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Criteria for the perfect catheter

e No blood recirculation
e No thrombosis

e No infection
e No bacteremia
e No exit infection

e Infinite survival
e Easy to install

e Providing desired flow (in the USA at least 350
mi/min, In Europe at least 250, in Japan at least
180 ml/min)
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|L.a solucion ideal de sellado de |os cateteres

1.

2.

deberia reunir. las siguientes
caracteristicas:

Ser biocompatible, no toxico y seguro

Actuar de forma efectiva como anticoagulante.
Tener una actividad antimicrobiana de amplioespectro.
Impedir la formacion de cepas resistentes.

Prevenir la formacion y destruir el biofilm (lugar de
cultivo para bacterias que, ademas, supone una
barrera para la terapia con antibioticos).

Economico
Tener densidad similar a la sangre
Facil manipulacion :

Evitar punciones enfermeria

Evitar errores de dosificacion



CEBADOS:DI:S.POMLAL?E S é
it Prevencion TROMBOSIS:

Heparina ( 20,100,500, 1000, 5000, 10000¢€)
Citrato ( 46. 7%, 30% e€e25e13e10. .4%. .. .)
EDTA

Ethanol ( 35%, 70%..)

Zuragen@ ( Citrato+Paraben+Metilenblue)

Alteplasa

(] Tratamlento TROMBOSIS:

Uroquinasa
Alteplasa

it Prevencion infecciones:

Taurolidina
Anti bi - ticos ?2?27? ( Gentamicinaté

it Tratamiento infecciones:

Antia bi -t cos: Vancao, Ceftazi di ma Cef az
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- CONOCER EL MATERIAL'CON
EL QUE-TRABAJAMOS

- Compatibilidad /de productos con
eltipo de cateter



Vas-cath Soft cell

T —

PermCath

Tesio

Hickman



HEPARINA

it Propiedades anticoagulantes:

. Polisacarido sulfatado, previene la formacion de trombos
intraluminales a traves de la union antitrombina Il y |a

iInactivacion del factor Xa y trombina Il en la via de coagulacion

it Primer producto utilizado desde el
desarrollo de CVC en HD

it NO tiene eficacia antibacteriana
it Riesgo Trombopenia (3,9% )
it Riesgo Hemorragico



Heparina: Riesgos hemorragicos

i Sangrado post-colocacion catéter
i Sangrado en punciones FAV en desarrollo

i Complicacion CIRUGIAS paciente en HD
_ Trasplante
_ Patologias Urologicas
~Abdomi-nal es é.




Heparina: Riesgos (2)

i En 2007-2008 se produjeron casos de
lotes contaminados en la produccion de
heparina de Baxter ( Origen de China?)
~ 131 fallecidos EEUU, 19 Alemania

- Reacciones toxicas de sustituto sintetico del
producto animal ( Sulfato de condroitina)

No comercializada en Espana
( EI precio se incrementdo NOTABLEMENTE



it No existen recomendaciones de
dosis Heparina para sellado de
cateteres en guias Internacionales
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e W ... ]I | - : :
» Do not use acetone with these catheters, catheter fydogen Femnde:—j: i u E N 2 O O 8 - I a Am e fl] C an S O C | ety Of

degradation may occur. Bactoban'

» Avoid use of ointments containing Polyethylene Glycol Povdoeode intnent : : s D I ag no Stl C I N te 'n atl on aI

(PEG) on these catheters, with the exception of Bactroban". Minera 0ikBased ointments

Clean skin around catheter using accepted solution Hectore 0 i N e p h o I (0) g I St recom I en d a I a

antiseptics. Cover exit site with sterile occlusive dressing for

2013 o /2 o
the entire duration of implantation. If catheter swelling is 1 Initro test data availble upon request Ut| I I Z aC I O n d e H e p arl n a. a l O OO U I / I I I I
observed, discontinue use and replace catheter. 2 Centers for Disease Control and Prevention “Guidelines for the Prevention of Intravascular

HEPARINIZATION: Catheter-Related Infections,” August 9, 2002, Volume 51 c,) d e C I tr ato al 4%

3 National Kidney Foundation. NKF-K/DOQI Clinical Practice Guidelines for Vascular Access:
To maintain patency of catheter between treatments, a heparin- update 2000, AmJ Kidney Dis 200; 37 (supl:S137-S81

lock must be created in each lumen of catheter. Concentration

of heparin used should be determined by hospital protocol. If +US Patent No. 6530242 " ,

e i bl eommeded by 90l it Los proveedores de catéteres
be flushed mdxe-pa el wih hqmm every 4872 houss. Bactroban® is  registered trademark of Smithkline Beecham Corporation

ChloraPrep® is a registered trademark of Enturia, Inc. i r e C O mi e n d a n S e g u i r

MAGNETIC RESONANCE ENVIRONMENT: ExSept® is a registered trademark of Double Diamond Partners LLC.

This device presents no additional risks to the patient or other Hibiclens® i a regstered trademark of Zeneca Limited Corporation. ﬁ E L P R O T O C O L O D E L
individuals during use with shielded magnetic resonance (MR)

systems up to 3.0-Tesla, but may produce some MR imaging Caution: U.S. Federal Law limits this device to sale by or on order of a physician.

artifact in the area of the device. More detailed information

regarding the use of this device in an MR environment is

? WALLET ™' ’
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Espafiola de : Grupo Editorial
Nefmlogla

2 Home i- Fondo editorial ;‘ Blisquedas @ [nformacion / Contacto

Nefrologfa al dfa > V. Hemodialisis Este apartado es sol para autores del
Grupo Editorial.

Accesos vasculares percutaneos i p

Fecha Actualizacion: 2 Feb. 2011 r Historico actualizaciones Iniciar Sesién
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"Medico Adjunto del Servicio de Nefrologia. Hospital Universitario de Canarias. La Laguna, Tenerife (Espaiia) / Indice CapltUIOS
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- I. Nefrologia clinica: en... A
r Indice del capftulo Cap. 1. Sindromes clinicose.. =

Cap. 2. Glomerulonefritis pr...
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2. Catéteres no tunelizados Cap. 3. Afectacion renal en ...

3. Catéteres tunelizados = Cap. 4. Nefropatias intersti...
3.1. Indicaciones Cap. 5. Infecciones de tract...




Tabla 2
Signos de disfuncion de los catéteres venosos centrales

* Flujo de sangre <300 ml/min 0 incapacidad para alcanzar el previo

* Recirculacion >10%

* Porcentaje de reduccion de la urea progresivamente <65% o KtV <1,2

* Presion arterial <250 mmHg o presion venosa >250 mmHg para alcanzar
flujos de 300 ml/min

* Incapacidad de aspirar sangre (tardio)




PRUEBA ESEUERZO

(TK)

Qb Ideal > 300 ml/min

- LIMITE MAXIMO Qb ADMITIDO
HASTA PV ~ +200

PA ~ -200

U

CONTROL MENSUAL




Tabla 2
Signos de disfuncion de los cateteres venosos centrales

e Flujo de sangre <300 mi/min o incapacidad para alcanzar el previo

e Recirculacion > 10%

e Porcentaje de reduccion de la urea progresivamente <65% o Kiv < 1,2

e Presicon arterial <250 mmHg o presion venosa =>250 mmHg para alcanzar
flujos de 300 MI/min

e Incapacidad de aspirar sangre (tardio)

i1 4.2.2.1. Prevencion de la disfuncion de
cateter

Al Inicio de |a sesion se recomienda lavar
enérgicamente el cateter con suero salino
después de extraer la heparina.

17



Tabla 2
Signos de disfuncion de los cateteres venosos centrales

Flujo de sangre <300 mi/min o incapacidad para alcanzar el previo
Recirculacion > 10%

Porcentaje de reduccion de la urea progresivamente <65% o KtV < 1,2
Presicon arterial <250 mmHg o presion venosa >250 mmHg para alcanzar
flujos de 300 MI/min

Incapacidad de aspirar sangre (tardio)

4.2.2.1. Prevencion de la disfuncion de catéeter

| ¢ realizar una serie
de procedimientos para mantener el catéter y evitar la formacion del
trombo intraluminal y en la punta:

A

ASellar. cada luz con dilucion de heparina no fraccionada al 1%
en la cantidad exacta gue marca el catéeter.

El uso de citrato trisodico se ha propuesto como solucion de sellado
POr sus propiedades anticoagulantes y antimicrobianas.






What happens to injections of lock solution
equal to one catheter volume?

Fluid follows parabolic flow down the
catheter lumen:

O~

As a result 15-20% of the Injected
volume goes out the tip of the

catheter immediately”




6. Why does blood rise into |J catheters
over time, displacing the lock solution?

« Density of blood is 1.035 at hematocrit
of 34%.

Density of heparin is 1.000

If patient with right IJ lies down on
right side, the more dense fluid
(blood) goes down and lighter fluid up:

Effect is reversad when lock is more densea than
blood, such as with 23% citrate or 25% NaCl
(specific gravity 1.10) . This fluid slowly falls from
catheter with patient upright”

¢.¢. Citrato 30 % 4?: 1.180




CITRATO

Table 3. Rates of catheter exchange, bacteraemia and n-PA
treatments during the heparin and citrate years

N D T Parameter Heparin Citrate

O?‘Igﬂfﬂ’ .l ,"f.lf.{-'.zt’ Nephrelagy Dialysis Transplantation
No  No/1000 No  No/1000

T . o I catheter days catheter days
Sodium citrate 4% locking solution for central venous dialysis ’ ’

catheters—an effective, more cost-efficient alternative to heparin ]
Catheter exchanges 56 1.51 70 1.88

S ‘ . [ o vr o b 3 31
Linda Grudzinski', Patricia Qumun', Saphie Kwok' and Andreas Pierratos™ I'reatments with 127 410 120 3.23
re-PA*
11Dq\;[lm::;lwl Ntfh;n'll'g'. Humber River Regional Hospital and “Depariment of Medicine, University of Toronto, Bacteraemias M 077 35 004
oronto, Unlano, Lanada

A=studio retrospectivo

/8 arfios experiencia Citrato 4%
ACoste 1/6 inferior a heparina
AEficacia similar Heparina

A=vita riesgo heparinizacion sistémica



Soluciones de
Citratoe al (46,7% Yy 30%).

ii Parestesia

i Sabor metalico

it Hormigueo en los dedos
(i Sucesos embolicos

it Paradas cardiacas



Mephrol Dial Transplant (2012): Edtonal Comment
Table 1. Smdies reporting haemodialysis catheter dysfunction using citmte-based catheter locks

Author Citrate Design Catheter Malfunction

Hermite ef ai. [23] 46. 7% versus saline P mndomized Jet Cath 26 versus 127*
Venditto ef al. |16 46. 7% versus 5000 H R cohort mltiple 21 versus 13.7%
Powereral. |12 46. 7% versus 5000 1IU H P randomized Tesio B versus 4.31*
Winnett ef ai. [27] 46. 7% versus 5000 IU H R cross over Ash split 62 versus 71
Wenmer ef al. |13] 30 versus 5000 H P mndomized mltiple 47 versus 4%
Meeus ef al. | 18] 10F% versus 3% P mndomized JOkAc, VasCath 1.6 versus 1.6%*
Makieral. [17] TYa/parabens versus 5000 H P mndomized mltiple 16.4 versus 14.5%
CGrudzmska ef al. [29] 4% versus 10,000 IUH R cross over mltiple 1.58 versus 1.51
Lok ef al. [30] 4% versus 5000 IU H P cross over mltiple 3.3 versus 5.449%
Betjes and van Agteren |31 4hutaurolidme versus 5000 IU H P mndomized Tesio Ash split (.53 versus .94
Filiopoulos ef al. [32] 4hutaurohdme versus pentamicin/3000 IUH P mndomized mltiple 115 versus 14.9%
Moran ef al. | 1¥] 4%/gentamicin versus 1000 IU H P mndomized multiple 1.36 versus 3.42
Allon [33] 4hutaurolidme versus 5000 IU H P cohort 3 catheters 18 versus 4*
Dogra ef al. [34] 3.3%/ pentamicin versus 5000 IUH P mndomized mltiple 30% versus 42%
Uday ef af. [33] 3.3%/ pentamicin versus 3000 IUH P mndomized multiple 10% versus 153%
Parikh er al. |36 2.2% ACD versus 5000 [U H P cohort multiple 3.4% versus 4.7%

Unfractionated heparin (H) concentration per mL. Retospective (R) and prospective (P). Malfunction data presented as citrate-based lock versus other
locks. The definition of catheter dysfunction varies between smdies mnging from reduced blood flow, to thrombolytic usage to catheter removal per
1000 catheter days, or % patients requiring thrombolytic therapy unless otherwise stated *p <0.05 versus citrate,




Embolic Complications From Central Venous Hemodialysis Catheters
Used With Hypertonic Citrate Locking Solution

Michelle Kay Willicombe, MRCP,” Katherine Vernon, MRCP,” and Andrew Davenport, MD <

Table 1. Characteristics of Patients With Catheter Embaoli

Patient Age Duration
Ho. ¥} Sex Catheter Position [iils)] Anticoagulant Hypotension Embaolus

Right subclavian catheter 24 Tinzaparin 1,500 IU No Cerebrovascular accident
Left internal jugular central 4 Daily tinzaparin Yes Pulmonary embolus
venous catheter
Right internal jugular central 3 Tinzaparin 3,500 IU Yes Pulmonary embolus
venous catheter
Left internal jugular central Tinzaparin 2,500 IU Yes Pulmonary embolus
venous catheter
Right internal jugular central Tinzaparin 2,500 IU Yes Pulmonary embolus
venous catheter
Right internal jugular central Warfarin Yes Pulmonary embolus
venous catheter
Right internal jugular central Tinzaparin 1,500 U Yes Pulmonary embolus
venous catheter
56 M Right internal jugular central Tinzaparin 4,500 1U Mo Pulmonary embolus
venous catheter

Note: Duration refers to the time since the central venous catheter was inserted; hypotension refers to hypotension shortly
after starting dialysis; and type of embolus is categorized as pertaining to brain (cerebrovascular accident) or lung
(pulmonary embolus).

American Joumal of Kidnay Diseases, Vol 55, Mo 2 (February), 2010: pp 348-351




Embolic Complications From Central Venous Hemodialysis Catheters
Used With Hypertonic Citrate Locking Solution

Michelle Kay Willicombe, MRCP,” Katherine Vernon, MRCP,” and Andrew Davenport, MD <

5 =
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Figure 1. Isotope brain scan (neuralite) shows results
of a cerebral embolus in a patient with a patent formaen
ovale. Area of cerebral infarction indicated with arrow.

Figure 2. Pulmonary embolus from a central venous
catheter tip clot in upper lobe pulmonary artery (arrow).




TAUROLIDINA




ETANOL

Abstract: [TH-PO253] Ethanol Lock Techniqgue Causes Protein
Precipitation in Vascular Access Devices An Explanatory
Model for Observed Catheter Occlusion

Gernot Schilcher, Hubert Scharnagl, Tatjana StojakoVicC, wemer

Ribitsch, Daniel Schneditz, PhD, Robert Krause, Alexander. R. Rosenkranz, MD, Joerg H. Horina. Division of Nephrology,
Medical University of Graz, Austria; Clinical Institute of Medical and Chemical Laboratory Diagnostics, Medical University of
Graz, Austria; Institute of Physiology, Medical University of Graz, Austria; Section of Infectious Diseases, Medical University of

Graz, Austria.

Background: Ethanol lock technique has been proposed as a potential mechanism to eradicate organisms in biofilms and hence, treat or
prevent catheter related infections. Following instillation of ethanol lock solution into the catheter the density difference between whole
blood and ethanol causes gravity induced seepage of ethanol paralleled by a reverse whole blood influx into the catheter. Therefore,
whole blood is exposed to highly concentrated ethanol, which is a common agent for. protein precipitation. We aimed to investigate protein
precipitation in ethanol locked catheters as a possible cause of catheter occlusion. Methods: In vitro, blood plasma and ethanol
(concentrations ranging from 7 to 70%) mixtures in a ratio of 1:4, representing the intraluminal catheter conditions, were centrifuged at
room temperature and 4000 r.p.m. for 10 min. to visibly assess protein precipitation. Results: Optically detectable protein precipitation
was observed in test solutions containing ethanol lock solutions above a concentration of 30%. Conclusions: Our in vitro data suggest
that observed occlusion of central venous catheters locked with ethanol might be due to intraluminal protein precipitation following
exposure of plasma proteins to ethanol. Furthermore, injection or gravity induced leakage of precipitated protein particles into the
pulmonary circulation may cause pulmonary embolism. We suggest that ethanol lock solution up to the concentration of 30% can be used

safely.



