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Abstract 

Catheter related bloodstream infections may originate from extra- or endoluminal catheter 

colonization with spread of microorganisms into the bloodstream. Catheter lock solutions 

are routinely instilled into catheters to prevent thrombosis and, if the solutions exert 

antimicrobial properties, to prevent catheter related infections from the endoluminal 

surface. We performed an in vitro time kill study to investigate whether antimicrobial lock 

solutions possess also an extraluminal antimicrobial effect by diffusion from the endo- to 

the extraluminal compartment. Two central venous catheters (silicone or polyurethane) 

either filled with taurolidine 1% or with saline were incubated within a broth containing 

either S. aureus or E. coli 10
8
 and incubated for 48 hours. After incubation the extraluminal 

catheter surface was investigated by the semiquantitative roll-plate method to determine 

catheter colonization compared to controls (catheters filled with NaCl).  

Compared to controls endoluminal taurolidine showed no effect on catheter colonization 

on extraluminal catheter surfaces. We therefore conclude that taurolidine cannot diffuse 

through the catheter wall and has therefore no extraluminal antimicrobial activity. 
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Zusammenfassung 

Katheter-assoziierte Blutstrominfektionen können von der endo- oder extraluminalen 

Katheteroberfläche ausgehen und sich in die Peripherie ausbreiten. 

Locklösungen werden zur Verhinderung von Thrombosen und, falls sie auch 

antimikrobielle Eigenschaften besitzen, zur Bekämpfung antimikrobieller Besiedelung der 

Katheteroberfläche verwendet. Ein möglicher extraluminaler antimikrobieller Effekt der 

endoluminal applizierten Locklösungen konnte bisher noch nicht nachgewiesen werden. 

In einer in-vitro time-kill Studie wurden zwei Zentralvenenkatheter, gefüllt mit Taurolidin 

oder Natriumchlorid, für 48h in einer Nährlösung, die zuvor mit entweder S. aureus oder 

E.coli versetzt wurde, inkubiert. 

Nach der Inkubationszeit wurde die Katheteroberfläche mit einer semiquantitativen 

Kulturmethode (roll-plate method) untersucht und die Katheterkolonisation der zuvor mit 

Taurolidin gefüllten Kathetergruppe mit der Kontrollgruppe (Katheter gefüllt mit NaCl) 

verglichen. 

Es zeigte sich kein signifikanter Wachstumsunterschied zwischen dem mit Taurolidin 

gefüllten Katheter und der Natriumchlorid-Kontrollgruppe. Eine extraluminale 

antibakterielle Wirksamkeit von Taurolidin konnte somit nicht nachgewiesen werden. 
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1 Introduction  

1.1 History  

There have been many attempts throughout history to insert various devices into the blood 

vessels of humans and animals for medical purposes.  

Sir Christopher Wren was among the pioneers for infusions and injections. In 1656 he 

injected a mixture of opium, wine and ale into canines, using a goose quill and a pig 

bladder. 

Around that time Major (1667) also infused saline into humans using peripheral veins for 

vascular access. Blood transfusions from animals to humans followed, but severe adverse 

reactions happened and further transfusions were prohibited. 

In 1733, Stephen Hales introduced a glass tube into the blood vessels of a horse to measure 

the blood pressure. 

In France Claude Bernard (1844) cannulated the carotid artery, left ventricle, internal 

jugular vein and right ventricle of a horse with a mercury thermometer during an operation.  

Further investigations, especially on horses, were made by Chauveau and Marey (1836) 

who invented a special double lumen catheter to be inserted in veins. Upon description of 

those experiments they already noticed arrhythmias as a possible complication during 

insertion.  

Bleichroeder, Unger and Loeb took the next step forward and shoved an ureteric catheter 

through the human arm veins up to the axilla and similarly from the thigh to the vena cava. 

Later on they also administered drugs this way. 

In 1931, Forssmann considered introducing a catheter into the right heart to give 

emergency medicines directly on the operating table during sudden cardiac failures. He 

experimented on himself and inserted a wide-bore needle into his left cubital fossa through 

which a ureteric catheter was introduced and shoved forward until his right atrium. He 

documented the result via x-ray. 

But not until 1945, when Meyers and Zimmerman introduced polyethylene cannulas, 

intravenous therapy became really popular and later on experiments with various materials 

and techniques have been continued (1, p1-5). 
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1.2 Central venous access 

For various medical purposes such as blood aspiration, drug application or central venous 

pressure monitoring an access to a central vein, which is basically a vein near the heart, is 

necessary (1, p14-15). Those include the subclavian, the internal jugular or the femoral 

veins (1, p19). The most commonly used insertion site for permanent hemodialysis access 

is the right internal jugular vein (2). 

However, selection of the catheterized vein strongly depends on various factors such as 

coagulation status, infection and pneumothorax risk, apparent venous thrombosis or 

stenosis or even the clinical skills of the operator (1, p28). 

Each puncture site has its own unique complication profile. In general, long term catheters 

are preferably placed in the internal jugular vein rather than in the subclavian or femoral 

vein (3). 

 

1.2.1 Indications 

 

Central venous catheters in general are used for 

Á intravascular access in general 

Á fluid and drug administration 

Á venous air emboli treatment 

Á measuring the central venous pressure 

Á measuring of static preload (4) 

Á blood sampling 

Á parenteral nutrition 

Á treatment of hemato-oncological patients (5) 

Á immediate hemodialysis (6) 

 

 

1.2.2 Contraindications 

Contraindications can be divided into two groups: absolute and relative contraindications. 

Relative contraindication means that a drug/procedure/surgery is acceptable if the benefits 

outweigh the risk. Absolute contraindication means that a life-threatening risk can be 

involved and that the drug/procedure/surgery should be avoided (7). 
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Absolute contraindications for implantation of a central venous catheter (CVC) are: 

 

Á infection at the skin entry site, which might cause infectious complications 

originating from the exit site of the catheter (1, p43) 

Á The presence of a carotid bruit is an absolute contraindication for using the internal 

jugular vein for vascular access, if performed without ultrasound guidance, because 

emboli of atherosclerotic tissue might be released from the carotid artery during 

puncture and may cause a stroke (1, p43). 

Á Concerning the femoral vein access: an inferior vena cava (IVC) filter constitutes 

an absolute contraindication (1, p109). 

Á In general underlying diseases like hemorrhagic, thrombotic or infective problems 

must be managed prior to catheter insertion (8). 

Á A documented thrombus in the preferred vein is also an absolute contraindication 

(1, p109). 

 

Relative contraindications: 

Á implanted pacemakers and defibrillators, because of the risk of catheters 

interfering with the position of the pacemaker or defibrillator leads (1, p54) 

Á In patients with a significant coagulopathy the internal jugular or the femoral 

access site should be favoured (1, p101). 

 

When placing peripheral inserted central catheters (PICCs), the following issues should be 

considered:  

Á Insertion is contraindicated on the affected site of a recent fracture of the upper 

limb (1, p56). 

Á enlarged axillary/supraclavicular lymph nodes 

Á previous surgery 

Á tumor 

Á thrombosis 

Á cardiac pacemaker in situ (1, p134) 

 

PICCs in children:  

Á infection 
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Á burn and radiation damage at the entry site 

Á local edema  

Á damaged or thrombosed vessels 

Á central thrombosis 

Á venous stenosis 

Á venous anomalies of the ipsilateral subclavian vein or the superior vena cava 

Á chronic renal failure or end stage renal disease, because the veins should be 

preserved for the formation of an arteriovenous fistula (5) 

 

1.2.3 Risks and complications 

Central venous catheterization is mostly used for treatment of critically ill patients. 

Possible life-threatening complications (infectious, mechanical, thrombotic) should guide 

the clinician for the route of catheterization and can be categorized into major and minor 

complications. A major complication is defined as an event which requires further 

treatment (e.g. pneumothorax, vessel laceration, subclavian vein thrombosis). A minor one 

does not require invasive treatment (e.g. catheter malposition, arterial puncture without 

bleeding) (9). 

The insertion site plays a major role in development of complications. A prospective, 

randomized multicenter study in 2001 showed the influence of the insertion site on the rate 

of complications. Two sites of CVC insertion were compared: the subclavian and the 

femoral vein. It has been shown that the femoral placed CVC led to more infectious and 

thrombotic complications. The incidence of complete thrombosis of the catheterized 

femoral vein was higher compared to the subclavian vein. However, mechanical 

complications (arterial puncture, misplacement, air embolism) showed a similar rate in 

both groups. In summary, the femoral access was accompanied by a higher complication 

rate. Some of the complications might be reduced by ultrasound guided placement of 

CVCs (10). 

Another study came to a similar conclusion: Parienti et al investigated the intravascular 

complications of central venous catheterization and compared the subclavian, jugular and 

femoral vein insertion site. Symptomatic deep-vein thrombosis and catheter-related 

bloodstream infections (CRBSIs) were the primary outcome measures. The primary 

outcome events were 1.5/1000 intravenous devices (IVD) days in the subclavian, 3.6/1000 

IVD days in the jugular and 4.6/1000 IVD days in the femoral group. They concluded that 
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the subclavian route was associated with a lower risk of bloodstream infection and 

symptomatic thrombosis compared to the two other groups. The risk of pneumothorax was 

higher in the subclavian (1.5%) group than in the jugular group (0.5%) (11). 

A prospective randomized trial conducted by Mansfield compared the subclavian central 

venous catheter standard insertion procedures without ultrasound guidance to ultrasound-

guided insertion. It was shown that ultrasound guidance in the subclavian approach does 

not have a significant effect on the complication rate of subclavian vein catheterization, 

and is therefore not recommended (12). 

 

1.2.3.1 Vein stenosis 

Vein stenosis mostly occurs due to damage of the vascular wall due to mechanical trauma 

during catheter placement or alteration by toxic infusions. Localized infection can also lead 

to stenosis of the vein (1, p44). Central venous stenosis is of importance in chronic kidney 

disease patients. It might cause aneurysma or even thrombosis of the arteriovenous fistula. 

For this reason vascular access guidelines alert clinicians to place central venous catheters 

via the internal jugular vein instead of the subclavian route (13). 

 

1.2.3.2 Thrombosis and embolization 

CVCs placed in the femoral vein exert the highest risk of thrombosis, followed by the 

internal jugular and the subclavian vein (1, p43). Joynt reports in 2001 after a prospective, 

controlled, observational cohort study, that the risk of an iliofemoral deep vein thrombosis 

is sixfold increased with a central venous catheter in a femoral vein compared to the 

development of an iliofemoral deep vein thrombosis in the contralateral control leg. 

Although deep vein thrombosis is a known source for pulmonary embolism, none of the 

participating patients developed pulmonary embolism. No evidence could be found in this 

study that the risk of pulmonary embolism, caused by deep vein thrombosis of the 

proximal lower limbs, is higher than the risk of deep vein thrombosis caused by thoracic 

vessels.  

Another finding of the study was that catheter-related deep vein thrombosis may occur any 

time. From one day after insertion to 1 week after catheter removal, thrombosis was 

documented, which led to the assumption that there is no ñsafeò time frame for 

catheterization before developing thrombosis. 
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Even anticoagulation does not seem to be protective, as there was no difference in the 

investigated prothrombin time (PT) and partial thromboplastin time (PTT) of the patients 

developing line-related deep vein thrombosis compared to the patients without developing 

deep vein thrombosis (14). 

Low bloodflow, coagulopathy and turbulences in bloodflow due to junctions in the venous 

systems or small veins foster the emergence of vein thrombosis. Where emboli in 

superficial veins e.g. in the forearm cause mild complications, thrombosis in the femoral 

vein may lead to a life-threatening pulmonary embolism, which should be considered in 

patients with a high risk of thrombosis.  

Accidentally punctured carotid arteries can cause arterial emboli leading to stroke. Arterial 

emboli from other regions such as the subclavian or the femoral region lead most likely to 

less serious complications (1, p43). 

 

1.2.3.3 Bleeding 

During catheter insertion arteries can be accidentally punctured because of their position 

next to a punctured vein. The highest risk of arterial mispuncture is found during femoral 

venous catheterization followed by the internal jugular and the subclavian access (10,15).  

Mispuncture of the subclavian artery might cause serious sequelae as the subclavian artery 

can hardly be compressed manually. Intense bleeding might cause hematothorax and/or 

airway obstruction (1). 

 

1.2.3.4 Pneumothorax 

Especially the subclavian access can be complicated by pneumothorax, which is the most 

common major complication occurring (10).  

Pleural injury may further occur via the anterior approach to the axillary vein and, rarely 

reported and only in patients with an anatomy anomaly, via the internal jugular vein. The 

risk can be minimized through ultrasound guidance (1). 

 

1.2.3.5 Infection 

Intravascular catheters are major causes of hospital acquired septicaemias (1, p221). 
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The infection rate depends on various factors such as the intended use of the catheter (e.g. 

in an urgent situation, optimal attention to aseptic techniques is not always possible or 

accesses via a pulmonary artery catheter or peripheral arterial catheter can be accessed 

multiple times per day and therefore augmenting the potential for contamination and 

infection)(16), the type of the intravascular device, the insertion site, the experience of the 

catheter inserting physician, the frequency of catheter usage, the duration of catheter 

indwelling time, patientsô underlying diseases and conditions and the use of preventive 

strategies (17). 

1.2.3.5.1 Definition 

Catheter related bloodstream infections are caused by bacterias or fungi originating from a 

catheter and can be divided into two groups: local catheter infections and systemic catheter 

infections (18). 

 

ü Local catheter infections 

Local catheter infections are divided into exit site infections, tunnel infections or 

pocket infections and can all be associated with CRBSIs (19). 

Exit site infection: The infection can be defined microbiologically as microbial 

evidence in the local exsudate (18). The clinical definition comprises erythema, 

tenderness, warmth and induration at or around (including a 2 cm radius) the catheter 

exit site (18,19). Clinically it is often difficult to distinguish between infection and 

mechanical irritation at the catheter exit site. 

Tunnel infection: defined as tenderness, erythema and/or induration spreading more 

than 2 cm from the catheter exit site along the subcutaneous tunnel of a tunneled 

catheter. 

Pocket infection: characterized by infection of the skin or underlying parts of the 

subcutaneous pocket of a totally implanted port. Symptoms can be tenderness, 

erythema or induration above the pocket or rupture/secretion/necrosis of the 

overlaying skin (18). 

 

ü Systemic catheter infections 

A catheter-related bloodstream infection is defined as bacteraemia or fungaemia in a 

patient with a CVC with symptoms of systemic infection such as fever, hypotension 

and chills but without hypovolaemia or a preceding cardiac event. 
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For the diagnosis of a CRBSI, blood cultures from a peripheral vein and from the 

catheter must be obtained simultaneously. Blood cultures from both sites must be 

positive to confirm a catheter related infection (19).  

According to the Infectious Diseases Society of America (IDSA) one of the following 

microbiological methods should be used to confirm a CRBSI: 

1. a positive quantitative or semiquantitative catheter culture 

2. a central venous blood culture with a colony count ratio of Ó 5:1 compared to 

the simultaneously taken blood culture from a peripheral vein 

3. differential time to positivity (20). 

 

1.2.3.5.2 Epidemiology 

Urinary catheter associated infections represent the main cause of nosocomial infections. 

However, CRBSIs are the second most common nosocomial infections, together with 

ventilator-associated pneumonias (18). 

There are various models to express the risk of developing a CRBSI. According to Maki et 

al the most important risk factor for the development of bloodstream infection is the rate of 

intravascular device related bloodstream infections per 1000 IVD days (21), because the 

duration of catheterization is considered in this model (18). 

Local infections caused by peripheral venous catheters occur with a rate of 7% referring to 

patients with peripheral catheters in-situ. Systemic infections caused by peripheral venous 

catheters emerge with a probability of 0.1% based on patients with peripheral catheters in 

situ. In patients with central venous catheters the local infection rate is about 0.3-1.6 per 

1000 IVD days, whereas the systemic infection rate is about 5 per 1000 IVD days. 

Infection rates in tunneled catheters are 0.4-3.8 per 1000 IVD days, of which about 10% 

are local infections. Non-tunneled catheters and ports show approximately the same 

infection rate with 0.1-3.8 per 1000 IVD days (18). 

In a systematic review of 200 prospective studies concerning intravenous devices and the 

development of CRBSI, it was shown, that the CRBSI rate was lowest in peripheral 

intravenous catheters (0.5/1000 IVD days) and midline catheters (0.2/1000 IVD days), 

compared to non-tunneled, uncoated central venous catheters (2.7/1000 IVD days). PICCs 

and arterial catheters showed similar rates with 2.1/1000 IVD days (PICC) and 1.7/1000 

IVD days (arterial catheter). Tunneled central venous catheters and totally implanted 

catheters showed CRBSI rates of 1.6/1000 IVD days and 0.1/1000 IVD days (21). 
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1.2.3.5.3 Etiology 

CRBSIs are mostly caused by gram-positive bacterias. Gram-negative bacilli and fungi are 

less frequent. 

Á Coagulase-negative Staphylococcus species 

Coagulase-negative Staphylococcus species, including Staphylococcus epidermidis, 

are the most frequent cause of CRBSIs and contaminated blood cultures. 

Chatzinikolaou et al evaluated quantitative blood cultures. It was shown that blood 

collection through central venous catheters is highly sensitive and specific of true 

bacteremia, when a colony count of more than 15 CFU of coagulase-negative 

staphylococci is found (22). 

 

Á Staphylococcus aureus 

S. aureus is often found in deep seated metastatic infections, including endocarditis 

and septic thrombosis (19). 

It is also associated with thrombophlebitis and cellulitis, with the cellulitis 

spreading from the catheter exit site (1, p221). 

 

Á Gram-negative bacilli 

Gram-negative bacilli usually origin from a non-catheter-related source (e.g. 

nosocomial pneumonia, nosocomial urinary tract infection, intraabdominal 

infection). Relevant microbes, who reportedly have been involved with CRBSI, are 

Klebsiella pneumoniae, Enterobacter spp, Pseudomonas spp, Acinetobacter spp and 

Stenotrophomonas maltophilia (19). 

 

Á Candida species 

Candida species infections have been reported in patients at intensive care units, 

patients treated with immunosuppressive drugs and those receiving total parenteral 

nutrition (1, p224). 

 

1.2.3.5.4 Diagnosis 

ü Diagnosis of local infections 
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Local infections are diagnosed through inspection and palpation. For microbiological 

investigations of peripheral venous and arterial catheters the local secretion (or 

secretion of pocket infection of ports) can be cultured. Blood cultures are required to 

detect a systemic infection and (semi-)quantitative catheter tip cultures (5 cm segment) 

are also helpful. In case of tunneled catheters and totally implanted catheters the 

intracutaneous part or the portsystem itself can be microbiologically investigated (18). 

 

ü Suspect CRBSI in clinically stable patients 

In patients with clinically suspected CRBSI the CVC is confirmed as the cause of 

bacteremia/fungemia in only 15% of cases. Therefore, in patients with suspected 

CRBSI but without septic shock (systolic blood pressure >90mmHg; medium pressure 

>60mmHg; no catecholamines required) watchful waiting should be performed The 

catheter remains in situ and microbiological catheter-sparing diagnostic methods 

should be used (18). 

 

ü Suspect CRBSI in clinically unstable patients 

In clinically unstable patients (hypotension/sepsis induced organ failure, possibly due 

to CRBSI) central and periphere blood cultures should be taken simultaneously and 

the CVC should be removed. The blood cultures should be investigated with the 

Differential Time to Positivity method and the CVC should be examined 

microbiologically with a quantitative or semiquantitative culture method. 

A new CVC should be inserted at a new access point because of possibly present 

microbes at the previous entry site.  

In dialysis patients or patients who need parenteral nutrition and therefore requiring a 

permanent central venous access, a CVC should be placed temporarily for 

antimicrobial treatment and prevention of re-colonising of the new catheter. 

Catheter exchange via guidewire should only be performed in cases where patients are 

running out of venous vessels due to risk of re-colonising the new catheter through the 

former access site (18). 

 

Blood cultures aspirated from the catheter as well as catheter tip cultures should only be 

performed, if a CRBSI is suspected, but not routinely. If more than 15 colony forming 

units (cfu) are growing over a 5 cm segment of the catheter tip by semiquantitative, or 

more than 10
2
 cfu by quantitative culture, catheter colonization can be confirmed. 
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In long-term catheters a semiquantitative growth of more than 15 cfu/plate of the same 

microbe from the insertion site culture and the catheter hub culture leads to the assumption, 

that the catheter is not the source of CRBSI. 

Concerning antibiotic therapy it is important to obtain the blood samples prior to therapy. 

To avoid blood culture contamination, skin preparation with alcohol or iodine tincture 

(containing ethanol) or alcoholic chlorhexidine (>0.5%) is superior to povidone-iodine 

(ethanol-free). Additionally, the catheter, from which the blood culture is taken, should be 

cleaned with one of the agents for skin preparation prior to sampling. One positive blood 

culture from a peripheral vein and a positive culture from the catheter tip with the same 

microbe confirms the diagnosis of CRBSI (17). 

 

ü Diagnostic methods 

Basically there are catheter sparing diagnostic methods and methods, which require 

catheter removal (19). 

 

Catheter sparing diagnostic methods: 

Á Simultaneous quantitative blood cultures 

It involves blood drawn simultaneously from the peripheral vein and the central 

vein. In one of the more widely used techniques a 10 ml blood sample is taken and 

placed in an isolator tube for quantitative culturing through lysis centrifugation. A 

colony count of the blood culture taken from the CVC at least five-fold higher 

(IDSA accepted midpoint level) than the one taken from a peripheral vein is 

indicative for a CRBSI. Whereas this method is a very accurate diagnostic test 

(pooled sensititvity and specifity for short-term catheters: 75% and 97%;  long-term 

catheters: 93% and 100%), it is likewise labor intensive and expensive and the use 

is therefore limited (19). 

 

Á Differential time to positivity 

This technique involves simultaneous qualitative blood cultures from the central 

vein, drawn through the CVC, and from a peripheral vein. An automatic culture 

detector records culture positivity of the blood cultures every 15 min according to 

changes in fluorescence, which is related to microbial growth. CRBSI is diagnosed 

when the blood culture drawn from the CVC is positive at least 2 h earlier than the 

one from the peripheral vein.  
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A big advantage of that method is that automated radiometric blood culture systems 

are widely used, where blood cultures are continuously monitored. Therefore 

differential time to positivity can be performed without additional cost or labour. 

A disadvantage of the method is that falsely negative colonized catheters cannot be 

detected after intraluminal antibiotic application at the time of the blood draw (19). 

 

Á Catheter-drawn quantitative blood cultures 

Blood is drawn through the CVC, without an additional blood draw from a 

peripheral vein. For a positive diagnosis at least 100 CFU/ml are needed. A 

differentiation between CRBSI and high-grade bacteremia is not possible (19). 

 

Á Endoluminal brush 

Catheter lumen and tip are brushed with a tapered nylon brush on a steel wire and 

after withdrawal immediately placed in a buffered container. After sonication of the 

container and vortexing, the solution is cultured onto blood agar plates. More than 

100 CFU/ml state that the culture is positive. 

Adverse effects of this method include possible triggering of arrhythmias, 

embolization and inducing bacteraemia in the patient. That is why it is not widely 

used (19). 

 

Á Acridine orange leucocyte cytospin 

For the acridine orange leucocyte cytospin method 1 ml of blood including the lock 

solution, if yet in situ, is drawn through each line of the central venous catheter and 

after centrifugation, placed on slides and stained with acridine orange before being 

examined under ultraviolet microscopy. Any presence of bacteria is deemed a 

positive diagnosis. The method is not widely distributed, although it is cost-

efficient and simple (19). 

 

Diagnostic methods requiring catheter removal 

Á Semiquantitative roll plate method 

The distal segment of a CVC is cut and rolled on a blood agar plate at least four 

times following an incubation of the plate overnight.  

A colony count of 15 CFU/ml or more verifies catheter colonization. 
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If such colonization is paralleled by a peripheral blood culture identifying the same 

organism, CRBSI is confirmed. 

As it only detects extraluminal catheter colonization, the sensitivity of detecting 

CRBSI in long-term catheters (>30 days dwell time) is only 45-75%. 

 

Á Quantitative catheter segment cultures 

A 5 cm segment is placed in a 10 ml broth container and subsequently sonicated for 

1 min, followed by vortexing for 15 s. 0.1 ml of that broth and 0.1 ml of a 1:100 

dilution are then cultured on a blood agar plate and incubated at 35°C (19). 

A CFU count of more than 10
3
 indicates a CRBSI. With this method, organisms 

from both, the inner and the outer surface are comprised, which leads to a higher 

sensitivity for diagnosing CRBSI in long-term catheters than with the roll-plate 

method. Sensitivity and specificity are similar in short-term catheters compared to 

the roll-plate method. 

 

Á Microscopy stained catheters 

There are various staining methods. Two established ones are the Gram stain and 

the acridine orange stain. After staining, the samples are microscoped. The acridine 

orange staining is used for diagnosis of CRBSI with fluorescence indicating 

positivity (19). 

 

Á Ultrasound sonication method 

In this method the catheter tip of the CVC is put in a culture medium and 

subsequently sonicated via ultrasound, thus releasing the organisms of the intra- 

and extraluminal catheter surface. After that the samples are vortexed and diluted 

and finally cultured on blood agar plates. More than 10
2
 CFU/ml indicate a CRBSI 

(18). 

 

1.2.3.5.5 Therapy and Management 

The therapy of catheter related infections can be divided into infections caused by 

peripheral catheters and infections caused by central venous catheters (18). 

 

ü Therapy of a peripheral catheter infection ï local infection 
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In case of a local infection the catheter should be removed. The antimicrobial 

treatment should be conducted with Flucloxacillin or a first generation cephalosporin 

(18). 

 

ü Therapy of a systemic infection caused by a peripheral catheter 

In this case the catheter should be removed and the antimicrobial treatment is identical 

to CRBSI therapy (18). 

 

ü Therapy of a central venous catheter related infection ï local infection 

The therapy of a local infection induced by a central venous catheter depends on the 

extent of the local infection. In uncomplicated cases (no systemic infection, no pus, no 

bacteremia) topical treatment with e.g. mupirocin is sufficient.  

If there are signs of a systemic infection or complications such as pus, a systemic 

antimicrobial treatment based on the identification of causative pathogens is 

recommended. If there are no pathogens found, empirical antimicrobial treatment 

according to the local epidemiology should be performed. Flucloxacillin or cefazoline 

are recommended as standard therapy (18). 

Vancomycin should be the antibiotic of choice for empirical therapy in hospitals with 

a high prevalence of MRSA. In MRSA isolates with reduced susceptibility to 

vancomycin (minimum inhibitory concentration Ó2µg/ml) daptomycin is an 

alternative agent (17). Linezolid should not be chosen for empirical therapy due to 

possible side effects and CRBSIs possibly caused by gram-negative bacilli (23). 

If the catheter is a tunneled catheter or a subcutaneous port, removal of the vascular 

access device is recommended (18). 

 

ü Treatment of a CRBSI 

If a catheter- related bloodstream infection is confirmed, the removal of the catheter is 

recommended. Coagulase-negative staphylocci are the main causes for CRBSI, 

therefore vancomycin or daptomycin is the treatment of choice (also effective in 

MRSA infections). If the staphylococcal spp. are methicillin susceptible, flucloxacillin 

or cefazoline is recommended. Enterococci should be treated with ampicillin 

(Enterococcus faecalis), vancomycin or daptomycin (Enterococcus faecium) (18). 

If the causative microbes are gram-negative bacilli, the treatment should be based on 

local antimicrobial susceptibility data. Multidrug-resistant gram-negative bacilli such 



Introduction 

15 

 

as Pseudomonas aeruginosa require a broad empirical antibiotic therapy, especially in 

critically ill patients (17). 

In femoral catheters, empirical therapy should additionally cover candida species. 

Other risk factors for suspected catheter related candidemia are total parenteral 

nutrition, prolonged broad-spectrum antibiotic use, hematologic malignancy, bone 

marrow and organ transplant and candida colonization at multiple sites. Empirical 

antifungal therapy with an echinocandin or fluconazole is recommended (17). 

Liposomal amphotericin B might be used as alternative agent, although it is associated 

with higher potential for toxicity (18). 

 

A removal of long-term catheters is recommended in case of severe sepsis, 

suppurative thrombophlebitis, endocarditis, infection which lasts longer than 72h with 

appropriate antimicrobial therapy, S. aureus, P. aeruginosa, fungi or mycobacterial 

infections (17). 

 

ü When can a catheter be salvaged? 

Catheter salvage might be considered in cases of uncomplicated CRBSI involving 

long-term catheters contaminated with other species than S. aureus, P. aeruginosa, 

Bacillus species, Micrococcus species, propionibacteria, fungi or mycobacteria. 

Treatment should be performed with both systemic and antimicrobial lock therapy. If 

antibiotic lock therapy is not possible, systemic antibiotics should at least be 

administered through the affected catheter. In case of persistent fungemia or 

bacteremia, even after removal of the catheter, antibiotics are indicated for 4-6 weeks 

(17). 

 

ü Catheter lock solutions 

The procedure to lock a catheter means instillation of a defined volume, which is 

usually indicated on the catheter surface by the manufacturer, of an anticoagulant such 

as heparin alone or in combination with an antimicrobial agent into the catheter lumen. 

Preceding lock instillation each lumen of the catheter must be flushed with saline. The 

lock procedure is usually performed to prevent intraluminal clot formation, when the 

catheter lumen is not in use, or to prevent or even to treat luminal catheter colonization 

when bacterial colonization is suspected. Usually anticoagulants such as heparin or 

trisodium-citrate are routinely used as catheter locks (24). 
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The antibiotic lock technique derives from the lock technique using anticoagulants. An 

antibiotic solution is instilled into the catheter and remains there for a minimal period 

of time (e.g. 12 h in between parenteral nutrition circles). The purpose of an antibiotic 

lock is to treat/prevent intraluminal colonization of catheters because of its 

bactericidial abilities (25). 

Especially in cases, where catheter removal is not feasable, catheter salvation through 

instillation of an antibiotic lock solution in each lumen, accompanied by systemic 

treatment using the same antibiotic applicated through the affected catheter, can be 

tried (26). 

 

The different catheter lock solutions: 

 

Á Heparin 

For standard catheter use a locking solution, usually heparin, is instilled into the 

catheter between treatments to prevent clotting (27). 

Dalteparin (Fragmin®) anticoagulated haemodialysis patients had their CVC 

locked with undiluted heparin. They were examined to find out, whether their 

clotting time changed after undiluted heparin instillation into the lumens of the 

catheter. The heparin volumina instilled corresponded to the volumina indicated on 

the catheter surface. Activated partial thromboplastin time (aPTT) was measured 

thereafter. It was found, that all patients had uncoaguable blood ten minutes after 

locking with unfractionated heparin (28).  

This observation is in good agreement with in-vitro studies reporting the so called 

óLock spillage effectô. This effect describes the unavoidable spillage of lock 

solutions into the systemic circulation after instillation into the catheter lumens. It is 

a based on different physical effects such as laminar flow distribution during 

instillation and density induced effects after instillation (29). Consequently, 

especially in postoperative patients, a heparin locking solution poses the risk of 

serious bleeding complications. In these patients solutions such as trisodium citrate 

4%, which do not cause any relevant systemic adverse effects, should be regarded 

as alternatives to heparin with better safety profiles (28). 

 

Á Ethanol 
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Ethanol is mainly used in patients with intestinal failure in need of a total parenteral 

nutrition as well as chronic kidney failure patients requiring haemodialysis. Yet, 

due to the lock spillage effects, there is gravity induced seepage of ethanol into the 

system of the patient and blood influx into the catheter, which causes plasma 

proteins to precipitate. An in-vitro study, where plasma samples were investigated 

after exposure to ethanol and heparin lock solutions, was conducted. A catheter tip 

was therefore placed in a plasma reservoir and an ethanol lock solution instilled. 

The results showed that protein precipitation occurred in samples with ethanol 

concentrations higher than 28%. The precipitates also could not be re-dissolved. In 

contrast, Heparin filled catheters on the other hand did not show precipitation. 

Complications regarding precipitated protein particles inserting into systemic 

circulation led the authors to the conclusion that a concentration of 28% in ethanol 

lock solutions should mark the upper limit (30). 

 

Á Trisodium citrate 

Trisodium citrate is another solution used to lock catheters (31). However, 

hypertonic trisodium citrate induces protein precipitation which is possibly able to 

cause pulmonary micro-embolism. An in-vitro study proved that hypertonic citrate 

induced protein precipitates were able to obturate mesh filters simulating the 

pulmonary capillaries. This effect occurred in test solutions containing trisodium 

citrate with a higher concentration than 12%. In vivo, the catheters were locked 

with a concentration of 46.7% and 20%. At these concentrations, protein 

precipitation appeared in all samples. Catheters filled with a 4% solution though 

showed no signs of protein precipitation. Therefore, the authors suggested using 

trisodium citrate as a lock solution with no higher concentration than 10%, which is 

deemed safe (32).  

Another disadvantage of trisodium citrate is the spillage of the substance into the 

systemic circulation of the patient, which is caused by hydraulic effects during 

instillation and also differences in densitiy of blood and lock solution. This effect 

pertains to all Newtonian fluids (heparine, citrate, ethanol).  

The ólock spillage effectô summarizes various dilutional phenomena of the lock 

solution inside the catheter. Due to these spillage effects the concentration of 

hypertonic citrate in hemodialysis catheters varies from 0% at the tip, 3% between 

the side holes and the highest catheter point and 46.7% at the Luer end. A study 
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compared these concentrations, representing the different intraluminal catheter 

compartments, in terms of antimicrobial effects inside the catheter. The time-kill  

studies involved E. coli and S. aureus. It was shown that citrate 46.7% failed to 

show any antimicrobial effect on both organisms. Citrate 3% and undiluted blood 

did also show no effect on E. coli or S. aureus. Interestingly, even the pure citrate 

lock solution did not show any effect on E. coli or S. aureus according to the 

definition of antimicrobial effects of the American Society of Microbiology (33). 

 

Á Taurolidine 

Derived of taurine, taurolidine is an antimicrobial agent with a broad spectrum 

antimicrobial activity against bacteria and fungi. A meta-analysis in 2013 showed 

that, when compared to heparin lock solutions, taurolidine use significantly 

decreases the incidence of gram negative bacteria. It also has a negative effect on 

gram positive bacterial growth, although not significantly. So far bacterial 

resistance to taurolidine has not been reported. More recent data even suggests that 

taurolidine lock solutions are at least as effective, if not better, than antibiotic 

treatment for CRBSI prevention (34). 

Handrup et al also compared taurolidine as a lock solution to heparin. The study 

resulted in a significant reduction of catheter-related bloodstream infections in 

children with cancer with a taurolidine locked long-term tunneled central venous 

catheter compared to a heparin locked catheter (35). 

Regarding biofilm formation, taurolidine did not lead to a significant reduction in 

the intraluminal biofilm formation and bacterial colonization rate compared to 

heparin. However, it led to a lower CRBSI rate than heparin (36). 

 

Other antibiotic lock solutions: 

Á Vancomycin and ceftazidime vs. heparine 

A randomized, placebo-controlled trial conducted by Rijinders et al. in 2004 

compared two antibiotic lock solutions - vancomycin for gram-positive and 

ceftazidime for gram-negative bacteria ï to placebo, but with additional parenteral 

antibiotic therapy for amplifying the concentration of the catheter lock.  

Both adults and children were included in the study as long as they had a long term 

intravascular device in place and showed signs of a catheter-related bacteremia. All 

patients were treated with systematic antimicrobial therapy through the catheter and 
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either received an antibiotic lock or a placebo lock in addition. A heparin solution 

(100 IU/ml) served as the placebo and ceftazidime (500 mg/l) for gram negative 

bacteria and vancomycin (500 mg/l) for gram positive bacteria in a heparin solution 

(100 IU/ml) were used for the antibiotic lock. The antibiotic lock was used daily for 

at least 7 days and a maximum of 14 days. 

At the end there were 44 patients meeting the inclusion criteria for the intention to 

treat analysis. Twenty-seven of the 44 patients had coagulase-negative 

staphylococci, 7 were infected with other gram positive microorganisms and 10 

developed gram negative bacterial infections as the reason for CRBSI. Failure to 

cure or relapse with the same strain affected 20 of 44 patients, 33% in the antibiotic 

lock group and 57% in the placebo group. 

However, the study showed that the antibiotic lock was able to reduce the failure to 

cure the CRBSI from 57% to 33%, although not statistically significant (p=0.1) 

(37). 

Another study compared patients with hematologic malignancies after receiving 

non-tunneled, multilumen catheters. The catheters of the first group were filled 

with heparin, the catheters of the second group were locked with 

heparin/vancomycin. The catheters of the vancomycin/heparin group showed a 

prevention of catheter hub colonization with gram-positive bacteria and subsequent 

bacteremia, whereas the heparin-filled catheters showed colonization with S. 

epidermidis, S. capitis and even Corynebacterium spp. The development of 

catheter-related bacteremia was also higher in the heparin-locked catheter group 

than in the vancomycin/heparin group (38). 

However, a routine use of vancomycin in any form is not advisable because of the 

development of vancomycin-resistant enterococci. Indications for vancomycin use 

include severe infections caused by beta-lactam-resistant grampositive 

microorganisms, infections in patients with beta-lactam allergy, severe and 

potentially life-threatening antibiotic-associated colitis, endocarditis prophylaxis in 

high risk endocarditis patients, prophylaxis for major operations involving 

implantation of prosthetics (39). 

 

Á CRBSI treatment with antibiotic lock vs. CRBSI treatment without antibiotic lock 

Another study evaluated the outcome of CRBSI infection episodes which occurred 

in patients with long-term intravascular devices used for chemotherapy or 
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parenteral nutrition. The patients in the study group were treated with antibiotic 

lock therapy, the patients in the control group received systemic antibiotics only. 

The lock solution contained a heparin solution (20 IU/ml) and either vancomycin 

(gram positive microbes) or ciprofloxacin or gentamicin (gram negative bacteria), 

at a concentration of 2 mg/ml and was used for 5-14 days, 8-12 h daily. Forty-eight 

patients were included. Nineteen episodes of CRBSI were treated with antibiotic 

lock therapy and systemic antibiotics, twenty-nine episodes were managed with 

only systemic antibiotics. 84% of the antibiotic lock group and 65% of the control 

group were managed successfully, which led to the conclusion that antibiotic-lock 

therapy seems to be an effective conservative treatment of CRBSI in long-term 

catheters (40). 

 

Á Novel antibiotic-anticoagulant lock solutions 

An in-vitro study to evaluate novel antibiotic-anticoagulant lock solutions tested 

following lock-solutions: daptomycin/heparin (1 mg/ml, 5000 units/ml), tigecycline 

(0.5 mg/ml) with EDTA (30 mg/ml), gentamicin (5 mg/ml) plus EDTA (30 mg/ml) 

and cefazolin (5 mg/ml) plus heparin (5000 u/ml). NaCl 0.9% served as control 

solution.  

Catheter segments prepared with MRSA, methicillin-sensitive S. aureus, S. 

epidermidis and Pseudomonas aeruginosa were incubated in the lock solutions for a 

certain time. After incubation the reduction in log10 colony-forming units/milliliter 

was detected compared to the control solution. It was shown that gentamicin plus 

EDTA and tigecycline plus EDTA led to a significantly fewer colony formation in 

all tested microbes. Daptomycin in heparin was shown to have a potent activity 

against all staphylococcal species. Concerning MRSA, gentamicin together with 

EDTA showed the best inhibitory effect. In summary, gentamicin, tigecycline and 

daptomycin together with anticoagulants showed the best antimicrobial outcome 

concerning pathogens responsible for catheter-related blood stream infections (26). 

 

ü Spillage effect 

A systemic effect of lock solutions has been reported repeatedly, which led to the 

conclusion that there has to be some kind of overspill. 

This spillage effect was investigated by Polaschegg in 2003, who evaluated the 

overspill volume during instillation and the concentration of the active substance in the 
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tip. The results showed that after injecting the lock solutions, approximately 15% of 

the solution overspilled. This effect begins, when about 80% of the filling volume is 

instilled. The tip fluid is about 90% of the locking solutionsôs concentration, which 

leads to the conclusion that there has to be an approximately 20% overfill of the 

catheter to reach full strength of the lock solution. On the other side this so called 

spillage effect could lead to side effects because of the systemic activity of the instilled 

solutions (27). 

Another effect of spilling the lock solution is the density-spillage-effect, described in 

detail by Polaschegg. It refers to an effect, where the denser lock solution (in this case 

trisodium citrate) in catheters is able to spill into the blood along gravity and the less 

dense blood instead rises into the catheter. In an in vitro study, the conductivity of 

trisodium citrate (as lock solution) in a catheter and the conductivity of whole blood, 

where the tip of the catheter rested, were measured electrically over time. As whole 

blood possesses a lower conductivity value than the instilled lock solution, it is 

possible to calculate the citrate overspill into the blood. Thus the amount of overspill 

of the lock solution can be determined over time. This effect can also be measured in 

vivo and can be accelerated or decelerated depending the position of the catheter in the 

patient and the patient himself (29). 

 

1.2.3.5.6 Prevention of infection 

Infection rates and their prevention depend on many different factors such as the patientôs 

underlying diseases and conditions, catheter material with specific qualities as mentioned 

above, the catheterization site and the aseptic precautions during catheter insertion and 

catheter care (1, p221). 

ü Guidelines 

According to the ñGuidelines for the Prevention of Intravascular Catheter-Related 

Infectionsò published by OôGrady et al there are many strategies for prevention 

summarized in certain catheter bundles (16). 

 

Recommendations for the placement of intravascular catheters: 

Á education and training of health care workers 

Á surveillance of the catheter site 

Á hand hygiene 



Introduction 

22 

 

Á aseptic technique during catheter insertion and catheter care 

Á antisepsis of the skin during dressing changes 

Á catheter-site dressing regimens (sterile gauze or sterile, transparent, 

semipermeable dressing) 

Á selection and replacement of intravascular catheters 

Á replacement of administration sets 

Á IV-injection ports 

Á preparation and quality control of IV mixtures 

Á IV-therapy personnel 

Á prophylactic antimicrobials (16) 

 

One of these strategies is the continuing education of medical personnel in aseptic care, 

insertion and maintenance of intravascular catheters. Specialized IV teams have shown a 

decrease of catheter-related infections and complications (41). Especially in CVC insertion 

maximal sterile barrier precautions such as a cap, mask, sterile gown, gloves and drape 

have shown a lower incidence of infection compared to sterile gloves and small drapes 

only (16).  

The literature provides different approaches concerning the ideal standard for catheter 

access or maintenance. 

OôGrady et al recommend proper hand-hygiene before handling the catheter such as 

palpating the insertion sites, before and after inserting, replacing, accessing or dressing an 

intravascular catheter. However, it is not described in the OôGrady guidelines, if gloves are 

necessary during access or maintenance of a CVC or if a proper hand hygiene is sufficient 

(16). 

Another source recommends the use of single gloves when handling CVCs (1, p231). 

Daily inspection of the exit site is further recommended (1, p231). 

Whereas CVCs in the femoral vein show higher infection rates in adults, the development 

of infectious complications in children is not related to the insertion site (42). 

In contrast, a pediatric intensive care unit in Saudi Arabia found a higher incidence of 

blood stream infections in femoral catheters compared to jugular or subclavian catheters 

(43). 

Polyurethane and Teflon catheters have shown a lower infection rate than others (16).  
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For skin antisepsis, povidone iodine is widely used. However, 2% aqueous chlorhexidine 

gluconate seems to lead to a lower infection rate than 10% povidone-iodine or 70% alcohol 

(16). 

Therefore the recommended agent for skin preparation is 2% chlorhexidine gluconate in 

70% isopropyl alcohol (1, p230). 

For catheter site dressing, a transparent, semipermeable dressing should be used because it 

enables the inspection of the catheters site, secures the catheters and permits patients to 

shower. The infection rate of the transparent dressed catheters is comparable to those 

dressed with gauze. In patients with a blood or fluid oozing catheter insertion site, gauze 

dressing is preferable (16).  

  

Placing a chlorhexidine-impregnated sponge (Biopatch®) onto the insertion site was 

associated with reduced risk of developing a CRBSI (16). However, in another prospective 

non-blinded cross-over intervention study in dialysis patients chlorhexidine-impregnated 

sponges showed no benefit compared to standard catheter dressings (44). 

Also the antimicrobial impregnation of catheters (e.g. chlorhexidine/silver sulfadiazine or 

minocycline/rifampin) can decrease the incidence of CRBSI (16). 

The usage of impregnated catheters is advised if the intended duration of catheter 

indwelling time is several weeks (1, p230).  

 

Other ways of preventing infections at the insertion site are antibiotic/antiseptic ointments. 

Povidone-iodine applied at the insertion site has been shown to reduce the incidence of exit 

site infections, catheter tip colonization and blood stream infections compared to no 

treatment of the insertion site (45). 

Another ointment which reduces colonization of central venous catheters is mupirocin. 

Mupirocin has a high in vitro antistaphylococcal activity, which, used as a topic ointment, 

not only reduces the S. aureus skin and catheter colonization, but also the risk of exit site 

infection and S. aureus bacteremia in hemodialysis patients (46). 

However, despite reduction in catheter colonization, mupirocin usage can lead to 

development of resistance. A prospective study showed mupirocin resistance in coagulase-

negative staphylococci after applying it routinely to catheter insertion sites for prophylaxis. 

After five years of routine use of mupirocin on the ward, 42% of coagulase-negative 

staphylococci isolates were resistant to mupirocin. After a five-month mupirocin-free 

period the resistance rate was still 21% compared to 8% in a department, where mupirocin 
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was never used. After reintroducing mupirocin at the ward, it led to a resistance increase of 

42% after one month compared to the mupirocin-free department. The study showed that 

the routine use of mupirocin can nurture the development of resistant strains on the skin 

(47).  

According to two case reports, mupirocin might also be able to influence the integrity of 

polyurethane catheters, which can lead to softening and swelling or ruptures of the catheter 

(48,49). 

 

Anticoagulants might also play a role in the prevention of CRBSI because thrombi and 

fibrin deposits may serve as nidus for microbial colonization. But as heparin solutions 

often contain preservatives with antimicrobial activity, it is unclear if a decreased CRBSI 

rate is caused by the reduced thrombus formation or the preservative. 

Concerning warfarin there is no data which shows a reduction of the incidence of CRBSIs 

(16). 

 

1.3 Central venous access devices and catheter material 

The most important catheter types are listed in the table below (18).  

 

Table 1: Catheter types 

Peripheral catheter Central catheter 

Peripheral venous 
catheter 

Mostly inserted in  veins 
of the hand or forearm 

Peripherally inserted 
central venous catheter 

(PICC) 

Inserted via a peripheral 
vein, the tip lies in a central 

vein 

Midline catheter Similar to a PICC, but 

the catheter tip does not 

reach a central vein 

Non-tunneled central 

venous catheter 

Implanted in a central vein, 

not tunneled 

Peripheral arterial 

catheter 

Situated in a peripheral 

artery 
Pulmonal artery catheter Inserted via a central vein, 

the tip of the catheter is in 

the pulmonal artery 

  Femoral artery catheter Catheter in the femoral 

artery (for invasive blood 

pressure monitoring,é) 
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They are available with both singular or multiple lumen. Multiple lumen catheters are 

favourable in critically ill patients, where various substances need to be infused 

simultaneously (1 ,p63). 

 

1.3.1 Catheter material 

There are various requirements for catheter materials which need to be fulfilled, including 

biocompatibility, biostability, hemocompatibility, chemical neutrality, deformability and 

flexibility. Further on it is important, that the catheter is resistant to sterilization, radio-

opaque, thin walled and cannot be altered by administered drugs (50).  

 

1.3.1.1 Polyurethane 

Central venous access devices made of polyurethane are highly biocompatible and resistant 

to a lot of chemicals. Furthermore polyurethane is thromboresistant and, although seeming 

quite rigid at first, softening once placed in the vein due to body temperature, thus 

minimizing mechanical trauma and irritation to the vein wall. Its tensile strength makes 

thin catheter walls and multiple lumens possible, which is not hindering the blood flow 

within the vessel as much as other catheters. Though, alcohol-based cleaning agents are 

possibly able to degrade the catheter (1, p57, 3). 

Concerning infections, polyurethane catheters have shown a lower infectious complication 

rate than e.g. polyvinylchloride and polyethylene catheters (16,50). 

Regarding development of thrombosis, polyurethane catheters are also superior to 

polyethylene (9). 

 

  Tunneled central venous 

catheter 

Skin or subcutaneous 

tunneled catheter with a 

subcutaneous cuff, the tip is 

positioned in the superior 

vena cava. 

  Totally implanted central 

venous catheter 

Implanted completely under 

the skin with a reservoir 

with a self sealing silicone 

port membrane for piercing, 

the tip is in the superior 

vena cava 
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1.3.1.2 Silicone 

Silicone distinguishes itself from other materials by soft, flexible and thromboresistant 

characteristics. Moreover it is also biocompatible with many drugs. A disadvantage of 

silicone is surely its limited tensile strength which may lead to ruptures, therefore it is 

important to restrict infusion flow pressures. When inserting a silicone catheter, a sheath or 

cannula is required because of its pliability. Compared to the polyurethane catheters it is 

possible to use alcohol-based cleaning solutions. Peroxide and povidone-iodine solutions 

can compromise the catheter (1, p58). 

Silicone catheters are lesser thrombogenetic and more resistant to adherence of 

microorganisms than polyethylene catheters (9,16). 

In dialysis catheters silicone shows some disadvantages compared to 

polyurethane/polyethylene/carbothan catheters: for dialysis a bigger wall-thickness of the 

catheter is needed, resulting in a reduced inner diameter which leads to lower blood flow 

rates; also implanting such catheters is more difficult because of its flexibility. Moreover 

silicone catheters cannot be coated (51). 

 

1.3.1.3 Teflon, Polyvinylchloride, Polyethylene 

Nowadays Teflon, PVC and Polyethylene catheters are mostly obsolete (1, p73). 

Concerning infections, PVC showed a higher incidence of bacteria colonization, especially 

with coagulase-negative staphylococci (52). Also polyethylene catheters are not as 

resistant to the adherence of microbes as Teflon, silicone or polyurethane catheters, which 

led to ceasing production rates in the US and big parts of Europe (16,50). 

One major disadvantage of Teflon is the more frequent tissue reaction, leading to a higher 

occurrence of thrombophlebitis than e.g. silicone (53). 

Others are the low elasticity compared to e.g. polyurethane and a limited durability in long 

term use (54). 

1.3.2 Antimicrobial -impregnated catheters 

For central venous catheter infection prophylaxis, antimicrobial-impregnated catheters 

have been developed. Comparing eighteen randomized trials on this topic, Crnich and 

Maki report in their review of 2004, that 13 of 15 studies found a significantly lower rate of 

colonized CVCs in antimicrobial-impregnated catheters. Furthermore it was shown, that 11 

of 15 studies resulted in a significant reduction of CRBSI. Two studies on the cost-
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effectiveness showed a reduction of treatment costs in patients, who received an 

antimicrobial-impregnated catheter (55). 

McGee and Gould recommend the use of antimicrobial-impregnated catheters when the 

institutional rate of CRBSI is higher than 2%, because at that rate chlorhexidine silver 

sulfadiazine impregnated catheters may decrease costs (15). 

At the moment, there are no antimicrobial impregnated catheters available for pediatric 

patients with less than 3 kg (16). 

Minocycline-rifampin and chlorhexidine silver sulfadiazine catheters are the most 

commonly used types (15). 

 

1.3.2.1 Minocycline-rifampicin -coated catheters 

In a prospective, randomized clinical trial in 1999, minocycline-rifampicin coated catheters 

were compared to chlorhexidine and silver sulfadiazine catheters. They were used in high-

risk adult patients who required a catheter for at least three days. The tips and 

subcutaneous parts were cultured. Out of 738 compared catheters, it was shown that the 

minocycline and rifampin coated catheters showed in 7.9% colonization vs. 22.8% 

colonization rate in silver sulfadiazine catheters. Regarding CRBSI development, the 

minocycline and rifampin coated catheters, where 0.3% developed a CRBSI, were superior 

to the chlorhexidine-silver sulfadiazine catheter, where 3.4% developed a CRBSI (56). The 

results showed that concerning colonization and infection rate the minocycline-rifampicin 

coated catheter is more advantageous (56,57). 

Another study conducted by Chaftari et al in 2014 investigated the effect of the exchange 

of an uncoated catheter with a minocycline-rifampin coated catheter on the outcome of 

patients with S. aureus CRBSI. It was shown that patients with an exchanged catheter 

showed a similar clinical response and relapse rates to patients with a removed or retained 

catheter. Only the rate of overall mortality was higher in patients with a retained catheter. 

Therefore exchanging the catheter for a minocycline-rifampin coated catheter in the setting 

of S. aureus CRBSI may be an alternative to removing the catheter (58). 

In vitro the minocycline/rifampin catheters were shown to have a longer half-life with 25 

days compared to 3 days for chlorhexidine/silver sulfadiazine. However, a possible 

disadvantage of these catheters is the potential for evolving resistance in bacteria, 

especially in staphylococci (59). 
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1.3.2.2 Minocycline-Rifampin-Chlorhexidine coated catheters 

Minocycline-rifampin-chlorhexidine coated catheters are made of polyurethane catheters 

impregnated with a mixture of minocycline and rifampin and after drying chlorhexidine 

coated on the internal and external surfaces. In vitro the antimicrobial activity of 

minocycline-rifampin-chlorhexidine coated catheters was comparable to uncoated 

polyurethane catheters, minocycline-rifampin catheters and chlorhexidine silver 

sulfadiazine catheters. The chlorhexidine-minocycline-rifampin catheter (CHX-M/R CVC) 

completely prevented biofilm colonization of A. baumannii, E. cloacae, E. coli, K. 

pneumonia, P. aeruginosa and S. maltophilia during the first 24 hours. The CHX-M/R 

CVC showed antimicrobial activity for three weeks against A. baumannii, E. cloacae, E. 

coli, K. pneumonia, P. aeruginosa and S. maltophilia compared to the other catheter types, 

where bacterial growth was already detected during the first 24h. To conclude, CHX-M/R 

CVC showed a greater in vitro antimicrobial durability and a better biofilm prevention 

(produced by gram-negative bacteria) compared to other CVC (60). 

Another in vitro study tested this type of catheter in MRSA and Candida species biofilm. 

CHX-M/R CVC inhibited biofilm formation of MRSA and Candida spp. and was superior 

compared to other CVCs tested (minocyclin/rifampin impregnated catheters, 

chlorhexidine-silver sulfadiazine impregnated catheters, chlorhexidine-treated PICCs, 

uncoated catheters) (61).  

A more recent in vitro study showed that the combination of minocycline-rifampin-

chlorhexidine can even prevent a cross-infection, which occurs in patients with a colonized 

catheter during exchanging in case of a bloodstream infection. The freshly inserted catheter 

can obtain the same bacteria. Compared to a minocycline-rifampin catheter, which is able 

to improve the outcome of a patient, the combined coating with chlorhexidine showed an 

improved efficacy in vitro (62). 

However, clinical data are not available yet.  

1.3.2.3 Chlorhexidine-silver sulfadiazine coated catheters 

In the past chlorhexidine-silver sulfadiazine coated catheters had been only available with 

coating on the external surfaces. Now they are coated both on the internal and the external 

surface, which may lead to better antimicrobial activity and therefore higher efficacy in 

preventing CRBSI (1, p.226, 57). 
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In 2011 Monzillo et al compared the impact of chlorhexidine-silver sulfadiazine coating 

and catheters without coating on bacterial adhesion and in vitro activity. It could be shown 

that antimicrobial coating reduced the formation of biofilm, compared to non-coated 

catheters. Moreover the results suggested a bactericidal activity of coated catheters (63). 

A lot of other studies were undertaken, where the number of colonized catheters was 

reduced due to chlorhexidine silver sulfadiazine catheters. Those catheters also reduced 

CRBSI (1, p226). 

A severe complication of chlorhexidine-silver sulfadiazine catheters is an anaphylactic 

reaction due to the use of chlorhexidine, which can lead to life-threatening conditions (64ï

66). 

1.3.2.4 Gendine impregnated catheters 

Gendine impregnated catheters contain gentian violet and chlorhexidine. An in vitro study 

conducted in 2006 showed its protective effect against bacterial adherence which was 

superior compared to all the other tested CVCs (minocycline/rifampin coated catheters, 

chlorhexidine-silver-sulfadiazine catheters, silver-platinum-carbon black catheters, 

uncoated control catheters). The test microorganisms were MRSA, P. aeruginosa, C. 

albicans and C. parapsilosis (67). 

 

1.3.3 Catheter types 

1.3.3.1 Non-tunneled catheters 

These catheters are often used in ICU patients undergoing surgery or in those with poor 

peripheral venous access (1, p65). 

Within those catheters also multilumen devices are available. They are easy to insert and 

can be left in place as long as necessary or until complications occur (16). Disadvantages 

include a higher risk of infection compared to skin-tunneled catheters (1, p68). 

 

1.3.3.2 Skin-tunneled catheters 

Skin-tunneled catheters are preferably used in patients with anticipated long-term use of 

the catheter, because they show lesser propensity for infections (1,6,16,50,51). They have a 

longer subcutaneous pathway and a Dacron cuff, which should make systemic infections 

harder to progress (6,16). 
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The Dacron cuff leads to a subcutaneous inflammation which results in a fibrosis causing 

an anchoring of the catheter (approximately within 3-4 weeks of insertion) and thus 

reduces the possibility for microbes to get access to the vascular system (1, p66). 

Furthermore they are available as single- or multiple-lumen, valved or non valved 

catheters. The valved catheters can be differentiated into two types: Groshong and 

BostonScientific Pressure Activated Safety Valve Catheter (PASV). 

The Groshong catheter is made of silicone and characterized by a Dacron cuff with valve 

at the tip, which does not need a clamp or heparin, but requires pressured infusion devices 

and is used for central vein pressure monitoring. 

The PASV comes with a valve, which hinders backflow and makes heparin lock 

unneccessary. It does not allow blood flow even if the central venous pressure rises, but 

delivers infusates into the blood system. Blood sampling is also possible (1, p84). 

Another advantage of skin-tunneled catheters in general is the long-term dwell duration 

from 6 weeks up to years. Moreover it is commonly used for administration of 

chemotherapy, blood products and parenteral nutrition (1, p68). 

 

1.3.3.3 Subcutaneous ports 

An important, longer-lasting central access is the subcutaneous port, which is totally 

implanted (16). Ports have a reservoir with a self-sealing silicone port membrane for 

puncture with certain infusion needles, which can be punctured about 1000-2000 times 

before deteriorating (1, p66, p86). Ports are single or double lumen catheters and are 

intended for long-term use (3 months ï years). Especially in children and oncology patients 

they are frequently used (1 ,p66). 

Advantages of ports include improved quality of life due to the possibility to swim/bath 

and the lesser cosmetic problem. The disadvantages of ports are the need of surgical 

insertion, the post-surgical larger scars and economic issues as ports are more expensive 

than transcutaneous implanted catheters described above (1, p68). 

 

1.3.3.4 Dialysis catheters 

Dialysis catheters can be divided into non-tunneled and tunneled catheters.  

Non-tunneled central venous catheters are primary choice of central venous access in 

patients requiring acute dialysis, e.g. multi-organ dysfunction and acute kidney failure in 
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intensive care patients with infections. In patients with temporarily dysfunctional 

arteriovenous shunts, the non-tunneled central venous catheter is a possible alternative for. 

They are mainly placed in the subclavian or internal jugular vein. Concerning the infection 

rate, the non-tunneled catheter shows a higher tendency to develop infections than tunneled 

catheters (51). 

Indications for a permanent dialysis with a tunneled catheter according to Hollenbeck et al 

(51) are shown below (Table 2). 

 

Table 2: Indications for chronic hemodialysis treatment using a tunneled central venous catheter 

Clear indication Possible indication 

Bridging to renal transplantation Poor venous access possibilities 

Patients with Steal syndrome in case of ligaturing the 

arteriovenous shunt 

Agitation of the patient 

Severe heart-failure (EF below 30%, in such patients 

shunts are not possible) 

Request of the patient 

Low life expectancy (e.g. in case of cancer)  

Foreseeable short dialysis time when a 

transplantation is already planned 

 

 

The catheter tip needs to be placed either in the lower vena cava superior or the right 

atrium. Heparin or citrate locks are indispensable to prevent thrombosis (1, p86). 

However, due to catheter lock spillage (injection spillage and fluid exchange caused by 

density differences) heparin is increasingly replaced by citrate locks to avoid systemic side 

effects of heparin locks (29,33). 

 

1.3.3.5 Peripherally inserted central catheters 

PICCs are mainly used for short-time periods in anesthesia and surgery and also for 

outpatient therapy. They can be single or multilumen catheters, valved or non-valved and 

present an excellent alternative in patients who are unstable, those requiring therapy for 

more than 5 days or patients where other peripheral intravenous devices are impossible to 

maintain (1, p69). Valved catheters come with a pressure-sensitive valve, which allows a 

two-way use (fluid infusion and blood aspiration) but prevents back flow of blood while 

not in use (1, p84).  



Introduction 

32 

 

Common insertion sites are proximal basilic, cephalic or median antecubital veins. A 

disadvantage is the higher occurrence of thrombosis in hematological cancer patients (1, 

p69). 

Compared to conventional CVCs, PICCs can often be inserted with minor sedation or even 

without and they can also be left in place for 390-575 days (5). 

 

1.3.3.6 Selecting a vascular access device 

Important factors for selecting an appropriate device include, e.g., type of medication, 

underlying disease, duration of therapy, individual patient factors (preference, hobbies, 

lifestyle, work), secondary risk factors, possible vein access, prognosis, history of blood 

coagulation, thrombosis and previous catheter-related problems (1, p66). 

All of these factors have to be considered while selecting the best catheter type for the 

patient.  

1.4 Hypothesis 

As CRBSIs often derive from the extraluminal catheter surface (18,20,31), we were 

looking for a strategy to reduce the risk thereof. We assumed that taurolidine might be able 

to diffuse through the catheter wall and therefore showing an extraluminal antimicrobial 

activity. To verify this hypothesis we conducted an in vitro experiment. 

  



Methods 

33 

 

2 Methods 

S. aureus ATCC 29123 and E. coli ATCC 25922 were used for the experiments. 

2 CFUs of S. aureus or E. coli cultures were diluted in 2 ml of trypticase soy broth and 

incubated overnight for 24 hours at 37°C (= overnight culture) to obtain  5 x 10
8
 

colonies/ml broth (Fig. 1, Fig. 2).  

Two sterile, 8cm x 8cm x 8cm metal containers were filled with 200 ml of tryptic soy broth 

(Fig. 5) each. One ml of one of the overnight cultures (S. aureus or E. coli) was then added 

to the soy broth in each of the containers. To determine the total quantity of bacteria in the 

containers we performed quantitative cultures of the tryptic soy broth. For that purpose, 

dilution series were prepared using seven test tubes, which were filled with 900 µl NaCl, 

each (Fig. 3). 100 µl of the soy broth/bacteria mixture was added to the first tube. After 

vortexing 100 µl of the solution within the first tube were added to the second tube and 

vortexed again. 100 µl of the solution within the second test tube were added to the third 

tube and vortexed again. This procedure was repeated with each of the seven tubes to 

obtain a calculated serial dilution of bacteria with the solution (10
8
-10

1
 CFU/ml). 

Afterwards 100 µl of the last three tubes (tubes containing 10
3
-10

1
 CFU/ml) were pipetted 

onto chocolate agar plates and evenly distributed with a Drigalski spatula. The agar plates 

were incubated for 24h at 37 °C, colonies were counted and calculated to CFU/ml. 

Meanwhile four test catheters (MedComp®), two polyurethane double lumen catheters 

(Fig. 4), and two silicone double lumen catheters, were prepared. Using a sterile syringe 

and sterile gloves, one silicone catheter and one polyurethane catheter were completely 

filled with taurolidine 1% (~2ml). The other two remaining catheters were completely 

filled with NaCl 0.9%. The taurolidine catheters were then placed in the first metal 

container and the NaCl filled catheters in the second container. The catheters were placed 

to have the middle part of the catheter completely suffused with the soy broth/bacteria 

solution and both ends of the catheters sticking out of the container and therefore not in 

touch with the solution. This position also prevented the contact of lock solution with the 

bacteria containing trypticase soy broth (Fig. 6, Fig. 7). The ends were fixed to the outer 

side of the containers with tape to prevent unintended shift of catheters. After putting the 

lid of the containers on top of the catheters, the containers were placed in the incubator at 

37 °C for 48 hours (Fig. 8). 

After 48 hours of incubation the catheters were removed from the broth under sterile 

conditions and flushed three times per catheter lumen with sodium chloride 0.9% to 
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completely wash out the lock solution. After putting them on a sterile drape, each middle 

section of the catheters were cut into four parts. We removed (and destroyed) the ends and 

put the two middle parts on chocolate agar (Fig. 9, Fig. 10). The semi-quantitative roll-

plate method (68) for catheter cultures was applied and the agar plates incubated at 37 °C 

for 24 hours (Fig. 11, Fig. 12). This method was used for each catheter. 

 

Another serial dilution was performed with the remaining liquid in the metal container to 

determine the amount of bacteria in the solution grown in both containers previously 

housing the taurolidine locked catheters and NaCl locked catheters. 
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2.1 A picture story of the experiment 

 

Figure 1: S. aureus overnight culture after 24 hours of incubation 

 

 

Figure 2: Use of trypticase soy broth 
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Figure 3: S. aureus dilution series prior to catheter placement in the broth 

 

 

Figure 4: One of the polyurethane catheters used for the test series 
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Figure 5: Tryptic Soy Broth used for filling the metal containers 

 

 

Figure 6: The taurolidine-locked catheters in the metal container filled with 200 ml of S. aureus    
broth 
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Figure 7: The NaCl-locked catheters in the S. aureus broth 

 

 

Figure 8: The experiment setup 






































