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PICC TEAM UCSC



Proactive Vascular Planning
Kokotis, JIN 2005











�� Agocannule perifericheAgocannule periferiche

�� Cateteri arteriosi per monitoraggio emodinamicoCateteri arteriosi per monitoraggio emodinamico

�� CVC non cuffiati e non tunnellizzatiCVC non cuffiati e non tunnellizzati

�� CVC multilumeCVC multilume

�� Cateteri di SwanCateteri di Swan--GanzGanz

�� Cateteri per emodialisi non tunnellizzati a doppio lumeCateteri per emodialisi non tunnellizzati a doppio lume

120.000.000

20.000.000 

5.000.000-7.000.000

700.000



�� CVC con cuffia e tunnellizzati (100.000)CVC con cuffia e tunnellizzati (100.000)

�� CVC tipo Hickman/Broviac/GroshongCVC tipo Hickman/Broviac/Groshong

�� Cateteri per emodialisi tunnellizzatiCateteri per emodialisi tunnellizzati

�� Port sottocutanei (200.000)Port sottocutanei (200.000)

�� In Italia circa 30.000 cumulativamenteIn Italia circa 30.000 cumulativamente



PICC



Mercato dei PICC in USA

5.000.000/anno (85 % power injectable)



Mercato dei PICC in Europa



Courtesy of N. Moreau







ColonizzazioneColonizzazione
�� La colonizzazione di un dispositivo intravascolare La colonizzazione di un dispositivo intravascolare 

può avvenire per via può avvenire per via EXTRALUMINALEEXTRALUMINALE::

�� Microrganismi dalla cute circostanteMicrorganismi dalla cute circostante

�� Colonizzazione per via ematogenaColonizzazione per via ematogena

External

Eggimann, 2007; Byrnes, 2007; Raad, 2007



ColonizzazioneColonizzazione
�� La colonizzazione di un dispositivo intravascolare La colonizzazione di un dispositivo intravascolare 

può avvenire per via può avvenire per via INTRALUMINALEINTRALUMINALE::

�� Contaminazione dai raccordi (rubinetti, Contaminazione dai raccordi (rubinetti, 
rampe) delle vie di infusionerampe) delle vie di infusione

�� Somministrazione di infusioni contaminateSomministrazione di infusioni contaminate

Endoluminal

Eggimann, 2007; Byrnes, 2007; Raad, 2007



PATOGENESIPATOGENESI

Maki, 2001



PATOGENESI

Due vie principali:

� ‘SKIN’ = microorganismi dalla cute circostante

� ‘HUB’ = contaminazione dai raccordi (rubinetti, 
rampe) delle vie di infusione



Formazione del Biofilm



Biofilm

� Le caratteristiche fondamentali delle infezioni 
correlate alla presenza di un biofilm sono:

• Resistenza agli antibiotici

• Resistenza alle cellule del sistema immunitario

� Alcune infezioni croniche si presentano con cicliche 
esacerbazioni e remissioni proprio perché rifornite da 
un biofilm.

Ryder, 2005



Munoz, 2004; Sligl, 2006



�� 5 milioni di cateteri venosi centrali 5 milioni di cateteri venosi centrali 
(CVC) all(CVC) all’’anno negli USAanno negli USA

�� Totale di 15 milioni di giorni/catetere Totale di 15 milioni di giorni/catetere 
di osservazione di osservazione 

�� In ospedale, circa 250.000 CRIn ospedale, circa 250.000 CR--
BSI/annoBSI/anno

�� MortalitMortalitàà �� 20.000/anno20.000/anno

�� Costo medio: 25.000 $/episodio Costo medio: 25.000 $/episodio 
infettivoinfettivo







The Risk of Bloodstream Infection in Adults With 

Different Intravascular Devices: A Systematic Review 

of 200 Published Prospective Studies

Dennis G. Maki, Dalniel M. Kluger, Christopher J. Crnich

Mayo Clin Proc. September 2006; 81 (9): 1159-1171













For HAIs, it is widely demonstrated that 
all are preventable, but some are partly 
preventable and some others (CLABSI), 
on the contrary, are completely 
preventable and avoidable.



Institute For Healthcare Institute For Healthcare 
ImprovementImprovement’’ss
www.ihi.orgwww.ihi.org

2005



Six Changes that Save LivesSix Changes that Save Lives

•• Deploy Rapid Response TeamsDeploy Rapid Response Teams

•• Deliver Reliable, EvidenceDeliver Reliable, Evidence--Based Care Based Care 
for Acute Myocardial Infarction (Heart for Acute Myocardial Infarction (Heart 
Attacks)Attacks)

•• Prevent Adverse Drug Events (ADEs)Prevent Adverse Drug Events (ADEs)

•• Prevent Surgical Site InfectionsPrevent Surgical Site Infections

•• Prevent VentilatorPrevent Ventilator--Associated Associated 
PneumoniaPneumonia

•• Prevent Central Line InfectionPrevent Central Line Infection
IHI, 2005





APIC - Targeting Zero



According to IHI’s experiences 
and Campaigns, the best tool to 
Target Zero Infections is the 
“Bundle”



� IHI developed the concept of “bundles”
to help health care providers more 
reliably deliver the best possible care for 
patients undergoing particular 
treatments with inherent risks. A bundle 
is a structured way of improving the 
processes of care and patient 
outcomes: a small, straightforward set of 
practices — generally three to five —
that, when performed collectively and 
reliably, have been proven to improve 
patient outcomes.

2008

What is a “bundle”?



Linee Guida di Riferimento per la prevenzione delle 
CRBSI

� CDC Atlanta 2002 (Centers for Disease 
Control, USA)

� RCN 2005 (Royal College of Nurses, 
UK)

� INS 2006 (Infusion Nursing Society, 
USA)

� BCSH 2006 (British Committe for 
Standards in Hematology, UK)

� EPIC 2007 (Evidence -Based Practice 
in Infection Control, UK)

� SHEA/IDSA 2008 

� ESPEN 2009

� RCN 2010

� INS 2011

� CDC 2011

� EPIC 3 2014

� SHEA 2014

� INS 2016

� RCN 2016





Central Line Bundle

• Hand Hygiene 

• Maximal Barrier Precautions Upon Insertion

• Chlorhexidine Skin Antisepsis 

• Optimal Catheter Site Selection, with 
Subclavian Vein as the Preferred Site for 
Non-Tunneled Catheters 

• Daily Review of Line Necessity with Prompt 
Removal of Unnecessary Lines

www.ihi.org, 2008



But, Does It Work?
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Berenholtz, 2004



Rate of CRBSI fell from 
11.3 to 0/1000 catheter 
days

Prevented annually 
(estimated)
43 CRBSI

8 deaths
559 ICU days

Estimated savings to 
hospital: $ 1.824.447













BUNDLE 2017

� VERIFICA DELLA CORRETTA INDICAZIONE ALL’INSERIMENTO DEL CVC

� IGIENE DELLE MANI CON GEL IDROALCOLICO PRIMA DELL’IMPIANTO E PRIMA 
E DOPO OGNI MANOVRA SUL CVC E IMPIEGO DI KIT DI INSERIMENTO 
CONTENENTI ANCHE LE MASSIME PRECAUZIONI DI BARRIERA

� SCELTA CORRETTA DEL SITO DI INSERZIONE, UTILIZZANDO I PICC COME 
CATETERI DI SCELTA

� IMPIANTO ECOGUIDATO, OVUNQUE POSSIBILE, SIA PER I CATETERI A 
INSERZIONE CENTRALE CHE PER I CATETERI A INSERZIONE PERIFERICA

� UTILIZZO DI CLOREXIDINA AL 2% IN APPLICATORI MONODOSE STERILI PER 
L’ANTISEPSI CUTANEA AL MOMENTO DELL’IMPIANTO E PER LA GESTIONE 
DELL’EXIT SITE AL CAMBIO DI MEDICAZIONE

� UTILIZZO DI DISPOSITIVI A RILASCIO CONTINUO DI CLOREXIDINA PER LA 
PROTEZIONE DELL’EXIT SITE

� IMPIEGO DI “SUTURELESS DEVICES” PER IL FISSAGGIO DEL CATETERE

� IMPIEGO DI MEDICAZIONI SEMIPERMEABILI TRASPARENTI, OVUNQUE 
POSSIBILE



BUNDLE 2017

� UTILIZZO DI CIANOACRILATO STERILE PER LA PROTEZIONE DELL’EXIT 
SITE AL MOMENTO DELL’IMPIANTO

� DISINFEZIONE DEI PUNTI DI ACCESSO (HUB O NEEDLEFREE 
CONNECTORS DI UN CVC MEDIANTE SCRUBBING CON SOLUZIONI 
ALCOLICHE (PREFERIBILMENTE CLOREXIDINA 2% IN SOLUZIONE 
ALCOLICA) OPPURE DISINFEZIONE PASSIVA DEI NFC MEDIANTE PORT 
PROTECTORS.

� UTILIZZO DI SIRINGHE PRERIEMPITE STERILI PER IL FLUSH E IL LOCK 
DEI CVC

� UTILIZZO DI UN CARRELLO DEDICATO PER L’IMPIANTO
� UTILIZZO DI CHECKLIST PER LA VERIFICA DELLA CORRETTA 

APPLICAZIONE DEL BUNDLE
� RIMOZIONE IMMEDIATA DEL CATETERE VENOSO CENTRALE NON PIÙ

INDISPENSABILE



Targeting zero CLABSI in patients with 

PICC lines: a case-control study

G. Scoppettuolo§, L. Dolcetti§, C. Taraschi§, C. Chiarini§, 
C. Donato§, S. Lardo§, A. La Greca*, M. Pittiruti*

§ Clinic of Infectious Diseases, * Dpt. of Surgey, Catholic 
University, Rome

AVA 2011



Patients and Methods

� Setting: Clinic of Infectious Diseases, Catholic 

University, Rome

� Study: Case-Control (1:3)

� Duration: 12 months



Results







BUNDLES



Bundle

TECHNOLOGY
BEHAVIOURAL

STRATEGIES



• Ultrasound Guidance
• 2% Chlorhexidine
• Chlorhexidine impregnated dressing
• Sutureless Devices
• Transparent dressing
• All inclusive kit for insertion
• All inclusive kit for manteinance
• Port protectors
• Cyanoacrilate glue
• Antimicrobial catheters

Raad & Maki, 2007; Timsit, 2007; Mermel, 2007;Jarvis, 2007; Eggimann, 2007;Pratt, 2007;  Gallieni, 2008; Cheung, 2009; McGoldrick, 2009; 

Goede, 2009; Pittiruti, 2009; RCN, 2010; INS, 2011; O’Grady, 2011; Lamperti, 2012



Ultrasound guidance



Critical Care, 2006



CDC 2011



Linee Guida EPIC 2014

“… L’uso dell’ecografia può indirettamente ridurre il 
rischio di infezione facilitando il  posizionamento del 
catetere venoso centrale…”





Consensus 2012





INS 2016



• Ultrasound Guidance
• 2% Chlorhexidine
• Chlorhexidine impregnated dressing
• Sutureless Devices
• Transparent dressing
• All inclusive kit for insertion
• All inclusive kit for manteinance
• Port protectors
• Cyanoacrilate glue
• Antimicrobial catheters

Raad & Maki, 2007; Timsit, 2007; Mermel, 2007;Jarvis, 2007; Eggimann, 2007;Pratt, 2007;  Gallieni, 2008; Cheung, 2009; McGoldrick, 2009; 

Goede, 2009; Pittiruti, 2009; RCN, 2010; INS, 2011; O’Grady, 2011; Lamperti, 2012







Vantaggi della Clorexidina

� Battericida

� Ampio spettro (Gram positivi, Gram negativi, anaerobi facoltativi, funghi, 

virus – incluso HIV – ma non sporicida)

� Rapido inizio di attività

� Effetto antimicrobico prolungato

� Effetto sinergico con alcool

� Attivo in presenza di sangue o siero















Transepidermal Water Loss (TEWL)

“Shaping the Future of Pediatric Vascular Access 2012”

• Water of respiration normally

moves through the stratum

corneum from below.

• The rate of transepidermal water

loss (TEWL, g/m2/hr) is a measure

of skin barrier integrity

• TEWL is higher (faster) when the

barrier is damaged.



Full Term Infant Skin

“Shaping the Future of Pediatric Vascular Access 2012”

Healthy infants

• Well-formed stratum

corneum…..note

multiple layers

• Thick epidermis

• Structural proteins

present in the dermis
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Full-Term Newborn Skin Barrier

“Shaping the Future of Pediatric Vascular Access 2012”

TEWL

• very low at birth

• 4-6 g/m2/hr

• remains low over first

month

• lower than adult

values of 6-8 g/m2/hr Day 1 Day 7 Day 28 Adult
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Premature Infant Skin

“Shaping the Future of Pediatric Vascular Access 2012”

• Stratum corneum

poorly developed or

absent

• Thin epidermis

• Dermis not fully

formed and deficient

of structural proteins



Premature Skin Barrier

• Premature infant skin

barrier integrity varies

greatly with gestational age.

• TEWL for 24 – 25 wks

Premature

Infants

gestation is very high,

comparable to epidermis

without a SC barrier.

Sedin et al., Acta Paediatr Scand Suppl (1983);305:27-31.

“Shaping the Future of Pediatric Vascular Access 2012”
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Premature Skin Barrier Development

“Shaping the Future of Pediatric Vascular Access 2012”

• Premature infants

experience high fluid loss,

thermal instability,

electrolyte imbalance.

• However, the SC barrier

forms rapidly after birth.

• Surface hydration

decreases over a few

days.

Okah, et al, Pediatrics (1995);96(4):668-692.



Premature Skin Barrier Development

“Shaping the Future of Pediatric Vascular Access 2012”

• At one month post birth,

TEWL is significantly higher

for the preterm infant than

for the full term newborn.

• May lead to increased

susceptibility to infection and

penetration of exogenous

agents.

Agren et al, Acta Paediatr Scand (1999);72(5):721-728.



“Dressing” the NICU Patient

“Shaping the Future of Pediatric Vascular Access 2012”



Chlorhexidine Gluconate, Skin

Antiseptics and Neonatal Skin

Integrity

“Shaping the Future of Pediatric Vascular Access 2012”



Significance

• Skin disinfection helps prevent intravascular

catheter related infections

• CDC guideline: No recommendation for

infants < 2 months due to limited evidence or

lack of consensus

“Shaping the Future of Pediatric Vascular Access 2012”



CHG Safety in Premature Infants

• Issues: systemic absorption, skin toxicity

• Concern: hexachlorophene caused neurotoxicity

• Hexachlorophene:
– Bacteriostatic

– disrupts bacterial cell wall

– slow onset efficacy

• CHG:

–

–

–

–

Bacteriocidal

increases cell membrane permeability

rapid onset

binds to SC proteins

Chapman A, et al. J Perinatol (2012); 32(1):4-9

“Shaping the Future of Pediatric Vascular Access 2012”



CHG Premature Skin Permeation

•

•

•

•

Three studies: preterms ≥ 27 and < 32 wks GA

Age at evaluation: 0 – 28 days

CHG blood levels: 0 – 214 ng/ml

No infants 23 – 26 wks GA

Aggett P et al. Arch Dis Child (1981); 56(11):878-880

Cowen J, et al. Arch Dis child (1979); 54(5):379-383

Garland J, et al. J Perinatol (2009); 29:808-813

“Shaping the Future of Pediatric Vascular Access 2012”



Skin Effects in Premature Infants

• There are reports of burns in infants of 24 - 26

weeks GA from alcohol-based preparations,

including CHG in 70% isopropanol.

“Shaping the Future of Pediatric Vascular Access 2012”

Reynolds P et al, Arch Dis Child Fetal Neonatal Ed 2005; 90:F10.

Watkins A et al, J Paediatr Child Health 1992; 28:306-8.

Lashkari H et al, Arch Dis Child Fetal Neonatal Ed 2012;97:F64.



Skin Effects in Premature Infants

• Parallel groups of 715 NICU patients with central venous

catheters.

• Skin treated with isopropanol and covered with

– polyurethane dressing

– chlorhexidine patch (early version)

• Severe contact dermatitis in 5.7% of CHG patch group

22.5 - 26.5 wks GA

• Patch effects not determined

“Shaping the Future of Pediatric Vascular Access 2012”

Garland J, et al. Pediatrics 2001; 107:1431-6.



CHG versus PI in Neonates

• Pilot parallel comparison: 2% CHG (alcohol) vs. 10% Povidone

Iodine

• 48 neonates ≥ 1500 g (~ 30wks GA) and ≥ 7 days

• No catheter related BSIs in either group

• No dermatitis - CHG or PI (i.e., ≥ 2,no pink-red all area)

• CHG absorption occurred:

– 7 of 10 had blood CHG between 13 – 100 ng/ml

• Studies needed in younger preterms

“Shaping the Future of Pediatric Vascular Access 2012”

Garland J, et al. J Perinatol (2009); 29:808-813



Investigator Comments

• “The FDA limited study enrollment to neonates who

were at least 7 days old and weighed more than

1500 g because of concerns for the development of

contact dermatitis in low-birth-weight neonates

exposed to topical CHG.”

• This restriction was applied because a previous

study (same author) had 6% of subjects with contact

dermatitis from a CHG-impregnated dressing.

“Shaping the Future of Pediatric Vascular Access 2012”

Garland J, et al. J Perinatol (2009); 29:808-813





CHG Use in NICUs

• A survey of 90 NICU training units found:

55

39

14

28

59

Used CHG, central venous catheter care

No restrictions

Restrictions: GA, actual age or birth weight

Reported adverse reactions, all skin related

17 burns, 2 erosions, 9 erythema

Had concerns: Off label use, Immature skin, Limited

safety data

Tamma P, et al. Infect Control Hosp

Epidemiol (2010);31(3):846-849

“Shaping the Future of Pediatric Vascular Access 2012”







Effect of CHG on Skin Integrity

“Shaping the Future of Pediatric Vascular Access 2012”

Hypothesis

• Treatment with CHG will not alter the normal

skin barrier development in the high risk

neonate.

– Skin treated with CHG and a semipermeable

dressing (Tegaderm™) will not differ from skin

treated with the dressing alone (no CHG).



Disinfect, Dress & Secure

Sharpe E. Advances in Neonatal Care (2008); 8(3):150-162

“Shaping the Future of Pediatric Vascular Access 2012”

1. Disinfect with

Chloroprep®

2. Apply transparent

semipermeable dressing
3. Secure PICC

with steri strips



Methods

“Shaping the Future of Pediatric Vascular Access 2012”

• Within subject design

• Compare three regions

– PICC site with CHG and semipermeable dressing

(Tegaderm™)

– Contralateral site with dressing only (2.5 cm2)

– Adjacent site untreated control

• Immediate response to CHG application

• Skin effects over time

– At insertion, dressing changes at weeks 1, 2, 3



Dressing Removal

“Shaping the Future of Pediatric Vascular Access 2012”



Clinical Response

“Shaping the Future of Pediatric Vascular Access 2012”

PICC site – dressing

removed
Dressing only site –

dressing removed























• Ultrasound Guidance
• 2% Chlorhexidine
• Chlorhexidine impregnated dressing
• Sutureless Devices
• Semipermeable transparent dressing
• All inclusive kit for insertion
• All inclusive kit for manteinance
• Port protectors
• Cyanoacrilate glue
• Antimicrobial catheters

Raad & Maki, 2007; Timsit, 2007; Mermel, 2007;Jarvis, 2007; Eggimann, 2007;Pratt, 2007;  Gallieni, 2008; Cheung, 2009; McGoldrick, 2009; 

Goede, 2009; Pittiruti, 2009; RCN, 2010; INS, 2011; O’Grady, 2011; Lamperti, 2012



CHLORHEXIDINE IMPREGNATED SPONGES



TegadermTegaderm™™ CHG CHG 

DressingDressing

Internal Jugular*
Subclavian Site*

Peripherally Inserted 

Central Catheter
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INS 2016



INS 2016



• Ultrasound Guidance
• 2% Chlorhexidine
• Chlorhexidine impregnated dressing
• Sutureless Devices
• Transparent dressing
• All inclusive kit for insertion
• All inclusive kit for manteinance
• Port protectors
• Cyanoacrilate glue
• Antimicrobial catheters

Raad & Maki, 2007; Timsit, 2007; Mermel, 2007;Jarvis, 2007; Eggimann, 2007;Pratt, 2007;  Gallieni, 2008; Cheung, 2009; McGoldrick, 2009; 

Goede, 2009; Pittiruti, 2009; RCN, 2010; INS, 2011; O’Grady, 2011; Lamperti, 2012



THE RISK OF SUTURE…
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INS 2016



INS 2016
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• 2% Chlorhexidine
• Chlorhexidine impregnated dressing
• Sutureless Devices
• Transparent dressing
• All inclusive kit for insertion
• All inclusive kit for manteinance
• Port protectors
• Cyanoacrilate glue
• Antimicrobial catheters

Raad & Maki, 2007; Timsit, 2007; Mermel, 2007;Jarvis, 2007; Eggimann, 2007;Pratt, 2007;  Gallieni, 2008; Cheung, 2009; McGoldrick, 2009; 

Goede, 2009; Pittiruti, 2009; RCN, 2010; INS, 2011; O’Grady, 2011; Lamperti, 2012
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• Ultrasound Guidance
• 2% Chlorhexidine
• Chlorhexidine impregnated dressing
• Sutureless Devices
• Transparent dressing
• All inclusive kit for insertion
• All inclusive kit for manteinance
• Port protectors
• Cyanoacrilate glue
• Antimicrobial catheters

Raad & Maki, 2007; Timsit, 2007; Mermel, 2007;Jarvis, 2007; Eggimann, 2007;Pratt, 2007;  Gallieni, 2008; Cheung, 2009; McGoldrick, 2009; 

Goede, 2009; Pittiruti, 2009; RCN, 2010; INS, 2011; O’Grady, 2011; Lamperti, 2012







300 cm

180 cm
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• 2% Chlorhexidine
• Chlorhexidine impregnated dressing
• Sutureless Devices
• Transparent dressing
• All inclusive kit for insertion
• All inclusive kit for manteinance
• Port protectors
• Cyanoacrilate glue
• Antimicrobial catheters

Raad & Maki, 2007; Timsit, 2007; Mermel, 2007;Jarvis, 2007; Eggimann, 2007;Pratt, 2007;  Gallieni, 2008; Cheung, 2009; McGoldrick, 2009; 

Goede, 2009; Pittiruti, 2009; RCN, 2010; INS, 2011; O’Grady, 2011; Lamperti, 2012





• Ultrasound Guidance
• 2% Chlorhexidine
• Chlorhexidine impregnated dressing
• Sutureless Devices
• Semipermeable transparent dressing
• All inclusive kit for insertion
• All inclusive kit for manteinance
• Port protectors
• Cyanoacrilate glue
• Antimicrobial catheters

Raad & Maki, 2007; Timsit, 2007; Mermel, 2007;Jarvis, 2007; Eggimann, 2007;Pratt, 2007;  Gallieni, 2008; Cheung, 2009; McGoldrick, 2009; 

Goede, 2009; Pittiruti, 2009; RCN, 2010; INS, 2011; O’Grady, 2011; Lamperti, 2012



PORT PROTECTORS







Port protectors and educational intervention: the way to 

zero central line-associated bloodstream infections 

(CLABSIs). A randomized controlled trial.

Inchingolo R1, Magnini D.1, Montemurro G.1, Smargiassi A.1, Pasciuto G.1, Cavalletti M.1, Torelli R.2, Spanu 

T.2, Sanguinetti M.2, Scoppettuolo G.3, Pittiruti M.4, Valente S.1, Corbo G.M.1.

1: Pulmonary Medicine Department, Università Cattolica del Sacro Cuore, Rome, Italy. 

2: Institute of Microbiology, Università Cattolica del Sacro Cuore, Rome, Italy. 

3: Department of Infectious Diseases, Catholic University, Rome, Italy. 

4: Department of Surgery, Catholic University Hospital, Rome, Italy. 









INS 2016 : port protectors



CYANOACRYLATE GLUE CYANOACRYLATE GLUE 

PREVENTS EARLY BLEEDING OF PREVENTS EARLY BLEEDING OF 

THE EXIT SITE AFTER PICC THE EXIT SITE AFTER PICC 

PLACEMENTPLACEMENT

••Mauro Pittiruti, Alessandro Emoli and Giancarlo Mauro Pittiruti, Alessandro Emoli and Giancarlo 

ScoppettuoloScoppettuolo

••Catholic University, Rome, ItalyCatholic University, Rome, Italy



• PREVENTION OF BLEEDING
• PREVENTION OF CONTAMINATION 
• PREVENTION OF DISLOCATION
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Thank you for your attention! giancarlo.scoppettuolo@policlinicogemelli.it


