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Nosocomial infections related to the development of catheter-related infections are a leading
cause of morbidity and mortality among critically ill hospitalized patients. Despite important
preventive efforts, these infections remain a daily concern for most clinicians. Significant
improvements in the knowledge of their pathophysiology and diagnosis allow us to treat them
more efficiently. Current practices, such as guidewire exchange of catheters suspected to be
the source of clinical sepsis, are supported by indirect evidence only. Infected catheters should
systematically be removed, but some of them may be salved by combining systemic and
antibiotic-lock treatment. After reviewing some specific therapeutic aspects, we suggest a
practical approach to manage catheter-related infections.

KEYWORDS: antibiotic-lock therapy « bloodstream infection « catheter-related infection e critical care « guidewire

exchange « nosocomial infection

Central venous catheters (CVCs) are used for a
wide range of indications, extending far
beyond fluid and transfusion therapy, includ-
ing parenteral nutrition, hemodynamic moni-
toring, continuous chemotherapy, home anti-
biotic therapy and chronic outpatient
hemodialysis. Side effects are complications
related to the insertion, occlusion of the cathe-
ter, venous thrombosis and catheter-related
infections (CRIs). Among them, bloodstream
infections (BSIs) are considered to be the most
severe complication of healthcare that can
occur, with a significant increase in morbidity
and mortality [1-5].

Infections associated with the use of intra-
vascular devices represent 10-20% of all noso-
comial infections and may complicate the stays
of up to 10% of intensive care unit (ICU)
patients. Almost all patients staying in an ICU
require at least one intravascular device for
fluid/drugs administration and approximately
half of them are CVCs [6-8]. According to the
data from the National Nosocomial Infections
Surveillance system, it is extrapolated that
nearly 50,000 ICU patients develop a CVC-
related BSI every year in US ICUs (five episodes
per 1000 catheter-days) [3]. Among these, up to
24,000 die, including 8000 (35%) as a direct
consequence of the infection [9]. In a large sys-
tematic review of 200 prospective studies evalu-
ating the risk of BSI in adults, Maki et al. con-
clude that all types of intravenous devices

should be viewed at risk of related BSI [4]. Arte-
rial catheters used for hemodynamic monitor-
ing and peripherally inserted central catheters
used in hospitalized patients posed risks lower
than those associated with CVC. Most of these
infections are, however, preventable through
education-based  multimodal  interventions
5.10]. Nevertheless, despite all these efforts,
CRIs remain a daily concern for most clinicians
and will potentially increase with the growing
number of patients requiring sophisticated care.

We will not review all strategies targeted at
their prevention [59,10]. After a brief review of
some important work regarding pathophysio-
logical and diagnosis aspects, we will address
some practical aspects of the treatment of CRIs
and, more specifically, about currently debated
options, such as catheter salvage and catheter
antibiotic-lock therapy.

Definitions of CRIs
Infections linked to the use of intravascular
devices include exit-site infections and both
catheter-associated infections and CRIs. Precise
definitions are detailed in Tase 1 [7,11,12].
Catheter-associated infections include pri-
mary BSI and clinical sepsis, which are epide-
miologically associated with the use of intra-
vascular devices. CRIs include colonization of
the device, skin exit-site infection and micro-
biologically proven device-related BSI.
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Table 1. Definitions of infections linked to vascular access.

Catheter colonization

A significant growth of a microorganism (>15 cfu) from the catheter tip, subcutaneous segment, or

catheter hub in the absence of clinical signs of infection

Exit-site infection

Microbiologically documented: exudates at catheter exit site yields a microorganism with or without
concomitant bloodstream infection.

Clinically documented: erythema or induration within 2 cm of the catheter exit site in the absence of
associated bloodstream infection and without concomitant purulence

Positive blood culture
Bloodstream infection
Primary bloodstream infection

Secondary
bloodstream infection

Clinical sepsis

Microorganism, potentially pathogenic, cultured from one or more blood culture
Positive blood culture with a clinical sepsis (see below)
Laboratory-confirmed bloodstream infection or clinical sepsis occurring without documented infection

Laboratory-confirmed bloodstream infection secondary to another documented infection

Requires one of the following with no other recognized cause: fever (>38°C), hypotension

(SBP < 90 mmHg), oliguria (<20 ml/h); and all of the following: blood culture not performed or no
organism detected in blood, no apparent infection at another body site and clinical response to therapy
following catheter removal or change

Catheter-associated
bloodstream infection

Catheter-related
bloodstream infection

Primary bloodstream infection or clinical sepsis in the presence of an intravascular device

Laboratory-confirmed bloodstream infection in the presence of an intravascular access: at least one
positive blood culture obtained from a peripheral vein, clinical manifestation of infection and no

apparent source of the bloodstream infection except the vascular access, and with one of the
microbiological methods: a positive result of semi-quantitative (>15 colony forming units per catheter
segment) or quantitative culture (>10° cfu/catheter segment) with the same organism, paired
guantitative blood cultures with a > 5:1 ratio device versus peripheral, differential time to positivity
(blood culture obtained from a CVC is positive at least 2 h earlier than a peripheral blood culture)

cfu: Colony-forming unit; CVC: Central venous catheter; SBP: Systolic blood pressure.

Adapted with permission from [7,11,12].

Microbiological criteria remain a matter of debate among
experts [5]. However, the absence of a gold standard reference
technique may provide an explanation for the large differ-
ence in the published rates of infections. Accordingly, CRIs
may underestimate the true rate of infections linked to
intravascular devices [7].

Pathophysiology of CRIs
The microorganisms responsible for a CRI may gain access to
the device through four main routes [5). They include the
extraluminal surface, mostly colonized through the contami-
nation at the skin insertion site; the intraluminal surface,
which is contaminated through catheters hubs and lines con-
tamination by manipulations of the device by patients and/or
healthcare workers, by contaminated drugs or infusates, and
by hematogenous colonization from a distant site of infection.
This variety of sources should be taken into account in the
methods used to diagnose an infection [7).

Foreign materials inserted into the body are rapidly cov-
ered by extracellular polysaccharides resulting in the forma-
tion of a biofilm. This emphasizes the natural capacity of

microorganisms to attach to nonliving surfaces. From this
colonization, microorganisms may produce symptomatic
infections [13]. Structurally, an important proportion of bio-
films are microorganisms themselves, where they are able to
modify their physiology and escape antimicrobials and host
defenses [14]. There is currently no possibility to eradicate
in vivo the biofilm produced on intravascular devices, and this
supports removal of an infected device as the first principle of
management of any CRI.

Diagnosis of CRIs

The morbidity associated with the insertion of new catheters
emphasizes the necessity to get strong arguments to support
the relationship between a bacteremia of unknown origin,
also characterized as primary bacteremia, and a suspect intra-
vascular device that should be removed. Hence, if appropriate
cultures are not obtained, false-negative results may be associ-
ated with increased morbidity. By contrast, false-positive cul-
ture may be associated with unnecessary catheter removal
and/or inappropriate prescription of antibiotics with further
promotion of the emergence of resistant strains [7].
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Two techniques susceptible to document a catheter as the
source of a primary bacteremia have been extensively studied
over the last 10 years. They are paired quantitative blood cul-
tures and paired qualitative blood cultures with observation of a
differential time to positivity (DTP) [15,16].

Both require the simultaneous drawing of blood from the
peripheral vein and catheter. The use of quantitative culture,
which is the most accurate technique, is, however, of limited
practical use because of its complexity, cost and lack of avail-
ability in most laboratories. The paired qualitative method,
including recording of the DTP is an elegant alternative. The
DTP method monitors the bacterial growth and compares the
time to positivity for the samples obtained by both peripheral
veins and through the suspected catheter. A diagnosis of cathe-
ter-related bacteremia is highly probable when the culture sam-
ples obtained from the catheter become positive at least 2 h ear-
lier than those obtained from peripheral blood cultures [15,17].
These methods are particularly useful when retention of the
catheter is desirable. To avoid false-negative cultures, it is obvi-
ous that cultures should be drawn before the start of systemic
antibiotic use.

Treatment of CRIs

Treatment should begin promptly following the diagnosis or
suspicion of CRI. Any delay in catheter removal and/or in the
start of appropriate antimicrobial therapy is associated with
increased morbidity and mortality [18].

Despite numerous preliminary results reported in the litera-
ture, only a minority of catheters associated with an infection
can be maintained and prompt device removal is strongly rec-
ommended in all cases complicated by metastatic infection.
This is also the case for infections caused by microorganisms
particularly difficult to eradicate from the biofilm, such as Sta-
phylococcus aureus, Pseudomonas aeruginosa, Corynebacterium
spp., Bacillus spp., mycobacteria and yeasts.

Empiric antimicrobial treatment should be initiated immedi-
ately after appropriate sampling and the choice of agents(s)
should take into account the severity of the patient’s illness, the
site of insertion and the local data of the hospital ecology [19].
More specifically, targeted treatment with potential de-escala-
tion should be archived after identification and susceptibility
testing of the causative microorganism.

In a large majority of clinical cases, at least in critically ill
patients, the development of a clinical sepsis without a primary
source of infection leads to the suspicion of a CRI [5]. However,
in such situations, a CRI will be microbiologically documented
in only 20-30% of cases. Accordingly, in cases without local
signs of infection at the insertion site and in the absence of pos-
itive blood cultures, or before their results, guidewire exchange
of the device has become a standard practice in many institu-
tions [7,201. Removed catheters are cultivated and exchanged.
Catheters should be further removed with insertion of new
devices at new sites only if the removed ones become positive.

Despite the absence of strong evidence supporting this prag-
matic practice, it is recommended, or agreed, by some experts
and guidelines [5,21].

Management of CRIs due to specific pathogens
Coagulase-negative staphylococci

Coagulase-negative staphylocci are the most common cause of
CRI. Severe forms of sepsis with a poor outcome are rare. Iso-
lated fever or fever with inflammation at the catheter exit-site
are common clinical manifestations [117. These infections may
resolve with removal of the catheter only without further anti-
biotic therapy, although many experts suggest that antibiotics
should be administered for a limited period of time. Except for
endovascular infections, such as septic thrombosis, endocarditis
and metastatic infections, antibiotics can be stopped after
5-7 days if the catheter has been removed and 10-14 days if it
was maintained or exchanged over a guidewire.

Staphylococcus aureus

Catheter-related infections due to S. aureus may manifest as dev-
astating metastatic infections and the risk of infective endocardi-
tis is higher than for other microorganisms. In this context, the
exact duration of the treatment is difficult to determine. In
patients with uncomplicated CRI, a short course of 2 weeks of
antibiotics is sufficient, provided the source has been removed.
A transesophageal echocardiography could help to determine
the duration of the treatment for patients with apparently no
complicated infection [22,23). Endocarditis may be clinically
occult and the demonstration of echocardiographic abnormali-
ties imply prolonging the treatment for 4—6 weeks [24]. Prelimi-
nary results from a Phase Il study conducted by Weem:s et al.,
including 63 patients, suggested that passive immunization with
human monoclonal antibodies targeted at S. aureus may be
potentially useful as adjunctive therapy [25]. Tefibazumab was
well tolerated but further studies are required to determine the
dosing range and the clinical efficacy of this antibody.

Gram-negative bacilli

Gram-negative bacilli are commonly associated with contami-
nated infusates and catheter-related BSIs in immunocompro-
mised patients with tunneled devices. Their incidence is increas-
ing. There are no specific data to guide the duration of therapy,
which should be at least up to 2 weeks and determination of
blood levels of antibiotics are recommended [11].

Candida

Intravenous catheters are among the leading source of candi-
demia and a large proportion of candidemic patients are still
treated without vascular access removal. To date, no random-
ized, controlled study has been specifically designed to assess
the benefit of systematic access removal which remains a con-
troversial issue [26,271. However, in 14 studies that evaluated
the outcome of candidemia in relation to vascular access
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management, removal was associated with an improved out-
come or more rapid cure in nine of them [2g]. In addition, the
investigators of these studies and most experts recommend to
systematically consider the prompt removal of all vascular
accesses [26]. In any case, treatment with appropriate antifun-
gal should be maintained at least 2 weeks after the last positive
microbiological culture.

Antibiotic-lock therapy

Systemic antibiotic prophylaxis at the time of insertion of
intravascular devices has not proven to be effective in reduc-
ing the incidence of CRI. Accordingly, the 2002 guidelines
strongly discourage this practice [5. In a more recent
Cochrane review, van de Wetering et al. conclude that there
is no evidence to administer antibiotics prophylaxis to pre-
vent CVC Gram-positive infections in oncology patients [29].

Nevertheless, antibiotic-lock therapy is a conceptually
attractive technique of both local prophylaxis and treatment.
It consists of flushing and then filling of the lumens of the
catheter with an antibiotic solution that is left to dwell in the
lumen of the catheter. This provides very high concentra-
tions of antimicrobial agents at the site of infection with a
low incidence of systemic toxicity of these antibiotics. It has
been studied in the treatment of patients with a long-term
cuffed or tunneled catheter or port with multiple catheter-
related BSI despite optimal maximal adherence to aseptic
technique 30]. However, this practice has been reported to an
increase in antimicrobial-resistant microorganisms, and the
2002 guidelines did not find sufficient evidence to support
this procedure except for patient with recurrent bacteremia
in whom maximal adherence to aseptic techniques have
failed [5).

Safdar et al. performed a meta-analysis of prospective, ran-
domized trials of vancomycin-lock solution as prophylaxis in
high-risk patient populations requiring long-term central
intravascular access [311. Only seven studies out of 63 yielded
could be analyzed. The other studies used solutions other
than vancomycin, used no control groups, were not random-
ized, were reviews, used vancomycin in forms other than a
lock or flush solution and therefore cannot be combined for
analyses. These seven studies included 463 patients (five
studies with cancer patients, one with neonates and one with
cancer and neonates with parenteral nutrition). The meta-
analysis showed a reduction of 50% in the relative risk for
BSI. It did not find any report of colonization or BSI with
vancomycin-resistant microorganisms. The authors conclude
that it is highly unlikely that microorganisms in a patient’s
microflora would develop resistance to vancomycin from the
very low dosage of vancomycin used in intravascular devices
lock or flush protocol. In a retrospective study, Feely et al.
explored the efficacy of these solutions in high-risk hemodia-
lyzed patients [321. They identified a subgroup of patients
with three or more documented BSls over 2 years, in whom

lock solutions (gentamicin—heparin, minocycline—ethylene-
diaminetetraacetic acid [EDTA] or vancomycin—heparin)
dramatically decreased the rate of catheter infections from
9.1 to 1.04 episodes per 1000 patient-days. Doxy-
cline—-EDTA is a possible alternative to minocycline~-EDTA,
which is no longer available on the market. By analogy, this
suggests that for situations in which removal of the catheter
is particularly difficult, or where venous access is limited, the
antibiotic-lock therapy might be attempted in conjunction
with systemic therapy to save the catheter.

In this context, new anti-infective lock solution with
broad-spectrum anti-infective activity against multiresistant
Gram-positive and Gram-negative bacteria, as well as fungi,
are progressively studied. Taurolidine (a derivative of amino-
sulfonamide—taurinamide with antimicrobial activity against
a broad range of bacteria and fungi), minocycline—-EDTA
(EDTA is a potent calcium and iron chelateur and has anti-
staphylococccal and anticandidal activity), gentamycine—cit-
rate solution, ethanol and hydrochloric acid are currently
under evaluation [33). Among them, ethanol appears promis-
ing and a double-blind randomized trial to evaluate the effi-
cacy of a 50% ethanol-lock solution instilled for 1-3 h once
daily is ongoing [34,35]. Tetrasodium—EDTA, has been tested
invitro and ex vivo with explanted infected hemodialysis
catheters [36]. This solution could significantly reduce or
potentially eradicate CVC-associated biofilms of clinically
relevant microorganisms (Staphylococcus epidermidis, P. aerug-
inosa, Klebsiella pneumoniae, Escherichia coli, methicillin-
resistant S. aureus and Candida albicans). This agent is also a
potent anticoagulant that could replace the use of heparin
and eliminate the risk of heparin-induced thrombocytopenia.

Expert commentary & five-year view

In contrast to prevention for which guidelines and recommen-
dations are regularly published by medical societies, those for
the management of CRIs are rare [5,11]. In the absence of large
clinical series, they are mostly based on expert opinions and
some differences remain in the approach regarding the possibil-
ity of catheter salvage. The modification of microbiological
techniques, such as DTP, allows to improve diagnostic yield
and further catheter salvage. Recent preliminary, encouraging
data with anti-infective-lock therapy should now be confirmed.

Practical approach

We put together many aspects discussed above and we pro-
pose a practical work-up to help clinicians in the management
of suspected CRISs (Ficure 1).

A clinical decision to remove a catheter suspected of infec-
tion should be based on the eventual presence of a local sign
of infection at the insertion site. Such situations should jus-
tify prompt removal of the device in virtually all cases. Poten-
tial exceptions may be rare situations, such as the presence of
an isolated erythema, without systemic sign of infection
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Management of catheter-related infection Review

Suspected systemic CRI with clinical sepsis and no clinical source of infection:

* Fever (=38.5°C) ¢ Chills * Rigors/hypotension on flushing CVC e Biological markers of inflammation

Yes

Local sign of infection:
* Erythema ¢ Induration/tenderness ¢ Pus at exit site

No

Positve culture Culture of catheter, Yes
=> adapt treatment new site of insertion, | u—————.

+ empirical treatment*

Negative culture

=> stop treatment

Empirical treatment <NL

Clinical decision to
remove catheter

Yes

Swab of exit site, Positve culture
Culture of catheter => adapt treatment

Yes

new site of insertion
+ empirical treatment )
P Negative culture

L => stop treatment

N_o» Swab + empirical treatment —J

Positive

\ v Y
Guidewire exchange Quantitative blood culture Qualitative blood culture Negative
>5:1 time to positivity => Nno remove => remove imperatively
[ |

=> stop treatment => adapt treatment

Culture catheter

If negative

Blood culture —1
If positive ~——L—— = |f negative Maintain catheter
P d Stop treatment

Maintain catheter Remove, treatment and Eventual lock therapy
Stop treatment new site of insertion

l

Figure 1. Proposed work-up for the management of suspected catheter-related infection in adult patients.

“Reconsider the impact of catheter bloodstream infection.

*Empirical treatment strongly recommended except for a clincally stable patient, if all intravascular access can be removed.

CRI: Catheter-related infection; CVC: Central venous catheter.
Adapted with permission from [7,10-12,21,37].

before the reception of the results of cultures. In general, the
decision to maintain the device could be discussed in the
absence of clinical signs of severity of infection, such as the
absence of severe sepsis or septic shock in patients with
potential technical difficulties in inserting a catheter at a new
site. ldentification or previous information regarding the
presence of coagulase-negative staphylococci may also be
taken in to account to maintain the catheter. However, any
temptation to maintain a device suspected of infection should
be balanced with the potential serious complications that may
develop, such as endovascular and or metastatic infections.
Empirical treatment should cover all microorganisms
potentially responsible for the infection. It could be targeted
on previous microbiological results obtained from specimen

taken from the patients, but it should include Gram-positive
cocci of the skin flora in almost all cases. As a large majority
of coagulase-negative staphylococci are resistant to B-lac-
tams, a glycopeptide, such as vancomycin or teicoplanin,
should be considered in virtually all cases. This would also
integrate the potential presence of methicillin-resistant S.
aureus, which has emerged as an important pathogen in
many institutions. A good knowledge of the local epidemiol-
ogy is of crucial importance, and the presence of high pro-
portion of vancomycin-resistant enterococci may influence
the initial choice. The empirical treatment of patients with
identified significant colonization with Candida spp. or
multiresistant Gram-negative microorganisms should be
adapted accordingly.
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Empirical treatment should be adapted for narrowing the
spectrum of coverage to the results obtained from the cul-
tures in any case. The duration of the antimicrobial treat-
ment should be adapted to the type of catheter and micro-
organism, and to the eventual presence of endovascular
infections, such as septic thrombosis, endocarditis and
metastatic infections, which require prolonged treatment
and specialized advice.
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Key issues

= Despite all preventive measures, catheter-related infections
remain a serious healthcare associated infections.

» Clinical suspicion should be documented by appropriate
microbiological sampling for cultures.

= Removal of any infected catheter is the rule, with only few
exceptions that should be carefully discussed in some
particular circumstances.

» Guidewire exchange can be used for suspicion of catheter-
related infection without local signs of infection at the
insertion site and provided adequate cultures are obtained for
further evaluation.

« Antibiotic-lock therapy may only be considered for some subsets
of catheter-related infections due to microorganism with low
potential of virulence such as coagulase-negative staphylococci
in the absence of disseminated or metastatic infection.

»14 Giacometti A, Cirioni O, Ghiselli R et al.
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