these advances mean that ultrasound scanners have today become 
widely available light-weight portable machines capable of producing high quality 
real-time greyscale images.
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As technology advances, the application of ultrasound expands. Current areas of 
development include portable wireless probes, three-dimensional images, elastog-
raphy and contrast enhancement (microbubbles).

3.3  �Ultrasound for Vascular Access

Ultrasound imaging utilizes high frequency sound waves to localize and character-
ize different tissues. With respect to pediatric vascular access, ultrasound technol-
ogy can be used to produce a rapidly updated two-dimensional grayscale image that 
aids safe and successful vessel cannulation.

Ultrasound imaging lends itself to vascular access as it is portable and uses non-
ionizing sound waves, with few (if any) contraindications. Real time images and 
Doppler mode help identify vessel type and patency.

The main disadvantages to its use are operator dependence, poor image quality 
beyond structures of high impedance, thermal or mechanical injury, and artefacts. 
The presence of artefacts is important as they reduce image quality and lead to 
potential tissue damage should images be misinterpreted during invasive 
procedures.

3.4  �Principles of Ultrasonography

3.4.1  �Physics

A sound wave is formed by the vibration of molecules in a medium, along a line of 
propagation in a series of compressions (areas of high pressure) and rarefactions 
(areas of low pressure).

Sound waves can be described by their frequency (ƒ), wavelength (λ) or speed (ν) 
(Fig. 3.1).

	
n m s s xl m/ ƒ( ) = ( ) ( )−1

	

The wavelength is the distance between two identical points on successive peaks 
or troughs. The number of waves passing a given point per second is the frequency. 
The speed of the sound wave is the product of the frequency and wavelength.

The term ‘ultrasound’ describes all sound waves of frequencies beyond the range 
of human hearing (>20  kHz). The ultrasound waves used in diagnostic medical 
imaging have a frequency of 2–15 MHz.

The speed of the sound wave in the human body varies depending on the tissue 
type through which the wave propagates (Table 3.1). The density and compressibil-
ity characteristics of different tissues (acoustic impedance) impact the speed at 
which the sound wave travels.
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For the generation of a scan image an average speed in soft tissues is required for 
calculations.

The assumed average speed of ultrasound in soft tissue is 1540 m/s.

3.4.2  �Ultrasound Wave Formation

The ultrasound transducer “probe” is a complex and sophisticated piece of elec-
trical equipment, housing artificial polycrystalline ferroelectric materials 
(ceramics).

The piezoelectric crystals vibrate to produce an ultrasound pulse when exposed 
to an electrical current. This phenomenon is named the piezoelectric effect. Once a 
sound wave is produced, the crystals are dampened and switch to listening for the 
returning echoes. Modern ultrasound transducers oscillate between “emitting” and 
“listening” modes more than 7000 times a second (pulse echo principle).

The crystals convert the returning ultrasound echoes into an electrical impulse 
which is interpreted by the ultrasound machine to generate the displayed image.

The typical linear array probe has approximately 200 crystals along the flat sur-
face of the transducer producing a rectangular field of view. Small subgroups of 

Wavelength ( )

Time

Compression

Vibration

Compression Rarefaction

Rarefaction

A
m

plitude

Fig. 3.1  Basic components of a sound wave

Table 3.1  The speed of sound in different tissue types

Tissue Speed of sound through tissue (m/s) [2]

Air 330
Fat 1450
Water (37°) 1525
Blood 1560
Muscle 1600
Bone 3000
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piezoelectric crystals are exposed to electric impulses in a coordinated and 
sequenced nature, to produce a narrow ultrasound beam that sweeps across the 
transducer surface (Fig. 3.2). Less than 0.1 s is required for all the crystals to emit 
their ultrasound waves, producing a high frame rate, allowing moving structures to 
be visualized in real time.

Each returning echo detected by the transducer is represented by a pixel on the 
screen, the brightness of which is directly proportional to the strength of the return-
ing sound wave. Structures that strongly reflect ultrasound waves lead to the pro-
duction of large electrical signal intensities, appearing white or hyperechoic on the 
final image.

The time from pulse generation to echo detection is used to determine the depth 
of the reflecting structure, which is represented by the pixel position on the display 
screen [3].

	
Depth speed of sound time= ×( ) / 2

	

Fig. 3.2  Sequential and coordinated stimulation of piezoelectric crystal subgroups at the trans-
ducer surface [with permission from Oxford Specialist Handbooks in Anaesthesia]
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Each small subgroup of crystals is responsible for the formation of a vertical line 
of pixels on the final ultrasound scan image. The brightness and depth of the pixels 
is dependent on the strength of the returning echo from each depth. As the vertical 
line of pixels from each crystal subset are compiled in series, a complete image of 
the tissue is produced.

A major problem with grey scale image production is that echoes reflected from 
deeper structures are characteristically weaker. As these sound waves have travelled 
further through tissues, they are subject to greater degrees of attenuation, which 
results in images becoming dimmer at greater depths. Ultrasound machines use 
“time gain compensation” to counter the effects of attenuation, by increasing signal 
amplitude at greater depths. This in theory should produce an image of uniform 
brightness when scanning homogenous tissue.

3.4.3  �Resolution

Resolution is an important marker of image quality and refers to the machines abil-
ity to distinguish the structures we need to see. The three types of resolution include: 
spatial (axial and lateral), contrast and temporal.

Axial resolution describes the ability to differentiate two objects that both lie in 
the path of the ultrasound beam (one directly above the other) (Fig. 3.3). Good axial 
resolution is vital for pediatric vascular access and requires probes producing short 
pulses with short wavelengths (high frequency). Should the distance between the 
two objects be less than 1.5 × wavelength, the machine will not be able to differenti-
ate the reflected echoes.

When the two objects are adjacent to each other (equal depth from probe face), 
the ability to differentiate them relies on the machine’s lateral resolution (Fig. 3.4). 
Lateral resolution is always worse than axial and is improved with narrow and well-
defined ultrasound beams (small subsets of crystals).

Temporal resolution is directly related to the frame rate and depends on the scan-
ning rate (sweep speed) of the ultrasound machine. With relatively slow 

Good Axial Resolution Poor Axial Resolution

Fig. 3.3  Diagram to demonstrate differing axial resolution quality on final image production [with 
permission from SonoSite]
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advancement of needles for regional or vascular access, this is rarely a major issue 
with modern machines.

Contrast resolution describes the ability to identify structures with different 
reflection characteristics, by subtle changes in their shade of grey on the image.

3.4.4  �Doppler

Color Doppler ultrasound provides directional information about blood flow and 
can aid differentiation between veins and arteries. The “color map” is superimposed 
over the grayscale image (B-mode image), reducing the frame rate (Fig. 3.5).

The frequency of ultrasound echoes returning to the probe is dependent on the 
directional movement of the reflective source, relative to the probe. Should the 
scanned object be moving towards the transducer, the frequency of the ultrasound 
wave would increase. Such movement is best demonstrated at a vector 0° and com-
pletely absent at 90° (i.e., when flow is perpendicular to the probe).

Good Lateral Resolution Poor Lateral Resolution

Fig. 3.4  Diagram to demonstrate differing lateral resolution quality on final image production 
[with permission from SonoSite]

Fig. 3.5  Demonstrates the 
use of a colour box, 
superimposed over the 
B-mode image to indicate 
directional blood flow 
[with permission from 
SonoSite]
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For vascular access, Color Doppler ultrasound enables a color map to overlay the 
greyscale image. Flow towards the probe will be represented by colors from red to 
yellow dependent on calculated velocities. Flow away from the probe will be repre-
sented as blue through to green (Fig. 3.6). Therefore, it is wrong to assume that 
imaged blood flow highlighted as red is arterial or that blue would represent venous 
blood flow.

Fig. 3.6  Color bar used to 
indicate direction of flow 
[with permission from 
SonoSite [4]]
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3.4.5  �Artefact

Ultrasound machines rely on a number of assumptions to simplify the production of 
the displayed image, one of which is that the average speed of ultrasound in soft 
tissues at 1540 m/s. The net result of the assumptions is potential artefact generation.

Artefacts describe a range of appearances in the displayed image that are not 
accurate to the original anatomical features being scanned.

The false image can lead to misinterpretation and injury during invasive proce-
dures. Therefore, structures in the displayed image should not be assumed to be real, 
until scanned in two planes (transverse and longitudinal).

It is not crucial to diagnose the artefacts affecting the image, but an understand-
ing of why the artefacts occur may help in there eliminate or simply alert the opera-
tor to their existence.

3.4.6  �Contact Artefacts

Images with shadowing or loss of image from the top are subject to contact artefact 
(Fig. 3.7). The use of smaller hockey stick ultrasound probes in pediatrics helps to 
avoid contact artefact. The most common reasons are poor skin contact with the 
probe, lack of gel, faulty transducers, or air interface.

3.4.7  �Acoustic Shadowing

Bony structures reflect ultrasound waves extremely well (bone and calcification) 
and are said to be acoustically opaque. The lack of ultrasound penetration produces 
a dark shadow deep to the acoustically opaque structure on the display image. Vessel 

Fig. 3.7  Ultrasound image 
showing contact artefact
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walls - when scanned in plane - exhibit the same acoustic shadowing, potentially 
complicating plane vessel cannulation.

3.4.8  �Post-Cystic Enhancement

Echoes returning from deeper structures tend to be of lower signal strength because 
of attenuation. To produce an image with consistent brightness, the machine com-
pensates by increasing the amplitude of echoes from deeper structures proportion-
ally to their depth of origin (time gain compensation). However, fluid filled cysts 
have low echogenicity and the area distal to the cyst will have more gain applied, so 
appear (falsely) brighter; this artefact is often used to differentiate between solid 
and fluid filled cysts.

3.4.9  �Reflection Artefact

Large smooth surfaces such as the pleura or diaphragm can act as mirror reflectors 
of the ultrasound beam. The resultant image will contain the true target structure, in 
addition to a false second reflected image. Good knowledge of anatomy will help 
differentiate between true and reflected images.

3.4.10  �Reverberation

Multiple linear or hyperechoic areas distal to a reflective structure are observed 
when ultrasound waves reflect back and forth between two strongly reflecting struc-
tures (Fig. 3.8). Shallow or flat advancement of the cannulating needle during in 
plane vessel cannulation may be complicated by reverberation artefact. Increasing 
the angle of entry should reduce this.

Comet tail artefacts are a type of reverberation artefact. They are bright echoes 
that fade with depth, producing the characteristic comet tail appearance. They are 
often encountered during vascular access procedures, whilst scanning the needle tip 
out of plane.

3.4.11  �Slice Thickness Artefact

This is a common artefact caused by structures outside the sector being scanned, 
producing echoes that affect the final displayed image. The curved nature of vessel 
walls means that when scanned in plane, echoes outside the image plane show up as 
in the vessel.

G. S. Malhi and J. Bennett
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3.4.12  �Refraction Artefact

As a needle passes through two tissues of different acoustic impedance, the final 
image may indicate a step deformity in the needle structure. This occurs as most 
scanners assume a fixed speed of sound in tissues, as previously discussed.

3.5  �Transducer or “Probe” Selection

The part of the probe in contact with the patient is called the “face of the transducer” 
and it determines the probes’ footprint. The common probes available are Linear, 
Curvilinear and Phased Array.

Each probe differs in their operating frequency, physical size, and footprint. 
Appropriate probe selection is critical in the production of high-quality images, so 
increasing the success rates of cannulation.

Inappropriate probe selection can make a difficult task even harder and poten-
tially unsafe.

3.5.1  �Linear

The piezoelectric crystals are arranged in a line across the flat transducer face, to 
produce a rectangular ultrasound image (Fig.  3.9). With operating frequencies 
between 5 and 18 MHz, they are ideal for older children, and will produce images 
with good resolution of detail at depths of 2–3 cm, ideal for vascular access.

3.5.2  �Hockey-Stick Linear

These probes are small and can be held with a “fountain pen” grip (Fig. 3.10). With 
a small footprint, this subtype of linear probe is ideal for obtaining images from 
awkward areas. Enabling excellent skin contact, the probe is ideal for neonatal and 
pediatric vascular access.

Fig. 3.8  Ultrasound image 
showing reverberation 
artefact

3  Principles of Ultrasonography and Settings of Ultrasound Devices for Children



42

3.5.3  �Curvilinear (Convex)

With their curved face, these probes produce a fan-shaped scan field, these probes 
operate at lower frequencies (2–5 MHz) and penetrate deeper structures (Fig. 3.11). 
They will produce images of structures up to 10 cm deep, albeit with coarse detail, 
ideal to examine the abdominal organs.

Linear Transducer Ultrasound Image

Fig. 3.9  A Linear probe accompanied by the typical rectangular image it produces [with permis-
sion from SonoSite]

Fig. 3.10  A “hockey 
stick” linear probe

G. S. Malhi and J. Bennett
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3.5.4  �Phased Array (Sectorial)

The piezoelectric crystals produce ultrasound in phases resulting in a triangular 
image. They are frequently used for cardiac imaging.

Probes operating at a higher frequency, will produce images of higher resolution 
of detail. The draw back will be lack of depth. Therefore, appropriate probe and 
frequency selection is the first key step to achieving a quality image. Once this has 
been achieved, there are several further small adjustments that can be made to 
improve image quality to aid the operator.

3.6  �Improving Images

3.6.1  �Gain

The option of adjusting the overall gain allows the operator to control the brightness 
of the entire image (Fig. 3.12). Increasing the “receive” gain adjusts the amplitude 
of the ultrasound echoes and increases the “brightness” of the resultant image. As 
all pixels in the image are equally brightened, artefacts also appear brighter. 
Excessive gain is detrimental, as the image appears too bright, artefacts are 
enhanced, and subtle textural changes are obscured.

Curved Transducer Ultrasound Image

Fig. 3.11  A Curvilinear probe accompanied by the typical curved image it produces [with permis-
sion from SonoSite]
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Time gain compensation (TGC) proportionally increases the amplitude of distant 
echoes to compensate for the effect of attenuation (Fig. 3.13). Without TGC, images 
would progressively become darker with depth. This compensation produces a 
more uniform image with regards to brightness. Sophisticated machines automati-
cally increase the gain of echoes from deeper structures being imaged. Certain 
machines will allow the operator to control the level of gain by rotary control for 
“near gain” and “far gain”, or slider controls.

3.6.2  �Depth

The use of the depth control allows the target and other important structures to be 
appropriately placed on the display. Ideally the target area should be focused on 
the center of the screen, approximately two thirds of the total depth of the 
scan image.

Fig. 3.12  Demonstrates the effect of overall gain adjustment on image quality [with permission 
from SonoSite]

Fig. 3.13  Demonstrates the effect of TGC on image quality [with permission from SonoSite]

G. S. Malhi and J. Bennett
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3.6.3  �Focus

Most machines have a focus control that enables an area of the scan image to be 
enhanced, providing greater detail. For the best results, this should be set just deep 
to the target area.

3.6.4  �Dynamic Range

This control adjusts the number of different shades of grey available for the image 
generation (Fig. 3.14). The lower the dynamic range, the greater the contrast and 
more “black and white” the ultrasound image. A low dynamic range is the ideal set-
ting for vascular access.

With more shades of grey available, images using a high dynamic range show 
less contrast but subtler textural changes in the scan image. This setting would be 
ideal for imaging abdominal organs, especially the liver.

3.6.5  �Zoom

The zoom feature enlarges an area of the image. There are two different types of 
zoom: the ‘write zoom’ increases the resolution of the selected area and the ‘read 
zoom’ simply magnifies the pixels.

3.7  �Practical Tips

3.7.1  �Tracking Structures

To aid understanding and image interpretation, target structures can be “tracked” 
from different locations where they are easier to identify. Tilting the probe in the 
longitudinal axis alters the angle of incidence at which the ultrasound wave strikes 

Low Dynamic Range

High Dynamic Range

Fig. 3.14  Demonstrates the contrast between high and low dynamic range [with permission from 
SonoSite]
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the target object. This phenomenon is called anisotropy and it can greatly improve 
image quality or expose a previously unseen target.

3.7.2  �Probe Orientation

In-plane needling has the advantage of imaging much of the needle, thereby mini-
mizing damage to adjacent structures. However, a pure in-plane technique requires 
considerable skill as the ultrasound beam may be only 0.2–3  mm thick. 
Complications can occur during advancement with a partial view of the needle 
shaft. The size of the neck in neonates can be so small that an in-plane technique is 
impractical due to significant loss of contact. Out-of-plane techniques are fre-
quency used for this very reason. With an out-of-plane technique, the hyperechoic 
“dot” represents the needle crossing the ultrasound beam. To find the needle tip, the 
probe can be moved on the skin surface along the needle’s axis until the “dot” 
disappears.

The more acute the angle of needle insertion, the poorer the ultrasound reflection 
from the needle surface. Therefore, insertion of the needle at less than 45 degrees to 
the ultrasound beam improves needle imaging.

Key Points
•	 Today, the use of ultrasound imaging for obtaining central venous access has 

become routine practice
•	 Ultrasound scanners have become widely available as light-weight portable 

machines capable of producing high quality real-time greyscale images
•	 The term ultrasound describes all sound waves of frequencies beyond the range 

of human hearing (>20 kHz)
•	 The ultrasound transducer “probe” is a complex and sophisticated piece of elec-

trical equipment, housing piezoelectric crystals
•	 Ultrasound machines use “time gain compensation” to counter the effects of 

attenuation, by increasing signal amplitude at greater depths
•	 Artefacts describe a range of appearances in the displayed image that are not 

accurate to the original anatomical features being scanned
•	 Due to the occurrence of artefacts, structures in the displayed image should not 

be assumed as real, until scanned in two planes (transverse and longitudinal)
•	 Inappropriate probe selection can make a difficult task even harder and poten-

tially unsafe.
•	 To aid understanding and image interpretation, target structures can be “tracked” 

from different locations where they are easier to identify.
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Chapter 4
Ultrasound Anatomy of Arterial 
and Deep Veins of the Limb 
and the Cervico-Thoracic Region 
in Children

Thierry Pirotte

Anatomy has always been important for physicians, especially if they are called to 
perform invasive techniques in fragile patients. Vascular access in children is one of 
these difficult tasks: small targets, frequent anatomical variations, major conse-
quences in case of complications. It is there for not surprising that anesthesiologists, 
intensivists, surgeons, and pediatricians were so enthusiastic when the technologi-
cal development of ultrasound started 15–20 years ago. It is almost unbelievable 
that we are now able to see and to target vessels as small as 1 mm with huge preci-
sion. But to do this, we had to learn another anatomy: the ultrasound anatomy. This 
grey-scale two-dimensional image that we had to correlate with the classical anat-
omy we knew. It all started in children with the ultrasound guided puncture of the 
internal jugular vein but, as I already wrote elsewhere 10 years ago, we are now far 
beyond the internal jugular vein. In this chapter, you will discover the ultrasound 
anatomy (applied to invasive puncture) of all major arteries and veins of the child’s 
body: with more than 30 illustrations covering the upper limb, the lower limb, the 
neck region (with extension to supra- and retro-clavicular view), and the area under 
the clavicle.
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4.1  �Ultrasound Anatomy of the Arm

4.1.1  �The Hand

Ultrasound (US) techniques are rarely performed at the level of the hand because 
veins at that level are extremely superficial and small. The largest vein among the 
dorsal venous network, is the origin of the basilic vein and can be found between the 
fourth and the fifth metacarpal bone (sometime between the third and the fourth 
one). The pressure caused by the US probe should be limited by using enough US 
gel between probe and skin (Fig. 4.1).

4.1.2  �The Wrist

The cephalic vein (CV) is a relatively large vein that runs at the radial side of the 
wrist. Unfortunately, this vein is highly mobile in children and is therefore more 
difficult to puncture especially under US guidance (no possibility to stretch the skin 
because both hands are used). Some very tiny and superficial vein runs at the ante-
rior aspect of the wrist but if imaging techniques are needed Near Infrared technolo-
gies will be more useful than US.

The radial artery (RA) runs above the lateral aspect of the distal radial bone 
(Fig.  4.2). In children younger than 2  years, its diameter is around 1.5  mm 
(0.8–2.3  mm). Extreme dorsiflexion of the hand should be avoided because it 
reduces the diameter of the RA even more. Zoom function and Doppler analysis are 
often necessary to offer a correct view (Fig. 4.3). The RA is usually surrounded by 

Fig. 4.1  Ultrasound 
anatomy of the dorsal side 
of the hand (6 years old). A 
large amount of US gel (*) 
is applied on the skin to 
limit the pressure on the 
subcutaneous tissues and 
to increase its echogenicity 
(acoustic enhancement). 
The largest vein, the origin 
of the basilic vein (blue 
arrow) is found above the 
fourth metacarpal bone (4). 
3 and 5: Third and fifth 
metacarpal bone
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two small vein visible only when the pressure of the US probe is minimal. In some 
case, the RA is absent and usually compensated be a medial interosseous artery 
(Fig. 4.4). Ultrasound screening can be used as a modern version of the Allen’s test 
by analyzing the presence, the diameter, and the flow of the different arteries at 
the wrist.

The ulnar artery (UA), the other largest terminal branch of the brachial artery, 
runs above the distal ulnar bone side by side with the ulnar nerve (Fig. 4.5). In the 
adult population, the diameter of the UA is even slightly larger than the diameter 
of the RA.

Fig. 4.2  Ultrasound 
anatomy at the palmar 
aspect of the wrist (infant). 
The complete wrist is seen 
despite the minimal depth 
used on the machine 
(1.9 cm). The radial artery 
(red arrow) is seen in 
short-axis view above the 
radial bone (Rad). Uln: 
ulnar bone

Fig. 4.3  Zoom and 
Doppler function prior 
radial artery puncture 
(infant). The diameter of 
the artery is 
approximatively 1 mm 
(full screen = 1 cm). The 
artery is surrounded by 2 
small radial veins

4  Ultrasound Anatomy of Arterial and Deep Veins of the Limb…
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a

b

Fig. 4.4  Ultrasound 
anatomy at the wrist of a 
2-day old syndromic 
infant. (a) 2-D image 
showing the absence of 
radial artery compensated 
by a large interosseous 
artery. Red arrows Ulnar 
and interosseous artery, 
Yellow arrows Ulnar nerve 
and displaced medial 
nerve, Uln ulnar bone, Rad 
radial bone. (b) Doppler 
analysis. No radial arterial 
flow detected. The largest 
artery is in this case the 
interosseous artery

Fig. 4.5  Ultrasound 
anatomy of the ulnar artery 
at the wrist (6 years old). 
Ulnar artery (UA) and 
nerve (UN) side by side 
above the ulnar bone (UL). 
* Superficial vein

T. Pirotte
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4.1.3  �The Forearm

Different veins can be found along the ventral side of the forearm: the basilic and 
cephalic veins, the median basilic—cephalic (antecubital) and brachial veins, and 
perforating veins. US visualization of these veins and their bifurcations is possible 
when limited pressure is applied to the skin with the US probe (Fig. 4.6).

The RA (Fig. 4.6) can easily be followed from the wrist to the mid-forearm level. 
The depth increases progressively but remain limited is children allowing an easy 
access under US guidance.

The UA takes a medial course at the mid-forearm level leaving the ulnar nerve 
laterally (Fig. 4.7).

4.1.4  �The Antecubital Fossa

Different superficial or deep veins can be visualized at the antecubital fossa: the 
basilic and cephalic veins, the median basilic vein (antecubital vein), and the two 
brachial veins (Fig. 4.8). These veins will fuse and bifurcate with a large variability 
among children. The brachial artery and veins are in contact with each other and 
with the medial nerve. During puncture, the correct probe position and needle direc-
tion must be chosen appropriately to avoid potential damage of surrounding 
structures.

Fig. 4.6  Ultrasound 
anatomy of the vessels at 
the forearm (5 years old). 
The radial artery (RA) at 
mid-forearm level. 
Palpation is difficult due to 
the absence of posterior 
contact with the radial 
bone (R). US visualization 
and puncture is however 
possible. Different veins 
are also shown: the 
cephalic vein (CV) and 
probably the accessory 
cephalic vein (*)
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4.1.5  �The Arm

The mid-humeral level of the arm is the usual place to insert long peripheral can-
nulas, midline catheters or PICCs. At that level, different veins can be found 
(Figs. 4.9 and 4.10):

–– the basilic vein (Fig. 4.11): a large vein located inside the groove between biceps 
muscle and humerus.

–– the brachial veins: usually small veins running at both side of the brachial artery, 
though high variability in position and size should be expected. These vessels are 
often close to the median nerve. A correct choice in probe position and needle 
direction should be taken to avoid inadvertent nerve or artery damage while aim-
ing for the vein.

–– the cephalic vein (Fig. 4.12): a very superficial but relatively small vein running 
on the lateral border of the arm above the biceps muscle. Near the shoulder, this 

Fig. 4.7  Ultrasound 
anatomy of the ulnar artery 
at the mid-forearm level 
(6 years old). The ulnar 
artery (UA) comes from 
medial and reaches the 
ulnar side of the forearm to 
join the ulnar nerve (UN). 
MN medial nerve

Fig. 4.8  Ultrasound 
anatomy of the antecubital 
fossa (5 years old). 
Different vessels and 
nerves are found close to 
each other. Precision is 
mandatory to target the 
chosen vessel. Large 
basilic vein (Ba) superficial 
to the brachial vessels. 
Medial nerve (*) medial to 
the brachial artery (Bra). 
Cephalic vein (CV) on the 
lateral side
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vein passes between the deltoid and pectoralis major muscle (delto-pectoral 
groove), where it reaches the axillary vein (Figs. 4.33, 4.34 and 4.35).

4.2  �Ultrasound Anatomy of the Leg

4.2.1  �The Foot

Several small veins at the dorsum and lateral part of the foot can be cannulated: the 
lateral and medial marginal veins, the dorsal venous arch, and the short saphenous 
vein. US techniques are rarely performed at the level because of the superficiality 
and the very limited diameter of these veins.

The dorsalis pedis artery runs on the dorsal aspect of the foot, usually between 
the first two metatarsal bones (Fig. 4.13). US visualization is difficult even in case 
of a positive palpation. The diameter of this artery is smaller than the diameter of the 
radial artery without being more superficial, making US guided puncture difficult 
even in experienced hands.

Fig. 4.9  Ultrasound 
anatomy of the arm at 
mid-humeral level 
(12 years old). Brachial 
vessels (A, *) and the 
medial nerve together 
above the humerus (H). 
Basilic vein (Ba) and the 
ulnar nerve at the ulnar 
side. a brachial artery; *: 
brachial veins; yellow 
arrows brachial and ulnar 
nerves

Fig. 4.10  Doppler 
analysis at mid-humeral 
level (12 years old). Tilting 
the probe the child’s heart 
detect the red pulsating 
signal (flow to the 
transducer) of the brachial 
artery; squishing the 
forearm pushes blood in 
the different veins and 
gives a blue signal (flow 
away from the transducer)
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a c

b d

Fig. 4.11  Ultrasound anatomy of the basilic vein at the arm level (14 years). (a) Short-axis view 
of the basilica vein (Ba). (c) Long-axis view of the vein. (b and d) Doppler analysis. * brachial 
veins; (a) brachial artery

a

b

Fig. 4.12  Ultrasound 
anatomy of the cephalic 
vein at the arm level 
(14 years old). (a) 
Short-axis view of the 
cephalic vein (arrow). (b) 
Long-axis view with 
Doppler analysis. BM 
biceps muscle, H humerus
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4.2.2  �The Ankle

The internal or great saphenous vein runs at the anterior border of the medial mal-
leolus and is rarely absent (Fig. 4.14). It is the longest vein in the body, running 
along the complete length of the lower limb from the ankle, leg, and thigh to the 
femoral vein (arch of the saphenous vein) (Fig. 4.18). Ultrasound guidance at the 
ankle is used in case of a negative palpation or to increase success rate. Under the 
knee, its visualization is used to identify and block the saphenous nerve.

Fig. 4.13  Ultrasound 
anatomy of the dorsal 
pedis artery at the foot 
(3 years old). The dorsal 
pedis artery (arrow) is 
superficial and located 
between the first (1) and 
second (2) metatarsal 
bones. Doppler analysis 
gives only a weak signal 
but pulsation is usually 
visualized

a

b

Fig. 4.14  Ultrasound 
anatomy of the great 
saphenous vein at the ankle 
(4 years old). Two different 
views of the great 
saphenous vein (arrows) 
just anterior to the medial 
malleolus (MM). (a) Short 
axis view. (b) long axis 
view. Ta talus
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The posterior tibial artery (PTA) runs in the retro-malleolar grove posterior to the 
medial malleolus (Fig. 4.15). The PTA can be an alternative arterial cannulation site 
to the usual radial artery (RA) in young children. The diameter of the PTA is like the 
RA in children from 3 to 24 months.

4.2.3  �The Popliteal Fossa

The popliteal fossa, well known for sciatic nerve block techniques, is not a usual 
place for vascular access. However, in extreme cases, during interventional radiol-
ogy or potentially during anesthesia in prone position, the popliteal vein could be 
chosen as temporary central venous access. The popliteal vein is usually seen on top 
of the popliteal artery and under the medial part of the tibial nerve (Fig.  4.16). 
Experience in precise US guided punctures is mandatory.

4.2.4  �The Inguinal Region

The common femoral vein (CFV) is located medially to the common femoral (CFA) 
at the level or just below the inguinal ligament (Fig. 4.17). The diameter of the CFV 
is around 4 mm at 1 year and 10 mm at the age of nine. This diameter of the vein 
can be increased by using either a reverse Trendelenburg position or a firm 

a

b

Fig. 4.15  Ultrasound 
anatomy of the posterior 
tibial artery at the ankle 
(5 years old). (a) The 
posterior tibial artery (red 
arrow) is situated just 
posterior to the medial 
malleolus (MM). (b) 
Doppler analysis. Small 
veins are usually seen at 
both side of the artery. The 
tibial nerve (short yellow 
arrows) runs just posterior 
to the vessels
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compression at the lower abdomen. These maneuvers are also used to check the 
patency of femoral and iliac veins. US examinations have shown high variability in 
the position of the CFV. Usually medial to the femoral artery (CFA), it can be found 
completely below the artery in some cases. Just below the inguinal ligament, the 

a b

Fig. 4.16  Ultrasound anatomy of the popliteal fossa (4 years old). (a) Vertical alignment of the 
popliteal artery (a), the popliteal vein (V) and the tibial nerve (*). This US image is well-known in 
the field of locoregional anesthesia but could also be used by experienced physicians to find a 
venous access in extreme cases. (b) Doppler analysis

Fig. 4.17  Ultrasound 
anatomy of the right 
inguinal region (10 years 
old). Cranially, at the level 
of the common femoral 
artery (FA), the femoral 
vein (FV) is usually well 
positioned: medial to the 
artery. Doppler analysis at 
the bottom. FN femoral 
nerve
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arch of the great saphenous vein is seen medially to the CFV giving the typical pat-
tern of “Mickey Mouse” (Fig. 4.18). A few centimeters distal to the inguinal liga-
ment, as the CFA bifurcates in deep (DFA) and superficial femoral artery (SFA), the 
incidence of overlapping increases from 5 to 60% (Fig. 4.19). More distally, after 
the bifurcation of the CFV into deep (DFV) and superficial femoral vein (SFV), the 
SFV is more consistently placed below the SFA. In children, the incidence of a CFV 
place below the CFA seems to be significantly lower at the left side compared to the 
right. External rotation of the hip (with or without leg abduction) will reduce this 
overlapping and bring the vein medial to the artery.

4.3  �Ultrasound Anatomy above the Clavicle

The major vessels in the neck have a long way to travel from the submandibular area 
to the retrosternal fossa. High in the neck, the bifurcation of the common carotid 
artery (CA) in internal and external branches can be visualized (Fig. 4.20). In chil-
dren where the internal jugular vein is absent or thrombosed, misinterpretation of 
this “double vessel” pattern carry the risk that one of the arteries is targeted and 
puncture.

a

b

Fig. 4.18  Ultrasound 
anatomy of the arch of the 
great saphenous vein (left 
leg). (a) Typical “Mickey 
Mouse” pattern with the 
femoral vein (FV) 
representing the face, the 
arch of the saphenous vein 
(*) and the femoral artery 
(FA) the ears. (b) Doppler 
analysis
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For practical reason, the neck area will be divided in four levels: the level of the 
cricoid, the supraclavicular level, the retro-clavicular level, and the supraster-
nal view.

Fig. 4.19  Ultrasound 
anatomy lower in the right 
inguinal region (10 years 
old). Doppler analysis of 
the common femoral artery 
dividing in a superficial 
and a deep branch. The 
femoral vein (FV) is at that 
level often moving under 
the arteries

a

b

Fig. 4.20  Ultrasound 
anatomy high in the neck 
region (2 years old). (a) 
Visualization of the carotid 
artery bifurcation (*). IJV 
internal jugular vein. (b) 
Doppler analysis
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4.3.1  �The Level of the Cricoid

The internal jugular vein (IJV) runs at the latero-vertebral site of the neck, alongside 
the common carotid artery (CA), usually in an antero-lateral position (Figs. 4.21 
and 4.25).

US screening studies showed that at the level of the cricoid:

–– the relationship between IJV and CA is highly variable and unpredictable.
–– in neutral position, the IJV overlaps the CA in 25–44% of the cases and can be 

found medially in 6% of the cases.
–– when the head is progressively turned away from the puncture site and up to 45°, 

the incidence of overlapping increases even more.
–– the use of a laryngeal mask as airway management increases the IJV-CA over-

lapping when the head is in light rotation.

	 These data should however be read very carefully because the position of 
the probe on the neck is rarely well-defined and can have a major impact on the 
ultrasonographic findings, overestimating the real overlap (Fig. 4.22).

The diameter of the IJV can be increased by Valsalva maneuver, Trendelenburg 
position or liver compression. These effects are however limited in infants less than 
1 year of age where the distance IJV—right atrium is short and the venous system 
highly compliant.

The lumen and patency of the IJV as well as the surrounding structures should to 
be carefully analyzed in sick children or children who had previous central cathe-
ters. Intraluminal thrombosis is detected by a hyperechoic signal into the lumen of 
a non-compressible vein (Fig. 4.23). Doppler analysis is useful to confirm the par-
tial or complete nature of the thrombus. Cervical lymph nodes are frequent in chil-
dren and sometimes massive in case of hematologic or oncologic pathologies 
(Fig.  4.24). Lymph nodes are echoic or anechoic structures than are not 

Fig. 4.21  Ultrasound 
anatomy of the neck at the 
thyroid level (4 years old). 
The internal jugular vein 
(IJV) is lateral and anterior 
to the common carotid 
artery (CA). The vertebral 
artery (*) is seen at the 
posterior aspect of the 
IJV. SCM 
sternocleidomastoid 
muscle, ASM anterior 
scalene muscle, T thyroid 
gland, EJV external jugular 
vein, V vertebra
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compressible and have no flow at the Doppler analysis. There limits are shown cra-
nially and caudally by moving the US probe up and down on the neck.

The external jugular vein (EJV) is a more superficial and lateral vein that runs 
above the anterior scalene muscle. US can be used when clinical examination fails 
to detect it (Fig. 4.21). Lower in the neck, the EJV moves laterally above the clavi-
cle before taking a sharp medial angle to run above and almost parallel to the end of 
the subclavian vein (Figs. 4.27 and 4.35). Due to these angulations, getting a central 
access by a EJV puncture is often difficult, unless the EJV is punctured directly in 
its last tract.

The vertebral artery (VA) is located between the major vessels and the vertebral 
body. In 60% of the cases, it is situated under the medial portion of the IJV 
(Fig. 4.21). In children, the VA is relatively larger (up to 50% of the CA) and located 
relatively closer (3–5 mm) to the IJV than in adults.

4.3.2  �The Supraclavicular Level

By sliding the US probe on the skin from the cricoid level down to the clavicle, we 
notice the following changes:

US
screen

Head:
rotation

a
b

c d

Head:
neutral

Fig. 4.22  Relationship between internal jugular vein and carotid artery. The observed relationship 
is highly dependent on the head rotation and the probe position. (a) When the head is hold in neu-
tral position and the probe in a vertical way, the IJV is seen like on a CT scan and is often lateral 
to the CA. (c) Head rotation increase the IJV-CA overlap. For ergonomic reasons, the probe is 
usually moved laterally following the curve of the neck (b, d). It that configuration, the overlap 
increase (b) and the IJV can even be seen on top of the CA (d)
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–– the diameter of the IJV increase
–– a valve in the distal part of the IJV, just proximal to its confluence with the SCV, 

is commonly seen
–– the distance between the CA and the IJV increase while the distance between the 

IJV and the VA decrease
–– the overlap between the IJV and the VA increases from 50 to 75%
–– the dome of the pleura is often already visible at that level, especially in young 

children.

a b

Fig. 4.23  Right internal jugular vein thrombosis (9 years old). (a) Echogenic structure within the 
IJV lumen. (b) Doppler analysis showing some residual flow. * partial thrombus

Fig. 4.24  Ultrasound of 
the left side neck region of 
a 12 years old child 
diagnosed with Hodgkin 
lymphoma. Presence of 
multiple large ganglions 
(Ggl). CA carotid artery, 
IJV internal jugular vein
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–– the subclavian artery (SCA) comes from lateral and reaches the common CA 
(with a fusion at the patient’s right side). This large vessel is seen passing between 
the end of the IJV and the pleura (Fig. 4.25).

4.3.3  �The Retroclavicular Level

Once the US probe meets the clavicle by its downwards sliding movement, the next 
step to have a look behind the clavicle is to tilt the probe cranially (Fig. 4.26). At 
first, the lower end of the IJV is seen at the medial side and a cross section of the 
SCA on the lateral side, both lying on top of the lung dome (Fig.  4.26). By 

sliding
down

a

b

Fig. 4.25  From the internal jugular vein to the subclavian vein—Part 1. (a) US probe at the level 
of the cricoid. (b) by sliding the probe down (caudally), we have a longitudinal view of the subcla-
vian artery (SCA) coming for lateral and reaching the carotid artery (CA). IJV internal jugular vein
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increasing the tilt of the US probe, the brachiocephalic vein (BCV) is seen diving 
into the mediastinum just medial and in direct contact with the lung (Fig. 4.26). This 
view is used for in plane US guided supraclavicular puncture of the BCV.  The 
degree of cranial tilting of the probe required is inversely proportional to the age of 
the child. The cranial position of the BCV in infants allow their visualization with a 
limited probe tilt compared to older children where the probe must be tilted a lot, 
often almost touching the child’s chin.

The BCV diameter remains large regardless of the hemodynamic or respiratory 
status, even during hypovolemia, making its cannulation easier than other sites in 
critically ill children.

The presence of a floating thrombus (Fig. 4.28) or complete thrombosis of the 
BCV can be seen with this view.

tilting
more

tilting
cranially

a

b

Fig. 4.26  From the internal jugular vein to the subclavian vein—Part 2. (c) The US probe being 
slidded down till the clavicle is now slightly tilted cranially (short arrow) to look behind the 
clavicle. (d) The tilting movement of the probe is accentuated (long arrow) to find the brachioce-
phalic vein (BCV). SCA subclavian artery, IJV internal jugular vein, L lung
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To get a view of the subclavian vein (SCV), a last step must be performed: mov-
ing the lateral part of the US probe caudally by placing it on the clavicle in the 
direction of the axilla. By this way, the SCV is seen coming from lateral and joining 
the BVC medially (Fig. 4.27). The subclavian vein is thus much more caudal than 
the SCA, both vessels being separated by the anterior scalene muscle.

The SCV is a short vein (from 1 cm in neonates to 3–4 cm in adolescents) run-
ning from mid-clavicular to the distal end of the IJV behind to the sternoclavicular 
joint. Pulling the arm downwards flattens the clavicle and increase the visible length 
of the SCV.

Subclavian thrombosis can also be detected by this view, the thrombus being 
usually located above the first rib (Fig. 4.29).

probe
rotation

moving
laterally

a

b

Fig. 4.27  From the internal jugular vein to the subclavian vein—Part 3. (e) While maintaining the 
probe tilted, its lateral part is rotated caudally to the axilla to find the subclavian vein (SCV). (f) 
The US probe is slightly moved laterally and brought on the clavicle to have a longer view of the 
SCV. L Lung top, BCV brachiocephalic vein, CL clavicle, EJV external jugular vein, FR first rib
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a

b

Fig. 4.29  Complete 
thrombosis of the right 
subclavian vein (4 years 
old). (a) Hyperechoic 
structure at the end of the 
subclavian vein (SCV). (b) 
Doppler analysis showing 
a complete interruption of 
the blood flow. Arrows 
thrombus, RBCV right 
brachiocephalic vein, FR 
first rib, L lung top

Fig. 4.28  Small floating 
thrombus visualized in the 
right brachiocephalic vein 
(2 years old having a 
previous central catheter). 
Arrows thrombus, RBCV 
right brachiocephalic vein
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The diameter of the SCV is relatively unaffected by the hemodynamic status of 
the child. The vein is fixed at two level: laterally under the clavicle and medially at 
the jugular-subclavian confluence. Anterior wall compression cause by the 
approaching needle is therefore limited, even in newborns.

Lung deflation during the puncture seems not beneficial because it fails to 
increase both the diameter of the SCV and the distance from the pleura.

The direction taken by the SCV from mid-clavicular to its confluence with the 
IJV varies with age:

–– in older children, the track is like in adults: retro-clavicular to the sternal notch. 
The US probe is above and parallel to the clavicle with an important tilting 
movement bringing the US probe often close to the chin of the child.

–– in infants and up to 1 or 2 years of age, the track is different: from mid-clavicular 
to the cricoid. The need to tilt the US probe is limited leaving the probe in an 
oblique position from mid-clavicular to the cricoid level in the neck.

	 By moving the US probe slightly on the clavicle in the direction of the 
axilla, the initial portion of the SCV, passing between the clavicle and the first rib, 
can be seen. At that level, the end of the EJV is often seen coming from lateral and 
arriving above and parallel to the SCV reach it just before its junction with the IJV 
(Figs. 4.27 and 4.35).

The more cranial, almost extra-thoracic, track of the SCV and BCV in infants 
allows us to observe a panoramic view of this entire venous system from one clavi-
cle to the other (Figs. 4.30 and 4.31). This shows us that the course of the left BCV 
to the SVC has a gentle curve above the aortic arch, whereas the right BCV makes 
a sharp angle to reach SCV.

Fig. 4.30  Panoramic ultrasound view of the major thoracic vessels (infant)
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4.3.4  �The Suprasternal View

The US probe is placed in the suprasternal notch and tilted cranially to have a 
retrosternal view into the mediastinum. This view, also used by cardiologists, allows 
the visualization of the initial part of the superior vena cava (SVC), the largest cen-
tral systemic vein in the mediastinum. Both right and left BCV join above the SVC 
making a typical “Y” pattern (Fig. 4.32).

Acquired (strictures, fibroblastic sleeve, thrombosis) and congenital (persistent 
left SVC) abnormalities can be detected. This can play a major role before choosing 
the best central venous catheter insertion site.

Once inserted, correct migration of guidewires or placement of catheters can be 
checked and corrected by maintaining this view.

a

b

Fig. 4.31  Legends of the panoramic ultrasound view of the major thoracic vessels (infant). (a) 
Arrows showing the direction of the venous flow. Dashed arrows imaging the flow coming from 
the internal jugular veins (*). (b) Annotation of the major veins: axillary veins (AxV), subclavian 
vein (SCV), right (RBCV) and left (LBCV) brachiocephalic veins and the superior vena cava 
(SVC). Ao aorta, CL clavicle, RL and LL right and left lung top
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4.4  �Ultrasound Anatomy under the Clavicle

The name of the major vein coming from the upper limb changes from axillary vein 
to subclavian vein at the lateral border of the first rib, which usually corresponds to 
the area under the clavicle. This means that an infraclavicular position of the US 
probe will show the axillary vein (AxV) while the SCV is only show when the US 
probe has a supraclavicular position. The AxV and artery (AxA) are found close to 
each other in this infraclavicular region. The artery, surrounded cranially by the 
brachial plexus, is more cranial and deeper than the vein. The vessels pass deep 
under the pectoral muscles, above the pleura and crosses the clavicle at the mid-
clavicular level. Two different US views can be useful under the clavicle:

4.4.1  �The Sagittal Probe Position

By placing the US probe in a cranio-caudal position, we get a short-axis view of the 
vessels in a triangle pointing downwards and created by the pectoral muscles on top, 
the clavicle cranially and the pleura caudally (Fig. 4.33). Both axillary vessels can 
be visualized simultaneously with the artery being deeper and more cranial the vein. 
The AxV is quite deep, compressible and its diameter variates a lot with the respira-
tion and the hemodynamic status (hypovolemia). Other vessels seen are:

–– the cephalic vein (CV), more superficial and reaching the AxV just before it 
passes under the clavicle. The distal part of the AxV is the portion of the vein that 

Fig. 4.32  Suprasternal 
visualization of the 
superior vena cava (infant). 
The typical “Y shape” 
pattern of the both right 
and left brachiocephalic 
veins (RBCV, LBCV). 
SVC superior vena cava, 
Ao aorta, RL right lung
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is usually targeted during punctures because its diameter is larger (due to the CV) 
and its compressibility reduced (due to its further fixation under the clavicle).

–– the thoraco-acromial trunk (TAT), above the AxA and AXV. This artery comes 
from the AxA and gives four tortuous branches anteriorly: the pectoral, acromial, 
clavicular, and deltoid arteries.

The brachial plexus is seen at the cranial and posterior aspect of the AxA in the form 
of a unique grape or multiple cords.

4.4.2  �The Oblique Axial Probe Position

By placing the US probe oblique from mid-clavicular to the axilla, we usually get a 
longitudinal view of the AxV (Fig. 4.34.). Both vessels, AxV and AxA, cannot be 
seen together on a unique view with this probe orientation because their run parallel 
to each other but in another plane. The AxV comes from the axilla, runs above the 
pleura, receives the flow from the CV and then passes under the clavicle. The AxA 
is deeper and more cranial. Both vessels shouldn’t be confused. Therefore a few up 
and down sliding movements are performed to go from one vessel to the other. Here 
are some tips to distinguish them:

–– the first vessels encountered by coming from caudal or medial is the AxV
–– the AxA is more cranial and slightly deeper
–– the CV always reaches the AxV
–– the AxA is pulsative while the AxV size varies with breathing
–– if you see a valve, it’s a vein.

Fig. 4.33  Ultrasound 
anatomy of the 
infraclavicular area 
(13 years old)—the sagital 
view. Short axis view of 
the axillary vessels lying in 
a triangle formed by 
pectoral muscles (PM), the 
clavicle (CL) and the 
pleura. A axillary artery, 
AxV axillary vein, C 
cephalic vein, * 
thoracoacromial trunk, 
L lung
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Fig. 4.35  Panoramic ultrasound view of the infra- and supra-clavicular areas (11 years old). The 
cephalic vein (Ceph) reach the axillary vein (AxV) just before they pass under the clavicle (CL). 
Valves (*) are often seen in the initial part of the subclavian vein (SCV). The end of the external 
jugular vein (ExJV) reach the SCV just above the clavicle. BCV brachiocephalic vein, LL left lung

	 In some cases, this longitudinal view of the veins can be maintained from 
the infraclavicular to the supraclavicular area passing over the clavicle. An example 
of this panoramic view is shown in Fig. 4.35.
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Chapter 5
Near-InfraRed Technology for Access 
to Superficial Veins: Evidence 
from the Literature and Indications 
for Pediatric Venous Access

Massimo Lamperti and Mauro Pittiruti

The use of near-infrared light imaging has been introduced to improve the number 
of visible veins in pediatric patients. This technology allows the visualization of 
small (0.2 mm) and superficial (up to 8 mm) veins. There are different devices based 
on a polarized infrared light or on low power lasers. The advantage of the NIR light 
devices is that they are portable and enhance the peripheral vein path when com-
pared to naked-eyes visualization or palpation. There is currently not enough evi-
dence to support the superiority of these devices in terms of first-time successful 
cannulation or reduced time to cannulation due to the heterogeneity of the studies 
conducted. The NIR light technology is still lacking information regarding the depth 
of field related to the position of the peripheral veins but with an appropriate train-
ing it could improve the success during peripheral IV cannulas in pediatric patients.

Peripheral venous cannulation and phlebotomy can be challenging in neonates 
and pediatric patients even in expert hands. For this purpose, different technologies 
have been investigated to evaluate their clinical feasibility and their advantage com-
pared with the traditional palpation or landmarks methods.

The main research has been conducted on the use of ultrasound (US), trans-
illumination and near-infrared (NIR) imaging technologies. Near-infrared has been 
investigated in neonates and pediatric patients; different devices have been mar-
keted with different clinical specifications and outcomes.
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5.1  �Near-Infrared Technology

NIR technology is not new in the medical-devices market, and it has been intro-
duced as a method to measure cerebral blood flow and oxygenation 
non-invasively.

More recently, the use of NIR has been extended to allow vein visualization and 
phlebotomy in difficult cases where peripheral veins were difficult to either visual-
ize directly or to palpate.

The main devices available in the market are the VeinViewer and the Accuvein 
but there are other new devices that have been used in the clinical setting such as the 
VascuLuminator (Netherlands), the 3-light-source method Total Reticular Vision 
(Mexico), VeinViewer Vision2, IRIS Vascular Viewer, and Veinsite.

5.1.1  �How They Work

The VeinViewer (Christie Medical Holdings, Inc.) utilizes a 760-nm polarized near-
infrared light to illuminate the patient’s skin. The light source is from a ring of light 
illuminated diodes (LEDs). The NIR light can penetrate the skin at a right angle up 
to 10 mm of depth from around 60 cm. The skin and subcutaneous fat are not able 
to absorb this light properly, so they scatter the NIR light in all directions including 
back to a camera that is included in the device. Blood in the veins, however, absorbs 
or scatters forward the NIR light. A digital video camera picks up the NIR light 
reflection, the device then analyses and processes this information. Another LED is 
used to project back to the skin an enhanced real-time image over the position of 
existing vessels making the veins appear black on a greenish background (Fig. 5.1). 
The VeinViewer has two versions: the VeinViewer Flex is handheld, and the 
VeinViewer Vision 2 has an articulating arm and a flexible wrist joint making it easy 
to maneuver to better visualize the vessels.

Fig. 5.1  Image of 
subcutaneous vessels 
obtained using the 
VeinViewer
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The Accuvein (HF320; Avant Medical) uses NIR light from 2-low power lasers: 
a 642-nm wavelength red laser operating at 40 mW and a 785-nm wavelength IR 
laser at 25 mW. The resulting energy is reportedly 2.57 and 1.58 ohms, respectively. 
In this case, the resulting background on the skin is reddish and the veins will appear 
as black (Fig. 5.2).

The VascuLuminator (Quantivision) uses near-infrared light (~ 800 nm), which 
can penetrate up to several centimeters into tissue but is still absorbed by blood, 
which enables discrimination between blood vessels and surrounding tissues near 
the skin surface. Both reflected and trans illuminated NIR lights on the skin are 
imaged by a NIR sensitive digital camera and displayed on a LCD monitor in an 
ergonomic setting.

The IRIS Vascular Viewer includes the light or illumination source, the detector, 
and the display. The illumination source is a matrix of diodes emitting infrared light. 
The light source may be directed to the surface of the limb from a distance or applied 
directly. If applied directly, the light passes through the limb.

Veinsite (Vuetek, Grey, ME, USA), is the latest NIR vein visualizer introduced 
into the market. It uses a rechargeable battery and has an optional VGA cable for 

Fig. 5.2  Accuvein and 
visualization of peripheral 
veins
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separate monitor display. The device allows for concurrent vein inspection with 
normal eyesight and operates independently of ambient light conditions. When 
powered on, it emits a NIR light (700–900 nm) that penetrates the skin. Upon con-
tact with tissue, the NIR light (tissue absorption coefficient between 0.02 and 
0.3  cm−1) scatters, travelling a depth of <5  mm before deviating from its initial 
direction. Conversely, hemoglobin and other vascular fluids are highly absorptive. 
The Veinsite’s electro-optical technology detects the absorption difference between 
vascular structures and surrounding tissue. After converting the raw image to 
greyscale, it then displays it on the headset’s LCD screen (Figs. 5.3 and 5.4). In this 
way, the operator wearing the helmet can see the veins either by direct vision or 
through NIR-vision.

Fig. 5.3  Veinsite

Fig. 5.4  View of veins as 
seen with the Veinsite
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5.1.2  �Safety of the NIR Vein Visualizers

NIR is a safe technology not harmful to patients as it does not produce ionizing 
radiation. The lasers emitted by Accuvein are classified as class 2 and considered 
safe as the blink reflex limits their exposure and prevents ocular damage. The manu-
facturers suggest that in cases where the blink reflex is altered, appropriate eye 
protection should be used.

5.2  �When Should We Consider a Peripheral Venous 
Cannulation Difficult?

Peripheral venous cannulation can be particularly challenging in some patients 
when (a) the vein cannot be visualized with the naked eye and (b) the vein cannot 
be palpated where it should be according to the landmark anatomy. There are vari-
ous patient factors making peripheral venous cannulation difficult such as darker 
skin, obesity, neonates and pediatric patients, previous chemotherapy, chronic ill-
nesses, and multiple peripheral venous cannulation attempts.

A more objective peripheral venous cannulation scale has been proposed recently. 
Predictor variables from the DIVA (Difficult Intra-Venous Access) score are (1) vis-
ibility of vein after tourniquet placement, (2) palpability of vein after tourniquet 
placement, (3) age of the patient in months, and (4) history of prematurity. Skin 
shade is determined by using a Dermablend cosmetics card (Dermablend Inc., 
Ridgefield, NJ), which grades skin shade from 1 to 11, light to dark. For the purpose 
of analysis, it is dichotomized into two groups: light (shades 1, 2, 4, and 5) and dark 
(shade 3, and shades 6 through 11). A DIVA score greater than 4 has been recog-
nized as the threshold to identify a patient as higher risk for predicted failure.

Table 5.1 summarizes the DIVA score.

Predictor value

Visibility Visible = 0
Not visible = 2

Palpability Palpable = 0
Not palpable = 2

Age >36 months = 0
12–35 months = 1
< 12
Months = 3

Prematurity Not premature = 0
Premature = 3

Skin shade Light = 0
Dark = 1

Table 5.1  DIVA score. A 
score > 4 is the cut-off value for 
predicting peripheral venous 
cannulation failure
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5.3  �Evidence from the Literature

5.3.1  �NIR Light Devices’ Ability to Visualize Peripheral Veins

Several studies have been conducted to study the ability of different NIR imaging 
devices in terms of improved visualization of peripheral veins not visible or not 
palpable in pediatric patients. Mihake and colleagues compared direct sight visual-
ization with ultrasound and NIR imaging provided by a VeinViewer prototype. They 
found that NIR enhanced the visualization of peripheral veins by 67% compared to 
the naked eye alone. In the same study, NIR imaging was compared to ultrasound 
(by means of two different ultrasound machines: one portable and one high resolu-
tion). The authors noted that NIR can detect more superficial (up to 8.2 mm) and 
smaller vessels (0.2 mm) compared to ultrasound that was able to detect bigger and 
deeper vessels. The portable ultrasound was found to have an easier learning curve 
than the high resolution one.

Another paper was conducted by Chiao using the Veinsite to investigate the char-
acteristic factors related to peripheral vein visualization on 384 subjects from differ-
ent sub-cohorts including those more associated with decreased vein visibility. The 
study compared direct vision with NIR imaging. The authors found that an average 
of 3.3 additional suitable venous sites were found by using the Veinsite when com-
pared with direct sight visualization. Veinsite increased the detection of possible 
peripheral venous cannulation sites in 97% of these difficult cases—including an 
additional 1.7 (89% increase) possible vein sites in infants and additional 3.7 (80% 
increase) possible vein sites in patients with dark skin. The visualization provided 
by NIR was also helpful in obese patients were the additional cannulations sites 
improved by 4.0 (82% increase) and in morbid obese patients where the visualiza-
tion improved by 3 sites (83% increase).

The use of the VascuLuminator has been argued to increase the number of addi-
tional cannulation sites. The same authors conducted another study comparing 
VeinViewer, Accuvein and VascuLuminator in terms of visibility of suitable veins 
for cannulation and they found that VeinViewer was able to detect more veins suit-
able for cannulation (307/322 (95.3%)) than Accuvein (239/254 (94.1%)) while 
VascuLuminator had the lower visualization ability (229/257 (89.1%)) (p = 0.03).

5.3.2  �Efficacy of NIR Light Devices in Successful Peripheral 
Vein Cannulation

A recent meta-analysis from Park and colleagues of 11 studies on pediatric patients 
analyzed 1994 patients in which NIR imaging was compared to a standard control 
group (eye alone) of 1577 patients. The failure rates were not different in the two 
groups: 31.9% (673/1994) in the NIR group compared to 30.9% (488/1577) in the 
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control group. The authors of this meta-analysis concluded that the use of NIR light 
devices did not have any overall impact on failure of first attempt at peripheral vein 
cannulation (RR = 1.03, CI = 0.89–1.20, I2 = 48%) in a pediatric population. The 
study also concluded that there was no difference if the cannulation was performed 
in different settings (e.g., emergency department or operating theatres).

The synthesis of the included studies did not reveal a high heterogeneity. 
Different factors can contribute to an increased failure rate such as young age, the 
presence of dark skin color, weight less than 5 kg, obesity or increased subcutane-
ous fat, and previous chronic illness. A possible bias related to the non-inferiority of 
the NIR group compared to the traditional visualization/palpation technique can be 
found in the inclusion only of patients with an expected difficult peripheral venous 
cannulation as it happened in one study]. Other studies analyzed the results accord-
ing to the operators’ experience, but they were not able to find a difference related 
to this factor. The meta-analysis from Park found a significant positive effect of the 
use of NIR in terms of improved first-time successful cannulation when high power 
studies only were analyzed while another paper reported a higher risk of failure 
when NIR light devices were used even though their participants were all predicted 
to have difficult cannulation (DIVA score ≥ 4). In this study, the operators involved 
in the study belonged to an IV team to whom more than 1000 difficult cases per 
month were referred. Their proficiency without using cannulation assistance devices 
may have resulted in a higher failure risk in the NIR group; it was unknown what 
kind of training the operators received before starting to perform cannulation with 
the NIR light devices in patients.

5.3.3  �Time to Successful Peripheral Vein Cannulation for NIR 
Light Devices

First-attempt success using a NIR light device has been considered as a secondary 
outcome in most of the studies conducted in this field, but it is important not to 
underestimate this factor, especially in emergency situations when a cannula is 
required for the administration of life-saving medications.

The data of first-attempt success with NIR light devices from different studies 
were too heterogenous and used different metrics and therefore, a meta-analysis 
could not be conducted. Most of the studies did not report any significant difference 
between the NIR light devices and the traditional methods in terms of time to obtain 
access while Sun et al. reported an increased time spent to insert a peripheral can-
nula in the NIR group. Other studies did not specifically address this aim in their 
analysis. This secondary aim seems to be highly related to the first-time success 
even if there is the need to have future studies in which the time to successful can-
nulation needs to be separated from the first-attempt success and it should be stud-
ied regarding the learning curve needed to obtain full competence in this technique.
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5.4  �How to Use NIR Light Devices in Peripheral Pediatric 
Venous Access

The various NIR light devices have specific characteristics that make their clinical 
use different.

The VeinViewer uses the reflection of the NIR light by light-emitting diodes to 
make sub-surface vessels visible. The veins are depicted as dark on a square green 
background projected on the patients’ skin. The VeinViewer needs to be positioned 
approximately 30 cm above the puncture site until the focusing text is clearly visi-
ble. The operator can choose to adjust the size of the projection, to use the universal 
or fine mode, and to use normal (background green) or inverse mode (veins in green 
background black).

The Accuvein can be used with a second operator handling the device to opti-
mize the veins’ visualization or it can be mounted on a trolley a with a hands-free 
set. The AV300 is used at a height of 20–30 cm and perpendicular to the surface of 
the skin. The operator can freely cycle through the three different display settings 
(varying sensitivity) to define the best mode to locate the vein.

The VascuLuminator display/camera combination can be positioned approxi-
mately 20 cm above the puncture site, whilst NIR light source is placed underneath 
it. The operator can modify the focus and light intensity to optimize the image of 
the veins.

The Veinsite is a head-mounted system which includes a portable near-infrared 
(NIR) emitter, video acquisition, and display device. The device allows for concur-
rent vein inspection with normal eyesight and operates independently of ambient 
light conditions. The peripheral venous cannulation by using Veinsite can be divided 
in two phases: (1) visualization of the vein by NIR light and initial vein puncture, 
(2) once the vein is entered and flow-back flush is detected on the back of the periph-
eral IV cannula through direct sight the cannulation can be continued without NIR 
visualization. Once the cannula is in, the operator can check if there is extravasation 
by flushing the cannula with normal saline and with NIR visualization, assess if 
there is any sign of fluid outside the venous path.

5.5  �Tips and Tricks

The NIR light devices can be useful as long as it is used for appropriately selected 
patients. First, all pediatric patients should be scored according to the DIVA score. 
Even in low-risk patients, the NIR devices can help in venous mapping and select-
ing the best vein site to be cannulated. Remember that all pediatric cannulations can 
be considered difficult “per se” because children are needle-phobic and require 
proper preparation with topical local anesthetics that. If the patient is a neonate or a 
toddler, it is important to involve the parents as they can help with reassuring the 
child and creating a calm environment.
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The NIR devices should be part of the peripheral IV access tools as a dedicated 
peripheral IV set including tourniquet, swab gauzes, small IV cannulas (24G, 22G), 
needle-free connectors, and dressings.

As a rule of thumb, NIR light devices can detect peripheral veins up to 8 mm of 
depth. With deeper veins or those not visible even by using these devices, the next 
step should be to use an ultrasound device to detect bigger and deeper veins.

An important part regarding the use of NIR imaging devices is the training. 
There is currently no established training on how to use these devices and how steep 
the learning curve is. All the studies performed on these devices declared that the 
operators spent at least one month using the device, but it is not known when the full 
proficiency (100% successful cannulations) were obtained by a single operator.

The main limitation of the NIR light technology is the lack of depth perception. 
This can lead to puncturing the posterior wall of the vein causing extravasation once 
the cannula is inserted.

5.6  �Conclusions

Pediatric patients are potentially at higher risk for difficult peripheral venous can-
nulation. A proper evaluation of potential sites and potential difficulty during the 
cannulation is mandatory. This procedure should be performed by expert operators 
and with specific tools including NIR light devices and ultrasound machines. The 
visualization of the veins by using NIR imaging is enhanced but the results related 
to first-time successful cannulation and time to cannulation are still not significantly 
different from the traditional palpation and direct visualization. Further studies are 
needed to understand if the lack of efficacy is due to technical reasons or by lack of 
training in these new devices.
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Chapter 6
Tip Navigation and Tip Location Methods

Mauro Pittiruti

The insertion of a central venous access is complex procedure that includes several 
phases: recognition of the need for a central line, ultrasound evaluation of the pos-
sible options in terms of venipuncture and location of the exit site, cannulation of 
the vein, intraprocedural ruling out of possible puncture-related complications, 
assessment of the proper direction of the catheter inside the vasculature, intraproce-
dural assessment of the final location of the tip of the catheter in a ‘central’ position, 
securement of the catheter and protection of the exit site.

The intraprocedural assessment of the direction of the catheter during its pro-
gression inside the vasculature is often called ‘tip navigation’, and it can be achieved 
either by ultrasound or by radiological methods (fluoroscopy).

On the other hand, the intraprocedural assessment of the final position of the tip 
is called ‘tip location’, and it may be performed either by ultrasound or by intracavi-
tary electrocardiography or by radiological methods (fluoroscopy).

6.1  �Tip Navigation

Tip navigation may not always be necessary, though it might be extremely impor-
tant when placing central venous access devices with very long or difficult trajec-
tory, as epicutaneo-cava catheters (ECC) and umbilical venous catheters (UVC) in 
neonates, or when placing catheters that may easily take a wrong direction during 
their progression inside the vasculature (FICCs and PICCs in children).

The only practical methods of tip navigation are ultrasound or fluoroscopy. 
Though, fluoroscopy is currently not recommended, for several reasons: (a) it is not 
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safe, since it implies x-ray exposure, potentially dangerous both for the patient and 
for the operator; (b) it is not very accurate, since it allows to visualize clearly the 
guidewire or the catheter, but not the surrounding vasculature, which has to be 
guessed on the basis of radiological landmarks; (c) it is logistically difficult or 
impossible in intensive care unit, so that the neonate or child must be moved to a 
dedicated environment (operating room or radiological suite); (d) it is not cost-
effective. In short, ultrasound-based tip navigation is the only option for neonatal 
and pediatric vascular access.

The use of ultrasound has several advantages: it is safe, easy, accurate, inexpen-
sive, and cost-effective. The recent availability of portable wireless ultrasound 
probes has made the intraprocedural use of ultrasound even more simple. The only 
potential disadvantage is that ultrasound-based tip navigation requires some train-
ing, though the training required is variable depending on the type of central venous 
access, and such training is probably faster than the training required for the proper 
operation and interpretation of fluoroscopy.

Two recent papers have described in detail the method of ultrasound-based tip 
navigation in neonates and children. These two papers describe the so-called 
ECHOTIP protocol, which is a structured approach to the intraprocedural use of 
ultrasound during placement of any type of central venous access devices, both in 
neonates (Neo-ECHOTIP) and in children (ECHOTIP-Ped).

Tip navigation may be useful for any central venous access in the newborn: ECC, 
UVC, CICC. The ultrasound scan of the vasculature is particularly easy in neonates, 
as the tissues are all echogenic and even the bones allow the scan of the underly-
ing veins.

According to the Neo-ECHOTIP protocol, the progression of the UVC is per-
formed under direct ultrasound visualization, placing the probe in the epigastric 
area, between the umbilical cord and the xyphoid. Using a small sectorial probe 
7–8 MHz, it will be possible to follow step by step the progression of the catheter 
inside the liver, until it reaches the junction between inferior vena cava and right 
atrium. A small pression with the probe may be helpful to direct the catheter to the 
target, avoiding misdirection inside the liver. Progression of a ECC inserted in the 
upper limbs or in a vein of the scalp is easily performed using a linear probe 
10–14 Mhz in the supra-clavicular region. The same probe will be useful to follow 
the progression of a ECC inserted in the lower limbs through the femoral and 
iliac veins.

In children, the progression of PICCs, CICCs and FICCs into the vasculature can 
also be followed using a linear probe, according to the ECHOTIP-Ped protocol. 
When inserting a PICC or a CICC, a linear probe placed in the supraclavicular/
suprasternal area (the same probe used for ultrasound-guided venipuncture) will 
allow to make sure that the guidewire or the catheter—either coming from the sub-
clavian vein or from the internal jugular vein—are properly entering the brachio-
cephalic vein. When inserting a FICC, using the linear probe it will be possible to 
follow the guidewire or the catheter inside the common femoral vein and the exter-
nal iliac vein.
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6.2  �Tip Location

While tip navigation may be not necessary in all cases, tip location is mandatory for 
any central venous access. In fact, the proper function of a central access with mini-
mization of complications is based on the correct placement of the tip. A central 
venous access is defined by the location of the tip either in the superior vena cava or 
in the inferior vena cava or in the right atrium. When the tip has not been placed in 
this location, the device cannot be used for central purposes (infusion of parenteral 
nutrition and of any solution potentially associated with endothelial damage; hemo-
dynamic monitoring; hemodialysis; repeated daily blood samples); if this happens, 
serious thrombotic complications may occur.

For ECC, CICC and PICC, the best location of the tip is in proximity of the junc-
tion between superior vena cava and right atrium; for UVC, the junction between 
inferior vena cava and right atrium; for FICC, either the inferior vena cava or the 
junction between inferior vena cava and right atrium (depending on the purpose of 
the FICC: if hemodynamic monitoring is required, the tip should be at the junction).

Therefore, tip location is mandatory and must be accurate. Most current guide-
lines recommend that tip location should also be intra-procedural, rather than post-
procedural. The old method of checking the position of the tip by radiological 
methods (typically, chest x-ray) after the procedure is not recommended anymore. 
Post-procedural control by x-ray has several disadvantages: (a) it is less accurate 
than other intra-procedural methods; (b) it is not safe, as it is associated with x-ray 
exposure of the patient; (c) it implies a significant waste of time, with delayed start 
of treatment; (d) when the tip location is not correct, the procedure must be done 
again, with relevant waste of time and money.

At present, the intra-procedural methods for tip location currently available are 
fluoroscopy, trans-esophageal echocardiography (TEE), trans-thoracic/trans-
abdominal echocardiography (TTE) and intracavitary electrocardiography 
(IC-ECG). Fluoroscopy is not recommended, for the same reasons explained above 
(it is inaccurate, unsafe, expensive, and logistically difficult), and should be avoided 
as much as possible in neonates and children. TEE is invasive, expensive, and logis-
tically difficult. Thus, the only options for an appropriate tip location in neonatal 
and pediatric patients are IC-ECG and TTE.

6.2.1  �Tip Location by Intracavitary ECG

Intracavitary ECG is the most recommended method for intraprocedural tip loca-
tion, according to current guidelines. The IC-ECG method is more than 70 years 
old, but it has entered the clinical practice in Europe in the 90s and in USA a decade 
ago. Several clinical studies carried out in the first decade of this century have dem-
onstrated that tip location by IC-ECG is more accurate than tip location by radio-
logical methods, when the two methods are compared with the golden standard for 
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tip location, TEE. This is no surprise, since IC-ECG very precisely detects the pas-
sage between the electrically inactive area (superior vena cava) and the electrically 
active area (right atrium), which morphologically corresponds to the cavo-atrial 
junction. On the contrary, radiological methods for tip location (chest x-ray, fluoros-
copy, etc.) localize the tip of the catheter using uncertain radiological landmarks, 
largely based on statistical approximations.

The rationale of IC-ECG is based on the observation that when the tip of the 
catheter acts as a travelling electrode inside the vasculature, the cavo atrial junction 
can be detected as the position where a maximal P wave is seen on the intracavitary 
ECG, using a sort of intracavitary lead II (tip of the catheter vs. electrode on the left 
flank). The method is easy and expensive, since it can be carried out with a standard 
ECG monitor; the only device needed is a sterile cable connecting the column of 
saline contained inside the catheter with the electrode that usually is placed on the 
right shoulder. When the catheter is closed and filled with saline, the voltage inside 
the catheter will be equal to the voltage read in the only open hole of the catheter, 
i.e., the tip.

The technique is simple and fast. As the catheter is inserted, a sterile cable is 
connected to the central line: the simplest sterile cable consists of a saline adapter 
connected to the hub of the catheter (Fig. 6.1), while the other end is connected to 
the ECG monitor, either directly (Figs. 6.2 and 6.3) or indirectly, through a switch-
box (Fig. 6.4). The line is flushed with saline, so to avoid the presence of air bubbles 
inside the catheter, since these may block the electric signal. The intracavitary ECG 
is read, focusing on the height and shape of the P-wave (Fig. 6.5). The maximal 
P-wave corresponds to the junction between SVC and right atrium (Fig. 6.6), while 
a diphasic or a negative P-wave (Figs. 6.7 and 6.8) corresponds to an intra-atrial 
position of the tip.

IC-ECG has been used for neonatal and pediatric central venous access since the 
90s. Ten years ago, a multicenter study on more than 300 children has shown that 
IC-ECG matches 98% with the results of chest x-ray. Further studies have 

Fig. 6.1  Saline adapter 
connected to the catheter
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Fig. 6.2  Direct connection 
of the sterile cable with the 
ECG monitor

Fig. 6.3  Direct connection 
of the sterile cable with the 
ECG monitor (connection 
by jack)

Fig. 6.4  Indirect 
connection of the sterile 
cable with the ECG 
monitor through a 
switchbox
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demonstrated that this method of tip location is accurate, safe, and inexpensive in 
most central venous accesses in pediatric patients. Interestingly, the only limit of 
applicability of IC-ECG is the presence of atrial fibrillation, pacemaker, or severe 
arrhythmias, as in these situations the P wave is absent or difficult to identify; 
though, these cardiac abnormalities are extremely infrequent in the pediatric patient, 
so that applicability of IC-ECG is 100% in neonates and children.

Also, the IC-ECG is extremely easy to perform, easy to teach and easy to learn. 
Training is very fast (complete training is achieved within few procedures) and the 
learning curve quite steep.

In neonates, there might be some problems of feasibility of the IC-ECG when 
inserting ECCs. These catheters have and extremely narrow lumen, so that the 

Fig. 6.5  Intracavitary ECG tracing with changing height and shape of the P wave

Fig. 6.6  Intracavitary 
ECG tracing: maximal P 
wave (tip at the junction 
between superior vena cava 
and right atrium)

Fig. 6.7  Intracavitary 
ECG tracing: negative P 
wave (tip inside the right 
atrium)

Fig. 6.8  Intracavitary ECG tracing: diphasic P wave (tip inside the right atrium)
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column of saline contained inside the catheter may not be reliable in terms of con-
ductivity. Though several interesting clinical studies have shown the possibility of 
using IC-ECG for ECCs, it seems reasonable that for this type of catheters 
ultrasound-based methods of tip location might be logistically easier and more cost 
effective.

Many clinical studies have shown that IC-ECG is applicable and feasible also 
during the insertion of UVC. Though, there are some considerations that suggest 
that ultrasound-based tip location might be preferable for UVC: (a) insertion of 
UVC requires ultrasound for tip navigation, so that it seems simpler and more logi-
cal to complete the maneuver using ultrasound also for tip location; (b) while the 
electrical correlate of the junction between superior vena cava and right atrium is 
very well define (maximal P wave), this is not true for the junction between inferior 
vena cava and right atrium, which is the ideal location for the tip of the UVC; (c) the 
clinical setting of UVC insertion (often in the delivery room, soon after birth) is 
compatible with use of bedside ultrasound (in particular if adopting wireless 
probes), while to perform an electrocardiogram as surface ECG and then intracavi-
tary ECG may be logistically more complex.

Apart from these two exceptions (ECC, UVC), IC-ECG is certainly the tip loca-
tion method to be preferred in all central lines (CICC, FICC, PICC, port) inserted in 
neonates, infants, and children, being characterized by 100% applicability, 100% 
feasibility, maximal accuracy (no false positives; false negatives only in untrained 
hands or when technical problems of the ECG monitor occur) and maximal safety.

6.2.2  �Ultrasound Based Tip Location

Ultrasound has been thoroughly investigated as tip location method for central 
venous access in the last two decades. Not surprisingly, many studies have been car-
ried out in pediatric patients, as this population is easier to explore with ultrasound 
if compared to adults. The term TTE (trans-thoracic echocardiography) may be 
slightly imprecise, since ultrasound-based tip location is preferably carried out plac-
ing the probe in the epigastric area (subcostal view), while actual trans-thoracic 
views (apical view, etc.) are used only as a second option.

Two documents have recently standardized ultrasound-based tip location in neo-
nates (Neo-ECHOTIP) and in infants and children (ECHOTIP-Ped).

Ultrasound based tip location is carried out by visualization of the right atrium 
(with or without visualization of the last tract of the cava veins) using a micro-
convex probe or a sectorial probe (‘phase array’). The best option is to locate the 
probe in the epigastric area, under the xyphoid process (so-called ‘sub-xyphoid 
view’), directing the probe upward to diaphragm, so to visualize the liver and the 
heart. Two views are commonly used: the four-chamber subcostal view (transverse 
visualization of both atria and both ventricles) (Figs. 6.9 and 6.10) and the bi-caval 
subcostal view (oblique visualization of the right atrium, of the last tract of the 
superior vena cava and the last tract of the inferior vena cava) (Figs. 6.11 and 6.12). 
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Fig. 6.9  Subcostal 
transverse view: position 
of the probe

Fig. 6.10  Subcostal 
transverse view: four-
chamber visualization

Fig. 6.11  Subcostal 
oblique ‘bi-caval’ view: 
position of the probe
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When the subcostal views are difficult or nor feasible, the second option is to use a 
‘real’ transthoracic view, such as the four-chamber apical view (visualization of 
both atria and both ventricles). In neonates, a trans-thoracic para-sternal view may 
be useful for visualization of the superior vena cava and of the right atrium.

The rationale of ultrasound-based tip location is either the direct visualization of 
the tip of the catheter or an indirect visualization of the tip by the so-called ‘bubble 
test’ (rapid injection of saline into the catheter, visualized as micro-bubbles in the 
right atrium).

When the tip of the CICC or PICC or FICC or ECC is in the right atrium, the 
catheter can be directly visualized by any type of subcostal view or trans-thoracic 
view; if the image is not clear, the ‘bubble test’ can improve the detection of the tip.

When the tip of the FICC or ECC or UVC is in the upper portion of the inferior 
vena cava, the tip can be easily seen by a subcostal ‘bi-caval’ view or even by the 
direct visualization of the inferior vena cava below the liver.

When the tip of the CICC or PICC or ECC is in the lower third of the superior 
vena cava, the tip can be directly visualized by a subcostal bi-caval view (or by a 
parasternal view in neonates); if the image is not clear, the ‘bubble test’ can improve 
the detection of the tip. Or, the position of the tip can be indirectly visualized with 
the bubble test, watching the delay in the appearance of micro-bubbles in the right 
atrium (using anyone of the views above described) after saline injection through 
the catheter. The immediate appearance of the bubbles after the injection (Fig. 6.13) 
confirms that the tip is very close to the right atrium, i.e., in the lower portion of the 
SVC or in the upper portion of the IVC.

In neonates, injection of 5 ml of standard saline is enough, as the ultrasound 
visualization of the bubbles is very easy. In children, it may be useful to use 10 ml 
of saline and ‘shake’ the saline in the syringe before injection. The infusion must be 
very rapid. If the delay in appearance of the micro-bubbles in the right atrium is one 
second or more, it is likely that the tip of the catheter is too high in the SVC (or even 
in the BCV) or too low in the IVC (or even in the iliac veins).

Fig. 6.12  Subcostal 
oblique ‘bi-caval’ view: 
visualization of right 
atrium, last tract of the 
superior vena cava and last 
tract of the inferior 
vena cava
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In summary, ultrasound-based tip location has a 100% applicability. Feasibility 
may vary, depending on the training of the operator, on the type of view adopted and 
on the body size of the patient (neonates are much easier to explore by ultrasound if 
compared to children). The accuracy is 100% in neonates (no false positives; no 
false negatives, when training is appropriate) but somehow less in children, consid-
ering that the ‘indirect’ visualization of the tip is less precise than the direct visual-
ization: the interpretation of the magnitude of the delay of appearance of the 
micro-bubbles may be quite subjective and affected by the technical performance of 
the ultrasound device.

In comparison with IC-ECG, ultrasound-based tip location (a) is logistically 
simpler (in particular if using wireless probes), (b) requires more training, (c) may 
be less accurate in older children.

Considering that both methods are 100% safe and quite cost-effective, it is rea-
sonable to use them simultaneously, so to avoid the radiological methods in any 
central venous access in neonates, infants, and children. Ultrasound based tip loca-
tion is expected to give the best results in neonates and infants, while IC-ECG is the 
method of choice in children of any age.
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Chapter 7
Chest Ultrasound for Early Diagnosis 
of Complications

Daniele G. Biasucci

7.1  �Introduction

Point-of-care Pleural and Lung Ultrasound (PLUS) is a non-ionizing, rapidly avail-
able at bedside and easily repeatable imaging technique which is already well-
established for adult emergencies and critical care. In recent years, PLUS is rapidly 
growing also in the field of neonatal and pediatric care.

Furthermore, PLUS is a part of the so-called ‘Global Use’ of ultrasound applied 
to the field of vascular access. In fact, the modern ultrasound application to this field 
is not only limited to ultrasound-guided venipuncture but it has been extended to 
assist all steps of central venous catheterization allowing rational choice of appro-
priate vein and proper approach, prevention of malposition and ruling-out of early 
and late complications. Possible respiratory complications after central venipunc-
ture substantially consist in pneumothorax (PNX) or, less frequently, hemothorax. 
These conditions may be diagnosed or excluded at bedside using PLUS with both 
high specificity and sensitivity. Even brief training and a few supervised examina-
tions have been shown to allow safe and reproducible recognition of these condi-
tions. Moreover, recent data suggest that the use of PLUS, which is a radiation-free 
imaging technique, reduces both cumulative radiation and number of chest X-rays 
(CXR) in neonates and children.

The present chapter will focus on the basics of PLUS and how to perform and 
interpret a PLUS exam focused on the diagnosis of PNX or hemothorax. Then, all 
the published evidence supporting the use of PLUS to prevent and rule-out or, 
eventually, confirm respiratory complications will be reviewed. Finally, how to inte-
grate PLUS during bedside procedure of central venous access will be discussed.
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7.2  �Fundamentals of Pleural and Lung Ultrasound

The lung has historically been considered unsuitable for ultrasound evaluation. In 
fact, being it an air-rich organ and because ultrasound energy is known to be rapidly 
dissipated by air, theoretically, ultrasound imaging might not be useful for the eval-
uation of the pulmonary parenchyma. On the other hand, exactly this limitation of 
ultrasound is paradoxically advantageous for lung assessment. In fact, PLUS basi-
cally relies on the analysis of ultrasound artifacts generated by the mismatch at the 
acoustic interface between air and surrounding tissues. The two prevalent artifacts 
consist in A-lines and B-lines whose dynamic changes are mostly related to the 
air–fluid ratio and lung density.

Pleura is the only detectable structure in a normally aerated lung. It is visualized 
as a hyperechoic horizontal line moving synchronously with respiration. A-lines are 
reverberation artifacts of the pleural line (Fig. 7.1A). The progressive loss of aera-
tion determines the appearance of B-lines, vertical artifacts belonging to the family 
of the comet-tails, whose number increases along with decreasing air content and 
increasing in exudate or transudate in the interstitial or alveolar compartment (i.e. 
pulmonary edema, pneumonia, ARDS etc.) (Fig. 7.1B). Then, this phenomenon is 
followed by the development of pleural line abnormalities and thickening and sub-
pleural consolidations (Fig. 7.1C). Finally, when the air content further decreases, 

a b c

d

Fig. 7.1  A. In a normally aerated lung, the only detectable structure is the pleura, visualized as a 
hyperechoic horizontal line (yellow arrow). A-lines are hyperechoic horizontal lines deep to the 
pleural line, recurring at regular intervals (arrowheads). A-lines are reverberation artefacts of the 
pleural line. B. B-lines. B-lines are vertical hyperechoic lines, belonging to the family of the 
comet-tail artifacts, arising from pleural line, and extending downward to the edge of the screen 
(white arrows). C. Pleural line abnormalities and anterior subpleural consolidations. D. Lung con-
solidations: when the air content decreases—as in consolidations—the acoustic window on the 
lung becomes completely open and the lung may be directly visualized as a solid parenchyma
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such as in lung consolidations (i.e., pneumonia, atelectasis etc.), the complete loss 
of aeration increases lung density lowering the acoustic mismatch between air and 
surrounding tissues, so the sonographic beam is partly reflected at deeper layers 
allowing the lung to be directly visualized with ultrasound as a solid parenchyma 
(Fig. 7.1D). In other words, PLUS acts as a sort of ‘densitometer’ being sensitive to 
the variation of air–fluid ratio and lung density.

In a normal and physiologically aerated lung, PLUS allows to detect the regular 
rhythmic movement, synchronized with respiration, of the two pleural layers one 
over each other. This sonographic sign is called lung sliding. A further subtle rhyth-
mic pleural line movement synchronized with cardiac beats can be detected with 
PLUS. This sign is called lung pulse. Lung sliding is determined by lung inflation 
and deflation during respiration, whilst lung pulse is caused by the transmission of 
the heart beats through the lung. All the above-mentioned signs can be evaluated 
using brightness mode (B-mode) and motion mode (M-mode). The latter can be 
used for objectifying and documenting lung sliding, generating the so-called sea-
shore sign, and also the presence of lung pulse (Fig. 7.2). In the seashore sign the 
“sea” is represented by the chest wall, the “foam” is the pleural line and the “shore” 
is the granular pattern of the normal sliding of the two pleural layers.

The above-mentioned B-lines are often visualized also in the normal ‘dry’ lung, 
even if isolated in some specific areas of the chest. B-lines move synchronously 
with lung sliding and since such an artifact originates from the visceral pleura, its 
simple presence proves that the visceral pleura is opposing to the parietal one 
(Fig. 7.1B). Multiple B-lines are considered the sonographic sign of lung interstitial 
syndrome, and their number increases along with increasing in extravascular 
lung water.

a b

Fig. 7.2  A. For objectifying and documenting lung sliding, M-mode yields a simple pattern, the 
seashore sign: the ‘sea’ is the not moving chest wall, the ‘foam’ is the pleural line and the ‘shore’ 
is the granular pattern of the normal sliding lung. B. Lung pulse: the subtle rhythmic movement of 
the pleura, synchronous with cardiac beats (arrowheads)
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7.3  �How to Perform a Lung Ultrasound Exam

The use of linear probes in neonates and infants and micro-convex probes in older 
children is recommended. Linear probes are high frequency transducers (5–14 MHz), 
generally well suited for the analysis of the pleural line, which is superficial and 
easily visualized. Convex and micro-convex probes are lower frequencies transduc-
ers (2–5 MHz) useful to evaluate deeper artifacts and structures.

The probe can be positioned longitudinally, perpendicular to two or more con-
secutive ribs (Fig. 7.3A). This kind of approach allows visualization of the so-called 
‘bat-sign’, in which the upper and lower ribs are the wings of the bat and, a little 
deeper, the pleural line is the body of the bat (Fig. 7.3B). The probe can be posi-
tioned obliquely, along the intercostal spaces (Fig.  7.4A). This latter kind of 
approach allows visualizing a larger part of the pleural line not interrupted by the rib 
shadows (Fig. 7.4B).

PLUS examination has to be started placing the probe parallel to the long axis of 
the patient’s body in the parasternal area so to visualize the above mentioned bat 
sign (Fig.  7.3). Beginning the procedure through this plane is important since it 
allows inexperienced operators to identify immediately pleural line. In fact, without 
a simultaneous visualization of ribs and pleura, the sonographer may inadvertently 
interpret the hyperechoic costal surface as the pleural line. Once the latter has been 
detected, the probe can be rotated to be aligned with the long axis of the intercostal 

a b

Fig. 7.3  A. The probe is positioned longitudinally, perpendicular to two (or more) consecutive 
ribs. B. The longitudinal approach allows visualization of the so-called “bat-sign”: the upper and 
lower ribs are the wings of the bat and, a little deeper, the pleural line is the body of the bat (yel-
low arrow)
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space. This oblique plane allows the visualization of a larger extension of the pleural 
line (Fig. 7.4).

PLUS exam must include the anterior, anterolateral and posterior-lateral portions 
of the chest wall evaluated in a clinically integrated goal-directed manner based on 
patient’s clinical presentation. In fact, depending on several factors such as the diag-
nostic questions and clinical conditions, it is necessary to scan more intercostal 
spaces by moving the probe laterally and inferiorly.

The conventional B-mode imaging, often associated with M-mode, is adequate. 
Occasionally color Doppler may be helpful.

7.4  �How to Diagnose or Rule-out Pneumothorax

PNX is a pathological condition characterized by the presence of air between the 
two pleural layers, causing a change of the sonographic dynamic image of the lung. 
In fact, the air below the parietal pleura does not allow to visualize the visceral 
pleura. In case of PNX the parietal pleura is the only detectable structure but does 
not move, not with respiration nor with cardiac beats. In PNX, lung sliding and lung 
pulse are absent. Absence of lung sliding and lung pulse may be objectified using 
M-mode which yields that characteristic pattern known as the ‘stratosphere sign’ 
(Fig. 7.5). Furthermore, B-lines cannot be detected in case of PNX since such a 

a b

Fig. 7.4  A. The probe can also be positioned obliquely, along the intercostal space. B. The oblique 
approach allows visualizing a larger part of the pleural line not interrupted by the rib shadows
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artifact originates from the interlobular septa covered by the visceral pleura which 
does not slide onto the parietal one in this specific pathological condition. When 
PNX is present, there are also points where the visceral pleura adheres again to the 
parietal pleura depicting the physical lateral limit of the intrapleural air layer. This 
transition point between PNX and normal lung can be detected with PLUS and it is 
known as ‘lung point’. The lung point is a highly specific sign which represents a 
point on the chest wall where the typical sonographic pattern of PNX (absence of 
lung sliding and B-lines) into the normal pattern of lung sliding (Fig. 7.6A).

In case of PNX, air in the pleural space tends to accumulate in the non-dependent 
areas of the chest. When the patient lies in the supine position, the areas of interest 
correspond to the anterior and inferior part of the chest at the third and fourth inter-
costal spaces between the parasternal and the mid-clavicular lines. The exam must 
start placing the probe in this area as discussed above (Figs. 7.3 and 7.4). Then, 
moving the probe laterally and inferiorly, further intercostal spaces need to be 
examined in order to evaluate the extension of PNX or to confirm the diagnosis 
looking for the lung point (Fig. 7.6B).

The sonographic diagnosis of PNX includes the following sings:

•	 Absence of lung sliding;
•	 Absence of B-lines;
•	 Absence of lung pulse;
•	 Presence of lung point(s).

However, the absence of lung sliding alone does not allow to confirm PNX diag-
nosis, since several other conditions, like massive consolidations, pulmonary contu-
sions, ARDS, and pleural adhesions, may cause a motionless pleural line. These 
conditions are frequent in critically ill patients and in emergency conditions. For 

Fig. 7.5  Typical PNX M-mode pattern: the so-called ‘stratosphere sign’ (see text)
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these reasons, when PLUS is applied in these specific situations, the specificity of 
the absent lung sliding in predicting PNX has been proved to be lower. Recently, 
some authors have also hypothesized that the contraction of the recruited intercostal 
muscles in a dyspneic patient due to PNX may generates artifacts mimicking lung 
sliding even it should be absent. In 2014, Cavaliere and coworkers have published a 
case series of 8 spontaneously breathing patients who had undergone pneumonec-
tomy and presenting a sign mimicking the lung sliding on the same side of the 
pneumonectomy. This sign was not present during controlled mechanical ventila-
tion when patients were sedated and paralyzed but it was recognizable after wean-
ing when they were spontaneously breathing. Therefore, for all these reasons, a safe 
diagnosis or rule-out of PNX by PLUS must necessarily rely also on the other sono-
graphic signs particularly the B-lines and the lung points.

In case of PNX, the visualization of even one isolated B-line in the non-dependent 
areas proves the adherence of the visceral pleura to the parietal pleura. Visualization 
of B-lines allows to rule-out PNX with a true negative rate of 100%. Obviously, the 
only absence of B-lines is not an indicator of PNX. Looking at this sign, there is a 
condition in which the sonographer could be misled: in case of subcutaneous 
emphysema comet-tail artifacts mimicking B-lines can be seen. These artifacts are 
known as ‘E-lines’ (E for emphysema). Compared with B-lines, E-lines originates 
from the subcutaneous tissues and not from the pleural line which cannot be seen 
due to the air above the pleura and outside the thorax. So, E-lines have not to be 

a b

Fig. 7.6  A. Lung Point(s): highly specific sign which represents the transition point between the 
typical sonographic pattern of PNX (absence of lung sliding and of B-lines) (white arrow) into the 
normal pattern of lung sliding (yellow arrow) B. Searching for lung point(s)—moving the probe 
laterally on the chest wall—allows PNX extension evaluation. In fact, lung point(s) depict the 
physical limit of PNX and can be employed to detect the extension of PNX, but not its volume
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confused with B-lines. To avoid misdiagnosis, the sonographer must be sure to visu-
alize the bat sign, the pleural line between two ribs and deeper, then the same depth 
of the pleural line on both sides of the chest should be observed.

PNX is characterized by the absence of both lung sliding and lung pulse due to 
the presence of air between the two pleural layers. Thus, visualization of lung pulse 
allows to rule out PNX. This sign is very useful to differentiate PNX from other 
conditions characterized by the absence of lung sliding. In a study on patients with 
cardiac activity but absent lung sliding due to massive atelectasis and main-stem 
intubation, lung pulse was a common finding which allowed diagnosis with 93% 
sensitivity.

As already written above, the lung point is 100% specific for PNX diagnosis. 
Unfortunately, the sensitivity of this sign is low because in the case of massive PNX 
with complete lung collapse where no lung points can be visualized. On the con-
trary, in the stable patient and especially in the case of small radio-occult PNX (i.e. 
after central vein puncture attempts), sensitivity of the lung point is higher and when 
the lung point is detected PNX can be diagnosed. In case PNX confirmation, the 
lung point is useful to assess PNX extension.

However, in emergency conditions, absence of any movement of the pleural line, 
either lung sliding or lung pulse, coupled with absence of B-lines allows prompt 
diagnosis of PNX without the need for searching the lung point.

PLUS has been proved to be more accurate than CXR in ruling out PNX espe-
cially for those small radio-occult PNXs.

The international Liaison Committee on Lung Ultrasound for the International 
Consensus Conference on Lung Ultrasound (ICC-LUS)—in the international 
evidence-based recommendations for point-of-care lung ultrasound published in 
2012 on Intensive Care Medicine—proposes the use of a flow chart suggesting the 
correct sequence and how to combine the four sonographic signs to rule out or 
rule in PNX.

7.5  �How to Diagnose or Rule-out Hemothorax

Hemothorax is a pathological condition characterized by the presence of blood 
between the two pleural layers. The presence of fluid between the two pleural layers 
can be easily detected using PLUS as a fluid mass (Fig. 7.7).

In the evaluation of hemothorax, the micro-convex transducer is preferable. If 
not available, a phased array transducer can be used. In neonates, small infants, and 
preterm newborns also the same linear probe with which the puncture has been 
performed can be used.

The optimal site to detect a pleural effusion in a supine patient is at the posterior 
axillary line just above the diaphragm.

PLUS is more accurate in distinguishing pleural effusion from atelectasis than 
CXR presenting 100% sensitivity and 90% specificity.
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In case of hemothorax or other kind of pleural effusions both the following signs 
are present:

•	 a fluid mass between the parietal and visceral pleura;
•	 respiratory movements of the lung within the effusion, the so called ‘sinu-

soid sign’.

The sinusoid sign is a dynamic sign showing the variation of the distance between 
the two pleural layers during the respiratory cycle. This sign may be easily objecti-
fied using M-mode as a sinusoid movement of the visceral pleura (Fig. 7.6B).

PLUS has the potential also for diagnosing the nature of the effusion. Effusion 
may be a free fluid mass, in this case, using PLUS, it appears as an anechoic mass 
between the visceral and parietal pleura. Visualization of internal echoes, either of 
mobile particles in corpuscular effusions or septa in  loculated effusion, is highly 
suggestive of exudate or hemothorax (Fig. 7.8). However, while most transudates 

a

b

Fig. 7.7  A. To detect pleural effusion the transducer is placed longitudinally on the lateral and 
posterior regions of the chest wall, just above the diaphragm; B. Curtain Sign allowing to rule-out 
pleural effusion

a b c

Fig. 7.8  A. Fluid mass between the two pleural layers (pleural effusion) and B. the M- mode 
documenting the Sinusoid Sign (respiratory movements of the lung within the effusion); C. locu-
lated and corpuscular fluid mass with internal echoes between the two pleural layers (yellow arrow)
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are anechoic, some exudates are also anechoic. In the latter case, thoracentesis may 
be needed for further characterization.

Finally, in case of hemothorax PLUS plays a major role in guiding chest drainage 
procedure if needed.

7.6  �Evidence Supporting the Role of Pleural and Lung 
Ultrasound as a Part of the ‘Global Use’ of Ultrasound 
Applied to the Procedure of Central Venous Access 
and its Clinical Usefulness

Even if performed by ultrasound guidance, neonatal and pediatric central venous 
cannulation remains a delicate and potentially dangerous procedure especially when 
puncturing the subclavian vein in the supraclavicular area or the transition tract 
between the subclavian vein and the brachiocephalic vein and when accessing the 
axillary vein at the thorax. The risk of pleuro-pulmonary mechanical complications 
is high especially in neonates or in low weight premature newborns. Therefore, 
today it is strongly recommended to have the ultrasound equipment available soon 
after the procedure for early ultrasound detection of respiratory life-threatening 
complications especially in case of difficult puncture of the subclavian or axillary 
vein, and particularly if the patient suffers from shortness of breath or complains of 
discomfort or pain worsening after catheter placement.

Several observational prospective studies and some meta-analyses have been 
published on the accuracy of ultrasound to detect respiratory complications after 
central veins puncture both in adults and pediatric patients. In these studies, sensi-
tivity, and specificity of PLUS for identification of post-procedural PNX were 
nearly 100%. There were 13 PNXs in 13 observational prospective studies, all were 
identified by PLUS, whereas only 10 were identified by the CXR. Obviously, this 
already well-known superiority of PLUS when compared with CXR for PNX detec-
tion is consistent with the above-mentioned literature and has been confirmed also 
when performed soon after the procedure of central veins puncture to rule-out a 
post-procedural so-called radio-occult PNX. In fact, in most cases, the damage of 
pleura during the procedure of central veins puncture substantially results in a small 
radio-occult PNX which is usually missed by the conventional CXR by definition. 
PLUS has been shown to be more sensitive than supine CXR and similar to CT scan 
in the detection of post-procedural iatrogenic PNX. Even if a radio-occult small 
PNX in a stable patient is not usually drained, follow-up, observation and sono-
graphic monitoring is mandatory as in some patients it may quickly progress to 
cause hemodynamic instability. As mentioned above, the location of the lung 
point(s) in the supine patient allows to predict the PNX extension which can be 
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monitored over time looking at the changes of lung point(s) location on the chest 
wall. For detection and monitoring of effusions and hemothorax, PLUS is proved to 
be more accurate than supine CXR and is as accurate as CT scan both in adults and 
pediatrics. Particularly when anterior–posterior view in the supine patient is consid-
ered, CXR has low sensitivity. Moreover, often pleural effusion might be errone-
ously interpreted as atelectasis on CXR and vice versa.

Bedside PLUS, performed by adequately trained physicians, allows faster diag-
nosis of pleuro-pulmonary complications compared with CXR. In fact, in published 
studies, the average mean time required for bedside sonographic diagnosis of PNX 
after central venipuncture was about 5 minutes as compared to an average mean 
time to CXR completion of more than 1 hour and an average mean time to CXR 
interpretation of more than 2 hours.

PLUS is a non-ionizing, highly accurate and rapid diagnostic technique whose 
spread and systematic use among clinicians should be encouraged since it has been 
proved to significantly reduce the exposure of neonates and children to several 
unnecessary ionizing radiation with obvious benefits.

However, to gain its maximum effectiveness, PLUS should be clinically inte-
grated and performed by adequately trained healthcare providers. Although already 
existing training programs are heterogeneous in setup, learning and assessment 
methods, it has been proved that even a brief training and a few supervised exams 
may allow safe and reproducible recognition of the signs for PNX diagnosis on 
video clips. Krishnan and coworkers showed that high accuracy in excluding PNX 
was achieved after a simple training with a 5-minute online training video, and that 
this knowledge was retained for at least 6 months. See et al. have found that 10 
supervised PLUS exams are sufficient to attain a high level of accuracy, greater than 
95%, among ultrasound-naïve respiratory therapists. Published evidence prove that 
PLUS is relatively easy to teach and easy to learn. All standardized training pro-
grams focused on central vascular access devices placement should include formal 
and practical education on pleural and lung ultrasound aimed at training operators 
to recognize the pleural line to avoid its damage during the procedure and to rule-
out potential pleuro-pulmonary complications after a difficult puncture, especially 
when accessing subclavian or axillary veins.

PLUS guidance is also useful to assist chest tube placement in case of confirmed 
pneumothorax or hemothorax to be drained. There are no studies in neonates and 
small infants about these procedures, but it is probable that PLUS may provide simi-
lar advantages. Furthermore, some authors have successfully performed a PLUS-
guided drainage of a tension pneumomediastinum.

Published studies confirm that PLUS is an excellent and powerful tool for detec-
tion of PNX, also in neonates, and hemothorax. When performed by appropriately 
trained healthcare providers in a clinically integrated manner its cost-effectiveness 
attains its maximum.
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7.7  �Take Home Messages and Practical Considerations

•	 The pleura and the lung must be visualized before every puncture of a central 
vein during pre-procedural evaluation of all possible venous options. In fact, 
proximity and contiguity with the pleural line should be considered when choos-
ing the safest vein to be punctured and proper approach.

•	 The pleura must be visualized during the procedure when performing an approach 
to central venipuncture at risk for potential pleural damage.

•	 Soon after the procedure, PLUS must be performed in order to rule-out or diag-
nose potential pleuro-pulmonary complications, mainly PNX and hemothorax, 
in any difficult puncture of the subclavian or axillary vein, and particularly if the 
patient complains of shortness of breath, discomfort or pain worsening after 
catheter placement.

•	 The micro-convex probe or the same linear probe with which central venipunc-
ture has been performed can be used for pleural line evaluation. The linear probe 
is effective in neonates, preterm newborns, and small infants also for diagnosis 
of hemothorax. In older children, the linear probe allows exclusion or diagnosis 
of PNX, whilst in order to confirm hemothorax, the micro-convex probe is 
preferred.

•	 In the supine patient, the probe must be positioned in the parasternal area to 
exclude or confirm PNX. The probe must be placed perpendicular to two or more 
consecutive ribs and it can be moved laterally and inferiorly to evaluate PNX 
extension.

•	 The probe must be placed in the dependent areas of the lung, between posterior 
and middle axillary lines and just above the diaphragm, in order to exclude or 
diagnose pleural effusions like hemothorax after central venipuncture.

•	 If PNX is confirmed, its progression can be monitored over time using PLUS.
•	 If PNX or hemothorax needs to be drained, PLUS can be used to guide the pro-

cedure of chest drainage placement.
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Chapter 8
Technique and Devices for Securement 
of the Catheter and Protection of the Exit 
Site

Mauro Pittiruti

After completing the maneuver of insertion, the securement of the catheter and 
protection of the exit site are of paramount importance for the optimal performance 
of the venous access device (VAD) and for the minimization of complications such 
as infection, catheter dislodgment and venous thrombosis.

The exit site of the catheter is a relevant route of bacterial contamination (so 
called ‘extra-luminal’ route), and the prevention of infection is based on the proper 
choice of the exit site and its appropriate protection. Both for peripheral and central 
VADs, an exit site placed in a skin area of relevant bacterial contamination will 
increase the risk of infection. Skin contamination by bacteria and fungi is particu-
larly high in skin areas that are humid, hairy, or close to natural or artificial connec-
tions with the digestive tract (mouth, anus, gastrostomy, enterostomy, etc.) or with 
the respiratory tract (nose, mouth, tracheostomy, etc.) or with any other skin breech 
(surgical drains, thoracostomy, nephrostomy, etc.). Examples of central VADs at 
high risk for infection are CICCs with the exit site at the neck or close to a trache-
ostomy, or FICCs inserted in the common femoral vein and coming out of the ingui-
nal groove, or PICCs with the exit site to close to the axilla. Also, regardless of its 
location, the exit site should be appropriately protected by using one or more of the 
following strategies: tunneling, glue, proper securement devices, and semiperme-
able transparent membranes.

For both peripheral and central VADs, the choice of the exit site is very important 
also for the prevention of dislodgment. An exit site placed in a very unstable area 
such as the neck or the groin will be associated with a high risk of catheter dislodg-
ment. Though, the choice of a skin area with minimal movements and maximal 
stability (for example: the infraclavicular region, mid-arm, mid-thigh, etc.) will not 
be enough for preventing dislodgment. Additional strategies should be added, such 
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as proper securement device (skin-adhesive sutureless device or subcutaneous 
anchorage), cyanoacrylate glue, and semipermeable transparent membranes.

Finally, proper securement of the catheter has also a major role in preventing 
venous thrombosis. Catheter-related thrombosis is a phenomenon caused by the 
catheter insertion itself (damage of the vein wall integrity), by the permanence of 
the catheter inside the vein (obstacle to the blood flow), and by the possible endo-
thelial irritation due to the infused solutions. Though, another major cause of 
catheter-related thrombosis is the friction of the catheter on the vein wall caused by 
the instability of the device. This occurs frequently both as ‘mechanical thrombo-
phlebitis’ for peripheral short cannulas and as major venous thrombosis for central 
VADs, particularly for catheters with the exit site in the groin area or at the neck. 
Many clinical studies have shown that an optimal securement of the catheter is asso-
ciated with a reduction of the risk of venous thrombosis.

In this chapter we will discuss different techniques and devices that may directly 
or indirectly enhance catheter securement and/or protection of the exit site, with a 
resulting favorable impact on the risk of infection, dislodgment, and thrombosis.

8.1  �Protocols for Choosing the Exit Site

Different protocols have been described for the proper choice of the exit site of a 
VAD. These protocols take into considerations the different aspects discussed above: 
the contamination of the skin, its humidity, the stability of the region, and so on.

The first protocol of this kind was described by Dawson in 2013, as a guide for 
the proper choice of the exit site of a PICC (i.e., an ultrasound guided central VAD 
inserted in the deep veins of the arm): the so-called ‘ZIM’ (Zone Insertion Method). 
The ZIM has become rapidly popular for all PICC insertions, both in children and 
in adults. The basic concept of Dawson’s ZIM is that the ideal area for the exit site 
at the arm is the middle third of the arm (‘green’ zone): catheters coming out of the 
skin in the distal third (‘red’ zone), close to the antecubital fossa, will be too unsta-
ble, while an exit site in the proximal third (‘yellow’ zone), close to the axilla, will 
be easily contaminated by the local bacterial flora. In short, when the only reason-
able puncture site is located in the yellow zone (for instance, because of the caliber 
of the veins), any effort should be done for obtaining an exit site in the green zone, 
tunneling the catheter. Interestingly, the ZIM method is useful in clinical practice 
both for defining when tunneling is needed (i.e., when the ideal puncture site is in 
the yellow zone and not in the green zone) and for estimating how long the tunnel 
must be (i.e., long enough to obtain the exit site in the green area).

In recent papers, similar Zone Insertion Methods have been described also for 
CICCs and FICCS.

The so-called Central ZIM divides the neck/chest area in three zones: the red 
zone corresponds to the neck, the yellow zone to the supraclavicular region, and the 
green zone to the infraclavicular region. The red zone is an area of high skin con-
tamination (due to the bacteria coming from the mouth and the nose) and high 
instability; non-tunneled CICC inserted in this area are prone to infection, 
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dislodgment, and venous thrombosis. The yellow zone is the area where central 
venipuncture is often performed: ultrasound-guided access to the internal jugular 
vein (IJV), brachio-cephalic vein (BCV), subclavian vein (SBV) and external jugu-
lar vein (EJV) is commonly performed with the puncture site in this area. The yel-
low zone may be also acceptable as exit site in many patients, for example in older 
children without tracheostomy. On the other hand, in neonates and in infants (and in 
any patient with tracheostomy), an exit site in the yellow zone is not appropriate, 
and the catheter should be tunneled so to obtain an exit site in the green zone. 
Finally, the green zone is an ideal area both as puncture site and as exit site.

The so-called Femoral ZIM divides the groin/thigh area in three zones. The red 
zone corresponds to the area close to the knee, quite unstable and not recommended 
as exit site (this is also an area where venipuncture is quite difficult, as the superfi-
cial femoral vein is too deep). The yellow zone is the groin area and the upper third 
of the thigh; while venipuncture is almost always quite easy in this area, since the 
common femoral vein is quite large and easy to access (with the possible exceptions 
of very small premature neonates and very obese children), the exit site is not ideal 
since it is an unstable and highly contaminated area (inguinal groove, close to the 
urinary tract and to the perineum). FICCs with exit site at the groin are acceptable 
for limited period; if a FICC is planned to stay in place for more than 48 h and the 
only option is the venipuncture in the yellow zone, the catheter should be tunneled 
to the green zone (mid-thigh). Direct access to the superficial femoral vein at mid-
thigh would represent probably the ideal solution, as the exit site is in a clean and 
stable area, with no tunneling required, but this venous access is feasible only in 
older children, as in neonates and infants the superficial femoral vein is too small.

Very recently, the ‘ZIM’ has been proposed also for the insertion of peripheral VADs 
in the upper limb. Different versions have been proposed, usually considering ‘green’ 
zones that corresponds to an ideal exit site (the forearm; the area above the antecubital 
fossa), ‘yellow’ zones where the exit site is not ideal but acceptable for cannulas inserted 
in emergency and expected to stay in place for less than 24 h (the dorsal side of the hand 
and of the wrist; the antecubital fossa), and ‘red’ zones where the insertion of a short 
peripheral cannula is consistently discouraged (the ventral side of the wrist).

8.2  �Tunneling

Tunneling is a powerful technical tool for obtaining the ‘ideal’ exit site indepen-
dently from the choice of the puncture site. The most typical example is the inser-
tion of ultrasound guided CICCs in neonates, where the brachio-cephalic vein 
(BCV) represents the safest and easiest access to the central veins; though, the punc-
ture site of ultrasound-guided access to the BCV is located in the supraclavicular 
area, which is a rather unstable area for the exit site; therefore, in this situation it is 
mandatory to tunnel the catheter so to move the exit site far from the puncture site, 
to a stable and clean skin area (typically, to the infraclavicular region) (Fig. 8.1).

Catheter tunneling is a simple and safe maneuver that can be applied to any cen-
tral VAD (CICC, PICC or FICC), as long as the catheter is inserted using the 
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modified Seldinger technique (needle venipuncture—guidewire through needle—
introducer over guidewire—catheter through introducer). Though theoretically pos-
sible, the tunneling maneuver has never been described for ECC.

A recently published protocol, so-called RAVESTO (Rapid Assessment of 
Venous Exit Site and Tunneling Options) lists and describes all the possible options 
for tunneling PICCs, CICCs, and FICCs.

PICC tunneling (Figs. 8.2 and 8.3) is indicated whenever the best puncture site 
appears to be in the yellow zone. Tunneling has dramatically increased the 

Fig. 8.1  Tunneled CICC 
in neonate (puncture of the 
brachio-cephalic vein and 
tunneling to the infra-
clavicular area)

Fig. 8.2  Tunneled PICCs 
in children: puncture site in 
Dawson’s yellow zone and 
exit site in the green zone
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feasibility of PICC insertion in children, considering that the availability of a vein 
of proper caliber is the main limitation to PICCs in this age group. Current PICCs 
(i.e., peripherally inserted central catheters inserted in the deep veins of the arm 
adopting ultrasound guidance and modified Seldinger technique) should be in poly-
urethane and power injectable; as such, they are available of no less than 3Fr of cali-
ber (i.e., 1 mm). Considering that the inner diameter of the vein should be at least 
three times the external diameter of the catheter, the smallest acceptable vein for 
PICC insertion must have a diameter of 3 mm. Veins of this caliber are rare in the 
green zone of the arm of small children, but they may be present in the yellow zone; 
in these cases, the vein is punctured in the yellow zone but the catheter is subse-
quently tunneled so to obtain an exit site in the green zone. The technique of PICC 
tunnelling is described in Figs. 8.4, 8.5, and 8.6.

Several options of CICC tunneling are described in the RAVESTO protocol: (a) 
CICC with puncture site in the supraclavicular area but tunneled downward, so to 
obtain an exit site in the infraclavicular area (typically in neonates and infants after 
access to the BCV, but also in critically ill children with tracheostomy) (Figs. 8.7, 
8.8, and 8.9); (b) CICC with puncture site in the infraclavicular area but tunneled 
downward so to obtain an exit site in the lower chest area (this may be used in chil-
dren, after access to the axillary vein, if a cuffed catheter is indicated: see below) 
(Fig. 8.10); (c) CICC with puncture site in the supra/infraclavicular area but tun-
neled to the arm (so-called ‘chest-to-arm’ tunneling) so to have an exit site similar 
to a PICC (this strategy is adopted when an exit site at the arm is preferred but the 
insertion of a PICC is unfeasible); (d) CICC with puncture site in the supra/infracla-
vicular area but tunneled to the back, so to obtain an exit site in the scapular region 

Fig. 8.3
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Fig. 8.4  Technique of insertion of a tunneled PICC. (a) venipuncture; (b) insertion of the guide-
wire; (c), preparation of the tunnel using a 14G short cannula; (d) removal of the needle from the 
cannula and insertion of the catheter

a b

c d

(this ‘back tunneling’ has been used in non-collaborative children at high risk for 
pulling out the catheter, since the catheter exit site is out of reach, but also in criti-
cally neonates and children who must stay pronated most of the day) (Fig. 8.11). 
The technique of CICC tunnelling is described in Figs. 8.12, 8.13, and 8.14.

The typical indication for tunneling a FICC is when the puncture site is at the 
groin (access to the common femoral vein) and the planned exit site is at mid-thigh. 
In short, an exit site at mid-thigh can be achieved either by direct puncture of the 
superficial femoral vein at mid-thigh or by puncture of the common femoral vein at 
the groin, with subsequent tunneling to the mid-thigh area. In both cases, the cath-
eter will be relatively protected by the risk of complications (infection, dislodgment, 
thrombosis). The technique of FICC tunnelling is described in Figs. 8.15 and 8.16.
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Different techniques of tunnelling are available. In most cases, it is recommended 
to use metallic tunnelers. The tip of the catheter is connected to one end of the tun-
neler and the tunnel is made passing the device into the subcutaneous tissue.

A short tunneling can be achieved using a short peripheral cannula (Fig. 8.17). 
The needle-cannula is passed in the subcutaneous tissue from the puncture site to 
the planned exit site; the needle is removed, and the catheter is passed inside the 
cannula. A 4-5Fr catheter can be threaded through a 14G cannula, while a 3Fr cath-
eter can adapt to a 16G cannula. The main disadvantages of this technique are (a) 
that the needle is sharp (and not blunt as most metallic tunnelers) so that it may 
cause subcutaneous bleeding, and (b) that the tunnel cannot be longer than 3–4 cm.

‘Pseudo-tunneling’ refers to the technique of extended subcutaneous route, i.e., 
a long trajectory of the needle in the subcutaneous tissue from the skin to the vein; 
this is not a real tunnel, since the puncture site and the exit site coincide.

Fig. 8.5  Technique of insertion of a tunneled PICC. (a) passage of the catheter through the can-
nula; (b) length estimation based on surface landmarks; (c) insertion of the micro-introducer over 
the guidewire and insertion of the guidewire; (d) completed insertion of the catheter

a b

c d
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a

c d

b

Fig. 8.6  Technique of insertion of a tunneled PICC. (a), tip location by intra-cavitary ECG; (b) 
closure of the puncture site by cyanoacrylate glue; (c) sealing of the exit site by cyanoacrylate glue; 
(d) final dressing

Fig. 8.7  Tunnelled CICCs 
in neonates and infants: 
tunneling to the infra-
clavicular area
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Fig. 8.10  Tunnelled 
CICC: tunneling to the 
lateral chest

Fig. 8.8

Fig. 8.9
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Fig. 8.11  CICC tunneled 
to the back

Fig. 8.12  Technique of insertion of a tunneled CICC. (a) puncture of the BCV and insertion of the 
guidewire; (b) small incision of the exit site; (c) preparation of the tunnel by hydro-dissection; (d) 
passage of the metallic tunneler

a b

c d
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Fig. 8.14  Technique of insertion of a tunneled CICC. (a) peel away of the micro-introducer during 
the insertion of the catheter; (b) complete insertion of the catheter; (c) after tip location, secure-
ment with subcutaneous anchorage; (d) glue over the puncture site and over the exit site

a b

c d

Fig. 8.13  Technique of insertion of a tunneled CICC. (a) passage of the catheter through the tun-
nel; (b) insertion of the micro-introducer-dilator over the guidewire; (c) removal of the dilator and 
of the guidewire; (d) insertion of the catheter through the micro-introducer

a b

c d
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Fig. 8.15  Technique of insertion of a tunneled FICC. (a) venipuncture and insertion of guidewire; 
(b) local anesthesia on the planned exit site; (c and d) preparation of tunnel by hydro-dissection

a b

c d

Fig. 8.16  Technique of insertion of a tunneled FICC.  (a) passage of the catheter through the tun-
nel; (b) insertion of the micro-introducer-dilator; (c) insertion of the catheter through the intro-
ducer; (d) securement by subcutaneous anchorage and protection by cyanoacrylate glue

a b

c d
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8.3  �Catheter securement

Since a decade, sutures have been recognized as an inappropriate and dangerous 
method for securing external catheters. The stitches that secure the wing to the skin 
are inevitably associated with multiple chronic infective granulomas, with over-
growth of germs in the proximity of the exit site, increasing the risk of bacterial 
contamination by the extra-luminal route. All current guidelines recommend avoid-
ing stitches as method of securement and adopt sutureless methods such as (a) skin-
adhesive sutureless devices that keep the wing attached to the skin; (b) semipermeable 
transparent dressing with integrated securement; (c) subcutaneous anchorage sys-
tems (SAS).

Skin-adhesive sutureless systems (Figs. 8.18 and 8.19) and transparent dressing 
with integrated securement have the advantage of being relatively inexpensive and 
easy to apply, but the disadvantage of requiring a weekly replacement. Also, during 
the replacement maneuver, there is some risk of accidental catheter dislodgment.

Subcutaneously anchorage (SAS) (Figs.  8.20 and 8.21) is probably the most 
effective strategy currently available for catheter securement. SAS must be applied 
at the time of insertion and stays in place as long as the catheter is in place, as no 

Fig. 8.17   16G short 
needle cannula, used for 
tunnelling
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routine replacement is required. Though SAS are more expensive than the other 
securement devices, they are surely cost-effective (a) when the VAD is expected to 
stay in place for more than 5 weeks, and (b) when the risk of accidental dislodgment 
is estimated to be high. Recent clinical studies have demonstrated the high effective-
ness of SAS in preventing dislodgment in neonates and children, as well as their 
safety. The main limitation of SAS is that they are not available for catheter smaller 
than 3Fr or bigger than 12Fr: this implies that they cannot be used for ECC in neo-
nates or for peripheral VADs, except for midline catheters. In all other central VADs 

Fig. 8.18  Tunneled CICC 
secured by skin adhesive 
sutureless device 
(StatLock)

Fig. 8.19  Tunneled CICC 
secured by skin adhesive 
sutureless device 
(GripLok)
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(PICCs, CICCs, FICCs) in infants and children, the adoption of SAS is certainly 
beneficial and cost-effective and should be recommended. Figure 8.22 shows the 
technique of SAS placement. Though not specifically recommended by the 
manufacturers, many centers place a sterile gauze under the SAS, so to avoid pres-
sure damage to the skin (Fig. 8.23).

Fig. 8.20  Tunneled CICC 
secured by subcutaneous 
anchorage (Securacath)
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8.4  �Cuffed catheters

The only other strategy that allows a definitive securement of an external central 
VAD as effective as the SAS is the use of tunneled-cuffed catheters. As opposed to 
uncuffed catheters, which can be either tunneled or non-tunneled (depending on the 

Fig. 8.21  Subcutaneously 
anchored securement 
device (Securacath)

a b

c d

Fig. 8.22  Placement of subcutaneous anchorage. (a) insertion of the lower part of the device; (b) 
placement of the catheter over the groove; (c), closure of the device placing the upper part over the 
lower part, so to block the catheter; (d) a gauze is placed under the device
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Fig. 8.23  Tunneled PICC 
secured by subcutaneous 
anchorage: a gauze is 
visible just under the 
Securacath

clinical situation), cuffed catheters are supposed to be always tunneled: the cuffed 
tract of the catheter is placed inside the tunnel, so that the cuff can progressively 
anchor the catheter to the subcutaneous tissue, by the slowly development of a ster-
ile chronic inflammatory reaction. Recent studies have discussed the benefits of 
cuffed-tunneled catheters compared to uncuffed tunneled catheters secured with 
SAS.  In both cases, tunneling has a proven role in reducing the risk of bacterial 
contamination by the extraluminal route, but - as regards securement - SAS may 
have some advantage over cuffs: (a) it is immediately effective as securement (while 
the cuff requires a few weeks before the chronic inflammation secures the catheter); 
(b) the cost of a cuffed catheter is superior to the cost of an uncuffed catheter + SAS; 
(c) the incidence of cuff-related complications (infection, dislodgment, etc.) seems 
to be higher than the incidence of SAS-related complications; (d) cuff-related com-
plications always imply the removal of the VAD, while SAS-related complications 
do not; (e) removal of a cuffed catheter often requires sedation or local anesthesia, 
while removal of a catheter secured with SAS is rapid and painless. It is quite likely 
than in the next future cuffed-tunneled catheters will be replaced by uncuffed tun-
neled catheters secured with SAS.

8.5  �Cyanoacrylate glue

Cyanoacrylate glue is one of the most effective and versatile technologies intro-
duced in the world of venous access in the last decade. Glue for venous access is 
used in minimal amounts (0.15–0.35 ml) (Fig. 8.24) and should preferably be either 
butyl-cyanoacrylate or octyl-butyl-cyanoacrylate, since octyl-cyanoacrylate dries 
too slowly.

When inserting VADs, glue is potentially useful for many different goals: (a) it is 
highly effective in stopping any bleeding or oozing from the exit site soon after 
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insertion (and such action is also quite cost-effective, as it avoids the risk for an 
unscheduled dressing change, as it may occur when bleeding is excessive); (b) clos-
ing the breach of the exit site, glue effectively reduces the extraluminal contamina-
tion by bacteria; (c) it contributes to proper securement of the catheter, preventing 
dislodgment; (d) last, it is precious for closing skin incisions without the need of 
stitches.

Glue has been shown to be effective and safe as additional securement of short 
peripheral cannulas and ECC, used together with semipermeable transparent dress-
ing. It has been shown to be safe, effective, and cost-effective in any CICC, PICC or 
FICC, where it significantly reduces the risk of local bleeding and infection by seal-
ing the exit site (Fig. 8.25). Also, it is the first option for skin closure (Fig. 8.26) 
after placement of ports or tunneled catheters.

Fig. 8.24  Vial of 0.5 ml 
cyanoacrylate glue

Fig. 8.25  Cyanoacrylate 
glue for sealing the 
exit site
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Clinical studies have shown glue to be safe even on the skin of premature new-
borns. In vitro studies have demonstrated that the long-term use of glue does not 
alter the chemical and physical properties of polyurethane catheters.

Obviously, even if glue represents an important strategy for the protection of the 
exit site, it must be always used in association with semipermeable transparent 
membranes.

8.6  �Semipermeable Transparent Membranes

Sterile semipermeable transparent dressings in polyurethane are the best protection 
of the exit site and of the area surrounding the emergency of the catheter from the 
skin, also contributing to catheter securement (Fig. 8.27). Gauze dressings should 

Fig. 8.27  Semipermeable 
transparent membrane over 
the exit site

Fig. 8.26  Cyanoacrylate 
glue for closing the 
puncture site
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not be used routinely for covering the exit site of venous access devices, as they 
offer no protection at all from bacterial contamination, and they do not contribute to 
catheter securement. In short, current guidelines recommend that all exit sites of 
peripheral and central VADs should be protected by transparent membranes: they 
must be applied properly and replaced weekly.

Commercially available transparent dressings may have different clinical perfor-
mance, since they have different degrees of transparency, of skin adhesiveness, of 
permeability, etc.; some transparent dressings are bordered (a feature that decreases 
the risk of unscheduled dressing change), while some have integrated securement 
devices. One important feature is permeability, which becomes critical in premature 
newborns, characterized by a very high trans-epidermal water loss (TEWL). In all 
neonates, infants, and children, we recommend using transparent membranes with 
high MVTR (Moisture Vapor Transfer Rate). A transparent membrane with poor 
permeability (MVTR <1500)—if used in a child with high perspiration—will be 
associated with accumulation of humidity below the dressing and possible macera-
tion of the skin. For the same reason, the adoption of transparent dressings with 
chlorhexidine-releasing gel pad should be always avoided in pediatric patients, 
since the transpiration of the skin area covered by the gel pad will be completely 
abolished; furthermore, the chlorhexidine released by the gel, acting on the macer-
ated skin, may increase the local damage to the epidermidis.

8.7  �Conclusions

In short, proper catheter securement and proper protection of the exit site require a 
multimodal strategy that should include: (a) wise choice of the exit site and the 
adoption—when needed—of tunneling techniques; (b) sutureless securement 
devices (preferably: subcutaneous anchorage for central VADs with caliber 3Fr or 
bigger); (c) cyanoacrylate glue (to be used for all VADs); (d) semipermeable trans-
parent dressings (to be used for all VADs).

Catheter securement and protection of the exit site is still an unsolved issue for 
UVC (see chapter below), though in the future cyanoacrylate glue may play a role 
in this regard.

The association of cyanoacrylate glue and semipermeable transparent dressing is 
currently the best securement/protection strategy for ECC and short peripheral 
cannulas.

Long peripheral cannulas, midline catheters and all external central VADs should 
be secured and protected by a triple strategy: cyanoacrylate glue, sutureless device, 
and transparent dressing. In most central VADs, the most effective and cost-effective 
sutureless device is the SAS (subcutaneous anchored securement).

M. Pittiruti



135

Bibliography

	 1.	Barone G, Pittiruti M, Ancora G, Vento G, Tota F, D'Andrea V.  Centrally inserted cen-
tral catheters in preterm neonates with weight below 1500 g by ultrasound-guided 
access to the brachio-cephalic vein. J Vasc Access. 2021 May;22(3):344–52. https://doi.
org/10.1177/1129729820940174.

	 2.	Biasucci DG, Pittiruti M, Taddei A, Picconi E, Pizza A, Celentano D, Piastra M, Scoppettuolo 
G, Conti G. Targeting zero catheter-related bloodstream infections in pediatric intensive care 
unit: a retrospective matched case-control study. J Vasc Access. 2018 Mar;19(2):119–24. 
https://doi.org/10.5301/jva.5000797.

	 3.	Cellini M, Bergadano A, Crocoli A, Badino C, Carraro F, Sidro L, Botta D, Pancaldi A, 
Rossetti F, Pitta F, Cesaro S. Guidelines of the Italian Association of Pediatric Hematology 
and Oncology for the management of the central venous access devices in pediatric patients 
with onco-hematological disease. J Vasc Access. 2020;10:1129729820969309. https://doi.
org/10.1177/1129729820969309.

	 4.	Crocoli A, Martucci C, Sidro L, Delle Donne D, Menna G, Pittiruti M, De Pasquale MD, 
Strocchio L, Natali GL, Inserra A. Safety and effectiveness of subcutaneously anchored secure-
ment for tunneled central catheters in oncological pediatric patients: A retrospective study. J 
Vasc Access. 2021;4:11297298211009364. https://doi.org/10.1177/11297298211009364.

	 5.	D'Andrea V, Barone G, Pezza L, Prontera G, Vento G, Pittiruti M.  Securement of central 
venous catheters by subcutaneously anchored suturless devices in neonates. J Matern Fetal 
Neonatal Med. 2021;9:1–4. https://doi.org/10.1080/14767058.2021.1922377.

	 6.	D'Andrea V, Pezza L, Barone G, Prontera G, Pittiruti M, Vento G.  Use of cyanoacrylate 
glue for the sutureless securement of epicutaneo-caval catheters in neonates. J Vasc Access. 
2021;8:11297298211008103. https://doi.org/10.1177/11297298211008103.

	 7.	Dawson R. PICC Zone Insertion Method™ (ZIM™): A Systematic Approach to Determine 
the Ideal Insertion Site for PICCs in the Upper Arm. Journal of the Association for Vascular 
Access. 2011;16(3):156–65.

	 8.	Giustivi D, Gidaro A, Baroni M, Paglia S. Tunneling technique of PICCs and Midline cath-
eters. J Vasc Access. 2021;16:11297298211002579.

	 9.	Gorski L, Hadaway L, Hagle M, et al. Infusion therapy standards of practice. J Infus Nurs. 
2021;44(1S Suppl 1):S1–S224.

	10.	Ostroff MD, Pittiruti M, Ostroff MD, Pittiruti M.  Alternative exit sites for central venous 
access: Back tunneling to the scapular region and distal tunneling to the patellar region. J Vasc 
Access. 2020 Jul;9:1129729820940178.

	11.	Pinelli F, Pittiruti M, Van Boxtel T, Barone G, Biffi R, Capozzoli G, Crocoli A, Elli S, Elisei 
D, Fabiani A, Garrino C, Graziano U, Montagnani L, Prato AP, Scoppettuolo G, Zadra 
N, Zanaboni C, Zerla P, Konstantinou E, Jones M, Rosay H, Simcock L, Stas M, Pepe 
G. GAVeCeLT-WoCoVA Consensus on subcutaneously anchored securement devices for the 
securement of venous catheters: Current evidence and recommendations for future research. 
J Vasc Access. 2020;2:1129729820924568. https://doi.org/10.1177/1129729820924568.

	12.	Pittiruti M, Scoppettuolo G, Dolcetti L, Celentano D, Emoli A, Marche B, Musarò A. Clinical 
experience of a subcutaneously anchored sutureless system for securing central venous cath-
eters. Br J Nurs. 2019;28(2):S4–S14. https://doi.org/10.12968/bjon.2019.28.2.S4.

8  Technique and Devices for Securement of the Catheter and Protection of the Exit Site

https://doi.org/10.1177/1129729820940174
https://doi.org/10.1177/1129729820940174
https://doi.org/10.5301/jva.5000797
https://doi.org/10.1177/1129729820969309
https://doi.org/10.1177/1129729820969309
https://doi.org/10.1177/11297298211009364
https://doi.org/10.1080/14767058.2021.1922377
https://doi.org/10.1177/11297298211008103
https://doi.org/10.1177/1129729820924568
https://doi.org/10.12968/bjon.2019.28.2.S4


Part II
Venous Access in Neonates



139© Springer Nature Switzerland AG 2022
D. G. Biasucci et al. (eds.), Vascular Access in Neonates and Children, 
https://doi.org/10.1007/978-3-030-94709-5_9

Chapter 9
Peripheral Venous Access in Neonates

Giovanni Barone, Vito D’Andrea, and Mauro Pittiruti

The appropriate type of vascular access device, peripheral or central, is chosen in 
order to accommodate the needs of the neonate (parenteral nutrition, intravenous 
medication, etc.). The choice of vascular access is also related to many other factors 
such as gestational age, birth weight, comorbidities, previous history of infusion 
therapy, and ability/resources available for inserting and maintaining the device.

As general rule, the vascular access device should be of the smallest outer diam-
eter with the fewest number of lumens and should be the least invasive as possible, 
still considering the prescribed intravenous therapy.

Peripheral venous access (PVA) is certainly the less invasive venous access 
device; though, venous cannulation may be a challenging procedure especially in 
small preterm neonates, even under perfect conditions (i.e., in ventilated and sedated).

9.1  �Indication

The key question is: is a venous access really needed? In fact, even in neonates, a 
large variety of clinical situations can be managed without establishing venous 
access. If the newborn really needs a venous access, we should consider three issues:
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	1.	 Anticipated duration of intravenous therapy. When the anticipated duration of 
infusion therapy is less than 6  days, PVA should be preferred as first option 
unless a central access is needed for other reason.

	2.	 Infusate characteristics. Do not use peripheral catheters for continuous vesicant 
therapy, parenteral nutrition, or infusates with an osmolarity greater than 
900 mOsm/L.

	3.	 Need of vein preservation for long term access. Every human being is born with 
a limited number of veins suitable for venous access. Neonates, especially pre-
term ones, might need repeated venous cannulations, therefore it is crucial to 
consider the opportunity of preserving the vasculature for future venous accesses.

9.2  �Device

We should use peripheral venous catheter of the smallest gauge possible, while still 
compatible with the prescribed therapy. Peripheral venous cannulas of small caliber 
(22G–26G) are appropriate for most infusion therapies. Peripheral catheters larger 
than 20G are likely to cause phlebitis; on the contrary, small gauge catheters mini-
mize the insertion-related trauma, and this aspect is particularly relevant in preterm 
infants. For this reason, 24G–26G catheters are appropriate for extremely low birth 
weight infant (< 1000 grams) and 22G–24G for the other neonates. Larger catheters 
(20G) may be considered when rapid fluid replacement is required.

Steel winged venous access devices should be used only for single-dose admin-
istrations and should not be left in place.

9.3  �Procedure

Care should be taken when performing invasive procedures in neonates: aseptic 
precautions and awareness of best practice to avoid nosocomial infection are cru-
cial. Furthermore, the skin of preterm babies is particularly fragile in the first week 
of life and the bones of chronically ill preterm babies may develop rickets and are 
vulnerable to fractures.

Equipment needed:

•	 Gloves
•	 22G, 24G or 26G short cannula with safety mechanism, based on infant charac-

teristics; 26G cannulas are preferred for very small neonates.
•	 Vein visualization device (such as NIR: see Chap. 5), if needed
•	 2 ml syringe, pre-filled with normal saline.
•	 Short extension connected to a needle-free device with neutral displacement 

(ideally, with straight fluid path design and minimal dead space).
•	 2% chlorhexidine in 70% IPA.

G. Barone et al.
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•	 Cyanoacrylate glue.
•	 Semipermeable transparent dressing with high permeability (i.e., high moisture 

vapor transmission rate).

Technique:

	 1.	 Before starting, choose a suitable vein. Avoid using site such as the antecubital 
fossa and long saphenous veins, potentially useful for insertion of epicutaneo-
cava catheters. If a scalp vein is chosen (Fig. 9.1), hair removal might be neces-
sary. Assess the condition of the skin and evaluate previous site of intravenous 
access, in order to identify previous venipuncture-related or infusion-related 
complications (e.g., phlebitis, infiltration), so to avoid these areas. When veins 
are difficult to visualize, cannulation success may be improved by visible light 
devices or by NIR technology. If using visible light devices, adopt only cold 
light sources so to avoid thermal burns. For near-infrared light devices follow 
the manufacturer’s instructions and try to identify bifurcating veins and tortuos-
ity which might make the puncture unsuccessful. Always avoid blind venipunc-
ture: veins should be properly identified either by direct eye visualization or by 
device-assisted visualization.

Fig. 9.1  Peripheral venous 
cannula on the scalp
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	 2.	 Adjust the height of the incubator and ensure you have adequate lighting.
	 3.	 Consider sucrose analgesia and swaddling, when appropriate.
	 4.	 Hygiene of the hands (alcohol-based gel rub)
	 5.	 Wear non-sterile gloves.
	 6.	 Clean site with alcoholic 2% chlorhexidine wipes and let it dry for 30 seconds.
	 7.	 Flush the short extension set with normal saline to remove air.
	 8.	 Firmly grip the limb using your fingers as a tourniquet whilst stretching the 

skin, to stabilize the vein. It may be helpful if an assistant holds the limb.
	 9.	 With the cannula bevel facing upwards, puncture the skin and vein together at 

an angle of approximately 35°. Carefully advance the cannula until blood 
appears in the hub.

	10.	 Withdraw the needle holding it with your thumb and middle finger, while 
simultaneously advancing the cannula into the vein with your forefinger.

	11.	 Attach the short extension set and the needle-free device.
	12.	 Flush the cannula with normal saline to check patency.
	13.	 Secure the cannula using cyanoacrylate glue. Sterile strips may be used, but 

they are potentially harmful to the delicate skin of the newborn and far less 
effective than glue.

	14.	 Cover with semipermeable transparent membrane (Fig. 9.2). Avoid dressings 
and strapping that obscure the entry site of the line as this can make detection 
of extravasation difficult. Ensure dressing is not circumferential to the limb.

	15.	 Place a splint only exceptionally, if needed. Cannula in antecubital fossa often 
require immobilization, but this may cause stress and discomfort to the neonate.

	16.	 Document site, date, time of insertion, number of attempts made, gauge of 
device and initials of inserter.

Fig. 9.2  24G cannula 
placed on the hand and 
secured with cyanoacrylate 
glue and semipermeable 
transparent dressing
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It’s common sense to avoid multiple punctures in newborns. In most neonatal 
intensive care units, there is an unspoken rule regarding vein cannulation: “three 
strikes and you’re out”. Though, we recommend to ask for help even after your 
second unsuccessful attempt.

9.4  �Complications

Complications related to PVA and infusions include:

	1.	 Infections. Premature neonates are at high risk of infection due to the immaturity 
of immune system. Local infection of the exit site is common and may be sec-
ondary to inappropriate skin antisepsis at time of insertion or to detachment and 
contamination of the dressing. When exit site infection is suspected at visual 
inspection, the cannula must be removed. PVA-related blood stream infections 
are rare.

	2.	 Phlebitis. It can be bacterial (due to contamination of the exit site), mechanical 
(typically secondary to inappropriate stabilization of the cannula or to excessive 
caliber of the cannula compared to the vein), or chemical (due to infusion of 
irritant/vesicant solutions that are not compatible with the peripheral route). 
Figure 9.3 shows the effect of an extravasation (potassium) after placement of a 
peripheral cannula on the hand. The risk of phlebitis is related to vesicant or 
irritant drugs, parenteral nutrition, or infusates with an osmolarity greater than 
900 mOsm/L. For this reason, PVA should be used for parenteral nutrition only 
for short periods (few days).

	3.	 Infiltration/extravasation. Non-irritant solutions cause ‘infiltration’, which is not 
harmful but inevitably associated with loss of the venous access. Leakage of 
irritant/vesicant solutions in the surrounding tissues is named ‘extravasation’ 
and may be associated not only with loss of the venous access but also with 
severe local damage. For example, leakage of parenteral nutrition in the subcu-
taneous tissue might cause skin ulceration, secondary infection, and scar. 
Sometimes skin necrosis could happen if the extravasation is not properly man-
aged, and the infusion contained high irritant solutions like calcium.

	4.	 Occlusion of the lumen is frequent for small caliber cannulas and should be pre-
vented by periodic flushing with saline.

9.5  �The RaSuVA Protocol (Rapid Superficial 
Vein Assessment)

As stated earlier, every human being is born with a limited number of veins suitable 
for venous access. Sometimes neonates—especially preterm ones—need repeated 
venous cannulations. The puncture and cannulation of these veins is commonly 
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performed by direct visualization, though new technologies such as ‘Near-Infra-
Red’ (NIR) technique are very promising.

However, the choice of the vein most suitable for the insertion may be difficult 
and mainly relies upon an empiric decision, depending usually on the operator’s 
preference and experience, often after a non-systematic assessment of the main 
superficial veins.

We suggest an easy and repeatable protocol for a rational and systematic evalua-
tion of the superficial veins in neonates, as a potential guide for choosing the most 
appropriate approach in each situation.

The Rapid Superficial Vein Assessment—RaSuVA—is a sequential assessment 
of seven sites, systematically explored ‘from foot to head’, first on the right and then 
on the left side. The assessment may be performed by direct eye evaluation or also 
using a device with NIR technology. Each area of the upper and lower limbs is 
explored with and without tourniquet. The seven sites include (1) medial malleolus, 
(2) lateral malleolus, (3) popliteal fossa, (4) back of the hand and wrist, (5) antecu-
bital fossa, (6) anterior scalp veins, (7) posterior scalp veins. After RaSuVA, the 
clinician can build a map of all the suitable veins for venous access. We advise to 
keep this map in the medical notes of the patient, recording time by time and attempt 

Fig. 9.3  Extravasation 
(peripheral cannula 
inappropriately used for 
potassium-enriched 
solutions)
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by attempt which veins have been used. This easy protocol can help to preserve 
veins in newborns which might need multiple cannulations and would also help to 
choose the best intravenous device.

This protocol is also useful to define a list of preferred options in each patient 
depending on the type of the vascular access device to insert (peripheral or central). 
Using RaSuVA, each unit can build its own policy. For example, the insertion of 
PVA may preferably be performed in the lower limbs (excluding the saphenous 
vein) as a first option or on the back of the hand and at the wrist as a second option. 
On the other hand, the insertion of a central line may be performed at the antecubital 
fossa (first option) or at the saphenous vein at the medial malleolus (second option). 
Even at a teaching institution, it must be accepted that there are patients in whom it 
is imperative that the most skilled practitioner available must be in charge for the 
very first attempt of venous cannulation; sometimes in such patients, there is no 
room for training, and RaSuVA could help to identify such patients.

RaSuVA is a simple and rapid assessment tool designed to optimize and rational-
ize the use of veins in newborn babies.
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Chapter 10
Umbilical Venous Catheters

Roberta Centorrino, Valentina Dell’Orto, and Daniele De Luca

10.1  �Indications

The umbilical venous catheter (UVC) is an extremely common vascular access 
device in neonates of any gestational age, given the immediate accessibility of the 
umbilical vein and the relative simplicity of its placement. UVC presents peculiar 
characteristics that one must keep in mind to optimize its use. First, the tip of the 
UVC must be placed at the entrance of right atrium, at the junction between atrium 
and inferior vena cava. This position is considered to be safe and associated with 
minimal incidence of complications. In some emergency situations a sub-hepatic 
position has also been regarded as clinically acceptable (so-called ‘umbilical 
venous sub-hepatic catheter’, UVSHC). Noteworthily, the UVC is a central venous 
access device, since the tip is located in the right atrium or in the inferior vena cava, 
while UVSHC should be regarded as a peripheral venous access. Also, the ‘sub-
hepatic’ position is associated with severe thrombotic and infective complications 
and should be adopted only as an emergency: UVSHC should be replaced as soon 
as possible. The different indications of UVC and UVSHC are described in 
Table 10.1.

The umbilical vein is only accessible early after birth (first 48 h), although cases 
of UVC placement have been reported even in 2-week-old neonates. This strictly 
depends on the umbilical vein conditions (ability to identify the vein, patency of the 
lumen, and wall tissue elasticity). Maintaining the moisture of the umbilical cord 
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may theoretically increase the chance of a late UVC insertion. A delayed separation 
of the umbilical cord may be associated with congenital immunodeficiency or local 
infection; thus, placing an UVC in this setting might be less safe. Delayed UVC 
placement (after one week of postnatal age) should be performed only in case of 
emergency (such as resuscitation, severe hypoglycemia, or exchange-transfusion), 
if rapid placement of a venous access is unavailable. Since the umbilical vein is not 
supposed to remain patent after birth, its use in these conditions may theoretically 
increase the risk of complications.

UVC is officially considered the ideal emergency vascular access for neonatal 
delivery room resuscitation, according to current guidelines. UVCs are typically 
used for intravenous administration of parenteral nutrition and drugs, for blood 
sampling, and for blood transfusions. At the time of insertion, it is often not easy to 
predict the clinical course of the newborn, so there is a risk of overuse UVCs, espe-
cially in preterm infants.

In a quality improvement document aiming to reduce unnecessary placement of 
UVCs, Shahid et al. developed consensus guidelines providing indications for UVC 
placement on the basis of gestational age, severity of illness, and ease of establish-
ing a peripheral intravenous vascular access. They recommend the use of UVC in all 

Clinical indication Type of catheter

Critically ill neonates <1000–1250 g UVC
Critically ill SGA neonates UVC
Critically ill neonates >1000–1250 g 
and AGA

UVC

Infusion of solutions non-compatible 
with the peripheral route

UVC

Measurement of central venous 
pressure or ScvO2

UVC

Rashkind procedure UVC (dedicated device)
Neonatal resuscitation UVSHC
Exchange-transfusiona UVSHC or UVC
Other extra-corporeal therapiesb UVSHC or UVC

Abbreviations: AGA: appropriate for gestational age; ScvO2: 
Oxygen saturation of central venous blood; SGA: small for gesta-
tional age; UVC: Umbilical vein catheter (central venous access 
device); UVSHC: Umbilical vein sub-hepatic catheter (peripheral 
venous access device)
aExchange-transfusion may be performed through UVSHC, UVC or 
also other vascular accesses including peripheral lines: an UVC is 
not strictly needed
bThese may include different techniques such as continuous veno-
venous hemo(dia)filtration, single-pass albumin dialysis, and plasma 
exchange. These techniques may be possible with UVC of high 
diameter

Table 10.1  Type of 
umbilical catheter and 
clinical indication
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preterm infants ≤28 weeks, and in newborns ≥29 weeks mechanically ventilated or 
with FiO2 > 40% on continuous positive airway pressure and/or hemodynamically 
unstable and/or needing inotropes or fluids bolus, or with difficulty on establishing 
a peripheral intra-venous (PIV) access.

10.2  �Insertion Technique

UVCs are placed by direct insertion, as the umbilical vein lumen is visible and 
accessible after having cut the umbilical cord. The catheter is threaded through the 
umbilical vein, which has a length of 1–3 cm and a diameter of 3–6 mm. The umbil-
ical vein reaches the left branch of the portal vein, close to the common trunk of the 
portal vein. The Arantius venous duct (AVD) connects the left branch of the portal 
vein with the inferior vena cava (IVC). The connection between AVD and the portal 
vein is close to the end of the umbilical vein. Thus, an umbilical catheter may find 
its way into AVD and IVC or may be blocked in the portal circulation. Figure 10.1 
depicts the anatomical structures with the different UVC routes and the placement 
of both a UVC and a UVSHC.

Insertion procedure:

•	 Cleaning the cord and surrounding skin. This is meant to remove blood, amni-
otic fluid, vernix caseosa, meconium and debris.

•	 Disinfection and preparation of a sterile area. Skin antisepsis must be performed 
with 2% chlorhexidine in iso-propyl-alcohol (IPA), since iodine compounds 
must be avoided as they may induce hypothyroidism in both term and preterm 
patients. Though, an excessive amount of alcoholic chlorhexidine (or an exces-
sive exposure time) may cause chemical skin burns in extremely preterm neo-
nates. Therefore, the minimal amount of antiseptic should be used (see Chap. 
21), and after 30 seconds the skin should be washed with normal saline so to 
reduce contact time with the immature skin.

•	 Placement of a sterile umbilical tape at the base of the cord. This is useful to 
reduce blood loss (especially from umbilical arteries and especially if UVC is 
placed early after birth).

•	 Cutting the umbilical cord. This must be done within the Wharton jelly and 
0.5–1  cm above the umbilical tape. It is advised to leave at least 1  cm if an 
umbilical arterial catheter (UAC) is to be inserted, as this maneuver may be dif-
ficult in a short cord.

•	 Umbilical vein identification. The umbilical vein is usually patent; if not, it may be 
slightly dilated by a small forceps or a stylet. In some cases, a 4-vessel cord may 
be found because of the presence of a fully patent second umbilical vein or an 
umbilical vein with varicosity/aneurism. These anomalies are usually associated 
with complex congenital malformations but may also occur in normal neonates. 
Care should be applied to cannulate the true umbilical vein, avoiding a varix.

10  Umbilical Venous Catheters
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a

c d

b

Fig. 10.1  Typical radiological imaging of the trajectory of a UVC (“babygram”). Panel A and B 
show an UVC and UVSHC, respectively. Panel C and D illustrate the anatomical structures. 
Abbreviations: AVD: Arantius venous duct; IVC: Inferior vena cava
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•	 Removal of clots visible at the vein surface. This can be done by using gauzes 
and normal saline irrigation.

•	 Choice of the catheter. The catheter diameter must be chosen according to the 
vein size. Since the umbilical vein has no flow once the cord is disconnected 
from the placenta, the catheter can be as large as possible. A catheter completely 
filling the venous lumen may reduce the risk of displacement or reflux around the 
catheter in case of high flow infusion. The functional closure of the AVD occurs 
minutes or hours after birth; the anatomical closure occurs during the first week 
of life (even later in preterm babies). Functional closure can be overcome by an 
appropriately sized and stiff catheter or by various maneuvers (see below). On 
the contrary, anatomical closure of the AVD makes the UVC placement 
impossible.

•	 Catheter priming and insertion. The catheter should be filled with normal saline, 
5–10% glucose solution, or a mix of both, or other appropriate solutions, depend-
ing on the clinical needs. The catheter must be inserted gently, with a cephalad 
direction, towards the head or the left shoulder. In case of double lumen UVC, 
both lumens must be filled. There are several formulae to calculate the ideal 
length of insertion to place an UVC (see below), though they currently have little 
role, since the whole maneuver should be performed under ultrasound control. 
Once placed at the desired depth, blood should be slowly aspirated to assess the 
patency, and the position of the tip must be verified by real time ultrasound. The 
insertion usually requires a single operator, but a second operator might be 
important for facilitating the maneuvers of tip location.

•	 Catheter malpositions and maneuvers to aid placement of UVC. Sometimes the 
catheter does not advance towards the IVC but is blocked inside the portal circu-
lation. If resistance is felt approximately 1–2.5 cm below the estimated insertion 
depth for UVCC placement, the catheter tip is likely to be stuck at the bifurcation 
of right and left portal veins. This is a frequent occurrence when the catheter is 
threaded in a ‘blind’ fashion inside the vasculature. The best prevention of this 
difficulty is to adopt an ultrasound-based tip navigation, according to the Neo-
ECHOTIP protocol (see Chap. 6). We recommend that the progression of the 
UVC should be always performed under direct ultrasound visualization, placing 
the probe in the epigastric area, between the umbilical cord and the xyphoid. 
Using a small sectorial probe 7–8 MHz, it is possible to follow step by step the 
progression of the catheter inside the liver, until it reaches the junction between 
IVC and right atrium. A small pression with the probe may be helpful to direct 
the catheter to the target, avoiding misdirection inside the liver. When the maneu-
ver is ‘blind’ (without ultrasound), several techniques may be used for facilitat-
ing the passage of the catheter into the IVC (for example, the so called ‘pressure 
technique’: a gentle pressure on the right upper abdomen is applied with two 
fingers, while advancing the catheter; or, the so called ‘hand liver mobilization’, 
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for the purpose of obtain better alignment between the umbilical vein, AVD and 
IVC). Many other maneuvers have been described (‘two catheters technique’, 
‘right lateral decubitus insertion’, etc.): though easy and harmless, most of them 
are of uncertain effectiveness and should be replaced by ultrasound-based tip 
navigation.

•	 Tip location. UVC position has been traditionally verified by X-ray, but ultra-
sound is gaining popularity as it is quicker, more accurate, safer, easy repeatable 
at bedside, less expensive and rapidly available at bedside (since it is already 
used in neonatal critical care for many other purposes). Ultrasound is favored 
over chest-x ray because it can reveal the tip position, catheter migration, and 
anatomical anomalies during the procedure; also, it avoids radiation exposure. 
Radiological confirmation can be flawed by abnormal anatomy, such as in con-
genital diaphragmatic hernias. As suggested by many authors, ultrasound should 
be regarded today as the gold standard for catheter position confirmation. 
Considering that ultrasound is also precious as a tip navigation technique, facili-
tating the catheter progression through the IVC up to the junction with the right 
atrium, it is reasonable to adopt the Neo-ECHOTIP protocol for both ultrasound-
based tip navigation and tip location of UVC. Figure 10.2 depicts the correct 
position of a UVC at the junction between IVC and right atrium. Less common 
methods for verifying the central position of the UVC tip are (a) fluoroscopy 
(which can be justified only in very rare clinical situations, as in the case of neo-
nates with congenital heart defects who undergo hemodynamic procedures), (b) 
intracavitary ECG (which is considered the gold standard for centrally inserted 
central venous catheters, but it may be logistically difficult for UVC), and (c) 
monitoring venous pressure while advancing the catheter (Fig. 10.3). The differ-
ent methods of tip location are shown in Table 10.2.

Fig. 10.2  Ultrasound-
based tip location. An 
UVC is visualized as a 
“double track” image in 
the proximity of the 
junction between the IVC 
and the right atrium. 
Abbreviations: IVC: 
Inferior vena cava
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Fig. 10.3  Pressure tracing obtained while advancing the UVC. CVP (blue curve) is easily recog-
nizable as an undulating line around a normal mean value of 5–8 cmH2O with negative inflections 
during inspiration. Deep inflections are evident during “sighs”. AVD pressure (green curve) have 
similar values but is more constant and freer from any respiratory change. Abbreviations: AVD: 
Arantius venous duct; CVP: central venous pressure; UVC: umbilical venous catheter

Table 10.2  Different methods of tip location for UVCs

Name Technique Pro’s Con’s

Ultrasound 
based tip 
location

Direct visualization of the 
catheter (if needed, enhanced 
by ‘bubble test’: See Chap. 6)

Intraprocedural method.
Useful also for tip 
navigation.
Very accurate.
Safe, inexpensive, easily 
repeatable.

Requires minimal 
ultrasound training

X-ray Radiological landmark: Tip 
position between T9 and T10

Post-procedural 
method.
Not useful for tip 
navigation.
Inaccurate.
Expensive, 
time-consuming, 
unsafe (x-ray 
exposure)

Intracavitary 
ECG method

The highest peak of the 
P-wave corresponds to the 
junction between superior 
vena cava and right atrium

Intraprocedural method.
Very accurate and rapid 
(does not require 
calculations or 
measurements)

Needs special 
cable (ECG 
adapter).
Not useful for tip 
navigation

Pressure 
method

Appearance of a CVP curve 
while advancing the UVC

Intraprocedural method.
Rapid and relatively 
accurate.

Needs pressure 
line and sensor.
Not useful for tip 
navigation
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•	 Securement and stabilization. Once the tip position is checked, the catheter needs 
to be secured and stabilized. Different methods may be used to secure the 
UVC. Various combinations of sutures, tape, gels, and dedicated dressings can be 
used, but none of these methods have been shown to be superior, as they have not 
been investigated in rigorous studies. However, attention should be provided to 
the skin of preterm neonates as this may easily be injured both by surgical sutures 
and by some skin adhesive securement systems. Clinical studies are also investi-
gating the possible role of cyanoacrylate glue in securing the UVC to the cord.

10.3  �Materials

UVCs should be preferably in polyurethane. Several diameters, lengths, and num-
ber of lumens are available. Table 10.3 summarized the types of UVC commonly 
available within the EU market. Clinicians should be aware that the marks on the 
catheters used to estimate the insertion depth may be often inaccurate and vary 
between the tools. As regards the caliber of the UVC, 3.5Fr catheters are usually 
recommended for infants weighing more than 3.5 kg and 5Fr catheters for infants 
weighing more than 3.5  kg. Double and triple-lumen catheters are available if 
simultaneous administration of incompatible solutions is anticipated.

UVC maintenance may require additional devices such as high-pressure valves, 
single or multiple stopcocks with needle free connectors and port protectors, or 
protective bags filled with antiseptic agents.

10.4  �Contraindications

Contraindications to UVC placement are mainly secondary to anatomical variations 
and thrombotic complications. UVC may be also unsuitable in abdominal wall mal-
formations such as laparoschisis and omphalocele. In some cases of laparoschisis, 
UVC placement may be feasible, although other venous accesses should be 
preferred.

Vascular anomalies such as tortuous umbilical veins, persistence of the right 
umbilical vein (which should disappear around 7 weeks’ gestation), anomalies of 
the umbilical/portal junction or aneurysms of the umbilical or portal veins can make 
UVC placement difficult or impossible. These anomalies may be associated with 
chromosomopathies, genetic syndromes, or major congenital malformations.

UVCs are also contraindicated in case of IVC thrombosis, a rare neonatal condi-
tion associated with acquired and inherited thrombophilia (66–72). Since UVC 
passes through the portal vein, it is debated if its presence may significantly affect 
gut hemodynamics. Properly placed UVCs are safe, but a UVC misplaced into the 
AVD or inside the portal circulation increases the risk of necrotizing enterocolitis 
(NEC). Thus, when NEC is suspected or diagnosed (albeit this condition is rare 
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during the first week of life) the UVC should be removed or its tip location recon-
sidered. In some cases of thoraco-abdominal surgery, UVCs may be relatively con-
traindicated if the presence of the catheter impedes surgery.

10.5  �Complications

UVCs are generally considered to be safe. Though, they may be associated with 
several complications. UVCs are probably safer than epicutaneo-caval catheters 
(ECCs) and their risk of thrombosis and vascular occlusion is lower than femoral 

Table 10.3  Characteristics of some polyurethane UVCs commonly available on the EU market

Manufacturer 
(model)

Diameter 
(Fr)

Available 
lumens

Length 
(cm)

Max flow (mL/
min) [Prox./
dist.]

Dead volume (mL) 
[Prox./dist.]

Vygon 2.5 1 30 3 0.21
3.5 1 40 1.5 0.34
4 1 40 18 0.36
4 2 20 2 × 11 0.26 × 2
4 2 40 12/11 0.26 × 2
4 2 40 7/6 0.28 × 2
5 1 40 24 0.46
5 2 40 9/7 0.30 × 2
5 3 38 – 0.32/0.19/0.19
8 1 40 79 0.84
8 3 38 – 0.77/0.33/0.33

Plastimed 3.5 1 30 – –
3.5 1 40 – –
4 2 15 10/9 0.15/0.13
4 2 20 9/8 0.20/0.15
4 2 30 7/6 0.25/0.20
5 1 30 – –
5 2 30 13/12 0.30/0.25
7 1 30 – –

Covidien-
Medtronic

2.5 1 25 – –
3.5 1 25 – –
3.5 2 38 – –
5 1 25 – –
5 3 38 – –
8 3 38 – –

The table should not be considered comprehensive, as variations may happen according to market 
or industrial policy changes. Technical details have been collected from manufacturer where they 
were immediately available on their illustrative sheet or website. Different UVC and different 
characteristics may exist in other markets. These data are not meant to be used for clinical deci-
sions, as readers are required to check these details with the manufacturer or its representatives
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catheters. Nonetheless, UVCs have a very high rate of dislodgment or dysfunction 
(28.6 per 1000 catheter/days).

One relevant non-infective complication is migration of UVC after insertion, 
which may occur in 50%, 63% or even in 90% of cases. It is commonly attributed 
to the drying of Wharton jelly and the secondary shortening of the umbilical cord. 
A prospective cohort study quantified the direction and the magnitude of catheter tip 
migration. The authors described an inward migration pattern during the first 48 h 
after UVC placement, followed later by an outward migration. The inward migra-
tion was explained by cord stump contraction over time together with an increase in 
lung volume (favored by ventilation, surfactant administration), the outward migra-
tion instead was likely to result from gradual distension of the abdomen as the 
bowel fills with gas. A significant variation of the abdominal girth should be consid-
ered as a possible cause of UVC migration and about half the infants included in 
studies experienced migration, mainly inward within 24 and 48 h from the catheter 
insertion. The risk of tip migration is a strong reason for adopting ultrasound-based 
tip location, which can be repeated at any time after insertion, even daily, with mini-
mal cost and minimal invasiveness.

UVCs are also potentially associated with other severe non-infective 
complications.

UVC with the tip in the atrium may be associated with cardiac arrhythmias 
(mainly atrial flutter and paroxysmal supraventricular tachycardia). Cardiac tam-
ponade caused by UVC is rare (0.5–2% incidence) but life-threatening, and it can 
occur even when the catheter is properly positioned.

UVSHC are particularly dangerous, being associated with liver abscess or necro-
sis, portal thrombosis, air in the portal system and other hepatic complications. 
Catheter-related portal vein thrombosis has been described as a rare event but is 
increasingly recognized thanks to the spreading of frequent ultrasound evaluations 
when the UVC is in place and after its removal. Reported incidence varies from 
2.2% to 43% due to differences in study design and methodology. Umbilical cath-
eters have also been associated with the development of intracardiac thrombosis, 
pulmonary embolism and renal vein thrombosis. In a recent prospective cohort 
study position of the tip of the catheter in the portal system or in the DV and was 
significantly associated with an increased incidence of NEC in preterm infants was 
found.59

Table 10.4 reports non-infective complications of UVC, as described in the 
literature.

Care is required for prevention of infective complications, the requirement for 
sterility being the same as in other central vascular access. UVCs are placed in neo-
nates who, by definition, are immunocompromised compared to older children. 
Moreover, UVCs are often placed in preterm neonates who are even at higher risk 
for sepsis. UVCs have been associated with colonization in 22%–59% of cases and 
with bloodstream infection in 3%–8% of cases. In patients requiring long-term cen-
tral venous access, bloodstream infection is reduced by nearly half after the adop-
tion of a dedicated vascular access team in NICU. Also, other authors showed that 
line bundles and dedicated line care teams decrease the risk of infection.
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On the other hand, the best strategy of infection prevention is the prompt removal 
of the UVC. UVC-associated bloodstream infection rates increase with time up to 
42 per 1000 UVC-days by day 10 from insertion. The most significant increase 
appears after day 4 from insertion: therefore, UVCs should not be kept longer than 
4 days. Though CDC guidelines suggest that UVC may remain in situ for up to two 
weeks (based on low quality evidence), we recommend prompt removal within few 
days, followed by placement of a different central venous access, if required, or by 
a peripheral venous access. An ECC may be the best choice to replace the UVC if 
there is no need for hemodynamic monitoring, frequent blood sampling or transfu-
sions. ECCs have a lower infectious risk than UVC and may stay longer. If there is 

Table 10.4  Non-infective 
complications of umbilical 
catheters

UVC UVSHC

Meckel’s diverticulum 
perforation

X X

Atrial flutter X
Atrial fibrillation X
Paroxystic supra-ventricular 
tachycardia

X

Other arrhythmias X
Pleural effusion X
Pericardial effusion/
tamponade

X

Rupture and/or migration X X
Liver abscessa X
Peritoneal perforation X
Wharton’s jelly embolism X X
Portal hypertension X
Myocardial infarction X X
Veno-biliary fistula X
Portal air X
Liver rupture X
Thrombosis X X
Infusate refluxb X X
Cardiogenic shock X X
Unexplained cardiac arrest X X

The list should not be considered exhaustive, and condi-
tions are listed just on the basis of their literature descrip-
tion. Some of these complications may be associated and 
some may be related to pre-existing underlying condi-
tions. A direct cause-effect relationship cannot be proven 
in some cases. Overall, UVSHC are associated with 
increased risk of complications if compared to UVC
aLiver abscess can be infectious or sterile. In this latter 
case they usually resolve spontaneously
bReflux around the catheter lumen is especially frequent 
with UVSHC, narrow catheters and high flow infusions
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no need for parenteral nutrition or high osmolarity infusion, a peripheral venous 
access would be acceptable; though, it must be reminded that leaving an UVC in 
place will reduce costs and the number of venipunctures. On the contrary, in criti-
cally ill or unstable neonates, an ultrasound guided central venous access (via the 
brachio-cephalic vein or the femoral vein) will be more useful than an ECC and 
associated with longer dwelling time and less rate of infective complications.

10.6  �Clinical Management

There are several important issues to be addressed about the optimal clinical man-
agement of patients with a UVC. Some of them have received extensive research 
with data from meta-analyses. Each NICU should have a written protocol including 
a comprehensive bundle for the decision to insert a UVC and its management. 
Having this tool has proven to reduce the use of UVCs, save resources and poten-
tially decrease complications.

10.6.1  �How to Calculate the Depth of Insertion 
to Place an UVC?

There are several methods to estimate or measure the depth of insertion of a 
UVC. None of the methods is really accurate. All of them have drawbacks and there 
is no clear data to prefer one method over another. However, length estimation is 
currently less important than in the past, since the introduction of ultrasound for tip 
navigation and tip location. The safest and most accurate method for advancing the 
catheter is under ultrasound control (tip navigation). Once gently advanced up to the 
estimated depth, aspiration should always be attempted, and blood return should be 
prompt. Care should be applied when drawing blood from a UVC in preterm neo-
nates as this may significantly decrease cerebral oxygenation and should be per-
formed slowly. Once the catheter is in position, intraprocedural confirmation of the 
tip with ultrasound must be performed (tip location). Table 10.5 reports the main 
methods available to calculate the depth of insertion, their advantages, and pitfalls.

10.6.2  �When Should we Use Multiple Lumen UVCs?

A Cochrane meta-analysis of three randomized controlled trials found a decrease in 
the number of additional venous access accesses when using a multiple lumen-
UVC, but only during in the first week of life. However, there was also a significant 
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increase in catheter malfunction [risk ratio 3.69 (95% CI 0.99, 13.81); p = 0.05; risk 
difference 0.15 (95% CI 0.03, 0.27); p = 0.01). The data should be balanced with the 
higher cost of multiple lumen catheters. Double and triple-lumen catheters should 
be used selectively, only when simultaneous administration of incompatible solu-
tions is anticipated.

10.6.3  �Should Antimicrobial-Impregnated Central Venous 
Catheters be Used?

Polyurethane UVCs that release antimicrobial silver ions have recently become 
available. Such catheters are theoretically associated with reduced risk of infection 
since they decrease both endoluminal and extraluminal colonization. A randomized 
controlled study has demonstrated that these silver-impregnated UVCs are effective 
in decreasing the risk of catheter-related bloodstream infections in preterm infant. 
The use of such UVCs for prevention of CRBSI in preterm infants has been recom-
mended by SHEA guidelines in 2014.

Table 10.5  Different methods to estimate or the insertion depth for UVC

Name Technique/Formula Pro’s Con’s

Shukla-Ferrara 
formula

(BW × 3 + 9)/3 Easy and 
similar to UAC 
formula

May be wrong in SGA patients

Modified 
Shukla-Ferrara 
formula

(BW × 3 + 9)/2 Easy and 
similar to UAC 
formula

May be wrong in SGA patients

Dunn’s 
nomogram

Determined by 
shoulder-umbilical 
length on
The Dunn nomogram

Accurate Cumbersome (require unusual 
measurements)

Minimal weight 
calculation

(BW × 1.5) + 5.5 Easy May be wrong in SGA patients

Surface anatomy 
method

Umbilicus to nipple 
distance—1 cm

Very accurate Cumbersome (require unusual 
measurements)

Lateral look 
method

Umbilicus to the 
mid-xiphoid-to-bed 
distance

Rapid Measurement prone to errors 
especially in most preterm babies 
and in incubators

Birth weight and length are to be considered in kilograms and centimeters, respectively
Abbreviations: BW: birth weight; CVP: Central venous pressure; SGA: small for gestational age; 
UAC: Umbilical artery catheters; UVC: Umbilical venous catheter
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10.6.4  �Should Prophylactic Antibiotics be Used before or after 
UVC Placement?

There is only one study on this subject and thus there is insufficient evidence to 
answer this question. However, it is highly recommended to avoid the use prophy-
lactic antibiotics before or after UVC placement, in line with other data aiming to 
reduce antibiotic pressure and bacterial selection in NICUs.

10.6.5  �Should Heparin be Used for Prevention of UVC 
Occlusion/Malfunction?

As for all other central venous access devices, there is no evidence that heparin lock 
or continuous heparin infusing may be beneficial in reducing lumen occlusion or 
catheter malfunction.

10.6.6  �Should Heparin be Used for Prevention 
of UVC-Related Thrombosis?

The question is important especially in situations where the risk of thrombosis is 
high such as, critically ill neonates, polycythemia, etc.; however, data from a ran-
domized clinical trial showed no effect of adding a continuous heparin infusion on 
UVC-related thrombosis.

10.7  �Particular Considerations during 
Newborn Transportation

Critically ill neonates may be transferred by a mobile NICU which are fully 
equipped with all monitoring. The placement of a UVC line is almost invariably the 
quickest way to provide central or secured vascular access to give life-saving drugs. 
During transportation, particular care should be applied when securing the catheter; 
additional sutures or glue may be used in order to avoid displacement due to vibra-
tion, changes in relative speed or altitude. The tip position should be checked during 
transportation using portable ultrasound devices.
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Chapter 11
Epicutaneo-Cava Catheters

Vito D’Andrea, Giorgia Prontera, Serena Rubortone, and Mauro Pittiruti

11.1  �Introduction

Central venous access devices are often required in neonates, particularly in preterm 
babies or in newborns who are candidate to intensive care procedures, surgery, or 
parenteral nutrition. A venous access device is ‘central’ when its tip is located in the 
superior vena cava (SVC) or in the right atrium (RA) or in the inferior vena cava 
(IVC). According to the terminology adopted by the WoCoVA Foundation 
(WoCoVA = World Congress on Vascular Access), central venous access devices in 
neonates should be classified as follows:

•	 Umbilical venous catheter (UVC)—inserted in the umbilical vein, tip at the junc-
tion between RA and IVC.

•	 Epicutaneo-cava catheters (ECC)—inserted in superficial veins of the limb or the 
scalp, tip in the SVC or at the junction between RA and SVC

•	 Centrally Inserted Central Catheters (CICC)—inserted by ultrasound guidance 
in deep veins of the supra/infraclavicular area, tip at the junction between 
RA and SVC

•	 Femorally Inserted Central Catheters (FICC)—inserted by ultrasound guidance 
in deep veins of the groin and the thigh, tip in the IVC or at the junction between 
RA and SVC.
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In this chapter, we will discuss the indications, technique of insertion and complica-
tions of epicutaneo-cava catheters (ECC) (Fig. 11.1). These central venous access 
devices have been often called ‘PICCs’ (peripherally inserted central catheters). 
Though this term is correct, it may yield confusion, since PICC is also the term 
commonly used for indicating central catheters inserted by ultrasound-guided punc-
ture and cannulation of the deep veins of the arm in children and adults. ECCs and 
PICCs are completely different central devices: ECCs are small bore catheters 
(1–2.7Fr), made of silicone or old generation polyurethane, inserted via superficial 
veins of the limbs or scalp using direct vein visualization. PICCs are larger catheters 
(3Fr and more), made of new generation polyurethane, usually power-injectable, 
inserted into the deep veins of the arm (brachial, basilic, axillary) using ultrasound 
guidance.

There is a huge technological leap between these two devices, which translates 
in different performances: PICCs are appropriate for blood sampling, for high flow 
infusion (up to 1 ml/sec vs 1 ml/min of ECC), for hemodynamic monitoring (central 
venous pressure, central venous sampling for oxygen saturation in mixed venous 
blood, etc.) and for infusion of blood products; they have extended dwell time (even 
months); they can be secured with subcutaneously anchored sutureless systems, 
thus abolishing the risk of dislocation; their tip can be safely located using intracavi-
tary ECG (difficult to use for ECC); an accurate diagnosis of PICC colonization or 
infection is consistently possible by the DTP method (Differential Time to 
Positivity), which is not applicable to ECC; and so on.

Fig. 11.1  Epicutaneo-cava catheter inserted in the upper limb of a neonate
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11.2  �Indications

The most frequent indication of ECC in neonates are based on the type of infusion 
(solutions with pH <5 or > 9, emulsions with high osmolarity, such as parenteral 
nutrition, or irritant/vesicant solutions that might be associated—by different mech-
anisms—with endothelial damage), or on the expected duration of venous access 
(more than 6 days but less than 14 days), or on the venous patrimony of the neonate 
(difficult venous access).

The ECC, as any other central venous access, should be promptly removed as 
soon as a central line is not required any longer. Though there is uncertainty regard-
ing the actual duration of an ECC, several reports show that—at least in preterm 
neonates—the risk of infective and mechanical complications of ECCs increases 
enormously after 14 days. Therefore, in many NICUs these devices are routinely 
replaced by new ones after two weeks. When the expected duration of intravenous 
infusion is beyond 2–3 weeks, a more appropriate option of central venous access is 
the placement of large bore polyurethane catheters (3-4Fr) by ultrasound-guided 
percutaneous puncture and cannulation of the internal jugular vein, of the brachio-
cephalic vein (CICC) or of the femoral vein (FICC).

11.3  �Materials

ECCs are available in different caliber (from 1 to 2.7 Fr), single lumen or double 
lumen. Small ECC (1Fr) are more frequently used in preterm weighing less than 
1000 g, while 2Fr catheters are used in neonates weighing >1000 g. According to 
the commonly accepted strategies of thrombosis prevention, the vein cannulated by 
the ECC should have an inner diameter at least three times the caliber of the cathe-
ter. In the case of ECC, this is not always possible, since often the superficial veins 
of the upper and lower limb have a diameter below 1 mm; this might explain the 
high incidence of thrombosis/phlebitis of ECC, particularly in the tract of the vein 
close to the exit site.

ECCs are available both in silicon and in polyurethane, though the latter are 
becoming more and more popular and should be preferred. Polyurethane ECCs are 
less fragile and associated with higher flow performances if compared to silicon 
ECCs. A new type of antimicrobial ECC coated with rifampicin (antibiotic) and 
miconazole (antifungal) is now available on the market. Randomized controlled tri-
als are currently evaluating its effectiveness in reducing the risk of central line asso-
ciated blood stream infection.
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11.4  �Choice of the Cannulation Site

The choice of the vein most suitable for the insertion of an ECC often relies upon an 
empiric decision, depending usually on the operator’s preference and experience, 
after a non-systematic assessment of the main superficial veins (Fig. 11.2). This is 
not an optimal strategy, as it may be associated with an uncontrolled exploitation of 
the venous patrimony of the neonate. We strongly recommend adopting a protocol 
of systematic evaluation of all peripheral veins, such as the RaSuVA protocol (Rapid 
Superficial Veins Assessment), already described in Chap. 9. The RaSuVA consists 
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Fig. 11.2  Main veins that can be accessed for ECC insertion
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in the sequential assessment of seven potential ECC sites, exploring the veins of the 
neonates ‘from foot to head’, first on the right and then on the left side: (1) medial 
malleolus, (2) lateral malleolus, (3) popliteal fossa, (4) back of the hand and wrist, 
(5) antecubital fossa, (6) anterior scalp veins, (7) posterior scalp veins. The explora-
tion can be performed with direct eye visualization of the superficial veins, or by 
using NIR technology (see Chap. 5).

RaSuVA is an easy tool designed to build a detailed and complete map of the 
superficial veins of the neonate, through a rational and systematic approach, so to 
choose the best vein for cannulation and avoid unnecessary multiple venous punc-
tures. Using the data derived from RaSuVA, it is possible to define a list of preferred 
veins in each patient, depending on the type of the venous device to insert (periph-
eral or central). For example, the insertion of peripheral cannulas is preferably per-
formed in the lower limbs (excluding the saphenous vein) as a first option, or on the 
back of the hand and at the wrist as a second option. The insertion of an ECC is 
usually performed at the antecubital fossa (first option) or at the saphenous vein at 
the medial malleolus (second option). The puncture/cannulation of scalp veins is 
taken into consideration only in very selected cases.

11.5  �Technique of Insertion

After choosing the cannulation site, the neonate is prepared to the procedure (proper 
immobilization, comfort-care, and sedation).

The next pre-procedural step is the estimation of the required length of the ECC, 
depending on the cannulation site and on the size of the patient (Fig. 11.3).

For cannulation site at the upper limb (Fig. 11.4) or on the scalp, length estima-
tion is calculated as the distance from puncture site to the right sternoclavicular 
notch + the distance from the sternoclavicular notch to the third intercostal space.

For cannulation site at the lower limb, length estimation is calculated as the dis-
tance from puncture site to the groin + the distance between groin and navel + the 
distance between navel and xyphoid process.

Figure 11.2 summarizes the length estimation.
The procedure follows these steps:

•	 Hygiene of the hands (alcohol gel rub, as first option)
•	 Maximal barrier precautions (cap, mask, sterile gown, sterile gloves)
•	 Check of the content of the insertion pack (sterile drapes, sterile gauze, forceps, 

scissors, syringes, tourniquet, centimeter tape, etc.) and check of materials usu-
ally not included in the pack (saline, cyanoacrylate glue, chlorhexidine swab, etc.)

•	 Check of the content of the catheter kit: catheter (to be filled with saline) and 
introducer (usually, 20-24G breakable needle, or micro-introducer for modified 
Seldinger)

•	 Skin antisepsis with 2% chlorhexidine in alcohol, avoiding excessive amounts of 
antiseptic solution and friction movements (Fig. 11.5)
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•	 the antiseptic needs 30  seconds for reaching the maximal activity; after 
30 seconds, the area is rinsed with saline

•	 wide sterile field, using fenestrated drapes (Fig. 11.6)
•	 placement of tourniquet (if cannulation site is on the limbs)
•	 direct puncture of the vein (Fig. 11.7), checking blood return (Fig. 11.8); the 

visualization, puncture and visualization of the vein may be facilitated by NIR 
devices (see Chap. 5)

•	 removal of the tourniquet
•	 insertion of the catheter through the needle or through the introducer

Fig. 11.3  Graphic representation of the methods for estimating the length of the ECC
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•	 as the catheter is inserted for the estimated length, the position of the tip is 
checked by real time ultrasound (see below)

•	 after checking the blood return by aspirating through the ECC, the needle/intro-
ducer is removed

the exit site is sealed with a minimal amount (< 0.25 ml) of cyanoacrylate glue; 
cyanoacrylate glue is safe, inexpensive, and easy to apply, and it yields the addi-
tional advantage of being very effective in preventing any bleeding/oozing at the 
puncture site; removal of cyanoacrylate glue is also consistently easy and harmless

Fig. 11.4  Puncture at the 
upper limb
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Fig. 11.5  Skin antisepsis 
with 2% chlorhexidine in 
alcohol

Fig. 11.6  Wide sterile 
field
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•	 if additional sterile strips are used, they should block the catheter on the skin at 
no less than 1 cm of distance from the exit site

•	 after cleaning the skin with saline, the area is wiped and then covered with semi-
permeable transparent membranes with high permeability (high MVTR). 
(Fig. 11.9)

11.6  �Insertion Complications

The most frequent complication during insertion is difficulty in the progression of 
the ECC, due to extravascular placement of the catheter or vascular abnormalities. 
When this happens, several maneuvers are used: changing the position of the limbs 
or the head, flushing the catheter with small amount of saline, etc.

The catheter should be left in place only after confirmation of the appropriate 
position of the tip by ultrasound and after verification of blood return.

Fig. 11.7  Venipuncture
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11.7  �Tip Location

The old strategy for ECC placement, which unfortunately is still very popular, con-
sists in the ‘blind’ placement of the catheter, based on the length estimation by 
surface landmarks, followed by a post-procedural radiological control by a chest/
abdomen x-ray. Traditionally, an ECC inserted at the upper limb or on the scalp 
should have its tip radiologically projected at the level of the body of the fourth 
thoracic vertebra (T4), which corresponds, very approximately, to the SVC/RA 
junction; an ECC inserted at the lower limb should have its tip radiologically pro-
jected at the level of the body of the ninth thoracic vertebra (T9), which corre-
sponds, very approximately, to the IVC/RA junction (Fig. 11.10). When the catheter 

Fig. 11.8  Blood return 
from the needle
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Fig. 11.9  Final dressing: 
cyanoacrylate glue, 
sutureless securement, 
sterile strips and 
transparent membrane with 
high permeability

Fig. 11.10  Chest x-ray 
showing the fourth 
vertebral body (T4) and the 
ninth vertebral body (T9)
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is difficult to visualize on x-ray, a small amount of contrast medium (0.3–0.5 ml) 
has been used to enhance visualization. This radiological method of tip location has 
many disadvantages: (a) it is quite inaccurate, since the SVC/RA junction and the 
IVC/RA junction are not directly seen on x-ray, but their location is indirectly 
inferred by radiological landmarks; (b) it is post-procedural, so that—if the tip posi-
tion is not correct—it may be necessary to reposition the ECC; (c) it is not safe, 
since it implies x-ray exposure.

For these reasons, the method of tip location currently recommended is based on 
ultrasound: it is accurate, since both the catheter and the vascular structures can be 
easily visualized in the neonate; it is intraprocedural, so that the final position of the 
ECC can be verified immediately and the catheter can be secured immediately; it is 
safe, since exposure to ultrasound is harmless. Ultrasound has a role not only during 
the maneuver of placement, as a real-time method of verification of the correct 
direction of the catheter inside the vasculature (tip navigation) and of the final posi-
tion of the tip (tip location), but also as an accurate and non-invasive post-procedural 
tool for the periodic verification of the position of the ECC, so to detect any second-
ary malposition or other catheter-related complications.

The use of ultrasound for tip navigation and tip location is described in detail in the 
Neo-ECHOTIP paper (see Bibliography). In short, when the ECC is inserted via veins 
of the scalp or the upper limbs, tip navigation is performed using a 10–14 MHz linear 
probe and assessing the progression of the catheter into the superior vena cava by a 
simple supraclavicular view (as the one described in the RaCeVA). When the ECC is 
inserted via the veins of the lower limbs, tip navigation is performed following the 
catheter inside the femoral vein and the external iliac vein, using a linear probe. In any 
case, tip location is performed using a subcostal longitudinal view that allows visual-
ization of the right cavities of the heart, and/or a subcostal bi-caval view (Fig. 11.11) 
that allows visualization of SVC, RA and IVC (Fig. 11.12). The tip of the catheter is 
visualized directly, or indirectly by injecting a small flush of saline (0.5–1 ml).

In adults and in children, intracavitary ECG is nowadays the gold standard for 
the intra-procedural tip location, due to its great accuracy and feasibility. So far, few 
studies have investigated ECC placement with intracavitary ECG in neonates. The 
small number of patients enrolled and the poor quality of the signal, probably related 
to the small diameter of the catheter, make it impossible to draw a definite conclu-
sion about the feasibility of this technique in the neonatal population. Though, this 
is an interesting field of research and in the next future intracavitary ECG may be an 
aid in tip location, together with ultrasound.

11.8  �Maintenance

As for any vascular device, the adoption of proper strategies of maintenance of the 
ECC plays a pivotal role in minimizing complications and prolonging the life of the 
catheter. The implementation of dedicated teams for the management of central 
venous access is proven to be associated with successful clinical outcomes.
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The most important recommendations are the following:

•	 proper hand hygiene before and after any procedure performed on the ECC
•	 sterile handling of the infusion lines and of the hubs
•	 maintenance of a constant flow (at least 0.5–1 ml/h for ECC < 2Fr) so to keep the 

lumen patent
•	 bolus infusions should be administered using 10 ml syringes, that exert low pres-

sure (approximately 50 PSI), since no ECC is power injectable. Smaller syringes 
may be associated with higher pressure (100 PSI for 5 ml syringes and 200 PSI 
for 2 ml syringes) and risk of catheter rupture

•	 dressing change should be focused on the necessity of avoiding bacterial con-
tamination of the exit site and catheter dislodgment and should be performed 
only in case of local problems (detachment of the membrane, bleeding, etc.). The 
cornerstones of a proper dressing of ECC are cyanoacrylate glue and semiperme-
able transparent dressings with high permeability (high MVTR—‘moisture 
vapor transfer rate’) (Fig. 11.13)

Fig. 11.11  Probe placed 
in the subcostal space
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Fig. 11.12  Subcostal bi-caval view, showing right atrium (RA), superior vena cava (SVC) and 
inferior vena cava (IVC)

Fig. 11.13  Exit site of 
epicutaneo-cava catheter 
protected with glue and 
transparent membrane
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11.9  �Removal

The removal of ECC must be done with sterile gloves and after proper skin antisep-
sis. The catheter should be removed very slowly. ECCs are fragile, even if in poly-
urethane, and minimal adhesions of the catheter to the vein wall (typically because 
of fibroblastic sleeve or phlebitis around the ECC) may offer resistance, and the 
catheter may fracture spontaneously. At the end of the procedure, the length of the 
catheter should be assessed, so to verify that no fragments have been lost in the 
vasculature.

When the catheter does not come away easily, several maneuvers are usually 
attempted, even if most of them are not expected to be effective. Probably, gentle 
slow traction, rotation of the catheter, and waiting are the best strategies. In some 
rare cases (catheter stuck inside a vein with phlebitis, or catheter rupture) surgery 
may be required.

11.10  �Complications

11.10.1  �Infection

The diagnosis of catheter-related blood stream infection (CRBSI) is not practical 
with ECCs, since the method of Differential Time to Positivity (DTP) cannot be 
applied since blood culture from an ECC is often impossible. Thus, the only feasible 
diagnosis is central line associated blood stream infection (CLABSI), which inevi-
tably include not only ECC-related blood stream infections, but also blood stream 
infections secondary to other non-evident sources. The diagnosis of CLABSI 
implies a positive peripheral culture, with systemic signs of infection, in a neonate 
who had a central line for 48 h or more, in absence of other evident sources of infec-
tion. CLABSI is often the effect of a prolonged stay of the ECC (more than two 
weeks) and/or breakthrough of the aseptic technique during the maneuvers of inser-
tion/maintenance. If CLABSI occurs, the ECC should be removed immediately, and 
proper antibiotic treatment started. An attempt at saving the central access might be 
considered only when (a) proper antibiotic treatment has begun, (b) the infection is 
not caused by S. Aureus, Candida, or Gram-negative germs, and (c) a second blood 
culture performed 48–72 h later is negative. After ECC removal because of infec-
tion, a new central access should not be inserted in the following 2–3 days.
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11.10.2  �Catheter Malfunction

Malfunction can be secondary to intraluminal obstruction (clots, drug precipitates, 
lipid aggregates, etc.) or extraluminal factors (catheter kinking, tip malposition, 
fibroblastic sleeve, venous thrombosis around the tip, etc.). If an intraluminal 
obstruction is suspected, the ECC should be flushed gently. The cause of the extralu-
minal obstruction can be assessed by ultrasound examination. Many of these causes 
eventually lead to ECC removal.

11.10.3  �Catheter Dislodgment

This complication is usually secondary to accidental traction of the catheter during 
dressing change or general neonatal care. Few millimeters may not be clinically 
relevant but dislodgment of 1 cm or more are likely to be associated with important 
secondary malposition of the tip, so that the catheter cannot be considered central 
anymore. Assessment of the tip location can be easily performed by ultrasound. If 
tip malposition is detected, the options are (a) use of the catheter as peripheral line, 
or (b) removal.

11.10.4  �Tip Migration

The tip of the ECC can migrate inside the vasculature even without any dislodgment 
of the catheter at the exit site, for instance because of variation of the intrathoracic 
pressure. The new location of the tip should be assessed by ultrasound. Treatment 
may include partial withdrawal of the catheter, or removal.

11.10.5  �Local Phlebitis

Several factors may cause a local thrombophlebitis of the vein that has been can-
nulated for ECC insertion: mismatch between vein diameter and catheter caliber, 
trauma of the vein wall during cannulation, bacterial contamination due to poor 
skin antisepsis, chemical irritation of the vein caused by the powder inside the 
gloves, and so on. If the phlebitis does not recede in 48  h, the ECC must be 
removed.
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11.10.6  �Catheter-Related Venous Thrombosis

It is usually associated with an incorrect position of the tip. The diagnosis requires 
proper ultrasound exploration of the vasculature where the tip of the catheter appears 
to be located. Severe obstruction of the SVC or the IVC may require thrombolysis 
using alteplase (rTPA) or urokinase, preferably administered through the catheter, 
especially if the thrombosis is around the tip. Anticoagulant treatment should be 
started. When the thrombosis is associated with catheter malfunction and/or tip mal-
position, the ECC should be removed after a proper period of anticoagulant therapy 
(3–7 days).

11.10.7  �Edema of the Limb

It is often secondary to a dressing that is too tight. Ultrasound should be used, so to 
assess that the edema is not secondary to catheter-related venous thrombosis.

11.10.8  �Secondary Erosion of the Pericardium or of the Pleura

ECCs—if very thin, and/or very mobile, and/or if the tip is not properly located at 
the RA/SVC junction—may rarely cause an erosion of the vein wall with entrance 
of the tip of the catheter into the pleural space or into the pericardial space. In the 
first case, a pleural effusion occurs with respiratory distress; in the second case, a 
pericardial effusion with cardiac tamponade. Ultrasound plays a central role in the 
prevention of this complication (periodical assessment of tip location), in its diag-
nosis (detection of effusion by chest ultrasonography and echocardiography) and in 
its treatment (ultrasound-guided thoracentesis or pericardiocentesis) (Fig. 11.14).

11.11  �Limitations of the ECCs

ECCs are extremely important in the management of the newborns: as central lines, 
they can be used for delivery of parenteral nutrition and of any solutions, even if 
irritant or vesicant to the vein wall. Though, they have many limitations:

•	 the flow is very slow (maximal flow 1 ml/min), so that may not be appropriate for 
critically ill neonates requiring transfusions or volume repletion

•	 as no ECC is power injectable, this venous access is particularly fragile and 
prone to rupture
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•	 as blood withdrawal is difficult or impossible, blood samples must be obtained 
by additional punctures of peripheral veins; also, diagnosis of CRBSI by DTP is 
not possible, and measurement of oxygen saturation in mixed venous blood can-
not be obtained

•	 due to the small caliber, measurement of central pressure is not possible
•	 their expected dwelling time is limited to few weeks (even less in preterm babies), 

because of the frequent complications.

This explains why ECCs may be appropriate in uncomplicated stable neonates 
requiring only hydration and parenteral nutrition, but not in critically ill neonates 
requiring surgery or aggressive intensive care treatments. In these latter cases, an 
ultrasound guided CICC will be more appropriate. Many papers of the last few 
years have suggested that ultrasound guided CICCs are feasible and safe even in 
very small neonates, with a high percentage of success and minimal risk, in experi-
enced hands. CICCs and FICCs offer several advantages not only in term of perfor-
mance (high flow, blood withdrawal, etc.) but also it is likely that they are associated 
with lower risk of complications (occlusion, secondary malposition, venous throm-
bosis, mechanical rupture, infection) if compared to ECC.

Fig. 11.14  Ultrasound-
guided aspiration of pleural 
fluid effusion
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Chapter 12
Ultrasound Guided Venous Access 
in Neonates

Christian Breschan and Mauro Pittiruti

12.1  �Introduction

Ultrasound guidance permits the percutaneous placement of relatively large bore 
central venous catheters in extremely small weight infants. Such large bore cathe-
ters can be used for inotropes, parenteral nutrition, but also for transfusions, blood 
sampling, hemodynamic monitoring, and high flow infusions. This can have an 
impact on mortality and morbidity in critically ill, very small infants.

The recommended ultrasound-guided venous accesses in neonates are the 
brachio-cephalic vein and the common femoral vein. In the past, the short axis/out-
of-plane cannulation of the internal jugular vein has been widely used; though, 
when adopting this access, the tip of the puncture needle is only poorly visible via 
sonography, and the vein collapses easily. On the contrary, the supraclavicular, long 
axis/in-plane cannulation of the non-compressible brachiocephalic vein displays the 
needle over the entire distance: this approach represents most likely the most appro-
priate access for the placement of a relatively large bore central venous catheter in 
neonates, the only potential limitations being local emphysema and non-availability 
of an ultrasound device.
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12.2  �Definitions

By definition, a central venous access device is a catheter that has its tip in the supe-
rior vena cava (SVC) or inferior vena cava (IVC) or in the right atrium (RA). CICCs 
(centrally inserted central catheters) are central lines inserted via large veins of the 
infra- or supraclavicular region. FICCs (femorally inserted central catheters) are 
central lines inserted in large veins of the groin.

12.3  �Indications

Central venous catheters in neonates are required perioperatively as well as in inten-
sive care treatment. The most important indications include:

•	 major surgery with potential hemodynamic instability
•	 measurement of the central venous pressure and oxygen saturation in mixed 

venous blood
•	 blood sampling
•	 transfusion
•	 need for rapid volume repletion
•	 infusion of vasoactive drugs and other potentially irritant/vesicant drugs
•	 parental nutrition
•	 inability to obtain a central venous access by UVC or ECC, due to techni-

cal reasons
•	 expected long duration of the need of central venous access (more than two weeks)

In all these situations, the ideal central venous access is a large bore polyurethane 
power injectable catheter placed by ultrasound guidance.

In the past, central lines have been inserted in neonates by venous cutdown. Such 
obsolete technique is currently discouraged, because of the high risk of early and 
late complications (bleeding, infection, venous thrombosis, etc.) and because it 
implies a permanent damage to the venous patrimony of the neonate. Also, percuta-
neous puncture guided by anatomical landmarks has been adopted; though, this 
‘blind’ approach is associated with severe early complications (accidental arterial 
puncture, pneumothorax, hemothorax, etc.) and it is currently discouraged, too.

On the contrary, ultrasound guided placement of central catheters has been 
proven a safe and effective procedure, even in extremely premature infants. Catheters 
of different size can be inserted (from 2Fr to 4Fr, depending on the size of the vein). 
They can be tunneled or non-tunneled, and in either case they can remain in place 
for many weeks (even two months) with very low risk of complications. If used 
consistently for hydration, nutrition, and blood sampling, they could indirectly 
improve the neurocognitive outcome by avoiding many painful stimuli and by 
reducing the overall stress to the newborn. The ECCs usually used by 
neonatologists (Fig. 12.1) are too small for blood sampling and do not have such 
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advantage; also, especially in preterm babies, they often do not last more than 
2 weeks.

The size and the age of the neonate are not a limit, since ultrasound guided 
approach to the brachio-cephalic vein has been described also in preterm infants 
weighing less than 500 g.

12.4  �Venous Anatomy

Neonate’s veins are small and - not surprisingly - cannulation success by the ‘land-
mark technique’ decreases with decreasing weight. Also, in low-birth-weight new-
borns, the muscle and bone landmarks are often difficult to palpate or locate, making 
the use of ultrasound absolutely necessary.

In neonates, internal jugular veins (IJV) and axillary veins (AxV) are particularly 
mobile, compressible, and they often collapse completely under the pressure of the 
approaching needle. A certain degree of immobilization of the IJV can be achieved 
by a hyperextension of the neck, when possible. As opposed to the IJV and AxV, the 

Fig. 12.1  Epicutaneo-cava 
catheter
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external jugular vein (EJV), the subclavian vein (SV) and the brachio-cephalic vein 
(BCV) are fixed to surrounding tissue structures making them non-compressible, 
non-collapsible, immobile, and patent even in most hypovolemic neonates. The IJV 
and BCV are significantly larger than EJV, SV or AxV in neonates. Figures 12.2 and 
12.3 show the main veins of the supra/infra-clavicular area.

The deep veins of the upper limb (brachial, basilica, and axillary vein at the 
axilla) are too small for a safe ultrasound-guided cannulation (Fig. 12.4). As regards 
the deep veins of the lower limb, the common femoral vein (CFV) is of appropriate 
caliber only in neonates >2500 g. The saphenous vein and the superficial femoral 
vein are consistently very small. Figure 12.5 shows the CFV and the saphenous vein 
at the groin.

a

c d

b

Fig. 12.2  Ultrasound imaging of the main central veins as visualized in the supraclavicular area 
with a linear probe. IJV  =  internal jugular vein (a); BCV  =  brachio-cephalic vein (b–d); 
SVC = superior vena cava (c); SBV = subclavian vein (d)
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In most cases, the BCV will be the largest vein available, and the easiest to punc-
ture by ultrasound. The small caliber of the vessels, and the immaturity of the 
thrombolytic system make neonates particularly susceptible to catheter-related 
thrombosis. Therefore, it is of paramount importance to measure the size of the 
targeted vein by ultrasound prior to its cannulation: the outer diameter of the cath-
eter should be equal or smaller than one third of the vessel lumen.

12.5  �Material

Single, double, and triple lumen, 2–3-4 Fr catheters to be inserted via the direct 
Seldinger technique are available on the market and specifically designed for the 
use in neonates. Though, their use is not recommended for several reasons: (a) even 

Fig. 12.3  Ultrasound imaging of two central veins rarely used for CICCs in neonates: EJV = exter-
nal jugular vein; AxVc = axillary vein (in its thoracic tract)

a b

Fig. 12.4  Ultrasound imaging of deep veins at the arm: BrV = brachial vein and BaV = basilic 
vein (a); AxyVa = axillary vein (at axilla) (b)
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when made in polyurethane, these catheters are not power injectable and so their 
flow performance is poor; (b) most of these catheters are provided in kits including 
large needles (20–19G) and J-shaped guidewires, which are unsuitable for neonates; 
(c) the direct Seldinger technique is not ideal in neonates, since it may be quite 
traumatic and does not allow tunnelling; (d) all of these catheters are not trimmable, 
so that a specific catheter of specific length must be chosen case by case.

On the contrary, we recommend the ‘off-label’ use of central venous catheters 
marketed as peripherally inserted central catheters (PICCs) for children and adults. 
Figure 12.6 shows a 3Fr single lumen catheter and Fig. 12.7 a double lumen 4 Fr 
catheter: both are PICCs used ‘off label’ as CICCs. These catheters have many 
advantages:

•	 They are of new generation, high quality polyurethane
•	 They are power injectable, so that even a 3Fr catheter will allow high flow 

(1 ml/sec)
•	 They are provided with a state-of-the-art high quality micro-insertion kit includ-

ing echogenic 21G needle, soft straight tip 0.018-inch nitinol micro-guidewire, 
and 3.5–4.5Fr micro-introducer-dilator

•	 Because of the insertion by modified Seldinger technique, they can be easily 
tunneled

•	 They are available as single lumen 3Fr or 4Fr and as double lumen 4Fr, covering 
most requirements of critically ill neonates

Fig. 12.5  Ultrasound imaging of the veins at the groin: FeV = common femoral vein; SaV = saphe-
nous vein

C. Breschan and M. Pittiruti



195

•	 Their length can be adjusted taking into consideration the site of insertion, the 
length of tunneling and the planned extravascular tract

•	 They can be secured by subcutaneous anchorage.

The same catheters can be used ‘off label’ as FICCs (Fig. 12.8). Their only limit is 
that the smallest caliber available is 3Fr (1 mm of external diameter: approximately 
20G as internal area). This implies that if a BCV or a CFV is smaller than 3Fr, 22G 
or 24G should be used (Fig. 12.9). This can be done by off-label use of short periph-
eral venous cannulas or short peripheral arterial cannulas (available in polyurethane 
and in poly-ether-bloc-amide).

Fig. 12.6  3Fr single 
lumen polyurethane power 
injectable PICC used as 
tunneled CICC in a 
neonate

Fig. 12.7  4Fr double lumen polyurethane power injectable PICC used as tunneled CICC in 
a neonate
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Also, high quality ultrasound machines are needed. Linear transducers with high 
resolution (10–13 MHz) and short footprint (26 mm) must be used for ultrasound-
guided puncture and cannulation of the vein. A ‘hockey stick’ shape will be 

Fig. 12.8  3Fr single 
lumen polyurethane power 
injectable PICC used as 
FICC in a neonate

Fig. 12.9  Short venous 
cannula used as CICC in a 
neonate
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particularly useful when accessing the BCV, so to facilitate the tilting of the probe. 
Tip location will require a micro-sectorial probe or a micro-convex probe.

12.6  �Pre-Procedural Maneuvers

In order to avoid pain-response related movements of the neonate, CICCs and 
FICCs are inserted under general anesthesia or deep sedation. Hypovolemia should 
be corrected before the procedure, as feasible.

Before the preparation of the sterile field, a proper ultrasound examination of the 
local veins should be performed, using a systematic standardized protocol as the 
RaCeVA (before CICC insertion) or the RaFeVA (before FICC insertion), so to 
carefully choose the vein and the site to be punctured. The need for tunneling will 
be based on the RAVESTO protocol: in most elective punctures of the BCV, a tun-
nel to the infraclavicular area is strongly recommended, so to achieve an ideal exit 
site in terms of management; in most elective FICCs, a tunneling to mid-thigh will 
be useful, so to move the exit site away to the groin area.

Sterile precautions are mandatory, including hand hygiene (preferably using 
alcohol-based gel rub), proper skin antisepsis with 2% chlorhexidine in alcohol and 
maximal barrier precautions (cap, mask, sterile gown, sterile gloves, wide sterile 
drapes all over the patient and sterile cover for the ultrasound probe).

A towel roll is preferably placed under the shoulder of the baby and the head 
turned to the contralateral side, whenever a CICC must be placed. In FICC place-
ment, the lower limb is fixed in extension and slight abduction.

The operator is always standing on one side of the patient, while the display of 
the ultrasound device is placed contralaterally.

12.7  �Ultrasound-Guided Venipuncture

Any ultrasound-guided puncture can be defined describing (a) the spatial relation-
ship between the vein and the probe (short axis, oblique axis, or long axis) and (b) 
the spatial relationship between the needle and the probe (in-plane, out-of-plane). 
In-plane techniques are safer and should be preferred for CICC insertion: their 
major advantage is the visibility of the advancing needle over the entire distance, so 
that the surrounding structures and their relation to the needle can be easily recog-
nized. Though, the in-plane technique is not easy, since it requires an exact align-
ment of probe, vessel, and needle. Optimal hand-eye coordination is mandatory. 
The out-of-plane technique is easier and gives a good anatomical overview. 
However, the major disadvantage is the poor visibility of the needle tip, so that there 
is risk of accidental perforation of the vessel and injuries to underlying structure. 
For this reason, the out-of-plane approach should not be adopted for CICC insertion.
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12.8  �Tip Navigation

Soon after venipuncture and after insertion of the micro-guidewire, the intravascular 
location of the wire and its direction should be checked, using the same linear probe 
utilized for venipuncture. In the case of CICC insertion, the guidewire must be seen 
entering the SVC (visualized in long axis, placing the probe in the supraclavicular 
region, and tilting so to visualize the mediastinum). In the case of FICC insertion, 
the wire should be visualized inside the external iliac vein (visualized in long axis). 
The maneuver can be repeated—if needed—so to also visualize the micro-introducer 
and the catheter itself, after insertion. Ultrasound-based tip navigation will allow to 
immediately detect wrong direction of the wire (for example, into the contralat-
eral BCV).

12.9  �Tip Location

Ideally, the tip of a CICC should be located at the junction between RA and SVC, 
while the tip of a FICC may be located either in the IVC or in the RA, depending on 
the indication for central venous access (need for hemodynamic monitoring will 
imply a tip inside the RA). The easiest, safest, and most cost-effective methods of 
tip location are ultrasound and intracavitary electrocardiography (IC-ECG), which 
also have the great advantage of being intraprocedural. The old-fashioned method 
of ‘blind’ guess of the length of the catheter during the procedure, followed by a 
post-procedural chest x-ray should be abandoned. Radiological tip location (a) it is 
less accurate than either ultrasound or IC-ECG, particularly in neonates; (b) it is 
unsafe, since it implies x-ray exposure; (c) it is expensive; (d) being post-procedural, 
it may be associated with the necessity of repositioning the catheter (performing a 
new procedure and—what is worst—a new anesthesia/sedation of the neonate).

Intracavitary ECG (IC-ECG), though not recommended for UVC and ECC, 
because of some logistic problems, is particularly easy and rapid with CICC and 
FICC with caliber 3Fr or larger. It only requires a sterile cable for the connection 
between the catheter and the ECG monitor (see Chap. 6). Decades of clinical studies 
have demonstrated that IC-ECG is highly accurate and almost 100% applicable and 
feasible in neonates and children.

Ultrasound-based tip location is also easy and rapid in neonates, with almost 
100% applicability and feasibility in neonates. A 7–8 MHz small sectorial probe 
placed in the subcostal area will allow to visualize the SVC, the IVC and the RA; 
when the catheter cannot be directly visualized, a rapid injection of a small amount 
of saline (0.5–1 ml) will enhance its visualization (so called ‘bubble test’).

As both methods are easy and inexpensive, the most reasonable strategy is to use 
both together. Considering that both methods are more accurate than radiology, a 
post-procedural chest-x-ray will be useless. In the rare case of suspected 
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pleura-pulmonary damage, ultrasound scan of the pleura will be far more accurate 
and more cost-effective than radiological control (see Chap. 7).

12.10  �Options for Venous Access

CICC can be inserted by ultrasound-guided approach of several veins of the supra-
clavicular area (IJV, EJV, SV, BCV) and of the infraclavicular area (AxV). In clini-
cal practice, the easiest and safest approach is the BCV.

The IJV has been the most popular vein because it is relatively large and easy to 
scan; though, due to its compressibility, it may not be easy to puncture; also, the 
progression of the catheter inside the vein before entering the BCV may be difficult. 
The EJV is punctured by ultrasound-guidance only in its distal tract, where it runs 
parallel, posterior, and superior to the SV; it is a rather easy and safe vein to can-
nulate, but its main limit is the small caliber. The SV can be punctured by a supra-
clavicular approach or by a mixed infra-supraclavicular approach (see below); it is 
not compressible, but its puncture and cannulation is less safe than other accesses, 
due to its intimate contact with the pleura. On the other hand, the supraclavicular 
approach to the BCV will rapidly become the first choice for ultrasound-guided 
central venous access in neonates. The BCV is relatively large, easy to scan and 
non-compressible as is the SV; however, as opposed to the SV, the full visualization 
of the BCV is easier. The ultrasound-guided infraclavicular approach to the AxV 
has never been described in neonates, mostly because of its compressibility and the 
very small caliber in this age group (Fig. 12.10).

FICC can be inserted by ultrasound-guided approach of the common femoral 
vein (CFV), the external iliac vein, the superficial femoral vein, and the saphenous 
vein. In clinical practice, most FICCs in the neonate are inserted puncturing the CFV.

12.10.1  �Internal Jugular Vein

The highly unpredictable and variable course of the IJV and its relationship to the 
carotid artery are not issues any more when using ultrasound (US). A short axis/
out-of-plane approach is potentially dangerous (perforation of the posterior wall of 
the IJV, with resulting injury to the underlying subclavian vein). A short-axis/in-
plane or an oblique axis/in-plane approach should be preferred. In either case, the 
IJV should be visualized and punctured as low as possible, close to its confluence 
with the BCV. The US probe is placed perpendicular to the skin so to visualize the 
IJV in short-axis or slight oblique-axis. The needle enters the skin laterally to the 
probe, so to be visualized in all its trajectory. As the needle is visualized inside the 
vein, the micro-guidewire is threaded inside the vein. An oblique-axis approach 
may facilitate the progression of the wire, if compared to the short-axis.

12  Ultrasound Guided Venous Access in Neonates



200

12.10.2  �Brachio-Cephalic Vein

The BCV is relatively large (the largest vein that can be accessed by ultrasound in 
the neonate) and fixed to surrounding tissue structures, so that it is non-compressible 
and patent even in hypovolemic patients. A short 10–14 MHz linear probe is used, 
preferably with ‘hockey stick’ shape. The BCV is localized using the RaCeVA pro-
tocol: by placing the ultrasound probe perpendicular to the skin at the level of the 
cricoid cartilage, a short-axis view of the IJV is obtained initially (RaCeVA, posi-
tion 1); the probe is then moved caudally following the IJV until it crosses the sub-
clavian artery (RaCeVA, position 2). The probe is then turned slightly medially and 
tilted behind the clavicle until the optimum sonographic long-axis view of the BCV 
is obtained (RaCeVA, position 3) (Fig. 12.11). The trajectory of the right BCV is 

Fig. 12.10  Infraclavicular region in a neonate: AxV  =  axillary vein; AxA  =  axillary artery; 
MaPcM = major pectoral muscle; ScM = scalene muscle
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vertical or oblique, while the left BCV is more horizontal; nonetheless, on both 
sides, the BCV is easily visualized in long axis in any neonate.

Using the in-plane approach, the echogenic needle is then advanced from lateral 
to medial, strictly under the long axis of the ultrasound probe until visualized on the 
ultrasound screen. The tip of the needle is then guided under real-time ultrasound 
control into the BCV (Fig. 12.12). When then needle is visualized inside the vein, 
the micro-guidewire is threaded into the needle.

The left BCV may be easier to cannulate because of its horizontal orientation. 
Though, when threading the catheter into the vasculature, some difficulty may be 
encountered when the confluence between left and right BCV is T-shaped; in these 
situations, the access to the right BCV (Fig. 12.13) allows an easier progression of 
the catheter from the BCV to the SVC.

Fig. 12.11  Ultrasound 
imaging of the left 
brachio-cephalic vein 
(BCV) and of the 
subclavian vein (SCV), 
both in long axis

Fig. 12.12  Intravenous 
cannula entering the left 
brachio-cephalic vein 
(BCV)
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12.10.3  �Subclavian Vein

Like the BCV, the SV is also fixed to the surrounding tissue making it likewise non-
compressible, and patent in hypovolemia. However, the SCV is much smaller than 
the BCV. Also, the risk of accidental injury to the pleura is higher.

Two different in-plane approaches have been described. The first is a completely 
supraclavicular approach, like the BCV approach but with the needle entering more 

Fig. 12.13  Ultrasound 
imaging of the right 
brachio-cephalic vein 
(BCV) in long axis

Fig. 12.14  Ultrasound 
access to the left 
subclavian vein (SCV), 
close to its confluence into 
the internal jugular vein 
(IJV)
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laterally (care must be adopted to avoid any damage to the subclavian artery and to 
the pleura) (Fig. 12.14). The second is a combined infra/supraclavicular approach: 
the probe is placed over the clavicle, and it follows the needle while it enters the 
AxV/SV, visualized in long-axis in the infraclavicular area. When the clavicle is still 
echo-transparent, as in very small neonates, the maneuver is relatively safe.

Nonetheless, the main reason for not puncturing the SV is related to its smaller 
caliber if compared to the BCV. When the goal is to insert a catheter of good perfor-
mance (3Fr, power injectable), a vein of at least 3 mm should be chosen, so to mini-
mize the thrombotic risk. While most neonates >500 g may have a BCV of 3 mm, 
this does not occur for the SV.

12.10.4  �Common Femoral Vein

The CFV is usually accessed with a short-axis/out-of-plane approach since a poten-
tial perforation of the posterior wall of the vein is not associated with relevant dam-
ages. Also, the short-axis approach allows a panoramic view of the surrounding 
structures and allows to avoid accidental arterial injury. After the puncture, though, 
a long axis visualization of the CFV and of the external iliac vein is useful for the 
proper visualization of the guidewire (ultrasound-based tip navigation). In fact, as 
the angle between CFV and external iliac vein is quite sharp, there is some risk that 
the needle (or the guidewire) may damage the anterior wall of the external iliac vein, 
placing the catheter in the pelvic space in extravascular position.

12.11  �Tunneling

As already mentioned, according to the RAVESTO protocol, the choice of the ideal 
puncture site should be completed by the choice of the exit site. The two most com-
mon puncture sites for CICCs and FICCs in neonates (the supraclavicular area and 
the groin) cannot be regarded as optimal as exit site, because of the high risk of 
contamination. For this reason, tunneling is almost always recommended. When 
accessing the BCV, the catheter is tunneled caudally, so to get the exit site in the 
infraclavicular area (Fig. 12.15). When puncturing the CFV, the catheter is tunneled 
so to locate the exit site at mid-thigh. The rationale and the technique of tunnelling 
are discussed in Chap. 8.

Tunneling is always technically feasible for 3–4Fr polyurethane catheters 
inserted by modified Seldinger technique. It may be difficult or impossible for cath-
eters inserted by simple Seldinger technique.
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12.12  �Securement

As for other central venous access devices, the cornerstone of catheter securement 
and protection of the exit site are cyanoacrylate glue, sutureless devices and trans-
parent membranes. The great advantage of using 3–4Fr polyurethane catheters is 
that they can be secured with the best securement method currently available, sub-
cutaneous anchorage (Fig.  12.16). On the contrary, catheter <3Fr can only be 
secured by skin adhesive sutureless systems, which are less effective (see Chap. 8).

12.13  �Complications

12.13.1  �Immediate Complications

Puncture-related complications, such as pneumothorax, hemothorax and accidental 
arterial puncture have been described during ‘blind’ insertion of CICC and FICC, 
but they are apparently very rare or exceptional using ultrasound guidance. The best 

Fig. 12.15  CICC inserted 
into the brachio-cephalic 
vein and then tunneled to 
the infraclavicular area

Fig. 12.16  Tunneled 
CICC secured with 
subcutaneous anchorage
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methods of prevention are (a) pre-procedural correction of hypovolemia, (b) opti-
mal sedation/anesthesia, (c) choice of the largest and easiest vein (the BCV, in most 
cases), (c) use of appropriate material (ultrasound device, needles, guidewires, cath-
eters, etc.), and—finally—(d) proper training of the operator. All puncture-related 
complications can be ruled out or detected early by ultrasound (see Chap. 7).

12.13.2  �Early Complications

Late cardiac tamponade and pleural effusions due to vessel perforation have been 
described for ECC but not for CICC and FICC. As these complications are often 
secondary to primary or secondary malposition, the best prevention strategies are 
(a) the use of a proper intraprocedural method of tip location (IC-ECG or ultra-
sound) and (b) proper securement of the catheter.

12.13.3  �Late Complications

The most frequent late complications include infection, venous thrombosis and 
lumen occlusion.

The risk of a catheter-related infection in neonates is inversely proportional to 
gestational age and directly proportional to the duration of catheterization. Other 
risk factors include the use of parenteral nutrition, catheter type, and altered integ-
rity of skin and gastrointestinal barriers. The best prevention strategies are a proper 
protection of the exit site (tunneling, glue, subcutaneous anchorage, transparent 
membranes) and an appropriate protocol of maintenance of the infusion line (fre-
quent saline flushes, use of needle free connectors with disinfecting caps, etc.).

Lumen occlusion is frequent with ECC, but less frequent with power injectable 
CICCs and FICCs; prevention consists in proper maintenance of the line (see above).

Venous thrombosis seems to be quite rare for CICCs and FICCs, as long as the 
proper match between catheter caliber and vein diameter is adopted, and a proper 
intraprocedural method of tip location (ultrasound and/or IC-ECG) is used.

12.14  �Conclusion

Ultrasound guided CICCs and FICCs are the ideal central venous access in critically 
ill neonates requiring surgery, intensive care treatments, transfusions, frequent 
blood sampling and hemodynamic monitoring.

For minimizing complications, an appropriate insertion bundle should be adopted:

	 1.	 Preprocedural ultrasound examination of the venous patrimony 
(RaCeVA, RaFeVA)
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	 2.	 Determination of the size of the targeted vessel via ultrasound
	 3.	 Proper planning of the puncture site and of the exit site
	 4.	 Hand hygiene, skin antisepsis with 2% chlorhexidine and maximal barrier 

precautions
	 5.	 Puncture/cannulation of the vessel under real-time ultrasound guidance, ruling 

out immediate puncture-related complications by ultrasound
	 6.	 Tip navigation = ultrasound control of the course of the guidewire and of the 

catheter
	 7.	 Intraprocedural tip location by ultrasound and/or intra-cavitary ECG
	 8.	 Tunneling, as required
	 9.	 Protection of the exit site with cyanoacrylate glue
	10.	 Catheter securement with sutureless devices (preferably, subcutaneously 

anchored)
	11.	 Coverage of the exit site with transparent membranes with high permeability
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Chapter 13
Peripheral Venous Access: Short Cannulas, 
Mini-Midlines, Midlines

Davide Celentano and Mauro Pittiruti

Peripheral venous access devices are the most commonly used vascular access 
devices in pediatric patients. They are inexpensive and relatively safe, even if—in 
not used properly—may be associated with severe complications. If compared with 
adult patients, peripheral venous access in children has some peculiarities in terms 
of indication, choice of material, technique of insertion and maintenance, which all 
will be discussed in this chapter.

13.1  �Classification

Several peripheral venous access devices are available, with different cost, different 
performance and different indications, though all of them should be strictly used 
only for infusion of peripherally compatible solutions.

	1.	 Steel needles with butterfly wing set. They have been largely replaced by plastic 
cannulas, but they are still used for blood sampling and for bolus infusion. Their 
utilization for continuous infusion is not appropriate, since steel needles are 
associated with a very high risk of local complications (phlebitis, infiltration, 
infection).

	2.	 Short peripheral cannulas. According to the 2021 Standards of the Infusion 
Nursing Society and to the 2021 ERPIUP Consensus (ERPIUP  =  European 
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Recommendations for the Proper Indication and Use of Peripheral venous 
access), short cannulas are catheters of length <6 cm, either in polyurethane or 
in poly-tetra-fluoroethylene (Teflon), to be inserted in superficial veins (less than 
7 mm of depths) with the technique called ‘cannula over needle’. Polyurethane 
should be preferred since Teflon is associated with increased risk of phlebitis. 
They are available in different calibers: the calibers most frequently used in chil-
dren are 22G (code color: blue) and 24G (code color: yellow). Larger cannulas 
(20G—code color: pink) should be used for rapid fluid infusion in hypovolemic 
patients or for transfusions. Smaller cannulas (26G—code color: purple) may be 
useful in very small infants but are utilized mainly in neonates. According to all 
guidelines, the caliber of the cannula should be as small as possible, but still 
compatible with the clinical needs. Short cannulas may have several characteris-
tics, which are associated with different profiles of safety, different costs, and 
different clinical performance. One additional feature is whether the short can-
nula is “ported” or “non-ported.” The presence of a port enables the intravenous 
administration of drugs without disconnecting the infusion; on the other hand, 
the port is very difficult to decontaminate and often it is not possible to close it 
with needle-free connectors, so that a ported cannula is easily exposed to bacte-
rial contamination (Fig. 13.1). A ‘ported’ cannula should be used only in emer-
gency and removed as soon as possible. Most short cannulas have mechanisms 
that protect the operator from accidental needle puncture (‘no-stick’ or ‘safety’ 
mechanisms) or from accidental contamination with the patient’s blood (‘blood-
stop’ mechanisms or ‘closed systems’). Most short cannulas are also provided 
with wings for improving the stabilization of the device over the skin (‘winged’ 
cannulas). Some winged cannulas are provided with a preassembled extension 
and a preassembled needle-free connector (‘integrated’ cannulas); these cannu-
las seem to be associated with prolonged dwelling time, since the exit site is 
continuously protected by the transparent membrane and is not manipulated dur-
ing the change of the infusion line (Fig. 13.2). While a standard short cannula 

Fig. 13.1  ‘Ported’ short 
cannulas
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may have an expected dwelling time of 48–72 hours, an ‘integrated’ short can-
nula may stay in place for several days, even for one week.

	3.	 Long peripheral catheters (also known as ‘mini-midline’ or ‘short midline’ cath-
eters). According to INS 2021 and ERPIUP 2021 (see above), these catheters are 
longer than 6 cm but shorter than 15 cm. They are available in different materials 
(polyurethane, polyethylene, poly-ether-bloc-amide) and in different external 
diameter (3Fr, with an internal area of approximately 20G; 4Fr, with an internal 
area of approximately 18G) (Fig. 13.3). Most mini-midlines currently available 
are power injectable. Polyethylene catheters should not be routinely used for 
venous access, since they are associated with increased risk of phlebitis/throm-
bosis. The choice of the caliber of catheter is depending on the inner diameter of 
the vein, as measured by ultrasound: ideally, 3Fr (= 1 mm) cannulas should be 
inserted only in veins of 3 mm or larger, so to reduce the risk of thrombosis; 4Fr 
cannulas require veins of 4 mm or larger. Three different types of long peripheral 
cannulas are available: (a) catheters to be inserted with the ‘cannula over needle’ 
technique; (b) catheters to be inserted by simple Seldinger technique (‘catheter 
over guidewire’); (c) catheters to be inserted by simple Seldinger technique but 
provided as an ‘all-in-one’ device containing needle, guidewire, and cannula, 
arranged coaxially, and maneuvered by appropriate mechanisms. The main limi-
tation of ‘cannula over needle’ mini-midlines is that insertion may be difficult 
because of problems in the progression of the cannula into the vein. The main 
limitations of the ‘all-in-one’ mini-midlines are that they are quite difficult to 

Fig. 13.2  ‘Integrated’ 
short cannula

Fig. 13.3  Long peripheral catheter (3Fr—8 cm long—in polyurethane) plus accessories for the 
simple Seldinger technique (micro-guidewire and 21G needle)
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operate, and that they are very expensive. In pediatric patients, we strongly rec-
ommend preferring 3Fr mini-midline catheters inserted with simple Seldinger 
technique—by ultrasound guidance—in superficial or deep veins of the forearm 
or of the arm. Their expected dwelling time is longer than short cannulas 
(2–3 weeks, with proper maintenance). Also, long peripheral catheters have the 
advantage of being inserted—if needed—even in children with difficult intrave-
nous access (DIVA), since they can be inserted in deep veins by ultrasound 
guidance.

	4.	 Midline catheters. According to the ERPIUP consensus, midline catheters (also 
known as ‘midclavicular’) are venous cannulas longer than 15  cm (usually 
20–25 cm). The caliber range between 3Fr and 5Fr. They are available also as 
double lumen. The material may be polyurethane or silicon, and the catheter 
may be valved or non-valved. We strongly recommend using exclusively non-
valved, power injectable, polyurethane catheters, since silicon midline catheters 
are prone to rupture and other mechanical complications, while valved catheters 
are consistently associated with catheter malfunction. Some polyurethane mid-
line catheters are coated with antimicrobials (chlorhexidine), but there is no evi-
dence that this coating may be effective in reducing infective complications for 
these devices. Midline catheters are different from ‘mini-midline’ catheters not 
only because of their length, but also because of the technique of insertion (mod-
ified Seldinger technique, or ‘catheter through introducer’). Also, the tip of the 
catheter is not inside a vein of the arm (as for mini-midlines) but inside the tho-
racic tract of the axillary vein of even inside the subclavian vein. Midline cath-
eters are not commonly used in small children, but they may be indicated when 
prolonged peripheral venous access is required in non-hospitalized teen-agers: 
for example, for outpatient antimicrobial treatments (OPAT), for periodic admin-
istration of blood components, or for palliative care.

13.2  �Indication

Peripheral venous access devices are indicated exclusively for administration of 
peripherally compatible solutions; infusion of solutions non-peripherally compati-
ble (parenteral nutrition, irritant drugs, vesicants, etc.) and/or the need for hemody-
namic monitoring or repeated daily blood sampling are well-defined indication for 
a central venous access.

Insertion of a short cannula by direct venipuncture of a superficial vein is the first 
option for a child needing intravenous support in emergency. If the superficial veins 
are not clearly visible, NIR technology (see Chap. 5) may facilitate the visualization 
and the puncture of the vein (Fig. 13.4). If superficial veins are difficult to puncture 
and cannulate (so called DIVA patients), as it may happen in presence of edema, 
obesity, hypovolemia, dark color of the skin, etc., then ultrasound guidance is 
required (Fig. 13.5). The incidence of children with ‘DIVA’ (difficult intravenous 
access) in emergency room may be as high as 20–24%. Though short cannulas can 
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be inserted by ultrasound guided venipuncture of deep veins, they are associated 
with a high risk of early dislodgment; therefore, if an ultrasound-guided peripheral 
venous access is needed, it is recommended to use long peripheral catheters. In 

Fig. 13.4  Near Infra Red 
technology for 
visualization of 
superficial vein

Fig. 13.5  Ultrasound-
guided access to a 
deep vein
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some emergencies, when a venous access is immediately and urgently required as a 
lifesaving maneuver, intraosseous access should be considered (see Chap. 20).

Short cannulas also have indication in non-emergency intravenous treatments for 
pediatric patients, if only peripherally compatible solutions are to be administered. 
If the required dwelling time is longer than 48 hours, an ‘integrated’ short cannula 
should be preferably used. If the required dwelling time of the peripheral access is 
more than one week, a long peripheral catheter should be preferred. For any expected 
dwelling time, short or long, if access to the superficial veins is difficult (DIVA 
patients), we recommend using a long peripheral catheter inserted by ultrasound-
guided puncture and cannulation of a deep vein of the arm.

Short cannulas are not appropriate in non-hospitalized children: if peripheral 
venous access is appropriate, in these patients a long peripheral catheter (expected 
dwelling time: weeks) or a midline catheter (expected dwelling time: months) 
should be used.

The main pediatric indications for long peripheral catheters, as mentioned above, 
are (a) need of peripheral venous access in a DIVA patient, and (b) expected need of 
peripheral venous access for more than one week and less than one month. In fact, 
8–10 cm cannulas placed in the veins of the arm are not likely to stay in place with 
optimal function for more than four weeks; even with proper maintenance and in 
absence of infective or thrombotic complications, sooner or later malfunction 
occurs, due to the occlusion of the tip (probably secondary to formation of fibro-
blastic sleeve). Considering this time limit, long peripheral cannulas can nonethe-
less be used also in non-hospitalized children.

Midline catheters are seldom used in children, though they might have indication 
in older children requiring peripheral venous access in the extra-hospital setting.

13.3  �Insertion of Short Peripheral Cannulas

The basic recommendations for insertion of short cannulas are thoroughly discussed 
in the recent ERPIUP document. Though this consensus is focused on peripheral 
venous access in adults, most recommendations are also valid for pediatric patients. 
In the insertion of a short cannula, we should consider the following steps:

•	 Appropriate indication: short cannulas should be inserted only when peripheral 
venous access is required for few days (<7 days) and when there are visible/
palpable superficial veins.

•	 Choice of the puncture site: cannulas inserted on the back of the hand (Fig. 13.6) 
or at the antecubital fossa are at high risk of early dislodgment and have a shorter 
dwelling time than cannulas inserted at the forearm or soon above the antecubital 
fossa; the wrist should always be avoided as insertion site, because of the high 
risk of accidental damage to nerves or arteries; cannulas inserted at the neck in 
the superficial tract of the external jugular vein or inserted in superficial veins of 
the lower limb (collateral of the saphenous veins) are acceptable only in emer-
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gency, and should be replaced as soon as possible with a definitive venous 
access device.

•	 Hand hygiene (preferably with alcohol-based gel rub).
•	 Non-sterile gloves.
•	 Proper skin antisepsis with 2% chlorhexidine in 70% isopropyl alcohol (apply 

for 30 seconds and let dry for 30 seconds).
•	 Choice of the short cannula: 22G or 24G, depending on the size of the vein; 20G 

only in special situation (emergency) and in older children. Prefer polyurethane 
catheters with ‘no-stick’ and ‘blood stop’ mechanisms. Prefer ‘integrated’ can-
nulas for expected dwelling time >48 hours.

•	 Placement of the tourniquet.
•	 Direct insertion on the cannula into the vein, paying attention at not touching the 

puncture site with the non-sterile gloves.
•	 As backflow of blood is visualized inside the cannula, the needle is withdrawn.
•	 Removal of the tourniquet.
•	 Connection of the cannula with an extension closed with a needle-free connector 

(unless it is an ‘integrated’ cannula, already preassembled to an extension and a 
needle-free connector).

•	 Connection to the infusion line.
•	 Whenever available, protect the exit site with a small amount (0.15–0.25 ml) of 

cyanoacrylate glue. The glue will (a) stop any bleeding and oozing, (b) reduce 
bacterial contamination, and (c) improve the stabilization of the device.

•	 Cover and protect the exit site with semipermeable transparent membranes with 
high permeability (high MVTR = high moisture vapor transfer rate); the skin of 
children has high transpiration and if the membrane is not permeable enough, 
maceration can occur below the dressing. Bordered membranes will allow a bet-
ter stabilization of the device (Fig. 13.7).

•	 In some situations, joint stabilization devices are used, in particular for short can-
nulas placed in unstable areas such as the back of the hand or the antecubital 
fossa. If used, they must not harm the patient (they must be padded, and they 
must not cause pressure damage to nerves or arteries) and they must allow visual 
inspection of the exit site.

Fig. 13.6  ‘Ported’ cannula 
inserted on the back of the 
hand (to be removed as 
soon as possible)
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Depending on the age and the degree of collaboration of the child, the insertion of a 
short cannula may be performed with or without light sedation and with or without 
the use of topical anesthetic cream.

13.4  �Insertion of Long Peripheral Catheters (Mini-Midline)

In the insertion of a long peripheral catheter, we should consider the following steps:

•	 Appropriate indication: long peripheral catheters should be inserted only when 
peripheral venous access is required for at least one week and no more than 
3–4 weeks, or whenever a peripheral venous access is required but there are no 
visible/palpable superficial veins (DIVA patients).

Fig. 13.7  Short cannula 
secured and protected with 
glue and bordered 
transparent membrane
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•	 Choice of the puncture site: long peripheral catheters must be preferably inserted 
in the cephalic vein or basilic vein at the forearm or in the cephalic vein at the 
upper arm. Basilic vein and brachial veins at the upper arm are a second choice, 
since—ideally—they should be saved for PICC insertion. The puncture site must 
be planned so that the length of the catheter is completely in the forearm or in the 
upper arm, and not crossing the antecubital fossa.

•	 Hand hygiene (preferably with alcohol-based gel rub).
•	 Sterile gloves and maximal barrier precautions (sterile gown, wide sterile field 

over the child, long sterile cover for the ultrasound probe) are recommended. If 
maximal barrier precautions are not adopted (as it may occur in emergency), the 
long peripheral catheter must be removed as soon as possible (within 48 hours).

•	 Proper skin antisepsis with 2% chlorhexidine in 70% isopropyl alcohol (apply 
for 30 seconds and let dry for 30 seconds).

•	 Choice of the long peripheral cannula: prefer 8–10 cm polyurethane or PEBA 
catheters; prefer long peripheral catheters to be inserted with simple Seldinger 
technique; choose between 3Fr and 4Fr, according to the inner diameter of the 
vein, as evaluated by ultrasound (3Fr catheters require veins of 3 mm or larger; 
4Fr catheters require veins of 4 mm or larger).

•	 Placement of the tourniquet.
•	 Ultrasound guided puncture and cannulation of the vein.
•	 As the needle is visualized inside the vein and blood withdrawal is possible, the 

guidewire is threaded inside the needle and the needle removed.
•	 Removal of the tourniquet.
•	 The presence of the guidewire inside the vein can be assessed by ultrasound scan 

in long axis.
•	 The catheter is inserted over the guidewire and the guidewire removed.
•	 Connection of the catheter with an extension closed with a needle-free connector 

(unless it is a device with preassembled extension and preassembled needle-free 
connector).

•	 Flush of the catheter with saline.
•	 Seal the exit site with a small amount (0.15–0.25 ml) of cyanoacrylate glue. The 

glue will (a) stop any bleeding and oozing, (b) reduce bacterial contamination, 
and (c) improve the stabilization of the device.

•	 Secure the catheter with skin-adhesive sutureless device (Fig. 13.8).
•	 Cover and protect the exit site with semipermeable transparent membranes with 

high permeability (high MVTR = high moisture vapor transfer rate); the skin of 
children has high transpiration and if the membrane is not permeable enough, 
maceration can occur below the dressing. Bordered membranes will allow a bet-
ter stabilization of the device.

Depending on the age and the degree of collaboration of the child, the insertion of a 
long peripheral catheter may be performed under light sedation or with local infil-
tration of anesthetic (0.75% ropivacaine).

13  Peripheral Venous Access: Short Cannulas, Mini-Midlines, Midlines



220

13.5  �Insertion of Midline Catheters

In the insertion of a midline catheter, we should consider the following steps:

•	 Appropriate indication: midline catheters should be inserted only when peripheral 
venous access is required for more than 3–4 weeks, in non-hospitalized children.

•	 Choice of the puncture site: midline catheters must be preferably inserted in the 
basilic vein and brachial veins at the upper arm. The cephalic vein at the upper 
arm is a second choice. The exit site must be planned in the middle third of the 
upper arm (Dawson’s green zone). If the most appropriate puncture site is in the 
upper third (Dawson’s yellow zone), the midline catheters can be tunneled, so to 
obtain a puncture site in the yellow zone and an exit site in the green zone.

•	 Hand hygiene (preferably with alcohol-based gel rub).
•	 Sterile gloves and maximal barrier precautions (sterile gown, wide sterile field 

over the child, long sterile cover for the ultrasound probe) are mandatory.
•	 Proper skin antisepsis with 2% chlorhexidine in 70% isopropyl alcohol (apply 

for 30 seconds and let dry for 30 seconds).
•	 Choice of the midline catheter: prefer power injectable, non-valved polyurethane 

catheters; choose between 3Fr and 4Fr, according to the inner diameter of the vein, 
as evaluated by ultrasound (3Fr catheters require veins of 3 mm or larger; 4Fr 
catheters require veins of 4 mm or larger). Adjust the length of the catheter so that 
the tip may be located in the axillary tract of the axillary vein, before the clavicle.

•	 Tourniquet should be used only if needed. Most venipunctures of the deep veins 
of the upper arm can be performed safely without tourniquet.

Fig. 13.8  Long peripheral 
catheter secured and 
protected with glue, 
skin-adhesive sutureless 
device, and transparent 
membrane
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•	 Ultrasound guided puncture and cannulation of the vein.
•	 As the needle is visualized inside the vein and blood withdrawal is possible, the 

guidewire is threaded inside the needle and the needle removed.
•	 The presence of the guidewire inside the vein can be assessed by ultrasound scan 

in long axis.
•	 The micro-introducer dilator is inserted over the guidewire.
•	 After removal of the dilator and of the guidewire, the catheter is inserted into the 

peel-away micro-introducer.
•	 The introducer is removed.
•	 The position of the tip is assessed by ultrasound scan of the axillary vein in the 

infra-clavicular area (with the same linear probe used for ultrasound-guided 
venipuncture): the catheter tip is visualized by short axis or long axis view of the 
axillary vein. An insufficient visualization of the tip can be enhanced by rapid 
flush of saline inside the catheter (bubble test)

•	 Lock of the catheter with saline.
•	 Seal the exit site with a small amount (0.15–0.25 ml) of cyanoacrylate glue. The 

glue will (a) stop any bleeding and oozing, (b) reduce bacterial contamination, 
and (c) improve the stabilization of the device.

•	 Secure the catheter with skin-adhesive sutureless device or with subcutaneous 
anchorage (Fig.  13.9) (if subcutaneous anchorage is used, the glue must be 
applied after the securement).

•	 Cover and protect the exit site with semipermeable transparent membranes with 
high permeability (high MVTR = high moisture vapor transfer rate); the skin of 
children has high transpiration and if the membrane is not permeable enough, 
maceration can occur below the dressing. Bordered membranes will allow a bet-
ter stabilization of the device.

Depending on the age and the degree of collaboration of the child, the insertion of a 
short cannula may be performed under sedation, general anesthesia, or with local 
infiltration of anesthetic (0.75% ropivacaine).

Fig. 13.9  Midline catheter 
secured and protected with 
subcutaneous anchorage, 
glue and transparent 
membrane
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13.6  �Maintenance

The basic recommendations for the proper maintenance of a peripheral venous 
access are (1) appropriate care of catheter at the exit site, (2) appropriate care of the 
infusion lines.

	1.	 The care of the exit site is focused on the prevention of dislodgment and on the 
prevention of bacterial contamination by the extraluminal route. For short can-
nulas, no scheduled dressing change is needed since transparent dressing are 
meant to stay in place for one week and very few short cannulas would resist so 
long. The combined use of cyanoacrylate glue and transparent dressing will sig-
nificantly reduce the occurrence of unscheduled dressing change. On the other 
hand, long peripheral catheters (mini-midline) and midline catheters require 
weekly dressing changes, which include: (1) after hand hygiene, wearing non-
sterile gloves, removal of the old transparent dressing and of the skin-adhesive 
sutureless securement (if present); (2) skin antisepsis with 2% chlorhexidine in 
70% isopropyl alcohol (apply for 30 seconds and let dry for 30 seconds); (3) 
placement of new sutureless securement (if needed) and of new transparent 
dressing. An important role is played by surveillance and more specifically by 
periodic visual inspection of the exit site (2–3 times/day) for an early detection 
of local complications.

	2.	 The care of the infusion line is focused on the prevention of lumen occlusion and 
on the prevention of bacterial contamination by the intraluminal route. The main 
strategies for reducing the risk of contamination and of lumen occlusion are: for 
peripheral venous devices use intermittently, adoption of needle-free connectors 
with neutral displacement, covered by passive disinfection caps (so-called “port 
protectors”); routine change of continuous administration sets (used for other 
than lipid solutions or blood or blood products) not more frequently than every 
96 hours; change of intermittent administration sets every day; change of admin-
istration sets for blood products at the end of every unit or every four hours; 
change of needle-free connectors with the administration sets; flush with 2–5 ml 
of normal saline before and after each infusion; lock the peripheral venous 
access devices, if used intermittently, with saline only.

13.7  �Complications

Though peripheral venous access devices are commonly regarded as safe if com-
pared to central venous access devices, they are nonetheless associated with a high 
incidence of minor local complications, which all concur eventually to the same 
outcome, “catheter failure”, that is, forced, unscheduled removal of the VAD. Its 
pathogenesis is often difficult to define, especially for short cannulas, since the rea-
sons for catheter failure include: “phlebitis” (i.e., “thrombophlebitis”) of superficial 
veins, secondary to bacterial contamination and/or chemical injury and/or 
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mechanical injury and/or local obstruction of the blood flow; partial dislodgment of 
the catheter with associated infiltration/extravasation of the infusate in the surround-
ing tissues (Fig. 13.10); occlusion of the catheter lumen. The differentiation between 
these complications may be difficult, since the clinical picture is identical: local 
pain or tenderness, swelling, redness, obstruction to flow. Furthermore, more 
recently, peripheral venous devices have also been related to more severe systemic 
complications such as bloodstream infections.

	1.	 Infection. The incidence of systemic infections (catheter-related bloodstream 
infections) due to peripheral devices is quite low, probably below 0.5 epi-
sodes/1000 catheter days. On the other hand, the rate of local infection is diffi-
cult to define since it may be difficult to differentiate from other causes of 
‘catheter failure’. Probably, infection of the exit site due to inappropriate anti-
sepsis at the time of insertion is a major cause of ‘catheter failure’. The best 
prevention is the adoption of the strategies described above in the paragraph 
about maintenance, plus a strict policy of visual inspection of the exit site (to be 
performed 2–3 times per day). According to the Visual Exit Score suggested by 
the 2021 Standards of the Infusion Nursing Society, the presence of redness or 
tenderness of the exit site is not a sufficient reason for removing the device, 
while the simultaneous evidence of redness and tenderness (with or without 
other local signs such as secretions, swelling, etc.) is an indication for removal.

	2.	 Lumen occlusion. This complication is not frequent for short cannulas, but it is 
a frequent cause of ‘catheter failure’ for long peripheral catheters and midline 
catheters. An intraluminal occlusion may be secondary to drug precipitates or 
blood clots; an extraluminal obstruction of the tip is often secondary to venous 
thrombosis or to formation of fibroblastic sleeve. The preventive strategies 
include: avoidance of simultaneous infusion of incompatible drugs; saline flush 
before and after each infusion; use of the device exclusively for peripherally 
compatible solutions.

Fig. 13.10  Extravasation
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	3.	 Dislodgment. This complication is a very frequent cause of catheter failure for 
short cannulas, but not for mini-midlines and midline catheters. In fact, short 
cannulas are more prone to be inserted in unstable areas (back of the hand, ante-
cubital fossa, etc.) and are typically secured only by the transparent dressing. In 
pediatric patients, there is an additional risk related to the possible lack of col-
laboration of the patient. The prevention of dislodgment includes both the proper 
choice of the puncture site and an appropriate securement and coverage. As 
regards securement/protection, we recommend cyanoacrylate glue + bordered 
transparent membrane for short cannulas, cyanoacrylate glue + skin adhesive 
sutureless securement + transparent membrane for long peripheral catheters, and 
subcutaneous anchorage + cyanoacrylate glue + transparent membrane for mid-
line catheters.

	4.	 Phlebitis/thrombosis. Different types of injuries may cause an inflammation of 
the vein wall and a disruptive damage of the endothelial integrity, which is fol-
lowed by the local formation of a thrombus. These pathophysiological events are 
variously described as “phlebitis” or “thrombophlebitis” or “thrombosis”, 
though there is little pathological evidence to differentiate the prevalence of the 
inflammation of the vein from the local venous thrombosis. Furthermore, the 
same phenomena may be elicited by a mechanical injury, by bacteria or by 
chemical substances contained in the infused solution. The local changes may be 
self-limiting, or they may be associated with a loss of the integrity of the vein 
wall, with resulting infiltration or extravasation. Prevention of bacterial phlebitis 
has been discussed above. Prevention of mechanical and chemical phlebitis is 
based on the following recommendations: (1) if the short cannula is inserted on 
the hand, in the external jugular vein and in veins of the lower limb, remove it 
within 24–48 hours; (2) use the smallest practical size of venous access device, 
still compatible with the infusion required; long peripheral catheters and midline 
catheters should be chosen respecting the 1:3 catheter/vein ratio; (3) use appro-
priate stabilization (see above) to avoid micro-motion of the catheter, which is 
known to be associated with the risk of mechanical phlebitis; (4) do not use a 
peripheral venous access device for repeated or prolonged administration of 
solutions that are not peripherally compatible (chemical irritants, vesicant drugs, 
parenteral nutrition with osmolality >850 mOsm/L, etc.).
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Chapter 14
Peripherally Inserted Central Catheters 
(PICC) in Children

Massimo Lamperti and Mauro Pittiruti

The use of Peripherally Inserted Central Catheters (PICCs) in pediatric patients is 
not new. Since many years, these catheters have been used to deliver intravenous 
therapy, especially when required for prolonged periods. Their use began first in 
Pediatric Intensive Care Units (PICU) and in oncological wards but, in the recent 
years, with the introduction of new materials and techniques, PICCs have been 
widely adopted as first-option central venous access for both hospitalized children 
and for children on homecare therapy.

14.1  �Definition

For many years, the term PICC has been confusing in the pediatric vascular world, 
being used for peripherally inserted central catheters both in children and in 
neonates.

A “pediatric” PICC is a medium-long term, tunneled or non-tunneled, central 
venous access device inserted into deep veins of the upper arm with a cross-sectional 
diameter greater or equal to 3 mm (Fig. 14.1). These catheters must be inserted by 
ultrasound guided venipuncture, and the final position of the tip must be assessed 
either by intracavitary ECG or by ultrasound-based tip location (ECHOTIP-Ped 
protocol) (see below). Pediatric PICCs are only available with caliber equal or 
larger than 3Fr and most of them are power-injectable and in polyurethane; they can 
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be used for standard infusion but also for transfusion or blood sampling or hemody-
namic monitoring. As their minimal caliber is 3Fr (= 1 mm), they should be inserted 
only in veins with an inner diameter of 3 mm or larger; in fact, a catheter occupying 
more than 30% of the inner diameter of the vein would be associated with venous 
stasis, increasing the risk of thrombosis. PICC insertion is safe, as insertion-related 
complications are very rare; late non-infective complications are rare.

On the other hand, “neonatal” PICCs—which should be preferably called 
epicutaneo-cava catheters (ECCs)—are short-term, non-tunneled central venous 
access devices inserted into superficial veins of upper limbs, of lower limbs or at the 
scalp. They are the most used central venous catheters in Neonatal Intensive Care 
Units (NICU). They have a very small size (from 1 to 2.7 Fr), so that they cannot be 
used for transfusion or blood sampling or hemodynamic monitoring, but only for 
infusion. They are inserted by direct percutaneous visualization, with or without the 
aid of Near Infra-Red devices, and the final position of the tip is assessed by 
ultrasound-based tip location (Neo-ECHOTIP protocol). ECCs are usually made of 
polyurethane but are not power-injectable. They have a minor risk of life-threatening 
complications, as early or late pericardial tamponade.

Fig. 14.1  Non-
tunneled PICC
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In short, Peripherally Inserted Central Catheters (PICCs) are different from 
Epicutaneo-cava catheters (ECC) and the two devices should not be confused. 
Table 14.1 summarizes the main differences between PICCs and ECCs.

14.2  �Indications

Indications for PICC insertion in pediatric patients are the same general indications 
for a central venous access:

•	 Prolonged infusion of solutions potentially associated with endothelial damage 
(parenteral nutrition, drugs with osmolarity >600 mOsm/L or pH <5 or >9, as 
well as any irritant or vesicant solution)

•	 Requirement for multiple blood samplings during the hospital staying
•	 Rapid infusion of fluids for volume replacement (power injectable PICCs can 

infuse fluids at 1–2 ml/sec for each lumen)
•	 Need for hemodynamic monitoring (central venous pressure, oxygen saturation 

in mixed venous blood)
•	 Needle-phobic children

They should be preferred to centrally inserted central catheters in some specific 
situations:

•	 low platelet count or high bleeding risk for any other reason
•	 tracheostomy
•	 high risk of venous catheterization through central veins of the supra/infra-

clavicular area
•	 need for prolonged intravenous treatment (typically, in non-hospitalized 

children).

Table 14.1  Main differences between PICCs and ECCs

Pediatric PICCs Epicutaneo-cava catheters (ECCs)

Only in children Only in neonates
Vein with cross sectional diameter >3 mm Any small vein
Deep veins of the arm Superficial veins of limbs and scalp
3–4–5 Fr catheters, power injectable 1–2.7 Fr catheters
Ultrasound-guided venipuncture Direct or NIR-guided venipuncture
Tip location by IC-ECG or ultrasound Tip location by ultrasound
Appropriate for transfusions Not appropriate for transfusions
Hemodynamic monitoring Hemodynamic monitoring impossible
Appropriate for blood sampling Infusion only
Appropriate for medium-long term treatments Appropriate for short term treatments
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This last indication has made PICCs one of the most used long-term central venous 
catheters for pediatric homecare in the last decade, as they have advantages over 
ports (no need of puncture when the system is accessed) and over both ports and 
tunneled-cuffed CICCs (once the treatment is concluded, PICCs are easily removed 
without surgical procedure).

For these reasons, PICC has become very popular not only in acute care settings 
(PICU) but also as a valid option for any medium/long term intravenous treatment 
in pediatric patients. In non-hospitalized children, a long-term dwelling of the PICC 
can be obtained by tunneling the catheter (as this will reduce the risk of infection) 
and securing with subcutaneous anchorage (as this will reduce the risk of 
dislodgement).

Contraindications to PICC insertion are:

•	 absence of veins of proper caliber at the arm
•	 pathological abnormalities of the arm (fracture, ankylosis, venous thrombosis, 

skin infections, paresis, etc.)
•	 chronic renal failure of grade 3b–4–5 (present or future need for arterial-venous 

fistula).

14.3  �Technique of Insertion

As for PICCs in adults, the successful insertion of a PICC is guaranteed by the 
adoption of a proper insertion bundle, such as the SIP protocol (Table 14.2) Before 
PICC insertion, an accurate assessment of the venous patrimony of the patient is 
essential. The protocol of Rapid Peripheral Vein Assessment (RaPeVA) (Fig. 14.2). 
The main steps of the protocol are described in Figs. 14.3, 14.4, 14.5, 14.6, 14.7; 
RaPeVA includes an ultrasound examination of all main vessels of the mid-arm, 

Table 14.2  The SIP protocol (SIP = Safe insertion of PICCs)

 �� 1. � Bilateral ultrasound scan of all veins at arm and neck using the RaPeVA (Rapid Peripheral 
Vein Assessment)

 �� 2. � Proper policy of hand hygiene, skin antisepsis with 2% chlorhexidine in alcohol, maximal 
barrier precautions

 �� 3. � Choice of the appropriate vein: inner diameter of the vein must be at least 3 times the 
external caliber of the catheter; puncture site must be in Dawson’s green zone, but if 
puncture site is in the yellow zone, tunnel the catheter so to get an exit site in the green zone

 �� 4. � Clear identification of median nerve and brachial artery before venipuncture
 �� 5. � Ultrasound guided venipuncture with micro-introducer kit (including 21G needle and 

floppy straight tip nitinol guidewire)
 �� 6. � US-based tip navigation during introduction of the PICC
 �� 7. � Tip location by intracavitary ECG and/or ultrasound
 �� 8. � Securement of the catheter with sutureless device (prefer subcutaneous anchorage) and 

protection of the exit site with cyanoacrylate glue and transparent dressing
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upper arm, axilla, and infra and supra-clavicular area. This assessment allows to 
verify the possibility of PICC insertion, the best puncture site, the best exit site, and 
the need for tunneling (according to the RAVESTO protocol) (Table 14.3). The best 
exit site for PICC is in the middle third of the upper arm, in the so-called ‘green 
zone’ according to Dawson’s Zone Insertion Method; if the best puncture site (i.e., 
a vein of appropriate size), is only available in the ‘yellow zone’ (medial third of the 
upper arm), tunneling is an option (see below).

As regards the choice of the PICC, we strongly recommend using only power 
injectable, polyurethane, non-valved catheters. Silicon PICCs are associated with 
high risk of mechanical complications, while valved PICCs are associated with high 
risk of malfunction. The caliber should be chosen after measurement of the vein 

Right subclavian vein

Basilic vein

Ulnar vein

Deep palmar
venous arch
Superficial palmar
venous arch

Digital veins

Axillary vein

Brachial vein

Cephallic vein

Basillic vein

Media cubital vein

Cephalic vein

Radial vein

Median vein
ofthe forearm

Fig. 14.2  Summary of the RaPeVA protocol
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chosen for cannulation; 3 Fr catheters will adapt to 3 mm veins (or larger), 4 Fr 
catheters to 4 mm veins (or larger), and so on. The number of lumen (single, double, 
or triple) will be dictated by the expected clinical use; double and triple lumen 
PICCs have an important role in PICU; single lumen PICCs should be preferred for 
home care and for long term use.

Another important issue is related to the setting where the PICC insertion is per-
formed. These procedures are commonly performed at bedside when the child is in 

Fig. 14.3  Venous examination according to the RaPeVA protocol: cephalic vein at the antecubi-
tal fossa

Fig. 14.4  Brachial artery and veins at the antecubital fossa
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the PICU. For pediatric patients who are not in an intensive care unit, the best option 
is to insert PICCs in a dedicated area of the hospital equipped with all proper materi-
als (PICCs, micro-introducers, ultrasound device with pediatric probes, ECG moni-
tor, etc.) and with dedicated personnel expert in pediatric procedures. In most of 
these insertions, some type of procedural sedation and analgesia is required; the 
personnel should be trained in PALS (pediatric advanced life support). The physi-
cian dedicated to the sedation and care of the child should be different from the 

Fig. 14.5  Basilic vein, brachial artery and veins, median nerve at the middle third of upper arm

Fig. 14.6  Cephalic vein at the middle third of upper arm
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Fig. 14.7  axillary vein and artery in the infraclavicular area

Table 14.3  The RAVESTO protocol (RAVESTO = Rapid Assessment of Venous Exit Site and 
Tunneling Options)

Central venous 
access device

Type and path of 
tunnel Indications for tunneling

PICC Tunnel to 
Dawson’s green 
area

Puncture site in Dawson’s yellow area; non-hospitalized 
patients with expected long intravenous treatment

CICC 
(supraclavicular 
puncture)

Tunnel to 
infraclavicular 
area

Long term intravenous treatment in non-hospitalized 
patients (antibiotics, parenteral nutrition, 
chemotherapy); expected difficulties in management of 
the exit site in hospitalized patients (beard, humidity, 
tracheostomy, instability, etc.)

Tunnel to arm Compromised skin integrity of the chest area; oral or 
endotracheal secretions over chest; implanted device on 
ipsilateral chest; chest surgery; contracted shoulder; etc.

Tunnel to back Cognitive disorder resulting in device removal; 
contraindication to chest or arm exit site

CICC 
(infraclavicular 
puncture)

Tunnel to lower 
chest

Long term intravenous treatment in non-hospitalized 
patients (antibiotics, parenteral nutrition, 
chemotherapy); expected problems in management of 
the exit site in hospitalized patients (tracheostomy, etc.)

Tunnel to arm Compromised skin integrity of the chest area; oral or 
endotracheal secretions over chest; implanted device on 
ipsilateral chest; chest surgery; contracted shoulder; etc.

Tunnel to back Cognitive disorder resulting in device removal; 
contraindication to chest or arm exit site

M. Lamperti and M. Pittiruti



235

clinician performing the insertion. Even in case of requirement of general anesthe-
sia (usually for smaller patients or agitated patients), the operating room is not 
strictly necessary, if a proper dedicated procedural room is available. The most 
appropriate combination of local anesthesia, sedation, analgesia, intravenous or 
gaseous anesthesia depends on the age and the clinical conditions of the child.

The insertion of the PICC starts with an accurate placement of the arm so to 
avoid any movement during the venipuncture. The operator should have the screen 
of the ultrasound device in front of his/her eyes and have the possibility to put the 
elbows on the operating table so to handle comfortably the ultrasound probe and the 
needle while performing the venipuncture.

The main steps of PICC insertion are illustrated in Figs. 14.8, 14.9, 14.10. Once 
the vein has been punctured and the guidewire inserted, it is recommended to check 

Central venous 
access device

Type and path of 
tunnel Indications for tunneling

FICC (puncture at 
the groin)

Tunnel to the 
abdomen

Non-emergency line in walking patients with 
contraindication to PICC/CICC

Tunnel to 
mid-thigh

Non-emergency line in bedridden patients with 
contraindication to PICC/CICC

FICC (puncture at 
mid-thigh)

Tunnel to the 
abdomen

Non-emergency line in walking patients with 
contraindication to PICC/CICC

Tunnel to distal 
thigh

Long term intravenous treatment in bedridden patients 
with contraindication to PICC/CICC

Table 14.3  (continued)

a b

c d

Fig. 14.8  Tunneled PICC insertion: RaPeVA (a); measurement of the vein (b); ultrasound guided 
venipuncture (c); introduction of the guidewire (d)

14  Peripherally Inserted Central Catheters (PICC) in Children



236

its presence in the vein of the upper arm by ultrasound. According to the modified 
Seldinger technique, the needle is removed, and the micro-introducer-dilator is 
inserted over the guidewire. After removing the dilator and the guidewire, the PICC 
is inserted into the micro-introducer, and the operator use ultrasound to assess that 
the catheter enters the subclavian and then the brachio-cephalic vein (‘tip 

a

c d

b

Fig. 14.9  Puncture site with guidewire (a); tunneling through a 14G cannula (b); the catheter is 
threaded through the cannula (c); length estimation (d)

a

c e

b

d

Fig. 14.10  Insertion of the micro-introducer-dilator over the guidewire (a); insertion of the trimmed 
catheter into the introducer (b); removal of the introducer by peel-away (c); verification of the proper 
tip location by intracavitary ECG (d); subcutaneous anchorage (for securement of the catheter); (e) 
application of cyanoacrylate glue (for sealing the exit site and closing the puncture site)
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navigation’, as described in the ECHOTIP-Ped protocol) (Table 14.4). The correct 
location of the catheter tip can be verified by intracavitary ECG (IC-ECG) or by 
ultrasound. Tip location by IC-ECG has been validated in children since a decade; 
this method is very accurate, safe, inexpensive, intraprocedural, rapid, and easy to 
perform. If the heart rate is high, it is recommended to increase the speed of the 
ECG monitor from 25 mm/sec to 50 mm/sec, for a better interpretation of the ECG 
trace. The old-fashioned method of tip location (approximate length estimation fol-
lowed by post-procedural chest x-ray) is not recommended by current guidelines, 
since it is inaccurate, expensive, and time-consuming. Another acceptable option 
for tip location is ultrasound-based tip location, with the adjunct of the ‘bubble test’, 
as described by the ECHOTIP-Ped protocol (Table 14.4). This technique has been 
validated in adults, and it is even easier to perform in children, since the ultrasound 
visualization of the inferior vena cava, right atrium and the junction between supe-
rior vena cava and atrium, by subcostal window, is optimal in these patients.

Once the PICC is inserted and the tip location is verified, it is mandatory to 
secure it so that it cannot be pulled out accidentally, considering that children and 
toddlers are sometimes very active and restless. Securement must be obtained either 
by skin-adhesive sutureless devices (Fig. 14.11) or by subcutaneous anchorage. In 
both cases, we recommend sealing the exit site with cyanoacrylate glue, for the 
purpose of improving the stabilization of the catheter, avoiding any bleeding/ooz-
ing, and reducing bacterial contamination. Subcutaneous anchorage (Fig. 14.12) is 
extremely effective in avoiding the risk of accidental dislodgment or removal of the 
PICC, events that are quite frequent in the pediatric population. The securement of 
the catheter and the protection of the exit site is completed by covering with a semi-
permeable transparent membrane, to be removed after 7 days. The traditional strat-
egy of protecting the exit site with a temporary dressing with sterile gauzes in the 
first 24 hours, so to absorb any possible minimal local bleeding, and then applying 
the definitive dressing, is not justified anymore when cyanoacrylate glue is used. 
The safest and most cost-effective strategy is to apply directly glue, sutureless 
device and transparent membrane at the time of insertion. One week later, the dress-
ing is changed: if securement is obtained by subcutaneous anchorage, it must not be 
replaced; on the other hand, skin-adhesive sutureless devices must be replaced 
weekly. After the first week, protection of the exit site can be achieved either replac-
ing the sealing with cyanoacrylate glue or applying locally a chlorhexidine-releas-
ing sponge dressing. The safety of repeated local applications of glue is not 
demonstrated, so that it is currently recommended to use the sponge dressing, after 
the first week; if the PICC is tunneled (see below), the cost-effectiveness of the 

Table 14.4  Ultrasound-based tip navigation/location of PICCs according to the ECHOTIP-Ped 
protocol

Protocol Probe Windows

PICC Tip 
navigation

Linear ‘hockey stick’ probe, 
10–14 MHz

Same acoustic windows as in RaPeVA 
and RaCeVA

Tip 
location

Micro-convex probe, 4–8-
MHz, or small sectorial probe, 
3–7 MHz

Subcostal bi-caval view (recommended) 
or 4-chambers apical view (as alternative 
option)
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chlorhexidine-releasing sponge dressing is questionable. At any case, the semiper-
meable transparent dressing must be replaced weekly. In pediatric patients, trans-
parent membranes must have high permeability (high MVTR = high moisture vapor 
transfer rate) since the skin of children is characterized by high transpiration. An 
MVTR >1500 is recommended. Transparent membranes with chlorhexidine-releas-
ing gel should always be avoided because the gel pad has no permeability does not 
allow a proper transpiration, increasing the risk of MARSI (skin maceration + local 
irritation due to chlorhexidine, amplified by the local humidity).

14.4  �Tunneling

As already mentioned, insertion of a 3Fr (or 4Fr) PICC usually requires the visual-
ization of a vein 3 mm or larger (or 4 mm or larger) in Dawson’s green zone. In 
children, the deep veins of the arm are often quite small, so that a vein of appropriate 
caliber may be detected only in the yellow zone (which is not considered optimal as 
location of the exit site). In this situation, which occurs frequently in the pediatric 
patient, tunneling is a simple, safe, and inexpensive technique that allows to have 

Fig. 14.11  Non-tunneled 
PICC secured with a 
skin-adhesive sutureless 
device
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the puncture site where the vein has the best caliber (the yellow zone) and the exit 
site in the ideal location (the green zone) (Fig. 14.13).

The technique is quite easy: after ultrasound guided venipuncture and insertion 
of the guidewire, the exit site is planned so to be located in the upper portion of the 

Fig. 14.12  Non-tunneled 
PICC secured with 
subcutaneous anchorage

Fig. 14.13  Tunneled PICC
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green zone. A blunt dissection of the subcutaneous tissue between the exit site and 
the puncture site is obtained, injecting saline or local anesthetic (depending on the 
overall strategy of sedation/anesthesia adopted in each case). The catheter is passed 
into the subcutaneous tissue, from the exit site to the puncture site (‘anterograde’ 
tunneling) either using dedicated metallic tunnelers or intravenous cannulas; a 3Fr 
catheter can be threaded into a 16G cannula, while a 4–5 Fr PICC will require a 14G 
cannula. As the catheter gets to the puncture site, it can be inserted into the vein by 
the modified Seldinger technique (‘catheter through introducer’). At the end of the 
maneuver, cyanoacrylate glue is used both for closing the exit site and for sealing 
the puncture site (Fig. 14.10e).

14.5  �Maintenance

As for any other central access device, the goal of maintenance is to protect the 
PICC from infective and non-infective complications.

The care of the exit site is focused on the prevention of dislodgment and of 
extraluminal bacterial contamination; for this purpose, the main recommended 
strategies are: proper frequency of dressing change (every 7 days or more frequently, 
if the dressing is loose or wet or detached), skin antisepsis with 2% chlorhexidine in 
alcohol, weekly replacement of the skin-adhesive sutureless securement (if the cath-
eter is not secured by subcutaneous anchorage), weekly replacement of 
chlorhexidine-releasing sponge dressing (in non-tunneled catheters), and weekly 
replacement of the semipermeable transparent dressing.

The care of the infusion lines is focused on the prevention of lumen occlusion 
and of intraluminal bacterial contamination, and the main recommended strategies 
are: saline flushing with normal saline—using a push-stop technique—before and 
after each infusion, and at least every week if the PICC is not used; adoption of 
neutral displacement needle free connectors, covered with disinfecting caps (so 
called ‘port protectors’); in specific cases at high risk for infection, periodic prophy-
lactic lock of the catheter with 2% taurolidine.

As far as the PICC is still indicated and there are no complications requiring 
removal, the device can be left in place for an unlimited period. The main limitation 
is related to the fact the child grows, so that a catheter with the tip properly located 
at the time insertion may become too short with the passing of time.

14.6  �Complications

As already mentioned, insertion-related complications are rare if adopting a proper 
insertion bundle as the SIP protocol. On the other hand, late complications may occur.

•	 Infection—Infection may occur as infection of the exit site, infection of the tun-
nel or catheter-related blood stream infection (CRBSI). The latter is a severe and 
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possibly life-threatening complication, which may occur especially in immuno-
compromised children and/or in PICCs used for parenteral nutrition. The diagno-
sis is made by simultaneous blood cultures from peripheral vein and from the 
catheter, using the method of the Differential Time to Positivity (DTP). The stan-
dard treatment of CRBSI is the removal of the PICC and antibiotic therapy. The 
prevention relies on proper policies of care of the exit site and of the infusion 
line. CRBSI should not be confused with catheter colonization (at DTP: catheter 
blood culture is positive, but peripheral blood culture is negative): the standard 
treatment of colonization is PICC removal, though in some cases a de-coloniza-
tion using lock with 2% taurolidine should be considered.

•	 Venous thrombosis—Catheter-related thrombosis (CRT) may be symptomatic or 
asymptomatic and is usually caused by a mismatch between vein diameter and 
catheter caliber (a catheter that occupies >33% or >45% of the venous lumen), 
and/or by relevant damage of the vein during repeated attempts of venipuncture, 
and/or by an inappropriate location of the tip (i.e., far from the cavo-atrial junc-
tion), and/or by thrombophilia of the child. When adopting the SIP protocol, the 
occurrence of CRT is minimized, both in adults and in children, and it may be 
expected to be 0–3% (slightly more frequent in children with leukemia). 
Diagnosis is based on ultrasound examination of the veins occupied by the 
PICC. The standard treatment is anticoagulation with low molecular weight hep-
arin; the PICC is removed only if there is concomitant malfunction or infection. 
At the ultrasound examination, asymptomatic CRT should not be confused with 
fibroblastic sleeve (FS), a very common physiological phenomenon associated 
with vascular devices (much more frequent than CRT), which consists in a sleeve 
of connective tissue enwrapping the catheter in some segments. FS is a benign 
event that does not require treatment.

•	 Lumen occlusion—Malfunction due to lumen occlusion is a complication of 
PICCs somehow more frequent in children than in adults, because of the smaller 
caliber of the catheter, but completely preventable by a proper policy of flushing 
with saline (before starting the infusion, in between different infusions, at the 
closing of the PICC). It may occur after blood sampling or after infusion of vis-
cous solutions (blood, blood derivatives, lipids, contrast media, etc.), if the cath-
eter is not properly flushed. Heparinization of the catheter has no role in 
preventing lumen occlusion, and—as a matter of fact—may cause lumen occlu-
sion by facilitating the precipitation of lipids and/or drugs with high pH.

•	 Dislodgment—Dislodgment used to be a very frequent cause of accidental PICC 
removal. Today, it can be successfully prevented by subcutaneous anchorage.

14.7  �Conclusion

PICCs are medium-long term central venous access devices, and they should be 
considered the first option for any central venous access, both in hospitalized and in 
non-hospitalized children, as long as the deep veins of the arm are of appropriate 
caliber. The preservation of the venous patrimony is of paramount importance in 
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children: therefore, proper indication of the device, proper technique of insertion 
and accurate protocols of maintenance and care should be implemented systemati-
cally, so to avoid unscheduled removal of the PICC. The care of the child and his 
family - together with the care for the PICC - are the key to success to grant a good 
clinical outcome.
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Chapter 15
Centrally and Femorally Inserted Central 
Catheters (CICC and FICC) in Children

Mauro Pittiruti

15.1  �Definition

As already mentioned in previous chapter, the current definition of central venous 
access device (VAD) implies that the tip of the catheter must be located in the supe-
rior vena cava (SVC), or in the inferior vena cava (IVC) or in the right atrium (RA). 
Any catheter with the tip in any of these locations is to be considered a central 
access, even if some special performance may require a specific position of the tip. 
For example, monitoring of central venous pressure requires that the tip is in the 
SVC or RA; monitoring of oxygen saturation in mixed venous blood requires that 
the tip is in the RA. In general, the most appropriate positions are the lower third of 
the SVC or the SVC/RA junction (for PICCs and CICCs), and the IVC/RA junction 
or the middle portion of the IVC (for FICCs).

In pediatric patients, central VADs may be placed by percutaneous cannulation 
of superficial veins (epicutaneo-cava catheters = ECC), or direct cannulation of the 
umbilical vein (umbilical venous catheter = UVC), or ultrasound guided cannula-
tion of deep veins in the supra/infra-clavicular area (centrally inserted central cath-
eter = CICC), or at the arm (peripherally inserted central catheter = PICC), or at the 
groin (femorally inserted central catheter = FICC). The old-fashioned technique of 
central venous cannulation by venous cutdown (of the internal or external jugular 
vein, of the cephalic vein, or of the saphenous vein) is not acceptable anymore, since 
it is associated with high risk of complications (infection, venous thrombosis, local 
bleeding), risk of failure, low cost-effectiveness and a relevant waste of time and 
resources. The twentieth century practice of ‘blind’ (or—euphemistically—
‘landmark-based’) puncture of deep veins must be abandoned, too, since the intro-
duction of ultrasound in clinical practice.
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Considering that ECC and UVC are appropriate only in neonates, all central 
VADs in infants and children should be currently placed by ultrasound-guided can-
nulation of deep veins (PICC, CICC or FICC). In the previous chapter, we have 
discussed PICCs (i.e., central VADs obtained by ultrasound guided cannulation of 
deep veins of the arm). Small infants do not usually have veins of the arm suitable 
for 3Fr catheters (which is the smallest size available for ultrasound guided PICCs), 
so that in this category of pediatric patients most central VADs are either CICCs or 
FICCs. On the other hand, PICC should be regarded as the first option for central 
venous access in children, because of their low invasiveness and the absence of 
potentially life-threatening complications at the time of insertion. Though, there are 
many clinical situations when a PICC cannot be inserted because of small caliber of 
the veins of the arm (both in the green zone and in the yellow zone) or because of 
other anatomical or pathological abnormalities of the upper limb. The presence of 
chronic renal failure likely to require an arterial-venous fistula is another important 
contraindication to PICC.  In these situations, CICC or FICC insertion should be 
considered.

15.2  �Indications

Central venous access is indicated when the child requires (a) infusion of solutions 
associated with potential endothelial damage (i.e., non-compatible with the periph-
eral route), (b) repeated daily blood sampling, (c) hemodynamic monitoring (central 
venous pressure, oxygen saturation in mixed venous blood, (d) hemodialysis, (e) 
prolonged intravenous access in the extra-hospital setting. In case of indication for 
hemodynamic monitoring, the tip of the central venous access must be located in 
SVC or RA. In case of indication for hemodialysis, a specific CICC or FICC with 
proper design (double lumen, stiff material, etc.) is necessary. In case of prolonged 
extra-hospital use, a tunneled-cuffed catheter (either PICC, CICC or FICC) should 
be used, or—preferably—a non-cuffed tunneled catheter secured by subcutaneous 
anchorage.

CICC insertion should be considered when contraindications to PICC insertion 
are present:

•	 small infants or children with arm veins of caliber <3 mm (and thus not suitable 
for 3Fr catheters)

•	 emergency central venous catheterization
•	 anatomical or pathological abnormalities of the arm, related to the vasculature 

(thrombosis), to the joints and bones (ankylosis, fractures, amputation), to the 
neuromuscular function (long standing paresis with muscle hypotrophy and con-
sequent vascular hypoplasia), to the skin (burns, skin ulcers, infections)

•	 chronic renal failure stage 3B—4 or 5, probably requiring an arterial-venous 
fistula for hemodialysis
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•	 central venous catheterization required for temporary hemodialysis (no PICC is 
appropriate for hemodialytic procedures)

On the other hand, FICC insertion may have specific indication in case of simulta-
neous contraindication to both CICCs and PICCs:

•	 emergency central venous catheterization in clinical situations when a supra/
infra-clavicular puncture is considered at high risk (for example, in agitated 
patients) or logistically difficult (severe difficulty in the management of the air-
way or of the tracheotomy)

•	 surgical wounds or infections or burns of the chest area and of the arms
•	 mediastinal masses compressing the SVC
•	 agitated, non-collaborative child with previous accidental removal of PICCs and 

CICCs; an exit site in the lower limb may be part of a strategy of reducing the 
risk of removal, by placing the catheter out of reach of the hands of the child

•	 scheduled cardiac or head/neck surgery: in this case, the management of periop-
erative venous access will be easier if the exit site is at mid-thigh

•	 COVID patients, or other patients with severe respiratory distress, especially if 
treated by non-invasive ventilation using helmets or facial masks

•	 any child at high risk for accidental pleural injury in case of CICC insertion, if 
PICC insertion is simultaneously contraindicated.

Insertion of FICCs is increasingly used in pediatric clinical practice. Old-fashioned 
FICC insertion by placement of non-tunneled catheters after direct puncture of the 
common femoral vein (CFV) was inevitably associated with increased risk of infec-
tion, thrombosis, and dislodgement, because of the exit site at the groin. As direct 
puncture of the superficial femoral vein (SFV) and tunneling are being implemented 
in clinical practice, it is possible to insert FICCs placing the exit site at mid-thigh or 
even more caudally, either by accessing the SFV at mid-thigh or by accessing the 
CFV and then tunneling the catheter so to obtain an exit site at mid-thigh.

15.3  �Materials

The traditional classification (short term—medium term—long term) is not appro-
priate anymore, since the same tunneled central VADs (especially if secured with 
subcutaneous anchorage) may be appropriate for short-, medium- and long-term 
use, both in Pediatric Intensive Care Unit and in the homecare setting. In fact, tun-
neling should not be regarded as an uncommon technique used exclusively for 
cuffed catheters, but as an option to be considered in any situation when the punc-
ture site is not an ideal exit site (see Chap. 8).

In the intrahospital setting (both in intensive and non-intensive wards), tunneling 
is adopted on the basis of the clinical situation, according to the RAVESTO protocol 
(see Chap. 14), both for CICCs and FICCs; subcutaneous securement is 
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recommended in all central venous access devices in children, with the only excep-
tion of devices which are expected to be removed within 48 hours (for example: 
FICCs inserted in emergency or CICCs inserted only for a short perioperative 
period).

In the extrahospital setting, if a CICC or a FICC is indicated, we recommend 
using non-cuffed tunneled catheters secured with subcutaneous anchorage or—as 
second option—cuffed-tunneled catheters. In very special conditions (long term 
intermittent use of the venous access, typically for antiblastic chemotherapy) venous 
access may be obtained by totally implantable venous access devices (PICC-ports, 
chest-ports, and femoral ports), that will be discussed in Chap. 16.

Based on the material, on specific design features, and on technique of insertion, 
the currently available CICCs and FICCs for pediatric use can be classified as 
follows:

	1.	 polyurethane catheters (of different caliber, length, and number of lumens) to be 
inserted by simple Seldinger technique; these catheters are made of old-
generation polyurethanes and often provided with non-optimal insertion kits (for 
example, kits including large bore needles, j-shaped guidewires, etc.). Since they 
are inserted by simple Seldinger technique (‘catheter over guidewire’) tunneling 
is often impossible. They cannot be trimmed, so that it is necessary to plan the 
expected length before insertion. Their use should be confined to emergency 
venous access, and—as any central or peripheral VAD inserted in emergency—
they should be removed within 48  hours. Figure  15.1 shows a non-tunneled 
FICC placed in emergency.

	2.	 Power injectable, non-cuffed, new-generation polyurethane catheters (of caliber 
3-6Fr, single, double, or triple lumen), commonly marketed as PICCs but used 
‘off label’ as CICCs and FICCs. They have many advantages: (a) they are made 
of new generation polyurethanes (Carbothane, Chronoflex, etc.), very resistant 
and very bio-compatible; (b) they are inserted by modified Seldinger technique 
(‘catheter through introducer’), so that they can be easily tunneled, if needed; (c) 
the introducer kit is equipped with small bore echogenic needles (21G) and 
floppy straight tip 0.018″ nitinol guidewires, so to minimize trauma to the vein 
wall; (d) they are 40–60 cm long and they are supposed to be trimmed to the 
desire length, depending on the use (CICC vs. FICC), on the required intravas-
cular tract, on the extent of the tunneling, and on the type of securement (stan-
dard sutureless securement vs. subcutaneous anchorage); the operator must 
choose the catheter just considering the caliber (based on the diameter of the 
available veins) and the number of lumens (based on the clinical indication). 
Figures  15.2 and 15.3 show tunneled power injectable polyurethane double-
lumen CICCs in a child and in a small infant, respectively. Figure 15.4 shows a 
tunneled power injectable polyurethane single-lumen FICC in a small infant. 
Though silicon catheters and/or valved catheters are still available on the market, 
they should not be used; silicon catheters have no advantage over polyurethane 
catheters in terms of risk of infection or thrombosis, but they are more fragile, 
not appropriate for high flow and/or power injectable infusions, and prone to 
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mechanical complications; valved catheters have an increased cost and no advan-
tage in terms of prevention of lumen occlusion (catheter with distal valve are 
even characterized by high incidence of malfunction).

	3.	 Power injectable, cuffed, new-generation polyurethane catheters, all of them to 
be inserted by modified Seldinger technique and necessarily tunneled. They are 
available in different sizes (5-7Fr), single or double lumen. They should be used 
exclusively in children requiring prolonged venous access in the extrahospital 
setting. The actual advantage of using a cuffed-tunnel catheter vs. a non-cuffed 
tunneled catheter secured with subcutaneous anchorage is still matter of debate. 
In the experience of many pediatric centers, subcutaneous anchorage seems to be 
associated with lower costs, more efficacy, and less complications if compared 
to the cuff. Also, non-cuffed tunneled catheters secured with subcutaneous 
anchorage are removed easily, while removal of a cuffed catheter requires a 
minor surgical procedure and some sedation and/or local anesthesia. Old fash-
ioned silicon cuffed catheters, valved or non-valved (i.e., Broviac, Hickman, 
Groshong, Leonard), are still available on the market but they are not recom-
mended, because of the high risk of rupture, mechanical complications, and 
malfunctions.

Fig. 15.1  FICC inserted in 
emergency in a small 
infant: puncture of the left 
common femoral vein; no 
tunneling; securement with 
skin-adhesive sutureless 
device
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	4.	 Double lumen polyurethane catheters specifically designed for hemodialysis; 
they are available of different length, depending on the size of the child and 
whether they are meant to be used as CICCs (by right supraclavicular venous 
approach) or FICCs (by right or left femoral approach). Most of them are inserted 
by simple Seldinger technique.

Fig. 15.2  Double lumen 
CICC inserted in a child: 
puncture of the right 
brachio-cephalic vein; 
tunneling to the 
infraclavicular area; 
securement by 
subcutaneous anchorage

Fig. 15.3  Double lumen 
CICC inserted in a child: 
puncture of the left 
brachio-cephalic vein; 
tunneling to the 
infraclavicular area; 
securement by 
subcutaneous anchorage
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15.4  �Technique of CICC Insertion

The insertion of a CICC, as the insertion of any other VAD, should be performed 
following a well-defined ‘bundle’ that includes all current recommendations for 
optimizing the cost-effectiveness of the maneuver and avoiding complications. For 
CICCs, one insertion bundle already described in the literature is the SIC protocol 
(SIC  =  Safe Insertion of CICCs) (see Table  15.1). This protocol includes seven 
steps, which collect effectively and synthetically the most relevant phases of the 
procedure.

	1.	 Preprocedural evaluation. The first step is an appropriate choice of the vein to be 
cannulated, adopting the RaCeVA protocol, i.e., a systematic ultrasound exami-
nation of the veins of the neck and of the supra/infraclavicular region (Fig. 15.5a). 
The ultrasound scan starts at mid-neck, with the linear transducer placed in a 
transversal position so to visualize the internal jugular vein (IJV) and the carotid 
artery in short axis; then, the probe slides downward along the neck, visualizing 
the area where the IJV (still visualized in short axis) crosses the subclavian 
artery (visualized in long axis, posteriorly to the IJV). Sliding even more cau-
dally and tilting the probe, it is possible to visualize the brachio-cephalic vein 

Fig. 15.4  Single lumen 
FICC inserted in a small 
infant: puncture of the 
right common femoral 
vein; tunneling to 
mid-thigh; securement by 
subcutaneous anchorage
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Table 15.1  The SIC protocol (SIC = Safe Insertion of CICC)

 �� 1. � Preprocedural evaluation—choice of the vein by systematic ultrasound examination of the 
veins of the neck and of the supra/infraclavicular region (RaCeVA protocol) and choice of 
the ideal exit site (Central ZIM)

 �� 2. � Appropriate aseptic technique—hand hygiene, skin antisepsis with 2% chlorhexidine in 
70% alcohol, maximal barrier precautions

 �� 3. � Ultrasound-guided insertion—ultrasound-guided venipuncture, ultrasound verification of 
the correct direction of the guidewire (tip navigation) and of the absence of pneumothorax 
(pleural scan)

 �� 4. � Intra-procedural assessment of tip location—verification of the central position of the tip 
by intracavitary ECG and/or by transthoracic echocardiography, using the ‘bubble test’

 �� 5. � Adequate protection of the exit site—reduction of the risk of bleeding and risk of 
contamination by sealing with cyanoacrylate glue

 �� 6. � Proper securement of the catheter—stabilization of the catheter using skin-adhesive 
sutureless devices, transparent dressing with integrated securement or subcutaneous 
anchorage

 �� 7. � Appropriate coverage of the exit site—use of semi-permeable transparent dressing, 
preferably with high breathability

a b

c d

Fig. 15.5  Technique of CICC insertion in a small infant: preprocedural ultrasound evaluation (a); 
maximal barrier precautions (b); ultrasound guided cannulation of the brachio-cephalic vein (c), 
with real time visualization of the needle inside the vein (d)
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(BCV) in long axis, in the anterior mediastinum. Sliding the transducer laterally 
along the clavicle, and further tilting it, the subclavian vein (SV) is seen in long 
axis; posterior, superior and parallel to the SV, the final tract of the external jugu-
lar vein (EJV) is visualized in long axis, too. Moving the probe to the infracla-
vicular area and placing it close to the lateral third of the clavicle, the axillary 
vein (AV) and the axillary artery can be visualized in short axis or—appropri-
ately rotating the probe—also in oblique axis or in long axis. The final tract of 
the cephalic vein (CV) can also be visualized in the infra-clavicular area, at its 
merging into the AV. After this systematic evaluation of all major veins of the 
supra/infra-clavicular area, the most appropriate can be chosen, considering dif-
ferent factors: the size of the vein (which must be at least three times the external 
caliber of the catheter), its depth, its relationship with the surrounding structures, 
and so on. According to the Central ZIM (Zone Insertion Method), there are 
three zones in this area: the green zone corresponds to the infraclavicular area, 
the yellow zone to the supraclavicular fossa, and the red zone to the neck. The 
red zone should not be used as puncture site or exit site. The yellow zone is used 
as puncture site when a supraclavicular vein is chosen (IJV, SV, BCV, EJV), 
while the green zone is the puncture site when the AV or the CV are accessed. 
The yellow zone is acceptable as exit site, though in some situations (presence of 
tracheostomy, for example) the exit site should be moved elsewhere. The 
RAVESTO protocol (see Table 15.2) summarizes the different options for tun-
neling. The most frequent tunneling in the pediatric patient is the tunnel to the 
infraclavicular area after BCV puncture; especially in small infants, BCV is the 
largest and easiest vein to access, but its puncture site is not an ideal exit site 
because of the contamination of the skin and the instability of the dressing. 
Sometimes, when the catheter is cuffed, tunneling is mandatory. Tunneling is 
also recommended for pediatric patients in home care and/or receiving extra-
hospital intravenous treatments, since tunneling is a very effective strategy 
against extraluminal bacterial contamination. In short, the preprocedural evalua-
tion is focused on the choice of the vein (choice of the puncture site) and on the 
evaluation of the indication to tunneling (choice of the exit site). If a non-tunneled 
dialysis catheter is inserted, the best choice is the right BCV, with the exit site in 
the right supraclavicular area.

	2.	 Appropriate aseptic technique (Fig. 15.5b). The three main strategies for infec-
tion prevention, that must be adopted in any central venous catheterization, are 
(a) proper hand hygiene, (b) skin antisepsis with 2% chlorhexidine in 70% iso-
propyl alcohol, and (c) maximal barrier precautions (mask, cap, sterile gloves, 
sterile gown, large sterile drapes over the child, long sterile cover for the probe). 
When CICC insertion is performed as an emergency, if these three precautions 
cannot be completely adopted, the VAD must be removed as soon as possible, 
within 48 hours.

	3.	 Ultrasound-guided insertion. Ultrasound-guided venipuncture can be performed 
with different techniques in the pediatric patients, depending on the vein chosen 
for cannulation, always using a linear transducer. Supraclavicular veins should 
be preferably accessed by in-plane techniques (Fig. 15.5c, d), so to minimize the 
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risk of accidental injury to the pleura or to the subclavian artery or to the carotid 
artery: IJV should be accessed by a short axis/in-plane or an oblique axis/in-
plane approach, as the old-fashioned short axis/out-of-plane approach carries 
some risk of accidental arterial puncture; the BCV, SV and EJV are all accessed 
by a long axis/in-plane approach. The ideal approach to the AV is still not 
defined; short axis/out-of-plane, oblique axis/in-plane and long axis/in plane 
approaches have been described. Though, infra-clavicular veins (AV and CV) 
are usually quite small in all infants and in most children, so that they are not 
commonly selected for CICC insertion. A micro-introducer kit (21G needle, 
floppy straight tip 0.018″ nitinol guidewire, micro-introducer-dilator) is strongly 
recommended for any venipuncture (Fig. 15.6a). Soon after venipuncture, the 
linear transducer is used for verification of the correct direction of the guidewire 
(tip navigation according to the ECHOTIP-Ped protocol) (see Table  15.3) 

Table 15.2  The RAVESTO protocol (RAVESTO = Rapid Assessment of Venous Exit Site and 
Tunneling Options)

Central venous 
access device

Type and path of 
tunnel Indications for tunneling

PICC Tunnel to 
Dawson’s green 
area

Puncture site in Dawson’s yellow area; non-hospitalized 
patients with expected long intravenous treatment

CICC 
(supraclavicular 
puncture)

Tunnel to 
infraclavicular 
area

Long term intravenous treatment in non-hospitalized 
patients (antibiotics, parenteral nutrition, 
chemotherapy); expected difficulties in management of 
the exit site in hospitalized patients (beard, humidity, 
tracheostomy, instability, etc.)

Tunnel to arm Compromised skin integrity of the chest area; oral or 
endotracheal secretions over chest; implanted device on 
ipsilateral chest; chest surgery; contracted shoulder; etc.

Tunnel to back Cognitive disorder resulting in device removal; 
contraindication to chest or arm exit site

CICC 
(infraclavicular 
puncture)

Tunnel to lower 
chest

Long term intravenous treatment in non-hospitalized 
patients (antibiotics, parenteral nutrition, 
chemotherapy); expected problems in management of 
the exit site in hospitalized patients (tracheostomy, etc.)

Tunnel to arm Compromised skin integrity of the chest area; oral or 
endotracheal secretions over chest; implanted device on 
ipsilateral chest; chest surgery; contracted shoulder; etc.

Tunnel to back Cognitive disorder resulting in device removal; 
contraindication to chest or arm exit site

FICC (puncture at 
the groin)

Tunnel to the 
abdomen

Non-emergency line in walking patients with 
contraindication to PICC/CICC

Tunnel to 
mid-thigh

Non-emergency line in bedridden patients with 
contraindication to PICC/CICC

FICC (puncture at 
mid-thigh)

Tunnel to the 
abdomen

Non-emergency line in walking patients with 
contraindication to PICC/CICC

Tunnel to distal 
thigh

Long term intravenous treatment in bedridden patients 
with contraindication to PICC/CICC
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(Fig. 15.6b), and for ruling out pneumothorax (pleural scan: see Chap. 7). If a 
tunneling is required, it should be prepared after the insertion of the guidewire 
and before the insertion of the micro-introducer over the guidewire (‘antero-
grade tunneling’: see Chap. 8), as shown in Figs. 15.6c, d, and 15.7a.

	4.	 Intra-procedural assessment of tip location. According to all current guidelines, 
the verification of the central position of the tip should be done during the pro-

a b

c d

Fig. 15.6  Technique of CICC insertion in a small infant: insertion of the guidewire (a) and its real 
time visualization inside the vein (b); preparation of the tunnel (c) and (d)

Table 15.3  Summary of ECHOTIP-Ped for CICCs and FICCs

CVC Protocol Probe Windows

CICC Tip 
navigation

Linear probe 10–14 MHz Same acoustic windows as RaCeVA

Tip location Small sectorial probe 
3–7 MHz

Subcostal bi-caval or 4-chamber view

FICC Tip 
navigation

Linear probe 10–14 MHz and 
micro-convex probe 4–8 MHz

Short/long axis of the femoral vein (linear 
probe) and of the inferior vena cava 
(micro-convex)

Tip location Micro-convex probe 4–8 MHz Subcostal longitudinal view of the inferior 
vena cava
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cedure; the old-fashioned strategy of approximate length estimation during the 
procedure and subsequent post-procedural chest x-ray is currently considered 
unacceptable in terms of safety, accuracy, and cost-effectiveness. Intraprocedural 
methods for tip location include intracavitary ECG (IC-ECG), fluoroscopy, 
trans-esophageal echocardiography (TEE), and trans-thoracic echocardiography 
(TTE) using the ‘bubble test’ (see Chap. 6). The most accurate methods are TEE 
and IC-ECG, the least accurate is fluoroscopy. However, both TEE and fluoros-
copy are invasive, expensive, and logistically difficult to apply. For these rea-
sons, tip location should be verified by IC-ECG and/or TTE. Interestingly, while 
IC-ECG have some limitations in adult patients (because of atrial fibrillation or 
complex cardiac arrhythmias), the applicability and feasibility of this method in 
children is 100%. Furthermore, TTE, if using the subcostal views, is very easy to 
perform in the pediatric patient. When a dialysis catheter is required, the IC-
ECG method should be applied to both lumens: the correct tip position corre-
sponds to a diphasic P wave on the distal lumen (intra-atrial location) and a high 
P wave on the proximal lumen (lower third of the superior vena cava). 
Figures 15.7 and 15.8 show how IC-ECG and TTE can be applied during the 
same procedure.

	5.	 Adequate protection of the exit site. All exit sites of central venous access should 
be sealed with cyanoacrylate glue (see Chap. 8). Application of cyanoacrylate is 

a b

c d

Fig. 15.7  Technique of CICC insertion in a small infant: insertion of the catheter through the 
micro-introducer (a); using a sterile cable (b), connection of the catheter to a standard ECG moni-
tor (c); the appearance of the peak of the P wave (d) confirms the location of the tip at the junction 
between right atrium and superior vena cava
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a safe and cost-effective strategy for reducing the risk of bleeding and the risk of 
bacterial contamination by the extraluminal route. If the catheter has been tun-
neled, cyanoacrylate is also used for closing the skin incision at the puncture site 
(Fig. 15.9). Clinical studies have proven that cyanoacrylate glue is completely 
safe, even in small neonates, and that its use is not associated with any chemical 
or physical damage of polyurethane catheters.

a b

c d

Fig. 15.8  Tip location by ultrasound: subcostal window (a), with visualization of the heart cham-
bers (b) and appearance of the micro-bubbles soon after saline injection (c); securement with 
subcutaneous anchorage (d)

Fig. 15.9  Tunneled CICC: 
glue is used both for 
sealing the exit site and for 
closing the skin incision at 
the puncture site
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	6.	 Proper securement of the catheter. Stabilization of the CICC should be obtained 
with (a) skin-adhesive sutureless devices, or (b) transparent dressing with inte-
grated securement or (c) subcutaneous anchorage. In most CICC inserted as 
elective procedure and expected to last for a prolonged period, either tunneled or 
non-tunneled, the best option is the subcutaneous anchorage, which has been 
proven to be safe and highly effective (Figs. 15.8d and 15.10). Subcutaneous 
anchorage should also be considered whenever there is a high risk of dislodgment 
(for example, in agitated and non-collaborative infants and children, or in case of 
skin abnormalities).

	7.	 Appropriate coverage of the exit site. The exit site should be protected with a 
semi-permeable transparent membrane, placed directly over the catheter and the 
exit site (Fig. 15.11). Coverage with gauze dressing should be discouraged since 
it gives no protection against bacterial contamination. As bleeding and oozing 
are prevented by the glue, the transparent dressing is expected to stay in place for 
one week, in most cases, with no need of unscheduled dressing change. In all 
pediatric patients we recommend using membranes with high breathability (high 
MVTR = Moisture Vapor Transfer Rate) (see Chap. 8).

15.5  �Technique of FICC Insertion

FICC insertion should be carried out using a proper ‘insertion bundle’, like the SIF 
protocol (Safe Insertion of FICCs) (see Table 15.4), in many aspects similar to the 
SIC protocol.

	1.	 Preprocedural evaluation. The insertion of a femoral catheter should always start 
with a careful ultrasound scan of the femoral veins using the RaFeVA protocol 
(Rapid Femoral Vein Assessment). The RaFeVA has been designed to help the 
clinician in choosing the best puncture site, by a systematic ultrasound examina-

Fig. 15.10  Subcutaneous 
anchorage of a tunneled 
CICC in a small infant
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Fig. 15.11  Coverage of 
the exit site using a 
transparent membrane with 
high permeability

Table 15.4  The SIF protocol (SIF = Safe Insertion of FICC)

 �� 1. � Preprocedural evaluation—choice of the vein by systematic ultrasound examination of the 
veins of the groin and the thigh (RaFeVA protocol) and choice of the ideal exit site 
(Femoral ZIM)

 �� 2. � Appropriate aseptic technique—hand hygiene, skin antisepsis with 2% chlorhexidine in 
70% alcohol, maximal barrier precautions

 �� 3. � Ultrasound-guided insertion—ultrasound-guided venipuncture, ultrasound verification of 
the correct direction of the guidewire (tip navigation)

 �� 4. � Intra-procedural assessment of tip location—if the tip must be in IVC, use length 
estimation by anthropometric measurement and consider post-procedural x-ray; if the tip 
must be in RA or at IVC/RAJ, use intracavitary ECG and/or by transthoracic 
echocardiography (in subcostal view, using the ‘bubble test’)

 �� 5. � Adequate protection of the exit site—reduction of the risk of bleeding and risk of 
contamination by sealing with cyanoacrylate glue

 �� 6. � Proper securement of the catheter—stabilization of the catheter using skin-adhesive 
sutureless devices, transparent dressing with integrated securement, or subcutaneous 
anchorage

 �� 7. � Appropriate coverage of the exit site—semi-permeable transparent dressing, preferably 
with high breathability
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tion of all the major veins of the groin and the thigh. The scan starts at the ingui-
nal groove, which corresponds to the transition between the common femoral 
vein (CFV) (in the groin area) and the external iliac vein (EIV) (visualized in the 
pelvic area, soon above the inguinal ligament); both veins can be visualized in 
short and long axis. The external iliac vein (EIV) may be an option for venous 
access in neonates and small infants; the CFV is usually the easiest target of the 
upper limb for FICC insertion at all ages (Fig. 15.12a). Sliding the probe down-
ward, transverse to the axis of the main vessels, the great saphenous vein is 
visualized as it merges with the CFV; its size is very small, so it is rarely accessed 
by ultrasound in small infants. Sliding downward with the probe, the common 
femoral artery divides into deep and superficial femoral artery. Further down-
ward, also the CFV divides into deep and superficial femoral vein. At mid-thigh, 
the superficial femoral vein (SFV) may be regarded as an interesting option for 
ultrasound cannulation in children. If the SFV is of appropriate size, it has the 
advantage of an exit site (at mid-thigh) much more aproppriate than the exit site 
obtained after CFV puncture (at the groin). Interestingly, the same exit site at 
mid-thigh can be achieved after CFV cannulation, it the FICC is tunneled down-
ward. In neonates and infants, SFV is usually very small so that the ideal FICC 
is a tunneled FICC after CFV cannulation. In children, two options are feasible: 
tunneled FICC by CFV cannulation and tunneling to mid-thigh, or non-tunneled 
FICC by direct SFV cannulation without tunneling. Noteworthily, both CFV and 

a b

c d

Fig. 15.12  Technique of FICC insertion in a child: visualization of the common femoral vein at 
the groin (a); ultrasound-guided venipuncture (b); insertion of the guidewire (c); preparation of the 
tunnel, planning the exit site at mid-thigh (d)
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SFV cannulation may be difficult in the pediatric patient when the artery over-
laps and hides the vein; such anatomic asset increases the risk for accidental 
arterial injury.

	2.	 Appropriate aseptic technique. Same as for the SIC protocol (see above).
	3.	 Ultrasound-guided insertion. Both the CFV and the SFV are commonly accessed 

by a short axis/out-of-plane approach, using a linear probe (Fig. 15.12b, c). A 
micro-introducer kit (21G needle, floppy straight tip 0.018″ nitinol guidewire, 
micro-introducer-dilator) is strongly recommended. Soon after the venipuncture, 
the same probe is used for visualizing the presence of the guidewire inside the 
vein (visualization in long axis). In small children, ultrasound can also be used 
for following the progression of the catheter through the iliac veins and the infe-
rior vena cava (IVC), according to the tip navigation described in the ECHOTIP-
Ped protocol (see Table 15.3). All dialysis catheters—if inserted as FICCs—should 
be placed by puncture/cannulation of the CFV.  If a tunneling is required, it 
should be prepared after the insertion of the guidewire and before the insertion 
of the micro-introducer over the guidewire (‘anterograde tunneling’: see Chap. 
8), as shown in Figs. 15.12d and 15.13a, b.

	4.	 Intra-procedural assessment of tip location. The appropriate tip location depends 
on whether the FICC is meant to be used for hemodynamic monitoring or exclu-
sively for infusion and blood sampling. In the first case, the tip must be in right 
atrium (RA) or at IVC/RA junction; the best intraprocedural methods are IC-

a b

c d

Fig. 15.13  Technique of FICC insertion in a child: the catheter is threaded through the tunnel (a); 
insertion of the micro-introducer (b); application of glue (c); and securement with subcutaneous 
anchorage (d)
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ECG and TTE (in subcostal view, using the ‘bubble test’). In the second situation 
(far more common), the tip is located in the middle portion of the IVC and TTE 
with bubble test is required; the correct position is confirmed by the appearance 
of the bubbles in the RA one second after injection (visualization by the subcos-
tal view); if the bubbles appear immediately, the tip is very close to the IVC/RA 
junction; if the bubbles appear after two seconds or they do not appear, the cath-
eter may be malpositioned in the iliac veins or in the lumbar veins. As an alterna-
tive option, when the tip must be in IVC, a post-procedural x-ray can be useful; 
though, x-ray is not accurate and does not discriminate between a catheter in 
IVC and a catheter in the right ascending lumbar vein. All dialysis catheters—if 
inserted as FICCs—must have the tip in the IVC.

	5.	 Adequate protection of the exit site. Same as for the SIC protocol (see above). 
Glue is particularly important when the exit site is at the groin since this area is 
highly contaminated by bacteria.

	6.	 Proper securement of the catheter. Same as for the SIC protocol (see above). We 
recommend using subcutaneous anchorage as often as possible, since FICCs are 
at high risk for dislodgment (Figs. 15.13c, d and 15.14).

	7.	 Appropriate coverage of the exit site. Same as for the SIC protocol (see above).

Fig. 15.14  Tunneled FICC 
in a burned child
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15.6  �Maintenance

As for any other central access device, the goal of maintenance is to protect the 
CICC and FICC from infective and non-infective complications.

The care of the exit site is focused on the prevention of dislodgment and of 
extraluminal bacterial contamination; for this purpose, the main recommended 
strategies are: (a) proper frequency of dressing change (every 7 days or more fre-
quently, if the dressing is loose or wet or detached), (b) skin antisepsis with 2% 
chlorhexidine in alcohol, (c) weekly replacement of the skin-adhesive sutureless 
securement (if the catheter is not secured by subcutaneous anchorage), (d) weekly 
replacement of chlorhexidine-releasing sponge dressing (in non-tunneled cathe-
ters), and (e) weekly replacement of the semipermeable transparent dressing.

The care of the infusion lines is focused on the prevention of lumen occlusion 
and of intraluminal bacterial contamination, and the main recommended strategies 
for non-dialysis catheters are: (a) saline flushing with normal saline—using a push-
stop technique—before and after each infusion, and at least every week if the cath-
eter is not used; (b) adoption of neutral displacement needle free connectors, covered 
with disinfecting caps (so called ‘port protectors’); (c) in specific cases at high risk 
for infection, periodic prophylactic lock of the catheter with 2% taurolidine. For 
dialysis catheters: (a) the lock solution must be 4% citrate (or—as a second option—
heparin 500–1000 units/ml), since a local anticoagulant action is needed; (b) needle 
free connectors should be replaced by simple caps, since the presence of a needle 
free connector causes reduction of the flow; (c) in specific cases at high risk for 
infection, periodic prophylactic lock of the catheter with a taurolidine-citrate solu-
tion is recommended.

As far as the catheter is still indicated and there are no complications requiring 
removal, the device can be left in place for an unlimited period. The main limitation 
is related to the fact the child grows, so that a catheter with the tip properly located 
at the time insertion may become too short with the passing of time. Also, non-
tunneled dialysis catheters should be left in place only for the acute treatment of the 
renal failure, and rapidly removed or replaced with an arterial-venous fistula 
depending on the clinical conditions.

15.7  �Complications

As already mentioned, insertion-related complications are rare if adopting a proper 
insertion bundle as the SIC and SIF protocols. On the other hand, late complications 
may occur.

•	 Infection—Infection may occur as infection of the exit site, infection of the tun-
nel or catheter-related blood stream infection (CRBSI). The latter is a severe and 
possibly life-threatening complication, which may occur especially in immuno-
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compromised children and/or in central lines used for parenteral nutrition. The 
diagnosis is made by simultaneous blood cultures from peripheral vein and from 
the catheter, using the method of the Differential Time to Positivity (DTP). The 
standard treatment of CRBSI is removal of the catheter and antibiotic therapy. 
The prevention relies on proper policies of care of the exit site and of the infusion 
line. Figure 15.15 shows a CICC appropriately tunneled to the chest, so to move 
the exit site far from the tracheostomy. CRBSI should not be confused with cath-
eter colonization (at DTP: catheter blood culture is positive, but peripheral blood 
culture is negative): the standard treatment of colonization is catheter removal, 
though in some situations (long term catheters in children with poor venous pat-
rimony) a de-colonization using lock with 2% taurolidine should be considered.

•	 Venous thrombosis—Catheter-related thrombosis (CRT) may be symptomatic or 
asymptomatic and is usually caused by a mismatch between vein diameter and 
catheter caliber (a catheter that occupies >33% or >45% of the venous lumen), 
and/or by relevant damage of the vein during repeated attempts of venipuncture, 
and/or by an inappropriate location of the tip (i.e., far from the cavo-atrial junc-
tion), and/or by thrombophilia of the child. When adopting the SIC protocol, the 
occurrence of CICC-related thrombosis is minimized, both in adults and in chil-
dren, and it may be expected to be 0–3% (slightly more frequent in children with 
leukemia). The expected rate of FICC-related thrombosis is higher, but some 
recent data suggest that when the exit site is at mid-thigh (CFV puncture + tun-
neling, or SFV puncture with/without tunneling) the incidence of CRT is less 
than when than the exit site is at the groin, probably because of the absence/pres-
ence of micro-movements of the catheter inside the vein. The expected incidence 
of CRT for dialysis catheters (either CICC or FICC) is higher, mainly because of 
the large caliber of these catheters; though, if a proper match between catheter 
caliber and vein diameter is assessed, the risk of CRT may be minimized. 
Diagnosis is based on ultrasound examination of the veins occupied by the cath-
eter. The standard treatment is anticoagulation with low molecular weight hepa-

Fig. 15.15  Tunneled 
CICC in a small child with 
tracheostomy
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rin; the CICC/FICC is removed only if there is concomitant malfunction or 
infection. At the ultrasound examination, asymptomatic CRT should not be con-
fused with fibroblastic sleeve (FS), a very common physiological phenomenon 
associated with vascular devices (much more frequent than CRT), which consists 
in a sleeve of connective tissue enwrapping the catheter in some segments. FS is 
a benign event that does not require treatment.

•	 Lumen occlusion—Malfunction due to lumen occlusion is a complication some-
how more frequent in in children than in adults, because of the smaller caliber of 
the catheters, but completely preventable by a proper policy of flushing with 
saline (before starting the infusion, in between different infusions, at the closing 
of the line) and locking with the appropriate solution (saline, citrate, or tauro-
lidine-citrate—depending on the clinical indication: see above). Occlusion may 
occur after blood sampling or after infusion of viscous solutions (blood, blood 
derivatives, lipids, contrast media, etc.), if the catheter is not properly flushed 
after being used. In non-dialysis catheters, heparinization of the catheter has no 
role in preventing lumen occlusion, and—as a matter of fact—may cause lumen 
occlusion by facilitating the precipitation of lipids and drugs with high pH. In 
dialysis catheters, heparin lock can be effectively replaced by 4% citrate lock.

•	 Dislodgment—Dislodgment used to be a very frequent cause of accidental CICC/
FICC removal. Today, it can be successfully prevented by subcutaneous anchor-
age. We strongly recommend using subcutaneous anchorage in most central 
venous catheters used in children, with the possible exception of central lines 
inserted in emergency and/or scheduled to stay in place only for few days. The 
range of subcutaneous anchorage devices currently available (from 3Fr to 12Fr) 
covers most of the sizes of the CICCs and FICCs used in the pediatric patient.

15.8  �Conclusion

Even if PICCs are the first option for any central venous access both in hospitalized 
and in non-hospitalized children, there are many situations when a CICC or a FICC 
is indicated: small caliber of the deep veins of the arm; chronic renal failure; emer-
gency central venous access; need for hemodialysis; bilateral issues of the upper 
limb that contraindicate PICC insertion; and so on.

The basic principles of CICC and FICC insertion are:

•	 Power injectable, non-valved, polyurethane catheters should always be preferred, 
for both short- and long-term intravenous treatments

•	 For most CICC and FICC insertion, we recommend the ‘off label’ use of the 
catheters marketed as PICC, so to ensure the adoption of the best polyurethane 
available, of high-quality micro-introducer kits and of the modified Seldinger 
technique, which allows an easy tunneling (Fig. 15.16)

•	 A rapid ultrasound evaluation of the venous patrimony should always precede 
the procedure, according to the RaCeVA-RaFeVA protocols

15  Centrally and Femorally Inserted Central Catheters (CICC and FICC) in Children
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•	 All pediatric central lines should be inserted by ultrasound guided venipuncture, 
without any exception

•	 The proper location of the tip should always be assessed by an intraprocedural 
method (IC-ECG or TTE)

•	 The procedure should preferably be carried out adopting a systematic ‘insertion 
bundle’ such as the SIC or SIF protocol.

The key concept in the mind of the clinicians should be that most insertion-related 
complications (both immediate and late) are iatrogenic, and that they can avoided 
by adopting the appropriate evidence-based strategies.
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Chapter 16
Totally Implantable Venous Access Devices

Alessio Pini Prato, Elisa Cerchia, Claudio Carlini, and Mauro Pittiruti

16.1  �Introduction

Since the early 80s, totally implantable venous access devices (ports) have been 
introduced in clinical practice for the administration of chemotherapy and for blood 
sampling in adult patients with cancer. Some years later, ports were introduced in 
pediatric clinical practice with enthusiasm and success. The first reports date back 
to 1985, when McGovern and colleagues described a series of 39 children who 
underwent successful port placement with acceptable complication rate, lower than 
10%. Even since then, ports have been used world-wide in pediatrics and indica-
tions have included not only chemotherapy administration in malignancies, but also 
transfusions, parenteral nutrition, and long-term intravenous treatments in many 
clinical conditions (hematological disorders, cystic fibrosis, metabolic diseases, 
etc.). In 2007, Carausu and co-workers reported the first successful series of patients 
undergoing peripheral blood stem cell apheresis using ports and suggested that 
these devices may be effective and safe also for this purpose. This chapter will dis-
cuss the indications, the implantation technique and the complications associated to 
these devices.
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16.2  �Indications and Contraindications to Port

According to current guidelines, the main indication to port insertion is the need for 
long term intermittent venous access in the extrahospital setting. Long term con-
tinuous venous access (daily or weekly access) is best obtained by tunneled cathe-
ters, either cuffed or non-cuffed but secured with subcutaneous anchorage. When 
venous access is intermittent and expected to be required for months or years, totally 
implantable VADs have many advantages: minimal requirement for maintenance, 
relative protection from the risk of infection, no risk of accidental dislodgment, 
optimal compliance of the patient since the port allows a near-normal quality of life. 
Drawbacks include low tolerance of the puncture necessary for accessing the port 
(which may be a relevant issue in younger children), more invasive insertion tech-
nique compared to other VADS, and need for surgical removal in case of complica-
tions or therapy cessation.

Therefore, the choice to insert a totally implantable venous device depends on 
the age and size of the patient, the expected duration and type of treatment, as well 
as the patient’s or the family’s choice, lifestyle, or preference.

At present, indications to port in children can be summarized as follows:

•	 Long term intermittent use (i.e., >3–4 months—infrequent use, less than once 
per week)

•	 Previous multiple episodes of accidental removal of external VADs
•	 Exhaustion of venous patrimony in children requiring frequent blood sampling 

or periodic intravenous treatments (cystic fibrosis, hemophilia, etc.)
•	 Strong preference of the patient, related to the conservation of a normal 

body-image
•	 Poor compliance to the basic practices necessary for the maintenance of an 

external VAD
•	 Skin abnormalities that impair the effectiveness of skin-adhesive sutureless 

securement have also been considered indication to port, though many of these 
problems are currently solved by subcutaneous anchorage

Contraindications to port are the same as in adults:

•	 severe, uncorrectable coagulopathy with low platelet count. Although a clear-cut 
limits do not exist, we suggest avoiding port placement in case platelets count is 
lower than 50–70.000/mm3

•	 ongoing systemic infection, particularly in case of bloodstream infection due to 
Candida.

•	 severe cachexia due to malnutrition, as it may be associated with reservoir-
related complications (skin decubitus and subsequent local infection).
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16.3  �Age Range for Port Insertion

Age and size of the patients neither limit the indication to the use of ports nor the 
feasibility of their insertion. In 2016, Kilic and co-workers published a retrospective 
study on 241 ports inserted in a 4-year period, showing that age is not related to the 
risk of complications. In small children, the only feasible port is usually the chest-
port; in older children, PICC-port is also an option, if the veins of the arms are of 
appropriate diameter. Nevertheless, older children and adolescents represent the 
most frequent candidates for totally implantable venous system positioning given 
the poor tolerance of most infants and toddlers to port punctures.

16.4  �Materials

Totally implantable VADs consists of a reservoir connected to a central venous cath-
eter. The reservoirs are made of plastic, titanium, or both (hybrid); based on their 
height they are described as ‘low profile’ (approximately 10 mm) or ‘very low pro-
file’ (approximately 8 mm); ‘standard profile’ reservoir have little or no indication 
in the pediatric patient; PICC-ports are preferably ‘very low profile’. Although 
manufacturers offer reservoirs of different sizes, shapes and materials, there is no 
evidence-based criteria to prefer one from the others.

The catheter can be in silicone or polyurethane; silicon catheters with distal valve 
(Groshong) have been reported to be associated with catheter malfunction and 
should be avoided. For chest port, there is no clear preference between silicon or 
polyurethane, while PICC-ports should be preferably in polyurethane, so that the 
catheter may progress easily into the vasculature.

Most ports are single lumen, but double lumen ports do exist (double reservoir 
connected to a double lumen catheter) and they have some specific indications. 
Ports are usually power injectable, to allow the administration of contrast medium 
required for computed tomography or magnetic resonance; though, there is still a 
debate about the opportunity to administer contrast medium through a port: while 
the risk of structural damage due to high pressure is very low, the risk of irreversible 
occlusion of the system—because of the high viscosity of the contrast medium—is 
very high.

Insertion of a totally implantable VAD requires additional material, which may 
or may not be included in the insertion pack: micro-introducer kit with 21G needle, 
floppy straight tip 0.018″ nitinol guidewire and introducer-dilator of appropriate 
caliber; maximal barrier precautions (sterile gloves, gown and drapes, plus long 
sterile cover for the probe); applicator with 2% chlorhexidine in alcohol; non-coring 
needles for port access; sterile cable for the intracavitary ECG method of tip loca-
tion (IC-ECG); scalpel; syringes and needles for the local anesthesia; disposable 
surgical tools (including a tunneling tool); centimetric tape; sterile gauzes; resorb-
able sutures; cyanoacrylate glue.

16  Totally Implantable Venous Access Devices
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16.5  �Choice of the Insertion Site

The puncture site may be a vein of the supra/infraclavicular area (chest-port), a vein 
of the upper arm (PICC-port) or a vein at the groin (FICC-port). Traditionally, most 
of the ports have been inserted as chest-ports for at least three decades, as the arm-
ports had worse performance and worse compliance. Recently, a new type of arm 
port has been introduced into the clinical practice, the PICC-port: this can be defined 
as an arm port inserted according to the current advanced technology used for PICC 
insertion (ultrasound guided venipuncture at the upper arm, special consideration of 
the match between vein diameter and catheter caliber, ultrasound-based tip naviga-
tion, tip location using IC-ECG). The current literature suggests that there is no 
significant difference between PICC-ports and chest-ports in terms of performance, 
risk of infection and risk of thrombosis; though, PICC-ports are a less invasive pro-
cedure if compared to chest ports, and severe immediate insertion-related complica-
tions are unlikely. FICC-ports are an alternative option when venous access through 
veins of the arms or of the neck/chest region is contraindicated by an obstruction of 
the superior vena cava.

As regards the site of placement of the reservoir, the preferred locations are usu-
ally over the biceps muscle (for PICC-ports), over the pectoralis major muscle (for 
chest-ports) and over the quadriceps muscle (for FICC-ports), though many other 
options exist. For instance, it is possible (and sometimes advisable) to place the 
reservoir at the arm after cannulation of the brachio-cephalic vein (so-called ‘chest-
to-arm’ tunneling). Also, the reservoir of a FICC-port can also be placed in the 
abdomen rather than at mid-thigh.

In infants and toddlers, the best veins usually available for cannulation are the 
supraclavicular veins, i.e., the brachio-cephalic vein (BCV), the internal jugular 
vein (IJV) and the subclavian vein (SV), so that most totally implantable VADs are 
chest-port with the reservoir placed in the infraclavicular region, over the pectoralis 
major muscle, with a short tunneling of the catheter over the clavicle. The best vein 
will be chosen after a RaCeVA assessment. In infants and toddlers, the BCV usually 
represents the best option. PICC-ports are unlikely to be inserted in these small 
patients given the insufficient size of the arm veins. 	 In older children and adoles-
cents, both PICC-ports and chest-ports may be considered. The choice of the punc-
ture site and of the location of the reservoir depends on many factors: presence or 
absence of cervicothoracic issues contraindicating; previous scarring; patient’s 
preference; and so on. Adolescents with cystic fibrosis are often the ideal candidates 
for PICC-ports (Figs. 16.1 and 16.2) as their arm veins are of appropriate size and 
their chest should be left untouched on the ground of the possibility for lung surgery 
(pneumothorax, transplantation, etc.).
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16.6  �Technique of Insertion

The implantation of a port should be preferably performed following a specific 
‘insertion bundle’ including all the major recommended strategies for minimizing 
complications. An example of insertion bundle for chest-port and PICC-port are 
reported in Table 16.1 and 16.2, respectively.

Depending on the age, the clinical conditions, and the collaboration of the 
patient, the maneuver can be carried out in general anesthesia or in local anesthesia 
with or without sedation. In older children and in adolescent, especially if a PICC-
port is planned, the whole maneuver can be performed with local anesthetic only 
(preferably ropivacaine 0.75%).

Fig. 16.1  PICC-port

Fig. 16.2  Dressing over a 
PICC-port
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After the preprocedural ultrasound examination of the vasculature, the first step 
of insertion regards infection prevention. An appropriate aseptic technique will 
include (a) hand hygiene, (b) skin antisepsis with 2% chlorhexidine in 70% isopro-
pyl alcohol, and (c) maximal barrier precautions (MBP). MBP include cap, mask, 
sterile gloves, sterile gowns, a very wide sterile field all over the patient, and a long 
sterile cover for the ultrasound probe. All devices and clothes should be latex-free. 
Antibiotic prophylaxis is not recommended by current guidelines.

Ultrasound-guided puncture and cannulation of the vein represent the gold stan-
dard for any central venous catheterization in children and adults, and port insertion 
is no exception. A high frequency linear probe up to 15 MHz and a depth range of 
visualization of up to 5–6 cm is required. A hockey-stick linear probe is preferable 
in very small patients (Fig. 16.3) but even a conventional linear probe can work 
adequately. Depending on the chosen vein, a long or short axis visualization of the 
vein and “in-plane” or “out-of-plane” approach will be chosen. The veins of the 

Table 16.1  Insertion bundle for chest-ports

 �� 1. � Preprocedural ultrasound evaluation of the veins of the supra/infra-clavicular area 
according to the RaCeVA protocol.

 �� 2. � Appropriate aseptic technique: hand hygiene, skin antisepsis with 2% chlorhexidine, 
maximal barrier precautions.

 �� 3. � Ultrasound guided puncture and cannulation of the most appropriate vein.
 �� 4. � Ultrasound scan of the pleura, for ruling out pneumothorax.
 �� 5. � Ultrasound scan of the vasculature, for assessing the correct direction of the guidewire and 

of the catheter (tip navigation).
 �� 6. � Intraprocedural assessment of tip location using intracavitary ECG and/or ultrasound-

based tip location according to the ECHOTIP-Ped protocol
 �� 7. � Placement of the reservoir over the pectoralis major muscle, at proper distance from the 

clavicle and from the humerus head.
 �� 8. � Closure of the pocket with resorbable intradermic suture and cyanoacrylate glue

Table 16.2  Insertion bundle for PICC-ports

 �� 1. � Preprocedural ultrasound evaluation of the veins of the upper arm and of the supra/
infra-clavicular area according to the RaPeVA and RaCeVA protocols.

 �� 2. � Appropriate aseptic technique: hand hygiene, skin antisepsis with 2% chlorhexidine, 
maximal barrier precautions.

 �� 3. � Careful identification of the brachial artery and of the median nerve before the 
venipuncture.

 �� 4. � Ultrasound guided puncture and cannulation of the most appropriate vein in terms of 
diameter, either in Dawson’s green zone or yellow zone; if the vein is in the yellow zone 
and very close to the axilla, consider tunneling, so to place the reservoir in the green zone.

 �� 5. � Ultrasound scan of the supraclavicular area, for assessing the correct direction of the 
catheter (tip navigation).

 �� 6. � Intraprocedural assessment of tip location using intracavitary ECG and/or ultrasound-
based tip location according to the ECHOTIP-Ped protocol.

 �� 7. � Placement of the reservoir over the biceps muscle, preferably in Dawson’s green zone.
 �� 8. � Closure of the pocket with resorbable intradermic suture and cyanoacrylate glue.
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upper limb and lower limb should be punctured with a short axis/out-of-plane 
approach. All veins of the supraclavicular should be accessed by an in-plane 
approach, either in short/oblique axis (IJV) or in long axis (BCV, SV). The axillary 
vein in the infraclavicular area can be accessed with different techniques: short axis/
out-of-plane, oblique axis/in-plane or long axis/in-plane. All venipunctures should 
be performed using small gauge echogenic needles (21G), floppy straight tip 0.018″ 
nitinol guidewires and micro-introducer-dilator.

Soon after the puncture, the proper trajectory of the guidewire can be assessed by 
using the linear probe (tip navigation). In case of chest-port insertion (particularly 
when the axillary vein or the SV has been accessed), the linear probe should also be 
used for ruling out a pneumothorax secondary to accidental pleural injury. As the 
catheter enters the vasculature, its correct direction can be assessed using again the 
linear probe: this is particularly useful during PICC-port insertion, when an ultra-
sound scan of the supraclavicular area can confirm that the catheter has entered the 
BCV (ultrasound-based tip navigation, according to the ECHOTIP-Ped protocol). 
Another option of tip navigation is fluoroscopy, but its use should be discouraged in 
the pediatric patient, since radiological methods are relatively inaccurate, expen-
sive, and unsafe—since it implies x-ray exposure for the patient and for the operator 
(see Chap. 6).

The assessment of the final position of the tip (tip location), according to all cur-
rent guidelines, should be performed using an intraprocedural method. The intra-
procedural methods currently available for a real time verification of the proper 
position of the tip at the junction between right atrium and superior vena cava are 
(a) intracavitary ECG, (b) trans-thoracic echocardiography (TTE), (c) trans-
esophageal echocardiography (TEE), and (d) fluoroscopy. The most accurate 
method is TEE, but it is invasive, expensive, and logistically difficult. Fluoroscopy 
is inaccurate (while the catheter tip is easily visualized, the location of the junction 
between superior vena cava and right atrium can be only inferred based on approxi-
mate radiological landmarks), expensive and unsafe. On the contrary, the IC-ECG 

Fig. 16.3  Ultrasound 
guided venipuncture using 
‘hockey stick’ linear probe
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method is accurate, non-invasive, inexpensive and safe; albeit this method may have 
some limitations in adult patients (for example, in the case of some arrhythmias), its 
applicability and feasibility are close to 100% in the pediatric patient. TTE is an 
alternative option, though less accurate than IC-ECG and less easy to perform; 
nonetheless, TTE is non-invasive, inexpensive, and its applicability and feasibility 
in the pediatric patient is 100%. TTE has a role particularly in the tip location of 
FICC-ports. IC-ECG is currently the standard for tip location during insertion of 
chest-ports and PICC-ports. It requires only a standard ECG monitor and a sterile 
cable for connecting the catheter to the electrode (such cable is often provided in the 
insertion pack). The maximal height of the P wave corresponds very precisely to the 
transition between superior vena cava and right atrium (Fig. 16.4a).

The next step is the preparation of the pocket for the placement of the reservoir. 
Depending on the puncture site, a tunneling might be required so to bring the cath-
eter from the puncture site to the pocket. In PICC-ports with puncture site in 
Dawson’s green zone and in chest-ports with puncture site in the infraclavicular 
area, tunneling is not required. When the puncture site is in the supraclavicular area 
(chest-port with BCV access, which is the most common occurrence), the catheter 
must be inevitably tunneled to the infraclavicular area since the reservoir must be 
placed over the major pectoral muscle.

If the procedure is performed in general anesthesia, the subcutaneous pocket is 
prepared by hydro-dissection with saline. If the child is awake or under slight seda-
tion, the dissection of the subcutaneous tissue is made with local anesthetic. The 
pocket should be created deep enough so to place the reservoir above the muscle. 
Securement of the reservoir with sutures inside the pocket does not provide any 
advantages but increases the length of the procedure and its invasiveness.

The catheter is now connected to the reservoir and the reservoir inserted inside 
the pocket, paying attention to place it away from the skin incision. The correct 
functioning of the catheter (both in aspiration and infusion) must be checked before 
closing the pocket, using the non-coring needle included in the insertion pack 

a b c

Fig. 16.4  Port insertion: tip location by IC-ECG (a); assessment of the possibility of infusion and 
withdrawal before closing the pocket (b); skin closure with cyanoacrylate glue (c)
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(Fig. 16.4b). The wound is closed using intradermic absorbable stitches and cyano-
acrylate glue (Fig. 16.4c). Transcutaneous suture is not recommended, as it leaves a 
route of bacterial contamination between the external surface and the subcutaneous 
tissue where the reservoir is located. All totally implantable VADs can be used 
immediately after the implantation, if needed. If this is the case, we recommend 
inserting the Huber needle immediately at the end of the procedure, so to avoid 
early painful punctures in children with lower likelihood of pain tolerance.

16.7  �Maintenance

The basic principles of maintenance of ports include: (a) access the reservoir exclu-
sively with Huber (non-coring) needles; (b) secure carefully the Huber on the reser-
voir using transparent membranes and additional securement (sterile strips) if 
needed; (c) do not leave the same Huber in place for more than one week; (d) flush 
and lock the port with saline only (there is no evidence that heparin lock may be 
more effective than saline in preventing occlusion; on the other hand, heparinization 
is associated with potential risks if not properly managed); (e) rinse the port with 
turbulent flush (using the push-pause technique) and leave a positive pressure when 
locking the system: this can be achieve by injecting saline during removal of the 
Huber or by using specific Huber needles that automatically inject saline, creating a 
positive pressure inside the reservoir, as they are removed; (f) In case the catheter is 
not in use, we recommend monthly flushing, though it has been suggested that 
flushing can be performed every two or three months, without increasing the risk of 
occlusion, at least in adulthood.

16.8  �Complications

Complications of port insertion are not uncommon and should be divided into intra-
operative and postoperative ones.

In the past, intraoperative complications were quite common (up to 18% of 
cases) and sometimes severe (pneumothorax, hemothorax, massive bleeding due to 
major vein laceration, air embolism, accidental arterial puncturing, cardiac arrhyth-
mia, pericardial tamponade, heart injury, and brachial plexus injury). The introduc-
tion in clinical practice of ultrasound, micro-puncture kits, IC-ECG, and other new 
strategies (see Tables 16.1 and 16.2) has dramatically reduced the incidence of such 
complications. A retrospective study on more than 240 port catheters inserted in 
children showed that the current incidence of intraoperative complications is less 
than 3% and the most of them are minor complications.

As regards postoperative complications, infection is the most clinically relevant, 
being responsible of more than 50% of unscheduled removals of the port. Catheter 
related thrombosis (CRT) is a not to be considered a life-threatening complication 
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and its incidence may be drastically reduced by a proper insertion technique (proper 
choice of the vein so that the vein diameter is at least 3 times the catheter caliber; 
ultrasound-guided venipuncture with micro-introducer kits; tip location by 
IC-ECG). Lumen occlusion is a completely preventable complication, essentially 
iatrogenic and caused by inadequate policies of flushing and locking (flushing and 
locking with saline only; exerting positive pressure inside the reservoir when remov-
ing the needle; flushing before and after each use). The use of port for parenteral 
nutrition or blood components increases the risk of infection or occlusion.

Infection is a severe complication and can lead to port removal. Although many 
Authors suggest that the prevalence of central line associated bloodstream infection 
(CLABSI) may be significantly lower for ports if compared to other central VADs, 
port-related infections have been reported with an incidence varying between 8 and 
57% of cases. A study by Viana Taveira and colleagues reported a higher incidence 
of CLABSI within the first 2.5 months post-implantation, and a significant correla-
tion between occurrence of CLABSI and the presence of risk factors such as malnu-
trition, immunodeficiency, or white blood cells count lower than 1000  mm3 at 
implantation; Klebsiella, Pseudomonas aeruginosa, and Coagulase-negative staph-
ylococci were the most frequently encountered microorganisms. On the other hand, 
Kilic and co-workers in 2016 reported a lower incidence of CLABSI (around 15%) 
with different pathogens (mainly Staphylococcus aureus and Candida albicans. 
Methodological issues, definition of CLABSI, type of patients addressed can 
explain these highly divergent results. Current guidelines recommend considering 
infection a 100% preventable complication; all efforts should be done to enforce the 
clinical strategies that are known to reduce the risk of bacterial contamination: strict 
aseptic technique during implantation; sterile gloves and appropriate skin antisepsis 
with 2% chlorhexidine while accessing the port with the Huber; proper aseptic tech-
nique in handling the infusion lines. In selected cases, lock with 2% taurolidine may 
be used for infection prevention in children at high risk for infection. Finally, in 
order to avoid unnecessary removal, it is of paramount importance to differentiate 
between CLABSI (which might be related to other sources of infection) and 
catheter-related blood stream infection (CRBSI) (which means that the colonization 
of the port is the actual source of the infection). The differential diagnosis between 
CRBSI and infection not related to the port can be done exclusively by the DTP 
method (Differential Time to Positivity), based on simultaneous blood cultures from 
a peripheral vein and from the port, comparing the time of positivity.

Not all infections are bloodstream infection. Local infection of the pocket of the 
reservoir may also occur (and they inevitably require port removal). Other non-
infective complications of the reservoir include early complications (wound dehis-
cence, hematoma, seroma) and late complications (rotation of the reservoir inside 
the pocket with flipping and dislodgement, extravasation of drug or contrast 
medium, decubitus of the reservoir) (Fig. 16.5). Most of these local complications 
require port removal; though, most of them can be prevented by a proper technique 
of implantation (with special emphasis to the choice of the size of the reservoir and 
the choice of the site of the pocket).
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16.9  �Conclusions

As in adults, ports are the most appropriate device for children requiring long term 
intermittent venous access. While in the past this procedure has been regarded as 
invasive and has been associated with significant early and late complications, in the 
last decade new devices, new technologies and new strategies have changed the 
practice of port implantation and port maintenance, reducing dramatically the risks 
and suggesting a wider clinical application of this procedure.

Finally, even if totally implantable VADs are relatively protected by extraluminal 
contamination, infections still occur and they represent the most severe challenge 
for the clinicians, especially in malnourished and immunocompromised children.
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Chapter 17
Umbilical Arterial Catheters

Roberta Centorrino, Valentina Dell’Orto, and Daniele De Luca

17.1  �Background

Umbilical arterial catheters (UACs) are the most used form of arterial access in 
neonatal critical care irrespective of patients’ size, given the immediate accessibility 
of the umbilical arteries and the relative simplicity of placement. UACs allow 
repeatable and painless blood drawing. They are the gold standard for blood gas 
analysis and for invasive monitoring of arterial blood pressure, as non-invasive 
monitoring blood pressure measurements are inaccurate and associated with both 
over- and under-estimation, especially in the sickest neonates.

Umbilical arteries are only accessible early after birth, although cases of success-
ful UAC placement have been reported also in the first days after birth. The success 
of UAC placement depends on the condition of the umbilical artery (ability to iden-
tify it, patency of the lumen, wall tissue elasticity), on the patient’s temperature, and 
on the status of oxygenation. UAC placement is easier in normothermic and hypoxic 
than in hypothermic and well oxygenated neonates, because low temperature and 
high partial pressure of oxygen cause vasoconstriction of the smooth muscle in the 
umbilical arterial wall. If UAC placement is anticipated, temperature control to 
achieve normothermia is advised and it might also be useful, at least transiently, to 
reduce inspired oxygen fraction to the minimum, but still compatible with an accept-
able arterial saturation. Moisture over the umbilical cord may also theoretically 
increases the chance of a successful UAC insertion.
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Delayed separation of the umbilical cord may be associated with some forms of 
congenital immunodeficiency or local infection; in these cases, both arterial and 
venous umbilical lines have a high risk of infection.

UAC, since it consists of a long line placed in the aorta, represents the only form 
of ‘central’ arterial access that can be achieved at the bedside. UACs represent the 
first-line choice for arterial cannulation in critically ill neonates; however, placing a 
UAC may not always be technically possible and in such instances, a peripheral 
arterial line should be placed instead.

17.2  �Indications

UACs share the same risks as other forms of arterial access, plus some additional 
risks due to their ‘central’ position. The risk-benefit balance should always be eval-
uated before UAC placement. Suggested indications for UAC placement are 
described in Table 17.1.

Table 17.1  Indication for UAC placement according to the clinical indication

Absolute indications

Early critical care of patients <750ga

Early critical care of extremely ill neonates (severe respiratory failure, hemodynamic instability, 
severe pulmonary hypertension; metabolic diseases, life-threatening congenital heart defects)
Need (or suspected need) for whole body hypothermiab

Need for arterio-venous exchange-transfusionc

Relative indications

Anticipated need for serial blood gas analysis or extremely difficult blood draws
Unavailability of other venous access in the setting of specific medical emergenciesd

Note: In this table, “early” refers to the first 72 h of life
aThis is not a fixed weight threshold, as the decision to place an UAC should be taken according to 
the clinical conditions
bDuring whole body hypothermia capillary blood gas analysis and transcutaneous blood gas mon-
itoring may be significantly influenced, thus UAC placement is necessary. UAC placement should 
be performed before starting the hypothermic state
cThis is rarely performed but it provides the highest efficiency amongst exchange-transfusion pro-
cedures and an UAC is needed to perform it
dAlthough rare, umbilical venous catheters may be impossible to place and, if other venous 
accesses are not immediately accessible or the intraosseous infusion is not feasible (lack of materi-
als/experience, very preterm or very low birth weight neonates), UAC may be considered as a 
temporary emergency vascular access ONLY for some types of infusions (blood and its deriva-
tives, 5–10% glucose solutions, normal saline). This relative indication clearly depends on the 
operator’s experience, degree of emergency and availability of other accesses
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17.3  �Insertion Technique

UACs are placed by direct insertion as the umbilical arteries are immediately visible 
and accessible after cutting the umbilical cord. The catheter will advance through 
umbilical arteries of approximate intra-corporeal length of 2–5 cm. The final loca-
tion of the catheter tip must be inside the aorta. The umbilical artery connects to the 
internal iliac artery at an acute angle, so that the catheter may pass via the internal 
iliac and common iliac arteries to the aorta, or it may proceed in the wrong direction 
to the femoral artery. UACs are usually placed simultaneously to the umbilical 
venous catheter, but the two procedures may also be performed at different times, 
depending on the clinical conditions. The insertion procedure for UACs is like that 
of umbilical venous catheters described in Chap. 10.

•	 Clean the cord and the surrounding skin.
•	 Disinfect and prepare a sterile area with 2% chlorhexidine in alcohol (see Chap. 

10 and also 4.1).
•	 Place a sterile umbilical tape at the base of the cord. This is highly recom-

mended if a UAC is to be placed.
•	 Cut the umbilical cord. It is advised to leave at least 1 cm if an UAC is to be 

inserted (see below).
•	 Umbilical artery identification. The cord usually has one vein and two arteries. 

Arteries are recognized by their smaller lumen and thicker wall. Either of the two 
arteries can be cannulated. Sometimes (especially in extremely low birth weight 
newborns) an additional cut of the entire cord, or a small cut performed diago-
nally on a small portion of the Wharton’s jelly may be useful for a clearer 
visualization of the artery. A single umbilical artery is a common malformation 
and does not represent a contraindication for UAC placement. In some cases, a 
4-vessel cord may be found because of the presence of a fully patent second 
umbilical vein, or other vascular malformations. These vascular anomalies do 
not represent a contraindication for UAC placement but may be associated with 
complex congenital malformations.

•	 Remove visible thrombi. Removal of thrombi is obtained with a small gauze and 
normal saline.

•	 Arterial dilatation. Dilatation is a step not needed for a UVC but necessary for 
UAC placement. The chosen umbilical artery should be gently opened with a 
stylet to make its surface more accessible. Then, a small, curved forceps is used 
to dilate the arterial lumen to a depth of about 0.5  cm. Dilatation should be 
repeated progressively while pulling the cord vertically with a second pair of 
forceps.
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•	 Choice of catheter. The catheter diameter must be chosen according to the artery 
size and patient’s gestational age. Two diameters are commonly available: 2.5 Fr 
and 3.5 Fr (rarely is a bigger one needed). The 3.5 Fr catheter is also stiffer than 
the smaller one. As full term and late preterm babies have higher blood pressure, 
the 3.5 Fr catheter is to be preferred in these cases. The smaller 2.5 Fr catheter 
may kink, or be displaced, or create intra-aortic loops due to its flexibility, under 
the effect of high blood pressure.

•	 Catheter filling and insertion. The catheter should be filled with saline. Contrary 
to umbilical vein catheterization, UACs must be inserted in the direction of the 
patient’s feet and proper placement often requires two operators. While pushing 
the catheter, the umbilical tape is partially released, and the umbilical stump is 
retracted away from the body and tilted towards the head. While advancing the 
catheter, some resistance is felt at about 2–3 cm of depth, which should be easily 
overcome. The catheter can be easily visualized in the iliac arteries and in the 
aorta by real time ultrasound guidance. Once the catheter is in the aorta, blood 
should be easily aspirated and spontaneous reflux in the catheter should be 
detected. If blood return is not optimal, the possibility of catheter obstruction due 
to thrombi must be considered. Blood aspiration from a UAC must always be 
performed very slowly as it may affect cerebral hemodynamics in preterm 
patients. If the catheter does not advance beyond 2–4 cm, it is likely to be blocked 
by a vasospasm of the umbilical artery. In this case, successful placement is 
extremely unlikely and insertion in the other umbilical artery should be 
considered.

Difficult position of the UAC is the main intraprocedural complication of UACs. 
Sometimes the catheter does not advance towards the aorta but instead goes down-
wards into the femoral artery or may kink or loop inside the iliac arteries. If the 
catheter is left in such inappropriate location, the risk for thrombosis is high. Several 
measures have been suggested for facilitating the passage of the catheter from the 
iliac arteries to the aorta, such as the insertion of a second catheter or forcing the 
neonate to special positions, but none of these maneuvers have been studied in ran-
domized trials and there are no clear evidence of their efficacy. Probably the best 
recommendation is to use ultrasound during the procedure, so to detect immedi-
ately, in real time, the wrong direction of the catheter (so-called ‘tip navigation’).

Ultrasound is also of paramount importance for assessing the final position of the 
tip (so called ‘tip location’), and is superior to the traditional method of post-
procedural X-ray. At x-ray, the proper position of the catheter (in the thoracic aorta) 
is assessed indirectly, using radiological landmarks (projection of the tip in the area 
between the vertebral bodies T6–T9); in the past, also ‘low’ positions of the tip in the 
sub-diaphragmatic aorta (at vertebral bodies L3–L5) have been considered accept-
able (Fig.  17.1). Though, current guidelines (see 2021 Standards of the Infusion 
Nursing Society) recommend that UACs should have the tip in the thoracic portion 
of the descending aorta below the aortic arch, as this position is associated with 
decreased risk of complications. Ultrasound has several advantages over x-ray as 
method of tip location for UACs (Fig.  17.2): it is very accurate (since both the 
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a b

Fig. 17.1  Typical radiological imaging (“babygram”) of a correctly placed UAC (Panel A) and the 
anatomical structures along the UAC course (Panel B). The characteristic acute angle between 
umbilical and iliac arteries is visible and the first part of the UAC is heading towards patient’s feet. 
An umbilical venous catheter (UVC) is visible, as well. The preferred areas for correct placement 
(UAChigh) is between T6 and T10. The low position (UAClow), between L3 and L5, is not currently 
recommended

Fig. 17.2  Typical 
ultrasound imaging of a 
UAC. the UAC is 
visualized as a “double 
track” image in the 
thoracic aorta, above the 
diaphragm
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catheter and the aorta are visualized directly and clearly); it is intraprocedural (so that 
it can be used also for tip navigation and it avoids the risk of secondary replacement 
of the catheter); it is non-invasive and safe (as it does not imply x-ray exposure); it is 
rapid and repeatable at any time in the following hours or days, so to detect possible 
secondary malpositions; it can detect vascular abnormalities; it is inexpensive; last 
but not least, ultrasound is widely available in any neonatal intensive care unit, since 
it is adopted for many other diagnostic and therapeutic procedures.

Once the catheter has been inserted, it is usually connected to a pressure trans-
ducer and a monitoring system. This will allow accurate, continuous, invasive, arte-
rial pressure measurement. The arterial pressure waveform may also be evaluated. 
The waveform will be different from that obtained using arterial cannulas inserted 
in small peripheral arteries, since waveform from the aorta is less pointed and more 
rounded (Fig. 17.3).

Once the catheter position is checked (preferably by ultrasound), the catheter 
must be secured; as for the umbilical venous catheters, a combination of several 
strategies is used (surgical suture, plasters, glue, transparent dressing, etc.) and none 
of them is evidence-based. The most appropriate securement of umbilical catheters 
is still an unsolved issue (see Chap. 10).

At the time of removal, as opposed to umbilical venous catheters, UACs must be 
withdrawn very slowly, so to reduce the risk of bleeding. Once removed, if bleeding 
continues, plasters, cyanoacrylate glue, local pro-coagulants, or clamping of the 
umbilical stump may be necessary.

17.4  �Materials

Catheters used for umbilical artery cannulation are the same as the ones used as 
UVC. They are usually made of polyurethane, 2.5 Fr or 3.5 Fr, and single lumen. 
Unlike other vascular accesses, UACs may require additional materials such as 
high-pressure valves, single or multiple stopcocks, and so on. Adequate pressure 
transducers and connectors to a monitoring system are needed for invasive arterial 
pressure monitoring.
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Fig. 17.3  Typical arterial 
pressure waveform 
obtained from a UAC (red 
curve), as compared to 
small peripheral arteries 
(orange and green curves). 
The waveform is less sharp 
and more rounded
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17.5  �Contraindications

Few conditions represent absolute contraindications to UAC placement: in these 
cases, a peripheral arterial catheter should be inserted.

UAC placement is usually impossible or unsuitable in abdominal wall malforma-
tions such as gastroschisis and omphalocele. In some cases of gastroschisis, the 
placement of UAC may be temporarily possible, although peripheral arterial access 
should be preferred. Complex vascular anomalies, genetic syndromes, or congenital 
abnormalities can make UAC placement difficult or even impossible even in the 
absence of a clearly defined vascular malformation. UACs are contraindicated in 
patients with of aortic coarctation as the catheter will reduce the aortic cross-
sectional area available for blood flow. Neonates who had absent or reverse endo-
diastolic flow in intrauterine life should not have an UAC, as the catheter may 
theoretically influence the restoration of normal hemodynamics.

UAC are relatively contraindicated in severe coagulopathy and when mesenteric 
or renal thrombosis is suspected. In some cases of thoraco-abdominal surgery, a 
UAC may be relatively contraindicated, depending on the surgical approach.

17.6  �Complications

UACs do not seem to be more harmful than peripheral arterial catheters in terms of 
non-infective complications (Table 17.2). However, as central lines, UACs carry a 
higher infectious risk as compared to peripheral arterial lines. Insertion, care, and 
maintenance should be managed with strict sterile technique in the same manner as 
central venous lines, so to reduce the risk of infection. The most important interven-
tion to reduce infection rates in neonates requiring central vascular access remains 
the introduction of a dedicated team and bundle to maintain and care for cen-
tral lines.

Thrombotic events remain the most common and possibly scaring non-infective 
complication of UACs. The incidence of UAC-related thrombosis is unclear and 
may span from subclinical events that resolve spontaneously to catastrophic and 
life-threatening thrombosis. UACs share a similar thrombotic risk with peripheral 
artery cannulas but are associated with less thrombotic events than femoral arterial 
catheters (not commonly used in neonates). Risks factors for UAC-related thrombo-
sis, both demonstrated and hypothesized, are listed in Table 17.3. When one or more 
of these risk factors are present, they should be considered in the risk-benefit ratio 
decision to place a UAC. The relationship between infection and thrombosis is not 
clear. Sepsis impacts the coagulation status but there no data proving a clear effect 
on UAC-related thrombosis. The catheter material does not seem to be important, 
since all catheters increase thrombogenicity; however, polyvinyl-chloride catheters 
carry a higher risk of thrombosis and they have been replaced by polyurethane 
catheters.
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Table 17.3  Risk factors for 
UAC-related thrombotic events

UAC of smaller diameter
Absence if heparin in the infusate
Presence of calcium or some drugs in the infusatea

Polyvinyl-chloride catheters
UAC misplaced in iliac arteries or creating loops
UAC with the tip in the abdominal aorta
Low cardiac output
High hematocrit
Inherited or acquired thrombophilia
Duration of UAC in situ

aONLY blood and its derivatives, 5–10% glucose solu-
tions or normal saline may be infused through UAC in 
case of medical emergencies and in absence of other 
accesses. All other drugs must be avoided

Table 17.2  Non-infectious 
complications of UAC

Decreased urine output
Retrograde embolization
Visceral infarction
Hemoperitoneum
Vasospasms
Skin/limb/gluteal necrosis
Refractory hypoglycemiaa

Spinal cord injury/paraplegiab

Peripheral neural injury
Aneurysm and pseudoaneurysmc

Thrombosis
Catheter retention or rupture

Note: The list should not be considered exhaustive, and 
conditions are listed just on the basis of their literature 
description. Some of these complications may be associ-
ated and some may be related to pre-existing underlying 
conditions or to others that may be superimposed (e.g.: 
thrombo-embolic predisposition, infections). A direct 
cause-effect relationship cannot be clearly proven in 
some cases
aHypoglycemia has been described when an UAC has 
been incorrectly used for parenteral nutrition
bThis type of injury has been related to UAC malposition 
into the Adamkiewicz artery or local thrombo-
embolic events
cAneurysms have been described (both in the aorta and 
in the iliac arteries) years after UAC placement
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17.7  �Conclusions

UACs are extremely useful in the management of the critically ill neonate. Though, 
they are potentially associated with severe infective and thrombotic complications. 
The safe insertion and maintenance of UACs is based on the following important 
strategies:

	1.	 UAC placement should be performed exclusively by specifically and properly 
trained operator, familiar with the techniques of ultrasound. The most important 
thing is to develop an adequate bundle with a formal protocol to insert and main-
tain UACs. UAC should be placed only when the benefits overcome the risks and 
this evaluation must be done by an expert attending neonatologist or pediatric 
intensivist. Healthcare professionals must be well informed and trained for UAC 
insertion and maintenance.

	2.	 The desired final position of the tip must be in the thoracic aorta. Tip positions 
below the diaphragm are associated with higher risk of thrombotic events and 
lower limb complications due to the lower diameter of the iliac arteries and the 
pro-thrombotic effect of the catheter itself. A Cochrane meta-analysis of six 
studies showed that UACs with tip in the thoracic aorta are associated with a 
lower incidence of clinical vascular complications, without an increase in any 
adverse sequelae. The occurrence of intraventricular hemorrhage, necrotizing 
enterocolitis and death is not affected by the position of the tip below or above 
the diaphragm.

	3.	 The final position of the tip should be assessed during the procedure, using ultra-
sound. The old-fashioned method of pre-procedural length estimation + post-
procedural x-ray assessment is not recommended anymore. Length estimation is 
highly approximative: though many methods have been described (see 
Table 17.4), none of them has been proven to be consistently accurate. Also, as 

Table 17.4  Advantages and disadvantages of the different methods to estimate or measure the 
insertion depth for UAC

Name Technique/Formula Pro’s Con’s

Shukla-
Ferrara 
formula

(BW × 3 + 9) Accurate. Easy and 
similar to UVC 
formula

May be wrong in 
SGA and VLBW 
patients

Wright 
formula

(BW × 4 + 7) Easy and similar to 
UVC formula. 
Slightly more 
accurate

None

Dunn 
Nomogram

Determined by shoulder-umbilical 
length on the Dunn nomogram

Accurate Cumbersome 
(require unusual 
measurements)

(conitnued)
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noted above, x-ray assessment is less accurate than ultrasound, since it visualizes 
only the catheter, while the vascular structures are located on the basis of indirect 
radiological landmarks.

	4.	 The UAC should be maintained under continuous heparinization. The use of 
heparin is especially important in situations that are at highest risk of thrombosis 
such as critically ill babies, polycythemia, narrow catheters, or presence of cal-
cium in the infusate. A Cochrane meta-analysis of five randomized controlled 
trials showed that heparinization of the fluid infused through the UAC decreases 
the likelihood of catheter occlusion; though, it has no effect on the occurrence of 
aortic thrombosis or other thrombotic and ischemic events, including intraven-
tricular hemorrhage. Heparinization is also associated with a reduction in arterial 
hypertension. Very low concentrations (0.25 units/mL) have been shown to be 
effective but doses up to 1 unit/mL have been used with no adverse effects. It 
seems prudent to use heparin starting at the lowest effective concentration 
(0.25–0.5 units/mL) in isotonic saline (the use of isotonic saline seems to reduce 
the risk of hemolysis during blood sampling. Heparinization of flushes without 
heparinizing the infusate resulted ineffective in preventing catheter occlusions or 
other complications: furthermore, flushes may be harmful, being associated with 
retrograde embolization. UAC may be maintained using electronically controlled 
infusion pumps or pressurized bag pumps. Electronic pumps should probably be 
preferred for a better volume control in the smallest patients.

	5.	 UAC should be used only for blood sampling and infusion of heparinized iso-
tonic saline. Infusions of normal saline, glucose solutions, or blood and blood 
derivatives are acceptable only in case of emergencies and in absence of other 
forms of access.

Name Technique/Formula Pro’s Con’s

Surface 
anatomy 
method

Umbilicus to nipple 
distance—1 cm plus twice the 
distance from umbilicus to 
symphysis pubis

Accurate Cumbersome 
(require unusual 
measurements)

Lateral look 
method

1.1 × (xiphoid-ASIS + umbilicus-
ASIS) + 1.6, where ASIS is the 
anterior superior iliac spine

Accurate Cumbersome 
(require unusual 
measurements)

Thai method Suprasternal notch to superior 
iliac spine length (SSSL)

Accurate Cumbersome 
(require unusual 
measurements)

Length 
method

Heel-to-crown length × 0.33 (cm) Accurate Very old. Not proven 
on very preterm 
neonates

Note: Birth weight and length are to be considered in kilograms and centimeters, respectively
Abbreviations: BW: birth weight; SGA: small for gestational age; UAC: Umbilical artery cathe-
ters; UAC: Umbilical artery catheters placed in the thoracic aorta; UVC: Umbilical venous cathe-
ter; VLBW: Very low birth weight

Table 17.4  (continued)
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	6.	 Remove the catheter within 5 days after its insertion. The duration of UACs in 
situ seem to affect the occurrence of clinically evident thrombosis, even if neo-
intimal proliferation and increased thrombogenicity have been demonstrated 
even after a short application of a UAC. Neonates with UAC-related thrombotic 
events have a mean duration of 8.3 ± 3.9 days versus 4.8 ± 3.5 days of those not 
experiencing this complication. Thus, we advise to keep UACs for 5 days and to 
place a peripheral arterial line later, should arterial monitoring still be needed.

	7.	 UAC functionality should be tested regularly, and UACs should be removed as 
soon as possible if a complication is suspected. Signs of possible complications 
are: (1) transient blanching, erythema, or reduced pulse at the affected extremity, 
(2) decreased urine output, (3) decreased regional saturation (by near infrared 
spectroscopy) or altered perfusion index on the affected extremity, (4) reduced 
temperature at the affected extremity, (5) low platelet count. In all these cases, an 
ultrasound examination should be performed, and the UAC should be removed 
if a thrombosis is demonstrated or suspected. An established UAC-related throm-
bosis should be promptly treated with thrombolytic therapy, heparin and heparin-
derivatives, or caudal blockade. In the absence of evidence-based data, there are 
no clear recommendations on the best strategy to be applied. Conversely, enteral 
feeding can be continued in babies with (or at risk for) UAC-related thrombotic 
events. In fact, stable preterm neonates in stable condition receiving enteral feed-
ings do not have an increased incidence of feeding problems, as compared to 
those who stopped the enteral feeding.
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Chapter 18
Peripheral Arterial Lines

Daniele G. Biasucci

18.1  �Introduction

Arterial catheter placement is a common and essential procedure performed in 
many clinical settings like medical and surgical emergencies, major elective and 
emergency surgeries, and intensive care unit stay, mainly for hemodynamic moni-
toring and repeated arterial blood sampling.

The site most used for arterial cannulation is the radial artery (Fig. 18.1). Further 
sites include the femoral, axillary, brachial and dorsalis pedis arteries. The radial 
artery is the first choice for invasive blood pressure monitoring primarily because of 
the superficial nature of the vessel, the low rate of complications and the optimal 
nursing and dressing. The second most common site for arterial cannulation after 
radial artery is the femoral artery (Fig. 18.2). One advantage of femoral artery can-
nulation is that the vessel is larger than the radial artery, however, it is associated 
with a higher risk of infections, especially in critically ill children. Axillary artery is 
associated with high risks of hematoma, pneumothorax, and infections. The bra-
chial artery is usually not recommended for cannulation since it is an ‘end’ artery, 
and its damage would endanger the circulation of the whole upper limb.

Contraindications for arterial line placement include absent pulse, burned skin 
over the cannulation site, inadequate circulation to the extremity with inadequate 
collateral flow, infection at the cannulation site, and presence of synthetic vascu-
lar grafts.

The traditional approach for arterial catheter placement is the pulse palpation 
method in which the pulse of the artery is the landmark for puncture site and needle 
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direction. However, due to the small caliber of the arteries, arterial cannulation can 
be challenging in pediatric patients, especially in neonates, small infants and small 
children. In these patients, the traditional pulse palpation method is technically dif-
ficult since it does not allow accurate localization of such small arteries. Multiple 
cannulation attempts are common and may account for serious complications. In 
the emergency settings, dehydration or hemodynamic instability—making the pulse 
weak and difficult to find—can further complicate this situation.

The most frequent complications are represented by arterial occlusion, hema-
toma formation and nerve injury. Although rare, other serious complications, such 
as permanent ischemic damage, sepsis and pseudoaneurysm formation, may occur.

For this reason, the use of doppler assistance and ultrasound guidance has been 
recently proposed for those developmental age patients particularly at risk for severe 
complications, given the well-known difficulties in achieving an arterial access.

Fig. 18.1  Arterial catheter 
in brachial artery
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18.2  �Pulse Palpation Technique

For radial artery cannulation, the patient is in the supine position. The arm is placed 
in neutral position, with the palm up and the wrist dorsiflexed to 30–45 ° with a 
gauze under its dorsal surface. Excessive dorsiflexion must be avoided because it 
may compress the radial artery.

For femoral artery cannulation, the patient is also in the supine position, with the 
hip in mild external rotation. The artery is palpated at the midpoint between the 
anterior superior iliac spine and the pubic tubercle. The puncture site should be 
2.5 cm below the inguinal ligament to allow control of bleeding and prevention of 
bleeding into the pelvis.

The non-dominant hand palpates the artery, while the dominant hand manipu-
lates the intravascular needle or catheter, which is inserted at a 30-to-45-degree 
angle and is advanced slowly until pulsatile blood flow returns.

Fig. 18.2  Arterial catheter 
in femoral artery
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As already discussed above, pulse palpation technique is inaccurate for localiza-
tion of small arteries in neonates, small infants, and small children, especially in 
emergency conditions in which hypotension and dehydration further complicate the 
procedure making the pulse weak and difficult to find. These special categories of 
patients often require multiple attempts which may account for complications.

18.3  �Doppler Assistance

Doppler auditory assistance has been described as an alternative to the traditional 
pulse palpation method. This method allows to locate vascular flow and differentiate 
between veins and arteries whose flows have different patterns and tones. Thin 
pencil-like probes 9–10 MHz are used. Doppler assistance allows to locate the exact 
position of the artery where the area of the maximum tone of a pulsatile flow can be 
heard. The Doppler probe is maintained over the artery throughout the puncture. 
The right direction of the needle tip is identified by increased pitch or loss of Doppler 
tones when compressing tissues above the artery or the artery itself with the needle 
tip. The needle is then advanced until Doppler tones return to baseline, indicating 
re-expansion of the artery, or pulsatile blood flow appears from the needle hub. 
Unfortunately, this technique has been reported to have a success rate only at 46%, 
which is low, and a first-time success rate at 15%, which is very low [5].

18.4  �Ultrasound Guidance

The use of ultrasound guidance for arterial catheters insertion has been proposed 
recently and most authors advocate for its use. Randomized controlled trials and a 
couple of systematic reviews and meta-analyses have been published on this topic. 
Current guidelines (2020 guidelines of the European Society of Anesthesia; 2021 
Standards of the Infusion Nursing Society) recommend the use of ultrasound guid-
ance for all arterial cannulations in pediatric patients.

Published evidence proves that ultrasound guidance significantly decreases the 
number of attempts improving the first attempt success rate and the success rate 
after only two attempts, as compared with traditional pulse palpation or Doppler 
assistance, both for radial artery—which is the first choice—and for femoral artery. 
Furthermore, complications like hematoma formation can be significantly reduced 
using ultrasound compared with any other methods.

Particularly, studies show that ultrasound guidance gains its maximum effective-
ness and the greatest value in neonates, small infants, and small children. In fact, as 
previously commented, these are developmental ages in which a high risk for diffi-
cult arterial cannulation exists, since palpation for location of such small arteries 
may be inaccurate, especially when hemodynamic instability and hypovolemia 
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make the pulse weak and much more difficult to find. Kantor and coworkers have 
found that factors most likely to interfere with peripheral arterial catheterization are 
patient age, patient systolic blood pressure, patient body mass index, degree of fluid 
status. In older children there is not a clear advantage of ultrasound guidance com-
pared with pulse palpation technique, however, it is always undoubtedly useful in 
emergency and critical conditions like hypotension and hypovolemia.

Ultrasound has been shown to offer further advantages. Particularly, ultrasound 
allows an accurate sonographic-based pre-procedural assessment of all possible 
arterial options. The easiest and safest artery to be punctured, in terms of early and 
late complications, can be chosen using ultrasound. Particularly, pre-procedural 
sonographic assessment allows to perform a catheter/artery ratio to choose the most 
appropriate outer diameter of the arterial catheter for a given inner diameter of the 
artery. This kind of assessment allows to avoid arterial damage and thrombotic 
occlusion. In a study on adults, authors showed that if more than 20% of the radial 
artery lumen is occupied by catheter there is a significantly greater risk of thrombo-
sis. Varga and coworkers have found that, usually, in children there are discrepan-
cies between the measured real inner diameter of a radial artery and the catheter size 
proposed on the base of anthropometric characteristics. These discrepancies not 
only make the placement difficult but also have the potential for arterial injury. For 
all these reasons, it is important to measure the internal diameter of arteries in neo-
nates, small infants, and small children prior to insertion of an intra-arterial catheter.

Regarding training and experience, studies have found that ultrasound guidance 
significantly increases first attempt success rate as compared with the pulse palpa-
tion technique when an expert operator, proficient in ultrasound-guided vascular 
cannulation, performs the procedure. No significant advantages have been found 
when the procedure had been performed by operators with an experience of less 
than 10 ultrasound guided vessel catheterizations. Other authors have found that the 
level of operators training and experience is one of the factors most likely affecting 
success rate of ultrasound guided arterial cannulation. An expert operator should 
perform no less than 10 supervised procedures to become proficient.

18.5  �Insertion Technique

Disregarding the puncture technique (pulse palpation method, doppler assistance or 
ultrasound guidance), arterial catheterization can be performed using multiple 
methods.

The most commonly used methods are the following:

•	 Catheter over-the-needle
•	 Catheter over-the-wire, which includes:

–– direct Seldinger technique
–– modified Seldinger technique.
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The choice of the appropriate method is determined by location. For radial artery 
cannulation, either the ‘catheter over-the-needle’ technique or the ‘catheter over-
the-wire’ technique may be used. The latter is more common in adults and older 
children, whilst the former is more common in small infants and neonates. For fem-
oral artery cannulation, the ‘catheter over-the-wire’ technique is preferred.

Arterial cutdown for arterial access is not recommended and should be discour-
aged since it is associated with a high risk of arterial damage and infections.

Catheter over-the-needle technique. This technique is performed puncturing the 
skin over the artery and advancing the needle towards the pulsation with its bevel up 
and various angle’s degrees, depending on the depth of the artery. Once the needle 
is in the arterial lumen, a flash of bright red blood can be seen in the hub. Once this 
flash has been obtained, the needle-catheter must be lower to an angle of 10–20° 
from the skin and inserted about 1–2 mm further, so to advance the catheter into the 
lumen of the artery. During ultrasound guided cannulation, the operator can follow, 
in real time, both the entry of the needle tip and that of the tip of the cannula. Only 
when the needle tip and the cannula are both in the lumen of the artery the outer 
cannula can be advanced into the artery over the needle which, at the end, must be 
retracted.

Catheter over-the-wire technique. The catheter over-the-wire method is a further 
option for arterial catheterization. This technique includes the Seldinger and modi-
fied Seldinger techniques which are very similar since both involve entering the 
artery with a needle, then advancing a wire into the artery through the needle, and 
finally threading the catheter over the wire into the artery. However, whereas the 
Seldinger technique uses separate components, the modified Seldinger technique 
uses an integrated needle-catheter-wire system. Catheter over-the-wire techniques 
can be used for superficial arteries like radial artery and are the recommended 
method for femoral arteries cannulation. This method should not be used routinely 
for radial artery cannulation in neonates and small infants, since inner diameter of 
the vessel is too small to allow an easy advancement of the guide wire.

18.6  �Ultrasound-guided Puncture

Ultrasound guidance allows to follow, in real time, the advancement of the needle 
tip through the soft tissues into the lumen of the artery. When using catheter over-
the-needle technique, ultrasound allows to visualize when also the cannula has 
entered the vessel so that only the cannula is advanced over the needle which, in 
turns, can be removed. On the other hand, when using a catheter over-the-wire tech-
nique, ultrasound allows real time visualization and control of wire advancement 
into the artery first, and then the catheter entry over the wire.

Ultrasound guided arterial puncture can be performed with any ultrasound device 
equipped with a linear probe dedicated to ultrasound guided vascular access 
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procedures for neonates and children. In fact, in neonates and small infants, radial 
and femoral ones are superficial and have small diameters. For this reason, an ultra-
sound probe allowing maximum resolution of very superficial tissues—even if 
penalized by a low penetration in depth—is required. Currently, most of the ultra-
sound transducers used for this purpose have a frequency range of 7–15  MHz, 
which may imply a lack of resolution to allow accurate ultrasound guided cannula-
tion of very shallow and small vessels like in neonates or small infants (Fig. 18.3). 
In these cases, Latham and coworkers have proposed the use of high-frequency 
micro-ultrasound transducers with a frequency range of 15–50 MHz which allows 
much higher resolution as compared with conventional ultrasound.

Currently, there are two techniques for ultrasound guided arterial cannulation: 
the short axis + out-of-plane technique (SA + OP) and the long axis + in-plane tech-
nique (LA + IP). Each of these techniques has advantages and disadvantages and 
both require appropriate training. However, despite obtaining LA requires longer 
time, there is no significant difference in the total time to successful cannulation 
between the two techniques.

Arteries can be visualized in short axis (SA) placing the probe perpendicular to 
the course and the long axis of the vessel. On the other hand, long axis (LA) can be 
obtained placing the probe parallel to the course of the vessel. SA and LA are imag-
ing techniques and refer to the mutual position of the probe in respect to the ves-
sel course.

The terms ‘out-of-plane’ (OP) and ‘in-plane’ (IP) refer to the direction of the 
needle in respect to the probe plane. OP and IP techniques are puncture techniques. 
In the OP puncture technique, the needle is directed perpendicular to the probe 
plane and the ultrasound beam, and it is visualized, in its short axis, as a hyper-
echogenic dot. Performing the IP technique, the needle is directed in a plane aligned 
with the major axis of the probe plane and the ultrasound beam. During the IP punc-
ture, the entire needle tip and shaft can be visualized in its long axis.

Fig. 18.3  Ultrasound scan 
of the brachial artery using 
a linear ‘hockey stick’ 
probe
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18.6.1  �Out-of-plane Puncture in Short Axis (SA + OP)

Arteries can be punctured OP using a SA view (Fig. 18.4). As discussed above, this 
technique is performed visualizing the artery in its SA in the middle of the screen so 
that he midpoint of the probe footprint becomes the reference point for puncture. 
The needle is then directed perpendicular to the midpoint of the probe with an angle 
greater than 45 ° and depending on the depth of the vessel. Using this technique, the 
needle appears as a hyper-echogenic dot. The operator can use or not the probe ‘tilt-
ing’ technique to follow the needle tip during the procedure which consists in mov-
ing only the tail of the probe towards the needle hub so that the needle tip may be 
always included in the ultrasound beam. Using this ‘tilting’ technique is possible to 
visualize the needle in the subcutaneous tissues and then, moving the tail of the 
probe so to have the needle tip always inside the ultrasound beam, to follow it until 
it entries the arterial lumen. The tilting technique requires some additional abilities 
especially when puncturing very superficial and small arteries. However, an ade-
quate training may overcome any difficulties. If the tilting technique is not per-
formed, the operator can hold the probe perpendicular to the artery inserting the 
needle with the above-described direction so that indirect soft tissues movement can 
be seen and then, if the right angle has been maintained, the needle tip as a hyper-
echogenic dot entering the arterial lumen can be visualized. The SA + OP technique 

Fig. 18.4  Short axis/out of 
plane puncture
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combines the advantages of the SA view, which gives us the appropriate panoramic 
view of the artery, and, eventually, of the accompanying nerves and veins (as in case 
of the femoral artery approach), with the disadvantage of the OP puncture technique 
which mainly consists in the difficulty to follow the needle tip appearing as a hyper-
echogenic dot. Using this technique, the operator may inadvertently visualize a part 
of the needle shaft misinterpreting it as the tip of the needle. SA + OP technique 
may appear to be more comfortable when very small arteries are approached, and 
LA is difficult to obtain. However, posterior wall puncture rate has been found to be 
higher using this technique, as compared with LA + IP, due to the known difficulties 
to follow the tip of the needle.

18.6.2  �In-plane Puncture in Long Axis (LA + IP)

On the other hand, the LA-IP technique combines the advantages of the IP puncture 
which allows better visualization of the needle tip and shaft trajectory, with the 
disadvantages of LA view of the vessel which does not allow a panoramic view of 
the nerve-vascular bundle. Using this technique, the operator may inadvertently 
visualize and/or puncture the accompanying veins. In fact, once the vessel has been 
visualized in its LA, the needle must be directed in a plane aligned and parallel with 
the probe plane exactly in the middle of the transducer footprint so to have the entire 
needle tip and shaft always included in the ultrasound beam not getting out of it. 
Even if LA requires longer time as compared with SA, the LA + IP technique has 
been found to have a lower rate of posterior wall penetration since it allows easier 
real time control of the needle tip and shaft trajectory.

During catheter over-the-needle cannulation technique, disregarding the punc-
ture technique, LA view can be performed to accurately verify when also the outer 
cannula has entered the artery so to decide when it can be safely advanced visual-
izing real time advancement into the lumen. LA can be also used to be sure of the 
correct placements of wires and catheters into the arterial lumen even when catheter 
over-the-wire technique is performed.

18.7  �Conclusions

•	 Radial artery is the first choice since it is associated with fewer complications 
and offers a nice reliability of hemodynamic parameters. Femoral artery is not 
considered the first choice since it is associated with a higher risk of infection 
complications.

•	 Compared to pulse palpation and doppler assisted methods, ultrasound guidance 
has been shown to be effective in reducing the number of attempts, increasing 
first attempt success rate and reducing complications.
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•	 Ultrasound guidance is strongly recommended in small infants and small chil-
dren and in all cases of emergency conditions when hypotension or dehydration 
and hypovolemia may further complicate the procedure.

•	 Proper ultrasound equipment must be used. Probes should have a high range of 
frequency so to obtain the highest resolution of superficial tissues.

•	 Ultrasound must be used for pre-procedural evaluation of all possible arterial 
options to choose the safest and easiest artery to be punctured in that specific 
patient in that specific clinical situation.

•	 Particularly, ultrasound must be used for pre-procedural evaluation of internal 
diameters of the artery so to choose an artery and a catheter caliber with optimal 
catheter/artery ratio to prevent early mechanical arterial damage and late throm-
botic complication.

•	 There are two techniques for ultrasound-guided arterial cannulation: SA + OP 
and LA + IP. Each of these techniques has advantages and disadvantages and 
both require appropriate training.

•	 Ultrasound must be used also after puncture, to guide and verify correct advance-
ment of wires and catheters.

•	 Ultrasound can also be used to diagnose eventual late complications like throm-
botic occlusion of an artery with a catheter inside.

•	 Ultrasound guidance reaches its maximum effectiveness when performed by 
operators who had already fulfilled no less than 10 supervised ultrasound guided 
vascular access procedures.
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Chapter 19
Access for Dialysis and Apheresis

Xavier Torterüe and Pierre Tissières

19.1  �Introduction

Success of dialysis or apheresis is due to a large part to the good choice of vascular 
access. Indeed, for both dialysis and apheresis, the blood flow in the catheter should 
remain as laminar as possible so to maintain correct suction and reinjection pres-
sures and reduce hemolysis. Optimal blood flow is directly related to the site of 
insertion, length, and diameter of the catheter. This chapter will summarize current 
recommendations for vascular access in children with renal failure requiring dialy-
sis or affected by clinical conditions requiring apheresis.

19.2  �Material

The type of the catheter must be chosen according to the therapeutic objectives. 
Blood flow rate of 3 to 5 ml/kg min (in adult patient: 200–300 ml/min) should be 
targeted to allow a good efficacy of hemofiltration or dialysis, while lower flows 
(0.5–1 ml/kg min, 30–60 ml/min) may be sufficient for most apheretic procedures. 
Considering that blood flow is also dependent on the location of the tip, dialysis 
catheters are invariably central venous devices (i.e., tip in the right atrium, superior 
vena cava or inferior vena cava), while apheresis may be performed also with 
peripheral venous access devices.
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Another major difference is that while dialysis requires a specific double lumen 
central catheter, apheresis can be carried out either with a double lumen central 
catheter or with two different catheters (both peripheral, both central, or even one 
central and one peripheral).

As for double lumen dialysis catheters, manufacturers indicate the maximum 
blood flow allowed by the device depending on the diameter and length. Most cath-
eters are in polyurethane, since the wall must be rigid enough to tolerate high pres-
sures. The selection of the most adequate catheter is based on the adequacy of the 
catheter to the size and weight of the patient. As a rule, a large diameter must be 
preferred to decrease the risk of blood flow limitation. Though, the main limitation 
is the inner diameter of the vein chosen for cannulation. Catheters that occupy more 
than 33–45% of the diameter of the vein are prone to a high risk of catheter- related 
thrombosis. Examples of catheter size according to patient size are indicated in 
Table 19.1; it is understood that the final size of the catheter will also consider the 
size of the vein. If the double lumen catheter is needed for apheresis, catheters 
smaller than 6.5 Fr may be enough; in this case, it is recommended to use—‘off 
label’—double lumen power injectable 5Fr and 6Fr catheters marketed as PICCs 
(Fig. 19.1).

Non-tunneled double lumen dialysis catheters are appropriate for renal replace-
ment therapy for acute kidney injury. On the other hand, cuffed-tunneled dialysis 
catheters have a role only for periodic dialysis in children with chronic renal failure. 

Table 19.1  Double lumen 
catheters for dialysis and 
apheresis

Patient size Catheter size Maximal blood flow

Neonate 6,5Fr 30–60 ml/min
3–6 kg 7Fr 30–60 ml/min
6–15 kg 8Fr 60–100 ml/min
15–30 kg 9Fr 75–150 ml/min
>30 kg 10–12Fr 150–200 ml/min
Adult >12Fr 200–300 ml/min

Fig. 19.1  Double lumen 5Fr power injectable PICCs inserted as CICC and used ‘off-label’ as 
tunneled, non-cuffed catheters for apheresis
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Despite the demonstrated reduction in catheter related bloodstream infection and 
local skin infection as well as a better function, the indication to cuffed-tunneled 
catheters in the acutely ill patient is quite limited. Nonetheless, cuffed-tunneled 
dialysis catheters could be used also in Pediatric Intensive Care Units if an extended 
period of treatment is expected. A significant variability exist in the type of lumen 
and tip configuration (Fig. 19.2), but no significant blood flow and recirculation rate 
difference exist between the different catheter tip designs. Currently no recommen-
dation exists on the type of configuration of dialysis catheter lumen and tip.

19.3  �Insertion of Dialysis Catheters

Treatment efficacy and specific complications are associated with different insertion 
sites. The right supraclavicular area is the first choice as insertion site for dialysis 
catheters. In this area, ultrasound guidance allows a safe puncture either of the inter-
nal jugular vein (IJV) or of the brachiocephalic vein (BCV). Venipuncture of the 
BCV is easy in infants and children and it should be preferred since the diameter of 
the BCV is consistently larger than the IJV (thus reducing the risk of thrombosis). 
Recent studies suggest that in the pediatric population BCV puncture is safer than 
IJV puncture. Access to the subclavian vein or to the axillary vein should be avoided 
when placing a dialysis catheter, because of the high incidence of catheter 

Perfusion port

Venous port

Arterial port

a

b

Fig. 19.2  Two different types of non-tunneled dialysis catheter (a) Multi-lumen dialysis catheter 
with perfusion line and straight extensions. (b) Step tip dual lumen dialysis catheter and J-curved 
extensions
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dysfunction, venous thrombosis and of late venous stenosis. Thrombosis or stenosis 
of subclavian/axillary vein may jeopardize the creation of future arteriovenous fis-
tula in patients requiring chronic hemodialysis. Access to veins in the left supracla-
vicular area is not recommended since it is associated with risk of catheter 
dysfunction.

Non-tunneled dialysis catheters can also be inserted at the groin, accessing—by 
ultrasound guidance—either the right or the left common femoral vein (CFV). The 
insertion site in the groin area is nonetheless associated with a higher rate of infec-
tive complications compared to the supraclavicular area. Dialysis catheter dysfunc-
tion rate is similar between the supraclavicular and the femoral approach. Both 
femoral veins allow a direct insertion of the catheter inside the inferior vena cava, 
provided that the catheter is long enough (Table 19.2).

Regardless of the vein chosen (right BCF, right IJV, left or right CFV), the use of 
ultrasound guidance is mandatory. Access to the vein should also be obtained pref-
erably using micro-puncture kits, so to reduce the local trauma and the risk of 
puncture-related complications.

As for all catheter insertions, a proper infection prevention strategy is of para-
mount importance, and it is based on proper hand hygiene, skin antisepsis with 2% 
chlorhexidine in 70% isopropyl alcohol, and maximal barrier precautions.

Cuffed-tunneled dialysis catheters are usually inserted only in the right supracla-
vicular area and the exit site is moved to the right infraclavicular area. The tech-
nique of insertion is the same that for non-tunneled catheter, except for the necessity 
to create a tunnel (see Chap. 8). The tunnel must be planned so that the Dacron cuff 
surrounding the catheter is placed inside the tunnel, at least 2.5 cm far from the exit 
site. Cuffs placed too close to the exit site are often associated with local infection, 
extrusion of the cuff and loss of the device.

19.4  �Tip Position of Dialysis Catheters

To reduce catheter dysfunction and recirculation, the tip of catheter must be in a 
large vein. After access to the right BCV or IJV, the tip of the dialysis catheter must 
be located in the upper portion of the right atrium, just below the cavo—atrial junc-
tion. As tip location is of great importance for the proper performance of the dialy-
sis, it should be assessed with the most accurate methodology, i.e., using the 
intracavitary ECG method and/or echocardiography (see Chap. 6), rather than 

Table 19.2  Catheter insertion 
site choice

Insertion site

1st choice Right supraclavicular area
2nd choice Left or right inguinal area
3rd choice Left supraclavicular area
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radiological methods. With femoral access, the extremity of the dialysis catheter 
must be located in the inferior vena cava: catheters with tip in the iliac veins are 
inevitably associated with catheter dysfunction. This implies that the length of the 
catheters must be selected so to to ensure proper position of the catheter tip.

19.5  �Removal of Dialysis Catheters

The dialysis catheter, due to its diameter and position, is at high risk of complica-
tions: local infection and sepsis, thrombosis, and vascular stenosis. The actual need 
for the non-tunneled dialysis catheter should be reassessed on a daily basis and the 
device should be removed as soon as possible, with a maximum dwelling time of 
1–3 weeks. In children with acute renal failure, incidence of dialysis dependence 
significantly decreases at 6 and 12 months following initiation. Therefore, use of a 
cuffed-tunneled catheter should be considered in patients for whom prolonged 
hemodialysis is expected.

19.6  �Access for Apheresis

If apheresis is performed using a non-tunneled dialysis catheter, the same recom-
mendations above reported are valid. If the apheresis is planned only for few days, 
a femoral approach may be as good as a right supraclavicular approach, considering 
that the risk of infection or of thrombosis is quite low if the catheter is removed 
within 48–72 h.

On the other hand, apheresis—due to the low flow required for withdrawal/rein-
fusion of blood—can also be performed with a variety of techniques that depend on 
the venous patrimony of the child and on the presence of pre-existing central lines. 
For example, blood withdrawal can be done through a single lumen central or 
peripheral catheter and the reinfusion through a pre-existing central venous catheter 
(PICC, or CICC, or FICC) or through a large bore peripheral cannula. If a pre-
existing central line is used for reinfusion, it should be vigorously flushed with 
saline (3–4 times the priming volume) after the apheresis.

19.7  �Maintenance

Dialysis and apheresis catheters do not differ from the other central lines in terms of 
maintenance strategies: proper securement, surveillance of the exit site, skin anti-
sepsis with 2% chlorhexidine, dressing change on a weekly basis, and so on. The 
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only difference is that—in order to maintain an optimal functionality—dialysis and 
apheresis catheters should be flushed with saline but locked with an anticoagulant 
solution (either heparin or citrate). Lock with 4% citrate seems to have the same 
effectiveness of heparin lock, but a wider margin of safety.

19.8  �Arteriovenous Fistula

Arterio-venous fistulas are reserved as vascular access for chronic hemodialysis in 
selected children with end stage renal disease. Due to high risk of complication 
(infection, thrombosis, bleeding, aneurysm, hematoma), the creation and the main-
tenance of the fistula should be assigned to specifically trained operators. Arterio-
venous fistulas have been proposed also for children with chronic need for apheresis, 
though they are seldom used for this purpose.
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Chapter 20
Intraosseous Access

Diego Neuhaus and Thomas Engelhardt

20.1  �Introduction

The intraosseous infusion technique is a well-established alternative access in situ-
ations with difficult venous access or otherwise time-critical need for acute paren-
teral therapy. It usually represents a “life-line” that is meant to function as a bridge 
to a more durable and stable venous access, such as a central venous line.

Timely establishment of intravenous access in pediatric patients can be very 
demanding not only in emergency but also in pediatric anesthesia. Alternative tech-
niques for difficult venous access such as ultrasound guided central or peripheral 
venous catheterization may not be feasible for lack of properly trained operators or 
lack of specific equipment, while there may be urgency to establish the paren-
teral access.

The technique of intraosseous infusion is generally considered easy to learn with 
a high first attempt success rate even in less experienced providers. A low risk pro-
file and high reliability results in an extensive preclinical use and increasingly in 
clinical emergencies.

The correct technique is of utmost importance especially in infants where the 
most common puncture site, the proximal tibia, can be very difficult to palpate.
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20.2  �Access Sites

The most common puncture site in pediatric patients is the proximal antero-medial 
tibia. Other options are the distal femur, the distal tibia, or very rarely, the proximal 
humerus. The sternum is contraindicated due to possible mediastinal extravasation, 
which is unlikely in adults.

The tibia remains the preferred location for intraosseous infusion in pediatric 
emergency care. In school-aged children, this area for puncture is relatively easy to 
identify, palpate, and large, guaranteeing effective administration of fluids and 
drugs. It is important to realize, however, that in infants and toddlers subcutaneous 
tissue may sometimes impair the proper identification of the tibial puncture site. 
The relatively small tibial bone is covered by a substantial layer of subcutaneous 
tissue making complications such as dislocation, extravasation, and compartment 
syndrome more difficult to recognize. A practical and reliable ‘step by step’ 
approach to effective puncturing of the proximal tibia for these patients is 
offered below.

The medial malleolus is the distal part of the tibia. It is easy to find but the small 
external anatomical dimensions also indicate a small metaphysis for absorption. 
This area is, therefore, rarely a reliable alternative to the proximal tibia in infants 
and toddlers. The EZ-IO intraosseous infusion system has received an expanded CE 
mark approval for insertion in pediatric patients in the distal femur in 2011. The 
distal femur insertion target area is described as relatively large (measuring approxi-
mately 3 cm in length and 2 cm width for a newborn infant) and the anatomical 
landmarks (superior patella and distal femur) can easily be identified. There are 
currently only very few clinical reports of its use in pediatric patients, possibly due 
to a lack of information for clinical daily routine. Though, according to our personal 
experience, the distal femur is easy to identify and offers stable needle positioning 
with a very effective resorption time.

The proximal humerus is rarely used in pediatric patients. While it is a common 
puncture site in adult patients (for example, in car crash victims trapped in a car), 
the pediatric patient probably offers other more easily accessible puncture sites on 
the lower limbs.

20.3  �Intraosseous Equipment

Several manufacturers offer a variety of different specialized systems to establish 
intraosseous access. These are either manual needles or assisted devices. Manual 
needles, such as the Cook Intraosseous Infusion Needle, have advantages of being 
inexpensive. However, they have some disadvantages: With the manual needles, it 
takes longer until the infusion to get started (30–60s); also, manual drilling is rarely 
straight, and therefore it produces a less stable and beveled drill hole; the needles 
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might bend or break under effort and are reported to be more painful; last, fractures 
at the puncture site have also been described.

The EZ-IO and the NIO are assisted devices, very effective in pediatric patients.

•	 they remove the stress of manual drilling
•	 they offer better control over the needle
•	 they create effortlessly a stable cylindrical drill hole.

NIO (Fig. 20.1) has the additional advantage of not being dependent on an energy 
supply. While general principles of intraosseous insertion apply to all situations, the 
method that one ultimately adopts will depend on individual resources and experience.

20.4  �Technique

Several general principles apply regardless of the technique used. These include 
aseptic precautions, use of local anesthetics at the puncture site in the awake patient, 
stable and firm fixation of the needle, and continuous monitoring during administra-
tion to prevent extravasation and swelling.

The process of intraosseous puncture at the proximal tibia in pediatric patients, 
for both the assisted devices or the manual needle, can be described as follows:

	1.	 Identify anatomical landmarks (tuberosity of the tibia: from the lower edge of 
the patella, two fingers caudal and one finger medial). If this is not evident due 
to subcutaneous tissue, start palpation proximally with thumb and index finger 
on the tibial condyles, and proceed downwards where the bone is still clearly 
cone-shaped (Fig. 20.2). The puncture site is then in the middle of the still cone-
shaped antero-medial edge, before reaching the cylindrical diaphysis, strictly 
between thumb and index finger (Fig. 20.3).

Fig. 20.1  Assisted device 
for intraosseous access 
(NIO)
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	2.	 Disinfect skin with 2% chlorhexidine in alcohol and take aseptic precautions 
(hand hygiene).

	3.	 Consider periosteal local anesthesia in the awake patient.
	4.	 Intraosseous puncture:

	 (a)	 Always handle the tibia firmly between thumb and index finger of the non-
dominant hand to ensure so that the target on the bone is as central as pos-
sible (Fig. 20.4)

	 (b)	 Insert needle through skin without rotation (Fig. 20.5)
	 (c)	 Verify the contact with the bone surface by “palpating” with the needle tip 

and ensure that at least 5 mm of the needle shaft is left over to advance the 
needle (Fig. 20.6)

	 (d)	 Drill until loss of resistance is felt after penetrating the cortex (Fig. 20.7)
	 (e)	 Check that needle is firmly inserted inside the bone (it must not move) 

(Fig. 20.8)

Fig. 20.2  Identification of 
bone landmarks

Fig. 20.3  Fixation of the 
bone between thumb and 
index of the non-
dominant hand
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Fig. 20.4  Identification of 
the puncture site (the 
assisted device in the figure 
is EZ-IO)

Fig. 20.5  Insertion of the 
needle through the skin

Fig. 20.6  Verification of 
the contact of the needle 
with the bone, with 5 mm 
left outside
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	 (f)	 Aspiration of bone marrow is reassuring but not essential
	 (g)	 Consider the infusion of local anesthetic in the intramedullary spaces (if 

appropriate/necessary) in awake patient
	 (h)	 Secure the needle with a stabilizer (Figs. 20.9 and 20.10)
	 (i)	 Inject a 5–10 ml bolus of saline, to rule out extravasation (Fig. 20.11)

	5.	 Check regularly the device after insertion, to detect secondary dislocation, 
extravasation, and compartment syndrome.

Please note that the puncture and the penetration of cortex and periosteum are often 
significantly less painful than the intramedullary injection. In unconscious patients, 
analgesia concerns are not an issue. In somnolent patients, placement of the intraos-
seous needle does not typically cause arousal, however, the patient might respond to 
the intramedullary injection. It is important to recognize that this is an expected 
response and not evidence that something went wrong. Pain upon injection can be 

Fig. 20.7  Complete 
penetration of the needle 
inside the cortex of 
the bone

Fig. 20.8  Check the 
stability of the needle
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Fig. 20.9  Application of 
the securement

Fig. 20.10  The 
securement is applied, and 
the stability is verified 
again

Fig. 20.11  Injection of a 
first bolus of 5–10 ml of 
saline
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reduced by warning the awake patient, by slow injection (sensitivity diminishes 
rapidly after a few seconds) or by administering intramedullary local anesthetics 
(i.e. lidocaine). Subcutaneous and periosteal infiltration with local anesthetic is 
rarely required.

20.5  �Complications

Once the intraosseous infusion is correctly established, the operator has the respon-
sibility for checking periodically the limb for any signs of extravasation, swelling, 
or discoloration (pale or livid). While the intraosseous infusion is a safe and reliable 
procedure, it is only designed to provide a short-term access, as a bridge to a secure 
intravenous access: it should never be left in place for convenience.

Intraosseous infusions can result in complications that every provider must be 
aware of. Needle dislocation and extravasation are the most common complications. 
These complications occur either due to initial misplacement or due to forceful 
manipulation during transport or positioning of the child, and they are often associ-
ated with improvised securement techniques. Dislocation can lead to compartment 
syndrome or drug-induced tissue necrosis, and implies loss of the access. Therefore, 
correct securement and local monitoring are of paramount importance. There are 
several reports of severe tissue damage, even amputation, after dislocation of the 
needle tip.

Osteomyelitis can be a severe and significant complication of intraosseous 
access. To reduce the risk of osteomyelitis, aseptic technique during insertion and 
maintenance of the access plays a critical role. Some authors support a single dose 
administration of a first-generation broad spectrum cephalosporin antibiotic, though 
this practice is not based on scientific evidence. Osteomyelitis might also result 
from blood-borne contamination from other sources, regardless of aseptic precau-
tions. Overall, osteomyelitis following intraosseous insertion is rare and should not 
prevent the practitioner from using the intraosseous technique when required.

Injury of the growth-plate and consecutive growth deviation has not been reported 
in humans. The operator must adhere to the recommended landmarks in order to 
minimize this theoretical risk.

20.6  �Contraindications

There are very few contraindications for insertion of an intraosseous needle, if a 
patient really requires an urgent access. Nevertheless, some special situations need 
to be considered. Absolute contraindications include local fractures, or recent ortho-
pedic manipulation at the site of needle insertion, or prior unsuccessful intraosseous 
access. A previously penetrated cortex will cause extravasation of the administered 
medication, with local tissue damage. There are also descriptions of extravasation 
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through a bore hole of a freshly lost intraosseous needle at the proximal tibia after 
injecting through an intraosseous infusion at the distal tibia. An alternative insertion 
site should be considered.

Relative contraindications include local infection at the site of the planned nee-
dle insertion, osteogenesis imperfecta, osteopetrosis, and thermal injury at the punc-
ture site. Again, an alternative insertion site should be considered.

20.7  �Conclusions

The establishment of an access in patients with difficult venous access requires a 
contingency plan, regular training, and good preparation. Easy and quick access to 
appropriate equipment that requires little or no preparation time is essential in emer-
gency situations. Therefore, we recommend that the intraosseous kits should be 
readily available in all areas where pediatric patients are cared for, especially in the 
operating room, emergency room, and trauma wards. Training in intraosseous infu-
sion techniques should be tailored to the specific needs of small children with a 
special regard to the anatomical landmarks, the correct securement methods, and 
the necessity to monitor periodically the device. To maintain competency, intraosse-
ous infusion training should be accessible to all team members on a regular basis, at 
least twice a year. Task fixation and/or the anesthetist’s pride in situations where 
venous access is difficult should no longer delay the onset of parenteral therapy by 
way of intraosseous access.

The intraosseous infusion technique is a quick, reliable, and safe alternative 
especially in pediatric patients. Following general and insertion technique-specific 
safety principles, it is one of the best alternative option for patients with challenging 
venous access and an urgent need for parenteral treatment.
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Chapter 21
Prevention and Treatment 
of Catheter-Related Complications

Mauro Pittiruti, Giancarlo Scoppettuolo, and Davide Celentano

21.1  �Infection

Infections represent the most severe and most dangerous complication potentially 
related to venous access devices (VADs), in the pediatric patient (neonate, infant, 
child) as much as in adults. Any VAD implies a breakthrough of the defense barriers 
of the body, with the possibility of invasion of bacteria inside the tissues and into the 
bloodstream. Such invasion may happen through different routes, the most impor-
tant being the so-called ‘extraluminal route’ (i.e., bacteria entering in the breech 
between the catheter and the surrounding skin, colonizing the external wall of the 
catheter and/or entering the bloodstream) and the so-called ‘intraluminal route’ 
(i.e., bacteria colonizing the internal walls of the catheter after entering through the 
infusion line, sometimes originating from contaminated solutions but more fre-
quently through hubs and stopcocks). There is no such thing as a ‘sterile’ catheter: 
few hours after insertion any venous access device is already colonized. Bacteria 
and yeasts stick to the internal walls of the catheter producing a special glyco protein 
medium (also containing lipids and nucleic acids), called ‘biofilm’, which acts as a 
matrix that includes and protects the micro-organisms. The degree of colonization 
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may be low enough to be detected only by electronic microscopy; heavier coloniza-
tion (or more massive mobilization of the bacteria from the biofilm) may be detected 
by microbiological methods, either direct (culture of the catheter after removal) or 
indirect (culture of blood drawn from the catheter). A massive colonization will be 
potentially associated with inoculation of a relevant number of micro-organisms 
from the device into the blood, eventually causing clinically detectable bacteremia 
and catheter-related bloodstream infection (CRBSI). Though central VADs are tra-
ditionally considered more prone to CRBSI, this life-threatening complication may 
occur also with peripheral VADs.

Not all catheter-related infections are necessarily associated with bacteremia. 
Local infection may occur, such as exit site infection, tunnel infection or (in the case 
of totally implantable venous access devices) pocket infection. These ‘local’ infec-
tions are nonetheless clinically relevant: an exit site infection of a non-tunneled 
VAD is likely to become a catheter-related bloodstream infection, so that the suspi-
cion of a bacterial infection of the exit site (except for tunneled catheters) is an 
indication to remove the device. Tunnel infection and pocket infection are almost 
inevitably associated with the need of device removal.

As explained below, diagnosis, treatment and prevention of catheter-related 
infection does not differ significantly in neonates and children vs. adult patients.

21.1.1  �Infection of the Exit Site

It is the most common type of infection for peripheral VADs, but it may occur also 
in central VADs. Diagnosis is usually made by inspection and palpation: the simul-
taneous presence of redness and tenderness of the exit site is considered highly 
suspicious for a local infection, and the presence of infection is certain if other local 
signs are detected, such as purulent secretions (Fig. 21.1). In some cases, culture of 
local secretions may be indicated. For short peripheral cannulas, an exit site infec-
tion may appear as a local phlebitis (tenderness, redness, swelling, loss of function 
of the device), though the differential diagnosis between mechanical phlebitis and 
chemical phlebitis may be difficult. In fact, inflammation of a small superficial 
vein—regardless of the cause—is invariably associated with venous thrombosis and 
edema/infiltrate of the vein wall.

The treatment of an exit site infection—for both peripheral and central VADs—is 
always the removal of the device, except for the case of a tunneled central VAD: in 
this case, the exit site infection (if it has not evolved into an infection of the tunnel) 
may be initially treated with systemic antibiotics (preferably after culture of the 
local secretions) and daily antisepsis of the exit site.

The prevention of exit site infections (which are usually the results of an uncon-
trolled bacterial contamination of the skin around the VAD) is based on evidence-
based strategies directed to minimize extraluminal contamination:

•	 Proper choice of the exit site. Short peripheral cannulas placed in flexion areas 
(back of the hand and antecubital fossa) are more prone to phlebitis than cannulas 
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placed at the forearm. If the peripheral cannula is placed as an elective maneuver 
and is expected to last for several days, flexion areas must be avoided. The exit 
site of a central VAD should be far from contaminated areas and from areas asso-
ciated with instability of the dressing. Bacterial contamination of the skin is sec-
ondary to three factors: (a) the proximity to natural or iatrogenic communications 
with the internal cavity of the body (nose, mouth, urethra, vagina, anus; trache-
ostomy, gastrostomy, jejunostomy, ileostomy, colostomy, chest drainage, biliary 
drainage, nephrostomy, etc. etc.); (b) the degree of humidity of the skin (maxi-
mal at skin folds); (c) the presence and quantity of hairs. Also, the instability of 
the catheter and of the dressing, causing micro-movements of the device, 
increases the risk of extraluminal contamination. In short, the worst areas for the 
exit site of a central VADs are the neck, the groin, and any area too close to a 
stoma. The areas to be preferred are the mid-portion of the upper arm, the infra-
clavicular area (unless a tracheostomy is present) and the mid-thigh. The supra-
clavicular area may be acceptable in older children, but not in neonates or in 
infants. The strongest tool for modulating the exit site of a central venous access 
is the technique of tunneling (see Chap. 8). Exit sites at the neck or at the groin 
are acceptable only as emergency central lines: as such, they should be removed 
as soon as possible (within 24–48  h) and replaced with an elective central 

Fig. 21.1  Exit site 
infection
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VAD. The only central VADs that do not consent tunneling are the epicutaneo-
cava catheters (ECC) and the umbilical venous catheters (UVC) in the neonate. 
All the other central lines in neonates, infants and children can be easily tun-
neled, especially if adopting catheters that are meant to be inserted by modified 
Seldinger technique. Peripherally inserted central catheters (PICC) should have 
the exit site in Dawson’s green zone; if there is no vein of proper caliber in the 
green zone, venipuncture can be done in the yellow zone and the catheter tun-
neled so to get the exit site in the green zone. Centrally inserted central catheters 
(CICC) are usually inserted in the supraclavicular area (by ultrasound-guided 
cannulation of the internal jugular vein or of the brachio-cephalic vein) and they 
should be tunneled to the infraclavicular area (Fig. 21.2); in older children, CICC 
placed by ultrasound-guided cannulation of the axillary vein may be left non-
tunneled or tunneled downward (if a tracheostomy is present) (Fig.  21.3). 
Femorally inserted central catheters (FICC) should have the exit site—prefera-

Fig. 21.2  CICC tunneled 
to the infraclavicular area 
after supraclavicular 
venipuncture

Fig. 21.3  CICC tunneled 
to the chest after 
infraclavicular 
venipuncture (access to the 
axillary vein) in child with 
tracheostomy
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bly—at mid-thigh: this is possible either by direct puncture of the superficial 
femoral vein at mid-thigh or by puncture of the common femoral vein at the 
groin and subsequent tunnelling to mid-thigh (Fig. 21.4).

•	 Hand hygiene. Any maneuver of insertion (of any type of VAD) and any manipu-
lation of any VAD (from dressing change to handling of the infusion line to blood 
sampling) should be preceded by proper hand hygiene, preferably by alcohol-
based rub, but also with antiseptic soap and water, in selected cases (visible dirt; 
risk of contamination by spores).

•	 Skin antisepsis. Before the insertion of any type of peripheral or central VAD 
(including ECC and UVC in neonates), or during dressing change of any type of 
VAD, or before accessing a totally implantable device with a Huber needle, the 
skin must be appropriately disinfected with 2% chlorhexidine in 70% isopropyl 
alcohol (Fig. 21.5). The only exception is the known/proven allergy of the child 
to chlorhexidine: in this case, skin antisepsis with iodine povidone in 70% iso-
propyl alcohol is indicated. Though, iodine povidone is contraindicated in 
pre-term neonates, due to potential disturbance of growth because of interaction 
with thyroid function. Considering that no neonate is possibly allergic to 
chlorhexidine, 2% chlorhexidine in 70% isopropyl-alcohol is the antiseptic of 

Fig. 21.4  FICC tunneled 
to mid-thigh after puncture 
of the common 
femoral vein
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choice also in neonates, but it must be used with caution: (a) the amount of anti-
septic must be proportioned to the skin area to be disinfected (which implies that 
an applicator with a known volume of solution is mandatory); (b) the antiseptic 
must be applied for 30 s, letting it dry for additional 30 s; (c) then, the excess of 
antiseptic still in place must be removed by rinsing with sterile saline or by wip-
ing with sterile gauzes. Excessive amounts of chlorhexidine, with ‘pooling’ of 
the antiseptic, may be associated with severe chemical damage to the skin of the 
neonate (Fig. 21.6).

•	 Maximal barrier precautions. All central VADs, with no exception (i.e., including 
also ECC and UVC), must be inserted with maximal barrier precautions (i.e.: 
cap, mask, sterile gloves, sterile gown, sterile field, wide sterile drapes over the 
child, long sterile cover for the ultrasound probe) (Figs. 21.7 and 21.8). Such 
recommendation extends also to peripheral VADs that are meant to stay in place 
for more than a week, such as long peripheral catheters (‘mini-midlines’) and 
midline catheters. On the other hand, the insertion of a short peripheral cannula 
does not require maximal barrier precautions, though it requires proper hand 
hygiene and skin antisepsis with 2% chlorhexidine; sterile gloves are preferred, 
even if—using a proper no-touch technique—non-sterile, clean gloves are also 
acceptable; when non-sterile gloves are used, maximal attention should be paid 
in avoiding touching the puncture site during and after disinfection. If a central 
VAD has been inserted without maximal barrier precautions (for example, in 
emergency/urgency), it should be considered contaminated and removed within 
24–48 h. The use of insertion packs surely facilitates the systematic adoption of 
the maximal barrier precautions (Fig. 21.9).

•	 Cyanoacrylate glue. Cyanoacrylate glue (either butyl-cyanoacrylate or octyl-
butyl-cyanoacrylate) is recommended for sealing the exit site and for closing all 
skin incision required during VAD insertion. As a sealing tool, glue has the triple 
advantage of securing the catheter, stopping any bleeding/oozing from the skin 
breech, and avoiding bacterial contamination of the breech. As a skin-closing 

Fig. 21.5  Skin antisepsis 
with 2% chlorhexidine 
before CICC insertion
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tool (for instance, for closing the pocket of a totally implantable venous access 
device, or the skin incisions necessary for tunneling the VAD), it protects the 
subcutaneous tissues from bacterial invasion, while transcutaneous skin sutures 
create communications between the skin surface and the underlying tissues. 
Cyanoacrylate glue is completely safe, and it should be used on the exit site on 
any central VAD (including ECC in preterm neonates), except for UVC (though 
some recent evidence suggests that glue may improve securement of UVC). We 
recommend the use of glue also on peripheral venous access devices, where its 
role as securement is especially evident. The only contraindication to glue is the 
use of silicon catheters, that are very fragile and could be damage by cyanoacry-
late. Though, as explained in several chapters of this handbook, silicon catheters 
should be abandoned in the clinical practice, for many reasons.

•	 Securement using sutureless devices. According to all current guidelines, venous 
access devices must not be secured using stitches. Transcutaneous skin sutures—
when used for securing the wings of the catheter—are a clear and demonstrated 
cause of catheter-related infection: the sutures create a communication between 
the skin surface and the subcutaneous tissue, allowing bacterial invasion of the 
tissues; all stitches inevitably cause a chronic infective granuloma (one granuloma 

Fig. 21.6  Skin damage 
due to chlorhexidine 
(Courtesy of Matthew 
Ostroff)
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for each skin passage of each stitch), which contaminates for days or weeks the 
exit site located in its proximity (Fig. 21.10). Furthermore, stitches are cause of 
pain during placement and maintenance, as well as cause of accidental needle 

Fig. 21.7  Sterile cover for 
the probe

Fig. 21.8  Sterile field
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injury for the operator. Considering the variety of sutureless devices currently 
available on the market, both skin-adhesive and subcutaneously anchored, the 
use of stitches is not acceptable anymore.

•	 Transparent semipermeable membranes. The exit site of any VAD—either 
peripheral o central—should be covered and protected with a transparent semi-
permeable membrane, and not with gauze-and-tape dressing. The membrane is 
the only real barrier against contamination of the exit site from environmental 
bacteria (Fig. 21.11). The gauzes offer no protection; even if initially sterile, they 
rapidly become colonized and favor the overgrowth of bacteria over the exit site. 
When choosing a membrane, it is important to select membraned with high per-
meability (moisture vapor transfer rate, MVTR > 1500), so to avoid accumula-
tion of fluid and skin maceration below the dressing.

•	 Chlorhexidine-releasing sponge dressings. Many randomized control studies 
have demonstrated the efficacy of chlorhexidine sponge dressings in reducing 
the risk of exit site contamination—and subsequent catheter-related blood stream 
infection—in non-tunneled central VADs (except for ECC and UVC). Their use 
for peripheral venous access devices or for tunneled central VADs is question-
able. Considering that they are not effective in stopping the bleeding for the exit 

Fig. 21.9  Insertion pack
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site, at the time of the insertion we recommend to place glue on the exit site 
(which is both a protection against bacterial contamination and against bleed-
ing). When the dressing is changed, a week later, the operator may choose 

Fig. 21.10  Exit site 
infection caused by 
securement with stitches

Fig. 21.11  Transparent 
membrane with high 
MVTR over the exit site
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between replacing the glue with the sponge dressing or sealing again the exit site 
with glue. However, chlorhexidine releasing sponge dressing should not be used 
in preterm neonates (due to possible skin damage from the prolonged exposure 
to chlorhexidine) and used with caution in neonates at term. We recommend 
avoiding the use of transparent dressing with chlorhexidine-releasing gel pads: 
their use is not indicated in the pediatric patient.

•	 Proper policy of dressing change. Last, the exit site is protected by contamina-
tion when a proper policy of dressing change is adopted. In children, the trans-
parent membranes (and other devices that must be replaced weekly) should be 
changed every 7–10 days or even earlier, if the dressing is soiled or damaged; in 
neonates and infants, the same dressing can stay in place also for longer times if 
there are no signs or symptoms of infection or of skin irritation.

21.1.2  �Tunnel Infection

Both cuffed and non-cuffed tunneled catheters may be complicated by a tunnel 
infection, which may be the result of an uncontrolled infection of the exit site or 
start directly from the cuff. Infection is more likely to occur if the cuff has been 
placed inappropriately close to the exit site (less than 2.5 cm): this error of implanta-
tion is often associated with tunnel infection and/or expulsion of the cuff, both of 
which are inevitably associated with loss of the device. The diagnosis of tunnel 
infection is made by inspection: tenderness, reddening and swelling of the tunnel 
are the main finding. Tunnel infection may also be associated with purulent secre-
tions: in this case, a swab culture of the secretions is recommended. Bacteremia is 
not always present.

The treatment of tunnel infection is removal of the device plus systemic antibi-
otic therapy, either directed on the germs isolated by the culture or against staphy-
lococcus, the germ most frequently responsible of this complication.

The prevention is based on the same strategies described above for prevention of 
exit site infection. Furthermore, if the tunneled catheter is cuffed, it is important to 
place the cuff at appropriate distance from the exit site: such precaution is known to 
be effective in preventing cuff infection and subsequent tunnel infection.

21.1.3  �Pocket Infection

This infective complication occurs exclusively with totally implantable venous 
access devices (ports). The usual cause is inappropriate antisepsis of the skin before 
accessing the reservoir with the Huber needle. The diagnosis is established by 
inspection: the pocket where the reservoir is placed appears swollen, reddened, and 
tender. The infection rapidly becomes purulent, and a fluid area around the reservoir 
can be palpated or detected by ultrasound.
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The treatment is inevitably the removal of the system: if pus is present, the pocket 
should be left open after removal of the device and allowed to heal secondarily.

The prevention is the adoption of an appropriate policy of access to the port: 
hand hygiene, sterile gloves, skin antisepsis with 2% chlorhexidine in 70% 
isopropyl-alcohol, sterile infusion sets, removal of the Huber needle after the infu-
sion, leaving it place no more than 7 days.

21.1.4  �Catheter-Related Blood Stream Infection

Catheter-related bloodstream infection (CRBSI) is the one of the most severe com-
plications of VADs, being associated with high morbidity, loss of the device, and 
increased healthcare costs. It is typically associated with central VADs, but it may 
occur also with peripheral VADs (short cannulas, long peripheral catheters, midline 
catheters). CRBSI should not be confused with CLABSI (central-line associated 
blood stream infection); CLABSI describes the occurrence of a bloodstream infec-
tion in a patient who has a central VAD, while CRBSI is a bloodstream infection 
directly caused by the germs that colonize the central VAD. While CLABSI is use-
ful in epidemiological retrospective studies, the proper care of the patient with a 
central VAD requires a precise and reliable diagnosis of CRBSI. The only method 
that allows an accurate diagnosis of CRBSI without removing the device is the 
simultaneous culture of the blood drawn from the catheter and of the blood drawn 
from a peripheral vein. The two cultures are compared either considering the quan-
tity of colony-forming units or the time to positivity. The latter method (Differential 
Time to Positivity = DTP) is easier and less expensive; it can be applied to all central 
VADs, if blood withdrawal is feasible (therefore, it is not usually applicable to 
ECCs). If the culture of catheter blood becomes positive at least 2 h before the cul-
ture of peripheral blood (with the same micro-organism), the diagnosis of CRBSI is 
established; if only the culture of catheter blood is positive and the peripheral blood 
culture is negative, there is no evidence of infection, but the catheter is colonized; if 
both blood cultures become positive simultaneously or if peripheral blood becomes 
positive before catheter blood, the bacteremia is not caused by the VAD. To inter-
pretate the DTP appropriately, the technique of blood culture is of paramount 
importance: a frequent occurrence is a positive culture of peripheral blood with 
negative catheter culture, a situation that can only be interpretated as a false positive 
due to inappropriate blood sampling (for example, inadequate skin antisepsis before 
venipuncture).

In most cases, treatment of CRBSI include the removal of the device. When a 
bloodstream infection is detected in a neonate with an ECC, as DTP is not possible, 
the ECC must be removed based on the presumption of CRBSI. Also, in children 
with severe septic shock (hemodynamical instability), central VADs should be 
removed without hesitation, in the suspicion of a catheter-related sepsis. Apart 
these two exceptions, in absence of exit site infection, it is strongly recommended 
to remove a central VAD only after a proper diagnosis of CRBSI is established by 
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DTP. If the DTP suggests a bloodstream infection not related to the central VAD, 
the VAD should be left in place and used for the antibiotic therapy. If the DTP sug-
gests a CRBSI, the VAD should be removed and antibiotic treatment delivered 
inserting a new peripheral or central VAD, depending on the prescribed antibiotic 
(i.e., if the antibiotic is compatible with the peripheral route or not). In some very 
selected situations, it is acceptable to try to treat the CRBSI without removing the 
device: this strategy should be adopted only (a) if the venous patrimony of the child 
is critically reduced and/or if a new VAD insertion is regarded as difficult or dan-
gerous, and (b) if there is no evidence of metastatic seeding of the germs (for exam-
ple, on the cardiac valves). This ‘conservative’ treatment—not recommended for 
yeast infection or for infection by Staph. Aureus or Gram-negative germ—consists 
in systemic antibiotic treatment (specifically directed against the germ cultured in 
the blood), delivered through the VAD plus a ‘therapeutic lock’ of the catheter for 
some hours each day. The traditional therapeutic lock is a lock of the catheter with 
a solution containing antibiotics active against the germ cultured in the blood; 
recently, a therapeutic lock with a solution with 2% taurolidine has also been tested. 
Taurolidine lock has many advantages over antibiotic lock: taurolidine is active 
against all micro-organisms and demolish the biofilm; it is inexpensive, completely 
safe even if accidentally infused in the blood; it does not induce bacterial resistance 
and it is not associated with any risk of allergic reactions. The therapeutic lock with 
taurolidine should stay inside the catheter for 8–10 h, daily. Taurolidine lock may 
also be used for treating a colonized central VAD, as an alternative option to VAD 
removal.

Prevention of CRBSI is based on the prevention of bacterial contamination by 
the extraluminal and intraluminal routes. The strategies for preventing extraluminal 
contamination are the same above described (proper choice of the exit site; hand 
hygiene; skin antisepsis; maximal barrier precautions; cyanoacrylate glue; suture-
less securement; chlorhexidine-releasing sponge dressing; transparent semiperme-
able membranes; proper policy of dressing change). The evidence-based strategies 
directed to minimize intraluminal contamination are the following:

Hand hygiene. Proper hand hygiene and use of clean non-sterile gloves are rec-
ommended before any manipulation of the infusion lines (including bolus injec-
tions, change of the primary or secondary lines, blood sampling, etc.).

Use of needle-free connectors and port protectors. All hubs not used continu-
ously should be closed with a needle-free connector. Hubs and stopcocks represent 
the most frequent cause of bacterial contamination of the infusion line. While the 
presence of needle free connectors does not automatically exclude the possible 
entrance of germs, their design and structure allow the possibility of appropriate 
disinfection before any connection with infusion lines or syringes. Disinfection may 
be ‘active’ (i.e., performed by the operator: this means 5–15 s scrub of the connector 
with an antiseptic) or ‘passive’ (i.e., covering the needle free connector—when not 
connected—with ‘disinfecting caps’, also known as ‘port protectors’). The latter 
strategy has been proven to be easier, less expensive, and more effective than the 
former, having the great advantage of eliminating the variability in the modality of 
disinfection.
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Proper policy of change of the infusion line. As recommended by current guide-
lines, infusion lines should be changed within few hours if used for blood or blood 
derivatives and every 24 h if used for lipid-based parenteral nutrition. Infusion lines 
used only for ‘clear’ fluids may stay in place 96 h or more.

Prophylactic lock with taurolidine. In children at high risk for CRBSI, especially 
if their venous patrimony is scarce and if the intravenous treatment is expected to 
last for prolonged time, periodic lock with 2% taurolidine (at least 3 times per week, 
for at least 1 h) is proven to be safe and effective. As taurolidine has a powerful 
antibacterial activity, but no anticoagulant effect, in the case of a catheter used for 
dialysis or apheresis, a solution with taurolidine and citrate should be used as pro-
phylactic lock.

21.2  �Venous Thrombosis

Catheter-related venous thrombosis may occur with both peripheral and central 
VADs, though its clinical consequences may be relevant especially when the 
thrombosis affects the great veins close to the heart. The pathogenesis of venous 
thrombosis is related to any kind of endothelial damage of the vein wall, either 
traumatic or chemical. As all VADs (except for UVCs) are inserted by penetrating 
the vein wall, venous thrombosis is inevitable at the site where the catheter enters 
the vein. Though, in most cases such thrombosis (which should be regarded as a 
highly specialized tissue that attempts to repair the damage of the vein wall) is so 
limited that it cannot be detected with ultrasound. In some other cases, the throm-
bosis may be evident at ultrasound scan but not associated with clinical signs or 
symptoms (asymptomatic thrombosis). In a small percentage of cases, the throm-
bosis might become clinically evident (symptomatic thrombosis) and in an even 
smaller number of cases, if not treated, it may be associated with pulmonary 
embolism. Another cause of catheter-related thrombosis (CRT) is chemical dam-
age to the endothelium. For example, many thrombotic events associated with 
peripheral VADs are caused by direct chemical irritation of the endothelium when 
solutions that are not compatible with the peripheral route are inappropriately 
administered via a short cannula or a midline. In such cases, the thrombosis occurs 
at the tip of the catheter. The same phenomenon may occur when the tip of a cen-
tral VAD is not placed correctly (primary or secondary malposition). Apart from 
these two mechanisms, other factors may facilitate the formation of the thrombus: 
(a) the instability of the catheter, associated with micro-movements that cause a 
friction on the endothelium; (b) the presence of a catheter occupying too much 
space inside the vein lumen (more than 33–45%), so to induce venous stasis; (c) 
the existence of a thrombophilia related to the disease or to possible congenital 
disorders of the child.
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21.2.1  �CRT and Peripheral VADs

In short peripheral cannulas, it is difficult to differentiate between venous thrombo-
sis (growth of a repair tissue inside the vein) and phlebitis (inflammation of the vein 
wall), so that it is possible to name the phenomenon, regardless of its pathogenesis, 
as ‘thrombophlebitis’. Also, it is difficult to differentiate bacterial vs. chemical vs. 
mechanical thrombophlebitis, all of which may have the same clinical presentation 
(pain, swelling, redness, loss of function of the device). The diagnosis of thrombo-
phlebitis is based on the clinical findings. Treatment is simply the removal of 
the device.

On the other hand, CRT associated with long peripheral catheters and midline 
catheters is usually secondary to inappropriate use of the device for infusion of solu-
tions not compatible with the peripheral route, and they occur at the tip of the cath-
eter. As midline catheters have their tip located in the axillary vein or in the 
subclavian vein, CRT occurs very close to the central veins and is especially danger-
ous in terms of risk of pulmonary embolism. Diagnosis of CRT associated with long 
peripheral catheters and midline catheters is suspected by clinical signs (swelling of 
the arm) and by malfunction of the VAD and is confirmed by ultrasound scan. 
Treatment includes removal of the VAD and—in the case of CRT extended to the 
axillary vein or to the subclavian vein—anticoagulant treatment (low molecular 
weight heparin, 100 units/kg/12 h).

As regards CRT associated with peripheral VADs, the most important prevention 
strategy is to avoid the infusion of solutions not compatible with the peripheral route.

21.2.2  �CRT and Central VADs

Thrombosis associated with ECC and UVC in the neonates has been discussed in 
Chaps. 9, 10, 11, and 12.

CRT associated with PICC, CICC and FICC is usually of two different types: (a) 
CRT at the site of VAD insertion; (b) CRT at the tip.

The first type of CRT is more common, and it has a multiple pathogenesis (exces-
sive damage of the vein at the time of insertion; catheter exceedingly large if com-
pared to the diameter of the vein; instability of the catheter at the exit site; 
thrombophilia of the patient). Many of such CRT are asymptomatic, and they may 
affect the deep veins of the arm or the axillary vein or the subclavian vein (in case 
of PICCs), or the veins of the supra/infraclavicular area or the brachiocephalic vein 
or the superior vena cava (in case of CICCs), or the femoral vein or the iliac veins 
or the inferior vena cava (in case of FICCs). This type of thrombosis is not associ-
ated with malfunction of the VAD.  When CRT is symptomatic, the suspicion is 
based on the local clinical signs (swelling, pain) and is confirmed by ultrasound 
scan. CT scan is indicated only when the thrombosis extends to tracts of the vascu-
lature that cannot be explored by ultrasound. In neonates and infants, CT scan is 
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seldom indicated, as all veins can be easily scanned by ultrasound. When scanning 
the veins, it is of paramount importance to discriminate between CRT and fibroblas-
tic sleeve (FS). CRT appears initially as an anechoic mass adherent to the vein wall, 
obstructing the flow partially or completely (Figs. 21.12 and 21.13). FS is a patho-
physiological phenomenon that occurs consistently after insertion of any VAD. FS 
is a connective tissue that is produced by macrophages as a reaction of the tissue 
(the blood) to the foreign body (the catheter); its production is stimulated by fibro-
nectin, a circulating protein. Interestingly, though FS has been erroneously named 
‘fibrin sleeve’, it has no connection with CRT: it is a cellular tissue containing fibro-
blasts and smooth muscle cells, plus a matrix of collagen; it is harmless, except for 
a few cases where it may interfere with the catheter function (if the FS engulfs the 
tip) and is never associated with any risk of pulmonary embolism. At ultrasound 
examination, FS can be seen as a hyperechoic sheath all around the catheter 
(Fig. 21.14). Treatment of symptomatic CRT is proper anticoagulant therapy (low 
molecular weight heparin, 100 units/kg/12 h); the central VAD can be left in place 
and used for the scheduled purpose. In fact, removal of the central VAD does not 
accelerate the reabsorption of the thrombus, and early removal of a recent thrombus 
may be associated with risk of pulmonary embolism. The only reasons for removing 
the central VAD are the simultaneous diagnosis of CRBSI, or the malfunction of the 
VAD, or the end of use. If removal is indicated, it can be performed safely only after 
few days of anticoagulant treatment.

Fig. 21.12  CRT obstructing the lumen (view in long axis)
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Fig. 21.13  CRT obstructing the lumen (view in short axis)

Fig. 21.14  FS as a hyperechoic sleeve around the catheter
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The second type of CRT (thrombosis at the tip) is invariably associated with an 
incorrect position of the tip. The pathogenesis is related to the traumatic injury of 
the tip of the catheter over the vein wall, but also to the chemical injury of the 
infusate against the endothelium. Diagnosis requires ultrasound scan of the central 
veins and sometimes echocardiography. With this type of CRT, the catheter is usu-
ally not functioning, and it must be removed after a few days of anticoagulant 
treatment.

As regards central VADs, prevention of CRT is based on the following strategies:

	1.	 Choose appropriately the catheter, matching the caliber of the catheter with the 
inner diameter of the vein, so that the catheter may not occupy more than 
33%–45% of the vein lumen (Figs. 21.15, 21.16, 21.17 and 21.18).

	2.	 Minimize the trauma to the vein, using ultrasound-guided venipuncture 
(Fig. 21.19) and micro-introducer kits for venipuncture.

	3.	 Assess the correct position of the tip of the catheter during the procedure, prefer-
ably using intracavitary ECG and ultrasound-based tip location, both accurate, 
safe, and easily feasible in most infants and children.

	4.	 Stabilize the catheter as much as possible, choosing an appropriate exit site and 
securing with sutureless devices, glue, and transparent membranes.

Fig. 21.15  Measurement 
of right brachio-cephalic 
vein and superior 
vena cava
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Fig. 21.16  Measurement 
of right brachio-
cephalic vein

Fig. 21.17  Measurement 
of external jugular vein, 
subclavian vein, and 
brachio-cephalic vein

Fig. 21.18  Measurement 
of external jugular vein
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Applying all these strategies, the risk of CRT cannot be completely nullified (as the 
risk factors related to the patient cannot be abolished), but certainly minimized. 
Pharmacological prevention with prophylactic dosage of anticoagulants (low 
molecular weight heparin, 100 units/kg/24 h) is indicated only in children with pre-
vious history of CRT or of deep venous thrombosis related to neoplastic disease.

21.3  �Dislodgment

Peripheral VADs. Dislodgment of peripheral VADs is usually associated with loss 
of the device. Causes of dislodgment include poor securement, inappropriate choice 
of the exit site, non-collaborative, restless or agitated children. As already explained, 
short cannulas inserted on the back of the hand or in the antecubital fossa are prone 
to accidental dislodgment. Prevention of dislodgment of peripheral VADs include 
the following strategies: proper choice of the exit site, sealing of the exit site with 
cyanoacrylate glue, securement with sutureless devices and coverage with transpar-
ent semipermeable membranes.

Fig. 21.19  Ultrasound 
guided venipuncture
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Central VADs. Dislodgment may be partial or complete. Complete dislodgment 
means loss of the device. After a minor dislodgment (1–2 cm) a central VAD may 
still have the tip in a central position in a child; though, in a neonate or small infant 
even a minimal dislodgment may move the tip of the catheter away from the cavo-
atrial junction. Major dislodgments (>2 cm) require a new assessment of the posi-
tion of the tip (using ultrasound or X-ray). Assessment by ultrasound is performed 
using the ‘bubble test’ (as described in Chap. 6). Assessment by X-ray is performed 
by an anterior-posterior chest X-ray: if the tip appears to be above the level of the 
tracheal carina, the catheter has become too short and should be replaced (Fig. 21.20).

When partial dislodgment occurs and the tip is not centrally located anymore, the 
best treatment is replacement of the catheter over guidewire. Though, there are 
some contraindications to guidewire replacement (suspected CRBSI or presence of 
CRT or of FS around the catheter); furthermore, guidewire replacement of a tun-
neled catheter—especially if cuffed—may be technically difficult, so that removal 
and placement of a new central VAD may be preferred.

Prevention of dislodgment of central VADs include the following strategies: 
proper choice of the exit site, sealing of the exit site with cyanoacrylate glue, secure-
ment with sutureless devices and coverage with transparent semipermeable mem-
branes. The best sutureless securement is the subcutaneous anchorage: we 
recommend adopting it in all PICCs, CICCs and FICCs inserted in neonates, infants, 

Fig. 21.20  Short central 
catheter (tip above the 
level of the tracheal carina)
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and children, as long as the caliber of the catheter ranges between 3Fr and 12Fr, 
with the only possible exception of central lines inserted in emergency (and thus 
scheduled to be removed within 48 h). Securement with stitches must always be 
avoided in any pediatric patient, for any central lines (the only possible exception 
being the UVC). Stitches are far less effective than subcutaneous anchorage, they 
increase the risk of infection, and they are associated with local pain, skin damage 
and risk of accidental needle injury (Fig. 21.21).

21.4  �Lumen Occlusion

Malfunction of the catheter may be secondary to extraluminal or intraluminal causes.
Extraluminal causes are (a) CRT at the tip of the catheter, (b) FS around the tip, 

(c) primary or secondary malposition with the tip pressing against the vein wall or 
blocked in a small vein, (d) use of a catheter with a distal valve, or (e) ‘blind’ inser-
tion of a CICC by infraclavicular approach to the subclavian vein (which is a fre-
quent cause of ‘pinch-off’ syndrome, invariably associated with compression of the 
catheter, sometimes leading to permanent catheter damage: see below). All these 

Fig. 21.21  CICC inserted 
in an inappropriate area 
(the neck) and 
inappropriately secured 
with stitches
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extraluminal causes are typically associated with the malfunction known as ‘persis-
tent withdrawal occlusion’ (PWO) (i.e., infusion is feasible, but blood sampling is 
impossible).

Proper diagnosis of the cause of the PWO requires the following steps:

	1.	 Check the type of catheter (valved vs. non-valved, silicon vs. polyurethane); 
valved catheters (especially with distal valve) are associated with malfunction 
and should be replaced. Silicon catheters are more prone to be damaged by the 
‘pinch-off’ syndrome.

	2.	 Verify whether the catheter has been inserted according to the obsolete technique 
of ‘blind’ subclavian puncture by the infraclavicular approach. If a pinch-off is 
suspected, the device must be removed.

	3.	 Assessment of the position of the tip, either by ultrasound and ‘bubble test’ (see 
Chap. 6) or by X-ray. If a malposition is detected, the catheter must be removed 
or replaced over guidewire (see below).

	4.	 If the position of the tip is apparently appropriate, the next step is to perform an 
echocardiography, which may detect the presence of FS or of CRT around the tip 
of the catheter. CRT at the tip is treated by anticoagulant treatment and subse-
quent removal of the catheter (few days later); the immediate removal of the 
device is not recommended, as it may be associated with pulmonary embolism; 
in very selected cases, if the thrombus is very recent, local thrombolysis can be 
tried, infusing slowly rTPA (half of the full dose) directly inside the catheter.

	5.	 Last, radiologic study by infusing contrast medium through the catheter (so-
called ‘line-o-gram’) may discriminate between pinch-off syndrome, FS, and 
CRT around the tip. The presence of a FS causing PWO is usually an indication 
to VAD removal, as FS is a connective tissue and—as such—is not affected by 
heparin of by thrombolytic drugs.

Most of the extraluminal causes of malfunction are preventable by adopting the cur-
rent recommendations of good clinical practice in selecting and inserting the central 
VAD: use of non-valved catheters; adoption of ultrasound-guided venipuncture; 
intraprocedural assessment of the position of the tip by intracavitary ECG or 
ultrasound.

On the contrary, occlusion of the lumen is secondary to inappropriate policies of 
catheter maintenance, such as inadequate flushing/locking of the catheter. Occlusion 
may be incomplete (resistance to infusion) or complete. Most lumen occlusions are 
due to blood clots, or lipid aggregates, or drug precipitates, or contrast media. The 
diagnosis of lumen occlusion is based on the collection of anamnestic data. The 
recent history of blood sampling or of infusion of blood products usually indicates 
an occlusion by clots. Lipid emulsions are typically associated with an occlusion 
that develops slowly and progressively. The history of multiple drugs infused 
together mixed in the same bottle, or infused simultaneously through the same 
lumen, is highly suspicious for an occlusion due to drug precipitates. If the blockade 
of the VAD has occurred soon after its use for infusion of contrast medium for a CT 
scan or a MRI, the cause of the occlusion is obvious.
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Treatment of lumen occlusion includes at first attempts to overcome the block by 
forcing the infusion with syringes filled with saline. In this situation, the infusion of 
heparin is useless; heparin has no effect on blood clots, and—being an acid drug—
may further facilitate the local precipitation of lipids, contrast media, and drugs with 
high pH. If the device is power injectable, small caliber syringes (that exert bigger 
pressure) can be used safely (2–5 ml). If the catheter is not power injectable, it is 
recommended to use only 10 ml syringes, that exert lower pressure: though, the 
maneuver of unblocking will be less effective. If hydraulic unblocking fails, there is 
indication for pharmacological maneuvers. Blood clots may be solved by thrombo-
lytic drugs (rTPA or urokinase). If occlusion due to lipid aggregates is suspected, 
45–55% ethanol is used. Occlusion by contrast media can be solved by 8.4% sodium 
bicarbonate; this solution is also sometimes effective in the case of drugs aggre-
gates. Other unblocking solutions used in adults for solving drug precipitates (chlo-
rohydric acid and sodium hydroxide) are not recommended in neonates and children. 
If the occlusion is complete, the unblocking solution can be sent passively inside the 
device by using the method of the two syringes: two syringes are connected to the 
catheter through a three-way stopcock (one with the unblocking solution and one 
empty); connecting the empty syringe with the catheter, a strong aspiration is per-
formed, creating negative pressure inside the system; switching the stopcock from 
one syringe to another, the unblocking solution is passively aspirated inside the 
catheter. The maneuver is repeated every 15–20 min, until blood is withdrawn when 
aspirating with the empty syringe. This method has the double advantage (a) of not 
creating excessive pressure inside the device, and (b) of avoiding the infusion of the 
clots or drug precipitates into the bloodstream. As regard this last aspect, it is impor-
tant to clarify that the accidental infusion of blood clots (or other inert material) 
inside the bloodstream is never associated with pulmonary embolism; still, it should 
be avoided because the material occluding the lumen is often a mixture of blood 
cells, drugs, biofilms, bacteria, etc., so that its infusion into the blood stream may be 
associated with chills and fever, either due to transient bacteremia or to the pyro-
genic effect of inert material.

If the hydraulic and pharmacological methods are ineffective, the device must be 
removed. As a rule, the sooner these maneuvers are performed after lumen block-
ade, the higher the chances of success; also, power injectable devices in polyure-
thane are easy to unblock than silicon catheters. Catheters of small caliber (3Fr 
PICCs and CICCs; ECCs) may be difficult or impossible to unblock.

As for many other complications, prevention is more cost-effective than treat-
ment. The current evidence-based strategies for prevention of lumen occlusion are 
the following:

•	 Implementation of a strict policy of saline flushing of all venous access devices, 
before the use, after the use, and between different infusions; flush should be 
made with 10  ml syringe operated by hand (gravity infusion of saline is not 
effective for flushing); the volume of each flushing should be at least twice the 
priming volume (dead space) of the system, but this amount should be increased 
to 3–4 times the priming volume, in special cases (after blood sampling and after 
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infusion of lipid-based emulsions, blood products or contrast media). Flushing 
should be performed preferably with the ‘push-pause’ technique, so to create 
turbulent flow and increase the effectiveness of flushing. Flushing with heparin 
should be discouraged: heparin is not more effective than saline and is dangerous 
in the pediatric patient, as inappropriate dilution or incorrect estimation of the 
priming volume may be associated with excessive infusion of heparin into the 
bloodstream; furthermore, heparin can facilitate the precipitation of lipids and of 
drugs with high pH.

•	 Lock with saline all non-dialysis catheters and lock with anticoagulants only the 
devices used for apheresis and dialysis. Evidence has shown that heparin lock 
has no advantage over saline lock; on the contrary, it may facilitate obstruction. 
Catheters used for dialysis or apheresis are an exception, since anticoagulant 
lock is needed, either as heparin lock or citrate lock. Lock with 4% citrate appears 
to be as effective as heparin lock, but safer and less expensive.

•	 Use of neutral displacement needle-free connectors. Needle-free connectors 
(NFCs) may be associated with relevant blood reflux during connection (positive 
displacement NFCs) or during disconnection (negative displacement NFCs); in 
the pediatric patient, considering the small caliber of the catheters, it is manda-
tory to use NFCs with neutral displacement (less than 8–10 ml), so to minimize 
blood reflux during the maneuvers of connection and disconnection with the 
infusion line. Valved NFCs are commercially available, with reflux close to zero, 
but their cost-effectiveness is still questionable.

•	 Use of power injectable polyurethane devices. Recent studies suggest that power 
injectable polyurethane devices are less prone to lumen occlusion than silicon 
devices. Also, in case of obstruction, hydraulic unblocking is more successful for 
power injectable devices, since small syringes (which exert high pressures) can 
be used.

•	 Use of non-valved catheters. Valved catheter, especially if the valve is placed at 
the tip (Groshong valve) should be abandoned, since characterized by high risk 
of malfunction. The typical malfunction of these devices is PWO.

•	 Proper technique of removal of Huber needles. When removing a Huber needle 
from a port, the silicon septum of the reservoir is drawn upward, creating a nega-
tive pressure inside the system and thus some blood reflux into the catheter. We 
recommend removing the Huber leaving a positive pressure inside the port; this 
can be achieved with two methods, (a) either withdrawing the needle while 
infusing saline into it (this maneuver may require two operators, (b) or adopting 
special Huber needles (commercially available since a few years) that create a 
positive pressure inside the system during removal.

•	 Avoidance of multiple drug infusion, unless specifically authorized by the phar-
macist. Mixing different drugs in the same solution is never recommended unless 
the stability of the solution is certified by a pharmacist (such as, for instance, in 
the case of the parenteral nutrition). Many drugs are incompatible when mixed, 
and precipitation is not uncommon.

•	 Administration of parenteral nutrition in a specific lumen. Parenteral nutrition is 
an emulsion of several compounds (amino-acids, glucose, triglycerides, electro-
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lytes), in very delicate equilibrium. Such equilibrium is easily unbalanced when 
some drugs is added to the bag of parenteral nutrition, or when parenteral nutri-
tion is administered into the same lumen simultaneously with other solution. 
This leads very quickly to precipitation of lipid aggregates inside the catheter. 
For the prevention of this phenomenon, parenteral nutrition should be adminis-
tered separately from the other infusion and preferably using an intrave-
nous pump.

•	 Surveillance of infusion lines. The proper functionality and flow rate of each 
infusion line should be checked several times a day. Irregularity of flow and 
unexpected end of the infusion may be associated with blood reflux inside the 
catheter.

21.5  �Mechanical Complications

The mechanical post procedural complications regard central VADs, and are tip 
migration (secondary malposition), pinch-off syndrome, fracture of the catheter.

Tip migration is defined as dislodgment of the tip and of the intravascular tract of 
the catheter. This can happen even if the position of the tip was correctly verified at 
the end of the procedure. Several factors which increase the intrathoracic pressure 
(cough, vomiting, strong exercise, etc.) may dislodge the tip from the cavo-atrial 
junction and propel it back into the brachio-cephalic vein (Fig. 21.22) or into the 
internal jugular vein (ipsilateral or contralateral) (Fig. 21.23), or create loops inside 
the superior vena cava. This complication occurs most easily with very soft cathe-
ters (typically, in silicon) or of small caliber (3–4 Fr or less); in some cases, an 
acceptable but sub-optimal position of the tip at the time of insertion (for example, 
in the middle third of the superior vena cava) is a co-factor facilitating this 

Fig. 21.22  Catheter 
misplaced to the 
contralateral brachio-
cephalic vein
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complication. Such secondary malpositions are often discovered because of mal-
function of the system or the detection of venous thrombosis around the malposi-
tioned tip.

If the tip migration is diagnosed early, before the occurrence of venous thrombo-
sis, an attempt of non-invasive repositioning (by ‘jet injection’ through the catheter) 
is justified. If this vigorous and rapid injection of saline does not bring the tip back 
to its original position, guidewire replacement is indicated. Guidewire replacement 
should be performed only after ruling out venous thrombosis.

Prevention of tip migration is based on few principles: (a) systematic adoption of 
polyurethane catheters, abandoning the use of silicon catheters; (b) appropriate 
intraprocedural assessment of the position of the tip, using ultrasound and/or intra-
cavitary ECG, so that the final location is the cavo-atrial junction; (c) periodic ultra-
sound control of neonates and children with catheters that are at high risk for tip 
migration (UVC, ECC, 3Fr central VADs): ultrasound scan of the supraclavicular 
area may detect abnormal position of the tip, while ultrasound-based tip location 
with bubble test (see Chap. 6) may confirm the correct position.

Pinch-off syndrome consists in the pinching of the CICC in its subcutaneous 
extravascular tract between the first rib and the clavicle; this causes catheter damage 

Fig. 21.23  Tip of the 
catheter migrated to the 
internal jugular vein
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(especially if the catheter is made of silicon) with consequent risk of extravasation 
and of embolization of catheter fragment into the blood stream. This phenomenon 
is exclusively associated with the ‘blind’ puncture of the subclavian vein with an 
infraclavicular approach. As ‘blind’ venipuncture is unacceptable today, we hope 
that this complication may disappear soon from the clinical scene.

Partial or complete fracture of the catheter, due to damage of the catheter wall, 
may happen in the intravascular or in the extravascular tract; it may occur because 
of excessive pressure exerted during attempts of unblocking the lumen, or it may 
occur accidentally during the maneuvers of removal of the catheter (most typically, 
when removing a cuffed catheter or a totally implantable venous access device). In 
almost all cases, the fractured catheter is a silicon catheter. With the progressive 
reduction of the use of silicon catheters and the widespread use of power injectable 
polyurethane catheters, this type of complication will become infrequent.

Bibliography

	 1.	Barone G, Pittiruti M, Biasucci DG, Elisei D, Iacobone E, La Greca A, Zito Marinosci G, 
D'Andrea V.  Neo-ECHOTIP: a structured protocol for ultrasound-based tip navigation and 
tip location during placement of central venous access devices in neonates. J Vasc Access. 
2021;5:11297298211007703. https://doi.org/10.1177/11297298211007703.

	 2.	Biasucci DG, Pittiruti M, Taddei A, Picconi E, Pizza A, Celentano D, Piastra M, Scoppettuolo 
G, Conti G. Targeting zero catheter-related bloodstream infections in pediatric intensive care 
unit: a retrospective matched case-control study. J Vasc Access. 2018;19(2):119–24. https://
doi.org/10.5301/jva.5000797.

	 3.	Cellini M, Bergadano A, Crocoli A, Badino C, Carraro F, Sidro L, Botta D, Pancaldi A, 
Rossetti F, Pitta F, Cesaro S. Guidelines of the Italian Association of Pediatric Hematology 
and Oncology for the management of the central venous access devices in pediatric patients 
with onco-hematological disease. J Vasc Access. 2020;10:1129729820969309. https://doi.
org/10.1177/1129729820969309.

	 4.	Crocoli A, Martucci C, Sidro L, Delle Donne D, Menna G, Pittiruti M, De Pasquale MD, 
Strocchio L, Natali GL, Inserra A. Safety and effectiveness of subcutaneously anchored secure-
ment for tunneled central catheters in oncological pediatric patients: a retrospective study. J 
Vasc Access. 2021;4:11297298211009364. https://doi.org/10.1177/11297298211009364.

	 5.	D'Andrea V, Barone G, Pezza L, Prontera G, Vento G, Pittiruti M.  Securement of central 
venous catheters by subcutaneously anchored suturless devices in neonates. J Matern Fetal 
Neonatal Med. 2021;9:1–4. https://doi.org/10.1080/14767058.2021.1922377.

	 6.	D'Andrea V, Pezza L, Barone G, Prontera G, Pittiruti M, Vento G.  Use of cyanoacrylate 
glue for the sutureless securement of epicutaneo-caval catheters in neonates. J Vasc Access. 
2021;8:11297298211008103. https://doi.org/10.1177/11297298211008103.

	 7.	Dawson R. PICC zone insertion method™ (ZIM™): a systematic approach to determine the 
ideal insertion site for PICCs in the upper arm. Journal of the Association for Vascular Access. 
2011;16(3):156–65.

	 8.	Gilardi E, Piano A, Chellini P, Fiori B, Dolcetti L, Pittiruti M, Scoppettuolo G. Reduction of 
bacterial colonization at the exit site of peripherally inserted central catheters: a comparison 
between chlorhexidine-releasing sponge dressings and cyano-acrylate. J Vasc Access. 2021 
Jul;22(4):597–601. https://doi.org/10.1177/1129729820954743.

	 9.	Giustivi D, Gidaro A, Baroni M, Paglia S. Tunneling technique of PICCs and midline cath-
eters. J Vasc Access. 2021;16:11297298211002579.

M. Pittiruti et al.

https://doi.org/10.1177/11297298211007703
https://doi.org/10.5301/jva.5000797
https://doi.org/10.5301/jva.5000797
https://doi.org/10.1177/1129729820969309
https://doi.org/10.1177/1129729820969309
https://doi.org/10.1177/11297298211009364
https://doi.org/10.1080/14767058.2021.1922377
https://doi.org/10.1177/11297298211008103
https://doi.org/10.1177/1129729820954743


359

	10.	Gorski L, Hadaway L, Hagle M, et al. Infusion therapy standards of practice. J Infus Nurs. 
2021;44(1S Suppl 1):S1–S224.

	11.	Ostroff MD, Moureau N, Pittiruti M.  Rapid assessment of vascular exit site and 
Tunneling options (RAVESTO): a new decision tool in the management of the com-
plex vascular access patients. J Vasc Access. 2021;21:11297298211034306. https://doi.
org/10.1177/11297298211034306.

	12.	Ostroff MD, Pittiruti M, Ostroff MD, Pittiruti M.  Alternative exit sites for central venous 
access: Back tunneling to the scapular region and distal tunneling to the patellar region. J Vasc 
Access. 2020;9:1129729820940178.

	13.	Passaro G, Pittiruti M, La Greca A.  The fibroblastic sleeve, the neglected complication of 
venous access devices: a narrative review. J Vasc Access. 2021 Sep;22(5):801–13. https://doi.
org/10.1177/1129729820951035.

	14.	Pinelli F, Balsorano P, Mura B, Pittiruti M.  Reconsidering the GAVeCeLT consensus on 
catheter-related thrombosis, 13 years later. J Vasc Access. 2021 Jul;22(4):501–8. https://doi.
org/10.1177/1129729820947594.

	15.	Pinelli F, Pittiruti M, Van Boxtel T, Barone G, Biffi R, Capozzoli G, Crocoli A, Elli S, Elisei 
D, Fabiani A, Garrino C, Graziano U, Montagnani L, Prato AP, Scoppettuolo G, Zadra 
N, Zanaboni C, Zerla P, Konstantinou E, Jones M, Rosay H, Simcock L, Stas M, Pepe 
G. GAVeCeLT-WoCoVA consensus on subcutaneously anchored securement devices for the 
securement of venous catheters: current evidence and recommendations for future research. J 
Vasc Access. 2020;2:1129729820924568. https://doi.org/10.1177/1129729820924568.

	16.	Pittiruti M, Scoppettuolo G, Dolcetti L, Celentano D, Emoli A, Marche B, Musarò A. Clinical 
experience of a subcutaneously anchored sutureless system for securing central venous cath-
eters. Br J Nurs. 2019;28(2):S4–S14. https://doi.org/10.12968/bjon.2019.28.2.S4.

	17.	Pittiruti M, Van Boxtel T, Scoppettuolo G, Carr P, Konstantinou E, Ortiz Miluy G, 
Lamperti M, Goossens GA, Simcock L, Dupont C, Inwood S, Bertoglio S, Nicholson J, 
Pinelli F, Pepe G.  European recommendations on the proper indication and use of periph-
eral venous access devices (the ERPIUP consensus): a WoCoVA project. J Vasc Access. 
2021;4:11297298211023274. https://doi.org/10.1177/11297298211023274.

	18.	Zito Marinosci G, Biasucci DG, Barone G, D'Andrea V, Elisei D, Iacobone E, La Greca A, 
Pittiruti M. ECHOTIP-ped: a structured protocol for ultrasound-based tip navigation and tip 
location during placement of central venous access devices in pediatric patients. J Vasc Access. 
2021;13:11297298211031391. https://doi.org/10.1177/11297298211031391.

21  Prevention and Treatment of Catheter-Related Complications

https://doi.org/10.1177/11297298211034306
https://doi.org/10.1177/11297298211034306
https://doi.org/10.1177/1129729820951035
https://doi.org/10.1177/1129729820951035
https://doi.org/10.1177/1129729820947594
https://doi.org/10.1177/1129729820947594
https://doi.org/10.1177/1129729820924568
https://doi.org/10.12968/bjon.2019.28.2.S4
https://doi.org/10.1177/11297298211023274
https://doi.org/10.1177/11297298211031391


361© Springer Nature Switzerland AG 2022
D. G. Biasucci et al. (eds.), Vascular Access in Neonates and Children, 
https://doi.org/10.1007/978-3-030-94709-5_22

Chapter 22
Compatibility of Drugs

Mauro Pittiruti and Giancarlo Scoppettuolo

22.1  �Drugs Appropriate for Central vs. Peripheral Infusion

Venous access devices (VADs) are commonly used for the infusion of solutions 
with extremely variable characteristics in terms of pH, osmolarity, viscosity, and so 
on. Some of these solutions have the potentiality of bringing damage to the endothe-
lium, by very different mechanisms; though, this damage is not likely to occur when 
the solution is rapidly diluted in the blood flow. This concept is at the basis of the 
differentiation between solutions ‘compatible’ with the peripheral route and solu-
tions that—on the contrary—require to be administered via a central line. The blood 
flow in the superior vena cava (approximately 2 L/min) may be 200 times higher 
than the blood flow in a superficial vein of the forearm (approximately 10 mL/min), 
so that an irritant or vesicant solution infused in a central VAD that has the tip in the 
superior vena cava is immediately diluted and does not exert any damage on the 
endothelium of the vein wall; on the other hand, the same solution—if administered 
by a short cannula into a small superficial vein of the forearm—is likely to interact 
with the endothelium causing local inflammation and thrombosis (i.e., a thrombo-
phlebitis). There is a long list of solutions that should be preferably infused via 
central VADs, i.e., VADs with their tip in the superior vena cava (SVC), or right 
atrium (RA), or inferior vena cava (IVC):

•	 Solutions with pH lower than 5 or higher than 9: a category that includes many 
antibiotics, anticonvulsants, vasopressors, and other drugs

M. Pittiruti (*) 
Department of Surgery, Catholic University Hospital, Rome, Italy 

G. Scoppettuolo 
Department of Infective Diseases, Fondazione Policlinico Universitario “A. Gemelli” IRCCS, 
Rome, Italy
e-mail: giancarlo.scoppettuolo@policlinicogemelli.it

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-94709-5_22&domain=pdf
https://doi.org/10.1007/978-3-030-94709-5_22#DOI
mailto:giancarlo.scoppettuolo@policlinicogemelli.it


362

•	 Very hyper-osmolar solutions (more than 850 mOsm/L), i.e., emulsions of par-
enteral nutrition

•	 Vesicant solutions, typically represented by antiblastic drugs
•	 Many other drugs that—by mechanisms that may be different from pH and 

osmolarity—have the potential of causing damage to the endothelium.

If these solutions are administered by a peripheral route for a prolonged period, 
local complications such as phlebitis and thrombosis are very likely to occur. 
Thrombosis secondary to chemical damage is a very frequent cause of catheter fail-
ure for any peripheral VAD, not only short cannulas but also long peripheral cathe-
ters and midline catheters. Repeated episodes of thrombophlebitis of the superficial 
veins lead to a progressive depletion of the venous patrimony, which is particularly 
feared in the pediatric patient. In any patient, but particularly in infants and children, 
whenever the prolonged intravenous infusion of an irritant/vesicant solution is 
planned, a central VAD should also be planned.

It is recommended that each clinical unit should have a list of drugs/solutions 
potentially associated with endothelial damage that require a central VAD. Many 
lists are available on the web, provided by GAVeCeLT (the Italian Group of Long-
Term Venous Access Devices), by the Infusion Nursing Society, and by other asso-
ciations. Ideally, such a list should also be included in the hospital policies for 
intravenous infusion. Also, each neonatal and pediatric unit should implement a 
proper policy of adoption of central venous access in the four situations that we 
have discussed in Chap. 1:

	1.	 Prolonged infusion (>48 h) of solutions not compatible with the peripheral route
	2.	 Repeated daily blood sampling
	3.	 Hemodynamic monitoring
	4.	 Hemodialysis

Any central venous access device—epicutaneo-cava catheter (ECC), umbilical 
venous catheter (UVC), centrally inserted central catheter (CICC), peripherally 
inserted central catheter (PICC) and femorally inserted central catheter (FICC)—is 
expected to be appropriate for (1).

Though, ECCs are not appropriate for (2) and (3). FICCs are appropriate for (3) 
only if the tip is not in the IVC but at the junction IVC/RA or inside the RA. The last 
indication to central access (4) requires a CICC or a FICC specifically designed for 
dialysis.

22.2  �Incompatibility Between Drugs

Many drugs commonly infused intravenously may be incompatible, i.e., they may 
precipitate if infused together and/or they may inactivate each other. A typical 
example is the incompatibility between heparin (an acid compound) vs. lipid emul-
sion (which have high pH): heparinization of central VADs used for administration 
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of parenteral nutrition used to be a frequent cause of lumen occlusion due to lipid 
aggregates (this is bound to disappear now that heparin lock is not recommended 
anymore).

Some drugs are potentially incompatible, but they can be infused together after a 
careful stepwise preparation of the final solution, respecting certain ratios of con-
centration: typical example is the emulsion of parenteral nutrition, where lipids, 
glucose, amino acids, and electrolytes are in a temporary balance among each other, 
though this balance can be upset by inappropriate storage (exposure to light, high 
temperature, etc.) or by inappropriate addition of other drugs.

It is important to remember some key points:

	(a)	 The issue of incompatibility between drugs exists only when the drugs are 
infused in the same bottle, and/or in the same lumen. Two incompatible drugs 
can be infused simultaneously in separate lumens of the same device.

	(b)	 When two incompatible drugs are infused one after the other in the same lumen 
of the venous access device, appropriate flushing with saline is recommended 
between the two infusions. This must be an ‘active’ flushing (with a syringe, 
and not by gravity infusion), with a volume at least twice the priming volume 
of the device.

	(c)	 The practice of preparing and administering ‘cocktails’ of different drugs 
should be discouraged. An infusion containing multiple drugs and meant to be 
administered intravenously is acceptable only if prepared under the supervision 
of a qualified pharmacist.

22.3  �Interaction Between Drugs and Catheters

The most frequently materials used for VADs, polyurethane and silicon, can be 
affected or damaged by some drugs and compounds. This can happen either if the 
compound is inoculated inside the lumen, or if the compound is applied on the 
external surface of the device.

Alcohol may damage both silicon and old-generation polyurethanes; the magni-
tude of the damage depends on the type of alcohol (ethyl alcohol is more aggressive 
than isopropyl alcohol), on its concentration (50–70% is less dangerous than 90%) 
and on the time of exposure. Standard antisepsis with 2% chlorhexidine in 70% 
isopropyl alcohol is regarded as safe for all catheters in silicon or polyurethane, also 
considering that the time of exposure is limited to 1 min or less. On the other hand, 
antisepsis with solutions including ethyl alcohol should be discouraged.

Ethyl alcohol (usually, 45–55%) has also been used as antibacterial lock for pro-
phylaxis of catheter-related infections; though, it is potentially associated with cath-
eter damage—since the lock stays inside the catheter for hours—and also with other 
complications (lumen occlusion due to protein precipitation and neurological unde-
sired side effects); therefore, ethanol lock it is currently discouraged in pediatric 
patients, where taurolidine lock has a wider margin of safety and the same efficacy.
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High concentration of ethanol (55%) is also used for unblocking lumens with 
lipid precipitates; the safety of the maneuver is acceptable in children, considering 
the short time of exposure, as long as the ethanol is not accidentally inoculated into 
the bloodstream, but it is not recommended in neonates and infants.

Some antiblastic drugs are also administered in alcohol-based solutions, but no 
adverse effect has ever been reported, either in silicon or in polyurethane catheters.

Interestingly, new-generation polyurethanes (Carbothane, Chronoflex, etc.), with 
urethanes mixed with carbonates, structured with aliphatic links rather than with 
aromatic links, are proven to be resistant to the action of alcohols.

Other drugs that may damage the material of the device are iodine (which may 
be incorporated inside the catheter wall) and ether (which is particularly aggressive 
against most thermoplastic materials). Though, iodine is not used as frequently as 
before, since iodine povidone has been replaced by chlorhexidine in alcohol; ether 
has been abandoned in the clinical practice.

Last, cyanoacrylate glue has been reported to damage silicon, but not polyure-
thanes. Considering that silicon catheters are being progressively abandoned in 
favor of polyurethane catheters, this is not a relevant issue.

In conclusion:

	(a)	 the best strategy is to adopt systematically power injectable venous access 
devices, which are mostly made with new generation polyurethane. For venous 
access devices that are not available in new generation polyurethanes (such as 
ECC and UVC), standard polyurethane should always be preferred to silicon

	(b)	 2% chlorhexidine in 70% isopropyl alcohol is proven to be safe for all devices
	(c)	 Intraluminal use of ethanol should be limited or discouraged in the pediatric 

patient, not much for the potential catheter damage, but because of the possible 
neurological adverse effect when it enters accidentally the blood stream

	(d)	 The use of ether for ‘cleaning’ the skin or the device must be abandoned
	(e)	 Cyanoacrylate glue is proven to be safe on all polyurethane catheters.
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Chapter 23
Organization of a Hospital-Based Vascular 
Access Team

Massimo Lamperti and Mauro Pittiruti

Pediatric vascular access teams are a dedicated multidisciplinary group of physi-
cians, nurses and allied-health specialists involved in the proactive vascular, plan-
ning, insertion and management of any intravenous access that is required in 
children. The team should be composed of expert members with specific training 
managing pediatric patients and dedicated equipment for children such as specific 
ultrasound probes, a near-infrared visualizers, and intracavitary ECG systems 
should be present to allow the optimal insertion and check of the catheter before its 
use. The team should also be responsible for the maintenance of catheters and man-
agement of complications. As many of the children who need intravenous vascular 
access require sedation, it is important to perform these procedures in a safe envi-
ronment with emergency equipment and medications. In cases where there is a 
need for deep sedation, it should be managed by a dedicated pediatric 
anesthesiologist.

Organization is the key to success in any company and institution, even in the 
healthcare setting. The concept of creating a dedicated multidisciplinary team for 
vascular accesses was introduced in 2004 by the World Health Organization in a 
broader concept of reduction of hospital acquired infections (HAI) in which, vascu-
lar catheter related infections was one of the main reasons for increased mortality 
and morbidity during the hospital journey. From this concept of prevention of HAI, 
many institutions started creating specific units inside their hospitals dealing with 
any indication, implantation, and care-problems related with vascular accesses.
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23.1  �Definition of Vascular Access Specialist Team (VAST)

The term Vascular Access Specialist Team (VAST) is quite new and was provided 
by Carr et al. as: “any grouping of caregivers involved in vascular access devices 
(VAD), with synonymous names (such as: infusion teams, intravenous teams, or 
intravenous therapy teams) as well as individual vascular access specialists (nurse, 
doctor, therapist, technician, and physician assistant) who have advanced skills and 
who frequently insert or manage (or both) VADs”. Examples of VASTs are reported 
in critical care areas where nurses and advanced-nurse practitioners are successfully 
inserting these devices with an increased first-attempt insertion success rate and 
reduced catheter-related complications. This new model has completely changed 
the approach to VAD management that was traditionally handled by physicians and 
nurses from different departments without a central coordination and care to the 
indication and management of complications related to the VADs.

The VAST is not only composed of nurses, advanced practitioners, and physi-
cians, but also by hospitalists, infectious disease control, and pharmacy. Each mem-
ber brings to the team their specific expertise in dealing with prevention and care of 
vascular catheters and their related problems. Everyone in the team has a clear role 
in the management of the VADs from the indication for insertion, to the manage-
ment of long-term complications such as catheter-related thrombosis and catheter-
related infections.

The pediatric IV team has a specific role that is mainly to follow the patients 
from the beginning of their medical journey in the hospital when the indication for 
intravenous therapy is placed. The main goal of the pediatric IV team is to not only 
to minimize the child’s psychological trauma by avoiding the multiple punctures 
that come from multiple catheter insertions and attempts, but also to optimize the 
needs of the patient, providing the appropriate form of vascular access according to 
the length and type of therapy that is required. If successful, hopefully such inter-
ventions can prevent patients from becoming needle-phobic in the future.

In some pediatric hospitals, there is a further division of the VAST into different 
roles: the peripheral intravenous (PIV) team, the peripherally inserted central 
venous catheters (PICC) team, and the central venous catheters (CVC) team.

23.2  �Evidence from the Literature

The literature reports different examples of VASTs applied in different areas (e.g., 
emergency department, operating theatres, oncology) where a VAD is required; 
though, there are few papers published on a dedicated pediatric VAST.

A study from Da Silva et al. showed that the introduction of an IV team in a mid-
sized hospital made possible performing control measures of punctures through a 
follow-up record where every venipuncture was noted. The benefits achieved by the 
IV team were successful in decreasing the number of venipuncture attempts, 
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decreasing the rate of phlebitis (from 0.47 to 0.35%), optimizing the team’s time, 
and a 29.47% reduction in the use of PIV catheters.

In another paper from Santolim and colleagues, the authors presented an algo-
rithm to guide nurses in choosing the best intravenous device by considering the 
main variables of drug therapy. The adoption of this guideline lead to a decrease in 
the incidence of phlebitis from 0.77 to 0.17% in a one-year period, with a tendency 
to reduce overall complications. The team appeared more satisfied regarding the 
choice of the catheters; there was also a reduction in the distress related to multiple 
punctures and failure placing the venous catheters.

A specific pediatric vascular access program has been studied by Pitts, in which 
the author analyzed the effect of the introduction of a nurse-led PICC team in a 
group of 669 patients. The authors found a success rate of 94% in the insertion of 
PICC lines in pediatric patients by using an ultrasound guided and modified 
Seldinger technique. The main result found was a reduction in catheter-related 
infection from 9.12 per 1000 catheter line days to 2.0 per 1000 catheter line days 
during the first 18 months of the program. The requirement for sedation and even 
general anesthesia was significantly reduced, with 49% of patients receiving an oral 
anxiolytic dose of midazolam and the integration of certified child life specialists 
helping the nurse during insertion of the PICC.  These data are encouraging the 
introduction of a structured dedicated team model in children but there is still a lack 
of evidence on which requirements are needed to define competences in pediatric 
vascular placement and maintenance.

23.3  �Organization and Structure

The milestone of a business, even in healthcare, is its organization. There are some 
general characteristics related to the organization of a pediatric IV team that are 
similar to adults but there are specific needs that a pediatric team will require.

The organization is based on two foundations: human resources and environment.
An IV team, as mentioned before, requires a collaborative group of people able 

to secure vascular access for the proper indication, with the correct equipment, at 
the right time. There are different points to consider when intravenous therapy is 
indicated in a pediatric patient. One of the main points is the need to minimize the 
maintenance of the catheter allowing the patient to do about their daily life in a 
normal fashion. Most pediatric patients requiring long-term intravenous vascular 
access are oncological patients so the team should involve the referring oncologist 
to discuss the length of therapy to determine which kind of vascular access would 
be best suited for the proposed treatment plan.

From a practical point of view, to create a 24/7 IV team needs a minimum of 6 
team members to account for the placement of an average of 10 catheters per day, 
care, and maintenance of the catheters, as well as dealing with any complications.

The IV team should also include an infectious disease control specialist, an epi-
demiologist, and the availability of a vascular surgeon or an interventional 
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radiologist to consult for special cases. Albeit there is no evidence for having spe-
cific training in pediatric vascular access, it is common sense that the pediatric IV 
team should be composed by members with experience in pediatric patients and 
with advanced skills in placement of different types of catheters (from peripheral IV 
lines to tunneled catheters). It is also important to involve a pediatric anesthesiolo-
gist as many of the children require moderate to deep sedation to allow the place-
ment of a catheter.

It is mandatory that all the pediatric IV teams should be trained in pediatric 
advanced life support (PALS) as during sedation or catheter placement there may be 
the need to treat the patient for life-threatening emergencies such as airway obstruc-
tion, pneumothorax, or cardiac dysrhythmias.

It’s important that all the IV team personnel should keep their skills to allow 
always having someone able to solve the possible complications related to vascular 
accesses.

The second important part in organizing a pediatric IV team is the environment. 
This includes not only the space where vascular access will be performed but also 
the materials and equipment needed to provide this kind of service. Most of the 
times, the IV team will place vascular access in a dedicated area. It is not mandatory 
that this area be the operating room as this will dramatically increase the costs per 
procedure. Some hospitals have a dedicated area on the pediatric ward or in the infu-
sion center where it is possible to perform sterile procedures such as PICCs or tun-
neled intravenous catheters. It is mandatory that those areas be properly equipped 
with all the pediatric catheters required and with a dedicated pediatric resuscitation 
cart. If a pediatric anesthesiologist is not involved in the sedation process, there 
should be immediate availability of an anesthesiologist in case of an emergency. 
Office-based sedation and insertion should not be performed. There should be a 
dedicated storage room to stock all possible catheters; the minimum needed to be 
available include peripheral intravenous catheters from 24 to 20G, single and 
double-lumen PICC lines from 3Fr to 4Fr, including polyurethane power-injectable 
types, tunneled catheters (4–5Fr), short-term central venous lines (4.5–5–6Fr), port 
catheters (4–5Fr), and nitinol guidewires. Smaller catheters (1–2.9Fr) are usually 
inserted by a neonatal specialist and are not part of the typical responsibilities of the 
pediatric IV team.

Special equipment that a pediatric IV team should have include a dedicated ultra-
sound machine with a hockey-stick linear probe or a linear high-frequency 
(8–15 MHz) probe with Doppler and color Doppler function and a near-infrared 
(NIR) visualizer.

An ECG monitor and equipment to allow detection of the catheter tip position in 
PICC or central venous line placement is highly recommended. Intracavitary ECG 
has been shown to be a reliable tool for central venous line tip detection. A phase-
array probe to perform a trans-thoracic echocardiogram should also be available as 
it allows to detect the central venous catheter tip.

It is important to underline that most of the vascular access devices in pediatric 
patients are peripheral IV catheters and the usual environment where they are 
required is on the pediatric ward. For this reason, the core part of the pediatric IV 
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team should be comprised of pediatric nurses. A mobile insertion kit or cart should 
be prepared should there be need for vascular access outside the pediatric department.

From a financial perspective, a dedicated IV team has been proven to be cost 
saving with a net reduction of hospital acquired infection costs such as hospital-
length of stay and the increased cost for antibiotic therapy. The initial costs for set-
ting up the equipment and the environment for a pediatric IV team will have positive 
returns once the system is working and a reduction of postoperative complications 
can be measured. Another important point to be considered is the patients’ and par-
ents’ perspective as the pediatric IV team creates trust, enhances the quality of 
healthcare delivered, and improves patient satisfaction.

The IV team should create specific care-paths to enhance patients’ involvement 
and education on how to handle catheters if they are discharged home or if catheter-
related problems arise. Simple and clear information is the key to success.

23.4  �Tips and Tricks

Do not treat a pediatric patient as a small adult. Children are a different and spe-
cific category of patients and sometimes they are treated as small adults. It is impor-
tant that the pediatric IV team should handle the specific needs of these patients as 
to play and be distracted from the procedure they must undergo and to have a parent 
or relative always with the child reassuring him/her.

Children are needle-phobic or can become. A needle stick represents a trauma 
for pediatric patients, and we should do any effort to minimize this trauma reducing 
the number of attempts required to get the IV cannulation done. Some of these 
patients require a prolonged intravenous therapy with the need for multiple blood 
samplings for weeks or months. It is important to do a proper proactive vascular 
planning to plan for a catheter that should minimize the patient to receive needle 
punctures but also, we should consider the requirement for having a normal life-
style. In this case, the debate should be for choosing a PICC line more than a port in 
case of a prolonged chemotherapy.

Children are an ‘everything or null’ world. When considering an IV-line place-
ment, we should consider the potential risks and benefits for it. Peripheral IV lines 
can be considered a low-risk procedure and placement of mid-to-long term cathe-
ters is typically associated with the need for procedural sedation. It has been dem-
onstrated that procedural sedation done outside the operating room with propofol in 
children has quite a high incidence of operative complications. Children can start 
having intraoperative problems suddenly. For this reason, it is safer to have a sepa-
rate person performing sedation with adequate skills to resuscitate a pediatric 
patient. A pediatric anesthesiologist must handle the sedation when deep sedation is 
required.

Create your own protocols. Every IV team should adhere to international stan-
dards, but it is important to adapt the standards and guidelines to the local needs and 
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different cultural differences. Protocols are important as the presence of checklists 
allow the team to ensure all the correct steps are followed to avoid complications.

Analyze your data. A critical appraisal of every IV team’s patient population is 
necessary to understand if the introduction of the IV team has improved the quality 
of care. The IV team should revisit and revise data at least four times a year. It is also 
important to have an objective look into individual cases when complications occur 
to provide a root-cause analysis that will help the team to change and improve care 
in the future.

23.5  �Conclusions

IV teams are part of the quality improvement process to reduce hospital acquired 
complications and enhance patients’ experiences. The pediatric IV teams should 
represent a subgroup of the IV team able to handle children and it should be based 
in the pediatric departments. Specific equipment and a separate environment are 
necessary to create a safe setting. Given the requirement for sedation in most of 
these patients, a pediatric anesthesiologist should be part of the team or readily 
available when sedation is performed.
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Chapter 24
Special Problems of Venous Access 
in Intensive Care and Emergency

Daniele G. Biasucci

Establishing the right vascular access device (VAD), either central or peripheral, in 
the right patient in a specific clinical condition is crucial, especially in emergency 
and critical care, and it can be even more challenging in critically ill neonates and 
children. Emergency, urgency, and intensive care are different clinical settings in 
which different kind of VADs and different techniques of placement have their own 
specific role. First, a difficult venous access score (DIVA score) should be always 
applied, so to quickly recognize the neonate or the child in whom a difficult access 
is anticipated. Then, an evidence-based algorithm must be adopted, so to rapidly 
choose the appropriate venous access device using the appropriate strategy. Finally, 
each operator should be proficient in using cost-effective vascular imaging tech-
niques, such as ultrasound and near-infrared technology, to facilitate VADs place-
ment and avoiding failure and complications. All these above-mentioned tools must 
be appropriately used in an adequate and timely manner so to anticipate any prob-
lem and prevent any complication which is essential in critical conditions.

In this chapter an evidence-based algorithm for the choice of the most appro-
priate VAD in emergency and urgency conditions and in intensive care will be 
reviewed. Usefulness of DIVA scores in these settings will also be  discussed. 
Then, the importance of imaging techniques like ultrasound and the near-infrared 
technology will be addressed. Finally, some specific settings like ECMO cannulas 
will be commented.
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24.1  �The Critically Ill Child in the Emergency Room, ‘On 
the Scene’ or in the Ward

VADs generally indicated in emergency and urgency conditions are: short periph-
eral cannulas; long peripheral cannulas (also defined “mini midline”); non-
tunneled central VADs like CICC or FICC. PICCs and traditional Midlines have no 
role in this setting. It is of crucial importance to highlight that every VADs placed in 
emergency or urgency conditions, especially ‘on the scene’ or during resuscitation 
maneuvers, must be removed within 24–48 h. In fact, in most cases, in emergency 
conditions, procedures are not performed with an appropriate adherence to the inter-
national recommendations for infection prevention.

First, it is necessary to early identify those children with difficult peripheral 
venous access (superficial veins difficult to visualize or palpate). This category of 
patients has recently been described with the acronym ‘DIVA’ (Difficult Intra-
Venous Access), normally referred to the difficulty of accessing the superficial veins 
of the upper limbs. It has been described that DIVA patients are up to 15% of chil-
dren presenting to the emergency room. Yen, Rikers and coworkers have developed 
a difficult intravenous access (DIVA) score based on four variables: vein palpability, 
vein visibility, patient age, and history of prematurity. This score has been validated 
to be effective in predicting failure of peripheral VADs placement in children. A 
DIVA score major or equal to 4 has been defined as the cut-off value for predicting 
failure. Also, a simpler score based on three variables (vein palpability, vein visibil-
ity, patient age) has been proved to be predictive of peripheral VADs placement on 
first attempt as the four-variable rule.

DIVA score is a powerful tool, with high value in daily practice, allowing the 
clinician to accurately plan the strategy so to anticipate any problem and prevent 
any complication. In fact, when a patient has been identified as a DIVA, depending 
on clinical conditions, healthcare personnel must use all technologies available to 
obtain the appropriate venous access as rapidly as possible and avoiding complica-
tions. In presence of a DIVA patient, the personnel must utilize an appropriate bed-
side technology for vascular imaging, like near-infrared technology (NIR) or 
ultrasound guidance. Both these techniques are described elsewhere in this book. 
The Infusion Nursing Society (INS), in its latest guidelines released in the 2021, 
states that each operator expert in the field of vascular access should become profi-
cient in the appropriate use of NIR and, obviously, ultrasound. NIR allows to visual-
ize not visible/not palpable superficial veins at a maximum depth of 7–8  mm. 
Ultrasound allows to visualize and puncture veins deeper than 8 mm.

In emergency conditions, especially ‘on the scene’, intra-osseous (IO) access can 
be used. This kind of VAD is very useful during territorial life-threatening emergen-
cies or mass casualties. The European Resuscitation Council guidelines on pediatric 
cardiac arrest recommend using a IO device when, during resuscitation of an infant 
or child, a venous access is not readily established within 1 minute. The  ATLS 
(Advances Trauma Life Support) guidelines, released by the American College of 
Surgeons (ACS), suggest considering an IO device before placing a central venous 
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access in trauma victims younger than 6 years of age. IO access is quite well toler-
ated; however, given the well described related complications, it must be promptly 
removed as soon as the patient’s conditions will allow, but no later than 48 h after 
placement.

Finally, once the patient has been stabilized, an appropriate peripheral or central 
venous access must be established and any VAD which had been placed in emer-
gency should be promptly removed within 24 or 48 h at maximum.

24.2  �The Critically Ill Newborn in the Delivery Room

Many factors may influence the choice of the most appropriate VAD in the newborn: 
(a) the exact moment of the need of the VAD, if immediately after birth or more than 
24 h after birth; (b) the clinical conditions of the patient, if stable or not; (c) the 
expected indwelling time of the VAD; (d) the type of solutions to be infused and 
drugs to be administered.

During those emergencies commonly occurring in the delivery room, there is 
indication for placement of an umbilical venous catheter (UVC), preferably double 
lumen, in most cases. The most common conditions include: (a) a neonate with 
hypoxic-ischemic encephalopathy due to perinatal asphyxia; (b) a premature new-
born with a gestational age of less than 28 weeks; (c) newborns older than 29 weeks 
of gestational age or at term and suffering from respiratory failure needing CPAP 
with FiO2 > 40% or endotracheal intubation, and/or presenting hemodynamic insta-
bility, or in case of difficult peripheral venous access.

In the remaining conditions, a short peripheral cannula may be placed, with the 
aid of NIR technology if a difficulty in obtaining a peripheral access exists.

More than 48 h after birth, it may not be possible to insert an UVC and the choice 
of the right VAD mainly depends on the duration of the intravenous therapy and the 
type of drugs and solution to be infused.

24.3  �The Child in the Pediatric Intensive Care Unit (PICU)

Infusion of drugs with pH > 9 or < 5 or hyperosmolar solutions (> 800 mOsm/L), 
hemodynamic monitoring, dialysis, need of repeated central venous blood samples, 
are all well-known and common indications to central venous catheters.

Central VADs commonly used in PICU are the following: (a) CICCs, centrally 
inserted central catheters, inserted through ultrasound guided direct puncture of a 
central vein; (b) PICCs, peripherally inserted central catheters, inserted through 
ultrasound guided puncture of a deep vein of the arm; (c) FICCs, femoral inserted 
central catheters, inserted through ultrasound guided puncture of a vein at the groin 
(deep femoral vein, superficial femoral vein or great saphenous vein).
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Ultrasound evaluation of all possible venous options must be always performed 
to choose the safest and the most appropriate vein to be punctured. In the PICU set-
ting, planning the exit site location is of outmost importance to minimize risks of 
infection and thrombotic complications. Disregarding the puncture site, the exit site 
must be in an area with the lowest bacterial colonization and where the dressing is 
optimal.

The exit site of a PICC must be at the third medium of the arm. If a deep vein of 
the arm cannot be directly punctured at the mid arm, a vein close to the axilla or into 
the axilla may also be punctured but it should be tunneled at the third medium of 
the arm.

The ideal exit site of a CICC should be in the infra-clavicular area on the chest 
wall (Fig. 24.1). An exit site in the supra-clavicular area may be acceptable even if 
not ideal. Exit site at the neck should be absolutely avoided (Figs. 24.2 and 24.3). 
If a direct puncture of a vein in the infraclavicular area (i.e., axillary vein or 
cephalic vein), is not possible because veins in this area are too small, a direct 
ultrasound guided puncture of the brachiocephalic vein or, as second option, of the 
subclavian vein in the supraclavicular area, is recommended. After a puncture of a 
vein in the supraclavicular area, if the exit site appears to be not acceptable in 
terms of infection and thrombosis prevention since dressing and nursing may not 
be optimal, the tunneling of the catheter is recommended so to move the exit site 
to the infra-clavicular area (Fig. 24.4) or even to the chest wall (Fig. 24.5). For this 
purpose, it is suggested to use, off-label, power injectable PICCs as multi-purpose 
CICCs. The PICC is ideal for tunneling because it is longer than the traditional 
CICC and can be trimmed; it can be easily inserted through a central vein, and then 
also easily tunneled. Furthermore, power injectability has the additional advantage 
of tolerating high-pressure injection (up to 300–350 psi) of contrast media during 
radiological procedures and allows delivery of high flows of fluids for resuscita-
tion. Moreover, disregarding the puncture site, 5 Fr power injectable double lumen 
catheters may be safely used also for apheresis in critically ill infants. Using such 

Fig. 24.1  Double lumen 
CICC in pediatric patient, 
inserted by ultrasound-
guided puncture of the 
axillary vein
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Fig. 24.2  Exit site of 
CICC at the neck in 
pediatric patient: 
unacceptable

Fig. 24.3  Exit site of 
CICC at the neck in 
neonate: unacceptable
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VADs, up to 25–30  ml/min can be obtained, enough for extra-corporeal blood 
purification techniques.

When inserting central catheters with a modified Seldinger technique in hypovo-
lemic and/or spontaneously breathing patients, the operator should pay particular 

Fig. 24.4  CICC tunneled 
to the infraclavicular area, 
after ultrasound-guided 
puncture of the brachio-
cephalic vein

Fig. 24.5  CICC tunneled 
to the lateral side of the 
chest
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attention to the risk of venous embolism during inspiration. To avoid this complica-
tion in critically il neonates and children, spontaneous breathing, if present, must be 
abolished using apneic sedation or pharmacologic paralysis (if not contraindicated), 
and hypovolemia must be corrected. Moreover, as soon as the wire and the dilator 
are removed, the operator must close the introducer with a thumb and then insert the 
catheter very quickly.

A long trimmable catheter should be also used as a FICC (Fig. 24.6). In fact, to 
be considered a central catheter and to be used also for hemodynamic monitoring, 
the tip of a FICC should reach the junction between the inferior vena cava and the 
right atrium. For dialysis or apheresis, it may be adequate a FICC whose tip lies in 
the inferior vena cava after the confluence of the two common iliac veins.

The ideal exit site of a FICC should be at the mid-thigh. To obtain an exit site in 
this area, the catheter must be tunneled after a groin puncture so to move the exit site 
to the mid-thigh (Figs. 24.7, 24.8, 24.9 and 24.10). Alternatively, a direct ultrasound 
guided puncture of the superficial femoral vein at the mid-thigh may be performed 
if this vein does not appear too small nor too superficial.

If a central venous catheter is not indicated and a peripheral venous access is 
adequate, the type of peripheral VAD to be placed depends on the expected duration 

Fig. 24.6  Non-tunneled 
FICC inserted in the 
common femoral vein (exit 
site at the groin)
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of a given intravenous therapy and on the expected indwelling time of the VAD 
itself. If the duration of the intravenous therapy is expected to be longer than 1 week, 
ultrasound guided placement of a long peripheral cannula, also called ‘mini-
midline’, is recommended. If duration of intravenous therapy is shorter than 7 days, 

Fig. 24.7  Double lumen 
FICC tunneled to 
mid-thigh

Fig. 24.8  Double lumen 
FICC tunneled to 
mid-thigh in burned child
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a short peripheral cannula is indicated. In case of a DIVA score > 4 suggesting a 
difficult peripheral venous access, NIR technology should be used to aid superficial 
vein cannulation. In case of failure in obtaining a peripheral venous access using 
NIR, ultrasound guidance should be used, and the placement of a mini midline 
should be considered.

24.4  �The Newborn in the Neonatal Intensive Care 
Unit (NICU)

Critically ill newborns need central venous catheters for many clinical purposes 
which include: (a) infusion of fluids with different kind of osmolarity; (b) bolus of 
fluids for volume replacement and/or continuous infusion of inotropes or vasopres-
sors when hemodynamically unstable; (c) blood products transfusions; (d) 

Fig. 24.9  Single lumen 
FICC tunneled to 
mid-thigh

Fig. 24.10  Single lumen 
FICC tunneled to 
mid-thigh in child with 
complex chronic syndrome
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hemodynamic monitoring including pre-load assessment and determination of oxy-
gen saturation in mixed venous blood; (e) frequent blood samples for lab tests. For 
all these purposes, in absence of an UVC or when it must be removed or it cannot 
be placed, single-lumen 3  Fr or dual-lumen 4  Fr, polyurethane power injectable 
central venous catheters, placed by ultrasound guided puncture of the brachioce-
phalic vein (CICC—Centrally Inserted Central Catheter) or of the femoral vein 
(FICC—Femoral Inserted Central Catheter) are highly indicated.

CICCs and FICCs are also indicated in the stable premature newborn with the 
need of intravenous treatments for more than 14  days. In the same category of 
patients with a duration of intravenous therapy lasting less than 14 days but more 
than 1 week, epicutaneo-caval catheters are indicated. Finally, if VAD is needed for 
less than 7 days, a short peripheral cannula can be used.

In case of difficult peripheral venous access, NIR technology must be used in 
neonates and premature newborns so to choose the most suitable vein for peripheral 
cannulation.

24.5  �‘Targeting Zero’ Complications in PICU and NICU: 
A Bundle of Recommendations

VADs related complications, especially infections and thrombosis still represent a 
relevant cause of morbidity and mortality both in the PICU and the NICU. It has 
been shown that most VAD related complications are multifactorial but preventable. 
An evidence-based insertion and care bundle aimed at reducing all risk factors is 
associated with a significant decrease in the rate of catheter-related bloodstream 
infections (CRBSI) and catheter-related thrombosis (CRT) (Fig. 24.11). Costello 
and coworkers, in a retrospective interventional study, showed a reduction in 
CR-BSI rate from 7.8/1000 catheter-days to 2.3/1000 catheter-days after a system-
atic intervention. In adult patients, Pronovost et al. demonstrated that an evidence-
based intervention resulted in an effective and sustained reduction of the CR-BSI rate.

A bundle of recommendations for preventing VADs-related early and late com-
plications must be systematically adopted by each PICU and NICU staffs. It must 
include the following evidence-based recommendations: (1) Hand washing and 
maximal barrier precautions; (2) Skin antisepsis with 2% chlorhexidine; (3) 
Ultrasound pre-puncture evaluation; (4) Ultrasound-guided venipuncture; (5) 
Tunneling of the catheter so to obtain an exit site in the infraclavicular area; (6) Tip 
location technique using intracavitary ECG and/or echocardiography; (7) Sealing of 
the exit site with glue; (8) Securement with sutureless device (adhesive ones or 
subcutaneously anchored); (9) Coverage with transparent semipermeable dressing 
(10) Chlorhexidine-impregnated sponges on the exit site after the first week; (11) 
Use of neutral NFC and port protectors; (12) Timely removal of central lines no 
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longer necessary; (13) Simulation-based standardized training program; (14) 
Planned clinical audit with all physicians and nurses.

Several guidelines recommend the use of ultrasound to reduce both early 
mechanical complications and late infective and thrombotic complications. In fact, 
it has been proved that facilitating CICC placement by reducing the number of 
attempts and, subsequently, both the risk of possible break-down of aseptic tech-
nique and the risk of hematoma formation, ultrasound guidance may indirectly 
reduce the incidence of CRBSI and CRT.

As already discussed above in the previous paragraphs, current guidelines and 
some studies place emphasis on exit site selection. CRBSIs are related to the con-
tamination risk at the exit site. It should be considered that different areas of the skin 
have different degrees of bacterial colonization. Furthermore, moisture, warmer 
areas of body, hair distribution, failure of dressing to adhere, are among relevant risk 
factors. On the other hand, various studies have demonstrated that when a long 
indwelling time is expected, tunneled catheters are preferred because of the lower 
risk of infection. Disregarding the puncture site, tunneling the catheter allows to 
move the exit site to the chest, a dry, stable area with low bacterial colonization, 

1. Hand washing and maximal barrier precautions

2. Skin antisepsis with 2% chlorhexidine in 70% alcohol

3. Ultrasound pre-puncture evaluation through RaCeVA and RaPeVA

4. Ultrasound guided venipuncture

5. Tunneling of the catheter so to obtain exit site in infraclavicular area

6. Tip location technique using intracavitary ECG and/or echocardiography

7. Sealing of the exit site with cyanoacrylate glue for the first week

8. Securement with sutureless device

9. Coverage with transparent semipermeable dressing

10. Use of chlorhexidine sponge dressing from the 7th day on

11. Use of neutral NFC and Port Protectors

12. Timely removal of central lines no longer necessary

13. Simulation-based standardized training program

14. Planned clinical audit with all physicians and nurses

Insertion and maintenance bundle

Fig. 24.11  Bundle for insertion and maintenance of central venous access in children
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where dressing is optimal, and the risk of infection is low. Moreover, by stopping 
bacteria spread along the catheter, the tunnel avoids their entrance into the vein.

Also, sealing the exit site of catheters with cyanoacrylate glue reduces the risk of 
extraluminal contamination, presumably by reducing bacterial entrance through the 
skin breech. Furthermore, the glue reduces bleeding at the exit site and at the punc-
ture site, and by stabilizing the catheter, the glue may decrease local damage to the 
endothelium and the risk of thrombosis. Sutures are no longer recommended and 
should be avoided since they cause disruption of the skin around the catheter exit 
site, causing inflammation and bacterial colonization. Published evidence and 
guidelines recommend sutureless devices to stabilize the catheter.

Finally, each bundle should be implemented using a simulation-based training 
program aimed at education and assessment of procedural competence of the staff, 
which has been shown to have important implications for the quality of care. All 
medical and nursing staffs must be trained according to evidence-based recommen-
dations of the World Congress on Vascular Access (WoCoVA) consensus conference.

24.6  �Special Feature: ECMO Cannulas

The use of extracorporeal membrane oxygenation (ECMO) has increased over 
recent years providing respiratory and cardiac support. Particularly, ECMO can be 
veno-arterial (VA-ECMO) for both cardiocirculatory and respiratory support and 
veno-venous (VV-ECMO) for respiratory support. Optimal cannula placement is 
essential for a successful procedure and for reducing complications. Multiple can-
nulation strategies may be employed depending on age and weight and on underly-
ing conditions.

VV-ECMO should be considered the preferred modality for respiratory support 
in pediatrics because of the significant reduction in the morbidity compared to veno-
arterial access. Today, veno-venous double-lumen cannula for respiratory failure is 
much more frequently utilized, accounting for 18.9% of all neonatal cases and 
17.0% of all pediatric ones. The last generation of cannulas is best suitable for per-
cutaneous placement. This kind of cannulas allows to minimize recirculation, which 
is a well-known problem with femoral-jugular cannulation, since aspiration ports 
are in the superior and inferior vena cava (SVC, IVC), while the infusion port is 
directed toward the tricuspid valve (TV).

In fact, globally ultrasound guided, percutaneous, bi-caval double-lumen can-
nulation in neonates and infants has been recently proved to be safe and effective, 
even performed at bedside and in emergency conditions. After ultrasound guided 
puncture of a central vein (Internal Jugular Vein or Brachiocephalic Vein), the 
guidewire first and then the cannula is advanced under echocardiographic guidance 
to the IVC using a subcostal bi-caval view (Fig. 24.7). The wire must be guided into 
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the IVC, excluding and avoiding guidewire loops into the right atrium and tip wedge 
into the hepatic veins. Ultrasound guidance is of paramount importance for the 
entire procedure, to ensure correct positioning of the bicaval double-lumen cannula 
for a successful treatment without complications. In fact, the cannula infusion port 
must face the tricuspid valve with its distal end into the IVC to avoid recirculation. 
Distal aspiration port into the IVC should lie beyond the merge of the hepatic veins, 
to avoid the inadvertent displacement of the cannula into them which might cause 
ECMO flow limitation or obstruction of the venous drainage from the liver with a 
subsequent acute Budd-Chiari syndrome. These above-mentioned complications do 
not occur if the cannula is advanced under echocardiographic guidance through a 
subcostal view, both the four-chambers one and the bi-caval view, so to have the 
infusion port facing the tricuspid valve and the distal end of the cannula into the 
IVC beyond hepatic veins. After the cannula is placed, ECMO support is started, 
and the correct position of the cannula must be confirmed again by echocardiogra-
phy demonstrating that the flow is effectively directed from the infusion port toward 
the tricuspid valve. Then, the cannula is secured to the skin. The correct position of 
the cannula must be checked by echocardiography every 8 h or in the case of ECMO 
flow decrease in constant revolutions per minute or increase in the negative aspira-
tion pressure.

In case of indication of VA-ECMO, a cannula is placed through the right internal 
jugular vein into the right atrium, the blood is drained to a venous reservoir and then 
actively pumped through the oxygenator where gas exchange occurs. Then, the 
blood is warmed to body temperature by the heat exchanger before returning to the 
patient through a cannula placed through the right carotid artery into aortic arch or 
into descending aorta through a femoral artery. In peripheral VA-ECMO, the venous 
cannula can be placed by the intensivist through a percutaneous ultrasound guided 
puncture of the right internal jugular vein or a femoral vein, whilst the arterial can-
nula is usually inserted by a surgeon with an open surgical technique.

24.7  �Conclusions: Algorithm for VADs Choice 
in the Critically Ill Children and Neonates

Figure 24.12 shows the algorithm for choosing the appropriate VAD in the critically 
ill children both in emergency conditions and ICU stay. It should be a guide for 
clinicians and all healthcare operators. The algorithm has been already commented 
and described above in the previous paragraphs.

Figure 24.13 shows the algorithm for choosing of the appropriate VAD in the 
critically ill neonate both in emergency conditions in the delivery room and during 
NICU stay.
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Chapter 25
Special Problems of Venous Access 
in Oncology and Hematology

Alessandro Crocoli and Mauro Pittiruti

Insertion and management of vascular access are critical concerns for children 
affected by malignancies. Prolonged course of disease, complexity, and variety of 
treatment protocols require long-lasting vascular access to provide an adequate 
route for administration of intravenous therapies as well as to allow routine blood 
sampling without repeated and painful venipunctures. For those reasons, central 
venous catheters are nowadays an important component in the care of this patient 
population, with a direct influence on outcome. In this respect, there are peculiar 
issues (techniques of insertion, management, complications etc.) which must be 
known to improve both quality of life over the course of the disease and outcome of 
children with cancer.

25.1  �Introduction

Even though cancer is a rare condition in the pediatric population, it is the second 
most common cause of death in children older than 12 months. In 2017, the National 
Institute of Health—National Cancer Institute estimates that there will be 10,270 
new diagnoses of cancer among children from 0 to 14  years of age, and 1190 
patients are expected to die from the disease. Over the last 50 years, the overall 
survival for this population has dramatically increased, with the 5-year survival rate 
after diagnosis from 50% in late 70’s to 85% in 2010. Interestingly, a more notable 
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improvement has been observed for some tumors like acute lymphoblastic leuke-
mia (5% in early 50’s to 90% in 2010), lymphomas (30% in 60’s to around 80% in 
2010) and Wilms tumor (20–90%). All those successes have been achieved since 
the concept of multidisciplinary treatment was introduced in the field of pediatric 
onco-hematology. Therefore, more intensive chemotherapy and radiation regimens, 
stem cell and bone marrow transplantation options, as well as different surgical 
procedures and techniques have been developed over the last decades, with specific 
roles in different treatment protocols, thus having a direct influence on the outcome. 
However, non-negligible side effects of therapies (severe pancytopenia, mucositis 
induced by radiotherapy and chemotherapy, different aspects of graft-versus-host 
disease etc.) led to development of more intense and challenging intravenous sup-
portive treatments (blood component transfusions, apheresis, prolonged parenteral 
nutrition etc.). Moreover, the necessity to have a reliable way to obtain routine 
blood samples in children who have difficult vascular access as they are needle-
phobic, or have reduced pain tolerance, or have coagulation disorders, or are at risk 
of progressive peripheral vein depletion, but are more likely to require repeated and 
painful venipuncture, was another crucial factor influencing the progressive popu-
larity gained by central venous catheters in the modern treatment of children 
with cancer.

In 1973 Broviac et al. developed the first long-term silicon central venous cath-
eter to deliver home parenteral nutrition in patients, while the first use for onco-
hematological therapy was reported in 1979 by Hickman et al. Gyves et al. then 
proposed the use of a totally implanted device for patients with cancer in 1982, and 
in the following years many advances have been described in terms of materials, 
techniques, and care. However, despite the referenced literature with many proto-
cols and guidelines that have been published over the last decades, there is far less 
evidence for children than for adults, especially considering cancer patients. 
Indications, techniques for placement and removal, choice of device, catheter care, 
and rate of complications require closer study to gain insight into their use in the 
oncological and hematological population.

25.2  �General Principles

The patient’s needs are the first and most important issue to consider for the choice 
of vascular access device (VAD), also considering duration, type, and previous his-
tory of onco-hematological treatment. There is a large and established consensus 
that every chemotherapy medication should be delivered through adequate central 
venous access, since the risk of infusion-related injuries of vesicant and irritant 
substances via a peripheral vein is no longer acceptable. This statement must be 
considered also for supportive care issues, as well as for management of advanced 
cancer stages with palliative measures.

One of the main concerns for practitioners who treat children with cancer is the 
high volume and number of medications, either drugs or blood components, 
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administrated via the catheter. Therefore, the mistake of thinking that bigger lumens 
mean better performance and that more lumens mean easier management has lead 
to demand for large bore and multiple lumen catheters for all patients.

Regarding the caliber of the catheter, it is now well known that the bigger the 
catheter, the higher the risk of venous thrombosis. Also, larger catheters require a 
larger hole in the vein during placement. Therefore, the size of the device should be 
decided after measuring with ultrasound the diameter of the target vein. This con-
sideration is more important for cancer patients, who are prone to coagulation dis-
orders (both bleeding and hypercoagulation) depending on the phase of disease and 
the treatment they undergo. Preferably, the outer diameter of the catheter should not 
be larger than one-third of the diameter of the target vein chosen for placement: for 
example, a 3 Fr (1 mm) catheter is appropriate for a vein whose diameter is 9 Fr 
(3 mm) or larger.

On the other hand, multiple lumen catheters are indicated in patients undergoing 
intensive treatments or stem cell transplantation, because of the complexity of ther-
apy; these patients require administration of multiple intravenous drugs and solu-
tions which is accompanied with non-negligible risk of undesirable reactions 
between drugs and inappropriate diluent IV solutions and drug-drug incompatibil-
ity. For those reasons, dual lumen VADs are often preferred, and their placement is 
strongly encouraged by physicians. However, handling and caring of multiple 
lumen catheters is associated with higher risk of infection compared to single lumen 
devices due to more maneuvers and actions required, thus, their use as first-choice 
catheter is still debated (Table 25.1).

25.3  �Indications

Short term catheters must be used in emergency settings—resuscitation, lifesaving 
apheresis procedures for hyper-leukocytic leukemia, acute graft versus host disease 
treatment, acute renal failure, acute hemolytic anemia—and only for intrahospital 
use. Most children require long-lasting and stable venous access for discontinuous 
outpatient use; toddlers and younger children prone to repeated and painful punc-
tures, as well as patients undergoing intensive and prolonged chemotherapy regi-
mens will benefit from a tunneled VAD (TVAD), which is easier to handle and 
allows repeated infusion and blood sampling without pain. Disadvantages include 

Table 25.1  General Principles of Central Venous Catheterization in Pediatric Malignancies

1. � Central venous catheters are mainstay in treatment and management of children with cancer
2. � Therapies for malignancies increases risk of complications such as bleeding, thrombosis, and 

infections; strategies to reduce these events include correct choice of vein, size and lumens of 
catheter: The outer diameter of the catheter should be decided on the basis of the inner 
diameter of the target vein chosen for placement, to minimize risk of thrombosis

3. � Multiple lumen catheters are not always the appropriate device (higher risk of infection, 
more complex management etc.)
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disturbed body image, need for adequate care of the exit site with regular dressing 
changes, as well as limitations on physical activities such as bathing and swimming. 
On the other hand, adolescents, young adults, or children who undergo discontinu-
ous therapies (3–6 weeks interval) are eligible for totally implanted devices (TID) 
such as port catheters. Main advantages of a TID are that because it is completely 
subcutaneous, there is no need to maintain care of any external catheter, no limita-
tions on physical activities, as well as the preservation of body image. However, 
limits of TIDs are that access to the reservoir can be painful or difficult (for exam-
ple, in obese patients) and that removal requires a surgical procedure. Consequently, 
TIDs are recommended only in patients who require intermittent and prolonged use 
while TVADs are recommended for prolonged but continuous/frequent vascu-
lar access.

It is worthwhile to note that peripherally inserted central catheters (PICC) nowa-
days represent a versatile, durable, and easy to use long-term vascular access which 
is gaining notable popularity in the pediatric population due to improvements in 
materials (new generation power injectable polyurethane), quick placement proce-
dure (bedside under local anesthesia), and good patient compliance. In children 
with cancer, PICCs represent a good solution for children who require adequate 
vascular access and cannot undergo general anesthesia (large mediastinal mass with 
airway compression for example) as well as for patients who cannot tolerate the 
limitations of a TVAD.  PICCs have also been validated for patients undergoing 
bone marrow transplantation. For those reasons, PICCs can essentially be consid-
ered as long-term VADs. Furthermore, the World Congress Vascular Access 
(WoCoVA) in 2013 proposed new VAD nomenclature and classification that is no 
longer based on device “time” but on the vein cannulated during insertion: Centrally 
Inserted Central Catheters (CICCs) are devices inserted through a vein in the upper 
part the body, in the supraclavicular or infraclavicular region. PICCs are those 
devices inserted through a deep vein of brachial region (basilic or cephalic vein), 
while Femorally Inserted Central Catheters (FICC) are placed with femoral vein 
puncture (Table 25.2).

Table 25.2  Indications

1. � Short-term VADs must be used only in acute/emergency condition and in hospitalized 
patients

2. � TVAD and TID, also known as long-term VAD, are indicated for all diagnostic and 
therapeutic issues of cancer patients over the course of the disease

3. � TVAD are preferred for continuous/frequent use (high dose chemotherapy, hydration, blood 
components transfusion, nutrition etc.);

4. � TID are preferred for discontinuous use or in patients who do not tolerate external devices 
(adolescents, patients with mental disorders etc.);

5. � The new WoCoVA classification is based on vein cannulated by the catheter and includes
   ��Centrally inserted central catheters—CICC
   ��Peripherally –inserted central catheters—PICC
   ��Femorally-inserted central catheters—FICC
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25.4  �Technique

Recent guidelines recommend abandoning open venous cut-down (OVCD) as the 
primary technique for VADs placement, especially in pediatric patients dealing with 
cancer. The OVCD procedure can be considered a historical legacy of pediatric 
surgeons of the last century. There are some authors who recommend OVCD even 
in children with platelet disorders, however, surgical preparation and cannulation of 
the vein and for vascular access nowadays is to be regarded as obsolete and contra-
indicated especially for cancer patients. In fact, OVCD is associated with a high risk 
of hemorrhage (wide dissection of tissue to prepare the vein, incision of vein wall 
with subsequent suture), as well as early dislodgment and infection. Moreover, 
OVCD requires skills and knowledge of microsurgery and vascular surgery and in 
the case of catheter failure (both for end of treatment and for complications) there is 
a permanent loss of the venous patrimony.

Over the last decades, the concept of minimally invasive venous access has been 
rapidly adopted in adult patients, thus becoming the gold standard. Though the evi-
dence in pediatric patients is still limited, most studies suggest that ultrasound guid-
ance should become the standard of care for venipuncture in children and neonates, 
as it is already in adults. The most important advantage of ultrasound is to allow 
choosing the most appropriate vein after a scan of all possible options. By using 
ultrasound guidance, both puncture and cannulation of the vein are quicker and 
easier, with less risk of complications. The reduced invasiveness of the procedure 
consistently reduces the risk of infection at the insertion site, of peri-procedural 
bleeding, and of catheter-related thrombosis. It is also important to bear in mind that 
infective and hemorrhagic complications are more frequent in this population 
because of the cytopenia induced by chemo and radiotherapy (Table 25.3).

25.5  �Prevention and Management of Complications

Considering the prolonged course of the disease and the dramatic improvement in 
survival rate for children affected by cancer, strategies to prevent both early and 
long-term complications, as well as to preserve vascular assets for any further use, 

Table 25.3  Technique

1. � OVCD is no longer recommended for VAD placement
2. � OVCD requires high-level surgical skills and carries non-negligible risk of short- and 

long-term complications, especially in children with cancer
3. � OVCD is contraindicated due to the higher risk hemorrhagic events related with procedure, 

which is significantly increased in patient with cancer
4. � Minimally invasive ultrasound guided procedure is the gold standard procedure for VADs 

placement for different reasons: It allows real-time evaluation of the target vein; it is easier, 
less invasive, less painful; it has a lower complication rate
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have direct influence on outcome and quality of life after the disease. It is then imper-
ative to be aware of any possible complication, to adopt strategies for prevention, and 
to correct complications through prompt recognition and appropriate management.

As previously mentioned, minimally invasive ultrasound-guided procedures for 
VAD placement completely changed the approach to vascular access, especially in 
children. With adequate training and knowledge of materials (needles, wires, intro-
ducers, catheters, and probes) and technique, ultrasound is beneficial because of the 
high percentage of first-time success and the possibility of diagnosis of preexisting 
vascular anomalies (malformations, anatomic variants, or thrombosis/stenosis), 
thus reducing the incidence of early and peri-procedural complications (accidental 
arterial puncture, hematoma, extravasation, dissection of the vessel, or stenosis). 
Avoiding multiple punctures, the risk of post-operative bleeding is reduced, espe-
cially in cancer patients, who often have hemorrhagic diathesis as consequence of 
therapies (thrombocytopenia, liver failure in veno-occlusive disease). Use of ultra-
sound has also been validated for early diagnosis of pneumothorax, which was quite 
a common complication after subclavian vein cannulation using a blind technique.

Catheter dislodgment or tip migration may lead to malfunction, difficulty to 
infuse fluids or draw blood, and in worst cases, difficulty to remove the device. 
Children undergoing chemotherapy or high dose steroids are more prone to these 
complications for different reasons (reduced healing ability and coagulation, 
increased infection, skin and subcutaneous tissue disease such as graft-versus-host 
disease). Strategies to reduce such complications include the use of non-cuffed new 
generation polyurethane catheters (which are also less predisposed to rupture com-
pared to silicon catheters) secured with either sutureless devices or subcutaneously 
anchored securement systems (SASS) (Fig. 25.1); the use of cyanoacrylate glue on 
the exit site has been also demonstrated to be valid option to reduce failure of VADs 
in a pediatric population (better securement, reduced infection rate for quick skin 
closure and healing, good hemostatic action) (Table 25.4).

25.6  �Removal Procedure

Catheter removal is often incorrectly regarded as a simple procedure that can be 
performed by improperly trained staff members in different ways (bedside under 
local anesthesia, in a procedure room with mild sedation) according to personal or 
institutional experience, without adopting evidence-based protocols. However, in 
patients with long-term cuffed catheters, removal is a surgical procedure with a 
significant risk of complications (hemorrhage, catheter fracture with emboliza-
tion). For children affected by cancer, catheter removal must be also considered as 
one of many painful procedures they undergo over the course of disease, with an 
additional stress for both the patient and the family. Because of these reasons, elec-
tive long-term cuffed catheter removal (e.g., for end of treatment), should be per-
formed in a dedicated procedure room equipped with adequate facilities, under 
sedation, with trained medical and nursing staff, and according to institutional 
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guidelines. Surgical technique must include blunt dissection and removal of the 
Dacron cuff together with the device. A retained cuff may remain as an innocuous 
foreign body, but it may have potential harmful consequences; as a nidus for infec-
tion or chronic inflammation (Fig. 25.2), create false images (calcification deposits 
or metastases) during diagnostic imaging, and last but not least it may be cosmeti-
cally unacceptable (Fig. 25.3). As a matter of fact, introduction of new devices with 
different securement systems (sutureless devices, cyanoacrylate glue, and SASS) 
allows for both easier fixation and removal of the catheter, if necessary, thus elimi-
nating the use of cuffed catheters, especially in pediatric patients with cancer 
(Table 25.5).

a b

Fig. 25.1  (a) 14-year-old male affected by non-Hodgkin lymphoma with a PICC on the right arm 
and (b) 3-year-old male affected by Wilms tumor with a CICC (b); both VADs are secured with 
subcutaneous anchorage and with a skin-adhesive sutureless device; the exit sites are protected 
with a chlorhexidine-releasing sponge dressing and with transparent semi-permeable membranes

Table 25.4  Prevention and management of complications

1. � Ultrasound-guided procedure reduces the risk of failure, multiple venipunctures, arterial 
puncture, perioperative/post-operative bleeding (often increased for thrombocytopenia or 
liver failure associated with treatment), and pneumothorax

2. � Chemotherapy/steroids or skin issues (radiotherapy burns, cutaneous GVHD) may affect skin 
healing process.

3. � Appropriate strategies to reduce risk of catheter dislodgment/removal include: Sutureless 
devices (including subcutaneous anchorage) and use of cyanoacrylate glue on exit-site
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a b

c

Fig. 25.2  Retained cuff. Chronic inflammatory reaction caused by foreign body infection is evi-
dent on the former exit site (a, b), and also on the cuff (c), its after removal

Fig. 25.3  retained cuff 
causing a chronic skin 
granuloma

Table 25.5  Removal

1. � Removal procedure must be performed in an adequate setting, under general anesthesia/deep 
sedation, by experienced medical/nurse staff

2. � In case of cuffed catheters, the cuff must be removed together with the device
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Chapter 26
Special Problems of Venous Access 
in Parenteral Nutrition

Mauro Pittiruti and Giancarlo Scoppettuolo

26.1  �Introduction

Parenteral nutrition is sometimes required in neonates and children, every time 
there is the impossibility of meeting the nutritional requirements by the oral or 
enteral route. Typical situations are:

•	 Preterm, low weight neonates in neonatal intensive care unit
•	 Infants and children in pediatric intensive care unit, whereas tube feeding is 

contraindicated
•	 Nutritional support during the perioperative course of children undergoing 

major surgery
•	 Temporary home parenteral nutrition in children with inflammatory bowel disease
•	 Long term home parenteral nutrition in infants and children with acquired or 

congenital disorders associated with severe and irreversible intestinal 
malabsorption.

In most cases, parenteral nutrition is delivered via a central line. In some very 
selected cases, parenteral nutrition may be administered via a long peripheral cath-
eter or a midline catheter, for a short period of time (one-two weeks), exclusively in 
hospitalized children, and consistently using lipid-based emulsions with osmolarity 
between 700 and 850 mOsm/L.
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As in adults, also in children the risk of catheter-related bloodstream infection 
(CRBSI) is increased when the vascular access device is used for parenteral nutri-
tion, since the components of the emulsion (in particular, the triglycerides and the 
amino acids) represent an ideal nourishment for bacteria and yeasts. Parenteral 
nutrition without lipids is associated with the risk of yeast colonization; when lipids 
are added to the emulsion, bacterial growth may also occur. In short, minimal colo-
nization of the infusion line and of the catheter may easily become the occasion for 
overgrowth of micro-organisms inside the device, with high risk of CRBSI.

Also, the parenteral nutrition emulsion is characterized by high viscosity and by 
a relatively unstable balance among its components. Thus, minimal changes in the 
composition (e.g., after addition of some other drugs, or because of a concomitant 
infusion of another solution in the same line) may be associated with lipid precipita-
tion and lumen occlusion. This complication is especially frequent with the low 
caliber catheter used in the pediatric patient, and particularly difficult to treat.

Furthermore, children on long term home parenteral nutrition must keep the 
venous access device for very long time and sometimes indefinitely, so that special 
strategies for avoiding accidental dislodgment/removal of the device must be 
adopted.

26.2  �Strategies for Reducing the Risk of Infection during 
Parenteral Nutrition

All the infection prevention strategies listed in Chap. 21 should be implemented and 
adopted systematically, in particular:

	1.	 Parenteral nutrition emulsions should be prepared by a certified hospital phar-
macy or—preferably—acquired as industrially prepared, commercially avail-
able emulsions.

	2.	 Ideally, no drug or nutrient should be added to the bag of parenteral nutrition. 
Though the addition of multi-vitamin products is a common practice, there is 
some evidence that vitamins may favor bacterial growth: vitamins should be 
provided daily, if possible, by a different route.

	3.	 Parenteral nutrition should be delivered via a dedicated device (or a dedicated 
lumen of a multiple lumen device). The less the manipulation of the line, the less 
the risk of contamination. The line dedicated to parenteral nutrition should not 
be used for bolus injection of drugs or for piggy-back infusion of other solutions.

	4.	 The bag of parenteral nutrition must be replaced every 24 hrs. The practice of 
delivering the same bag for 48 hrs, at low speed, should be discouraged because 
associated with higher risk of contamination. This is valid also for parenteral 
nutrition without lipids, which may favor the growth of yeasts.

	5.	 The infusion lines used for delivering parenteral nutrition containing lipids must 
be changed every 24 hrs.
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	6.	 Long term parenteral nutrition requires special strategies for reducing bacterial 
contamination. The simplest and most effective strategy for reducing contamina-
tion by the extra-luminal route—as already discussed in Chap. 8—is to use 
tunneled catheters. Interestingly, both cuffed tunneled catheters and non-cuffed 
tunneled subcutaneously anchored catheters are equally effective in this regard. 
As concerns bacterial contamination by the intra-luminal route, a recent and 
effective strategy is the prophylactic lock with 2% taurolidine. As already 
explained in Chap. 21, taurolidine is non-antibiotic antibacterial agent very 
active against the colonization of venous access devices. In the case of parenteral 
nutrition, a lock solution containing taurolidine alone should be preferred to 
taurolidine-citrate or taurolidine-heparin combination. For prophylaxis, tauro-
lidine lock should be applied daily or at least three times per week, and each lock 
should stay inside the catheter for a minimum of 1 hr. The volume of the lock 
should be equal to the priming volume, plus a 20%; though, even if taurolidine 
is accidentally infused into the bloodstream, this is not associated with any 
adverse event, as this compound is harmless and rapidly metabolized to taurine.

26.3  �Strategies for Reducing the Risk of Lumen Occlusion 
during Parenteral Nutrition

Venous access devices utilized for parenteral solution are at high risk of lumen 
occlusion, as above explained. For proper prevention of this complication, several 
aspects should be kept in mind:

	1.	 Silicon catheters are more prone to lumen occlusion (as the internal diameter is 
lower than polyurethane catheters of the same external caliber) and they are 
more difficult to unblock since they are not power injectable. Though, also poly-
urethane catheters of very small inner caliber (less than 20G) are at risk of lumen 
occlusion: this is true for ECCs (which have a caliber of 22G or less) and for 
each lumen of a double lumen 4Fr catheter; single lumen 3Fr catheters in poly-
urethane (inner diameter 20G) have a higher risk of occlusion than single lumen 
4Fr catheters (inner diameter 18G). Valved catheters also increase the risk of 
catheter malfunction and lumen occlusion. Totally implanted venous access 
devices are not appropriate for parenteral nutrition; if used for this purpose, they 
are associated with a high risk of lumen occlusion; also, a port with lumen occlu-
sion is difficult or impossible to unblock. In infants and children, parenteral 
nutrition should be preferably delivered through single lumen 4Fr or single/
double lumen 5Fr power injectable polyurethane non-valved external catheters. 
The choice between PICC, CICC and FICC depends on the age of the patient 
and on his/her venous patrimony, previously evaluated by ultrasound.

	2.	 Parenteral nutrition must be delivered via an intravenous pump. Gravity infusion 
is inevitably associated with unpredictable variations of flow, which increase the 
risk of precipitation of lipid aggregates.
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	3.	 At the time of daily replacement of the bag of parenteral nutrition, the venous 
access device should be vigorously flushed with a volume of saline equal to 
three-four times the priming volume.

	4.	 The interaction of the parenteral nutrition emulsions with other drugs or solu-
tion, as much as it increases the risk of infection (see above), it also increased the 
risk of lipid precipitation and lumen occlusion. Therefore, parenteral nutrition 
should be delivered via a dedicated device (or a dedicated lumen of a multiple 
lumen device).

	5.	 For venous access devices used intermittently for parenteral nutrition (for exam-
ple: home parenteral nutrition delivered in the night hours), heparin lock should 
never be used: not only because it is not effective in preventing lumen occlusion, 
but also because heparin favors the precipitation of triglycerides inside the lumen.

26.4  �Strategies for Reducing the Risk of Catheter 
Dislodgment during Parenteral Nutrition

Long term parenteral nutrition should be preferably delivered by tunneled catheters, 
and not by totally implanted venous access devices (ports). While the tunnel is 
effective against bacterial contamination by the extraluminal route, it is not effective 
as securement. The only currently available options for catheter securement are (a) 
the use of cuffed catheters, (b) subcutaneous anchorage.

Recent evidence suggests that both strategies are equally effective: a cuffed-
tunneled catheter with the cuff located in the proper position inside the tunnel (at 
least 2  cm far from the exit site) and a non-cuffed tunneled catheter secured by 
subcutaneous anchorage have the same risk of dislodgment. Though, subcutaneous 
anchorage has some practical advantages over the cuff:

•	 Subcutaneously anchored catheters are immediately secured soon after insertion, 
while the cuff secures the catheter only after a few weeks (the time required for 
the development of a sterile chronic inflammation around the cuff).

•	 Though complications either due to the cuff or to the subcutaneous anchorage 
may sometimes occur, cuff-related complications almost inevitably require the 
removal of the venous access device, while complications related to subcutane-
ous anchorage are usually associated with removal of the securement device, but 
not of the venous access device.

•	 Removal of a cuffed catheter requires a minor surgical procedure with local 
anesthesia and/or sedation, to be performed in a procedure room by qualified 
operators (see Chap. 25); on the contrary, a subcutaneously anchored tunneled 
catheter can be easily removed bedside without local anesthesia, and even seda-
tion is not usually required.

•	 Last, a cuffed catheter is much more expensive than a non-cuffed catheter plus a 
subcutaneously anchored securement device.
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Chapter 27
Sedation and General Anesthesia 
for Vascular Access in Children

Elizabeth Prentice

27.1  �Introduction

The ability to undertake peripheral or central venous access in children (awake or 
lightly sedated, with various types of topical or local anesthesia or general anesthe-
sia) is multifactorial. The degree of sedation of anesthesia required will be depen-
dent on the child, on the skills of the inserter, on the type of venous access, and on 
the local environment; specific resources should be available to help have the child 
happy, still, and cooperative during the procedure.

27.2  �Choosing Sedation or General Anesthesia for Venous 
Access in Children

There are several components to consider in assessing the ability for a child to toler-
ate venous access non-sedated or lightly sedated. If all or the majority of these is not 
available, a safer and more acceptable alternative may be general anesthesia.

	1.	 The infant or child must have suitable, easily accessible veins.
	2.	 The infant does not need to be wrapped, comforted, and kept still.
	3.	 Skilled help is not required to hold the child or the child’s limb immobile.
	4.	 Age and patient specific distraction therapy is available: a parent or nurse may 

suffice for peripheral access, but central access will usually require skilled health 
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care personal (e.g., Play Therapists or Child Life Specialists) to apply age and 
patient specific distraction therapy. The child must be amenable to this distrac-
tion therapy.

	5.	 The child should be able to lie flat and still for several minutes: 30 min if a PICC 
or CICC is required—slightly less for a midline.

	6.	 Topical or local analgesia and sedation must be available.
	7.	 The maneuver is performed by an experienced operator: experience to enter the 

vein using ultrasound at first pass is required. This degree of skill is usually only 
maintained by inserting at least 50–200 ultrasound guided venous catheters a 
year. If the inserter is still on the learning curve, and access may take longer, 
general anesthesia may be required.

Presence of several of the following may make general anesthesia a better or safer 
option in children:

	1.	 Infants and younger children.
	2.	 “Needle phobia” especially in children with chronic conditions requiring fre-

quent venous access
	3.	 Inability to lie still or flat for longer procedures because of pain, developmental 

delay, deformities
	4.	 Skilled distraction therapy (to keep the child calm and still) is not available
	5.	 The inserter is still on the learning curve, and access may take longer than usual
	6.	 Type of access: insertion of CICCs, tunneled VADS or implanted ports will usu-

ally require general anesthesia in children. When inserting these devices, the 
child is required to be very still for 30 plus minutes, with the neck extended and 
80–100% full body draping, with much of the face covered. Movement can 
make the use of wires and tunnellers more dangerous. 

27.3  �Considerations and Tips for Anesthesia 
for Venous Access

	1.	 The sedation/anesthesia team should be different from the insertion team.
	2.	 If peripheral venous access is required, needle phobic children may benefit from 

a premedication prior to anesthesia and induction by inhalation.
	3.	 If central venous access is required due to depleted peripheral access, it may be 

necessary to perform the procedure with no other venous access. Ultrasound 
may help. In the case no peripheral access can be found, the most skilled opera-
tor should be chosen to undertake central venous access.

	4.	 As regards the choice of airway for general anesthesia, it depends on different 
issues. Venous access devices such as CICCs, ports and tunneled CICCs often 
require neck extension, so that an endotracheal tube is recommended for infants 
and younger children. Also, intubation may be required if additional procedures 
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(e.g., broncho-alveolar lavage for respiratory patients) are also scheduled. If the 
child has pre-existing respiratory conditions, a laryngeal mask may be preferred.

	5.	 As regards the position of the patient, insertion of CICCs often requires a rolled 
towel under the shoulders. In case of cervical trauma, intubation may be per-
formed with proper inline stabilization of the neck, and alternative insertion 
techniques that do not require neck extension (for example, a low-lateral in-
plane approach to the brachiocephalic vein) should be preferred.

27.4  �Sedation

The mainstays of conscious sedation for venous access are benzodiazepines and 
nitrous oxide.

Midazolam is the most frequently used benzodiazepine in children. It can be 
used orally or intra-nasally; the onset is within 20–30 min and the offset within 
60–90 min. It rarely causes airway problems in sedation doses. It is amnestic and 
anxiolytic, but it does not provide analgesia. As the taste is bitter, it can be combined 
with sucrose containing syrup. Occasionally, a paradoxical effect may occur, and 
the child may become hyperactive and restless.

Nitrous oxide delivery requires specifically trained personnel: training should 
include airway management, basic advanced life support, monitoring, suction, and 
knowledge of airway maintenance for breathing and oxygenation. Nitrous oxide can 
be effective for both sedation and analgesia. It requires a short period of fasting 
prior (usually 2 hours). It may not be tolerated due to nausea and mask phobia.

27.5  �Topical Anesthetics

Topical anesthetics are used to numb the skin and reduce pain before the procedure. 
The choice of the topical anesthetic depends on availability, preferences, and aller-
gies the child may have and the desired wait time from application until the proce-
dure can be started. In a busy vascular access service, it may be impossible to wait 
30–60 min after application until the procedure starts, so that topical anesthetics 
may be impractical.

Percutaneous local anesthetic creams are usually recommended only in children 
over 1 month of age. They must be applied to the skin before the procedure, and 
they are kept in place using an adhesive plastic dressing or polyurethane wrap and a 
bandage. They need to be covered to allow time for the anesthetic to be absorbed 
and effectively numb the skin. The cream should be applied to no more than three 
areas at the same time. There are several different types of local anesthetic cream 
that can be used.

Tetracaine gel must be applied 30 to 45 min beforehand and should not be left on 
for longer. The site remains numb for 4–6 hrs. It commonly causes vasodilation 
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(it increases the size of the blood vessels) where it has been applied and can cause 
temporary redness.

Lidocaine + prilocaine cream is an eutectic mixture of two local anesthetics, 
lidocaine and prilocaine, combined with agents which allow the drugs to pass 
through the skin. (Carbomer 934P, polyoxymethylene hydrogenated castor oil and 
sodium hydroxide). It must be applied at least an hour before the procedure and the 
site remains numb for up 2 hrs. It causes vasoconstriction, with temporary white-
ness of the skin. It is contraindicated in some cases (methemoglobinemia; glucose-6-
phosphate dehydrogenase deficiency).

Amethocaine gel has an anesthetic action 30 min after application, with a median 
duration of 1.5 hrs (range 0.5–3.5 hours). If applied for 60 min, it has a longer dura-
tion of action (median duration 3 hrs with a range of 1–5 hours). It is thought to act 
more rapidly in children than in adults. It has a vasodilating action at the site of 
application, and this may be an advantage in making small veins on the dorsum of 
the hand more prominent. Several side effects have been described: mild transient 
erythema at the site of application (lasting 20 min after removal of the gel and some-
times for several hours), slight edema or pruritus, blistering of the skin. Several 
cases of sensitization have been described in adults, after repeated exposure to topi-
cal amethocaine. The para-aminobenzoic acid metabolite of this anesthetic is 
thought to be involved in the sensitization process. On the other hand, there have 
been no reports of methemoglobinemia directly associated with amethocaine.

For all these topical anesthetics, there is risk of allergic reaction (itching, swell-
ing, or bruising where the cream or spray has been applied). Some change in skin 
color may occur, but this is normal. Some dressings may also cause irritation. In 
these cases, non-adhesive dressing can be used to keep the cream in place and cov-
ered with a bandage. Topical anesthetic creams/gels should not be used on the fol-
lowing areas: wounds, broken skin, dermatitis, and eczema; mucous membranes 
such as inside the mouth or nose; lips, ears, nose, or eyes; anus or genitals; area with 
molluscum contagiosum. They must not be used in premature babies and infants 
under one month of age.

27.6  �Local Anesthetics

Injecting local anesthetic with a hypodermic needle prior to the procedure seems 
counterintuitive, however there are several advantages to this method, and using a 
27G needles with distraction and the body part held firmly immobilized, the pain of 
the injection can be minimized. Lidocaine is frequently used but is associated with 
local burning pain because of its low pH; more recent products (e.g., ropivacaine) 
are safer, more powerful than lidocaine and associated with longer action and less 
local pain. Vasopressors such as epinephrine or adrenaline should never be added to 
the anesthetic; there is no evidence that they may decrease venous ooze from the 
exit site after the procedure. Also, sodium bicarbonate should never be added to the 
anesthetic, since it reduces the anesthetic action and is ultimately useless when 
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using new generation anesthetics such as ropivacaine or mepivacaine or bupiva-
caine, which are not acidic as lidocaine.

Local anesthetics help to ensure that pain—and the resultant movement—is min-
imized during the often technically challenging part of ultrasound guided entry of 
the needle into the vein. The most effective anesthetics are ropivacaine, bupivacaine 
and levo-bupivacaine, which are active even at very low concentrations (0.2%). The 
rapidity of onset is depending on the concentration of the solution: when the effect 
must be rapid, 1% solutions are to be preferred. For example, ropivacaine 1% allows 
the procedure to commence immediately, instead of waiting up to 60 min, as it hap-
pens with topical anesthetics. This allows treatment to be commenced rapidly, and 
increased efficiency for a busy IV access team. Anesthesia is achieved for 30 min or 
even for many hours, depending on the anesthetic used (ropivacaine has a longer 
effect than mepivacaine).

27.7  �Surface Anesthesia

Some technologies allow to obtain a superficial anesthesia without using creams 
and without subcutaneous needle punctures.

The J-tip device is a needle-free injection system that uses CO2 gas to create a 
fine stream of liquid anesthesia that passes through the skin and into the subcutane-
ous tissue. Jet injection technology creates a spray like pattern of anesthetic once 
inside the subcutaneous tissue, which allows for broad dispersion and quick absorp-
tion. This method is completely needle free and virtually pain free. The drug takes 
1–2 min to take effect and lasts for 15–20 min thereafter.

Instant topical anesthetic skin refrigerants or ‘vapo-coolants’ (for example, 
based on ethyl chloride) are also used. A thin film of liquid is sprayed topically onto 
the skin, which makes the skin cold and less sensitive as the liquid evaporates. Vapo-
coolants work very quickly (in a few seconds) but the effect wears off quickly as the 
skin warms up again in a few minutes. Usually, they have no anesthetic properties. 
Though, vapo-coolants are useful to temporarily control the pain associated with 
needle procedures, minor surgical procedures, foreign body removal, suturing and 
suture removal, or insertion of short intravenous cannulas. They can be used prior to 
intra-dermal local anesthetic injections. Vapo-coolants can be applied to intact skin, 
minor open wounds, and intact oral mucous membranes. They may be useful when 
the child is allergic to topical anesthetic creams, or when the child gets very upset 
when the cream is applied, or when there is not time to apply topical cream. The 
vapo-coolant must be sprayed on a flat, horizontal surface, approximately 3 to 7 
inches from the skin; it must be applied for 4 to 10 sec, or until the skin begins turn-
ing white (whichever comes first). It is recommended not to spray for longer than 
10 sec. The venous access needle should be inserted within 30 sec. The operator 
should not repeatedly spray the same area as this may cause frostbite and pain.

The same method of reduced sensitivity secondary to refrigeration is used in a 
simple, hand-held patented device (‘CoolSense’) that anesthetizes the site of 
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injections by a ‘cryo’ system. When stored in a freezer compartment, the device is 
immediately ready for use. It numbs the site of injection within 3–5 sec. The appli-
cator’s head is temperature-controlled by an electronic component and prevents the 
skin from being harmed and burned during the injection. The unit includes a disin-
fection mechanism, containing an alcoholic gel. The gel is spread over the applica-
tor’s metal surface, serving as an additional protection against a skin cold burn. It 
can be used repeatedly as long as it is restored in a freezer. Also, it is suitable for all 
ages: neonates, infants, children, adults, and the elderly.

Another patented device (‘Buzzy’) combines cold and vibration to reduce pain 
with temperature and movement. The premise is that when nerves receive non-
painful signals such as vibration or cold, the brain closes the gate on pain signals. 
Also, intense cold activates a supra-spinal modulation raising the body’s overall 
pain threshold. The device is not placed directly on the site at all due to the possibil-
ity of vasoconstriction: it is placed 2–3  cm proximal and left in place for the 
procedure.

27.8  �Distraction Therapy

Distraction therapy is a way of helping a child cope with a painful or difficult pro-
cedure. It aims to take the child’s mind off the procedure by concentrating on some-
thing else that is happening. Discomfort by crying or shouting is not only distressing 
for the child, but also for parents and caregivers, and the staff attempting treatment. 
There are various methods of distraction therapy—some very simple to do, and oth-
ers that need more practice. Qualified hospital specialists or therapists usually know 
how to carry out distraction therapy, although any member of staff who has had 
specific training can do it.

In North America, this task is assigned to ‘Certified Child Life Specialists’ 
(CCLS), who are employed in the health care setting to provide evidence-based, 
appropriate interventions including therapeutic play, preparation and education that 
reduce fear, anxiety, and pain for infants, children, and youth. They encourage 
effective coping strategies for children and their families under stress. They are 
trained to recognize individuality in patients, and use a range of developmentally 
appropriate activities, including play, preparation for a medical procedure, educa-
tion, self-expression, and family support to help cope with hospitalization, illness, 
or death and dying. Also, they are trained to consider the cognitive emotional, and 
physical development of each child in order to encourage optimum development of 
children facing a challenging experience, particularly one related to healthcare and 
hospitalization.

A recent systematic review of preparation effectiveness evidence concluded that 
children who were psychologically prepared for surgery experienced fewer negative 
symptoms than did children who did not receive formal preparation. In addition to 
reducing anxiety and providing a more positive experience for the patient and fam-
ily, research demonstrates that preparation and coping facilitation interventions 
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decrease the need for sedation in procedures such as MRIs, resulting in lower risks 
for the child and cost savings in personnel, anesthesia, and throughput-related 
expenses.

Preparation techniques, materials, and language must be adapted to the develop-
mental level, personality, and unique experiences of the child and his or her family. 
Learning is enhanced with “hands-on” methods versus exclusively verbal explana-
tions. Photographs, diagrams, tours of surgical or treatment areas, actual and pre-
tend medical equipment, and various models (e.g., dolls, puppets) are used to 
reinforce learning and actively engage the child. Interpreter services are used as 
appropriate to ensure understanding in patients or families who do not speak English 
or for whom English is a second language. Most parents have a strong desire for 
comprehensive information about their child’s care and should be included in the 
preparation process. In cases in which children demonstrate avoidant preferences or 
when preparation before the event is not possible, the CCLS’s focus may change 
from that of imparting information to other supportive strategies, such as teaching 
behavioral coping skills and preparing parents to support their child during a medi-
cal procedure.

Before the procedure starts, the CCLS will spend time with parent and child, 
getting to know the child better. The procedure is explained. Dolls, DVDs or books 
may be used to explain further. The Therapist aims to find out if there is a particular 
aspect of the procedure worrying the child. Some children may be afraid of needles, 
whereas others are worried about anesthetics.

It is often helpful to bring an element of choice can be into the procedure. 
Choosing the site or side of venous access, the color of a dressing. Offering choice 
can allow a child an element of control over the situation. It can also be helpful to 
plan a reward. Rewards can be useful for providing a focus for after the procedure 
and thinking about it can be a distraction. A reward can be something small, such as 
a sticker or balloon, or larger, such as an outing.

There are many different methods of distraction therapy: some are more suitable 
for younger children while others work better for teenagers:

•	 Controlled breathing: this can be used for all ages and involves the child blowing 
an imaginary balloon or feather up in the area. Other things can also be used, like 
party blowers or blowpipes. Older children might want to just concentrate on 
their breathing.

•	 Books. There are lots of different books that can be used for distraction ther-
apy—the type depends on your child’s ages. For instance, a younger child may 
enjoy a pop-up book or a musical book, whereas an older child or teenager may 
prefer to listen to a CD.

•	 Games and puzzles. These are suitable for all ages, but the game or puzzle will 
need to be appropriate for the child’s age. Younger children may prefer counting 
games, whereas older children or teenagers may be happier with an iPad, or 
hand-held computer game.

•	 Mobile Devices. There is emerging evidence that mobile devices can be effective 
in minimizing patient perceptions of pain and anxiety during distressing medical 
procedures.
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•	 Music. Listening to or singing along with music can also be used successfully 
with all age groups. There are also ‘therapeutic’ music CDs available that use 
sounds from nature to give a calming effect.

•	 Touch and feel toys. These are suitable for all ages and can work very effectively 
for children with special needs. Playing with textured toys like squashy plastic 
balls or their own cuddly toys can be helpful. Toys that are attractive to look at, 
such as kaleidoscopes, mirrors or bubbles tubes can also work well.

•	 Make believe toys. These can work very well with younger children who can use 
them to act out a story during the procedure. For instance, hand or finger puppets, 
dolls, soft toys or toy cars can all be used.

•	 Coaching/talking. Older children and teenagers may prefer to talk through the 
procedure as it happens, or otherwise just talk about things that interest them. By 
concentrating on carrying out the conversation, their mind might be distracted 
from the procedure itself.

•	 “comfort kits”. CCLSs may also develop “comfort kits” for use in treatment 
areas to include age-appropriate distraction items such as bubbles, pop-up and 
sound books, light-up toys, and other visual or auditory tools.

•	 Welcoming environment in treatment and examination rooms. CCLSs can also 
advocate for a more welcoming environment in treatment and examination 
rooms on pediatric units as well as outpatient settings. Their background and 
training are helpful in designing settings that are appropriately stimulating, non-
threatening, and interactive.

•	 Family Support. The presence and participation of family members is a funda-
mental component of patient- and family-centered care and has a significant 
positive effect on a child’s adjustment to the health care experience.

•	 Guided imagery. Another distraction technique used to give the child an element 
of choice and control.

The child is assessed prior to the procedure to tailor the distraction therapy to the 
child. During the procedure it is very important that the CCLS is the only person 
trying to distract the child. If multiple people are also trying to distract the child, it 
will take his or her concentration away. After the procedure, evaluate the type of 
distraction therapy used and whether it has worked or not. This will be useful for 
planning future procedures.

Distraction therapy does not work for every child. Some children cannot take 
their mind off the procedure, no matter what else is happening around them, in 
which case, a different approach needs to be used.

Some key points to remember:

•	 Physical comfort measures and distraction activities are more effective than ver-
bal reasoning.

•	 Children do not have sufficient cognitive development to understand strangers 
trying to reassure them until age 5–7 years

•	 Interactive distraction (blowing bubbles, playing a game, or playing with an elec-
tronic device) is better passive distraction (story telling or showing a toy)
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•	 Strategies such as swaddling, oral sucrose, vibratory stimulation, breathing tech-
niques, distraction, and visual imagery have been shown to decrease behavioral 
distress and pain experience in children during invasive medical procedures.

•	 Research has demonstrated that children are less fearful and distressed when 
positioned for medical procedures in a sitting position, rather than supine.

•	 In addition to reducing the child’s distress and gaining his or her cooperation, 
these techniques generally require fewer staff to be present in the room, facilitate 
safe and effective accomplishment of the medical procedure, decrease parent 
anxiety, and increase parent satisfaction.
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