HEMODIALYSIS
CATHETER
INFECTION

-Introduction

| -Diagnosis
th -Management
The19 -Prevention
International Congress of -Conclusion for
Nephrology, Dialysis future direction
and Transplantation SEIED AHMAD TARA M.D.
(ICNDT) Shiraz University of Medical Sciences
1402/09/23
12-15 December 2023 2023/12/14

Homa Hotel, Tehran
Ahmad Tara M.D.

SUMS ,Shiraz,Iran



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
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Introduction

IMPORTANCE OF HEMODIALYSIS ACCESS INFECTION
= 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
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Consequences of over usage of TCC in Iran (>40%)

v'Doubling the rate leads to ten times more infection.
v'50000 patients that 20000 on TCC.
v'At least 2 CRBSI annually leads to 40000 infection events per year.

v'At least 10 % need hospital admission, with 4000 admissions with serious
complications per year.

v'High rate of morbidity especially metastatic infections and mortality (3 times more
mortality than grafts or AVFs).

v'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

Hemodialysis Catheters

Non-tunneled, non-cuffed catheters Tunneled, cuffed catheters

12-15 December 2023 . Homa Hotel, Tehran



Introduction

CATEGORIES OF INFECTION ASSOCIATED WITH CATHETERS

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

= Infection associated with TDCs
be classified into three
categories

= Exit-site infection,

= Tunnel infection

= Catheter-related bloodstream infection - CRBSI

12-15 December 2023 . Homa Hotel, Tehran



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

= |nthe 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

12-15 December 2023 . Homa Hotel, Tehran

Exit-Site Infection




TUNNEL INFECTION

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

= |nvolvement of the tunnel below the cuff is
commonly seen as part of the exit-site infection

® |t 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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MICROBIOLOGY OF ACCESS-RELATED INFECTION

= 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%
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Antimicrobial resistance

Isolation & identification

surveillance

* |solates were recovered from blood samples incubated in
the BACTEC™

v'Identification of bacteria was done by
biochemical differentiation

APl bioM¢érieux & Phoenix BD
Instrument

* Susceptibility testing was performed by disk
diffusion according to CLSI(Clinical & Laboratory
Standards Institute) criteria & Phoenix BD
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Microbiology laboratory information Antimicrobial resistance
registration system surveillance

WHONET

The microbiology laboratory database software.
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Shiraz
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Periodical Report

Antibacterial Susceptibility Patterns

(2001-2004)
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Professor Alborzi Clinical Microbiology Research Center
Shiraz University of Medical Sciences

Publish Surveillance Results Antimicroblal resistance
surveillance

Periodical Report of Antimicrobial Susceptibility in

Periodical Report Antibacterial
Susceptibility Patterns

Antibiotic — Susceptibility Profiles of Bacterial
Pathogens Causing Bloodstream Infections in
Shiraz Periodical report
March 2020 — March 2022 (1399-1400)

"
Prof.Alborzi 7o\
Ohniont Microbialogy Hessaron Center
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Misdiagnosis In lab !
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" Iranian
Journal of

e ¢

Volume 7 Number 3 (June 2015) 127-135
Nosocomial Infections: Multicenter surveillance of antimicrobial

resistance profile of Staphylococcus aureus and Gram negative rods
isolated from blood and other sterile body fluids in Iran

Bahman Poorabbas!, Jalal Mardaneh', Zahra Rezaei', Mehdi Kalani', Gholamreza Pouladfar!,
Mohammad Hasan Alami?, Jafar Soltani’, Ahmad Shamsi-Zadeh*, Shahram Abdoli-Oskooi®,
Mohammed Jafar Saffar®, Abdolvahab Alborzi'”

Seven major teaching hospitals located 1n
different geographic areas of Iran ( Shiraz, Tabriz,
Sari, Mashhad, Sababdah, Ahwaz, Istahan) 1n
collaboration with the professor Alborzi clinical
Microbiology Center (PACMRC), participated in
this multicentre collaborative study over the period
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Table 1. Frequencies of 1solates obtained from positive sterile body fluid cultures i different cities (N=858).

City
Shiraz Sari Tabriz Mashhad Sanandaj Ahwaz Esfahan Total
Gram positive cocci (N=224)

S. aureus 54(24%) 11(5%)  35(15.5%) 1(0.5%) 36(16%) 85(38%) 2(1%) 224

Gram negative bacilli (N=634)
Klebsiella spp. 22(15%)  47(32%)  12(8%)  31(21%) 16(11%)  8(5%) 12(8%) 148
E. coli 36(24.5%)  3927%)  13(9%)  25(17%)  21(14.5%)  2(1%) 10(7%) 146
Serratia spp. 11(10.5%)  17(16%)  5(5%)  16(15%)  33(31.5%) 22(21%) 1(1%) 105
Enterobacter spp. 8(21%) 14(37%)  2(5%) 2(5%) 5(13.5%)  4(10.5%)  3(8%) 38
Pseudomonas spp. 1920%)  45(47.5%) 5(5.3%) 16(16.8%)  4(4.1%) 3(3.2%) 3(3.2%) 95
Acinetobacter spp. 20(30%) 4(6%) 1(1.5%) 24(35.5%)  5(7.5%) 3(4.5%) 10(15%) 67
Stenotrophomonas spp. 5(14%)  10(28.5%) 1(3%) 14(40%) 1(3%) 3(8.5%)  1(3%) 35

Total 175 187 14 129 121 130 42

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) *‘,
Oy o W



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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% Resistant (invasive isolates)

Antibiotic Resistance of £schrerictria coli
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@® Amoxicillin-clavulanate

Center for Disease Dynamics, Economics & Policy (cddep.org)
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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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Antibiotic Resistance of Pseudomonas

aeruginosa
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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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Antibiotic Resistance of Ac/netobacter

baurmannii
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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

v_ Ampicillin
* the drug of choice for monotherapy of susceptible £ faecalis infection.

v Vancomycin
« Patients with a penicillin allergy or resistant strains

E. faecalis and E.
v" Nitrofurantoin: faecium are

» Enterococcal cystitis

naturally
v Linezolid (intrinsically)
P VRE resistant to
v" Combination therapy cephalosporins

« acell wall-active agent (eg, ampicillin, vancomycin) and an aminoglycoside (eg, gentamicin,
streptomycin)
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PATHOGENESIS:
BIOFILM INFECTION

Wcalea TauroSept

" CAL279 October 2020

TauroSept®

= More than 99.9% of bacteria grow as aggregated Tough enough

“sessile’” communities attached to surfaces, rather
than as “planktonic” or free-floating cells in liquid

= Within a few seconds, phenotypic changes in the
bacteria remarkabI?/1 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

pabey, Catheter infection and Biofilm
12-15 December 2023 . Homa Hotel, Tehran %‘% #
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Biofilm on

Tunnel infection both surfaces

Contamination
along outer
surface

Endoluminal

Activate Window

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

qine
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INCIDENCE OF CRB

= An approximate incidence of one to two
episodes of bacteremia per catheter-year

= |n 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

S.aureus

= Septic arthritis, osteomyelitis,
endocarditis, and epidural abscess

12-15 December 2023 . Homa Hotel, Tehran

Judging CRB rate

= Metastatic infection rate: % specially with

< 1/1000 catheter days—Excellent
1-2/1000 catheter days—Good
3-5/1000 catheter days—Fair
6-7/1000 catheter days—Poor

= 7/1000 catheter days—Really bad
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CLINICAL PRESENTATION

= Fever47%
= Rigors alone 33%

® 20% No fever & rigors

= Malaise

= Encephalopathy

= Hypotension

= EXit site drainage

m Catheter dysfunction

= Metastatic infection signs

12-15 December 2023 . Homa Hotel, Tehran
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DIAGNOSIS

= 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

qine
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KDOQI

KIDNEY DISEASE OUTCOMES
QUALITY INITIATIVE

National Kidney Foundation

KDOQI CLINICAL PRACTICE GUIDELINE FOR VASCULAR
ACCESS: 2019 UPDATE
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TREATMENT

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

vancomycin concentration in the

v' Methods. We compared serum and intralumenal (0.3-0.5 ml aspirate from the venous port of the  venous hub 0.2+0.6 ug/ml in non lock
catheter) vancomycin concentrations in 24 chronic haemodialysis patients, with documented .\
bacteraemia, who had received prior systemic vancomycin therapy with 14 similar patients who 5 mg In 125.6+13 ug/m
Lock group

had additionally received ‘vancomycin-lock technique’ (100 pg/ml of vancomycin in heparin
solution) after each haemodialysis session. recent locks

v" Results. Despite serum vancomycin concentration of ~17 gg/ml in each group, the vancomycin
concentration in the venous hub of the catheter was only 0.2£0.6 pg/ml in"the former group, in
sharp contrast to 125.6+13 ug/ml in the latter group.

v"In the in-vitro experiments, three PermCaths filled with standard heparin solution were incubated
for 48 h in 100 m of{:JIasma containing 20 pug/ml of vancomycin.. Vancomycin concentration in
each port was 0.2+0.1 pug/ml in the aspirated samples.

v Finally, two PermCaths filled with the standard heparin solution were incubated for 48 h in 100 ml .
of plasma containing 20 ug/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 pg/ml,
the remaining segments had levels <0.5 pg/ml.intraluminal

serum vancomycin concentration of ~17 ug/ml
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jalysis patient with
Infection
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Diagraml: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

Systemic antibiotic

Catheter lock

Empiric antibiotics

Vancomycin 20 mg/kg loading dose infused over the
last one to two hours of hemodialysis (HD) and
ceftazidime 1 gm immediately after HD

Continue vancomycin 1 gm over the last hour of each
subsequent HD session and ceftazidime 1 gm
immediately after HD while awaiting blood culture
results and antibiotic sensitivities

Daptomycin 9 mg/kg given over the last 30 minutes
of HD may be used as an alternative to vancomycin
in vancomycin-allergic patients or in cases of
vancomycin-resistant enterococci (VRE)

Gentamicin 1 mg/kg following HD may be used as
an alternative to ceftazidime, but carries a substantial
risk of ototoxicity

Vancomycin/ceftazidime/heparin: Vancomycin (1 mL
of 5 mg/mL in normal saline solution) plus ceftazidime
(0.5 mL of 10 mg/mL in normal saline solution) plus
heparin (0.5 mL of 1000 units/mL solution)

Gram negative bacteria

Ceftazidime 1 gm immediately after HD

Ceftazidime/heparin: Ceftazidime (1 mL of 10 mg/mL
in normal saline solution) plus heparin (1 mL of 1000
units/mL solution)

Methicillin sensitive
Staphylococcus aureus

Cefazolin 2 gm immediately after HD

Cefazolin/heparin: Cefazolin (1 mL of 20 mg/mL
in normal saline solution) plus heparin (1 mL of 1000
units/mL solution)

Methicillin resistant
Staphylococcus aureus

Vancomycin 1 gm infused over the last hour of HD,
or daptomycin 9 mg/kg over the last 30 minutes of HD

Vancomycin/heparin: Vancomycin (1 mL of 5 mg/mL
in normal saline solution) plus heparin (1 mL of 1000
units/mL solution)




Management of HD catheter with suspected CRBSI according

to pathogen
Tunneled HD catheter
with suspected CRBSI

Obtain blood cultures from catheter and peripheral vein or

. bloodline if peripheral vein not feasible

Empiric antibiotics
+ Antibiotic lock
A A y
Resolution of bacteremia/fungemia | | Persistent bacteremia/
PNCHORNE DO CLp s and fever in 2-3 d fungemia and fever
| |
v v v v v
Stop cm Gram-negative | | Staphylococcus Remoue Cve
staphylococcus antibiotics
]
: — = —
Antibiotic 10-14 d Antibiotics x 10-14 d G"m"c Administer
Retain CVC, continue | | Retain CVC, continue Remove CVC antibiotics x 4-6 wk
antibiotic lock antibiotic lock AND Jook for metastatic
OR OR antibiotic x 3 wk m“mg"' infections
Guidewire Guidewire if TEE is negative aﬂe"r.ethe' e e (thrombosis,
CVC exchange CVC exchange e dendlosl endocarditis)




AB LOCK
PREPARATION

pharmacy preparation instructions

Storage & Stability:?

Pharmacy Technician Preparation Instructions

Antibiotic Solution final
concentration

Pharmacy preparation instructions

Lock Solution Stability
Vancomycin 72hr at room temp”
Cefazolin 72hr at room temp®
Ceftazidime 7 days at room temp®
Ciprofloxacin T days at room lemp5
Gentamicin 72hr at room temp®
Ampicillin 24hr at room temp®’

Vancomycin 2.5 mg/mL +
heparin 2500 units/mL

Cefazolin 5 mg/mL + heparin
2500 units/mL

Ceftazidime 0.5 mg/mL +
heparin 100 units/mL

Ciprofloxacin 0.2 mg/ml +

heparin 5000 units/mL

Gentamicin 1 mg/mL + heparin
2500 units/mL

Ampicillin 10 mg/mL + heparin
5,000 units/mL

1
2

~o s W
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Dilute 500 mg of vancomycin with 10 mL of NS (50 mg/mL)
Remove 1 mL and further dilute with 9 mL of sodium chloride
resulting in a vancomycin concentration of 5 mg/mL — Label as
“solution A"

Draw up 1.5 mL of 5,000 units/mL heparin into a syringe and mix
with 1.5 mL of solution A (vancomycin 7.5mg) for 3 mL of final
solution

*If a precipitate appears when mixing vancomycin with heparin,
continue agitating the solution for ~10 seconds until the
precipitation resolves

Dilute 500 mg cefazolin vial with 10 mL of normal saline
(50mg/mL)

Remove 1 mL of the cefazolin 50mg/mL solution and further dilute
with 4 mL of NS resulting in a cefazolin concentration of 10
mg/mL — Label as “Solution A”

Draw up 1.5 mL of heparin 5,000 units/mL into a syringe and mix
with 1.5 mL of Solution A (cefazolin 15mg)

Dispense 3mL of the final solution

Dilute 1000 mg ceftazidime product with 10 mL of NS, fora
concentration of 100 mg/mL — Label as “solution A”

Remove 1 mL of solution A (ceftazidime 100mg) and further dilute
with 19 mL of sodium chloride resulting in a ceftazidime
concentration of 5 mg/mL — Label as “Solution B”

Withdraw 1 mL of solution B (5 mg) and further dilute with 5 mL of
NS for a final concentration of 1 mg/mL — Label as “Solution C”
Withdraw 1.5 mL of solution C (ceftazidime 1.5mg) and add 0.3
mL of heparin 1,000 units/mL

QS to 3 mL with NS

Starting with a ciprofloxacin 200mg/20mL vial, withdraw 0.06 mL
of ciprofloxacin solution (ciprofloxacin 0.6 mg) — label as “solution
A"

Add 1.5 mL of heparin 10,000 units/mL to solution A (ciprofloxacin
0.6 mg)

QS to 3 mL with NS

Using 10 ma/mL (2 mL vial) gentamicin, withdraw 1 mL (10mg)
and further dilute with 4 mL of NS for a final concentration of
2mg/mL — Label as “solution A”

Withdraw 1.5 mL of solution A (gentamicin 3mg)

Add 1.5 mL of heparin 5,000 units/mL to the 1.5 mL of solution A,
for a total volume of 3 mL

Dilute 1000 mg of ampicillin in 10 mL of NS (100 mg/mL)
Withdraw 0.5 mL of the ampicillin 100 mg/mL solution (ampicillin
50mg)

Add 1.5 mL of heparin 10,000 units/mL

QS to 5 mL with NS

Dispense 3mL of final solution




ADb lock therapy In treatment of CRBSI

v'Same as that we choose for treatment

v'If the patient has a histo]rcy of or active heparin-induced thrombocytopenia,
substitute normal saline for heparin.

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

v'Some centres may lack Ab locks and continue systemic therapy until the
catheter Is replaced.

v" 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

. 801c pettcent with Staphylococcus epidermidis coagulase-negative staphylococcal
Infections

60 percent with Enterococcus infections,
* 40 percent with S. aureus infections
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Suspected CRBSI in the outpatient dialysis unit

Suspectad CRBSI in the ocutpatient dialysis unit™®

v

Ara one or more of the following present?
= ESI (eg. pus, new tenderness, or new erythema at the exit-site)
= Suspected metastatic infection {eg, new bone pain, new murmur)
= pPersistent hemodynamic instability/sepsis despite infusion of IV fluids

Yes

¥

1
Mo

¥

= Collect blood cultures *
= Administer empiric IV vancomycin and IV ceftazidime T4
= Refer patient to the emergency department

v

Is urgent dialysis needed
(eg. severe hyperkalemia or
pulmonary edema)?

T 1
Yas Mo

¥

Dialy=ze once through
the infected catheter

v

= Collect blood cultures *

m Jnitiate empiric IV vancomycin and
caftazidime systemically and as an
antibiotic lock 14

= Parform delayed exchange of the
tunneled catheter owver a guidewire ocnice
the patient has been asymptomatic®
for longer than 48 howrs, unless an infection
with 5. aureus or Candida is suspected®

= Follow up blood culture results, tailor
antibiotic therapy. and treat for a total
duration of treatment for 3 weeks¥¥

Our choice of sites for a blood culture sample are: *

= If symptoms dewvelop between dialysis sessions,
then we cbtain 1 sample from the dialysis catheter
and another from the peripheral vein or hemodialysis
circuit while the patient is on dialysis.
If symptoms develop during a diaysis treatment,
then we obtain 2 samples from the hemeodialysis circuit
or 1 from the circuit and ancther from a peripheral wein.
If symptoms dewvelop between dialysis sessions and
dialysis is not planned within the following few hours,
then we cobtain 1 sample from the catheter and ancther
from the peripheral wein. If a peripheral vein sample
cannct be cbtained, then we obtain 2 samples from the
dialysis catheter 10 to 15 minutes apart.

Is an ESI present
{eqg, pus, new erythema, or
naw tenderness at the exit site)?

T 1
Yas No

¥ ¥

= Remove infected catheter

= Place a new tunneled catheter
in an alternative site once the
patient is asymptomatic % for
owver 48 hours, unless the infection
is due to S. aursus or Candida®

Does the patient have a
metastatic infection?

Yas

1
Mo

¥

Does the patient have persistent
hemodynamic instability or
severa sepsis?

T
Yes

¥

1
Mo

¥

= Remove infected tunneled catheter

present

should be placed for dialysis

= Place a new tunneled catheter once presenting
symptoms have resclved % for longer than 48 hours,
except if an infection with 5. aureus or Candida is

= If symptoms persist beyond 48 hours or there is need
for urgent hemaodialysis, then a non-tunneled catheter

= Continue empiric antibiotics until culture results
become available, at which point tailor therapy as
per sensitivities and treat for a total of 3 weeks¥+T

= Administer an antibictic lock with s=ame antibictics
being given systemically and for the same duration &

= Once patient is asymptomatic for at least 48 hours <,
perform a tunneled catheter exchange over a guidewire,

v +

= Continue empiric antibiotics until culture results
become available, at which point tailor therapy as
per sensitivities and treat for a total of 3 weeks¥ ¥1

= Administer an antibiotic lock with same antibiotics
being given systemically and for the same duration&

axcapt if an infection with 5. awreus or Candida is presant®




Prevention

Hemodialysis International 2018

REVIEW ARTICLE

Prevention of hemodialysis catheter
infections: Ointments, dressings, locks, and
catheter hub devices

Review > Clin J Am Soc Nephrol. 2020 Jan 7;15(1):132-151. doi: 10.2215/CJN.06820619.
Epub 2019 Dec 5.

Prevention of Bloodstream Infections in Patients
Undergoing Hemodialysis

Molly Fisher T Ladan Golestaneh 1, Michael Allon ¢, Kenneth Abreo 3, Michele H Mokrzycki 1

Affiliations =+ expand
PMID: 31806658 PMCID: PMC6946076 DOI: 10.2215/CIN.06820619

Patient education

+ Inform of the risks of long-term catheter use

« Catheter reduction planning

+ Consider altemative kidney replacement therapy

options

(P dialysis,
+ Educalion on catheter care al home
how to shower safely

and share

Safety - Dialysis

* Perform hand hygiene observations and share results with

- Perform obeervations of catheter exit-site care and

staff and assess adherence with

Ladan GOLESTANEH, Michele H. MOKRZYCKI*

Division of Nephrology, Department of Medicine, Montefiore Medical Center, Albert Einstein College of
Medicine, Bronx, New York, USA

aseplic tachnique every 3 months
+ Staff education and competency every 6 months

with a decolonization protocol n
patients with a catheter and

prior Staphylococcus aursus
bloodstream Infection

Catheter exit site care

CDC recommendations:

+ Skin antiseptic: alcohol-based
chlorhaxidine (> 0.5%),
povidone—lodine 10%, or 70%
alcobol during dressing changes

+ Topical ointments: povidone—
iodine or polysporin tripie
antibictic cintment application
during dressing changes

Nove! d

therapy:
+ Chiorhexidine-impregnated
dressing changed weekly

12-15 December 2023 . Homa Hotel, Tehran

COC recommendalions:

« Catheter hub disinfection ‘scrub the
hub'; alcohol-based chlorhexidine
(> 0.5%), povidone-iodine 10%, or
70% akohol every tme the cathater
Is connected or disconnected

+ Restricted use of antibiotic locks as
prophylaxis in patiants with history
of catheter use and multiple

E despile

adherence to aseplic technigue

Novel therapy:

+ Antimicrobial basrier cap with
chiorhexidine rod

+ Non-antiblotic lock
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PROPHYLAXIS

= Systemic Prophylactic Antibiotics

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

= EXxit-Site Infection

= Not for cuffed catheter

= Contamination of the Catheter Hub
= |s 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

12-15 December 2023 . Homa Hotel, Tehran
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PROPHYLAXIS

= 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)

12-15 December 2023 . Homa Hotel, Tehran 46




PROPHYLAXIS
PROTOCOL FOR CATHETER CARE IN THE HEMODIALYSIS FACILITY

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

= 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

12-15 December 2023 . Homa Hotel, Tehran a1




Conclusion

Journal of Nephrology
https://doi.org/10.1007/s40620-020-00900-3

ORIGINAL ARTICLE 4.)

Check for
updates

Targeting COVID-19 prevention in hemodialysis facilities is associated
with a drastic reduction in central venous catheter-related infections

Marco Heidempergher' - Gianmarco Sabiu'? - Maria Antonietta Orani' - Giovanni Tripepi® - Maurizio Gallieni'?*®
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© The Author(s) 2020

Study design

2,0

a 1,5

w

5 o

= >

S8 10
Retrospective cohort study in 71 E §
hemodialysis patients using CVC. S 2 S
Catheter related bloodstream Stricter infection prevention E § 0,5 *'
infections (CRBSI) rates during the measures in dialysis units g S
COVID-19 pandemic were compared to ~ during the COVID-19 outbreak =2 & (o 1
the previous year CRBSI rate

m Feb-May 2019 m2019 m Feb-May 2020

Just by strengthening the universal precautions because of the COVID-19 pandemic, the rate of CRBSIs
fell by 80% compared to the whole 2019 and over 90% compared to the same period of 2019.



The Centers for
Disease Control
Core Interventions for

Dialysis Bloodstream
Infection (BSI)
Prevention

Method

. Surveillance and feedback using NHSN

Conduct monthly surveillance for BSIs and other dialysis events using CDC’s
National Healthcare Safety Network (NHSN). Calculate facility rates and
compare with rates in other NHSN facilities. Actively share results with
front-line clinical staff

. Hand hygiene observations

Perform observations of hand hygiene opportunities monthly and share results
with clinical staff

. Catheter/vascular access care observations

Perform observations of vascular access care and catheter accessing
quarterly. Assess staff adherence to aseptic technique when connecting
and disconnecting catheters and during dressing changes. Share results
with clinical staff

. Staff education and competency

Train staff on infection control topics, including access care and aseptic
technique. Perform competency evaluation for skills such as catheter care
and accessing every 6-12 months and upon hire

. Patient education/engagement

Provide standardized education to all patients on infection prevention topics
including vascular access care, hand hygiene, risks related to catheter use,
recognizing signs of infection, and instructions for access management
when away from the dialysis unit

. Catheter reduction

Incorporate efforts (e.g., through patient education, vascular access
coordinator) to reduce catheters by identifying and addressing barriers to
permanent vascular access placement and catheter removal

. Chlorhexidine for skin antisepsis

Use an alcohol-based chlorhexidine (>0.5%) solution as the first-line skin
antiseptic agent for central line insertion and during dressing changes?

. Catheter hub disinfection

Scrub catheter hubs with an appropriate antiseptic after cap is removed and
before accessing. Perform every time catheter is accessed or disconnected®

. Antimicrobial ointment

Apply antibiotic ointment or povidone-iodine ointment to catheter exit sites
during dressing change®



PREVENTION OF HEMODIALYSIS CATHETER INFECTIONS

Antimicrobial Locks

1
| | | 1 1 |
1 0,
Antibiotic locks Citrate Taurolidine Alteplase 1 mg/ml Citrate 2% smethylene Ethanol
blue+propylparaben
L Ge:‘ta":c'"/ E't;te || 30%citrate || Taurolidinescitrate ]  Ethariol 60:70%
s (mediium dose) 4% (high dose)
Gentamicin/ o Taurolidine
= ;
Citrate or heparin | b ) ° — +Citrate 4% et EttianCH 3QA/Heparln
4 (hlgh dose) ) or citrate
(high dose, 2-27 +Heparin 500U/ml
mg/mi)
Taurolidine
Other — +Citrate 4%
-1 antibioti itrat :
i 'oh:;g :itnra i +Urokinase 25,000

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)
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The 1deal lock solution for prophylaxis

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

bacteria, as well as fungi
v'(2) low likelihood of promoting antibiotic-resistant bacteria
v'(3) Compatible with the catheter material and anticoagulant agent

v'(4) Safe if inadvertently instilled systemically

12-15 December 2023 . Homa Hotel, Tehran



Heparin(UFH) catheter lock
pROS _Jems

* Economic and applicable value. - No antibacterial effect
- Promotes the formation of
* No consensus on the optimal concentration.(1000-10000) 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

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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Low-molecular-weight heparin (LMWH) catheter lock

+

+

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT)

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

5 ‘
%‘%ﬂt?ﬂ.

-Not suitable for lock solution

Risk of bleeding

Longer half-life

Only partially blocked by
Protamine

Cost
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Citrate 1

v" A calcium chelator
v Comparing to Heparin leakage from catheter it doesn’t produce systemic anticoagulation

v" 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.

v’ 4% citrate is as effective as heparin in preventing thrombosis.
v" Less exchange rate, the use of rt-PA , and incidence of bacteremia.
v But for large differences in CRBSI it should be combined with an antibiotic.

v 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

v 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.

v Presently, there seems to be insufficient evidence to confirm that high-concentration citrate is better
than heparin in CRBSI.
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Citrate 2

v'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

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

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

v’ 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.

ol 85
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Plasminogen activators

Pros and cons

The 19'" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) Q-‘
: €
Focyy

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.
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ADb lock as prevention

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.

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

12-15 December 2023 . Homa Hotel, Tehran

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

Tl

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.

Tl

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.



Gentamicin/Hep
lock solution 1
mg/ml for
hemodialysis
catheter

Namazi hospital Shiraz

"J 53led b jloy pgoun 9 9518 (Gl ) gMBI 55 50

sgen SUL cuz yiud oo 5 55 (oo ) ramlolir Y Jolono atd Jouddljgiws
(Gentamicin lock solution 1 mg/ml for hemodialysis catheter)

5o, Ve Joilil 5l solinul b zalau 0,8 Ssteas g Liblxe 5 5 Sole oS o 10w 5l ooliznl) Szl Lyl jo-)
oo Jalme ) Lo 40 480 Mg/2ml poslebin Jonol 51 ot Lo <10 lal ([0 g500] Voo LodS 050 5 bz 5
93,5 ailal ;)1 4, 5000 units/Iml o Lo Joeal Vo caslsl )5 503,5 5:8,0.9% 5,5 Wl lS
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Antibiotic lock solutions

The 19'

Gentamicin +heparin/sodium citrate lock solution

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
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Gentamicin +heparin/sodium citrate lock solution

v'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.

v'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.

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) *‘,
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Antibiotic lock solutions

Vancomycin + heparin/gentamicin locking solution.

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
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Antibiotic lock solutions

Cefazolin + gentamicin locking solution

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.
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Antibiotic lock solutions-Clinical recommendation
Y Wangand uefengsuniz022) |

 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.
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Antimicrobial agents combined with anticoagulants

Alcohol + heparin/4% sodium citrate combination.

* 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;

e Ethanol and anticoagulants can reduce the CRBSI rates by 57% but increase the catheter dysfunction
incidence
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Antimicrobial agents combined with anticoagulants
Taurolidine

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).
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Taurolidin without citrate or Heparin

v 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

v’ 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.

v 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.

v' 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.

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) *‘,
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Taurolidine

v 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.

v 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

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

v 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.

v' 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

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) “‘],



Taurolidine

v 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

v’ 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

v' 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

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

v" 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.

v 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.

ﬁ'r_r_.('\
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PROPHYLAXIS:LOCKING SOLUTIONS

= Taurolidine, a substance
that has been used in

Europe since the 1970s

= Effective against a broad _ e % T ; : o
range of gram-negative and g TPy R ,;' \< ot
gram-positive bacteria as well P i BT o Wit oqae s e 1@.)- }
as many types of fungi Heparin Lock — 7 months TauroLock™

implanted — S. epidermidis biofilm 5 months implanted -

= CRB rates were reduced to covers surface completely No colonization
0.20 episodes/ 1000 catheter-
days

Two Locking Solutions: Taurolidine & Heparine
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Prevention

DIALYSIS

2 0 325 122*

Taylor Allon Betjes Solomon

M Heparin M TauroLock™
Infections per 1000 catheter days

comparison between infections per 1000 catheter days for Heparine & Tauro
Lock
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Dialysis
Oncology

Parenteral Nutrition

Ampoule (10x3mL)
Ampoule (10x5mL)
Vial (100x 10 mL)
Vial (5x5mL)

Taurol.ock

TaurolLock Taurol ock s TauroLocKess TauroLock w
2] ® & o ® O
® ® 0 ® o
® o 0 e o

Taurol.ock Taurol otk TauroLoekss Taurol.ock m



Taurolock instruction:(Persian)
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Taurolock instruction:(Persian)
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Citra-Lock Persian instructions

Citra-Lock"'
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Catheter
Lock
Soluti

Anti
.Biofilm
.Bacterial
.Coagulant
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www.manatd.com
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Anti Coagulant
Citra-Lock™ reduces the

use of thrombolitic agents like
Urokinase and tPA, resulting

Citra-Lock =

No. of vials of Urokinase used per month *

o T

= -

: | r H i’”-' RWK_"‘

: 1 [Crrate 7%
% N = 1 3
" u m "_% Hi

febr98  apr98  Jun98  oug98  oct98  dec98  fobr99  apr99  jun 99

Biofilm

Reduction
Citra-Lock™ reduces
biofilm formation
in central venous
catheters

Bosma W. et al. Nephrol Dial Transplant (2009) doi 10.2093/nat/gh651

Increased safety
&

Simplified handling

" " + + - -
« protecting against needle stick injuries M\_ 2 mj_od s
« reducing handling steps I l oo LN R
* promoting intuitive handling —
.
e
s“\ .
——ln
Art.nr. Civa-Lock™ 46,7%: 24060202
Art.nr. CivaLock™ 30% : 24060203 eepstnmy
Also Available: :

Art.nr. CirarLock™ 4% :24060201

Citra-Lock™is a Dirinco product and registered as a medical device Class il C€ 1275
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ceistich 1aurosept®= taurolidine 2 %

TauroSept
v’ Taurolidine is not an anticoagulant, but it has been shown to o FR LR
have antithrombotic properties. »
v" 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
|nfeCt|On or ma|funCtIOn Separately A 2% taurolidine catheter lock solution prevents catheter-

related bloodstream infection (CRBSI) and catheter

v’ Another studoy published in Europe PMC found that a solution aysfunction in hemodialysis patients.

containing 2% taurolidine seems suitable as a hemodialysis

catheter lock. T

British Journal of Nursing (Mark Allen Publishing), 01 Jul 2021, 30(14):524-532

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

Published: 13 September 202

]

v'It is unclear how taurolidine prevents coagulation in catheter I

lock for hemodialysis. However, one possible explanation is The best solution down the line: an observational
that taurolidine may prevent the formation of bioflim onthe sty entwelhe veme cisebemed ook
catheter surface, which can lead to thrombosis and infection. pationts Y

s0hja van Rced?ng Mathijs van Oevelen, Alferso C. Abrahams, Friedo W. Dekker, Joris |. Rotmans &

3abine C. A. Meijvis on behalf of the DUCATHO study group

g A—
é

33

The 19'" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) ‘,
s

:\%jégnﬁ??]'»“&ﬁ;j-_;\‘_ 3MC Nephrology 22, Article number: 308 (2021) | Cite this article



e LOCKIT-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-

l Original Arhicie sn.org Vol 18 November, 2023

www.cja
ck Solution and Catheter-Re\ated

control, multicenter, phase 3 study that Taurolidine/ Heparilj ‘;\oin Hemodialysis e
enrolled adults with kidney failure Bloodstream ‘“f:‘it_:‘)-‘nd, Active-Control, Phase 3 |
undergoing maintenance hemodialysis via A Randomized, DOU + Antony Pile®.

i th Hurlbu
dhury®.”” phoebe Mounts®,” Elizabe
i _Chaudhury &~
Agarwal o' ‘P;'ablr Roy

Poogin

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.

Anil K.
and Fugene (&
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Now Approved: U.S. FDA approves product to reduce the incidence of catheter- Learn more =
related bloodstream infections (CRBSIs) under special pathway for patients receiving

hemodialysis.

Home > Investors > Press Release

CORMEDIX INC. ANNOUNCES FDA APPROVAL OF
DEFENCATH® TO REDUCE THE INCIDENCE OF CATHETER-
RELATED BLOODSTREAM INFECTIONS IN ADULT
HEMODIALYSIS PATIENTS

November 15, 2023

- First and only FDA-approved antimicrobial catheter lock solution in the U.S.

= Company expects DefenCath to be available in QI 2024 in the inpatient
setting

Berkeley Heights, NJ — November 15, 2023 — CorMedix Inc. (Nasdag: CRMD), a
biopharmaceutical company focused on developing and commercializing
therapeutic products for the prevention and treatment of life-threatening
diseases and conditions, today announced that the U.S. Food and Drug
Administration (FDA) has approved DefenCath® (taurolidine and heparin)
catheter lock solution (CLS) to reduce the incidence of catheter-related
bloodstream infections (CRBSIs) for the limited population of adult patients
with kidney failure receiving chronic hemodialysis through a central venous
catheter (CVC).|DefenCath is the first and only FDA-approved antimicrobial
CLS in the U.S. and was shown to reduce the risk of CRBSIs by up to 71% in a
Phase 3 clinical study.
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Take Homework message

Diagnosis, treatment and prevention of hemodialysis catheter
Infection

Clinical guidelines of the
Iranian society of nephrology
&
Iranian society of infectious diseases and tropical medicine



