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Why we need local practice guideline for HD CRBSI

✓Different pattern of pathogens

✓Different bacterial resistance

✓Different of catheter usage

✓Different workloads in HD units

✓Different health culture

✓Different locations of HD centers. In hospitals or freestanding.

✓Different economy and access to health care system and insurances

✓Different RRT selection.

✓Different mortality rate in Iranian HD patients

✓Different practice guideline between Europe and US



IMPORTANCE OF HEMODIALYSIS ACCESS INFECTION
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 8 million CKD patients and 50000 HD patients in Iran

 The 100000 billion rials = 200,000,000 $ cost to care for ESRD patients in Iran.

 Hospitalization rate is twice per year from cardiovascular and infection problems and adds 0.8 %

expense of care for everyday admission.

 Mortality of HD patients is 17% per year and infection is the second cause of mortality. Catheter-

related bloodstream infections are the most serious of infections

 Risk of infection and related mortality is much higher in TCCS (Tunneled Cuff Catheter) than AVG

(Arteriovenous grafts) and arteriovenous fistulae (AVFs).

 80% of patient Starting dialysis use TCC as their first access

 20% of hemodialysis patients use TCC as maintenance access

 40 % of patients dialyzed in Iran use TCC as maintenance access

Introduction



Consequences of over usage of TCC in Iran (>40%)

✓Doubling the rate leads to ten times more infection.

✓50000 patients that 20000 on TCC.

✓At least 2 CRBSI annually leads to 40000 infection events per year.

✓At least 10 % need hospital admission, with 4000 admissions with serious 

complications per year.

✓High rate of morbidity especially metastatic infections and mortality (3 times more 

mortality than grafts or AVFs).

✓More infections mean more emergence of resistant pathogens.

❖The most obvious measure that would reduce the frequency of catheter-related 

bacteremia is to decrease the number of patients using a dialysis catheter.
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Introduction



CATEGORIES OF INFECTION ASSOCIATED WITH CATHETERS

Infection is the second leading cause of death in dialysis patients, with.

can

es:

 Infection associated with TDCs 

be classified into three

categories

 Exit-site infection,

 Tunnel infection

 Catheter-related bloodstream infection – CRBSI
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Introduction



EXIT-SITE INFECTION

 Definition : culture-positive inflammation external to the cuff,

localized to the exit site, not extending above the cuff

 It is characterized by localized redness, crusting, and a variable

amount of exudate

 If the patient also has systemic symptoms, systemic infection should

be suspected and blood cultures should be obtained

 If the blood cultures are positive, the case should be 

classified as a CRBSI rather than an exit-site infection

 Management:

 Local: Mupirocin if failed and increasing drainage systemic
AB

 In the case of response failure, exchange with the
creation of a new exit site or removal if that is feasible

 They should be monitored for the development of tunnel infection or

systemic symptoms suggesting the appearance of a CRBSI

Exit-Site Infection
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 Defined as culture-positive inflammation within 
the catheter tunnel internal to the Dacron cuff 
with a negative blood culture

 Involvement of the tunnel below the cuff is 
commonly seen as part of the exit-site infection

 It is a serious problem because the catheter 
moves back and forth within this portion of the 
tunnel and there is direct communication with 
the bloodstream(an abscess with a foreign body 
within it)

 Treatment: catheter removal along with 
parenteral antibiotics chosen according to 
culture results

Tunnel Infection
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TUNNEL INFECTION



MICROBIOLOGY OF ACCESS-RELATED INFECTION
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Gram-positive organisms are responsible for most

catheter-related

infections

 Staphylococcal infection, both coagulase-negative and S. aureus,

accounts for 40–81% of cases in reported studies (MRSA is common)

Gram negative ( one-third) :Entrobacter &

pseudomonas

Polymicrobial : 15%

Candida 5%



Fifteen-year report of Nosocomial 
Antibiotic Resistance in Shiraz

2008-2022
کی گزارش پانزده ساله مقاومت های آنتی بیوتی

بیمارستانی در شیراز
1387-1401
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Antimicrobial resistance 
surveillanceIsolation & identification

✓Identification of bacteria was done by 
biochemical differentiation 
• API bioMérieux & Phoenix BD 

Instrument

• Isolates were recovered from blood samples incubated in 
the BACTEC™

• Susceptibility testing was performed by disk 
diffusion according to CLSI(Clinical & Laboratory 
Standards Institute) criteria &  Phoenix BD 



Microbiology laboratory information
registration system

پایش مقاومت ضد 
Antimicrobial resistance 

surveillance



Publish Surveillance Results

Periodical Report of Antimicrobial Susceptibility in 
Shiraz

Antimicrobial resistance 
surveillance



Misdiagnosis in lab !







The most common pathogenic bacteria Isolated from Bloodstream Infections,
in five Episodes, Shiraz, Iran 
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Rates of Sensitivity to Different Antibiotics Tested against
1292 strain of Escherichia coli Strains Isolated from Bloodstream Infections,

in five Episodes, Shiraz, Iran 
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Rates of Sensitivity to Different Antibiotics against
925 strain of Klebsiella spp. Strains Isolated from Bloodstream Infections,

in five Episodes, Shiraz, Iran 
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Rates of Sensitivity to Different Antibiotics Tested against
1294 strain of Pseudomonas Sp. Isolated from Bloodstream Infections,

in five Episodes, Shiraz, Iran 
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Rates of Sensitivity to Different Antibiotics Tested against
874 Strains of Acinetobacter Sp. Isolated from Bloodstream Infections,

in Five Episodes, Shiraz, Iran 
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Rates of Sensitivity to Different Antibiotics Tested against 
1371 strain of Staphylococcus sp. Strains Isolated from Bloodstream 

Infections,  in Five Episodes, Shiraz, Iran 
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Rates of Sensitivity to Different Antibiotics Tested against 
988 strains of Enterococcus Sp. Isolated from Bloodstream Infections, 

in Five Episodes, Shiraz, Iran 
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Enterococcal Infections Treatment

✓Ampicillin 
• the drug of choice for monotherapy of susceptible E faecalis infection.

✓Vancomycin
• Patients with a penicillin allergy or resistant strains

✓Nitrofurantoin:
• Enterococcal cystitis

✓ Linezolid
• VRE

✓ Combination therapy 
• a cell wall–active agent (eg, ampicillin, vancomycin) and an aminoglycoside (eg, gentamicin, 

streptomycin)

E. faecalis and E. 
faecium are 

naturally 
(intrinsically) 
resistant to 

cephalosporins



 More than 99.9% of bacteria grow as aggregated
‘‘sessile’’ communities attached to surfaces, rather
than as ‘‘planktonic’’ or free-floating cells in liquid

 Within a few seconds, phenotypic changes in the
bacteria remarkably alter protein expression to
further produce adhesions that irreversibly anchor
the cell to the surface

 The microbial clamps are AB resistant (Biofilm
microorganisms are 100–1000 times less 
susceptible to antibiotics than their planktonic
counterparts.

 Heparin is a promoter and citrate is an inhibitor
of biofilm
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PATHOGENESIS:
BIOFILM INFECTION

Catheter infection and Biofilm



The routes of contamination and infection.

(A) The dialysis catheter in the right internal jugular vein. Inflammation at the catheter exit site is defined as exit-site 

infection and tunnel infection is defined as inflammation of the tunnel superior to the catheter cuff.

(B) The routes of contamination of the dialysis catheter including contamination along the outer surface of the catheter 

and endoluminal contamination

30



 An approximate incidence of one to two 

episodes of bacteremia per catheter-year

 In one study of 472 patients who had newly 

placed tunneled hemodialysis catheters, 

CRBSIs occurred in 35 percent by three 

months and 54 percent by six months

 Non-tunneled catheters are two- to threefold 

than tunneled catheters

 10-fold higher in patients with tunneled

catheters than either arteriovenous (AV)

fistulas or grafts

 Metastatic infection rate: % specially with

S.aureus

 Septic arthritis, osteomyelitis,
endocarditis, and epidural abscess

Judging CRB rate
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INCIDENCE OF CRB



 Fever 47%

 Rigors alone 33%

 20% No fever & rigors

 Malaise

 Encephalopathy

 Hypotension

 Exit site drainage

 Catheter dysfunction

 Metastatic infection signs

CLINICAL PRESENTATION

32



 A false-negative diagnosis may increase patient morbidity and a false-positive diagnosis may result in inappropriate prescription of antibiotics and 

unnecessary procedures. It promotes the emergence of antibiotic-resistant pathogens and also generates excess costs.

 The diagnosis of CRBSI is confirmed by two blood cultures obtained before administration of antimicrobial therapy. (After AB at one hour the

culture becomes negative in 60%)

 CDC definition:

 Definite bloodstream infection: the same organism from a semiquantitative culture of the catheter tip (>15 colony-forming units per catheter
segment) and from a peripheral or catheter blood sample in a symptomatic patient with no other apparent source of infection.

 Probable bloodstream infection: defervescence of symptoms after antibiotic therapy with or without removal of catheter, in the setting in
which blood cultures confirm infection, but catheter tip does not (or catheter tip does, but blood cultures do not) in a symptomatic patient 
with no other apparent source of infection.

 Possible bloodstream infection: defervescence of symptoms after antibiotic treatment or after removal of the catheter in the absence of
laboratory confirmation of bloodstream infection in a symptomatic patient with no other apparent source of infection.

 Follow-up culture should only be taken after one week of completion of AB therapy. A new tunneled catheter should not be placed until after 

blood cultures are negative in patients with CRBSI due to Staphylococcus aureus and Candida, and preferably (when feasible) for infections 

with other organisms

33

DIAGNOSIS



Ahmad Tara M.D.
SUMS ,Shiraz,Iran





TREATMENT

✓Two strategies:
1. Antimicrobial therapy for systemic infection

• Treatment of catheter-related bacteremia with systemic antibiotics alone 
(without catheter removal) is relatively ineffective in eradicating the source of 
infection.

• In several large clinical series, clinical cure in only 22% to 37% of patients.

2. Treatment of the catheter-associated biofilm as the source of 
infection
• Catheter removal:

• Immediately in Temporary catheters and sometimes in CTC.

• Catheter exchange ‘‘save the site rather than the catheter’’

• Ab lock solution

36



Insufficient penetration of systemic vancomycin into the PermCath lumen -NDT 2000
B Bastani , J Minton, S Islam

✓ Methods. We compared serum and intralumenal (0.3–0.5 ml aspirate from the venous port of the 
catheter) vancomycin concentrations in 24 chronic haemodialysis patients, with documented 
bacteraemia, who had received prior systemic vancomycin therapy with 14 similar patients who 
had additionally received ‘vancomycin‐lock technique’ (100 μg/ml of vancomycin in heparin 
solution) after each haemodialysis session.

✓ Results. Despite serum vancomycin concentration of ∼17 μg/ml in each group, the vancomycin 
concentration in the venous hub of the catheter was only 0.2±0.6 μg/ml in the former group, in 
sharp contrast to 125.6±13 μg/ml in the latter group.

✓ In the in‐vitro experiments, three PermCaths filled with standard heparin solution were incubated 
for 48 h in 100 ml of plasma containing 20 μg/ml of vancomycin.. Vancomycin concentration in 
each port was 0.2±0.1 μg/ml in the aspirated samples.

✓ Finally, two PermCaths filled with the standard heparin solution were incubated for 48 h in 100 ml 
of plasma containing 20 μg/ml of vancomycin, after which the catheters were sectioned at 4‐cm 
intervals. Only the distal 4 cm of the catheters had vancomycin concentrations of 2 and 5 μg/ml, 
the remaining segments had levels ≤0.5 μg/ml.intraluminal

serum vancomycin concentration of ∼17 μg/ml

vancomycin concentration in the 
venous hub 0.2±0.6 μg/ml in non lock

125.6±13 μg/ml
Lock group

5 mg In 
recent locks

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Bastani+B&cauthor_id=10862643
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Minton+J&cauthor_id=10862643
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Islam+S&cauthor_id=10862643


Diagram1:management of 

hemodialysis Paitient with CRBSI

In the rare case of a patient with CRBSI who has no 
alternative sites for placing another dialysis catheter, We 
continue systemic antibiotics and an antibiotic lock 
indefinitely without catheter removal.



Systemic antibiotic and catheter lock



Management of HD catheter with suspected CRBSI according 

to pathogen



AB LOCK

PREPARATION

pharmacy preparation instructions



Ab lock therapy in treatment of CRBSI
✓Same as that we choose for treatment

✓If the patient has a history of or active heparin-induced thrombocytopenia, 
substitute normal saline for heparin.

✓If the volume of the catheter lumen exceeds 2 mL, the difference in volume 
should be made up with additional heparin or normal saline

✓Some centres may lack Ab locks and continue systemic therapy until the 
catheter is replaced.

✓ The success rates of antibiotic locks in curing CRBSI were highly 
dependent upon the infecting organism the success rate is :
• 90 to 100 percent with gram-negative infections
• 80 percent with Staphylococcus epidermidis coagulase-negative staphylococcal 

infections
• 60 percent with Enterococcus infections, 
• 40 percent with S. aureus infections



Copyrights apply



Prevention



 Systemic Prophylactic Antibiotics

 is a common practice in some institutions , but studies have 
demonstrated that oral or parenteral antibacterial or 
antifungal drugs do not reduce the incidence of CRB.

 Exit-Site Infection

 Not for cuffed catheter

 Contamination of the Catheter Hub

 Is the major factor(breathing ,touching ,long exposure to air)

 Elimination of nasal colonization has little effect

 Mask for nurse and patient

 Hub protocol is very effective and important

PROPHYLAXIS

45



PROPHYLAXIS
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 Daily Catheter Site Care

 The use of either povidone-iodine ointment or mupirocin at the exit site until it is healed
has been advocated (CRB was decreased by 78% by topical mupirocin )

 Prolonging the use of an antibiotic ointment with HD catheters after the site has healed 
has not been shown to offer any advantage and increases the rate of catheter 
colonization with Candida

 Cleansing of the Site

 The site be cleansed with chlorhexidine 2% with 70% alcohol

 Bandage Covering Site

 Protect from infection and immobilization

 Transparent, semipermeable polyurethane dressings are very popular (no difference in 
infection rate with gauze)



PROPHYLAXIS
PROTOCOL FOR CATHETER CARE IN THE HEMODIALYSIS FACILITY

47

 The patient and the nurse doing the dialysis hook-up should wear a mask during the entire time that the

catheter is

 The nurse must wear a fresh pair of disposable gloves for the hook-up procedure

 Use two swabs soaked in chlorhexidine 2% with 70% alcohol

 Using one hand grasp the connection between the hub and cap with one swab

 Use the other swab in the opposite hand to cleanse from he catheter connection up the catheter for 10 cm

 Cleanse the hub connection and the cap vigorously with the first swab

 Remove the cap in preparation for making the connection . Do not allow the hub to touch anything that is 

not sterile

 The catheter hubs should be connected immediately . They should never be allowed to remain exposed to 

the air

 This procedure should be repeated at the time the patient is disconnected at the end of dialysis or for

any other reason

 Catheter manipulation should be kept to an absolute minimum



Conclusion



Method



PREVENTION OF HEMODIALYSIS CATHETER INFECTIONS
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Diagram 1:Prevention of hemodialysis catheter infections

Seven kinds of antimicrobials (cloxacillin, cefotaxime, linezolid, vancomycin, gentamicin, minocycline, taurolidine) and ethanol can be chosen for preventing CRBSI(K.X. Sheng et al.2020)



The ideal lock solution for prophylaxis

✓(1) Cidal activity against a broad spectrum of gram-positive and gram-negative 

bacteria, as well as fungi

✓(2) low likelihood of promoting antibiotic-resistant bacteria

✓(3) Compatible with the catheter material and anticoagulant agent

✓(4) Safe if inadvertently instilled systemically
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PROS cons

⁺ Economic and applicable value.

⁺ No consensus on the optimal concentration.(1000-10000)

⁻ No antibacterial effect
⁻ Promotes the formation of 

staphylococcal biofilms and makes 
the patients prone to CRBSI, which 
increases with increases in heparin 
concentration and stimulation time

⁻ The bacteria associated with 
heparin-stimulating biofilms have a 
high level of resistance to 
vancomycin.

⁻ HIT

Heparin(UFH) catheter lock

clinical recommendation:
-1000 U/mL, Only In patients without a history of HIT and those with a low-risk infection.
-5000 U/ml,In catheter thrombosis 
- Drug compatibility between heparin and other antibiotics, including aminoglycosides, b-lactams, 
glycopeptides, quinolones, and macrocyclic lipid antibiotics
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PROS cons

⁺ HIT RISK lower than 1%
⁺ Limited studies on it.

⁺ Alteplase use of the tinzaparin group decreased by 47.4% 
compared to the heparin group.

⁺ Easy to administer
⁺ Predictable clinical effects
⁺ A few side effects

-Not suitable for lock solution
• Risk of bleeding
• Longer half-life
• Only partially blocked by 

Protamine
• Cost

Low-molecular-weight heparin (LMWH) catheter lock



Citrate 1
✓A calcium chelator 

✓Comparing to Heparin leakage from catheter it doesn’t produce systemic anticoagulation

✓ In vitro studies have shown it can effectively inhibit biofilm formation and bacterial growth and in higher 
concentration 30% kill bacteria with completely eradicating preexisting biofilms.

✓ 4% citrate is as effective as heparin in preventing thrombosis.

✓Less exchange rate, the use of rt-PA , and incidence of bacteremia.

✓But for large differences in CRBSI it should be combined with an antibiotic.

✓ 46.7% :In a prospective randomized controlled study, compared with 5% heparin, 46.7% citric acid showed 
no significant difference in CRBSI, catheter exit infection, or hospitalization rate, but the number of patients 
requiring the thrombolytic agent urokinase (u-PA) increased.(protein aggregation) 

✓The cumulative survival rate of the catheter decreased by 15% at 6 months; 34% of patients needed to have 
the dose reduced, and 15% of patients stopped the trial due to abnormal taste and skin sensations.

• Power A, Duncan N, Singh SK, et al. Sodium citrate versus heparin catheter locks for cuffed Central venous catheters: a single-center randomized controlled trial. Am J Kidney 
Dis. 2009;53(6):1034–1041.

✓Presently, there seems to be insufficient evidence to confirm that high-concentration citrate is better 
than heparin in CRBSI.



Citrate 2

✓According to the U.S. Food and Drug Administration, an end-stage renal disease 
(ESRD) patient died of cardiac arrest shortly after receiving 5 mL of a 47% citrate 
lock solution after placing central venous tunnel catheters 

✓Some believe that it is strictly prohibited to use a high concentration citrate 
locking solution in patients with internal jugular vein catheters.

✓The KDOQI recommends the use of a low concentration citrate (< 5%) CVC lock 
solution, if feasible, to prevent CRBSI and CVC dysfunction 

✓ Citrate can be used as the basic anticoagulant of combined antibacterial locking 
solution, provided that there is no incompatibility with the antibiotics and 
antibacterial agents used.
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Pros and cons

▪ rt-PA can strongly dissolve fibrin by protein hydrolysis and single peptide bond breaking.
▪ The KDOQI suggests that the success rate of rt-PA in restoring CVC patency is between 50% and 90%

▪ -No large studies.

▪ The KDOQI suggests that rt-PA can be used prophylactically as a CVC lock solution once a week to help
reduce CVC dysfunction

▪ However, with regard to CVC without thrombosis, evidence of the effect of the early use of rt-PA as a lock
solution on the prevention of thrombosis is limited, which may lead to a waste of medical expenses.

Plasminogen activators



Ab lock as prevention

TI
A meta-analysis of hemodialysis catheter locking solutions in the prevention of catheter-related infection.
AU
Jaffer Y, Selby NM, Taal MW, Fluck RJ, McIntyre CW
SO
Am J Kidney Dis. 2008;51(2):233.
TI
A randomized trial comparing gentamicin/citrate and heparin locks for central venous catheters in maintenance hemodialysis 

patients.
AU
Moran J, Sun S, Khababa I, Pedan A, Doss S, Schiller B

SO
Am J Kidney Dis. 2012;59(1):102. Epub 2011 Nov 14.

TI
Comparative effectiveness of two catheter locking solutions to reduce catheter-related bloodstream infection in hemodialysis 

patients.
AU
Moore CL, Besarab A, Ajluni M, Soi V, Peterson EL, Johnson LE, Zervos MJ, Adams E, Yee J
SO
Clin J Am Soc Nephrol. 2014 Jul;9(7):1232-9. Epub 2014 Jun 26.

• No consensus is available on the prevention of catheter dysfunction or 
catheter-related bloodstream infections in patients undergoing hemodialysis 
by means of catheter lock solutions.

• Most of the research in prevention and treatment is not long-term. 

• Low dose Gentamicin/4% sodium citrate
• Lower CRBSI rate 70% with no adverse effect



• Gentamicin/Hep 
lock solution 1 
mg/ml for 
hemodialysis 
catheter
Namazi hospital Shiraz
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Pros and cons

- gentamycin-citrate (40 mg/mL with 3.13% citrate) performed better than those locked with heparin
concerning CRBSI, but the difference in dysfunction was not significant
-gentamicin (8 mg/mL and heparin 1000 U/mL lock solution) was associated with a significant decrease in
CRBSI, especially with Pseudomonas aeruginosa.
The other two studies confirmed that 5 mg/ mL gentamicin combined with heparin as a lock solution could
reduce the incidence and duration of CRBSI but had no significant effect on catheter function, and there was
no bacterial drug resistance or clinical ototoxicity.

-Incidence and mortality of gentamicin-resistant CRBSI were significantly higher in hd patients who were given
gentamycin 4 mg/ml as a catheter lock within 6 months.

-A low concentration of gentamicin combined with citrate 4% could significantly reduce the rate
of CRBSI without microorganisms developing resistance to gentamicin.

-Moran J, Sun S, Khababa I, et al. A randomized trial comparing gentamicin/citrate and heparin locks for Central venous catheters in
maintenance hemodialy- sis patients. Am J Kidney Dis. 2012;59(1):102–107.
-Moore CL, Besarab A, Ajluni M, et al. Comparative effectiveness of two catheter locking solutions to reduce catheter-related
bloodstream infection in hemodialysis patients. Clin J Am Soc Nephrol. 2014; 9(7):1232–1239.

-The incidence of CRBSI in both the low gentamicin concentration (0.32 mg/ml) and high
gentamicin concentration (>4 mg/ml) groups was significantly lower than that in the heparin group

Antibiotic lock solutions
Gentamicin +heparin/sodium citrate lock solution



Gentamicin +heparin/sodium citrate lock solution

✓Therefore, considering the efficacy and safety, using low 
concentrations of gentamicin (< 4 mg/mL) and low 
concentrations of citrate (< 4%) as a lock solution can prevent 
and treat CRBSI.

✓The low concentration of gentamicin as a blocking solution did 
not increase the bacterial drug resistance, and the risk of drug 
toxicity was lower than that of the high concentration 
gentamicin.
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Pros and cons

• Addition of 2500 U/ml heparin and 5 mg/ml vancomycin was effective in reducing the biofilm formation of
S. epidermidis, enterococcus faecalis, and S. Aureus.

• A randomized, double-blind, prospective study, including 131 hemodialysis patients with non-tunnel
catheters, showed that compared with heparin (2000 u/ml), vancomycin (5 mg/ml) combined with
heparin (2000 u/ ml) reduced the incidence of CRBSI by 82%, but during that period, vancomycin-resistant
enterococcus (VRE) was isolated from the vancomycin group, from which these patients had to be
hospitalized

• A 12-month study confirmed that the combination of vancomycin (25 mg/mL) and gentamicin (40 mg/mL)
could prevent Staphylococcus and other gram-negative bacterial infections in tunnelled cuffed catheters
(TCCs) and could significantly reduce the incidence of CRBSI and clinical sepsis

• Pooled analysis shows that Vancomycin-containing lock solutions versus heparin lock solutions and found
that the incidence of CRBSI was 84% lower in the antibiotic group compared with the heparin group

Antibiotic lock solutions
Vancomycin + heparin/gentamicin locking solution.
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Pros and cons

- The combination of cefazolin and gentamicin is better than vancomycin in stable outpatient HD patients with
a low MRSA infection rate.

-The difference in the amount of drug-resistant bacteria was not significant

-However, the reductions in the bacteremia rates remained significant for locks containing vancomycin and
gentamicin but not for those containing cefazolin 10 mg/ml and gentamicin 5mg/ml.
-Pooled analysis: CRBSI was 69% lower in the antibiotic group compared with the heparin group.

Antibiotic lock solutions
Cefazolin + gentamicin locking solution
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Yiqin Wang and Xuefeng Sun(2022)

• Gentamicin, vancomycin, and cefazolin are the most commonly used
antibiotics for the prevention of CRBSI

• There is insufficient evidence regarding adverse reactions and drug
resistance in the use of cefotaxime, minocycline, and cotrimoxazole as
locking solutions.

• They are lacking any anticoagulant effect and should be combined with
citrate heparin.

The KDOQI guidelines recommend specific prophylactic antibiotic locks for
patients in need of a long-term CVC at high risk of CRBSI, instead of using
them for routine use.

-

Antibiotic lock solutions-Clinical recommendation
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Pros and cons

• HEALTHY-CATH study confirmed that 70% ethanol once a week and 5000 U/mL heparin twice a week could
reduce the infection rate compared with 5000 U/mL heparin three times a week;

• Ethanol and anticoagulants can reduce the CRBSI rates by 57% but increase the catheter dysfunction
incidence

Antimicrobial agents combined with anticoagulants
Alcohol + heparin/4% sodium citrate combination.
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Pros and cons

Taurolidine, a derivative of the amino acid taurine, is one of the latest ALTs and has broad-spectrum antibac-
terial activity against gram-positive and gram-negative bacteria and fungi (such as Candida) (including MRSA and
VRE)
In recent years, in some European countries, a trisodium citrate 30% lock has been gradually replaced by the
catheter locking solution containing taurolidine.
At present, there are two commercial lock compound preparations, Taurolock (containing taurolidine and

citrate 4%) and Neutrolin (containing taurolidine, heparin, and calcium citrate).

Antimicrobial agents combined with anticoagulants
Taurolidine



Taurolidin without citrate or Heparin 
✓The earliest research report on TaurolockTM that showed its association with increased frequency of

catheter thrombosis versus heparin is attributed to Allon. This nonrandomized controlled study
showed that although a significantly higher CRB-free survival at 90 days was observed with
taurolidine/citrate than with heparin 5,000 U/ml (94 vs. 47%), almost 70% of the patients in the
TaurolockTM group required thrombolytics to maintain catheter patency

✓Betjes et al conducted an RCT test involving 58 patients, who mainly had non-tunnel catheters
(23.7%), and this study found that the antimicrobial taurolidine may significantly reduce the incidence
of catheter-related sepsis but may not increase the risk of side effects.

✓ In a randomized controlled trial that included 119 chronic hemodialysis patients, Filiopoulos et al.
compared the antibiotic group(Gent 40 mg/ml and heparin 5000 u/ ml, group A) and
taurolidine/citrate group(group B), and found that the taurolidine/citrate lock was not superior to
gentamicin/heparin in the prevention of CRB.

✓ Additionally, Solomon et al. found that compared with heparin (5000 u/ml) in a randomized
controlled trial, Taurolock did not reduce all-cause bacteremia and was associated with a greater need
for thrombolytic therapy.



Taurolidine
✓ To increase the antithrombotic effect, Solomon et al added 500 u/ml heparin to 4% taurine citrate, and 

TauroLockTM-Hep500 (1.35% taurolidine, 4% citrate and 500 u/ml heparin) was compared to TauroLockTM
(1.35% taurolidine, 4% citrate) and heparin 5000 u/ml by using retrospective data. 

✓ Comparing with TauroLockTM, TauroLockTM -Hep500 reduced the need for thrombolysis, which was 
equivalent to that of heparin 5000 u/ml, and the use of TauroLockTM-Hep500 decreased the bacteremia 
rates from all causes by a factor of 2 

✓ An observational study showed that NeutrolinVR was also able to reduce the incidence of CRBSI and catheter 
thrombosis 

✓ The pooled analyses of all studies containing the TauroLockTM-Hep500 lock solution showed that the 
patency of the catheter can be improved by 71% by adding heparin to taurolidine-citrate, but there was no 
significant difference in the incidence of CRBSI.

✓ A prospective randomized controlled study confirmed that the twice-a-week TauroLockTM-Hep500 
(taurolidine-citrate-heparin 5000 U/mL) and weekly TauroLock-U25,000 (taurolidine-citrate-urokinase 25000 
IU) treatment schemes were very effective in pre- venting repeated thrombotic dysfunction of tunnel CVC 
catheters and significantly reduced the catheter replacement rate and the need for rt-PA emergency 
thrombolysis than TauroLockTM-Hep500 after each HD session, but there was no significant difference in 
CRSBI 



Taurolidine
✓ A prospective randomized study from Qatar investigated TaurolockHep500 and TauroLockTM-U25,000 locks at the end of 

the third hemodialysis of the week in an unselected cohort (prevalent TCC accounted for 65%) and showed that 
TauroLockTM-U25,000 could improve the catheter survival rate during the last dialysis

✓ Similarly, a cohort of TCC-TD high-risk patients or patients with a history of CRBSI in prevalent catheters showed that once a 
week rt-PA added to the citrate 4% lock solution significantly reduced the comprehensive outcome of catheter loss caused 
by thrombosis and infection 

✓ We conducted a pooled analysis of the above studies by including all the studies’ patient groups and found that taurolidine 
combined with citrate-based locking solution can reduce the CRBSI rates by 66% and that the catheter failure incidence 
decreased by 53% in the hemodialysis patients with CVC after adding urokinase

✓Therefore, it is confirmed that the taurolidine/citrate combined preparation solution did work, but 
the effect of taurolidine lock alone is uncertain.

✓ In general, compared with heparin, the taurolidine/citrate locking solution can reduce the 
incidence of CRBSI, but it was not significant in improving catheter dysfunction.

✓ Adding heparin to the taurolidine/citrate locking solution can improve the patency of the catheter, 
but there was no significant difference in the incidence of CRBSI. However, the addition of 
urokinase to the taurolidine/ citrate locking solution can reduce both the incidence of CRBSI and 
the incidence of catheter dysfunction.



PROPHYLAXIS:LOCKING SOLUTIONS 

 Taurolidine, a substance 

that has been used in 

Europe since the 1970s

 Effective against a broad 

range of gram-negative and 

gram-positive bacteria as well 

as many types of fungi

 CRB rates were reduced to

0.20 episodes ⁄ 1000 catheter-

days

Two Locking Solutions: Taurolidine & Heparine
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comparison between infections per 1000 catheter days for Heparine & Tauro

Lock

Prevention





Taurolock instruction:(Persian)



Taurolock instruction:(Persian)



Citra-Lock Persian instructions





Citra-Lock Persian 
instructions



Geistlich Taurosept®= taurolidine 2 %

✓Taurolidine is not an anticoagulant, but it has been shown to 
have antithrombotic properties.

✓ A study published in the BMC Nephrology journal found that 
taurolidine-based lock solutions were associated with a 
significantly lower hazard for removal of CVC due to infection 
or malfunction combined, and for removal of CVC due to 
infection or malfunction separately 

✓Another study published in Europe PMC found that a solution 
containing 2% taurolidine seems suitable as a hemodialysis 
catheter lock.

✓ In a Swiss cohort, it prevented CRBSI, limited catheter 
dysfunction, and was cost-efficient.

✓It is unclear how taurolidine prevents coagulation in catheter 
lock for hemodialysis. However, one possible explanation is 
that taurolidine may prevent the formation of biofilm on the 
catheter surface, which can lead to thrombosis and infection.



• LOCK IT- 100 trial
• compared the efficacy and safety of a 

taurolidine/heparin catheter lock solution 
that combines taurolidine 13.5 mg/ml and 
heparin (1000 units/ml) versus heparin in 
preventing CRBSIs.

• was a randomized, double-blind, active-
control, multicenter, phase 3 study that 
enrolled adults with kidney failure 
undergoing maintenance hemodialysis via 
CVC from 70 US sites. (795 patients)

• nine participants in the taurolidine/heparin 
arm (n=397; 2%) and 32 participants in the 
heparin arm (n=398; 8%) had a CRBSI

• 71% reduction risk with taurolidin/heparin.
• Same safety and adverse events compared 

with heparin.
• based on a prespecified interim analysis, the 

Data and Safety Monitoring Board 
recommended terminating the trial early for 
efficacy with no safety concerns.
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