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Background

The use of umbilical venous catheters (UVCs) is an essen8al part of neonatal care 

allowing delivery of intravenous fluids, nutri8on, and medica8on. 

However, the use of UVCs is associated with a number of poten8al complica8ons.



Targe&ng zero…
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NB: In the AP Chest X-ray view the right atrium sits on the diaphragm. When the UVC protrudes above the 
diaphragm it is in the right atrium. There is a high incidence of incorrectly places UVCs, therefore correct 
position of UVC on x-ray must always be verified by the medical staff prior to use. (Boxwell 2010, Rotunda 
Maternity Hospital 2013, Butler et al. 2014). 
 
Lifespan of UVC 
Usually inserted at birth in maternity hospital or within first 2 days.  Maximum 10 -14 days.  UVC is usually 
removed within first few days / as soon as possible (ASAP), once alternative IV access has been 
established. 
 
Catheter Sizes 
Catheter sizes vary between approximately 4Fg – 8Fg (Rotunda Maternity Hospital 2013, CWIUH 2015). 
 
 

4.0 Indications for Use 

 

x Rapid vascular access  required for emergency fluid, medications, infusions and blood sampling during 
resuscitation 
x Difficulty establishing peripheral IV access, within a reasonable time or attempts 
x Central venous access for the administration of fluids and /or drugs i.e. 12.5% dextrose / Total Parental 
Nutrition. 
x CVP monitoring 
x Blood and colloid administration  (except platelets) 
x Exchange transfusion   (Bradshaw and Furdon 2006, Royal Prince Alfred Hospital 2011, Karlsen 2013, 
Rotunda Maternity Hospital 2013, Kenner and Wright Lott 2016). 
 

5.0 Complications  

 

x Sepsis (most common), especially with TPN 
x Air embolism 
x Pulmonary / systemic emboli 
x Thrombosis i.e. intracardiac  
x Catheter malposition / migration: leading to pericardial effusion/ tamponade  

o Arrhythmias (i.e. catheter moves into right atrium) 
o Intracardiac thrombus formation 
o Myocardial perforation, crossing foramen ovale to left atrium 
o Pericardial effusion / tamponade 
o Pulmonary and systemic emboli 
o Pulmonary infarction 
o Pulmonary haemorrhage 
o Hydrothorax (catheter perforated or lodged in a pulmonary vein) 
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o Hepatic Necrosis 
o Portal Vein Thrombosis 
o Obstruction of pulmonary venous return (infants with TAPVD). 

x Necrotising enterocolitis (especially if in situ > 24 hours)     
x Thrombotic endocarditis 
x Vascular damage   
x Accidental dislodgement  

(Schlesinger et al. 2002, Royal Prince Alfred Hospital 2011, Karlsen 2013, Rotunda Maternity Hospital 
2013). 

 
Strict adherence to aseptic technique and handwashing are essential when inserting, moving or accessing a 
UVC. 

 
 
 

6.0 Contraindications 

 

Relative 
x Local infection 
x Intestinal hypo perfusion 
x Evidence of vascular compromise to the lower limbs or buttocks 
x Bleeding or thrombotic tendencies 
x Vasculary abnormalities    (Furdon et al. 2006, CRTO 2008). 

 
Absolute 

x Exomphalus 
x Exomphalitis 
x Necrotising Enterocolitis (NEC)  
x Peritonitis 
x Gastoschesis                             

(Royal Prince Alfred Hospital 2011, Rotunda Maternity Hospital 2013, Kenner and Wright Lott 2016, Royal Children’s 
Hospital Melbourne 2016). 

7.0 Nursing Management of Umbilical Venous Catheters 

 

On admission of infant with UVC insitu ensure the following has been documented / handed over: 

x Date and time of catheter insertion 

x Insertion depth of umbilical catheter 

x Radiologic confirmation of catheter tip position 

x Further catheter manipulations, as well as the infant’s tolerance of the procedure, blood loss or other 

Guidelines UVC 2020 updated



Pittiruti M, Current drug targets 2012.

Classificazione degli accessi centrali secondo la via di accesso del catetere

Vene superficiali < 5-6 mm di profondità - NIR Technology

Vene profonde > 5-6 mm di profondità - Ultrasound

Ultrasound

Ultrasound

CICC

FICC

PICC

INSERZIONE: NO TRAINING



Quale materiale scegliere per i cateteri ombelicali?

üUso

üDurata

üPerformance

üCosto/benefici

üComplicazioni:

Ø Infe9ve

ØNon infe9ve



Tip location in posizione sub-epatica (UVSHC)

150
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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

R. Centorrino et al.
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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 immunode!ciency 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 of!cially 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)!ltration, 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

R. Centorrino et al.

Rimosso il prima possible!

Somministrare soluzioni adeguate!



Materials and Methods

Because of the anonymous nature of the data, the
requirement for informed consent was waived. This
study was approved by the Institutional Review Board
of Kanagawa Children’s Medical Center (No. 1708-04).

All neonates in this study were hospitalized in a
tertiary neonatal intensive care unit at Kanagawa Chil-
dren’s Medical Center (Kanagawa, Japan) from
October 2016 to October 2017. We inserted a catheter
using our novel insertion method in all neonates who
required a UVC. Neonates with congenital anomalies
involving a congenital diaphragmatic hernia with liver
herniation or the abdominal wall and those with con-
genital heart disease were excluded from this study.

We performed a bedside US examination using
an US device (EPIQ 7; Philips Healthcare, Amster-
dam, the Netherlands) equipped with a sector trans-
ducer usually set at 4 to 12 MHz or a convex
transducer usually set at 5 to 8 MHz. We used a US
transducer with a clean cover. The catheter device we
used was an 18-gauge Argyle Medicut LCV-UK kit
(Medtronic, Tokyo, Japan) for neonates weighing less

than 1500 g and a 5.5-F Arrow triple-lumen catheter
(Teleflex, Wayne, PA) for neonates weighing greater
than 1500 g.

Correct placement of the UVC was defined as pass-
ing of the catheter tip beyond the ductus venosus with
placement between the ductus venosus and inferior
vena cava–right atrial junction. The location of the tip
was also confirmed by an anteroposterior radiograph.

Two neonatologists performed the insertion of
each UVC. One neonatologist operated the catheter
while the other operated the US device. Japanese neo-
natologists are accustomed to conducting US exami-
nations on their own in daily practice. The insertion
method involving compression of the upper abdomi-
nal skin over the liver where it is close to the portal
sinus under US guidance was as follows.

First, we inserted a UVC shorter than the length
calculated using a shoulder-umbilicus length graph.1

Second, we advanced the UVC with US guidance while
checking the position of the catheter. The US operator
placed the transducer between the celiac plexus and
umbilical cord to identify the ductus venosus, portal
sinus, and umbilical vein (Figure 1, A and B). When

Figure 1. Umbilical venous catheter insertion using compression of the liver near the portal sinus under US guidance. A, Schema of the
sagittal view without compression. The part surrounded by the dotted line is B. B, Ultrasound image without compression. The umbilical
vein and portal vein are aligned. C, Catheter tip in the portal circulation (white arrowhead). D, Schema of the sagittal view with compression.
The part surrounded by the dotted line is E. E, Ultrasound image with compression. The umbilical vein and ductus venosus are aligned. F,
Catheter tip in the ductus venosus (white arrowhead).

Kishigami et al—Ultrasound-Guided Umbilical Venous Catheter Insertion

380 J Ultrasound Med 2020; 39:379–383
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Table 1 Imaging views for cardiac POCUS

View Transducer position Image orientation Potential goals

Subcostal long axis

Subxiphoid, indicator
at 3 o’clock
(toward left flank)

Centered over
crux of the heart,
with apex of the
heart toward the right
side of the screen

! Assess for pericardial effusion
! Overall assessment of biventricular
systolic function

! Assess for pleural effusion (with increased
sector width and depth)

Subcostal IVC

Subxiphoid, indicator at
12 o’clock (toward the head)

Centered over the intrahepatic IVC entering
the right atrium (displayed on the right side
of the screen)

! Qualitative assessment of IVC size
(measured just below the diaphragm) and
hydration status

Parasternal long axis

To the left of the sternum,
indicator at 10 to 11 o’clock
(toward the right shoulder), with patient in
left lateral decubitus position if possible

Centered over the mitral valve, with LV apex
on the left side of the screen

! Assessment of LV size and systolic
function

! Limited assessment of RV size and
systolic function

! Presence of pericardial effusion,
differentiate pericardial vs pleural effusion

! Allows color Doppler assessment of mitral
or aortic regurgitation
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Tip location ottimale: 
infundibolo/giunzione cavo-atriale

Even a suspicion of impaired cardiac function on cardiac
POCUS should lead to an urgent consultation with pediat-
ric cardiology for assessment of CHD.

d. Assessment of cardiac filling and fluid status: In emergen-
cy situations cardiac POCUS can provide added informa-
tion on cardiac filling through “eyeballing” (qualitative
assessment) an underfilled heart (decreased preload) or
volume overload (increased preload). While dealing with

a sick infant, cardiac POCUS may provide additional in-
formation to determine whether fluid therapy may be in-
dicated but visual inspection “eyeballing” is not a reliable
method for accurate assessment of cardiac filling or quan-
titative assessment of fluid status, and its application
should be restricted to emergency situations only.
Visualization and interpretation of inferior vena cava size
and collapsibility may be warranted, though further

Fig. 2 Application of cardiac
POCUS in assessment of
umbilical venous catheter. Image
a shows normal anatomy of
inferior vena cava (IVC), ductus
venosus (DV), right hepatic vein,
infundibulum of IVC, right
atrium (RA), patent foramen
ovale (PFO), and left atrium (LA).
Image b shows UVC tip sited at
the IVC infundibulum. Image c
shows UVC tip in the DV. Image
d shows UVC tip in the LA (after
just crossing PFO), which is too
deep and recommended to pull
back to site the tip in the IVC
infundibulum (ideal position for
UVC catheter tip). This can be
guided in real time using POCUS

Fig. 3 Application of cardiac
POCUS in assessment of central
line tip position. Image a shows
long line tip position in the
infundibulum of inferior vena
cava (IVC). Image b shows long
line tip position in the IVC (just
proximal to IVC infundibulum).
Image c shows central venous
line/catheter in the superior vena
cava (SVC) with its tip in deep
right atrium (RA). Image d shows
central venous line/catheter in the
SVCwith the tip at the junction of
RA and SVC, line position
adjusted using cardiac POCUS in
real time

Eur J Pediatr

DIAMETRO DELLA VENA CAVA INF
=

CALIBRO CATETERE IN FR

Yogen Singh et al. 
European Journal of Pediatrics 2021

Neo-ECHOTIP



Indications

Shaneela Shahid et al.
Pediatrics 2014



Indwelling &me
Remove umbilical catheters promptly when no longer needed or 
if a complication occurs.

1. Consider limiting UVC dwell time to 7 to 10 days; risks of 
infectious and thrombotic complications are increased with 
longer dwell times.18,36-41 (IV) 

2.Consider UVC removal at 4 days followed by insertion of a 
PICC for continued infusion as one infection prevention 
strategy.42 (V) 

3.Consider limiting UAC dwell time to no more than 5 
days.2,18,43 (IV) 



Indwelling time
•Key Question 9: What is the optimal duration of umbilical artery and umbilical venous catheters to prevent 

central line-associated blood stream infection (CLABSI) in neonatal intensive care unit (NICU) patients? 

1.Recommendation 9.A. Remove umbilical venous and umbilical arterial catheters in neonatal intensive 

care unit (NICU) patients as soon as possible and when no longer needed due to the concern for increasing 

risk of central line-associated blood stream infection (CLABSI) associated with each day of increasing dwell 

time. 

Recommenda)ons for Preven)on and Control of Infec)ons in Neonatal Intensive 
Care Unit Pa)ents: Central Line-associated Blood Stream Infec)ons 2022

Recommendation 9.C. Consider removal of umbilical venous catheters at or before 7 days of dwell time in 

neonatal intensive care unit (NICU) patients. Conditional Recommendation



Conclusions: There was no cut-off duration beyond which 

PICC should be removed electively. Early UVC removal and 

replacement by PICC before day 4 could be considered.



Securement and stabiliza&on

ü Migrazione fisiologica del catetere

ü No studi che verifichino la superiorità di un metodo

di fissaggio da un altro

ü Colla istoacrilica
Courtesy of V. D’andrea, 
Roma
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during the !rst 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 "ow (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

10 Umbilical Venous Catheters

Polyurethane catheters are preferred over polyethylene and 

polyvinyl catheters, since they are less prone to bacterial 

colonization. 

123

Vascular Access 
in Neonates and 
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For more information or to order, please contact your sales representative, customer service or visit cardinalhealth.com20

Umbilical vessel catheters (UVCs)
Argyle™ Umbilical Vessel Catheters (UVCs)
This catheter is inserted into the umbilicus and used to administer !uids for 
hydration, parenteral nutrition, and other common intravenous medications during 
the "rst 7 days after birth. UVCs bene"t the patient by reducing the need for painful 
venipunctures and providing double or triple the access of a single lumen catheter. 
This allows simultaneous therapies from one device.

Features
• Clear, lipid resistant luer lock hubs
• Color coded I.V. extensions on triple and dual lumen catheters
• Sterile
• Not made with DEHP
• Not made with natural rubber latex

Bene!ts
• Polyurethane material for increased maximum strength and !ow rates
• Encapsulated X-ray opaque lines
• Numerical depth markings every 1 cm from 5-25 cm
• E#ective length of 25 cm
 

      Primary/Secondary/   
Code French size Tertiary Lumen size   Length  Pkg string
Polyurethane single-lumen UVC with luer lock hubs
8888160325 2.5  26ga  11.5 in. (29.21 cm)  10 ea/cs
8888160333 3.5  21ga  14 in. (35.56 cm)  10 ea/cs
8888160341 5.0  18ga  13.6 in. (34.544 cm)  10 ea/cs

Polyurethane dual-lumen UVC with luer lock hubs
8888160531 3.5  20ga / 23ga  15 in. (38.1 cm)  5 ea/cs
8888160556  5  18ga / 21ga  15 in. (38.1 cm)  5 ea/cs

Polyurethane triple-lumen UVC with luer lock hubs
8888160648 5  18ga / 21ga / 21ga  15 in. (38.1 cm)  5 ea/cs
8888160663 8  15ga / 18ga / 18ga  15 in. (38.1 cm)  5 ea/cs

Dual-lumen

Triple-lumen

Single-lumen with side clamp

Umbilical catheter anchor
Argyle™ Umbilical Catheter Anchor
Provides a fast, convenient, strain-relief bridge used to hold UVCs in place.
• With its two adhesive arms, the umbilical catheter anchor can hold two 

separate lines securely in place

Code Description    Pkg string
MI30000 Umbilical catheter anchor   50 ea/cs
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Umbili-Cath™ umbilical artery/vessel catheters are designed for ease of inserVon, paVent 

safety, and to minimize irritaVon to the baby's delicate Vssues. Umbili-Cath™ is available in 

both Silicone and Tecoflex polyurethane materials. Silicone is known as the most 

biocompaVble and gentle material for vascular access. Tecoflex is slightly sVffer for inserVon, 

yet so\ens at body temperature to emulate the characterisVcs of silicone a\er placement. 

Umbili-Cath is available in sizes down to 2.8 Fr, providing access to the smallest babies. Dual 

and triple-lumen Umbili-Cath are available to provide a means of infusing incompaVble meds 

or allowing for conVnuous monitoring during therapies.



Benefits
U �>À}iÀÊ��ÌiÀ�>�Ê`�>�iÌiÀÊV��«>Ài`ÊÜ�Ì�

same French size silicone catheter (4 Fr.
polyurethane internal diameter approx.
0.032” compared with 4 Fr. silicone,
internal diameter approx. 0.024”).
U ��VÀi>Ãi`Êy�ÜÊÀ>ÌiÊ`ÕiÊÌ�Ê�>À}iÀÊ��ÌiÀ�>�

lumen. Polyurethane requires less wall
thickness for strength compared with
silicone).
U 
>Ã�iÀÊÌ�Ê��ÃiÀÌÊ>�`Ê>`Û>�ViÊ`ÕiÊÌ�Ê���Ì�>�

stiffness.
U -�vÌi�ÃÊÕ«��ÊÜ>À���}ÊÌ�ÊL�`ÞÊÌi�«iÀ>ÌÕÀi

which may reduce vein trauma.
U 
>Ã��ÞÊV�>Ìi`ÊÜ�Ì�Ê>ÊÛ>À�iÌÞÊ�vÊÃ«iV�>��âi`

coatings.

Disadvantages
U ��ÀiÊ`�vwVÕ�ÌÊÌ�Ê��`�vÞÊÌ�>�ÊÃ���V��i°
U ���Ì�>�ÊÃÌ�vv�iÃÃÊ�>ÞÊLiÊ��ÀiÊ`>�>}��}ÊÌ�

the vessel than softer silicone.
U *��ÞÕÀiÌ�>�iÊV>���ÌÊLiÊ>ÕÌ�V�>Ûi`°

Benefits
U -�>��iÀÊ��ÌiÀ�>�Ê`�>�iÌiÀÊV��«>Ài`ÊÜ�Ì�

same French size polyurethane catheter
(4 Fr. polyurethane internal diameter
approx. 0.032” compared with 4 Fr. sili

cone, internal diameter approx. 0.024”).
U ����ÊÀiÃ�ÃÌ>�ÌÊÜ�i�ÊiÝÌÀÕ`i`ÊÜ�Ì�Ê}Ài>ÌiÀ

wall thickness.
U -�vÌ�iÃÃ]Ê>Ê`ÕÀ��iÌiÀÊ�vÊxä�Èä�]Ê�>Þ

reduce vein trauma.
U 
>Ã��ÞÊ��`�wi`ÊÃÌi«ÊÕ«]ÊÃÌi«Ê`�Ü�]ÊÃÕÌÕÀi

handles etc.
U 
>�ÊLiÊ>ÕÌ�V�>Ûi`°

Disadvantages
U -��}�Ì�ÞÊÌiÝÌÕÀi`ÊÃÕÀv>ViÊ­��VÀ�ÃV�«�V>��Þ®

may increase thrombogenesis.
U ��ÀiÊ`�vwVÕ�ÌÊÌ�Ê��ÃiÀÌÊ>�`Ê>`Û>�ViÊ`ÕiÊÌ�

softness.
U ��vwVÕ�ÌÊÌ�ÊV�>ÌÊÜ�Ì�ÊÃ«iV�>��âi`ÊV�>Ì��}Ã
U ������}Ê«�ÃÃ�L�iÊ��Ê��ÜiÀÊ`ÕÀ��iÌiÀÉÌ���

walled tubing.

Vascular Access Catheter TipS

From a review of the literature, it becomes evident that all catheter materials available have both advantages and disadvantages. 
The choice of catheter material is therefore often application dependent. While both polyurethane and silicone are biocompat-
ible and are good choices for long-term catheterization,  a generalization of advantages and disadvantages may be helpful in 
determining which catheter material is right for your particular application.

A recent discussion with a customer revealed 
>Ê«À�L�i�Ê�iÊÜ>ÃÊ�>Û��}ÊÜ�Ì�Ê��ÃÊ6���*½Ã™ 

flipping or migrating. He found a unique so-
�ÕÌ���ÊÌ�ÊÌ��ÃÊ«À�L�i�ÊLÞÊ>ÌÌ>V���}Ê�>VÀ��® 
vi�ÌÊ ��Ì�Ê Ì�iÊL�ÌÌ��Ê�vÊ Ì�iÊ6���*  before 
��«�>�Ì>Ì���°Ê/�iÊ�>VÀ��Êvi�ÌÊ«À�Û�`i`ÊÌ�iÊ
necessary tissue ingrowth which fully secured 
Ì�iÊ6���*ÊÜ�Ì���Ê>ÊÜii�Êv����Ü��}ÊÃÕÀ}iÀÞ°ÊÊ
1Ã��}ÊÌ��ÃÊÌiV���µÕiÊ�ÕÀÊVÕÃÌ��iÀÊÀi«�ÀÌi`Ê
that  flipping and migrating was no longer a 
problem.  This technique requires the use of  
very few or no sutures.

GUEST TIP NEW IN THE LITERATURE

	i��ÜÊ>ÀiÊÌÜ�ÊÀiVi�ÌÊ>ÀÌ�V�iÃỀ �ÃVÕÃÃ��}ÊÌ�iÊÕÃiÊ
�vÊ6>ÃVÕ�>À��VViÃÃ�*�ÀÌÃÊ­6���*™).  The first 
>ÀÌ�V�iÊÕÃi`Ê Ì�iÊ ��«�>�Ì>L�iÊ
Ã�Ý™ pump in 
conjunction with the port.
Weiss C. et al.  2000. The M1 Muscarinic 
�}���ÃÌÊ
��£ä£ÇÊ �>V���Ì>ÌiÃÊ/À>ViÊ 
ÞiL����Ê
Conditioning in Aging Rabbits and Increases 
Ì�iÊ
ÝV�Ì>L���ÌÞÊ�vÊ
�£Ê*ÞÀ>��`>�Ê iÕÀ��iÃ°Ê
J. of Neuroscience 20(2):783-790
Cowart RP. et al.ÊÊ�>Þ£���°Ê�>VÌ�ÀÃÊ"«Ì���â-
��}ÊÌ�iÊ1ÃiÊ�vÊ-ÕLVÕÌ>�i�ÕÃÊ6>ÃVÕ�>ÀÊ�VViÃÃ
Ports in Weaned Pigs. Contemporary Topics
38(3): 67-70

In recent years newer compounds have shown incompatibility with both polyurethane and silicone 
necessitating the use of less favorable catheter materials such as polyethylene, Teflon®Ê>�`Ê*6
°Ê
To reduce some of the problems associated with these stiffer materials, such as, increased vein trauma 
due to stiffness, they can be combined with silicone or polyurethane. 

Polyurethane Silicone

We welcome your tips, inquiries, 
criticisms, comments and suggestions.Ê

&mail your tip to Access�Technologies:

JOGP@OPSGPMLBDDFTT.com

Esox™ is a trademark of ESOX Technology Corp.
Teflon® is a reg. trademark of E. I. DuPont de Nemours & Co.
Dacron™ is a reg. trademark of E. I. DuPont de Nemours & Co.
V-A-P™ is a trademark of Norfolk Medical Products Inc.

sharing information to improve long-term vascular access

Spessore parietale e calibro P-PUR vs/ Silicone

I cateteri in poliuretano sono più rigidi durante l’inserzione e par7colarmente morbidi quando a 
dimora, per assicurare comfort al paziente, hanno una parete meno spessa e diametro più piccolo 
rispe1o ai cateteri in silicone.

PICC power 4 French Broviac 4.2 French



Silicone catheters Spessore parietale e calibro P-PUR vs/ Silicone

I cateteri in poliuretano sono più rigidi durante l’inserzione e par7colarmente morbidi quando a 
dimora, per assicurare comfort al paziente, hanno una parete meno spessa e diametro più piccolo 
rispe1o ai cateteri in silicone.

PICC power 4 French Broviac 4.2 French

Problemi: 

•§ Minima compa^ezza stru^urale che costringe alla fabbricazione 

di cateteri con un più ampio divario tra diametro esterno ed interno. 

•§ Maggiore spessore della parete a parità di calibro 

•§ Tendenza al kinking 

•§ Possono essere più rigidi e fragili a seconda della % di bario 

(porosità) 

•§ Sensibilità verso i solvenV (etere, acetone) 

•§ Resistenza alla pressione: circa 40-60 psi 

•§ Probabile ro^ura durante la rimozione
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REVIEW

What this paper adds

• A systematic review comparing postinsertion complica-
tion rates in silicone and polyurethane PICC lines.

• A systemic review of tier one-quantitative studies com-
paring postinsertion complication rates in PICC lines with 
different patients types: oncology and non-oncology.

Introduction

A PICC line is a central venous assess device (CVAD) that 
provides a safe long-term access via a long catheter inserted 
in ƚhe Ɖatienƚ͛s uƉƉeƌ aƌŵ (1)͘ dhe caƚheƚeƌ is geneƌallǇ in-
serted at the bedside or in the radiology suite by an inter-
ǀentiŽnal ƌaĚiŽlŽgisƚ͕ ĚŽcƚŽƌ Žƌ ŵŽƌe ƌecenƚlǇ bǇ sƉecialƚǇ 
nuƌse-leaĚ inseƌtiŽn ƚeaŵs (2)͘ 'iǀen ƚhaƚ aƌŽunĚ ϴ0й ŽĨ 
Ɖatienƚs in a hŽsƉiƚal seƫng ƌeƋuiƌe sŽŵe ĨŽƌŵ ŽĨ inƚƌaǀe-
nous (IV) assess (3) and the many advantages of PICC lines 
ĨŽƌ ŵeĚiuŵ ƚŽ shŽƌƚ-ƚeƌŵ /V access͕ P/�� lines aƌe becŽŵing 
increasingly commonplace (3).

PICC lines have come a long way in design and popularity 
since ƚheiƌ Įƌsƚ inseƌtiŽn bǇ a 'eƌŵan ƉhǇsician bacŬ in 1ϵ2ϵ (ϰ)͘  

�K/: 10͘5301ͬũǀa͘5000330

A comparison of silicone and polyurethane PICC lines and 
postinsertion complication rates: a systematic review
Tammy Seckold, Sandra Walker, Trudy Dwyer

�enƚƌal YueenslanĚ hniǀeƌsiƚǇ͕  YueenslanĚ - Ausƚƌalia

Whaƚ is alƌeaĚǇ ŬnŽǁn abŽuƚ ƚhe ƚŽƉic͍

• Peripherally inserted central catheters (PICCs) are an  
established form of intravenous (IV) access for patients 
undergoing medium to long-term therapy and their pop-
ularity is spreading.

• dheƌe aƌe a nuŵbeƌ ŽĨ ĚiĨĨeƌenƚ P/�� lines Žn ƚhe ŵaƌŬeƚ͘
• PICC lines constructed of either silicone or polyurethane 

aƌe ǁell esƚablisheĚ in ƚhe inĚusƚƌǇ; hŽǁeǀeƌ͕  ŽƉiniŽns sƚill 
vary regarding their corresponding complication rates and 
best line to insert for positive patient outcomes.

ABSTRACT
Purpose: dŽ Ěeƚeƌŵine ƉŽstinseƌtiŽn cŽŵƉlicatiŽn ƌaƚe ĨŽƌ ƉeƌiƉheƌallǇ inseƌƚeĚ cenƚƌal caƚheƚeƌs (P/��s)͕ in Ɖaƌ-
ticulaƌ ƚhe Ěiīeƌence beƚǁeen silicŽne anĚ ƉŽlǇuƌeƚhane lines in geneƌal ƉŽƉulatiŽn gƌŽuƉs as ǁell as ŽncŽlŽgǇ 
anĚ nŽn-ŽncŽlŽgǇ Ɖatienƚ gƌŽuƉs͘
Methods: A sǇsƚeŵatic ƌeǀieǁ ŽĨ ƉƌŽsƉectiǀe anĚ ƌeƚƌŽsƉectiǀe sƚuĚies in ƚhe �nglish language beƚǁeen JanuaƌǇ 
2000 anĚ KcƚŽbeƌ 2013 ĨŽcusing Žn ƉŽstinseƌtiŽn cŽŵƉlicatiŽn ƌaƚes ĨŽƌ P/��s in ƚhe aĚulƚ ƉŽƉulatiŽn͘ JŽanna 
�ƌiggs /nstiƚuƚe ƚŽŽls ǁeƌe useĚ ƚŽ eǆƚƌacƚ Ěaƚa ĨƌŽŵ ƚhe Įnal 1ϵ aƌticles ǁiƚh inĨŽƌŵatiŽn cŽllaƚeĚ ƌelating ƚŽ 
caƚheƚeƌ ƚǇƉe͕ Ɖatienƚ ƚǇƉe͕ Žǀeƌall cŽŵƉlicatiŽn ƌaƚe͕ ƌaƚes ŽĨ inĨectiŽn͕ ŽcclusiŽn͕ ĚislŽĚgŵenƚ͕ Ɖhlebitis͕ ƚhƌŽŵ-
bus and rupture.
Results: Kǀeƌall͕ ƚhe P/��s cŽŵƉlicatiŽn ƌaƚes ƌangeĚ ĨƌŽŵ ϴ ƚŽ 50й͘ AlƚhŽugh bŽƚh lines saǁ siŵilaƌ Žǀeƌall ƌaƚes 
uƉŽn clŽseƌ ŽbseƌǀatiŽn͕ ƚhe sƚƌengƚhs anĚ ǁeaŬnesses ŽĨ bŽƚh lines aƌe shŽǁn͘
PŽlǇuƌeƚhane P/�� lines ǁeƌe ĨŽunĚ ƚŽ ƉƌŽǀiĚe lŽǁeƌ ƌaƚes ŽĨ inĨectiŽn͕ ĚislŽĚgŵenƚ͕ ƚhƌŽŵbus anĚ ƌuƉƚuƌe 
cŽŵƉlicatiŽns͘
DiǆeĚ ƌesulƚs ǁeƌe ĨŽunĚ ǁiƚh caƚheƚeƌ line ŽcclusiŽns͕ Žǀeƌall aǀeƌages shŽǁing ƉŽlǇuƌeƚhane lines slighƚlǇ  
higheƌ ƌaƚes ƚhan silicŽne͘ KncŽlŽgǇ Ɖatienƚs hŽǁeǀeƌ saǁ ŽƉƉŽsiƚe ƌesulƚs͘
Phlebitis ƌaƚes saǁ ƚhe laƌgesƚ ĚiǀisiŽn aŵŽng ƚhe ƉŽstinseƌtiŽn cŽŵƉlicatiŽn ƌaƚes͕ ǁiƚh 6͘7й ŵŽƌe Ɖhlebitis 
in ƚhe geneƌal Ɖatienƚ gƌŽuƉ anĚ 1ϰ͘5й in ƚhe ŽncŽlŽgǇ gƌŽuƉ ŵŽƌe ĨŽƌ ƚhŽse ǁiƚh ƉŽlǇuƌeƚhane P/�� lines 
compared with the silicone.
Conclusions: �Žƚh silicŽne anĚ ƉŽlǇuƌeƚhane P/�� lines eǆhibiƚ neaƌlǇ iĚentical Žǀeƌall aǀeƌage ƉŽstinseƌtiŽn 
cŽŵƉilatiŽn ƌaƚes; hŽǁeǀeƌ͕  iƚ is ƚhe ƚǇƉe ŽĨ cŽŵƉlicatiŽns eǆƉeƌienceĚ ƚhaƚ Ěiīeƌ͘  Kǀeƌall͕ ŽncŽlŽgǇ Ɖatienƚs 
can eǆƉecƚ ƚŽ eǆƉeƌience higheƌ leǀels ŽĨ ƉŽstinseƌtiŽn cŽŵƉlicatiŽns͘
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ƚhe aǀeƌage ĨŽƌ inĨectiŽn ƌaƚes͘ dhis ǁas ƚƌue in ƚhe ŽncŽlŽgǇ 
Ɖatienƚs as ǁell ǁiƚh 10͘2й ĨŽƌ ƉŽlǇuƌeƚhane cŽŵƉaƌeĚ ǁiƚh 
12͘6й ĨŽƌ silicŽne͘

dhe inciĚences ŽĨ Ɖhlebitis ƌaƚes aƌe ƚhe ŵŽsƚ Ěƌaŵatic 
ŽĨ ƚhe cŽŵƉaƌisŽns͘ Kǀeƌall͕ 12͘2й ŽĨ P/�� lines eǆƉeƌienceĚ 
ƚhis cŽŵƉlicatiŽn͕ buƚ ƚhe Ěiīeƌences beƚǁeen ƚhe ƚǁŽ lines 
aƌe ƚhe laƌgesƚ ŽĨ all ŽĨ ƚhe cŽŵƉlicatiŽns͘ PŽlǇuƌeƚhane P/�� 
lines eǆƉeƌiences Ɖhlebitis ƌaƚes ŽĨ 15й͕ ǁhile ƚheiƌ silicŽne 
cŽunƚeƌƉaƌƚs ũusƚ ϴ͘3й͘ /n Žne sƚuĚǇ͕  ƚhe gƌŽuƉ ǁiƚh an an-
tiŵicƌŽbial-cŽaƚeĚ ƉŽlǇuƌeƚhane P/�� line saǁ 70й Ɖhlebitis 
ƌaƚe͕ ǁheƌeas ƚhŽse in ƚhe saŵe sƚuĚǇ ƌeceiǀing a sƚanĚaƌĚ 
ƉŽlǇuƌeƚhane line 10й anĚ nŽ Ɖhlebitis ƌaƚes ĨƌŽŵ ƚhe sili-
cŽne lines (2)͘ dhis ǁas alsŽ ƌeŇecƚeĚ in ŽncŽlŽgǇ Ɖatienƚs 
ǁiƚh ƚhe higheƌ ƌaƚe ŽĨ 23й eǆƉeƌiencing Ɖhlebitis ǁiƚh ƉŽlǇ-
uƌeƚhane P/�� cŽŵƉaƌeĚ ǁiƚh ϴ͘5й ĨŽƌ silicŽne lines͘

When Ĩuƌƚheƌ ĚiǀiĚing ƚhe ƌesulƚs inƚŽ ƚhŽse sƉeciĮcallǇ 
ǁiƚh ŽncŽlŽgǇ Ɖatienƚ gƌŽuƉs Žƌ ŵeĚicalͬsuƌgical Ɖatienƚs͕ 
Ĩuƌƚheƌ ƚƌenĚ sƚaƌƚs ƚŽ aƉƉeaƌ͘  �anceƌ Ɖatienƚs eǆƉeƌienceĚ 
higheƌ ƌaƚes ŽĨ all cŽŵƉlicatiŽn ƚǇƉes cŽllecƚeĚ͕ ƚhaƚ is͕ Žǀeƌall 
cŽŵƉlicatiŽn ƌaƚes͕ susƉecƚeĚ Žƌ cŽnĮƌŵeĚ inĨectiŽn͕ Žcclu-
siŽn͕ ĚislŽĚgŵenƚ ƚhƌŽŵbus͕ Ɖhlebitis anĚ ƌuƉƚuƌeͬleaŬage 
ŽĨ ƚhe line͘ AcƌŽss ƚhese sƚuĚies͕ ƚhe Žǀeƌall cŽŵƉlicatiŽn ƌaƚe 
ĨŽƌ ŽncŽlŽgǇ Ɖatienƚs ǁiƚh P/�� lines ǁas 33͘2й͕ as ŵeĚicalͬ
suƌgical Ɖatienƚs helĚ a ŵuch lŽǁeƌ aǀeƌage ŽĨ 22͘3й͘

When isŽlaƚeĚ͕ all ŽĨ ƚhe sƚuĚies ƚhaƚ incluĚeĚ ŽnlǇ ŽncŽl-
ŽgǇ Ɖatienƚs͕ ƚhe aǀeƌage inĨectiŽn ƌaƚe ǁas 12͘5й ǁiƚh ƚhŽse 
ƌeceiǀing a ƉŽlǇuƌeƚhane P/�� line eǆƉeƌiencing an aǀeƌage ŽĨ 
10͘2й͘ /n Žne sƚuĚǇ ƚhaƚ cŽŵƉaƌeĚ ƚhƌee Ěiīeƌenƚ P/�� ƚǇƉes͕ 
ƚhis ƉŽlǇuƌeƚhane gƌŽuƉ ĚiĚ nŽƚ eǆƉeƌience anǇ inĨectiŽn aƚ 
all (2)͘ dhe aǀeƌage inĨectiŽn ƌaƚe ĨŽƌ canceƌ Ɖatienƚs ǁiƚh a 
silicŽne P/�� line ǁas ŵaƌginallǇ higheƌ ƚhan 12͘6й͘

dhe Ěiīeƌences beƚǁeen ulƚƌasŽunĚ anĚ nŽnulƚƌasŽunĚ-
guiĚeĚ inseƌtiŽn Žǀeƌall cŽŵƉlcatiŽn ƌaƚes ĨŽƌ all P/�� lines 
ǁas ĨŽunĚ ƚŽ be 27й ĨŽƌ ulƚƌasŽunĚ anĚ 3ϰ͘ϵй ĨŽƌ nŽnul-
ƚƌasŽunĚ-guiĚeĚ inseƌtiŽns͘ dhe ulƚƌasŽunĚ-inseƌƚeĚ sƚuĚies 
shŽǁeĚ lŽǁeƌ inĨectiŽn ƌaƚes aƚ ϵ͘1 ƚhan 12й ĨŽƌ ƚhe nŽn-
ulƚƌasŽunĚ-guiĚeĚ sƚuĚǇ gƌŽuƉs͘ /n aĚĚitiŽn͕ ƚhe ulƚƌasŽunĚ-
inserted studies had a much lower rate of dislodgement 
aƚ ŽnlǇ 2͘5й ƚhan nŽnulƚƌasŽunĚ sƚuĚies͕ ǁhich ƌecŽƌĚeĚ  
6͘1й ĚislŽĚgeŵenƚ͘ ,Žǁeǀeƌ͕  nŽnulƚƌasŽunĚ inseƌtiŽn gƌŽuƉs 
shŽǁeĚ lŽǁeƌ ŽcclusiŽn ƌaƚes aƚ 7͘6й ƚhan 10͘3й͕ anĚ lŽǁeƌ 
ƌaƚes ŽĨ Ɖhlebitis aƚ 1ϰ͘ϵй ƚhan 1ϴ͘ϰϵй ĨŽƌ ƚhe ulƚƌasŽunĚ in-
seƌtiŽn gƌŽuƉ͘ dheƌe ǁeƌe ŵaƌginal Ěiīeƌences in ƚhƌŽŵbus 
ĨŽƌŵatiŽn ǁiƚh 3͘23й ĨŽƌ ƚhe nŽnulƚƌasŽunĚ inseƌtiŽn gƌŽuƉs 

anĚ ϰ͘25й ĨŽƌ ulƚƌasŽunĚ inseƌtiŽn͘ &inallǇ͕  leǀels ŽĨ ƌuƉƚuƌe 
ǁeƌe 2͘ϴй ĨŽƌ nŽnulƚƌasŽunĚ anĚ ϰ͘55й ĨŽƌ ulƚƌasŽunĚ- 
inserted PICC studies.

Discussion

dhe ƌeseaƌch ƋuestiŽns ĨŽƌ ƚhis sƚuĚǇ ĨŽcuseĚ Žn ǁheƚheƌ 
Ɖaƌticulaƌ Ɖatienƚ gƌŽuƉs aƌe beƩeƌ suiƚeĚ ƚŽ a ceƌƚain ƚǇƉe 
ŽĨ P/�� line anĚ ǁheƚheƌ ƉŽs inseƌtiŽn cŽŵƉlicatiŽns aƌe in-
ŇuenceĚ bǇ ƚhe ƚǇƉe ŽĨ P/�� line useĚ͘ dhe ƌesulƚs inĚicaƚe 
ƚhaƚ ƚhe Žǀeƌall ƚhe cŽŵƉlicatiŽn ƌaƚes ĨŽƌ bŽƚh ƚǇƉes ŽĨ P/�� 
lines ǁeƌe neaƌlǇ iĚentical͕ buƚ clŽseƌ inƚeƌƉƌeƚatiŽn shŽǁeĚ 
the strengths of each of the lines. Perhaps the complica-
tiŽn͕ ǁhich sƚŽŽĚ Žuƚ ƚhe ŵŽsƚ in ƚhese Ěaƚa͕ ǁas Ɖhlebitis͘ 
dhis ǁas ƚƌue ĨŽƌ bŽƚh ƚhe Žǀeƌall sƚuĚies anĚ ƚhe ŽncŽlŽgǇ- 
sƉeciĮc sƚuĚies͘ dhe stiīness ŽĨ ƚhe ƉŽlǇuƌeƚhane ƚhaƚ allŽǁs 
ĨŽƌ ƚhe Ɖƌessuƌe inũectiŽn ĚŽes cƌeaƚe ŵechanical Ɖhlebitis aƚ 
ŵuch higheƌ ƌaƚes ƚhan ƚhe silicŽne͘ dhis cŽŵƉatibiliƚǇ ǁiƚh 
Ɖƌessuƌe inũectiŽn can be inǀaluable ĨŽƌ Ɖatienƚs ƌeƋuiƌing a 
nuŵbeƌ ŽĨ cŽŵƉuƚeĚ ƚŽŵŽgƌaƉhǇ (�d) scans͕ such as ŽncŽl-
ŽgǇ sƚaging scans anĚ ĚeliǀeƌǇ ŽĨ /V ŇuiĚs aƚ a Ĩasƚeƌ ƌaƚe anĚ 
alsŽ ǁheƌe ƉeƌiƉheƌal /V access is Ěiĸculƚ͘ dhis ĨŽƌŵ ŽĨ Ɖhle-
bitis is a cŽŵƉlicatiŽn ƚhaƚ is ƉŽssible ƚŽ ƌesŽlǀe in a ŵaũŽƌ-
iƚǇ ŽĨ cases in a ǀeƌǇ cheaƉ anĚ eĸcienƚ ŵanneƌ ǁiƚhŽuƚ ƚhe 
need for removal.

^uƌƉƌisinglǇ͕  ƚhe leǀels ŽĨ ƌuƉƚuƌe ŽĨ ƚhe P/�� line aƌe al-
ŵŽsƚ iĚentical͘ AlƚhŽugh ƚhe ƉŽlǇuƌeƚhane line is a sƚƌŽngeƌ 
line͕ iƚs ƌuƉƚuƌe ƌaƚe is neaƌlǇ leǀel ǁiƚh ƚhaƚ ŽĨ ƚhe sŽŌeƌ sili-
cŽne line; hŽǁeǀeƌ͕  ƚhe silicŽne lines aƌe incŽŵƉatible ǁiƚh anǇ 
ĨŽƌŵ ŽĨ ƉŽǁeƌ inũectiŽn͘ dhe sŽŌness ŽĨ ƚhe silicŽne ŵaǇ alsŽ 
cŽnƚƌibuƚe ƚŽ higheƌ ĚislŽĚgeŵenƚ ƌaƚes͕ as ƚhe stiīness ŽĨ ƚhe 
polyurethane line may result in the line remaining in place.

dhe Žǀeƌall aǀeƌages saǁ ƚhe higheƌ ƌaƚes ŽĨ ŽcclusiŽn 
in ƚhe laƌgeƌ inƚeƌnal ƉŽlǇuƌeƚhane caƚheƚeƌ͕  alƚhŽugh ƚhis 
was only marginal and the opposite was seen among oncol-
ŽgǇ Ɖatienƚs͘ /n ƚhe ŽncŽlŽgǇ Ɖatienƚ gƌŽuƉ͕ ƚhe ƚhicŬeƌ ǁall 
and therefore smaller inner lumen of the silicone PICC line 
ŽccluĚeĚ ŵŽƌe insƚances in 2͘5й͘ /ƚ is uncleaƌ ǁhǇ ƚhese ĚiĨ-
Ĩeƌences aƌe seen͕ buƚ a laƌgeƌ sƚuĚǇ aƚ ƚhe Žne ĨaciliƚǇ cŽŵ-
Ɖaƌing ƚhese ĨacƚŽƌs ǁhen all ƚhe saŵe ƉŽstinseƌtiŽn caƌe is 
unĚeƌƚaŬen ǁŽulĚ Ěeƚeƌŵine ǁheƚheƌ ƚhis is an aƌea ĨŽƌ Ĩuƌ-
ƚheƌ inǀestigatiŽn͘

dhe ƉŽlǇuƌeƚhane P/��s ĚiĚ ĚisƉlaǇ a lŽǁeƌ inĨectiŽn ƌaƚe 
in bŽƚh ƚhe geneƌal anĚ ŽncŽlŽgǇ Ɖatienƚs͕ ǁiƚh silicŽne P/�� 

Fig. 1 - A comparison of average 
cŽŵƉlicatiŽns ƌaƚes͘
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Polyurethane catheters silver-impregnated 

The expert umbilical catheter is the only umbilical catheter with 
insilver tegrated anVmicrobial Agion® technology, to fight 
against CRBSI in NICUs. 
Ag+ is bacteriostaVc that inhibits the cell reproducVon. Ag+ 
combine with bacterial proteins located in the cell wall and 
cytoplasm which interferes with their normal funcVoning. 
These proteins are vital for the healthy funcVoning of the cell 
therefore loss of the proteins results in the death of the 
bacteria. 

Polyurethane UVCs that release antimicrobially active silver 
ions have recently become available in the market. These 
catheters are potentially associated with a reduced risk of 
CLABSI, since they decrease both endoluminal and extraluminal 
colonization 
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2.6. Statistical analysis

We calculated that a sample size of 36 infants in each group was
required to detect a decrease in CRBSIs from the expected 30% in
our population (unreported data) to 5% in infants who received an
AgION-impregnated catheter compared to control infants who re-
ceived polyurethane catheter, with 80% power at 0.05 level.

All data were analyzed with SPSS for Windows (SPSS Inc., Chicago,
Illinois, USA). Clinical characteristics of the two groupswere described by
mean values and standard deviations and by rates and percentages.
Statistical analysis was performed using Student's “t” test for continuous
variables and the Fisher's exact test for categorical variables. The
proportion of catheters in each group that did not cause a CRBSI as
a function of time of UVC in place was compared using the log-rank
test on Kaplan–Meier estimates. A pb0.05 was considered statistically
significant.

Multivariate logistic-regression analysis was used to assess the in-
dependent role of AgION catheter placement and variables potentially
affecting the risk of developing of CRBSI that, according to univariate
analysis, were found to differ between the groups at a pb0.25. Therefore,
the effect of catheter placement for more than 7 days, RDS and IVH
occurrence, and mechanical ventilation>242 h were evaluated. This
later value was decided because it represents the median value of me-
chanical ventilation duration in studied infants. Effect estimates are
expressed as odds ratio (OR) with profile likelihood-based 95% confi-
dence limits (CL).

3. Results

This study was carried out between July 2007 and June 2009. Fig. 1
shows the number of newborns who were assessed for eligibility, the
number of those eligible, and the number who were randomly assigned
to each treatment group. A total of 86 infantswere enrolled and random-
ized to receive either an AgION-impregnated catheter (n=41) or a
polyurethane umbilical catheter (n=45). The groups were comparable
for perinatal and clinical characteristics (Table 1). The need for a PICC
after UVC removal was globally 25.5% (n=25) for a mean duration of
6.4±4.3 days. The causes for UVC removal and occurrence of a CRBSIs
following UVC removal were similar in both the groups (unreported
data).

We found that CRBSI occurrence during umbilical venous catheteri-
zation was significantly lower in the AgION group than in the control
group (2 vs. 22%; p=0.005). Similarly, a definite CRBSI occurred less
frequently in the AgION group than in the control group (2 vs. 20%;
p=0.001) (Table 2). The incidence density of CRBSIs during the study
period was lower in infants who received AgION catheters compared
to the control group (2.1/1000 catheter days vs. 25.8/1000 catheter

days; pb0.001). The occurrence of UVC colonization was similar in
both groups. The Kaplan–Meier estimates of the cumulative likelihood
of being free of a CRBSI at each day of UVC placement demonstrate
the statistically significant (p=0.004) protective effect of AgION im-
pregnated catheters (Fig. 2).

Moreover, infants in the AgION group had shorter hospital stay
(p=0.04), and a lower case fatality rate due to BSI (p=0.01) than in-
fants in the control group.

CRBSIs were caused by Enterobacter aerogenes in the patient in the
AgION group and CoNS in the control group patients (n=9); BSI
without a source was caused by P. aeruginosa in the AgION group
(n=1) and by CoNS in the control group (n=1).

Multivariate analysis demonstrated that non-impregnated catheter
use (OR 12.5, 95% CL 2.06–75.9) and catheter placement for more
than 7 days (OR 5.1, 95% CL 1.13–23.6) increased the risk of developing
a CRBSI in our population.

There was no case of intolerance to the AgION catheters and none
of these catheters had to be removed due to a local skin infection.
Moreover, none of the patients in the AgION catheter group showed
signs of silver toxicity.

4. Discussion

This is the first study which investigates the possible effect of using
an AgION impregnated UVC to decrease the risk of developing CRBSI in
preterm infants. We found that use of AgION catheter lowered the oc-
currence of CRBSI in comparison with the use of a non-impregnated
UVC from 22 to 2% andwithout adverse effects.Moreover, in agreement
with this result, the use of AgION-impregnated UVC decreased the inci-
dence density of CRBSIs and increased the likelihood of freedom from
CRBSIs during the time the catheter was in place.

These results can be explained by the antimicrobial properties of
AgION-impregnated catheters: AgION is an inorganic compound of
elemental silver which is the active ingredient, ionically bound to a bio-
compatible and bioinert ceramic mineral molecule of aluminosilicate
(zeolite). The zeolite part of the molecule is a three-dimensional grid
with void recesses. Silver ions are tightly bonded to these recesses and
are released only by an active ion-exchange mechanism in a biological
environment. Silver zeolite powder is mixed with the bulk polyure-
thane material during the manufacturing process. Consequently silver
ions become available on both external and internal surfaces when
blood and body fluid electrolytes come into contact with the catheter
[27]. This system ensures a regulated, slow release of silver ions which

273 assessed for 
eligibility 

98 underwent 
randomization 

187 excluded: 
21 transferred to another 
NICU 
40 consent not given 
114 did not need CVC 

45 Allocated to AgION 
impregnated catheter group, 
followed until discharge or 
death and were analyzed

41 Allocated to polyuretane  
umbilical catheter, followed 
until discharge or death and 
were analyzed 

12 died in the first week of 
life

Fig. 1. Number of infants who were eligible for the study and randomly assigned to
treatment groups.

Table 1
Characteristics of study groups. Mean±(SD) or rate (%).

Polyurethane catheter
group
(n=41)

AgION catheter
group
(n=45)

p

Gestational age (weeks) 26.2±1.5 26.2±2.0 0.99
Birth weight (g) 796±203 840±190 0.40
Male sex 18 (44) 20 (44) 1.00
Cesarean section 27 (65) 28 (62) 0.82
PPROM>18 h 9 (22) 13 (29) 0.62
Antenatal steroid treatment 25 (61) 32 (71) 0.32
Antibiotic prophylaxis (days) 2.7±0.8 2.6±0.8 1.00
RDS 40 (97) 40 (88) 0.20
Mechanical ventilation 23 (56) 20 (44) 0.38

Duration (h) 266±270 194±236 0.19
Bronchopulmonary dysplasia 16 (39) 14 (31) 0.14
Intraventricular hemorrhage 9 (22) 10 (22) 0.19
Retinopathy of prematurity 6 (15) 3 (7) 0.14
Necrotizing enterocolitis 2 (5) 1 (2) 0.36
Stay in hospital (days) 85±35 70±33 0.04
Case fatality rate for CRBSI 4 (7) 0 0.04
Mortality 5 (10) 4 (9) 0.73
Duration of UVC (days) 8.5±4.4 10.8±4.7 0.02

PPROM: preterm premature rupture of membrane.
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Objective: The present study aims to assess if use of a silver zeolite-impregnated umbilical catheter (AgION
technology) can decrease the occurrence of catheter-related bloodstream infection (CRBSIs) in preterm infants.
Study design: Infants with gestational ageb30 weeks were randomized to receive an AgION impregnated or
non-impregnated polyurethane umbilical venous catheter (UVC). The primary endpoint was the incidence of
CRBSIs during the time the UVC was in place.
Results:We studied 86 infants, 41 of whom received the AgION catheter and 45 the non-impregnated catheter.
During umbilical venous catheterization 2% of infants in the AgION group developed CRBSI in comparison with
22% of infants in the control group (p=0.005). AgION catheters were well tolerated and none of the patients
showed signs attributable to silver toxicity.
Conclusions: The AgION-impregnated UVCs were effective in decreasing the development of CRBSIs in preterm
infants compared to non-impregnated polyurethane UVCs.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Preterm infants are at high risk for nosocomial bloodstream infection
(BSI) which increases their mortality, exposure to antibiotics, and length
of stay in hospital [1–3]. In particular, the widespread use of central
venous catheters (CVC) in Neonatal Intensive Care Units (NICU)
has been shown to increase the risk of developing catheter-related
bloodstream infection (CRBSI) [3–5]. The diagnosis of neonatal
CRBSI is currently based on isolation of identical bacterial species
from bloodstream and catheter tip cultures [6,7].

Data from the Centers for Disease Control and Prevention show that
CRBSIs can occur in 13–20% of catheterized newborns [8] and can be
associated with the placement of umbilical (arterial and venous) and
peripherally inserted central catheters (PICC) [8].

The pathogenic mechanisms of CRBSI include extra- and intra-
luminal colonization of catheters: microbial organisms, such as
coagulase-negative staphylococci (CoNS) [9], Staphylococcus aureus

[10], Pseudomonas aeruginosa [11], and Candida species [12], can ad-
here to and embed themselves into a biofilm. This potentiates the
pathogenicity of various microbes by allowing them to withstand
host defense or be less susceptible to antimicrobial agents [13–15].
Most CRBSIs are acquired intraluminally, although a recent study
showed that in 20% of cases acquisition is extraluminal [16]. Therefore,
the prophylactic use of lock solutions (i.e.: antibiotics, heparin, etc.)
instilled into the catheter lumen to eradicate intraluminal colonization
has been found to reduce the incidence of CRBSIs in adult [8], pediatric
[8], and newborn patients [17,18]. Nevertheless, the wide variety of
compounds used, the heterogeneity of the patient populations studied,
and limitations in the size or design of studies preclude a general
recommendation for their use.

However, the prevention of catheter colonization is considered an
important strategy for decreasing the risk of CRBSIs. Consequently,
several antimicrobial-coated or impregnated catheters have been de-
veloped for clinical use [19,20].

Recently, a silver zeolite-impregnated catheter has been commercial-
ized. This material, namely the patented silver compound AgION™, re-
leases antimicrobially active silver ions which may help prevent CRBSIs.
In fact, in adult populations the use of CVCs with the AgION antimicrobial
system has been found to reduce catheter-related colonization [21] and
CRBSIs [22]. While the antibiotic-lock strategy can help eradicate
intraluminal colonization but cannot be effective against the extraluminal
bacteria, the use of AgION catheters could decrease both endoluminal and
extraluminal colonization [16].

On this basis, we hypothesized that the use of AgION-impregnated
umbilical catheters could decrease the occurrence of CRBSIs in pre-
term infants. To assess this hypothesis we carried out a randomized
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maintains an antimicrobialmicro-environment throughout the catheter's
inner and outer surfaces. AgION-impregnated catheters are proven “in
vitro” to be effective against the most common pathogens causing
device-related infections, including Gram-negative and Gram-positive
bacteria and fungi [27]. Moreover, their antimicrobial “in vitro” activity
is long lasting, being still effective after 360 days [27].

Currently, polyurethane catheters are preferred over those made
of polyvinylchloride or polyethylene because they are less prone to
microbial colonization [22], but they do not possess antimicrobial
properties and cannot actively contribute to the prevention of CRBSIs.
On theother hand, theprophylactic use of lock solutions (i.e.: heparinized
saline containing vancomycin [17] or fusidic acid [18]) is ineffective in
preventing extraluminal bacteria and several issues still need to be
resolved before their use becomes routine, such as ideal dwell times
and drug concentrations, progressive reduction of antibiotic activity,
compatibility between antibiotics and heparin, antimicrobial resistance
and risk of systemic toxicity [28].

Thus, our findings suggest that AgION-impregnated catheters can
significantly contribute to the prevention of CRBSIs and might become
an effective and safe tool for decreasing the correlated morbidity and
mortality in preterm infants. It is noteworthy that these catheters were
well tolerated and none of our patients showed any signs attributable
to silver ion toxicity. This is probably due to the fact that only minute
quantities of silver ion are available on the catheter surface. However,
theseminute quantities are sufficient to exert a local antimicrobial effect
in blood and body fluids coming into contact with the catheter surface,
thus protecting it from colonization and subsequent biofilm formation
[21].

Our results cannot be compared with other studies in preterm in-
fants. However, they are in agreement with Loertzer et al. who demon-
strated that the AgION catheter decreased significantly the occurrence
of CRBSIs in 102 adult patients who received a renal transplant [22].
In partial contrast, Khare et al. found that the AgION catheter is superior

to a control catheter in reducing the rate of CVC colonization in a cohort
of adults admitted to an intensive care unit, but they shownodifference
in the rates of CRBSIs between study groups [21]. On the other hand,
these studies are very different from ours in terms of study population
and design, and, therefore, comparison is difficult and does not provide
relevant conclusions.

Interestingly, we observed an occurrence of CRBSIs in our control
group quite similar to that reported in the literature [16,17,29,30],
but the number of infections/1000 catheter days was higher
[29–32]. This was probably due to the different clinical characteristics
of studied infants, slight difference of CRBSI definition, and local condi-
tions. However,we confirm that themicroorganisms implicated in CRBSIs
are mainly Gram-positive cocci, such as CoNS [7]. In relation to the lower
CRBSI rate, patients in the AgION group also had a lower case fatality rate
due to CRBSI and a shorter hospital stay thanpatients in the control group,
but unexpectedly their mortality was similar. This was probably due to
the size of our population which does not permit an accurate evaluation
of this outcome.

The limitation of our study may be that we did not distinguish be-
tween intraluminal and extraluminal CRBSIs, however this did not affect
the interpretation of our results because AgION catheters can help pre-
vent both of them. Moreover, after AgION catheter removal, we inserted,
if needed, a non-impregnated PICC; however, since our data are restricted
to the umbilical venous catheterization periodwe believe that this aspect
is not influential.

5. Conclusion

We demonstrated that the use of an AgION-impregnated UVC is
effective in decreasing the risk of developing a CRBSI in preterm
infants in comparison with the use of a non-impregnated UVC. More-
over, AgION catheters were well tolerated and did not induce adverse
effects. These results suggest that explicit commercialization of
AgION-impregnated catheters for umbilical or peripheral insertion in
newborns could represent a further tool for combating CRBSIs.
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Polyurethane catheter group
(n=41)

AgION catheter group
(n=45)

p

Colonization, n (%) 2 (5) 2 (2) 0.66
CRBSI 9 (22) 1 (2) 0.005

• Definite, n (%) 8 (20) 1 (2) 0.01
• Probable, n (%) 1 (2) 0 (0) NA

BSI without a source 1 (2) 1 (2) 0.48
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Fig. 2. Kaplan–Meier estimates of the cumulative likelihood of freedom from CRBSI in
the 2 study groups.
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maintains an antimicrobialmicro-environment throughout the catheter's
inner and outer surfaces. AgION-impregnated catheters are proven “in
vitro” to be effective against the most common pathogens causing
device-related infections, including Gram-negative and Gram-positive
bacteria and fungi [27]. Moreover, their antimicrobial “in vitro” activity
is long lasting, being still effective after 360 days [27].

Currently, polyurethane catheters are preferred over those made
of polyvinylchloride or polyethylene because they are less prone to
microbial colonization [22], but they do not possess antimicrobial
properties and cannot actively contribute to the prevention of CRBSIs.
On theother hand, theprophylactic use of lock solutions (i.e.: heparinized
saline containing vancomycin [17] or fusidic acid [18]) is ineffective in
preventing extraluminal bacteria and several issues still need to be
resolved before their use becomes routine, such as ideal dwell times
and drug concentrations, progressive reduction of antibiotic activity,
compatibility between antibiotics and heparin, antimicrobial resistance
and risk of systemic toxicity [28].

Thus, our findings suggest that AgION-impregnated catheters can
significantly contribute to the prevention of CRBSIs and might become
an effective and safe tool for decreasing the correlated morbidity and
mortality in preterm infants. It is noteworthy that these catheters were
well tolerated and none of our patients showed any signs attributable
to silver ion toxicity. This is probably due to the fact that only minute
quantities of silver ion are available on the catheter surface. However,
theseminute quantities are sufficient to exert a local antimicrobial effect
in blood and body fluids coming into contact with the catheter surface,
thus protecting it from colonization and subsequent biofilm formation
[21].

Our results cannot be compared with other studies in preterm in-
fants. However, they are in agreement with Loertzer et al. who demon-
strated that the AgION catheter decreased significantly the occurrence
of CRBSIs in 102 adult patients who received a renal transplant [22].
In partial contrast, Khare et al. found that the AgION catheter is superior

to a control catheter in reducing the rate of CVC colonization in a cohort
of adults admitted to an intensive care unit, but they shownodifference
in the rates of CRBSIs between study groups [21]. On the other hand,
these studies are very different from ours in terms of study population
and design, and, therefore, comparison is difficult and does not provide
relevant conclusions.

Interestingly, we observed an occurrence of CRBSIs in our control
group quite similar to that reported in the literature [16,17,29,30],
but the number of infections/1000 catheter days was higher
[29–32]. This was probably due to the different clinical characteristics
of studied infants, slight difference of CRBSI definition, and local condi-
tions. However,we confirm that themicroorganisms implicated in CRBSIs
are mainly Gram-positive cocci, such as CoNS [7]. In relation to the lower
CRBSI rate, patients in the AgION group also had a lower case fatality rate
due to CRBSI and a shorter hospital stay thanpatients in the control group,
but unexpectedly their mortality was similar. This was probably due to
the size of our population which does not permit an accurate evaluation
of this outcome.

The limitation of our study may be that we did not distinguish be-
tween intraluminal and extraluminal CRBSIs, however this did not affect
the interpretation of our results because AgION catheters can help pre-
vent both of them. Moreover, after AgION catheter removal, we inserted,
if needed, a non-impregnated PICC; however, since our data are restricted
to the umbilical venous catheterization periodwe believe that this aspect
is not influential.

5. Conclusion

We demonstrated that the use of an AgION-impregnated UVC is
effective in decreasing the risk of developing a CRBSI in preterm
infants in comparison with the use of a non-impregnated UVC. More-
over, AgION catheters were well tolerated and did not induce adverse
effects. These results suggest that explicit commercialization of
AgION-impregnated catheters for umbilical or peripheral insertion in
newborns could represent a further tool for combating CRBSIs.
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Polyurethane catheter group
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p

Colonization, n (%) 2 (5) 2 (2) 0.66
CRBSI 9 (22) 1 (2) 0.005

• Definite, n (%) 8 (20) 1 (2) 0.01
• Probable, n (%) 1 (2) 0 (0) NA

BSI without a source 1 (2) 1 (2) 0.48
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Fig. 2. Kaplan–Meier estimates of the cumulative likelihood of freedom from CRBSI in
the 2 study groups.
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and the interaction between the e!ect of intervention and the
choice of randomisation unit was considered to be unlikely.

Dealing with missing data

We requested additional data from the trial investigators if data
on important outcomes were missing or reported unclearly. Where
data were still missing, we examined the impact on e!ect size
estimates in sensitivity analyses.

Assessment of heterogeneity

As only one study was included in any analysis tests for
heterogeneity were not applicable.

Assessment of reporting biases

Where we suspected reporting bias, we contacted trial investigators
asking them to provide missing outcome data. Where this was not
possible, and the missing data were thought to introduce serious
bias, we planned to explore the impact of including such trials in
the overall assessment of results in a sensitivity analysis.

Data synthesis

We planned to use the fixed-e!ect model in Review Manager 5.2
(RevMan 2012) for meta-analyses (as per Cochrane Neonatal Group
recommendations). Where substantial heterogeneity existed, we
planned to examine the potential causes in subgroup and
sensitivity analyses.

Subgroup analysis and investigation of heterogeneity

We planned the following subgroup analyses.• Very preterm (less than 32 weeks) infants (versus infants born at
or later than 32 weeks).• Type of CVC (umbilical venous catheters versus peripherally-
inserted CVCs versus surgically-placed or tunnelled central lines,
and antimicrobial versus antiseptic impregnation or coating).

Sensitivity analysis

We planned sensitivity analyses to determine if findings were
a!ected by including only studies of adequate methodology (low
risk of bias), defined as adequate randomisation and allocation
concealment, blinding of intervention and measurement, and up to
and including a 10% loss to follow-up.

R E S U L T S

Description of studies
See the Characteristics of included studies and Characteristics of
excluded studies sections.

Characteristics of ongoing studies: PREVAIL

Results of the search

We identified 31 records, for four of which we assessed full-text
articles for eligibility. Only one trial met all of our inclusion criteria
(Bertini 2013).

Included studies

We identified one randomised controlled trial (N = 98) that met the
inclusion criteria (Bertini 2013).

Excluded studies

We excluded three reports (see Characteristics of excluded studies).

Risk of bias in included studies
We included only one trial (Bertini 2013).

Allocation

The report states that allocation was contained in sealed opaque
envelopes.

Blinding

The trial was unblinded.

Incomplete outcome data

Of the 98 infants who were randomised, 12 died within the first
week. These 12 infants were not included in the mortality analysis
in the primary report.

E"ects of interventions
Antimicrobial-impregnated bloodstream infection
(Comparison 1)

Primary outcomes

1. Catheter-related bloodstream infection (Analysis 1.1):Bertini
2013 found that a statistically significant reduced incidence in
infants allocated to the intervention (RR 0.11, 95% CI 0.01 to 0.87;
RD -0.17, 95% CI -0.30 to -0.04; NNTB 6, 95% CI 3 to 25; Figure 1).

 
Figure 1.   Forest plot of comparison: 1 Antimicrobial-impregnated CVC vs. non-impregnated CVC, outcome: 1.1
Catheter-related bloodstream infection.
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intervals of up to 7 days. Previously, this interval was no longer
than 4 days.

Additional approaches

• Antimicrobial ointment for the catheter site, which is geared
toward the population of hemodialysis patients, has been moved
to “additional practices” given the focus on a specific population.

• Despite currently being supported by high-level evidence,
antiseptic-containing caps remain an “additional practice”
because they are not considered superior to the manual disinfec-
tion, an essential practice.

• The importance of infusion teams has been highlighted by
listing it under “additional practices” (previously considered
unresolved).

• Sutureless securement of catheters was not discussed in the pre-
vious version of this section.

Intended use

This document was developed following the process outlined in the
Handbook for SHEA-Sponsored Guidelines and Expert Guidance
Documents.2 No guideline or expert guidance document can
anticipate all clinical situations, and this document is not meant
to be a substitute for individual clinical judgment by qualified
professionals.

This document is based on a synthesis of evidence, theoretical
rationale, current practices, practical considerations, writing-
group consensus, and consideration of potential harm, where

Table 1. Summary of Recommendations to Prevent CLABSI

Essential Practices

Before insertion
1. Provide easy access to an evidence-based list of indications for CVC use to minimize unnecessary CVC placement (Quality of Evidence: LOW)
2. Require education and competency assessment of HCP involved in insertion, care, and maintenance of CVCs about CLABSI prevention (Quality of

Evidence: MODERATE)74–78

3. Bathe ICU patients aged >2 months with a chlorhexidine preparation on a daily basis (Quality of Evidence: HIGH)86–90

At insertion
1. In ICU and non-ICU settings, a facility should have a process in place, such as a checklist, to ensure adherence to infection prevention practices at the

time of CVC insertion (Quality of Evidence: MODERATE)101

2. Perform hand hygiene prior to catheter insertion or manipulation (Quality of Evidence: MODERATE)102–107

3. The subclavian site is preferred to reduce infectious complications when the catheter is placed in the ICU setting (Quality of Evidence: HIGH)33,37,108–110

4. Use an all-inclusive catheter cart or kit (Quality of Evidence: MODERATE)118

5. Use ultrasound guidance for catheter insertion (Quality of Evidence: HIGH)119,120

6. Use maximum sterile barrier precautions during CVC insertion (Quality of Evidence: MODERATE)123–128

7. Use an alcoholic chlorhexidine antiseptic for skin preparation (Quality of Evidence: HIGH)42,129–134

After insertion
1. Ensure appropriate nurse-to-patient ratio and limit use of float nurses in ICUs (Quality of Evidence: HIGH)34,35

2. Use chlorhexidine-containing dressings for CVCs in patients over 2 months of age (Quality of Evidence: HIGH)45,135–142

3. For non-tunneled CVCs in adults and children, change transparent dressings and perform site care with a chlorhexidine-based antiseptic at least every 7
days or immediately if the dressing is soiled, loose, or damp. Change gauze dressings every 2 days or earlier if the dressing is soiled, loose, or damp
(Quality of Evidence: MODERATE)145–148

4. Disinfect catheter hubs, needleless connectors, and injection ports before accessing the catheter (Quality of Evidence: MODERATE)150–154

5. Remove nonessential catheters (Quality of Evidence: MODERATE)
6. Routine replacement of administration sets not used for blood, blood products, or lipid formulations can be performed at intervals up to 7 days (Quality

of Evidence: HIGH)164

7. Perform surveillance for CLABSI in ICU and non-ICU settings (Quality of Evidence: HIGH)13,165,166

Additional Approaches

1. Use antiseptic- or antimicrobial-impregnated CVCs (Quality of Evidence: HIGH in adult patients38,39,169–171 and Quality of Evidence: MODERATE in pediatric
patients)172,173

2. Use antimicrobial lock therapy for long-term CVCs (Quality of Evidence: HIGH)177–184

3. Use recombinant tissue plasminogen activating factor (rt-PA) once weekly after hemodialysis in patients undergoing hemodialysis through a CVC (Quality
of Evidence: HIGH)192

4. Utilize infusion or vascular access teams for reducing CLABSI rates (Quality of Evidence: LOW)193,194

5. Use antimicrobial ointments for hemodialysis catheter insertion sites (Quality of Evidence: HIGH)197–201

6. Use an antiseptic-containing hub/connector cap/port protector to cover connectors (Quality of Evidence: MODERATE)202–208

Approaches that Should Not Be Considered a Routine Part of CLABSI Prevention

1. Do not use antimicrobial prophylaxis for short-term or tunneled catheter insertion or while catheters are in situ (Quality of Evidence: HIGH)209–213

2. Do not routinely replace CVCs or arterial catheters (Quality of Evidence: HIGH)214

Unresolved Issues

1. Routine use of needleless connectors as a CLABSI prevention strategy before an assessment of risks, benefits, and education regarding proper use215–219

2. Surveillance of other types of catheters (eg, peripheral arterial or peripheral venous catheters)11,21,22

3. Standard, nonantimicrobial transparent dressings and CLABSI risk.
4. The impact of using chlorhexidine-based products on bacterial resistance to chlorhexidine
5. Sutureless securement
6. Impact of silver zeolite-impregnated umbilical catheters in preterm infants (applicable in countries where it is approved for use in children)227

7. Necessity of mechanical disinfection of a catheter hub, needleless connector, and injection port before accessing the catheter when antiseptic-containing
caps are being used

Note. CLABSI, central line-associated bloodstream infection; CVC, central venous catheter; HCP, healthcare personnel; ICU, intensive care unit.

554 Niccolò Buetti et al

Buetti N, et al. (2022). Strategies to prevent central line-associated 
bloodstream infections in acute-care hospitals: 2022 Update. Infection Control & 
Hospital Epidemiology, 43: 553–569, https://doi.org/10.1017/ice.2022.87 
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Ordering codes

Vygon 
code

NHSSC 
code

Size  
(Fr)

Length (cm) Priming vol (mL)
Flow rate  
(mL/min)

Material Box qty

1270.02 FSY023 2.5 30 0.12 >3 PUR 8

1270.03 FSY024 3.5 40 0.27 >10 PUR 8

1270.04 FSY025 4 40 0.29 >10 PUR 20

1270.05 FSY026 5 40 0.40 >23 PUR 20

1270.08 FSY027 8 40 0.81 >100 PUR 20

0270.03 FSY013 3.5 37 0.19 >6 PVC 15

0270.04 FSY015 4 37 0.27 >16 PVC 15

0270.05 FSY016 5 37 0.38 >31 PVC 15

0270.06 FSY017 6 37 0.51 >52 PVC 15

0270.07 FSY139 7 37 0.59 >80 PVC 15

0270.08 FSY022 8 37 0.75 >106 PVC 15

Single lumen umbilical catheter

Umbilical catheters

A single lumen umbilical catheter used for venous or arterial access.

• Coloured coded caps for  
venous / arterial identification

Three-way tap

• Makes it easy to check the  
length of catheter inserted

Numerical marking  
every cm

• For efficient connection
Luer-lock connector



Is there any device or material that may intrinsically reduce the risk? 
2007 GAVeCeLT Consensus: Silicone and second- and third-generation polyurethane catheters are less

thrombogenic than polyethylene or polyvinylchloride. A lower diameter catheter and a single lumen 

might be protective against the risk of central venous thrombosis. When the number of therapies 

demands a multiple-lumen catheter, the number of lumens used should be minimized.16 

The choice of the device in terms of type of venous approach, material, and size plays an important role 

in order to minimize thrombotic risk and ensure good cathe- ter performance.22 

Materials. Experimental and clinical evidence confirmed that polytetrafluoroethylene and polyethylene

are more thrombogenic compared with silicone and second-/third- generation polyurethane.
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Introduction
Central venous access devices (CVADs) have become rou-
tine part of the management of hospitalized patients for the 
administration of chemotherapy, antimicrobial therapy, and 
parenteral nutrition and for blood sampling.1 Despite being 
perceived as essential tools, their use is also inevitably asso-
ciated with early and late complications. Catheter-related 
thrombosis (CRT), defined as a mural thrombus extending 
from the catheter into the lumen of a vessel,2 represents one 
of the most common complications following central venous 
access insertion, potentially leading to local signs and symp-
toms, catheter removal, delay in treatment, post-thrombotic 
syndrome, and very rarely, life-threatening events such as 
pulmonary embolism.3–5 Despite the amount of available 
studies, many aspects surrounding CRT remain controver-
sial. First, its actual incidence is difficult to define, since the 
rate of CRT ranges from 0% to 71.9%,6–15 due to heteroge-
neity in study settings in terms of type of CVAD, definition 
of thrombosis, diagnostic criteria, and inclusion/exclusion 
of asymptomatic thrombotic events. Furthermore, albeit 

playing a pivotal role in CRT occurrence, CVAD insertion 
technique is often neglected in many clinical studies.

Thirteen years ago, the Italian Study Group for Long 
Term Central Venous Access (GAVeCeLT) developed a 
nationwide Consensus16 in order to clarify some key aspects 
on this topic. However, the knowledge around CRT has 
greatly evolved over the last decade, with a natural evolution 
in terms of catheter technologies, insertion techniques, and 
management bundles. The aim of this editorial is to read-
dress the same eight fundamental questions of the 2007 
GAVeCeLT Consensus, on the basis of current knowledge. 
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thrombosis, 13 years later
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Abstract
Catheter-related thrombosis represents one of the most common complications following central venous access 
insertion. Despite the amount of available studies, many aspects surrounding catheter-related thrombosis remain 
controversial. Thirteen years ago, the Italian Study Group for Long Term Central Venous Access (GAVeCeLT) 
developed a nationwide Consensus in order to clarify some key aspects on this topic. Despite most of them still remain 
valid, however, knowledge around catheter-related thrombosis has greatly evolved over the last decade, with a natural 
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Poliuretano di 3a generazione
(power injectability)

•           Maggiore resistenza alla tensione ed ai carichi di ro^ura del catetere e delle connessioni 

•§ Maggiore resistenza alle sollecitazioni pressorie endoluminali (300psi) 

•§ Flussi elevaV (5ml/s) a parità di ingombro vascolare 

•§ Minore spessore parietale a parità di calibro 

•§ Minor grip della superficie 

•§ Minor a^rito endoteliale e miglior gesVone delle complicanze occlusive 

•§ Minor trauma da decubito endoteliale (flu^uazione nel lume vascolare) 

•§ Comportamento visco-elasVco a 37°C 

MIGLIOR PERFORMANCES



Off label use of 3a generation polyurethane PICC

G. Barone et al. Off label use of PICC as umbilical arterial 
catheter: Clinical case series. J vasc acc 2021

Giovanni et al. 3

Discussion
UACs offer several advantages in the management of criti-
cally ill infants including continuous blood pressure moni-
toring, accurate blood gas, frequent blood samplings and 
access for blood exchange. Indications to UAC placement 
include extreme prematurity,3 haemodynamic instability, 

congenital diaphragmatic hernia, PPHN,1,8 severe/moder-
ate neonatal RDS.2 However complications of umbilical 
arterial catheterization have been reported in the range of 
5%–32%.8 The most common complications include7,9–17:

•• Infection (septic emboli, cellulitis, omphalitis, 
sepsis).

•• Vascular complications. Vasospasm, embolism and 
infarction.

•• Thrombosis. This can cause dampening of the arte-
rial tracing and is further classified according to the 
location in (A) Femoral artery thrombosis, which 
can lead to limb ischemia and gangrene. (B) Renal 
artery thrombosis that can cause hematuria, hyper-
tension, acute kidney failure (C) Mesenteric artery 
thrombosis that can result in gastrointestinal haemor-
rage and necrotizing enterocolitis (D) Aortic throm-
bosis that in the end can determine congestive heart 
failure, renal failure, paraplegia, hypertension, leg-
growth discrepancy.18

•• Other complications include hemorrhage, vessel 
perforation, urinary ascites, scrotal hypoperfusion 
(may be secondary to catheter-induced vasospasm 
of pudendal arteries), hypernatremia, peroneal 
nerve palsy, broken umbilical artery catheter frag-
ment with distal embolization.

UACs are usually placed in NICU using specific single 
lumen polyurethane catheter ranging from 3.5 to 5 Fr.

The Cochrane review14 on UACs recommended further 
research to evaluate new strategies for reducing catheter 
occlusions or preventing thrombosis. This suggestion is 
mainly due to the imprecision of our estimates of the risk 
of heparinization of infusates on hemorrhagic complica-
tions and the effects on major thrombotic complications. 
In this regard the atypical use of PICC catheter as UAC 
might open new perspectives.

There are three theoretical advantages for using power 
injectable PICC catheters as umbilical lines:

1. The catheter can be trimmed. Therefore, it’s possi-
ble to reduce the length of the catheter outside the 
umbilical artery. This is particularly important in 
low-birth-weight infants where the presence of a 
shorter catheter facilitates the nursing of the vascu-
lar access device and potentially reduces the risk of 
infection.

2. Three French PICC catheter can achieve a good 
arterial waveform. UACs are conventionally 
placed using specific single lumen polyurethane 
catheter ranging from 3.5 to 5 Fr. Smaller catheters 
(2.5 Fr), even if available, are associated with of a 
dampening of arterial tracing. Therefore, cannot be 
used for hemodynamic monitoring. Polyurethane 
power injectable 3 Fr single lumen PICC achieved 
an incredibly good arterial waveform. The use of 

Figure 1. Shows the placement of the PICC as UAC. 
Catheter was secured using cyanoacrylate grue, sutureless 
device and semipermeable transparent membrane.

Figure 2. Shows the arterial wave form.

Figure 3. Tip location using real time ultrasound.
UVC: umbilical venous catheter; UAC: Umbilical arterial catheter; RA: 
right atrium; LA: left atrium; AA: aortic arch.

1.There are three theoretical advantages for using power 

injectable PICC catheters as umbilical lines: 

1. The catheter can be trimmed. 

2. Three French PICC catheter can achieve a good arterial 

waveform. 

3. Easier management of occlusion. 







Take home messages…

Ø Solo in Poliuretano, senza se e senza ma

Ø I cateteri medicaK possono avere un ruolo

Ø ImportanK i materiali usaK, ma anche il diametro, le tecniche di inserzione, 

fissaggio, localizzazione della punta e gesKone/durata del catetere

Ø Poliuretani power di 3a generazione (costo/benefici)

Quale materiale scegliere per i cateteri ombelicali?



nicolapozzi71@gmail.com

Grazie…

Torre dell’Orologio (1883) Accadia (Fg)


