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Objectifs de la présentation : 
 
- Connaître la nature et les conditions d’utilisation des solutions 
verrous en préventif  et curatif 
 
- Connaître l’efficacité des solutions verrous en préventif  et curatif  
selon le type de cathéter central utilisé 



Mechanisms of Catheter Colonization 

- Voie endoluminale 
• Manipulation lignes et cathéters +++ 
• Infusats contaminés 
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Susceptibility of biofilm 
organisms 

Organism Antibiotic 
MIC or MBC 

(mcg/mL) 

Effective [ ] 
vs. biofilm 
(mcg/mL) 

S. aureus 
(NCTC 8325-4) 

Vancomycin 2 (MBC) 20 

P. aeruginosa 
(ATCC 27853) 

Imipenem 1 (MIC) >1,024ª 

E. coli  
(ATCC 25922) 

Ampicillin 2 (MIC) 512ª 

P. pseudomallei Ceftazidime 8 (MBC) 800 

S. sanguis Doxycycline 0.063 (MIC) 3.15 

Adapted from Donlan RM, et al. Clin Microbiol Rev. 2002;15:167-93. 

ª Minimal biofilm eradication 



Activities of  antibiotics against MRSA bacteria 
embedded in biofilm after 24 h of  exposure 

Raad I, Antimicrob Agents Chemother. 2007 



Technique du verrou anti-infectieux : 
 
 
- Instillation d’une solution antimicrobienne 
  
- Concentration élevée sur le site 
 
- Durée  
 
- Stratégie  

• Préventive 
• Curative « catheter salvage »   

 
 
- Efficacité limitée à la surface endoluminale 



Solutions verrous : 
 
- Antibiotiques  

• glycopeptides, aminosides, céphalosporines, pénèmes, 
lipopeptide, oxazolidinone, cylines 

 
- Biocides 

•  citrates, taurolidine, bleu de méthylène, parabènes, NAC, 
HCl, éthanol… 

 
- Anticoagulants / fibrinolytiques: héparine, citrate, EDTA, r-tPA 
 
-  Multiple combinaisons  

antimicrobiens   
+/-  anticoagulants 



Solutions verrous : 
 
- Stabilité chimique solutions verrous 

• Type et concentrations des composants 
• Type d’élastomères 
• Efficacité antibiofilm/anticoagulante 

 
- Biocompatibilité, interactions contenu/contenant bidirectionnelles 

• Types d’élastomères 
• Dégradation de l’élastomères (silicone / PU) 
• Rupture, dysfonction, thrombose  

 
-Dispositifs médicaux IIB ou III ; diffusion systémique/rétrograde 

•  Toxicité 
 
- Ecologie (résistance ?) au sein du biofilm et à distance 



Adapted from Robinson JL, J Antimicrobial Chemother  2005 

-12.4% (V) -12.7% (P) 

The largest drops in APTT from baseline were <13% and only 
transiently observed 
These variations  are unlikely to be of  clinical relevance 

Biological activity of heparin in 
AB/heparin solutions stored for 14 days 



d’après Vercaigne LM, Pharmacotherapy 2000 

       



Battistella M, Hemo Int 2009 

On day 3, >92% of  the initial vancomycin concentration remained in 
all containers at both concentrations 

In vitro stability of vancomycin  mixed with 4% citrate 

               



Adapted from Battistella M, Hemo Int 2010 

The stability of  the mixture was assessed by the concentrations of  
gentamicin and sodium citrate determined  by  HPLC assays 

In vitro stability of gentamicin  mixed with 4% citrate 

Table: Percent remaining during storage

Hour

0
24
48
72
96

Gentamicin
2.5mg/mL

99.36+/-1.24
104.8+/-3.32
101.6+/-0.62
103.4+/-0.67
102.4+/-1.03
P=0.2769

Sodium citrate
40 mg/mL

100.8+/-0.95
102.6+/-1.55
102.7+/-1.71
104.1+/-1.07
102.9+/-1.25
P=0.5556



Mermel L, IDSA guidelines, CID 2009 

Final concentrations of  antibiotic lock solutions used for 
the treatment of   catheter-related bloodstream infection. 

A precipitate appears when mixing heparin with antimicrobial agents 



Shah CB, Antimicrob Agents Chemother. 2002  

Comparison of the efficacies of taurolidine-citrate and 
heparin against biofilm organisms 



Sauer  K, J Antimicrob Chemother 2009 

Susceptibility of S. aureus biofilms to various tested solutions (heparins, C/MB/P) 
following 48 h of treatment under static conditions. Log reduction for flow cell-grown 
biofilms (white bars) and for flow cell-grown biofilms plus S. Aureus cells present in the 
bulk liquid (grey bars) was determined by viability counts. **P,0.01.  



Balestrino D, Nephrol Dial Transplant 2009 



 
 

   
 

 
  

 
 

 
   

  
 
  
 

 
 

  
  

 
  

 
  
 

  
  Aumeran C, Eur J Clin Microbiol Infect Dis 2013 

Mean bacterial count in control SIP immediately after AML solution and 
bacterial revival after 24 h of exposure to  antimicrobial LS followed by 72 h in 
the biofilm development system. 

Control SIP

Immediately after antimicrobial lock solution

Bacterial regrowth after 72 h



Antimicrobial lock for preventing CRBSI 



Snaterse M, J Hosp Infect 2010 

In trials studying oncology patients the estimated effect showed only 
a marginal significant benefit in favour of  antibiotic-based lock 
solutions  

In the oncology patients NNT was 8 to prevent one BSI, given a mean insertion time of  227 
days (range: 154–295) and average baseline risk of  1.7 events per 1000 catheter-days 



Schiffer CA, J Clin Oncol 2013 

2. What is effective prophylaxis for the prevention of  catheter-related 
infections 

2.4. There are conflicting data about the relative value of  
prophylactic heparin with saline flushes to prevent catheter-
associated bloodstream infections or thrombosis; data are not 
sufficient to recommend for or against routine use of  antibiotic-
flush/antibiotic-lock therapy 



In a multivariate logistic regression model, time without lock but 
not the type of  lock  solution was the only significant predictor of  
overall catheter colonization (P=0.004). 

Dümichen M J, J Hosp Infection 2011 



3 mL of 70% ethanol solution was locked for 15 minutes per day   

Ethanol Lock against CRBSI in adult hematology patients 

Slobbe S, PloS One 2010 



All studies were pre /post studies  

Oliveira C, Pediatrics 2012 



Li, P. K. Nat. Rev. Nephrol.  2011 

The use of  intraluminal antimicrobial lock solutions reduces the rate 
of  CVC-related bacteremia by 56–87%  

Preventive antimicrobial catheter locks in 
chronic hemodialysis patients 

Antibiotics that have been used alone or in combination for lock 
solutions include vancomycin, gentamicin, ciprofloxacin, 
minocycline, amikacin, cefazolin, cefotaxime, and ceftazidime. 



Preventive antimicrobial catheter locks in 
chronic hemodialysis patients, recent RCTs 

CLABSI rate, 

cases/ 1,000 CDs 

N°.of Control ALS 

Trial, year patients group Group P ALS constituents 

Power et al, 2009 232 0.7 0.8 > 0.05 46.7% citrate 

Solomon et al, 2010 110 2.4 1.4 .1 Taurolidine-citrate 

Campos et al, 2011 150 4.3 1.1 0.005 Minocycline-EDTA 

Hemmelgarn et al, 2011 225 1.37 0.4 0.02 rtPA-heparin 

Maki et al, 2011 407 0.82 0.24 0.005 C-MB-P 

Moran et al, 2012 303 0.91 0.28 0.003 Gentamicin-citrate 

Broom et al, 2012 49 3 1 0.12 70% Ethanol 



Preventive antimicrobial catheter locks in 
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Moran et al, 2012 303 0.91 0.28 0.003 Gentamicin-citrate 
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Antimicrobial Lock Solutions 
emergence of resistance to the antimicrobial agent used 

Gentamicin and heparin lock (GHL) protocol in 1410 chronic 
hemodialysis patients 

Landry DL,  Clin J Am Soc Nephrol 2010  

CRBSI rates and cases of gentamicin resistance 



          
         

       
          

   
 

 
 

          
        

        
          

             
        

          
         

         
           
             

       
 
 

  
 

         
        

         
         

         
         
          

          
          

         
        

       
           
        

         
         

         
  Dixon JJ, Nephrol Dial Transplant 2012  

Anti-microbial locks increase the prevalence of Staphylococcus aureus and antibiotic-
resistant Enterobacter 

In addition to the systemic antibiotics, the study group (n = 662) 
received AML containing vancomycin and gentamicin during inter-
dialytic periods. 



Preventive antimicrobial catheter locks in 
chronic hemodialysis patients, recent RCTs 

CLABSI rate, 

cases/ 1,000 CDs 

N°.of Control ALS 

Trial, year patients group Group P ALS constituents 

Power et al, 2009 232 0.7 0.8 > 0.05 46.7% citrate 

Solomon et al, 2010 110 2.4 1.4 .1 Taurolidine-citrate 

Campos et al, 2011 150 4.3 1.1 0.005 Minocycline-EDTA 

Hemmelgarn et al, 2011 225 1.37 0.4 0.02 rtPA-heparin 

Maki et al, 2011 407 0.82 0.24 0.005 C-MB-P 

Moran et al, 2012 303 0.91 0.28 0.003 Gentamicin-citrate 

Broom et al, 2012 49 3 1 0.12 70% Ethanol 



CLABSI rate, 

cases/ 1,000 CDs 

N°.of Control ALS DC patency 

Trial, year patients group Group P Control vs ALS ALS constituents 

Power et al, 2009 232 0.7 0.8 > 0.05 4.3 vs 8, P<0.001 46.7% citrate 

Solomon et al, 2010 110 2.4 1.4 .1 HR = 0.4, p=0.008 Taurolidine-citrate 

Campos et al, 2011 150 4.3 1.1 0.005 3.2 vs 4.6, P=0.31 Minocycline-EDTA 

Hemmelgarn et al, 2011 225 1.37 0.4 0.02 HR = 1.91, p=0.02 rtPA-heparin 

Maki et al, 2011 407 0.82 0.24 0.005 4 vs 0, P=0.04 C-MB-P 

Moran et al, 2012 303 0.91 0.28 0.003 2.4 vs 3.4, P=0.2 Gentamicin-citrate 

Broom et al, 2012 49 3 1 0.12 1.6 vs 1.4, P=0.82 70% Ethanol 

Preventive antimicrobial catheter locks in 
chronic hemodialysis patients, recent RCTs 



Willicombe MK, Am J Kidney Dis 2010 





Antibiotic Lock Prophylaxis, Antimicrobial Catheter Flush and 
Catheter Lock Prophylaxis 
 
Use prophylactic antimicrobial lock solution in patients with long 
term catheters who have a history of  multiple CRBSI despite 
optimal maximal adherence to aseptic technique. Category II 
 

IDSA guidelines, O’Grady CID 2011 

In view of  the potential risks of  spillover of  the locking solution, 
associated risks (arrhythmias, toxicity, allergic reactions, 
development of  resistance to antibiotics, catheter dysfunctions) 
should be balanced with the benefits in terms of  prevention of  
infection.  
 
Complementary studies with biocide are mandatory for 
recommending systematic antimicrobial lock prophylaxis 

Personnal opinion 



Antimicrobial lock for treating CRBSI 



Catheter removal is the first therapeutic option 
in case of 
  

• Catheter no longer needed 
• Hemodynamically unstable patients 
• Metastatic infections 

Endocarditis, thrombophlebitis, osteomyelitis  
• Infections with S. aureus , P. aeruginosa, fungi 
• Infection with multi-resistant organisms 
• Tunnel infection with fever 

 
In combination with systemic ABs 

Vanholder R, NDT Plus 2010; 3: 234–246 

Treatment of Catheter infections 



O'Horo JC, Am J Nephrol. 2011 

Incidence of  catheter replacement 

Incidence of  relapse 

Catheter salvage without antimicrobial lock is associated with a 
high(er) rate of  treatment failure and of  recurrent bacteremia  



     
            

             
           

      
          

               
               

   
 

                
             
            

            
            

               
 

              
              

          
           

             
              

            
            

          
 

           
             

          
             

     
   

 
            

               
          

 
             

          
         

           
              
              
             

            
 

              
                 

         
         

         
 
 

Onder AM, Nephrol Dial Transplant 2010 

50 pediatric hemodialysis patients 
149 CRB treated with systemic Abs + ABL 
30 failed to be cleared 
CRB aetiology was the only statistically significant independent variable for 2-
week outcome (P = 0.033)  



The catheter must be removed in case of 
 
• Persistent fever 2-3 dys after systemic AB initiation  
 

• Persistent bacteremia >3 dys after systemic AB initiation  
 

• Bacteremia that is complicated by metastatic infection 
 
 

Catheter salvage is always risky 

Treatment of Catheter infections 



- Solutions verrous doivent suivre un processus de mise sur le marché 
en tout point semblable à celui des médicaments :  

Stabilité chimique, efficacité, toxicité 
Analyse du ratio risque / bénéfice et des coûts 

 
- En traitement préventif   

Récidives de septicémies liées aux cathéters en dépit de pratiques 
de soins optimales 
Préférer les biocides aux antibiotiques 
 

-En traitement curatif 
En association à l’AB systémique 
Patients stables, sans tunnellite 
Infections non liées à S aureus, P aeruginosa, candida ou 
BMR/BHR 
Retirer le cathéter à J3 du traitement si fièvre ou bactériémie 
persistante 

Taking home messages 
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