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Abstract

Cancer patients frequently require central venous catheters for therapy and parenteral nutrition and are at high risk of central venous
catheter—related infections (CRIs). Moreover, CRIs prolong hospitalization, cause an excess in resource utilization and treatment
cost, often delay anti-cancer treatment, and are associated with a significant increase in mortality in cancer patients. We therefore
summoned a panel of experts by the Infectious Diseases Working Party (AGIHO) of the German Society of Hematology and
Medical Oncology (DGHO) and updated our previous guideline on CRIs in cancer patients. After conducting systematic literature
searches on PubMed, Medline, and Cochrane databases, video- and meeting-based consensus discussions were held. In the
presented guideline, we summarize recommendations on definition, diagnosis, management, and prevention of CRIs in cancer
patients including the grading of strength of recommendations and the respective levels of evidence. This guideline supports
clinicians and researchers alike in the evidence-based decision-making in the management of CRIs in cancer patients.
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Introduction

Cancer patients frequently require central venous catheters
(CVCs) for cancer treatment, blood transfusion, and parenteral
nutrition. However, cancer patients are at particular risk of
infections including CVC-related infections (CRIs) due to
disease- and treatment-related immunosuppression.
According to current estimates, more than 5 million CVCs
are inserted in the USA annually and similar rates have been
reported for European countries [1-4]. The frequency of
resulting central line—associated bloodstream infections
(CLABSISs) in cancer patients is estimated at 0.5-10 per
1000 CVC-days. The associated mortality ranges from 12 to
40% depending on several factors, including patient comor-
bidities, CVC type, and microorganism causing the infection
[2, 5-8]. Importantly, up to 70% of all CRIs may be prevent-
able with current evidence-based strategies [9]. Several insti-
tutions and public authorities have issued comprehensive
guidelines on CRIs such as the German Commission for
Control and Prevention of Infections (KRINKO). These rec-
ommendations and guidelines may include obligatory mea-
sures and have high normative value but are not specifically
targeted at cancer patients. The guideline presented here is
based on our previous guideline [10] that summarizes current
data on epidemiology, diagnosis, treatment, and prevention of
CRISs in cancer patients to guide clinicians and identify areas
of uncertainty.

Methods

We assigned subtopics of this guideline to a panel of 20 ex-
perts in the field of internal medicine, hematology and oncol-
ogy, infectious diseases, infection control and hospital epide-
miology, and critical care medicine. We then conducted inde-
pendent literature searches of the PubMed, Medline, and
Cochrane databases using combinations of the following
search terms: central venous catheter infection, central venous
catheter-related bloodstream infection, central venous
catheter-associated bloodstream infection, cancer, neutrope-
nia, definition, pathogenesis, pathogens, epidemiology, inci-
dence, risk factors, diagnosis, treatment, management, surveil-
lance, education, and prevention. The consensus process was
carried out in e-mail-, telephone-, video-, and meeting-based
discussion groups. The strength of each recommendation and
the grade of evidence were adapted to the criteria of the
European Society for Clinical Microbiology and Infectious
Diseases (ESCMID; Table 1) [11]. The presented guideline
replaces our previous guideline [10] and was approved by the
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assembly of the members of the Infectious Diseases Working
Party (AGIHO) of the German Society of Hematology and
Medical Oncology (DGHO) on March 23, 2018, and again
after updating the recommendations and references on May 7,
2020, as a video conference. All authors approved the final
version of the manuscript and the recommendations before
submission.

Results
Definitions

Based on clinical symptoms and laboratory findings, localized
infections of CVCs such as exit-site infections, tunnel infec-
tions, and port—pocket infections are distinguished from
CLABSIs or catheter-related blood stream infections
(CRBSI). However, the definitions of CLABSI or CRBSI
are not interchangeable, as criteria vary substantially between
the two definitions [1, 20]. Importantly, the Infectious
Diseases Society of America (IDSA) definition of CRBSI
and the US Centers for Disease Control and Prevention
(CDC) definition of CLABSI do not specifically target cancer
patients and lack specificity in this particular patient popula-
tion [1, 20-27]. As the CDC definition of CLABSI was shown
to overestimate the rate of CVC-derived bacteremia in cancer
patients, the concept of mucosal barrier injury (MBI)
laboratory-confirmed bloodstream infection (LCBI) was pro-
posed [20]. This surveillance definition intends to identify a
subset of bacteremia in cancer patients, which is likely to be
related to mucosal barrier injury with bacterial translocation
from the gastrointestinal tract and not related to infection of a
CVC. However, the criteria for MBI-LCBI are restricted to
specific subsets of cancer patients and specific microorgan-
isms and might have limited applicability in clinical practice
[28, 29]. In this regard, a recent retrospective review of 250
patients in a Japanese academic hospital identified 44 patients
during a 47-month period with CLABSI, of which about half
(45.5%) met the definition of MBI-LCBI and 24 (54.5%) were
classified as non-MBI-LCBI [30]. Similarly, Chaftari and col-
leagues reviewed 149 cases of CLABSI at their institution, of
which 70 (47%) had definite CRBSI. Even though CRBSI
was more common in patients with non-MBI-LCBI, about
one in five patients with MBI-LCBI (18%) had definitive
CRBSI [22]. Thus, the use of MBI-LCBI criteria in cancer
patients might be useful for surveillance purposes, but might
have limited applicability to everyday practice. We thus rec-
ommend against the use of CLABSI for the definition of CRIs
in cancer patients (DII). To account for the specific
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Table 1 Categories of evidence
levels used in this guideline Category, Definition
grade
Strength of recommendation
A Strongly supports a recommendation for use
B Moderately supports a recommendation for use
C Marginally supports a recommendation for use
D Supports a recommendation against use
Quality of evidence
I Evidence from at least one properly designed randomized, controlled trial
1 Evidence from at least one well-designed clinical trial, without randomization; from cohort or

case-controlled analytic studies (preferably from > 1 center); from multiple time series; or
from dramatic results of uncontrolled experiments

111 Evidence from opinions of respected authorities, based on clinical experience, descriptive case
studies, or reports of expert committees

*Added index: r: Meta-analysis or systematic review of randomized controlled trials. t: Transferred evidence, that
is, results from different patients’ cohorts, or similar immune status situation. h: Comparator group is a historical
control. u: Uncontrolled trial. a: Published abstract (presented at an international symposium or meeting)

characteristics of cancer patients, we recommend the distinc-
tion between “definite,” “probable,” and “possible” CRBSIs
as proposed in 2012 and outlined in Table 2 [10, 31-34] (AII).

Pathogenesis and risk factors

In short-dwelling catheters (< 14 days), colonization of CVCs
via migration of skin microorganisms resulting in
extraluminal spread of bacteria along the outer surface of the
catheter predominates as pathomechanism of infection [35].
Within 24 h of CVC placement, the interior surface of the
catheter may be covered with a biofilm embedding bacteria
and fungi. Consequently, colonization and infection via cath-
eter hubs and, less frequently, via infusion solutions resulting
in intraluminal spread of microorganisms are more common
in longer-dwelling CVCs (> 14 days) [1, 35, 36]. Risk factors
for catheter-related infections include a high level of skin col-
onization at the insertion site and the catheter hub as well as
the administration of blood products and total parenteral nu-
trition [7, 21, 37, 38]. Unsurprisingly, patients requiring more
than one CVC are at higher risk of CRI [39]. Among cancer
patients, patients with hematological malignancies are at
higher risk for CRIs compared with patients with solid tumors
and the risk of infection is higher in patients with aggressive
hematological malignancy such as leukemia and high-grade
lymphoma, compared with patients with less aggressive ma-
lignancies [5, 40—42]. Neutropenia is a major independent risk
factor for CRIs, and neutropenic patients with bloodstream
infections are at higher risk of mortality compared with non-
neutropenic patients [43—46]. Interestingly, neutropenia at the
time of CVC insertion had no association with rates of defin-
itive or probable CRBSI comparing matched neutropenic with
non-neutropenic patients in a recent analysis of 806 patients
[47]. Although patients undergoing allogeneic or autologous

hematopoietic stem cell transplantation (HSCT) are common-
ly neutropenic, HSCT might further increase the risk of
CLABSI and CRBSI independent of the impact of neutrope-
nia. In a recent retrospective study by McDonald and col-
leagues on 352 patients undergoing allogeneic HSCT, the
use of a matched unrelated donor (MUD) and/or
haploidentical donor and the use of an ablative conditioning
regimen were independently associated with development of
CLABSI on multivariate analysis [48]. Thrombosis, even
when detectable only by ultrasound screening, was shown to
be a risk factor for CRIs, and infection of the catheter in turn
promotes thrombosis [49-51]. Other risk factors include male
gender, disease stage, age, and reduced performance status
[52, 53]. Of note, rates of CRI also depend on the devices
used, and the risk of CRI differs between cuffed tunneled
CVCs, subcutaneous implanted ports, peripherally inserted
CVCs (PICCs), and percutaneous non-cuffed or tunneled
CVCs [21]. Reported rates of CRIs in implantable and
tunneled catheters are lower compared with rates in non-
tunneled catheters [21, 54, 55]. PICCs have become more
common for patients requiring long-term venous access, and
reported rates of CRIs in several studies and one recent meta-
analysis suggest a lower or comparable risk of CRI compared
with CVCs [56—63]. In addition, timing and procedure of
CVC placement also might influence CRI rates, as catheter
placement by interventional radiologists was reported to be
associated with less complications including CRIs, than sur-
gically placed catheters [64]).

Epidemiology
The incidence of CRI complications including CRBSI in can-

cer patients is highly dependent on the studied patient popu-
lation, the setting, and the definitions used. As a consequence
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Table 2  Diagnostic criteria for CVC-related bloodstream infections (CRBSI)

Diagnosis Criteria (T) Criteria (IT)
Definite CRBSI Growth of same pathogen from blood culture of + in vitro susceptibility testing results in the same resistance
peripheral vein and from culture of CVC tip pattern (AI) [12]
Growth of same pathogen from blood culture of CVC ~ And DTTP >2 h (Allt) or, for quantitative blood cultures,
and from blood culture of peripheral vein a > 3-fold greater colony count of pathogens grown from
blood culture of CVC than the colony count from a peripheral
vein (Allt) [1, 12, 13]
DTTP >2 h is inaccurate to rule out CRBSI in patients with
detection of S. aureus [14, 15] or Candida spp. [16—-19] (DIIt)
Probable CRBSI Growth of the same pathogen from blood culture of And no criteria for definitive CRBSI

CVC and from blood culture of peripheral vein

Exit-site infection

Tunnel infection
(Hickman and Broviac
catheter)

Pocket infection
(implanted port
system)

Possible CRBSI

CVC colonization

along the subcutaneous part of CVC

Pathogen detected in blood culture that is typically

Clinical signs of infection <2 cm from the CVC exit

Clinical signs of infection >2 cm from CVC exit site

Clinical signs of infection of subcutaneous pocket

Growth of pathogen from CVC tip (> 15 CFU in
semiquantitative/> 100 CFU in quantitative culture)

And detection of coagulase-negative Staphylococcus spp.,
S. aureus, or Candida spp.

And exclusion of other infection sites (BIII)
And BSI without criteria for definitive CRBSI (BIII)
And BSI without criteria for definitive CRBSI (BIII)

And BSI without criteria for definitive CRBSI (BIII)

And clinical or laboratory signs of infection (e.g.,
leukocytosis or elevated C-reactive protein)

And no BSI (BIII)
And no other focus identified (BIII)

causing CRI (S. epidermidis, S. aureus, Candida

spp.)

Remission of fever in <48 h after CVC removal

And no other focus identified (BIII)

CRBSI, catheter-related bloodstream infection; BSI, bloodstream infection; CFU, colony forming unit; CVC, central venous catheter; DTTP, differential

time to positivity of CVC blood culture and peripheral blood culture

of the high variability of the studies, the rate of CRIs in cancer
patients reported in the literature varies between 9 and 80%
[65]. A recent large retrospective study analyzed registry data
(SEER-Medicare) of more than 35,000 adult cancer patients
above the age of 65 years with long-term catheters (mainly
port catheters) [53]. The authors reported an overall incidence
of CRIs of 16-31% in patients with long-term CVCs and a
two- to five-fold risk of CRIs compared with matched controls
without CVC, suggesting an important impact of catheteriza-
tion on the incidence of CRIs [53].

Surveillance and cohort studies in cancer patients report
CRBSI/CLABSI rates of 1.05-14.4 per 1000 CVC-days [6,
41, 66-68]. A recent pooled analysis of 1194 cancer patients
derived from the German SECRECY registry and a prospective
randomized trial testing an antimicrobial dressing in neutropenic
cancer patients (COAT-trial) used the definitions of definite
CRBSI and definite plus probable CRBSI, reporting an incidence
of 2.7 and 6.7 for definite CRBSI and definite plus probable
CRBSI per 1000 catheter-days, respectively [32]. Using the less
stringent CDC definition, a CLABSI rate of 2.9-6.3 per 1000
CVC-days was reported in a recent randomized controlled trial in
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adult cancer patients testing different skin disinfectant solutions
(alcohol-based solutions with or without octenidine) [37, 69].
Higher rates were reported in studies focusing on neutropenic
patients and patients receiving autologous or allogeneic hemato-
poietic stem cell transplantation, with CRBSI/CLABSI rates up
to 24.3 per 1000 neutropenic days in one study [48, 70-72]. In a
retrospective study on patients in an outpatient transplant unit at
an academic tertiary center, the cumulative incidence of
CLABSISs within 100 days after allogeneic stem cell transplanta-
tion (SCT) was 9%, with the majority (67%) occurring within the
first 30 days after transplant [48]. The German ONKO-KISS
surveillance registry reported CLABSI incidence of 4.6 and 3.4
per 1000 CVC-days in autologous and allogeneic HSCT recipi-
ents, respectively, in 2019. During neutropenia, these rates in-
creased to 10.6 and 5.9 per 1000 CVC-days in patients after
autologous and allogeneic HSCT, respectively [73].

Pathogens

The distribution of pathogens causing CRIs in cancer patients
depends on the population studied and the definition of CRIs
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applied. Overall, coagulase-negative staphylococci (CoNS)
are the most commonly detected bacteria in cancer patients
with CLABSI, followed by other Gram-positive bacteria such
as Staphylococcus aureus, Enterococci, and Streptococci [44,
74-77]. Accordingly, Schalk and colleagues recently reported
a large multicenter cohort of 3000 cases of definitive and
probable CRBSI in cancer patients from registry and trial data
and found a similar distribution of pathogens as in smaller
single-center studies with CoNS as the most common causa-
tive pathogens for CRBSIs [32]. The frequency of Gram-
negative bacteria such as Escherichia coli, Pseudomonas
aeruginosa, and Klebsiella spp. varies between studies within
the range of 20-27% [28, 44, 74, 75]. Recent longitudinal
studies suggest a shift from the predominance of Gram-
positive to Gram-negative bacteria causing CRBSI in cancer
patients in more recent periods [77, 78]. A recent retrospective
study compared two cohorts of cancer patients from 1999 to
2000 and 2013 to 2014, and found Gram-negative organisms
as predominant etiologic bacteria in the latter period contrib-
uting to 41% of the CRBSI [79]. In addition, Gram-negative
bacteria are more commonly found as microorganisms caus-
ing blood stream infections (BSI) in neutropenic patients,
compared with non-neutropenic patients [28, 80]. This is like-
ly due to bacterial translocation of gut organisms frequently
causing BSI rather than CRI in neutropenic patients [81].
Increasing rates of antibiotic resistance including multi-drug
resistance (MDR) have been reported worldwide in the last
decade also in studies focusing on cancer patients [82—84].
Therefore, local epidemiology and resistance patterns as well
as known individual colonization with resistant pathogens
should be considered factors for the choice of empiric antibi-
otic therapy in patients with CRBSI [45, 46].

Candida spp. have been reported in 2—13% of patients with
CRBSI [31, 44, 74], and polymicrobial cultures were reported
in 11-30%, with the incidence again depending on the defini-
tion of CRBSI used [31, 74, 85, 86]. Using the definition of
definite CRBSI and probable CRBSI, CoNS, Gram-negative
bacteria, and Candida spp. were reported in 73%, 15.5%, and
1%, respectively, in a recent multicenter study for both defi-
nite CRBSI and probable CRBSI combined in cancer patients
[31]. Of note, the predominance of Gram-negative bacteria
that had been described in other recent cohort studies using
less cancer-specific definitions was not observed with the use
of the definition of definite plus probable CRBSI [31, 32].

Diagnosis

Diagnostic procedures for the detection of CRIs should be
initiated in patients with any type of CVC (conventional
CVCs, PICCs, implantable CVCs, etc.) upon clinical signs
and symptoms of infection and without any other apparent
source of infection. Symptoms may include local signs such
as erythema, swelling and pain or more frequently systemic

signs such as fever and hypotension, or a combination of both.
In all patients, a thorough physical examination should be
performed, complemented by microbiological testing (blood
cultures) and imaging according to current guidelines [45, 87].

Diagnostic procedures for suspected CRBSI

In patients with suspected CRBSI, at least two pairs of blood
cultures with adequate quantity of blood (> 10 ml depending
on the culture flask used) should be taken simultaneously, one
pair from a peripheral vein and one pair from the CVC [1,
88-90]. Samples should be drawn before the administration of
antibiotics and under sterile precautions to avoid contamina-
tion. Studies sampling all lumens in multi-lumen CVCs indi-
cate that colonization might be detectable only in one of sev-
eral lumens, and therefore, blood cultures from all lumens
should be sampled [91-94]. However, the higher detection
rate needs to be carefully balanced against the potential harm
caused by the withdrawal of large blood volumes.

Quantitative or semiquantitative blood cultures taken si-
multaneously from the CVC and a peripheral vein with a
colony count ratio of 3:1 to 10:1 of the same microorganism
species are considered indicative of CRBSI [12, 36, 65].
However, the method of testing for quantitative blood cultures
is time consuming, elaborate, and expensive, and the avail-
ability is therefore limited and not a clinical routine in most
microbiological laboratories [65].

The differential time to positivity (DTTP), defined as >2 h
earlier positivity of CVC-drawn versus peripheral blood cul-
tures detecting the same pathogen during automated incuba-
tion, has been reported as a sensitive and specific diagnostic
marker for CRBSI in patients with short- and long-term CVCs
[95, 96]. The method was studied in intensive care unit (ICU)
patients and cancer patients including neutropenic patients
and recipients of allogeneic HSCT [65, 74, 95-97]. A DTTP
> 2 h has been shown to be predictive for CRBSI with report-
ed sensitivity and specificity ranging from 72 to 100% and a
negative predictive value of 91-92% [74, 92, 95, 96]. DTTP
was therefore proposed as a useful diagnostic tool particularly
to prevent unnecessary CVC removal in patients with limited
intravenous access options [65, 74]. Recent studies evaluating
the 2-h cutoff DTTP for patients with candidemia [16—19] and
S. aureus bacteremia [14, 15] showed insufficient test perfor-
mance to diagnose or exclude CRBSI in patients with detec-
tion of these pathogens. Therefore, the use of DTTP in pa-
tients with candidemia and S. aureus bacteremia is not recom-
mended for diagnosis or exclusion of CRBSI and as a decision
tool for CVC preservation.

In patients without possibility of blood culturing because
no blood can be aspirated via the catheter, sampling the inter-
nal catheter surface in situ by endoluminal brushing may be
useful [91, 92]. However, the technique is not widely avail-
able and might underestimate CRI in short-dwelling CVCs
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where external surface colonization plays an important role.
Moreover, endoluminal brushing might carry the risk of in-
ducing bacteremia in patients with colonized catheter and is
not recommended for routine diagnostics.

If the catheter is removed in case of suspected CRI, the
catheter tip should be cut to a length of ~5 cm and placed in
a sterile dry container for transport. Standard methods for
microbiological diagnosis of CRI after CVC removal have
previously been reviewed [13, 98].

Diagnostic procedures for suspected localized CRI

Local CRI as exit-site infections and tunnel infections should be
suspected based on clinical signs and symptoms. Some authors
recommend taking a swab for culture and staining in case of
secretion at the exit site of the CVC [1, 88]. Nonetheless, skin
swabs do not allow for a reliable differentiation between coloniz-
ing and pathogenic organisms, even in case of purulent secretion
at the exit site, and have limited validity in patients with
suspected CRI [35, 88, 99]. In a recent study, cultures of skin
swabs from the skin overlying reservoir ports and from the in-
sertion site and hubs of tunneled catheters had low sensitivity and
specificity (23—45% and 60—63%, respectively) for the prediction
of CRBSI, defined as isolation of the same microorganism in
both the colonized CVC and at least one peripheral blood culture
obtained 1 week before or after catheter withdrawal [100].
Therefore, skin swabs have limited validity to confirm or rule
out local CRI and are not recommended in clinical routine.
Diagnostic procedures in case of suspected CRI are summarized
in Fig. 1, and recommendations are summarized in Table 3.

Prevention

Recommendations for the prevention of CRI are summarized
in Table 4.

Education, bundles, and surveillance

Avoiding unnecessary catheterization and prompt removal of
no longer required CVCs are effective measures to reduce
CRBSI, in particular in longer-dwelling catheters. Thus,
institution-wide standards such as daily audits to assess
whether each CVC is still needed are strongly encouraged.
The use of bundles for the prevention of CRIs, including pro-
spective consistent surveillance of CRI rates; education, in-
structions, and surveillance of hand hygiene; aseptic catheter-
ization; and handling of CVCs, effectively reduces CRI rates
and is recommended [101-107]. These bundles may also in-
clude recommendations on appropriate nursing staff levels
and the designation of designated trained personnel for place-
ment and handling of CVCs, as studies indicate an impact of
both factors in lowering CRI rates [108, 109]. These bundles
particularly stress the need for hand hygiene and disinfection
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Table 3
(CRI)

Standard procedures in the diagnosis of CVC-related infections

Before CVC removal

* Rule out other possible sources of infection by clinical examination and
imaging procedures, if necessary.

* Inspect the CVC insertion site or pocket or tunnel for signs of local
infection. Palpate the pocket or tunnel.

* Do not take skin swabs as they have limited validity to confirm or rule
out local CRI in clinical routine (DIII).

* Take one pair of blood cultures (aerobic and anaerobic) from a
peripheral vein and one from the CVC for microbiological evaluation
(AIL).

* In case of multi-lumen CVC, draw separate blood cultures from each
lumen (BII).

* Determine the DTTP between the CVC and peripheral blood culture
sample (for pathogens other than S. aureus or Candida spp.) (Allt).

* Do not use DTTP in patients with candidemia and S. aureus bacteremia
for diagnosis or exclusion of CRBSI and as a decision tool for CVC
preservation (DIIt).

* Do not use endoluminal brushing for routine diagnostics (DIII).
After CVC removal
* Perform a microbiological examination of the CVC tip (Allt).

DTTP, differential time to positivity; CVC, central venous catheter

of catheter access sites prior to manipulation. In addition to
these measures, close collaboration between the primary car-
ing oncologist and infection control/microbiology and ICU
physicians is essential in the prevention of CRIs.

Several institutions have issued recommendations on pre-
vention of CRI that are largely based on studies not exclusive-
ly focusing on cancer patients. Nonetheless, recent smaller
studies in cancer patients show similar results in terms of the
effectiveness of education and surveillance methods to pre-
vent CRIs in cancer patients [71, 110-113]. In a recent study,
Chaftari and colleagues conducted a quality improvement pro-
ject focusing on simultaneous peripheral and central blood
culture drawing with accurate source labeling in cancer pa-
tients. After staff education and monitoring, the average blood
culture source labeling improved from a baseline of 48 to 70%
and identification of the CVC as source of bacteremia was
successful in 88% of cases compared with 36% at baseline
(P=0.0003), suggesting that education measures are equally
effective in cancer patients for the prevention of CRIs [110].

Screening for CRIs in asymptomatic patients by routine
withdrawal of blood cultures is not recommended, as weekly
or even daily blood culturing is not effective in the earlier
detection of CRI in cancer patients including HSCT recipients
[114-117].

Sterile precautions, skin antisepsis, and CVC replacement

CVC insertion should be attempted under maximal sterile bar-
rier precautions including sterile gown, gloves, and cap and
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Fig. 1 Diagnostic procedures in
case of suspected catheter-related
infection (CRI)

Central venous catheter of any type
and

clinical signs and symptoms of infection

- 2 2 pairs of blood cultures from peripheral vein and central catheter

- consider sampling all lumens in multilumen catheters
- examine catheter tip in case of catheter removal
- swabs are inadequate for diagnosis of CRI
- Start of empirical antibiotic treatment

'

of infection

Treat alternative source

Alternative source of infection?

Catheter-related
infection

-Thorough physical examination

using a large sterile drape and implementing aseptic bundles
as they decrease the risk of CRI [102, 118].

Ultrasound (US)-guided central venous catheterization is
associated with lower rates of pneumothorax and other me-
chanical complications and may reduce the number of cannu-
lation attempts [119—121]. Although the impact on the inci-
dence of CRI is less clear, central venous cannulation using
US is recommended for the avoidance of mechanical compli-
cations and the reduction of cannulation attempts with a pos-
sible positive impact on the incidence of CRI [119, 122].

Cutaneous antisepsis using >0.5% chlorhexidine
alcohol-based solution (CBA) results in lower rates of
CRBSI compared with 10% polyvidone-iodine or 70%
alcohol-only solutions as shown in studies and meta-anal-
yses, although alcoholic polyvidone-iodine solutions (A-
PVP) or 70% propranolol may be safe alternatives in case
of allergy or intolerance to chlorhexidine [123—131].
Accordingly, the use of antiseptic agents containing only
alcohol is not recommended for insertion of CVCs by
institutional guidelines such as the KRINKO [27].
Several studies have analyzed and tested the sequential
or parallel application of disinfectants such as CBA and
A-PVP [69, 132—134]. For instance, sequential CBA with
A-PVP was superior to either of the regimens alone in
terms of a lower rate of CVC tip colonization in 119
patients on normal wards and ICUs [134]. A recent
meta-analysis analyzing several studies concluded that se-
quential antiseptic use reduces the likelihood of CVC col-
onization compared with the use of either agent alone,
although the impact on the risk of CRBSI risk is less clear
[132]. Therefore, combinations of CBA with A-PVA or

-Imaging according to guidelines

-Early CRC removal recommended
-Adapt antibiotic treatment

octenidine/propranolol solutions are alternatives for cuta-
neous antisepsis. If necessary, the insertion site should be
cleaned prior to disinfection.

Daily chlorhexidine (CHX) bathing reduces the incidence
of CRBSI in patients in ICUs. However, the impact of CHX
bathing on CRBSI in cancer patients has not been well studied
and is therefore not recommended in clinical routine [135,
136].

Although longer dwelling times of CVCs increase the risk
of CRBSI, routine replacement did not reduce the incidence of
CRBSI in adult ICU patients [137, 138]. A large cohort anal-
ysis examined CVC duration to predict CRBSI in 1194 cancer
patients and failed to determine an optimal cutoff time point at
which a prophylactic CVC exchange would prevent CRBSI
[33]. Thus, routine replacement of CVC is not recommended
[27]. Infusion and tubing systems should be replaced as pre-
viously recommended [10, 139].

CVC site dressing and anti-infective caps

Sterile gauze or transparent film should be used as dressing to
cover the CVC insertion site [25]. CVC gauze dressings
should be replaced every 2 days, transparent dressings once
weekly, unless there are signs of local contamination, inflam-
mation, or detachment [1, 25, 27, 140]. Whether the use of
gauze or transparent dressings is preferable in terms of lower
CRI rates was addressed in two recent meta-analyses [141,
142]. Dang and colleagues reported that transparent dressings
were associated with a lower risk of CRBSI [142]. In contrast,
an analysis of 22 studies did not find sufficient evidence for a
difference in the rate of CRBSI between different non-
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Table 4  Prevention of CVC-related infections (CRI)

* Avoid unnecessary catheterization and remove CVCs no longer
required (AILt).

* Implement education programs and bundles for nurses and physicians
including continuous surveillance and feedback to reduce the incidence
of CRIs (AIlt).

» Compliance with hygiene principles during insertion and standardized
aseptic placement and handling of the catheter help to avoid CRIs
(All).

* Alcoholic chlorhexidine solution with polyvidone-iodine solutions or
octenidine/propranolol solutions should be used for disinfection of the
catheter insertion site (Al).

* Ultrasound-guided placement ultrasound may reduce the rate of me-
chanical complications (Allt) and the number of cannulation attempts
with a possible impact on the incidence of CRI (CIIt).

* Avoid femoral catheterization (DIIt).

* Catheter fixation using sutureless devices might reduce the risk of CRI
(BI.

« Cover insertion site using sterile gauze or transparent film (AI).

* Replace CVC gauze dressings every 2 days and transparent dressings
once weekly, unless there are signs of local contamination,
inflammation, or detachment (BI).

* Chlorhexidine-containing dressings, preferably transparent
chlorhexidine-impregnated gel dressings, may be used alternatively as
they might reduce the risk of CRIs (BI).

* Antimicrobial-impregnated CVCs may be useful in patients with
long-term CVCs in case of persisting high rate of CRI despite imple-
mentation of educational programs and appropriate CVC bundles
(CI1Y).

* Antibiotic lock solutions should be limited to persisting high baseline
rates of CRI in high-risk patients with long-term catheters (BI).

* Do not screen for CRIs in asymptomatic patients by routine withdrawal
of blood cultures (DII).

* Do not apply systemic prophylactic antibiotic treatment prior to catheter
insertion (DI).

* Do not apply topical antibiotic ointments for reducing staphylococcal
colonization at the CVC insertion site (DII).

* Routine replacement does not reduce the incidence of CRI (DI).

CRI, catheter-related infection; CRBSI, catheter-related bloodstream in-
fection; CVC, central venous catheter

impregnated dressings [141]. Similarly, a recent systematic
review in HSCT recipients found no difference between the
type of dressing and the incidence of CRBSI [143]. Therefore,
gauze, tape, or transparent polyurethane dressings can be rec-
ommended for CVC site insertion dressing without clear pref-
erence of one over the other.

CHX-impregnated dressings were tested in cancer and ICU
patients in randomized trials showing a reduction in CRI rates
compared with standard dressings, and this finding could be
confirmed in a recent systematic review and meta-analysis
[31, 144—-148]. A recent multicenter randomized trial studied
the use of dressings containing CHX-containing gel pads
compared with standard non-impregnated dressings in 613
neutropenic cancer patients using the stringent definition of
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definite CRBSI and probable CRBSI [10, 31]. Although dif-
ference in the primary end point of definite CRBSI after
14 days did not meet statistical significance, both definite plus
probable CRBSI (dpCRBSI14) after 14 days and overall def-
inite plus probable CRBSI (dpCRBSI) were significantly less
frequent in the CHX group compared with control. Rates of
dpCRBSI14 were 6.5% (20/307) in the CHX group compared
with 11% (34/306) in the control group (P =0.047), and
dpCRBSI occurred in 10.4% (32/307) and 17% (52/306) in
the CHX and the control groups, respectively (P =0.019).
Moreover, CHX dressings were well tolerated as the frequen-
cy of dressing intolerance with cutaneous and soft tissue ab-
normalities at the contact area was similar in both groups
(12.4% and 11.8%; P=0.901) [31]. Therefore, the use of
CHX-containing dressings might be helpful for the prevention
of CRIs in cancer patients, preferably transparent CHX-
impregnated gel dressings, as CHX sponges might conceal
the insertion site and increase the risk of dressing detachment
[146, 147]. As CRlIs are often preceded by hub colonization,
disinfectant caps have been tested in smaller observational
trials and might be a promising approach to reduce the inci-
dence of CRIs in cancer patients [149, 150].

Choice of CVC, sutureless devices, and impact
of catheterization site

Randomized trials and meta-analyses have shown no differ-
ence in risk of CRIs between single- or multiple-lumen CVC,
and therefore, a preferred use of single-lumen catheters is not
supported [151-153]. The use of sutureless devices was found
to reduce the risk of CRI in a randomized study and in two
meta-analyses accounting for multiple treatments [141, 142,
154].

The association of catheterization site and CRI has been
studied in several earlier studies and meta-analyses
[155-158]. Overall, the insertion in femoral sites has been
associated with a higher risk of infections and thrombotic
complications compared with subclavian and internal jugular
CVCs. In arecent large randomized study comparing different
insertion sites in more than 3000 adult patients on ICUs, the
risk of an event in composite outcome of CRBSI and symp-
tomatic deep-vein thrombosis was significantly higher in the
femoral group compared with a subclavian approach [159]. In
accordance, two meta-analyses concluded that the use of fem-
oral catheters increases the risk of CRBSI compared with in-
ternal jugular and subclavian catheters [160, 161]. Therefore,
femoral catheterization should be avoided. Subclavian inser-
tion might be preferable over internal jugular, as colonization
risk and risk of CRBSI might be slightly lower at subclavian
sites [159—161]. However, in a recent retrospective single-
center analysis on 56 patients undergoing allogeneic HSCT,
there were no differences in the frequency of CLABSI, deep-
vein thrombosis, pneumothorax, and catheter lumen
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obstruction between catheters inserted into either internal jug-
ular or subclavian vein [162]. Of note, in larger studies, inser-
tion at the subclavian site was associated with higher risk of
mechanical complications, in particular pneumothorax and
hemorrhage [159, 163, 164].

Antimicrobially impregnated CVCs

Multiple studies and meta-analyses showed a reduction in
catheter colonization by use of antiseptic-coated CVCs, usu-
ally using CVCs coated with CHX, silver sulfadiazine, or both
[165-169]. However, a reduction in CRBSI rates by the use of
antimicrobial CVCs was not consistently found. The use of
minocycline/rifampicin or miconazole/rifampicin-coated
catheters resulted in a reduced incidence of CRI in the major-
ity of trials performed, and despite initial concerns, no higher
incidence of antibiotic resistance was observed with the use of
antibiotic CVCs [170—177]. Notably, in the largest trial exclu-
sively including cancer patients, the intervention was tested in
long-term catheters with catheters used for more than 2 months
[173]. In conclusion, the use of antimicrobial-impregnated
CVCs may be useful in patients with long-term CVC in case
of persisting high rate of CRI despite implementation of edu-
cational programs and appropriate CVC bundles.

Systemic and topical antibiotic prophylaxis

Systemic antibiotic prophylaxis before CVC insertion does
not reduce CRIs in cancer patients [178]. A recent single-
center study on fluoroquinolone prophylaxis in recipients of
autologous HSCT during neutropenia suggested a benefit in
reduction of CRIs. However, this was a retrospective study
that used the incidence of CLABSI rather than CRBSI as
primary endpoint [179]. Therefore, systemic antimicrobial
prophylaxis before CVC insertion is not recommended for
the prevention of CRIs. Accordingly, as topical antibiotics
have not been shown to reduce risk of CRIs and might in-
crease the risk of antibiotic resistance, the use of topical anti-
biotics is not recommended for the prevention of CRI [180].

Antimicrobial lock solutions for prevention of CRIs

Heparin lock solutions are commonly used, although saline
solution might be a safe alternative as it proved non-inferior in
terms of functional problems and CVC-related bacteremia in a
randomized trial including 802 cancer patients with totally
implantable venous access devices [181]. Taurolidine-
citrate-heparin did not result in significantly less CVC hub
colonization and CRBSI than placebo in neutropenic hemato-
logic patients in a prospective multicenter trial involving 150
patients with non-tunneled CVCs [182]. Ethanol 70% lock
solution has been studied in several randomized trials includ-
ing heterogenous study populations with conflicting results. In

a placebo-controlled randomized trial including 64 hemato-
logic patients with cuffed subclavian Hickman catheters, daily
administrations of ethanol locks effectively reduced the inci-
dence of CABSI from 0.60/100 catheter-days in the ethanol
group to 3.11/100 catheter-days in the control group [183].
Similarly, 2-hour ethanol locks once weekly resulted in a re-
duced CABSI incidence in a randomized trial in 307 pediatric
oncology patients, predominantly less Gram-positive
CLABSIs [184]. In contrast, two recent randomized trials,
one of those using the more stringent CRBSI definition, failed
to show a significant reduction of CRIs in cancer patients by
use of ethanol locks [185, 186].

As CRIs are in most cases preceded by CVC colonization,
antibiotic lock solutions were tested as means of preventing
bacterial colonization and subsequent CRI. Instillation of van-
comyecin resulted in lower rates of CVC hub colonization with
Gram-positive bacteria and subsequent bacteremia during
neutropenia in a randomized single-center study including
120 cancer patients [187]. Three meta-analyses suggested a
reduction of CRI by antibiotic locks (ALT) [178, 188, 189].
However, the studies included were heterogenous as the pop-
ulations studied were in part pediatric cancer patients or he-
modialysis patients and the treatment protocols varied sub-
stantially. Therefore, ALT should be limited to persisting high
baseline rates of CRI in high-risk patients with long-term cath-
eters, and the potential beneficial effects of ALT must be
balanced against the potential for allergic reactions, toxicity,
and emergence of antimicrobial resistance.

Management

Recommendations for the management of CRI are summa-
rized in Table 5 and in Table 6.

Catheter removal

Antimicrobial therapy and removal of the CVC are crucial in
the treatment of patients with suspected CRI. As retention of
the CVC in patients with suspected CRI can result in treatment
failure or recurrence of infection in spite of antibiotic therapy,
CVC removal is encouraged in all patients with CRI whenever
possible[1,21, 38, 86, 190—-192]. Although CVC removal and
reinsertion may be burdensome for cancer patients, early CVC
removal is particularly encouraged in patients with deteriorat-
ing clinical state, sepsis, or septic shock and in case of severe
complications such as endocarditis, septic thrombosis, abscess
formations, or osteomyelitis [193]. In addition, in patients
with tunnel or pocket infection, CVC removal is usually re-
quired [1]. CVC exchange is often cumbersome and associat-
ed with significant risks in thrombocytopenic patients and
may not always be feasible. However, retention of CVC has
not been tested as a strategy in any randomized trial in patients
with suspected CRI. Therefore, in severely thrombocytopenic
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Table 5 Management of CVC-related infections (CRI)

* Remove the CVC in patients with CRI whenever possible (Allt).

* CVC removal is necessary in patients with tunnel and pocket infections
(BIID).

* In severely thrombocytopenic patients with limited venous access, the
risk of catheter reinsertion should be carefully weighed against the risk
of patient deterioration and prolongation of the infection (BIII).

* CVC exchange over a guidewire is not recommended as an alternative
approach to removal (DIII).

* Early CVC removal is particularly encouraged in patients with
deteriorating clinical state, sepsis, or septic shock and in case of severe
complications such as endocarditis, septic thrombosis, abscess
formations, or osteomyelitis (BIII). In case of preserved catheter,
prompt removal is warranted in any case of clinical deterioration or
continued positive blood cultures 72 h after initiation of therapy in
spite of appropriate antimicrobial therapy.

* Early CVC removal is always recommended in patients with CRBSI
due to S. aureus (Allt).

* Early catheter removal is always recommended in patients with CRBSI
due to Candida spp. (Allt).

* Catheter removal within 4872 h is recommended in case of CRBSI
caused by Gram-negative bacteria (BIIt).

* Preservation of CVC may be initially attempted in clinically stable
patients in the presence of coagulase-negative staphylococci or
Corynebacterium jeikeium (BIIt).

* An antimicrobial lock technique may be an option for “highly needed”
infected implantable catheters in conjunction with systemic antibiotic
therapy (BIII).

» Empirical glycopeptide therapy is not recommended (DI).

* Modify systemic antibiotic treatment according to microbiological
results of susceptibility testing (AII).

« Initial antimicrobial regimen may be continued in case of clinical
response to empiric treatment without microbiological evidence of
insufficient antibiotic coverage (BIII).

* For uncomplicated CRI, continue antibiotic treatment >7 days
depending on the causative pathogen, counting the day of the first
sterile blood culture as day one of treatment (AII).

* Atleast 2 weeks of systemic antimicrobial treatment is recommended in
immunocompromised patients (BIII).

CRI, catheter-related infection; CRBSI, catheter-related bloodstream in-
fection; CVC, central venous catheter

patients with limited venous access, the risk of CVC reinser-
tion should be carefully weighed against the risk of patient
deterioration and prolongation of the CRI.

Several studies in patients with S. aureus bacteremia indi-
cate an increased risk for hematogenous complications, re-
lapse of infection, and death of infection if the CVC is retained
after detection of S. aureus [194, 195]. Retrospective analyses
reported successful preservation of Hickman catheters in pa-
tients with S. aureus bacteremia in 18—-60% of analyzed cases.
However, these studies are likely to be biased due to selection
of patients with successful salvage [196, 197]. Moreover, El
Zakhem and colleagues recently analyzed 299 cancer patients
with 304 episodes of S. aureus CLABSI and reported a higher
rate of relapse in patients whose CVC was retained beyond
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3 days compared with those whose CVC was removed or
exchanged within the first 3 days from the onset of bacteremia
[198]. Therefore, early CVC removal is recommended in pa-
tients with suspected S. aureus CRI.

Retrospective studies suggest that mucositis and the gas-
trointestinal tract rather than the CVC might be the cause for
candidemia in a large proportion of cancer patients with
candidemia [199, 200]. However, the diagnosis of CRI in
patients with candidemia without CVC removal is challeng-
ing, since a DTTP of > 2 h is unreliable in excluding Candida-
related CRBSI, and the cutoff DTTP for different Candida
spp. is not established and may vary substantially [16—18].
In two prospective observational studies [201, 202] and a
retrospective analysis of two prospective trials testing the ef-
ficacy of antifungal drugs [203], early CVC removal was not
associated with any clinical benefit in patients with
candidemia and CVC. However, these studies were not limit-
ed to cancer patients, included only a minority of neutropenic
patients, and did not use stringent criteria for the definition of
CRBSI. In contrast, Raad and colleagues retrospectively ana-
lyzed 404 cancer patients with candidemia and CVCs and
found that CVC removal within 72 h after onset of candidemia
improved the response to antifungal therapy in patients with
Candida-related CRBSI [199]. Similarly, findings from retro-
spective studies and a prospective cohort study in cancer pa-
tients with candidemia and systematic reviews indicate a de-
creased mortality in patients with CVC removal [204-206].
Therefore, prompt CVC removal is recommended in cancer
patients with candidemia and yeast-related fungemias (e.g.,
Rhodotorula spp.) other than caused by Cryptococcus spp.
[207, 208].

In patients with CRBSI caused by Gram-negative bacteria,
CVC retention resulted in higher risk of relapse of Gram-
negative bacteremia [8]. Furthermore, early CVC removal
was associated with lower mortality in a single-center retro-
spective study including 78 cases of Gram-negative CRBSI
(43 definite and 35 probable), of which about one-third had
cancer [209]. Another retrospective study on 300 cancer pa-
tients with Gram-negative bloodstream infections showed that
CVC removal within 2 days of pathogen detection was asso-
ciated with lower overall mortality in CRBSI patients (overall
mortality rate at 3-month follow-up: 3% and 19%, P=0.01, in
patients with early and delayed CVC removal, respectively)
[191]. Similarly, prompt CVC removal was found to be asso-
ciated with a better response to antimicrobial therapy and low-
er risk of mortality in patients with CRBSI related to
Stenotrophomonas spp. [209-211]. Therefore, prompt CVC
removal (within 48—72 h) is recommended in case of CRBSI
caused by Gram-negative bacteria.

A recent study on 184 CRBSI episodes caused by CoNS
including 41% cancer patients found that withholding antimi-
crobial therapy in CoNS CRBSI following CVC removal was
not associated with non-resolved CRIs or mortality [212].
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Table 6 Antimicrobial therapy of CRI depending on causative pathogen

Pathogen Therapy Duration®

Staphylococcus aureus Isoxazolyl penicillin (anti-staphylococcal penicillin) >2 weeks®
(methicillin-sensitive)®

Staphylococcus aureus Glycopeptide, linezolid, daptomycin >2 weeks®

(methicillin-resistant)®

Coagulase-negative
staphylococci resistance
Enterococci
linezolid in case of vancomycin resistance

Stenotrophomonas spp. Co-trimoxazole

According to susceptibility pattern; glycopeptides only in case of methicillin

Aminopenicillin; glycopeptide and aminoglycoside in case of ampicillin resistance;

4-6 weeks in case of complicated
infection

5-7 days after defervescence (in pts
with persistent neutropenia)

5-7 days after defervescence (in pts
with persistent neutropenia)

>2 weeks

According to susceptibility pattern in case of allergy (e.g., levofloxacin)

Pseudomonas spp. According to susceptibility pattern

Candida albicans®

Echinocandin according to susceptibility pattern or amphotericin B lipid-based

>2 weeks

>2 weeks

formulations after stabilization step down to fluconazole

Non-albicans Candida
spp.”
All other pathogens

amphotericin B lipid-based
According to susceptibility pattern

Echinocandin; step down to azole according to susceptibility pattern or

>2 weeks (after first sterile blood
culture)

Not defined

Follow-up blood cultures necessary after cessation of antibiotic/antifungal therapy in order to rule out persistence of infection (AII)

b Early CVC removal required (AIl)

¢ Higher incidence of organ infection if treatment is continued for <2 weeks (AII)

CVC, central venous catheter; pts, patients

In patients with implanted long-term catheters such as
Hickman catheters and port catheters, two retrospective cohort
studies analyzed the effect of CVC removal in patients with
CoNS CRBSI. The investigators found no impact on mortality
or the resolution of bacteremia, although a higher risk of re-
currence of infection was detectable [86, 213]. Thus, in hemo-
dynamically stable patients of urgent need for long-term ve-
nous access and limited options, long-term CVCs may be left
in place under careful surveillance and with systemic antibac-
terial therapy. Similarly, in retrospective studies examining
the effect of CVC removal in patients with Corynebacterium
Jjeikeium causing BSI and CRI, retention of the CVC was not
associated with higher mortality or recurrence of infection if
systemic antibiotic treatment was administered [214, 215].
Accordingly, in patients with C. jeikeium CRI, CVC retention
along with systemic antibiotic treatment may be acceptable in
hemodynamically stable patients with tunneled CVC under
careful surveillance.

In patients with CVC left in place after onset of symptoms,
CVC removal is warranted in any case of clinical deterioration
or continued positive blood cultures 72 h after initiation of
therapy in spite of appropriate antimicrobial therapy [1].

CVC exchange over a guidewire may induce bacteremia
and therefore cannot be recommended as alternative approach
to CVC removal. CVC exchange over a guidewire and re-
placement with a minocycline/rifampin-coated CVC were
shown to prevent biofilm formation [216] and appeared to

be safe and improved response to systemic antimicrobial ther-
apy in one matched retrospective cohort study in cancer pa-
tients with CRI [217]. This approach may be feasible in se-
lected patients when the risk of reinsertion outweighs the per-
sistence or relapse of CRI.

Antibiotic lock therapy

ALT is conducted by instillation of antibiotic solutions at high
concentrations mostly in combination with anticoagulants
such as heparin or EDTA (ethylenediaminetetraacetate) into
a CVC lumen for several hours. ALT was studied in small
randomized trials and retrospective studies as treatment in
conjunction with systemic antibiotic therapy for patients with
implantable CVCs showing efficacy in up to 100%
[218-220]. However, the procedure of ALT is not standard-
ized, and considerable variability between different protocols
concerning the antibiotic solutions used, antibiotic concentra-
tions, dwelling time, the duration of ALT, and the simulta-
neous use of the infected catheter has been reported [221].
Moreover, ALT may be less effective in CRBSI caused by
S. aureus, Candida spp., and other microorganisms embedded
in biofilms [222]. In conclusion, ALT may be a treatment
option for patients with infected implantable CVCs and limit-
ed options for vascular access in conjunction with systemic
antibiotic therapy.
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Several antiseptic solutions such as ethanol or combina-
tions of antibiotics with antiseptic solutions have been tested
in smaller studies in patients with bacteremia [223-226]. In a
randomized study using either ethanol 70% or saline in 94
children with cancer as treatment or secondary prophylaxis
for CLABSI, ALT did not prevent CLABSI treatment failure
and it increased CVC occlusion [224]. In contrast, approaches
using minocycline-EDTA-ethanol solution while leaving the
catheter in place compared favorably in 30 adult cancer pa-
tients with CLABSI in terms of duration of systemic antimi-
crobial therapy and mechanical complications. However, as
this study only used a historic control of patients, the results
should be confirmed in a randomized trial [227].

Systemic antimicrobial treatment

Systemic antibiotic treatment is the second mainstay of
treatment of CRI and should be started immediately after
sampling of blood cultures. The choice of empiric antibi-
otic treatment depends on the clinical severity of the in-
fection, the patient’s comorbidities, and potential known
colonization with MDR bacteria, as well as local resis-
tance patterns [45, 87]. In high-risk neutropenic patients,
piperacillin/tazobactam, imipenem, and meropenem can
be suitable options for first-line empirical antibacterial
therapy [87]. Empiric addition of glycopeptides prior to
microbiological evidence of Gram-positive CRI is dis-
couraged, as this treatment might result in an increase in
antibiotic resistance and additional toxicity and does not
improve outcomes of febrile neutropenic patients with
cancer as shown in several studies and a recent meta-
analysis [228].

Empiric treatment should be modified according to micro-
biological results of susceptibility testing. In patients clinically
responding to empiric treatment without microbiological evi-
dence of insufficient antibiotic coverage, the initial antimicro-
bial regimen may be continued. Repeated blood cultures are
recommended to account for the first day of negative blood
culture results to guide treatment duration and to detect com-
plicated CRI with prolonged microbiological evidence of bac-
teremia in spite of antimicrobial treatment. Duration of the
treatment depends on the pathogen detected, the resolution
of symptoms, the absence or emergence of complications such
as endocarditis or osteomyelitis, and clinical, microbiological,
and laboratory evidence of response to antimicrobial treatment
[45, 87].

Depending on the causative pathogen and for uncomplicat-
ed CRI, antibiotic treatment should be continued for at least
7 days, counting the day of the first sterile blood culture as day
one of treatment and catheter removal [1, 229, 230]. Longer
treatment duration may be indicated in case of complications
such as endocarditis and for treatment of specific pathogens
such as S. aureus, Candida spp. and other fungi [207],
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Stenotrophomonas spp., and others (Table 6). Optimal treat-
ment duration in neutropenic cancer patients is currently un-
clear, and whether treatment should be continued until reso-
lution of neutropenia remains controversial as specific data
from high-quality studies in neutropenic patients are lacking
[231]. With respect to specific clinical scenarios such as non-
response to antimicrobial treatment or the management of
sepsis, we refer to recent AGIHO guidelines [45, 46, 87].

Conclusion

In this guideline, we summarize recommendations on defini-
tion, diagnosis, management, and prevention of CRI in cancer
patients. This publication replaces the current version of our
guideline and adds specific recommendations on cancer pa-
tients in addition to institutional and regulatory guidelines.

Diagnostic procedures for the detection of CRIs should be
initiated upon clinical signs and symptoms of infection in
patients with any type of indwelling CVC. In patients with
suspected CRI, at least two pairs of blood cultures with ade-
quate quantity of blood should be taken simultaneously from
the CVC and a peripheral vein. Although the DTTP has been
reported as a sensitive and specific diagnostic marker for
CRBS]I, recent studies suggest that the DTTP is inaccurate
for the diagnosis of S. aureus— and Candida spp.—associated
CRBSI. In case of suspected or diagnosed CRI, the mainstays
of treatment are antimicrobial therapy and removal of the
CVC. As CVC retention may result in treatment failure or
recurrence of infection in spite of antibiotic therapy, removal
is encouraged whenever possible. CVC retention along with
systemic antibiotic treatment may be acceptable in hemody-
namically stable patients under careful surveillance in certain
cases and for selected pathogens. In any case, removal is war-
ranted in case of clinical deterioration or continued positive
blood cultures 72 h after initiation of appropriate antimicrobial
treatment. Systemic antibiotic treatment should be initiated
immediately after sampling of blood cultures and chosen de-
pending on severity of the infection, patient’s comorbidities,
and potential colonization with MDR pathogens as well as
local resistance patterns.
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