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Original Investigation AJKD
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Figure 2. Cumulative incidence of catheter-related events. Percentage of patients who have experienced at least 1 catheter-related
event from the time of tunneled catheter insertion (in months). The top black line is the first of any catheter-related event (eg, bacter-
emia or inflow/outflow) while the other lines are cause specific (eg, first bacteremia irrespective of other complications). Death, trans-
plantation, recovery, and starting peritoneal dialysis therapy were considered competing events. Censoring events were transfers,
losses to follow-up. or end of study follow-up. AJKD Vol XX | les XX | Month 2019



Dysfonction mécanique

1capacité a fournir un débit suffisant pour une dialyse adéqt

KDOQI: failure to attain
and maintain an
extracorporeal

blood flow, Qb, of 300
mL/min or greater at a
prepump
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InnetEtive than dQSSQahermts une dysfonction/séance/mo

HQ.

High arterial pressures (<=250 mm Hg)

High venous pressures (>250 mm Hg)

High pressure alarms

Decreased blood flow rates

Inability to withdraw and/or flush catheter lumens
Need to reverse lines

Reduced urea clearance (Kt/V < 1.2, or urea reduction
ratio < 65%)




Etiologies de la dysfonction des
Précoces: premigrgtheters
semaine Tardives
Mécaniques « Agressions
* Position incorrecte: répétées/turbulences

— bout de KT contre une e + Inflammation +

palr0| vascylawel coagulation
— Loin de la jonction

VC/Oreillett
 Plicature
=> Repositic

=> Thrombose
:Catheter-related
thrombosis CRT



Prévention des thrombi liés au cathéter

Verrou a base d’anticoagulant: Citrate de
sodium 4% ou Héparine ou Bicarbonate

Pre-CLOT trial: tPA tissue Plasminogene
Activator

Plus efficace mais plus colteux

Antiagrégants plaquettaires: effet controversé
Anticoagulation systémique: risque
hémorraaiague > bénéfice

Canadian Society of Nephrology .."I' : . .
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Figure 2. Shows the Kaplan-Meier survival curves for the time course of the lost and functioning catheters in both Na CL Lock
solution and Na HCO3 Lock solution groups due to clot formation during aperiod of 6 months. P = 0.003.

MNepbrof Renal Dis, 2007



Ttt des thrombi liés aux cathéters

Purge par sérum physiologique en flash (rupture dukr

et d’emboles)

Enlever?
— QOui si alternative vasculaire
Sinon
Injection possible mais pas l'aspiration:
Anticoagulation systémique via le KT
Occlusion totale: thrombolyse
Echec et pas d’infection: changement sur guide

Ann “vasc Surg, 2018 Auwg;51:298-305.




CRT: place de I'anticoagulation
systémique

Cathéter en place Catheéter enlevé

* HNF en IV, bolus * Anticoagulation x 6
60ui/Kg puis 12 sem

« HBPM: risque d’'embolie
hémorragique — Faible: Au moment de

+ AVK: INR 2,5 & 3,5 "ablation

— Elevé: 5 jours avant

° | effi . c d
S| efficace: a garder * Thrombus < 1.5cm:

tant que le KT est en
place

arrét préCULC

nn “asc surg. 2018 Aug;51:298-305.



Traitement des CRT: Thrombolyse

» Activateur tissulaire du plasminogene t-PA
(altéplase et reteplase) => succes ds 83%

a 98%

Type

Dose

Time

Delivery

Nonfunctioning catheter
(Qb < 150/200 mL/min or
inability to withdraw)

(short or long dwell)

Poor functioning catheter with
dialysis stopped

Poor functioning catheter with
dialysis ongoing (eg, Qb >
200 mL/min) but frequent
alarms (intradialytic infusion)

Poor functioning catheter

post dialysis (lock, post
hemodialysis dwell, overnight
dwell)

Typical dose: 2 mg tPA
instillation (I mg in each
lumen)

Alternative dose: 2 mg
tPA per lumen

2-4 mg tPA

2-4 mg tPA

-2 mg tPA per lumen

30 min after instillation
(short dwell)
Alternative: wait
additional 2 h (long
dwell) if 30 min fails®®
As above

Over | h

Until next dialysis

tPA instilled as dwell for 30-60 min
Alternatives: push one-third of dose every
10 min; advance the initial pushed tPA at
10- to 15-min intervals with 0.3 mL saline,
or deliver via infusion pump over 30 min
As above

Via infusion pump—delivered in the dialysis
circuit with catheter lumens reversed for
30 min, then with normal positions for
next 30 min

tPA instilled as push; allowed to dwell in
catheter lumen for 48-72 h, until the next
hemodialysis session

Note. tPA = tissue plasminogen activator.

Ann “vasc Surg, 2018 Auwg;51:298-305.




t-PA > Urokinase

Table 2. Catheter-locking solutions in the management of catheter dysfunction

Study (Reference)/Design Intervention Results
Haire ¢f al., 1994 (55) Urokinase (10,000 IU/ml) versus  tPA significantly better in restoring catheter
Fandomized (n=50) tPA (2 mg) function
Savader et al., 2001 (52) rtPA infusion (2.5 mg over 3 h) 91% technical success rate; primary patency low but

Prospective (n=355)
Little and Walshe, 2002 (54) tPA (1 mg/ml); dwell time 2-8 h
Prospective (n=336)

Haire et al., 2004 (56) Urokinase (5000 IU /ml) versus
Randomized (n=180) placebo

Falk ¢t al., 2004 (49) Reteplase (0.4 units); dwell time
Retrospective (n=19) 30 min=1 h

Macrae ef al., 2005 (50) tPA (1 mg/ml); dwell time 1 h
Randomized (n=60) viersus 48-96 h

improved secondary patency

Patency declined with successive use; median
patency only 5-7 treatments

Urokinase significantly better in restoring catheter
function

Initial patency 88%; no adverse events

Initial patency 78% but short-lived; median patency
only & treatments

tPA, tissue plasminogen activator; rtP'A, recombinant tPA.

Echec 7?7

Clin | Am Soc Mephrol &: 1234-1243, July, 20013




Engainement de fibrine « fibrin

sheath »
;  » Ttt endovasculaire/
stripping, rupture

A fibrin sheath extending from the cuff to the tip of the catheter.

Source. Courtesy of The Atlas of Dialysis Vascular Access by Dr. Vacchharajani, esrdnec org/wp-
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Biofilm: Fibrinogen, Lipoproteine, Albumine,

Facteurs de coagulation Adhésion de leucocytes, au ba | |O N p uls

microorganismes Puis dép6t de collagene et

r:\“i:_:r]ir;zi;lii;illules musculaires lisses Cha ngement d U I<I-
sur guide

Intraluminal thramhbaosis

Catheter tio thrombosis

Fibrin sheath thrombaosis




Table 3. Endovascular procedures in the management of catheter dysfunction
Study (Reference) / .
Design Intervention Results
Duszak ef al., 1998 (61) De novo catheter placements versus No significant difference in patency or
Retrospective (n=68) 56 catheter exchange infections
Merport ef al., 2000 (62) Fibrin sheath stripping versus catheter  Immediate technical success 97%, but primary
Randomized (n=30) 57 exchange patency significantly better in the exchange
group
Janne d'Othée et al, 2006 (63)  Fibrin sheath stripping versus catheter  All 3 equivalent in terms of technical success,
Retrospective (n=66) exchange versus angioplasty patency, and complications
disruption and exchange
Oliver ef al, 2007 (p4) Catheter exchange versus angioplasty  Improved patency and statistically significant
Randomized (n=47) disruption and exchange increased blood flow and urea replacement
ratio in the exchange group

* Nouveau KT =
changement sur guide

Stripping: bon résultat
initial mais risque de
récidive

* Angioplastie puis
changement KT >
changement K




Cathéter « incrusté » : Embadded
catheter

Balloon-assisted endoluminal dilatation for the removal of embedded catheters.

Source. Photo courtesy of Dr Adnan Hadziomerovic, Department of Medical Imaging, The Ottawa Hospital
and University of Ottawa.



The Journal of
Vascular Access

Thrombus de |'oreillette droite JVA
Catheter-related right atrial thrombosis

H, 42 ans Al 5.4 % a 18% des KT
HD/KT tunnelisé ¥ @ Bout de KT /oreillette
Fievre, o Pronostic vital

Dysfonction KT Ttt: Pas de guidelines
AVK + thrombolyse

loco-régionale:

— Ablation du KT

Lock/Urokinase 50 — Anticoagulation
000 ui/ml + : — Thrombolyse
Corticoides - systémique

Disparition du
thrombus a J42
KT fonctionnel

— Thrombectomie
chirurgicale

Rossi et gl.  The Journal of Vascular Access
14

Figure 2. Trans-thoracic echocardiogram|: right atrial thrombus (2.8 x 2.2 cm)- 2: pericardial effusion - 3: catheter tip placed
within the right atrium.



Thrombus de I'oreillette droite
Catheter-related right atrial thrombosis (CRAT)

Thrombus < 6 cm Thrombus > 6 cm
Anticoaqulation CI
 Enlever KT Anomalies
» Anticoagulation cardiagques

* Thrombectomie
chirurgicale



Sténoses des veines centrales

Symptémes

Tardifs
Dépendent de la localisation

(Edeme brachial
Douleurs

Circulation veineuse
collatérale

Syndrome cave sup
Rarement: pleurésie

Dgc: Doppler, Angioscanner
ou angiolRM

Traitement

Sténoses
symptomatiques

Angioplastie +++ svt
sans stent

Chirurgie: si échec ou



Chest radicgraph in the interventional suite
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Appropriate catheter position Catheter malposition | | Reposition or exchange the
— h
" — catheter
,-”'ff e
- ---__"----___
Early dysfunction Late dysfunction
.| Catheter kink o Remove tight L. Suspected fibrin sheath or
sutures, dissect thrombus
subcutaneous tissue
Noabnormalities | | Exchange catheter Angiogram
- @n exam ar —
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S
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Sufficient blood flow restored Blood flow remains poor ‘H‘“m

"\ L Central venous T
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N angioplasty and followed by catheter
% exchange catheter exchange
h"

b |

Figure 5. | Algorithm for the endovascular management of dysfunctional catheters in the interventional suite.

Clin | Am Soc Mephrol §: 1234-1243, July, 2013



Complications Infectieuses
ILC: Infections liées au
Catheéter
CRI Cathéter-related
Infection



unnelite
Erytheme,
tumeéfaction et/ou

Figure 2. Exi -sira /festirm
I’orifice
Erytheme,
tuméfaction et/ou

bactériémie liée au catheéter
Fievre > 38°c ou frissons ou hypotension
sans aucune cause évidente

Canadian Journal of Kidney Health and Disease



Diagnostic infection liée au cathéter
quels prélevements ?

4/\

Cathéter en Catheter

ldce enl*vé
pla
\Y/

" Ecouvillonnage site d’insertion

" Extrémite distale 1|

= Hémocultures standard cathéter

" Hemocultures appariées: » Hémocultures (48h)

= centrales

" périphériques




Hémocultures appariées qualititatives

*Sur KT tunnelisé

"1 Hc sur KT > 100 UFC/ml évoque une infection méme isolée

Wy

Si HC sur KT positive > 2 heures avant HC périph

\ 4

Bactériémie liée au KT
Se = 91%, Sp = 94% Blot, Lancet 1999
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 HC périphérigue souvent non réalisable:
— Epuisement vasculaire
— Epargne vasculaire

* CEC: pas de différence entre sang périphérique
et celui du cathéter

* Centres d’hémodialyse a distance des
laboratoires: délai entre prélevement et
incubation variable
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* Limites => exiger moins de preuves

* Définition pratique: HC positive chez un patient
symptomatiqgue en absence d’autre source
d’infection

Because of these limitations. diagnosis of catheter-related bacteremia in a dialysis outpatient
setting may require a lower standard of proof than in hospitalized patients. One practical
definition used in some dialysis studies has been the requirement of positive blood cultures
(drawn from blood tubing) in a symptomatic patient (fever or chills) in the absence of
clinical evidence of an alternate source of infection 92 There is no consensus about the




Table 1 Ovrganisms responsible for hemodialysis central venous catheter-

related bloodstream infections.

Organism Percentage reported”
[eram-positive cocci | 52-85% |
Staphylococcus aureus 22-60%
Staphylococcus epidermidlis 9-13%
Meticillin-resistant Staphyfococcus surewrs B-20%
Enterococcus faecalis 2-18%

Gram-neagatrve bacalli 20-28%

T PSouCOmonas aevuginosa 2-15%
Enterobacter cioacae 9%
Escharichia col 10%
Acinetobacler species 13%

Serratia marcesens 1-2%
Klabsela Dmewmnomase 6%

Polymicrobial 16-20%

Acx3-1ast organisms Rare

Fungi Rarely reported

"‘Percentages: do not add up o 100 because data are drrwn from different sources.
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iagnosi: evention and treatment of haemodialysis catheter-related
fections (CRBSI): a position statement of European
¢ (ERBP)
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* D.1.8 When haemodialysis catheter infection is sus- o LA ’ A .
pected, primary antibiotic approach should be inspired Insplree de | eCOIOgle de

by the previously recorded responsible organisms in the I'unité d’HD
unit. If both gram-positive and gram-negative organisms .
g e ot oo, o * Si les CGP et les BGN sont

are registered on a regular basis, both types should be
covered with eventual refining of the antibiotic regime enregistrés avec des
once the organisms and their sensitivities are known. préva lences équ ivalentes
* D.1.11 For methicillin-sensitive S. aureus, haemodialy- I’antibiothéra p|e em p| r|q ue
sis patients should receive cefazolin. dOIt couvrir Ies deux types de

« D.1.10 Vancomycin or teicoplanin is the first choice for spectres par Vanco mycine +

empirical therapy of gram positives in settings where

| * En cas de faible prévalence de
(8 i staph métiR, la céfazoline est

S4(1): 13-17. doi10.10534 ajkd 2009.04.006 .
Treatment Guidelines for Dialysis Catheter-Related Bacteremia: u I I e b O I l I I e a I te rI I a t I Ve

An Update

ichael Allen, M
University of Alabama at Birmingham Birmingham, Alabama



Infect|on de |'orifice sans fievre

« D.1.7 For exit-site infection without fever, topical antibi-
otic application can be considered as an alternative. If
infection does not resolve, systemic antibiotics should
be administered. For tunnel infection without fever, sys-
temic antibiotics are the preferred option, although
peroral treatment may be sufficient. If these treatments
fail, the catheter should be removed.

* Antibiothérapie locale
» Evolution défavorable: antibiothérapie générale

e Pour la tunnelite:
— ATB générale,
— Si I’évolution est défavorable, il faut enlever le cathéter
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Treatment Guidelines for Dialysis Catheter—Related Bacteremia:
An Update

Michael Allon, MD

« Adaptation de I'antibiothérapie selon I’'antibiogramme

» Préférer Céfazoline a la Vancomycine en cas de staph
MEtiS

* Privilégier les antibiotiques dont la pharmacocinétique
permet leur administration uniguement apres chaque
séance d’'hémodialyse: vancomycine, céfazoline,
aminosides, ceftazidime et daptomycine

* Les BGN sont généralment sensibles aux aminosides et
aux CGlll, les CGlll sont préférées pour éviter le risque
d’ototoxicité
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» Patients non compliqués: 3 semaines

e Localisation secondaire: 6 semaines
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* D.1.6 If a catheter 1s not removed, blood cultures should
be checked 1 week after completion of antibiotic treat-
ment, and if those cultures remain positive, the catheter
should be removed.

« HC une semaine apres la fin de
I’antibiothérapie
* Si HC positive => ablation du cathéter




Antimicrobial Locks

1
1 | 1 1 1 1
v s . ‘g Citrate T¥+methylene
Antibiotic locks Citrate Taurclidine Alteplase 1 mg/ml biue+propylparaben Fthanol
Gentamicin/Citrate 0% citrate Taurolidine+Citrate Fthanal 60-70%
- - - -
{lmnf;;;l;ln {mediium dose) 4% {high dose)
Gentarmicing 7% lauralidine
Citrate or heparin | le Ihigh dose] - sCitrate 4% - th;lm;:;lr i?ﬁﬁj{l-‘liepﬂnn
i igh dose
{high dose, 2-27 8 +Heparin 500U/ml
mg/mi)
Tauralidine
anf — +Citrate 4%
L t t
"'""h'“h;:j :i';“ eor +Urokinase 25,000

Figure 3 Antimicrobial locks used for the prevention of catheter associated blood stream infection in the hemodialysis

catheters.
Hemodialysis International 2018



Table 3| Summary of clinical trials using prophylactic antimicrobial lock {(AML) for catheter-related bacteremia (CRE)
associated with hemodialysis catheters (CVC)

Subject Controls (C) CRB rate ANML vs

First author, year number Antimicrobial lock (AML) (W/mil) C/1000 CVC days Pvalus
Pervez, 2002% 36 Gentamicin 20 mg/ml4-citrate 4.67% Heparin 1000 062 ws 2.11 MA
Diogra, 2002 83 Gentamicin 27 mg/ml4+-citrate 1% Heparin 5000 0.3 vs 42 o003
Mclntyre, 2004 50 Gentamicin 5 mg/mil+heparin 5000 U/mi Heparin 5000 03wvs 4 0.02
Mori, 2006 30 Gentamicin 4 mg/mil+citrate 3.13%; or Heparin 5000 Ovs 4 0,008
Venditto, 2010"° 265 Gentamicin 2 mg/mil+heparin 5000 U/ml Heparin 5000 0.4 vs 2.9 006
Onder, 2009'% 43 Tobramycin 5 mg/di+TPA 1 mg/ml Heparin 5000 6.2 vs 168 0.2
Bleyer, 2005"* &0 Minocycline 3 mg/ml+EDTA 30 mg/mil Heparin (dose MA) 0 vs 047 0.35

30 Minccycline 3 mg/ml+EDTA 30 mg/ml Heparin 5000 04wvs 4 0.02
Saxena, 2005 96 Cefotaxime 10 mg/mil+heparin 5000 U/ml Heparin 5000 1.65 ws 3.13 MA
Saxena, 2006 113 Cefotaxime 10 mg/mi+heparin 5000 U/ml Heparin 5000 1.44 ws 3.15 = 0.001
Al-Hwiesh, 20074 63 Vancomycin 25 mg/ml+gentamicin 40 mg/ml+heparin Heparin 5000 4.54 vs 13.11 0.05

5000 U/mi
Kim, 2006"% 120 Cefazolin 10 mg/ml4gentamicin 5 mg/mi+heparin Heparin 1000 044 vs 312 0031
1000 U/mi

Allon, 2003% 50 Tauralidine 1.35%+citrate 4% Heparin 5000 06 wvs 59 = 0,001
Eetjes, 2004'08 5B Taurolidine 1.35%+citrate 4% Heparin 5000 Ows 2.1 0,047
Saoloman, 20104 110 Tauralidine 1.35%+citrate 4% Heparin 5000 1.4 ws 2.4 iR
Weijmer, 2005 281 Trisodium citrate 30% Heparin 5000 1.1 vs 4.1 = 0.0
Winnett, 20080 413 Trisodium citrate 46.7% Heparin 5000 0.81 ws 213 <0001
Power, 2009°" 232 Trisodium citrate 46.7% Heparin 5000 0.7 vs 0.7 0.9
Venditto, 2010"? 265 Trisodium citrate 46% Heparin 5000 34 vs 29 M5

Abbreviations: CRB, catheter-related bacterernia; CWC, central vemous catheter; EDTA, ethylenediaminetetraacetic acid; NA, not available; NS, non-significant; TRA, tissue

plasminogen activator.

Kianey termational (2011) 79, 587-598



Catheter-related blood stream infection (CRBSI) among patients who are undergoing
hemodialysis (HD) with tunneled catheters. (IDSA Guidelines 2009)

BC, blood culture; CVC, central venouscatheter; TEE, transesophageal echocardiograph.

Tunneled HD catheter
with suspected CRBSI

BC from catheter and peripheral vein or
bloodline if peripheral vein not feasible

b 4

Empiric antibiotics (Table &)
+ Antibiotic lock (Table &)

h 4 h 4 h 4
Positive cultures and Positive cultures
Negative Blood Cultures fever resolves in 2-3 days Fever/bacteremia persists
\ 4 . h 4 : h 4 - i v h i
Stop Cr?: g;ﬁveas & Gramrnegative Staphylococcus Candida
antibiotics ) bacilli aureus albicans
staphylococcus
h 4 ¥ . h 4 N h. 4
ibioti - Remowve Guidewire
Abx x 10— 14 days. Antlbuotdrc:y; 10— 14 @ cVveC Administer
RetaTiCM i COntnle Retain CVC, continue oo exchange AP d
OR a""b'g‘; fock antibiotic x 3 wks Administer antifungal metastatic infections
Guidewire e if TEE is negative therapy for 14 days | (thrombosis,
CVC exchange after the first negative| endocarditis)
CWC exchange blood culture
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