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ABSTRACT: Central line-associated bloodstream infections (CLABSIs) are common in intensive care units
(ICUs) and in the medical patients. In the United States approximately 250.000 cases of bloodstream infections
(BSIs) reported annually, associated with increase in longer hospital stay, costs and mortality. Primary
bacteremia without local infection elsewhere, Including intravascular catheter sources account for
approximately one half of ICU related bacteremias. The incidence of CLABSIs in non-ICU, general medical
patients compare able to the rate in ICU patients. Sources of BSIs include contaminated fluids, catheter hub and
lumen, and contaminated skin at catheter insertion site. Pathogens gain access into to the blood stream through
extraluminal or intraluminal surface of the device. Bacterial bioflm is thought to be a virtually universal
phenomena following insertion of intravascular device. Gram positive organisms, gram negative organisms and
fungi is the frequently isolated BSIs pathogens. Multi drug resistant pathogens,and extended spectrum
Plactamase (ESBLS) producing organisms, and bacteremia in elderly has high mortality rate. Molecular
methods play important role in the diagnostic laboratory techniques.CLABSIs can be prevented by following
CDC'’s guidelines for the prevention of device- related infections.
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I. INTRODUCTION

In 1977,Maki suggested that more than 25,000 patients develop device related bacteremia in the United
States each year [1].Centers for Disease Control and Prevention(CDC) has estimated that approximately 80,000
central line-associated blood stream infection(CLABSIs) currently occur in intensive care units(ICUs) each
year[2].Other researchers reported approximately 250,000 cases of blood stream infection(BSI) in the U.S.
annually[3].Over the years the use of vascular access devices in medicine has resulted in even more
complications associated with their use. The rates of bacteremia associated with the use of intravascular devices
increased significantly into early 2000s.Recent data suggest that rates of CLABSIs may be decreasing, perhaps
as a result of prevention programs implemented in many hospitals since 2001[4].An intense focus on prevention
of health care associated infections, including CLABSIs, and requirements for the incorporation of performance
measures into regulatory and financial reimbursement system has the potential to significantly reduce these
infections[5,6].Device associated infections occur as sporadic cases as well as in case clusters caused by the
same organism. Vascular catheters have become an increasingly important source of bacteremias , increasing
from 3% in the mid-1970s to 19% in the early 1990s [7].Primary bacteremia(i.e., no apparent local infection
elsewhere caused by the same organism),including intravascular catheter sources, now account for
approximately one half of all ICU related bacteremias [8,9].In cancer patients,56% of all bloodstream infections
from 1999 to 2000 were CLABSIs[10].Menon et al., reported 21.4% vascular catheters related nosocomial
infections in one prospective study in the ICU patients [11].The problem of iatrogenic, device —associated
bacteremia is not unique to the United States in one prospective study of bacteremia from Australia, nosocomial
bacteremias accounted for 40% of all cases and half of the nosocomial cases were device
associated[12].Marshall and colleagues reported that the incidence of CLABSIs in non-ICU, general medical
patients was comparable to the rate in ICU patients[13].Edmond et al,. reported that gram-positive organisms
accounted for 64% of cases, gram-negative organisms accounted for 27% and 8% were caused by fungi, in a
surveillance for nosocomial blood stream infections at 49 hospitals over 3 years period[14].BSls with multidrug
resistant pathogens, and extended spectrum B lactamase (ESBLs) producing pathogens, and bacteremia in
elderly has high mortality rate[15,16].Inappropriate initial antimicrobial therapy is associated with adverse
outcome in antibiotic-resistant gram-negative bacteremia, particularly patients with a high-risk source of
bacteremia[17].CLABSIs can be prevented through proper management of central line and the techniques
addressed in the CDC’s Healthcare Infection Control Practices Advisory Committee(CDC/HIPAC) guidelines
for the Prevention of Intravascular Catheter —Related Infections [18].The paper reviews blood stream infection
associated with vascular catheters related infections.
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I1. SOURCES OF BLOOD STREAM INFECTION

Contaminated fluids. Contamination of the fluid administered through the device is a major cause of epidemic
intravenous device related bacteremias. None the less, infusate contamination is a rare cause of bacteremia.
Infusion- related sepsis has been reviewed in detail, and both manufacture-related and in use contamination of
infuse have been documented as causes of device-associated sepsis [19-21].Another factor influencing the
pathogenesis of infuse-associated infection is the composition of the fluid. Different infusion fluids support the
growth of differing pathogens. No infuscate is entirely free of risk; even sterile water for injection can support
the growth of Burkholderia cepacia [22]. Parenteral nutrition solutions are superb substrates for the growth of
certain microorganisms. Caseinhydrolysate solutions support the growth of many bacteria and
fungi[23,24].Lipid emulsions support bacterial growth extremely well, and their use has also been associated
with a risk for fungemia caused by the lipid- dependent yeast Malasseziafurfur, although not with contaminated
infuscate[25,26], This risk has been primarily identified in the neonatal intensive care setting and has less been
seen in the adults[26].The risk for coagulase-negative staphylococcus bacteremia in neonates has been directly
linked to the administration of lipid infusions[27].Several additional outbreaks of bacteremias have been linked
to compounding pharmacies that adhere to different quality control standards[28].0ne national outbreak of
Serritiamarcescens bacteremias occurred as a result of contaminated magnesium sulfate solution, and a second
outbreak of Psedumonas putida and Stenotrophomonas maltophila was associated with contaminated heparin
catheter-lock solution[28].

Parenteral nutrition solutions may also become contaminated during compounding in the hospital
pharmacy [29].Two similar outbreaks of Candida parasilosis infections were linked to the backflow of yeasts
into parenteral nutrition solution because the vacuum pumps were used improperly[29].The composition of the
infuscate also influences the degree of irritation of the vascular intima at the site of infusion. Fluids that are not
isotonic, those at nonphysilogic pH, and those containing particulates all may irritate the vascular wall, thus
provoking thrombus formation. Such thrombi may be seeded with microbes-either hematogenously or by direct
extension [30].

Catheter hub and lumen contamination. Contamination of the catheter hub-infusion junction as a significant
contributor to device-associated infection has been championed by Sitges-Serra and colleagues [31].These
investigators suggested that endemic coagulase-negative staphylococcal bacteremias often rise as a result of
contamination of the catheter hub with these organisms. A randomized study examining the effects of a
redesigned protective hub found these hubs to be associated with significantly lower rate of catheter sepsis and
culture positive catheter hubs, suggesting that the hub is a common portal of entry for bacteria[32].Other
investigators have incriminated the hub-tubing junction(particularly when it does not allow a good fit) in the
pathogenesis of epidemics of coagulase-negative staphylococcal infection[33].Maki and Ringer found hub
contamination to be the second most heavily weighed risk factor for catheter- associated infection in a large,
prospective study[34] Salzman and colleagues noted that more than 50% of episodes of central venous catheter-
related sepsis occurring in a neonatal ICU were preceded by colonization of the catheter hub with incriminating
organism[35].In a subsequent experimental study, these investigators found that swabbing the catheter hub with
disinfectant substantially reduced the hub’s microbial burden and the preparation containing 70% ethanol were
both more effective and more likely to be safer for the patient than preparations containing chlorhexidine [36].
Sherertz estimated that the hub, lumen or both contributed two third of the microorganisms that infected long-
term catheters and one fourth of the microorganisms were from the skin[37].Finally, several outbreaks of
bacteremia have been traced to contaminated medications-either those added directly to the system or those
piggybacked into side port[38].Clusters of infection also have been listed to flushing catheters with fluids from a
contaminated common source[39].

Conversely, some new technologies may be associated with increased risks for catheter-associated
infection. Whereas the implementation of needless intravenous admixture system provide a safer work place
environment for health care providers, some data suggest that use of these devices may be associated with
increased risk for device associated infection [40].Multiple investigators of bacteremia outbreaks associated
with needleless devices have suggested that the mechanism for bacteremia may involve contamination from end
cap[41].Interestingly, different studies have paradoxically found either increased or decreased risk with the same
needleless system(e.g., the interlink device[Baxter,Deerfield,11]), leading to conclusion that the primary risk
associated with these devices is related to how the systems are used(e.g., frequency of changing end caps and
adherence to recommended infection control procedures)rather than factors intrinsic to the system
[42,43].Appropriate staff education regarding use of these devices and ensuring compliance with manufacturer’s
recommendations is recommended to prevent device-related bacteremia[30].
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Skin contamination at catheter insertion site. Many researchers favor the view that the catheter insertion tract
provides the major avenue for the ingress of microbial invaders[1].Several studies have focused on microbial
colonization around the catheter insertion site as a significant risk factor for catheter-associated
infection[44].Supporting this contention are the studies of Cooper and Hopkins that demonstrated organisms on
the exterior surface of catheters rather than within the catheter lumen[45].In the prospective study of Maki and
Ringer, colonization around the catheter insertion site was the most strongly associated risk factor for local
catheter infection[35]Similarly, Safdar determined that most catheter-related bacteremias occurring with short-
term noncuffed central catheters were extraluminally required and derived from cutaneous microflora [46]. Skin
appears to be the primary source of intravenous device-related bacteremia for short-term catheters, placed for an
average duration of less than 8 days[47].

Atela and co-workers conducted a prospective study to assess the turnover of superficial skin
colonization by performing serial quantitative cultures of skin and catheter hub. Strains recovered from the
targeted superficial skin sites demonstrated a poor correlation both with strains from previous skin cultures and
with tip isolates [48]. Herwaldt and colleagues examined the source of coagulase-negative staphylococcal
bacteremias in hematology-oncology patients and found that the same strain was identified in both skin and
blood cultures in only 6 of 20 episodes. The strain was isolated only from other sites(primarily nares) in the
remaining 70% of episodes, leading these investigators to the conclusion that mucous membranes might be a
reservoir for strains of coagulase-negative staphylococcal causing bacteremia in immunocompromised patients
.Importantly, these investigators were unable to identify colonization with the same strain for the majority of
bacteremias; only 4 of 21 nosocomial bloodstream infections were preceded by colonization with the same
strain. Most nosocomial coagulase —negative staphylococcal bacteremias in this study appeared to result from
extrinsic introduction of the organism [49].

I1l. PATHOGENESIS OF BACTEREMIA

In intravascular device related bacteremia, microorganisms gain access into the blood stream through
the extraluminal or intraluminal surface of the device. Microbial adherence and incorporation into biofilms then
occur, resulting first in infection and then, in severe instances, in hematogenous dissemination [50].There are
various points of access to an intravascular device, each of which has been associated with both sporadic cases
and case clusters of nosocomial bacteremia. Whereas the skin entry site has long been thought to be the most
important portal of entry for invading microorganisms, the catheter hub-lumen has also been shown to be a
major contributor to catheter-related bacteremia [51].The most common point of access appears to vary
depending on the duration of time the catheter has been in place [30].

IV. PREVALENCE OF DEVICE - ASSOCIATED BACTEREMIA

In 2006, rates of CLABSIs ranged from 1.5(inpatient medical/surgical wards) to 6.8 %( in burn ICUs)
bacteremias per 1000 central venous catheter days[4].Previous NNIS(National Nosocomial Infection
Surveillance) rates from 1992 to June 2004 were higher. The previous medical ICU rate was 5.0 compared to
2.9% in the current report, perhaps indicating and actual reduction in the number of bacteremias[52].Intravenous
device-related bacteremia rates are influenced by patient related parameters, catheter-related parameters,and
hospital related parameters. Because of methodologic difficulties in performing appropriate scientific studies to
characterize relative risk, many of these risk factors have been identified either retrospectively or in the
epidemic setting. Still, each of the patient-related factors identified, has been associated with an increased risk of
device-associated infection [53].

Alteration of patient’s skin flora, either as a result of antimicrobial therapy or by colonization with an
epidemic strain carried on the hands of hospital personnel, is a common event preceding catheter site infection.
In addition, certain therapeutic devices (e.g. semipermeable membrane dressings) may actually increase the
cutaneous microbial burden surrounding the catheter insertion site [54].Numerous epidemics of device-
associated bacteremia have been linked to hospital personnel carrying an epidemic strain on their hands.
Manipulating the system for repositioning, for obtaining a sample, or for any other reason increases the
likelihood that catheter may become contaminated [55].Several catheter characteristics or properties have been
suggested to be associated with an increased risk for catheter-associated infection. Catheters that irritate the
vascular intima and provide thrombogenesis and the catheters that are made of materials that are intrinsically
thrombogenic are likely to be associated with an increased risk for device associated infection [56].Older studies
suggest that stiff catheters were associated with higher infection rates. Such catheters are thought to be more
mobile in the insertion tract and thought to be more thrombogenic [57].A clear association has been established
between the thrombogenecity of a catheter and the risk for device associated infection [58].
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Despite differences in thromobogenecity , some authorities believe that all catheters become coated
with fibrin sheath soon after placement. Currently, the majority of catheters are manufactured with
antithrombogenic polymers, such as polyurethane[59].Catheter composition may influence the risk for infection
in another way.Sheth and co-workers have shown that certain microorganisms ,most notably staphylococcus are
able to adhere better to a catheter made from polyvinyl chloride than Teflon catheter[60].The physical size of
the catheter(and therefore the size of the defect in the skin’s intrinsic host defenses) is also likely to correlated
with increased risk .Similarly, increasing the number of lumens in a catheter has been suggested to increase the
risk for catheter-associated infection. Several studies have suggested that the use of multiple lumen catheters is
associated with an increased risk for catheter —associated infection compared with the use of single lumen
catheter [43].Not all studies have found this difference [61].The presence of distant infection resulting in the
hematogenous seeding of the intravascular device has been incriminated [44].

Formation of a bacterial biofilm is now thought to be a virtually universal phenomena following
insertion of intravascular devices [62]. The microorganisms then embed themselves in and under the biofilm
layer and become the source of intraluminal colonization and, eventually the sources of CLABSIS[63].Finally,
the manner in which the catheter is used may influence risk. For example, risks for infection with pulmonary
artery catheters may be higher because of the manner in which they are used [64]. Catheter management,
including both insertion and maintenance, also may influence risk for infection. Several studies have shown that
catheters placed by less experienced personnel are at increased risk for infection [65].Another study analyzed
the efficacy of using a skilled team for placement of peripheral intravenous catheters [66].In this study, an
intravenous therapy team significantly reduced both local and bacteremic complications associated with the
placement of peripheral intravenous catheters, in part related to the timely placement of the catheters. Two
studies suggest that insertion of central venous catheters with less than maximal sterile barriers increases the risk
of catheter-related infection [46].

Several studies have suggested that the number of times the system is entered also influences the risk
for infection [53].More than a single attempt to insert the catheter has also been found to be a risk factor for
bacteremia. Insertion at a subclavian rather than a femoral site is clearly associated with a lesser risk of both
infectious and thrombotic complications [67].In addition to patient-related risk factors, several hospitals related
risk factors for CLABSIs have been either identified or proposed. In contraposition to patient-related factors,
such as hospital related factors can often be altered for patient benefit. Nurse staffing variables, including nurse
to-patient ratio, level of training, and permanent assignment to the unit(“float” nurse vs regular unit staff nurse)
have been shown to effect bacteremia rates[68].In addition, a number of studies have found that an education
program focusing on risk factors and practice modification is associated with decreased rates of CLABSIs[69].

V. MICROFLORA OF DEVICE-ASSOCIATED BACTEREMIA

Frequently isolated pathogens in device-associated bacteremia include: coagulase negative staphylococci
including staphylococcus epidermidis, Staphylococcus aureus, Enterococcus, Serritia marcescence, Candida
spp, Candida albican, Pseudomonas aeruginosa, Enterobacter spp, Corynebacterium spp,(not
C.diptheriae),and Acinetobacter baumannii.[30] Passereniet al in a study of nosocomial bloodstream infections,
reported gram-positives are the main pathogens; there is no difference in etiology of catheter- related
bloodstream infection (CRBSIs) between surgical and oncological patients. The lower incidence of gram-
postive non-CRBSIs in surgical patients was probably due to gram-negative infections secondary to surgical
complications [69].Adolf reported that three most common causes of BSIs in the United States are coagulase-
negative staphylococci, Staphylococcus aureus and enterococci. The emergence of vancomycin- resistant
staphylococcal infections is of particular concern [70]..Klotz et al reported that. Candida species are the 4™ most
common cause of nosocomial bloodstream infections in North America, of more than 8000 reported episodes of
candidemia revealed high rates of polymicrobial infection occurring with candidemia [71].Staphylococci
continue to predominate as the most frequently encountered pathogens in device related infections. Although
S.aureus is a frequent cause of device-associated infection, coagulase-negative staphylococci have become the
most common cause of these infections in the past two decades, especially in immunocompromised patients and
those in whom long- term central venous access is required [72].Some institutions have observed a recent
increase in catheter-associated infection caused by gram-negative bacilli[73].The past decade has witnessed an
increasing occurrence of CLABSIs caused by multi resistant gram-negative bacilli, most notably
Acinetobacterbaumannii.A. baumannii infections often occur in critically ill immunocompromised, highly
antimicrobial agent-experienced patients who can ill effort any bacteremia, let alone one caused by multi-drug
resistant bacteria [74,75].Patients with femoral catheters in one study had higher rates of gram-negative
bacteremias and yeast related fungemias[76].
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VI.DIAGNOSTIC WORKOUT

Clinical detection of catheter-associated septicemia is sometimes difficult. Clinical markers show a
poor correlation with intravenous device-related bacteremia [77].Serum procalcitonin has been studied
extensively as a marker of sepsis and one meta-analysis conducted that is differentiated bacterial from
noninfected cases of systemic inflammation with greater accuracy than did C.reactive
protein(CRP).Nonetheless, currently available assays often do not provide definitive results; many patients with
bacteremia have indeterminate levels of procalcitonin [78].Using the semi quantitative culture technique, which
defines a positive catheter tip culture as yielding 15 or more colonies, in combination of catheter-associated
sepsis..Maki and colleagues reported a specificity in short peripheral catheters ranging between 76% to 96% and
a positive predictive value of a positive catheter tip culture ranging between 16% and 31% in four studies
[79].Farr and co-workers conducted a meta-analysis of catheter culturing techniques and suggested that the
accuracy increases for catheter segment cultures with increasing quantitation (i.e.qualitative<semiquatitative
<quantitative. The increase in accuracy is primarily due to increased specificity of the more quantitative
tests[80].Although the relative merit of these various procedures remain to be definitively delineated, the ease of
performing the semi quantitative technique described by Maki and co-workers has kept this procedure in
widespread clinical use[79].Attempts to culture newer catheters with antimicrobial coating used for prevention
of CLABSIs may lead to false-negative results[81].Other investigators have suggested alternative techniques for
diagnosing catheter-associated infections[80]. Acridine orange leukocyte cytospin testing of blood drawn
through the catheter has been studies as a method of diagnosing infection while maintaining the
catheter[82].During the last 15 years, molecular methods have begun to play an increasingly prominent role in
the diagnostic microbiology laboratory.[30].Examples of usefulness of these techniques include the use of
randomly amplified polymorphic DNA analysis for the rapid fingerprinting of coagulase-negative
staphylococci, the use of other molecular typing methods(e.g., pulse-field electrophoresis and localization
and/or probing the vicinity of the gene).and the molecular identification of antimicrobial resistance even before
speciation can be completed. These molecular techniques are particularly valuable in epidemiologic
investigations [83,84].

V I1.PREVENTION OF ARTERIAL-CATHETER RELATED BACTEREMIA

CLABSIs can be prevented using simultaneously implementation of an array of practice improvements
(i.e.,”bundles”)[85].Education of health care personnel regarding standardized catheter insertion care, and
prevention of infection has been shown to reduce the incidence of catheter —associated infections. In a meta-
analysis, Safdar and Abad concurred that educational interventions can reduce rates of health care-associated
infections[86].Catheter insertion checklists to ensure adherence to infection control practice have been used as
part of the practice improvement bundle in a number of studies[85].Hand hygiene prior to catheter insertion or
manipulation is an absolute requirement[86].CDC guidelines recommend disinfecting skin before catheter
insertion and during dressing changes using tincture iodine and iodophors,70% alcohol, or, preferably, a 2%
chlorhexidine-based preparation[18].Even with the most stringent application of strategies to decrease catheter-
associated infections, the presence of a vascular catheter remains a clear risk for infection. Thus, need for
continued vascular access should be assessed at least daily, and nonessential catheters should be removed
immediately [13]. Several investigators have advocated using prophylactic antimicrobials in specific defined
circumstances to prevent catheter-associated infection. For example, Baier and colleagues found that
prophylactic treatment of neonates with central line catheters with vancomycin effectively prevented coagulase-
negative staphylococcal bacteremia associated with the use of these catheters[87].The use of antimicrobial lock
solutions, in which an antibiotic or other antimicrobial is injected into catheter lumen and the solution is left to
dwell within lumen for a periods of some hours or days, has been examined as a method of preventing catheter
infection during the past several years[88].New scientific approaches are needed to help establish optimal
techniques for catheter management[52].

VIIl. CONCLUSION
Vascular catheters-related bloodstream infections are common in the intensive care units and associated with
high mortality rate. Reducing the device- associated infections is the most effective way to prevent CLABSISs.
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