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A B S T R A C T

Background

Candida bloodstream infections most oGen aHect those already suHering serious, potentially life-threatening conditions and oGen cause
significant morbidity and mortality. Most aHected persons have a central venous catheter (CVC) in place. The best CVC management in
these cases has been widely debated in recent years, while the incidence of candidaemia has markedly increased.

Objectives

The main purpose of this review is to examine the impact of removing versus retaining a CVC on mortality in adults and children with
candidaemia who have a CVC in place.

Search methods

We searched the following databases from inception to 3 December 2015: Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE (Ovid SP), EMBASE (Ovid SP), the Commonwealth Agricultural Bureau (CAB), Web of Science and the Cumulative Index to Nursing
and Allied Health Literature (CINAHL). We searched for missed, unreported and ongoing trials in trial registries and in reference lists of
excluded articles.

Selection criteria

We searched for randomized controlled trials (RCTs) and quasi-RCTs involving adults and children with candidaemia and in which
participants were randomized for removal of a CVC (the intervention under study), irrespective of publication status, date of publication,
blinding status, outcomes published or language.

However, two major factors make the conduct of RCTs in this population a diHicult task: the large sample size required to document the
impact of catheter removal in terms of overall mortality; and lack of economic interest from the industry in conducting such a trial.

Data collection and analysis

Our primary outcome measure was mortality. Several secondary outcome measures such as required time for clearance of blood cultures
for Candida species, frequency of persistent candidaemia, complications, duration of mechanical ventilation and length of stay in the
intensive care unit (ICU) and in the hospital were planned, as were various subgroup and sensitivity analyses, according to our protocol.
We assessed papers and abstracts for eligibility and resolved disagreements by discussion. However, we were not able to include any RCTs
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or quasi-RCTS in this review and, as a result, have carried out no meta-analyses. However, we have chosen to provide a brief overview of
excluded observational studies.

Main results

We found no RCT and thus no available data for evaluation of the primary outcome (mortality) nor secondary outcomes or adverse eHects.
Therefore, we conducted no statistical analysis.

A total of 73 observational studies reported on various clinically relevant outcomes following catheter removal or catheter retention.
Most of these excluded, observational studies reported a beneficial eHect of catheter removal in patients with candidaemia. None of the
observational studies reported results in favour of retaining a catheter. However, the observational studies were very heterogeneous with
regards to population, pathogens and interventions. Furthermore, they suHered from confounding by indication and an overall high risk
of bias. As a consequence, we are not able to provide recommendations or to draw firm conclusions because of the diHiculties involved
in interpreting the results of these observational studies (very low quality of evidence, GRADE - Grades of Recommendation, Assessment,
Development and Evaluation Working Group).

Authors' conclusions

Despite indications from observational studies in favour of early catheter removal, we found no eligible RCTs or quasi-RCTs to support these
practices and therefore could draw no firm conclusions. At this stage, RCTs have provided no evidence to support the benefit of early or late
catheter removal for survival or other important outcomes among patients with candidaemia; no evidence with regards to assessment of
harm or benefit with prompt central venous catheter removal and subsequent re-insertion of new catheters to continue treatment; and
no evidence on optimal timing of insertion of a new central venous catheter.

P L A I N   L A N G U A G E   S U M M A R Y

Central venous catheter removal for adults and children su5ering from bloodstream infections caused by Candida species

Review question

The main purpose of this review was to examine the impact of prompt removal of a central venous catheter (CVC) on the survival of patients
with Candida species in the bloodstream (candidaemia) compared with keeping the CVC in place when treating with antifungal agents.

Background

A CVC is placed into a large vein to administer medications or fluids that cannot be taken by mouth or would harm a smaller peripheral
vein. Catheters can be placed in veins in the neck, chest or groin, or through veins in the arms (peripherally inserted central catheters,
also known as PICC lines). Candida (a genus of yeast) can be found in blood samples taken from the catheter and may cause acute, critical
illness and even death in people already suHering from other diseases. Infections caused by Candida have markedly increased in numbers
over past decades. Candida is now the fourth most common bloodstream infection contracted by people already in hospital. This type of
infection considerably increases hospital costs.

Prompt catheter removal is recommended by international specialist societies. However, the catheter oGen provides important access for
medical or fluid therapy for treating other illnesses. If a catheter is removed, then a new one is oGen required, and this can cause distress
for the patient. Any time gap between removal of one catheter and insertion of a new catheter may interfere with treatment, leading to
worsening of the situation. Additionally, inserting a new catheter is associated with risk of complications arising from accidental damage
to large blood vessels, potentially causing severe bleeding or accidental puncture of a lung, causing the lung to collapse. Although rare,
these complications may ultimately lead to death.

Search date

The evidence was up to date as of 3 December 2015.

Study characteristics

We found no clinical trials with a randomized controlled design that evaluated this topic and measured the number of deaths or any of
our secondary outcomes.

We identified 73 observational studies that delivered descriptive data on catheter management and survival in people with bloodstream
infections caused by Candida.

Key results

We identified no randomized controlled trials for statistical analyses and assessments. Therefore, we can present no results on the eHect
of catheter removal on survival when Candida is found in the bloodstream.
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A total of 73 observational studies reported relevant outcomes aGer the catheter was removed or was kept in place. In all, 40 studies
reported a beneficial eHect of catheter removal in patients with candidaemia, and 34 presented results showing no clear diHerences
between groups. No studies reported results in favour of retaining the catheter.

We found no reports on the harmful eHects of removing a catheter and re-inserting a new catheter.

Quality of evidence

No randomized controlled trials met the inclusion criteria. Consequently, we cannot assess the quality of evidence.
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B A C K G R O U N D

Invasive Candida infections have markedly increased in frequency
during the 1990s to become the fourth most common cause of
nosocomial bloodstream infection (Colombo 2006; Edmond 1999).
The estimated additional cost of an episode of candidaemia in
adults is approximately USD 40,000 (Fridkin 2005; Morgan 2005).
Most persons with candidaemia have a central venous catheter
(CVC) in place, and the best CVC management in these patients has
been highly debated (Nucci 2010; Pasqualotto 2008; Raad 2004).

Previous studies have shown that retention of vascular catheters
colonized with Candida species is associated with prolonged
fungaemia (Girmenia 1996; Rex 1995), increased risk of metastatic
complications (Girmenia 1996; Lecciones 1992; Rex 1995) and death
in adults with candidaemia (Asmundsdottir 2005; Lecciones 1992;
Raad 2004). Other investigations have failed to confirm the benefit
of early CVC removal (Nucci 2010; Rodriguez 2007). Removal of
vascular catheters has been advocated as an adjunctive strategy
for treating persons with candidaemia, particularly among non-
neutropenic adults (Mermel 2009; Pappas 2003; Pappas 2009).

However, other variables may impact the outcome, particularly
severity of illness and persistence of neutropenia (Nucci 2002). A
policy of systematic CVC removal in persons with candidaemia
may result in mechanical complications associated with insertion
of a new catheter, including bleeding, pneumothorax and
eventually death. Although most international societies and
experts recommend catheter removal in this scenario (Pappas
2009), no clinical trial has ever documented a survival benefit
resulting from this intervention.

Description of the condition

Candidaemia describes the presence of any fungus of the species
Candida in the bloodstream. It is a potentially devastating
infection that predominantly aHects severely ill, hospitalized
people. Most studies report a relatively low prevalence (Blumberg
2001; Marchetti 2004; Petri 1997; Tortorano 2006), but an incidence
as high as 9.8/1000 intensive care unit (ICU) admissions has
been reported (Rangel-Frausto 1999). Severity is inarguable,
with reported crude mortality rates ranging from 30% to 60%
and reported attributable mortality rates ranging from 25%
to 40% (Blot 2002; Gudlaugsson 2003; Voss 1997; Wey 1988;
WisplinghoH 2004; Zaoutis 2005). Major risk factors include recent
abdominal surgery, gastrointestinal perforation, compromised
immune function, treatment with broad-spectrum antibacterial
agents, presence of CVC, major organ dysfunction, malignancy and
extremes of age (Glockner 2013).

Candidaemia requires systemic antifungal treatment aimed at
eradication of free-floating Candida species as well as any primary
focus or secondary manifestation. As mentioned, most people
presenting with candidaemia have a CVC in place (Nucci 2010; Raad
2004); this evokes the controversial and much debated issue of
whether it should be removed.

Description of the intervention

Removal of an indwelling CVC is a common and widely advocated
strategy when candidaemia is suspected or diagnosed (Mermel
2009; Pappas 2009). A new CVC may be inserted immediately as
a replacement if required for treatment. CVC removal may be
performed as a sole intervention or may be done as part of a

strategy in which all indwelling catheters are removed and possibly
replaced.

Despite conflicting evidence, one might argue that the a priori
possibility that this intervention will be eHective in CVC-related
infection is considerable. However, it is not possible to formally
categorize candidaemia as CVC-related without removing the CVC
in question, as this requires detection of a significant quantum of
Candida species on the catheter tip.

Removal may be done early or late following the diagnosis of
candidaemia. For the purposes of this review, we will consider
removal on day zero or day one following the diagnosis of
candidaemia as early, and removal from day two to day seven as
late.

For comparison, a CVC may be retained in candidaemia while
relevant treatment is initiated.

How the intervention might work

Similar to many other micro-organisms, Candida species may
produce and embed themselves within a protective biofilm. Biofilm
acts both as a mechanical barrier and as an environment for genetic
exchange, thereby contributing to protection from elimination
by the innate host immune defence and to emerging antibiotic
resistance (Raad 1993).

Most vascular devices develop biofilm within 24 hours aGer
insertion (Raad 1993), and the occurrence of catheter-related
bloodstream infection is proportionate to the presence of
micro-organisms on the catheter tip. In case of catheter-
related candidaemia, removal of a catheter will eliminate the
primary focus of infection and will prevent micro-organisms
embedded in the biofilm from further detachment of planktonic
pathogens, embolization, establishment of metastatic infection
and maintenance of systemic infection (Leonidou 2010; Schachter
2003). In cases of candidaemia not primarily related to an
indwelling device, removal of such a device may prevent Candida
species from embedding themselves in pre-existing or new biofilm
on this device.

Also, an indwelling device presents risk of complicating
superinfections through extraluminal or intraluminal
contamination (Miller 2012), which may negatively aHect outcomes
in those already struggling with candidaemia.

On the other hand, candidaemia always requires systemic
antifungal treatment, which involves continuous intravenous
access. Persons with candidaemia may require inotropics,
haemodynamic monitoring or infusion of fluids or parenteral
nutrition during illness, prompting insertion of a new CVC if one
has been removed. This procedure involves risks of mechanical
(bleeding, arterial puncture, pneumothorax, haemothorax) and
infectious complications, which may negatively aHect outcomes.

Why it is important to do this review

The issue of whether catheters should be removed from adults and
children with candidaemia remains controversial.
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O B J E C T I V E S

The main purpose of this review is to examine the impact of
removing versus retaining a central venous catheter (CVC) on
mortality in adults and children with candidaemia who have a CVC
in place.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We searched for randomized controlled trials (RCTs), irrespective of
publication status, date of publication, blinding status or language.
We planned to contact investigators and study authors to retrieve
relevant data. We aimed to include unpublished trials only if trial
data and methodological descriptions were provided in written
form or could be retrieved from the study authors. We planned
to include quasi-randomized trials because of the expected low
number of trials that could be included in the review, but we had
no intention of including cross-over trials or observational studies.

However, two major factors make the conduct of RCTs in this
population a diHicult task: the large sample size required to
document the impact of catheter removal in terms of overall
mortality; and lack of economic interest from the industry in
conducting such a trial.

We had no knowledge of any existing RCTs exploring this subject
and anticipated that we would find none. We did not plan to include
non-randomized studies but planned to provide a description of
these studies and their results in the additional tables.

Types of participants

We planned to include participants of all ages with candidaemia
who had a CVC in place. We excluded data from participants who
did not have candidaemia (e.g. other forms of invasive Candida
infection such as Candida peritonitis) and from individuals with no
CVC in place. We considered only individuals for whom information
about CVC management was available. We included participants
irrespective of their underlying disease.

We searched papers considered eligible for assessment for the
following data for each participant.

1. Demographic information.

2. Main underlying diseases.

3. Data on neutropenia.

4. Severity of illness.

5. CVC data and management.

6. Data on candidaemia.

7. Antifungal treatment.

8. Outcomes.

Demographic information included age and sex. Main underlying
diseases included solid organ transplantation, haematopoietic
stem cell transplantation, AIDS, diabetes mellitus, solid cancer
and haematological neoplasm. We recorded abdominal surgeries
performed during the two weeks preceding diagnosis of
candidaemia, as well as receipt of steroids.

We defined the presence and duration of neutropenia by using an
absolute neutrophil count ≤ 500 cells/µL in the last 30 days. We
considered neutropenia to have persisted if the neutrophil count
did not recover (i.e. with increases above 500 cells/µL) during the
week following diagnosis of candidaemia.

We planned to obtain the following variables to determine the
severity of candidaemia: Acute Physiology And Chronic Health
Evaluation (APACHE II) score, stay in the ICU, shock requiring
inotropic support, respiratory failure requiring invasive mechanical
ventilation, renal failure (serum creatinine ≥ 2 mg/dL), renal failure
requiring dialysis and liver insuHiciency (aminotransferases or
bilirubins above five or 10 times the upper limit of detection,
respectively). We will collect these variables when we obtain the
index blood culture.

CVC data include short versus long permanence of CVC and time
taken for CVC removal. Both would be considered in relation to
the date the blood culture was obtained and the date antifungal
therapy was initiated. The diagnosis of candidaemia will be
established when Candida species are recovered from a blood
culture taken from an individual with sepsis. We will calculate
duration of candidaemia and time taken for CVC removal from the
day the first positive blood culture for Candida was obtained. We
planned to stratify participants as having candidaemia lasting for:
(1) three or fewer days; (2) four to seven days; and (3) longer than
seven days. We planned to record the Candida species causing
candidaemia.

We considered candidaemia to be CVC-related if significant growth
of Candida species was documented from the catheter tip. This
could be determined by semi quantitative (> 15 colony-forming

units (CFUs)/catheter segment) or quantitative (> 103 CFUs/
catheter segment) cultures. We did not consider diHerential time to
positivity between blood taken from central lines and blood taken
from peripheral veins for the diagnosis of CVC-related candidaemia
because this strategy has been validated only for use with bacterial
infection (Mermel 2001; Mermel 2009).

We planned to stratify participants according to the antifungal
drug they received because some drug classes (e.g. echinocandins,
polyenes) are known to have antibiofilm activity. We aimed
to collect data on the appropriateness of antibacterial therapy
for candidaemic participants with a concomitant bacterial
bloodstream infection. We considered therapy as appropriate if
the prescribed antibacterial drug was shown to be active against
bacteria isolated in the blood culture.

We aimed to record time to death and time to hospital discharge
in the case of survivors. For the purpose of survival analysis, we
planned to censor participants at week six aGer the diagnosis of
candidaemia.

Types of interventions

For the purpose of this review, we considered CVC removal as
removal or replacement of all central venous lines within seven
days of the diagnosis of candidaemia (date on which the positive
blood culture for Candida was drawn). This criterion would not
apply when CVCs were exchanged over a guidewire; we planned to
analyse these cases separately.

We considered a CVC not removed within seven days aGer the
diagnosis of candidaemia to be a comparison.
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Types of outcome measures

Primary outcomes

1. Overall mortality. We planned to use the longest follow-up data
from each trial, regardless of the duration of follow-up*.

Secondary outcomes

1. Time required for clearance of blood culture for Candida
species*.

2. Frequency of persistent candidaemia (defined as any blood
culture that remained positive for Candida species aGer three
days of eHective antifungal therapy)*.

3. Complications probably related to candidaemia (metastatic
foci of infection including endocarditis, endophthalmitis and
hepatosplenic candidosis)*.

4. Complications probably related to the intervention: local
suppurative and mechanical complications (e.g. pneumothorax,
arterial puncture or bleeding requiring blood transfusion).*

5. Complications during in-patient stay not specific to the
trial intervention (e.g. pneumonia, congestive cardiac failure,
respiratory failure, renal failure).

6. Duration of mechanical ventilation*.

7. Length of stay in the ICU*.

8. Length of stay in the hospital*.

9. Species-related mortality.

* Indicates key outcomes that we planned to include in a 'Summary
of findings' table for the review.

Search methods for identification of studies

We conducted searches to identify all published and unpublished
studies evaluating CVC removal in participants with candidaemia.
We applied no language restrictions; when necessary, we translated
papers written in languages other than English. We planned to
contact study authors and drug companies to obtain additional
data from the selected trials but found no additional studies of
relevance.

Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL; 2015, Issue 12) (Appendix 1); MEDLINE (interface
PubMed) (1966 to 3 December.2015) (Appendix 2); EMBASE (1966
to 3 December.2015) (Appendix 3); Latin American Caribbean
Health Sciences Literature (LILACS) (1982) (Appendix 4); Institute
for Scientific Information (ISI) Web of Knowledge (1945 to
3 December.2015 ) (Appendix 5); and SCOPUS (1960 to 3

December.2015) (Appendix 6). We combined the strategies
described in Section 6.4 of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011) to search for RCTs in
MEDLINE and EMBASE. We checked the reference lists of all
retrieved studies of interest for additional relevant studies.
Additionally, we checked all references of relevant reviews, society
guidelines and commentaries identified in both PubMed and
EMBASE.

Searching other resources

We handsearched the reference lists of reviews, randomized
and non-randomized studies and editorials to locate additional
studies. We were not able to retrieve additional information from
pharmaceutical companies nor from experts in the field. We
searched for ongoing clinical trials and unpublished studies at the
following Internet sites.

1. Current Controlled Trials (http://www.controlled-trials.com).

2. ClinicalTrials.gov (http://clinicaltrials.gov).

3. CenterWatch (http://www.centerwatch.com).

Data collection and analysis

We used the standard methods of the Cochrane Anaesthesia,
Critical and Emergency Care Group (ACE) to identify studies and
to assess the methodological quality of eligible trials. We used the
Review Manager statistical package (RevMan 2014) provided by The
Cochrane Collaboration to analyse the data. We considered the
frequency of autopsy and the frequency of daily blood culture in the
five days following candidaemia and the percentage of participants
excluded aGer screening for the purpose of quality evaluation.

Selection of studies

We searched for RCTs and quasi-RCTs involving adult participants
with candidaemia, and in which participants were randomized for
CVC removal (the intervention under study). As already mentioned,
we planned to select trials irrespective of their original language.

We independently read all abstracts in the records retrieved
by our electronic search to identify eligible publications. We
selected studies to be reviewed according to pre-specified inclusion
criteria. We completed this process without blinding of study
authors, institution, journal of publication or results. We resolved
disagreements by discussion, and if no agreement could be found,
we planned to consult a third independent person from The
Cochrane Collaboration.

We provide in the review a detailed description of this search and
assessment in the form of a PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) flow chart (Figure 1).
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Figure 1.   Study flow diagram.
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Data extraction and management

We assessed the quality of eligible trials using criteria described
by the Cochrane EHective Practice and Organisation of Care Group
(EPOC) (Reeves 2008). We planned to independently extract data
using a data extraction sheet developed for the purposes of this
review (Appendix 7). We aimed to conduct an individual patient
data (IPD) meta-analysis for a subgroup of trials evaluating specific
outcomes in the more homogeneous populations described below.

For each of these trials, we planned to record the following data.

• Year of publication, country of origin and source of study
funding.

• Details of participants including demographic characteristics
and criteria for inclusion.

• Details of types of interventions.

• Details of outcomes reported, including method of assessment
and time intervals.

Individual patient data (IPD)

We aimed to contact the investigators of selected trials by email or
by telephone to invite them to contribute individual patient data
(IPD). We hoped to include in the review data from studies that did
not provide IPD. In such cases, we planned to obtain aggregate data
and to combine these with IPD.

Assessment of risk of bias in included studies

We independently assessed the risk of bias without blinding using
the criteria outlined in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). We resolved disagreements
by discussion, and when we could not reach agreement,
we planned to consult a third person from The Cochrane
Collaboration. We planned to assess each domain systematically,
as described in Appendix 8.

Measures of treatment e5ect

We planned to calculate risk ratios (RRs) with 95% confidence
intervals (CIs) for dichotomous data (binary outcome).

We planned to calculate mean diHerences (MDs) with 95% CIs for
continuous data if they were measured the same way. To combine
trials that measured the same outcome but in diHerent ways, we
planned to measure standardized mean diHerences (SMDs).

Unit of analysis issues

Cluster-randomization

We planned to exclude cluster-randomized trials, as factors related
to clustering may contribute to outcomes.

Multiple intervention groups

In studies with multiple intervention groups, we planned to
combine groups to create a single pair-wise comparison (Higgins
2011).

We considered unit of analysis issues related to cross-over
trials, recurring events, repeated observations, multiple treatment
attempts and interventions on multiple body parts to be not
relevant to this intervention and outcome.

When meta-analysis is used in combining results from several
studies with binary outcomes (i.e. event or no event), adverse
eHects may be rare but serious, and hence may be important
(Sutton 2002). Most meta-analytical soGware does not include trials
with 'zero event' in both arms (intervention vs control) when RR is
calculated. Exempting these trials from calculation of RR and 95%
CI may lead to overestimation of the treatment eHect. The Cochrane
Collaboration recommends applying the Peto odds ratio (OR) as
the best method of estimating OR when many trials with no events
in one or both arms are included (Higgins 2011). However, the
Peto method is generally less useful when trials are small, or when
treatment eHects are large. We planned to conduct a sensitivity
analysis by applying the Peto OR if this sensitivity analysis was seen
as a valid option.

In a single trial, interim analysis increases the risk of type 1 errors.
To avoid type 1 errors, group sequential monitoring boundaries
(Lan 1983) are applied to reveal whether a trial could be terminated
early because of a suHiciently small P value, that is, the cumulative
z-curve crosses monitoring boundaries. Sequential monitoring
boundaries, called trial sequential monitoring boundaries, can be
applied to meta-analysis as well.

In trial sequential analysis (TSA), the addition of each trial to a
cumulative meta-analysis is regarded as an interim meta-analysis
and helps the investigator to decide whether additional trials are
needed. The idea behind TSA is that if the cumulative z-curve
crosses the boundary, a suHicient level of evidence is reached,
and no further trials are needed. If the z-curve does not cross the
boundary, evidence is insuHicient to allow investigators to reach
a conclusion. To construct trial sequential monitoring boundaries,
the information size is required and is calculated as the smallest
number of participants needed in a well-powered single trial (Brok
2008; Pogue 1997; Pogue 1998; Wetterslev 2008; Wetterslev 2009).

We planned to apply TSA (TSA 2010) because this would prevent
an increase in the risk of type 1 errors (< 5%) as the result of
potential multiple updating and sparse data in a cumulative meta-
analysis, and would provide important information needed to
estimate the level of evidence for the experimental intervention.
Additionally, TSA provides important information regarding the
need for additional trials and the required information size. We
wanted to perform TSA in anticipation of an intervention eHect,
as indicated by the trials included in the traditional meta-analysis,
or even the intervention eHect suggested by the upper confidence
limit from the intervention eHect estimate found in the traditional
meta-analysis, to cover any uncertainty displayed by the present
data.

We aimed to calculate the diversity-adjusted required information
size by using the pooled variance from the traditional meta-
analysis (Turner 2013; Wetterslev 2009), as well as the control event
proportion from the meta-analysis of included trials.

Dealing with missing data

We planned to contact the corresponding authors of all studies with
missing data in an attempt to retrieve the relevant data. For all
included studies, we planned to note the number of exclusions and
whether they were accounted for, and to assess the risk of attrition
bias. In cases of missing data, we would choose a 'complete case
analysis' for our primary outcome, which simply excludes from the
analysis all participants with missing outcomes.
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Assessment of heterogeneity

We planned to assess clinical heterogeneity by examining types
of participants, interventions and outcomes in each study.
As a preliminary assessment of heterogeneity, we planned to
examine statistical heterogeneity between the summary statistics
of diHerent studies by checking the usual statistical test in which

P values were obtained by comparing the distribution of the Chi2

statistic. We aimed to take care in interpreting the Chi2 statistical
test, as this has limited power in the (common) situation in which
trials have a small sample size or are few in number. We would

also assess statistical heterogeneity with the I2 statistic, thereby
estimating the percentage of total variance across studies that is
due to heterogeneity rather than to chance (Higgins 2002). We
considered a value greater than 40% as definitely considerable if
it is also significant.  In combined analysis of IPD and abstracted
data, as well as sensitivity analysis with IPD data only, we planned
to use co-variates and random study eHects to attempt to explain
between-study heterogeneity.

Assessment of reporting biases

Selective outcome reporting occurs when non-significant results
are selectively withheld from publication (Chan 2004). It is defined
as the selection, on the basis of results, of a subset of original
variables recorded for inclusion in publication of trials (Hutton
2000). In future updates, we will check publications against their
protocols or oHicial registrations of trials when available, in an
attempt to detect possible selective outcome reporting.

Publication bias arises when dissemination of research findings is
influenced by the nature and direction of results (Higgins 2011).

In future updates, we will evaluate the level of publication bias
related to the included trials by providing a funnel plot. For studies
with binary outcomes, we will apply the test proposed in Rucker
2008. This test has the advantage of including trials with no events.

In future updates, if the number of included trials does not exceed
10, we will not carry out these tests, as suggested by the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).

Funding bias is related to possible delay or discouragement to
publish undesired results in trials sponsored by the industry
(Higgins 2011). To explore the role of funding, in future updates we
will conduct a sensitivity analysis based on our primary endpoint.

Data synthesis

We planned to perform the analysis by using Review Manager
soGware (RevMan 2014) and other soGware if needed. As a general
rule, we planned to use a random-eHects model because we did
not expect an identical treatment eHect across studies, and we
intended to draw conclusions for the general population rather
than only for participants in the included studies. We intended
to compare outcomes across trials and treatment regimens to
assess clinical heterogeneity and to compare patient populations.
We planned that comparisons between health outcomes would
be restricted by the diHerent measurement tools and methods of
reporting used in the included trials.

Subgroup analysis and investigation of heterogeneity

We planned to perform subgroup analyses for subgroups of
participants and for subgroups of the intervention by including the
variables as listed before (see Types of participants).

Sensitivity analysis

We planned to perform sensitivity analyses of trials with low risk of
bias versus high risk of bias. If evidence of small-study eHects was
observed, we would also perform sensitivity analyses. We planned
to test the robustness of results by repeating the analysis using
diHerent measures of eHect size (e.g. RD (Risk DiHerence), OR (Odds
Ratio)) and diHerent statistical models (fixed-eHect and random-
eHects models).

Summary of findings

We planned to use the principles of the GRADE (Grades
of Recommendation, Assessment, Development and Evaluation
Working Group) system (Guyatt 2008) to assess the quality
of the body of evidence associated with specific outcomes
(overall mortality, duration of candidaemia, frequency of persistent
candidaemia, incidence of metastatic infection, local suppurative/
mechanical complications, length of hospital/ICU stay and species-
related mortality) in our review, and we planned to construct a
'Summary of findings' table using GRADE soGware. The GRADE
approach appraises the quality of a body of evidence on the basis
of the extent to which one can be confident that an estimate of
eHect or association reflects the item being assessed. The quality of
a body of evidence takes into consideration within-study risk of bias
(methodological quality), directness of the evidence, heterogeneity
of the data, precision of eHect estimates and risk of publication
bias.

R E S U L T S

Description of studies

Results of the search

By conducting electronic searches and reading the references of
potentially relevant articles, we identified 1313 publications. We
found no eligible studies. We reviewed a total of 211 publications
in full text; 73 of these reported a relevant outcome following
removal or retention of a catheter. We have provided a narrative
or descriptive overview of these 73 papers in the Characteristics of
excluded studies table and in additional tables (Table 1; Table 2;
Table 3; Table 4; Table 5; Table 6; Figure 1).

Included studies

We identified no eligible studies.

Excluded studies

We excluded no RCTs, but we excluded 73 observational studies
because the design of the studies did not meet our inclusion criteria
(Criteria for considering studies for this review). We referred to
these 73 studies as 'excluded' to provide a narrative and descriptive
overview of published literature on this topic.

Studies mentioned in Table 1; Table 2; Table 3; Table 4; Table 5; and
Table 6 report a relevant outcome following removal or retention of
a central venous catheter in participants with candidaemia. Studies
including participants diagnosed with 'invasive candidiasis' (also
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referring to peritonitis, abscess, etc.) or fungaemia are not
mentioned in this review, nor are studies referring to 'intravascular
catheters' and not precisely central venous catheters, or studies
with a 'source control' as the major intervention, as this may refer
to a wider range of interventions (e.g. drainage of abscesses) and
not specifically to central venous catheter management.

For the purpose of providing an overview, we added a column with
the title 'Results in favour of'. If a study reports a significant result
in favour of a specific catheter management strategy - defined as
a P value < 0.05 - we marked this in the column as 'Removal' or
'Retaining'. If a study reports a P value > 0.05, or if no comparative
analysis was conducted, we marked this as 'Not significant'.

We performed no systematic qualitative assessment of studies,
but for each study we have provided in a separate
column an assessment of reporting in accordance with
STROBE (STrengthening the Reporting of OBservational studies
in Epidemiology) recommendations. Further information and
checklists can be found at strobe-statement.org (accessed 2 June
2016).

Studies awaiting classification

We identified no studies awaiting classification.

Ongoing studies

We identified no ongoing studies.

Risk of bias in included studies

We were not able to assess risk of bias as we included no eligible
studies in this review.

Allocation

This cannot be assessed as we included no eligible studies in this
review.

Blinding

This cannot be assessed as we included no eligible studies in this
review.

Incomplete outcome data

This cannot be assessed as we included no eligible studies in this
review.

Selective reporting

This cannot be assessed as we included no eligible studies in this
review.

Other potential sources of bias

This cannot be assessed as we included no eligible studies in this
review.

E5ects of interventions

We included no eligible studies in this review. Therefore, no data
were available for evaluation of the primary outcome (mortality)
nor of secondary outcomes or adverse eHects. We conducted no
statistical analyses.

D I S C U S S I O N

Summary of main results

We were able to find no eligible studies and no ongoing trials that
met our inclusion criteria. In this review, we provide only a narrative
overview of the observational studies and thereby refrain from
synthesizing the results of observational studies on the basis of a
substantial degree of clinical heterogeneity or high risk of bias.

Overall completeness and applicability of evidence

We were not able to assess overall completeness and applicability
of the evidence, as we included no randomized controlled trials
(RCTs) in the review. However, candidaemia in adults and children
with a central venous catheter in situ represents an important
clinical problem with considerable attributable morbidity and
mortality. The question of whether a central venous catheter
should be removed upon identification of Candida species in the
bloodstream has been the topic of some dispute (Lazzarini 2002;
Luzzati 2008; Nucci 2002; Nucci 2005).

We have summarized the available evidence in the Characteristics
of excluded studies table and in additional tables (Table 1; Table
2; Table 3; Table 4; Table 5; Table 6); this summary represents
an extremely heterogeneous mass of few prospective and more
retrospective studies that diHer greatly in methods of data
collection, sample size, population, clinical setting and modus of
intervention. The heterogeneity of the intervention in particular
and the lack of studies in which the intervention is randomized
make interpretation rather diHicult. Most of the 73 observational
studies described in this review favour removal of central venous
catheters (40 studies present results in favour of removal, and 34
present results with no significant diHerences between groups).
One study presents both significant and non-significant results
for two diHerent outcomes: early and late mortality (Puig-Asensio
2014b). No studies report results indicating a significant benefit
from catheter retention. When we considered only the 28 studies
that report results in accordance with the STROBE statement,
we noted that 17 studies favoured removal, 10 studies presented
non-significant diHerences between groups and, finally, one study
presented both significant and non-significant results for two
diHerent outcomes, as mentioned above (Puig-Asensio 2014b).
Thus, a slightly higher proportion of observational studies have
reported results in favour of removal, which may be considered to
introduce lower risk of bias. However, this trend does not challenge
the impression that - as a general rule - the quality of observational
studies does not match their results. However, any further attempt
at qualitative ranking of these studies would involve splitting hairs
on the basis of assumptions, relations and the impact of a wide
range of patient characteristics and treatment-related factors on
morbidity and mortality - still not rendering a firm conclusion
meaningful.

Studied populations range from premature infants (Benjamin 2000;
Benjamin 2006; Karlowicz 2000) or children with haematological
cancers or solid tumours (Ridola 2004) to selected subgroups
of adults with advanced malignant (Anaissie 1998; Liu 2009) or
haematological disease (Bigni 2007; Gamaletsou 2014). Data may
be retrieved simply from laboratory records and cross-linked to
death records (Asmundsdottir 2005; Donowitz 1995; Kabbani 2014;
Takakura 2004), thus including a broad spectrum of participants.
Removal of a catheter may have diHerent implications for diHerent
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groups of people depending on their age, co-morbidity or
intercurrent acute illness, or the feasibility of managing treatment
with only peripheral lines. Also, the most likely primary focus of a
candidaemic episode may vary between these populations, which
would likely aHect the impact of removing versus retaining a central
venous catheter. Especially interesting is the distinction between
neutropenic and non-neutropenic individuals, which is seldom
described in detail.

Quality of the evidence

We found no studies or ongoing trials that met our inclusion criteria.
All studies reporting any outcome related to catheter management
are observational and are predominantly retrospective. Studies
described as prospective are generated from data registered
prospectively as part of randomized controlled trials evaluating
other interventions (Kuse 2007; Nucci 2010) or as reports to a
database or surveillance programme with evaluation of catheter
management performed as a post hoc analysis (Fernández-Ruiz
2014; Fernández-Ruiz 2015; Kabbani 2014; Kibbler 2003; Puig-
Asensio 2014a; Puig-Asensio 2014b).

In referral to the above, the decision to remove or retain a catheter
in an observational setting would likely be based on the attending
clinician's assessment of individual patient-related risk factors,
other treatment regimens and previous personal preferences
in combination with institutional and international guidelines.
Therefore, confounding by indication in observational studies -
prospective or retrospective - is to be expected. In addition, several
studies include the data of individuals in whom no active treatment
was ever initiated and of those who succumb to their illness before
therapy is initiated, possibly even before culture results become
available (Asmundsdottir 2005; Dato 1990; Puig-Asensio 2014a),
introducing possible immortal time bias. Inclusion of these cases
with the most grave prognosis, possibly during terminal phases of
illness, in observational studies represents a bias enhancing the
calculated impact of catheter removal, although an actual intention
or option to treat may not have occurred..

Some studies analyse data on catheter removal extracted from
randomized controlled trials (Kuse 2007; Nucci 2010; Pappas 2007),
such as Nucci 2010, which conjoined and summarized selected
data from the first two studies. Although inclusion in a randomized
controlled trial eliminates the above problem of unrecognized and
untreated individuals and secures some degree of homogeneity
in non-pharmacological treatments and populations, catheter
removal still is performed at the discretion of the responsible
clinician with possible bias as described above. Inclusion also
very clearly exemplifies the problem of diHerent treatment
regimens given throughout observational studies. Additionally, the
heterogeneous time frame of catheter removal seen throughout
studies - ranging from less than 24 hours to seven days, and with
a large number of studies distinguishing merely between removing
and retaining with no defined time frame – makes a summarizing
interpretation meaningless, as a large number of participants
would have been included in the opposite intervention group, if
they had been included in a diHerent study.

Observational studies on this topic have been conducted over
decades, ranging from the late 1970s and early 1980s to the present.
Over these years, distribution of Candida species has changed,
diagnostic measures have developed with improved sensitivity
and specificity reducing the time to diagnosis, newer antifungal

drugs have emerged and both treatment paradigms and resistance
patterns have shiGed (Kullberg 2015). All of these factors may
impact the eHect of catheter removal and the clinician's decision
to remove or retain a central venous catheter, and may represent a
temporal bias.

Potential biases in the review process

As with all systematic reviews, our findings and interpretations
are limited by the quality and quantity of available evidence;
therefore, the major limitation of our review is reflected by the lack
of published RCTs in this area.

We have adhered to methods of The Cochrane Collaboration to
strengthen our conclusions.

Agreements and disagreements with other studies or
reviews

We are not aware of any other published systematic review on
this topic. Nevertheless, the complete absence of clinical trials
represents a major limitation. Evidence concerning whether or not
an indwelling central venous catheter should be removed aGer
isolation of Candida species from the bloodstream consists only of
observational studies with an obviously biased nature and extreme
heterogeneity. Review authors have made no attempt to pool
these studies, as this would increase only the quantity of observed
participants - not the quality of the evidence.

Another limitation of this review is the scarce mention of potential
harms related to removal of catheters. These are potentially non-
trivial adverse events that may not be fatal and may not aHect
mortality, which is the most common outcome in these studies.
Harms related to this intervention are not systematically assessed
in any studies.

Guidelines published by the Infectious Diseases Society of America
in 2009 state: "If feasible, initial nonmedical management should
include removal of all existing central venous catheters (B-
II)" (Pappas 2009), with B-II referring to moderate evidence derived
from '1 well-designed, non-randomized trial', specifically referring
to three trials - Luzzati 2000; Nguyen 1995; Rex 1995 - the latter
of which was excluded from mention in Table 1, as intravascular
catheters were not necessarily central venous catheters. These
guidelines also clearly state that the question of removal is more
controversial in neutropenic individuals, for whom the evidence
is scarce, arguing that an abdominal focus is more likely in
neutropenic individuals (Pappas 2009). This review evaluates and
grades available evidence similarly.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

In conclusion, optimal central venous catheter management upon
presentation with a positive blood culture remains a controversial
issue. Observational studies come to diverging conclusions, but all
are multiply biased in nature; no firm conclusions can be drawn
from these, and pooling of these results makes no sense. This
evidence - along with a clinician's experience and individual patient
assessment - may provide a basis for qualified suggestions, rather
than evidence-based practices.
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The question of removal or retention, however, is important to
the individual and to the provider. Removal and re-insertion may
be associated with marked discomfort, severe risks and possible
disruption or delay of other treatment for the individual, and
represents some degree of logistical challenge and cost for the
provider. Yet retaining the catheter and providing optimal medical
treatment cannot be deemed safe from the current body of
evidence, and no evidence has been found to document a reduction
of possible harms when the catheter is retained. Likewise, no
qualified and applicable evidence is available to document that the
proposed benefits of catheter removal outweigh potential harms.

Implications for research

Large-scale, well-designed randomized controlled trials are
required to answer this pivotal question while providing clinicians
with qualified evidence on catheter management that can be
applied when they become aware of a positive blood culture for
Candida species.
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Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Al-Tawfiq 2007 Excluded owing to study design - retrospective. For details, see Table 5
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Study Reason for exclusion

Almirante 2006 Excluded owing to study design - prospective cohort. For details, see Table 2

Anaissie 1996 Excluded owing to study design - case-control study. For details, see Table 4

Anaissie 1998 Excluded owing to study design - retrospective cohort. For details, see Table 3

Arnold 2010 Excluded owing to study design - retrospective cohort. For details, see Table 3

Asmundsdottir 2005 Excluded owing to study design - retrospective cohort. For details, see Table 5

Bassetti 2015 Excluded owing to study design - retrospective cohort. For details, see Table 5

Benjamin 2000 Excluded owing to study design - retrospective cohort. For details, see Table 6

Benjamin 2006 Excluded owing to study design - prospective cohort. For details, see Table 6

Bigni 2007 Excluded owing to study design - prospective cohort. For details, see Table 2

Chakrabarti 2003 Excluded owing to study design - case-control study. For details, see Table 6

Chakrabarti 2015 Excluded owing to study design - prospective cohort. For details, see Table 1

Chalmers 2011 Excluded owing to study design - retrospective cohort. For details, see Table 5

Chan 2015 Excluded owing to study design - retrospective cohort. For details, see Table 6

Charles 2003 Excluded owing to study design - retrospective cohort. For details, see Table 3

Chen 2015 Excluded owing to study design - retrospective cohort. For details, see Table 3

Choi 2009 Excluded owing to study design - retrospective cohort. For details, see Table 3

Clancy 2000 Excluded owing to study design - retrospective case series. For details, Table 4

Dato 1990 Excluded owing to study design - retrospective cohort. For details, see Table 6

De Rosa 2015 Excluded owing to study design - retrospective cohort. For details, see Table 3

Devrim 2014 Excluded owing to study design - retrospective cohort. For details, see Table 6

Donowitz 1995 Excluded owing to study design - case series. For details, see Table 6

Echave 2010 Excluded owing to study design - retrospective cohort. For details, see Table 6

Eppes 1989 Excluded owing to study design - retrospective cohort. For details, see Table 6

Erard 2010 Excluded owing to study design - prospective cohort. For details, see Table 1

Farmakiotis 2015 Excluded owing to study design - retrospective cohort. For details, see Table 5

Fernández-Ruiz 2014 Excluded owing to study design - prospective cohort. For details, see Table 2

Fernández-Ruiz 2015 Excluded owing to study design - prospective cohort. For details, see Table 2

Fisher 2015 Excluded owing to study design - prospective cohort. For details, see Table 6
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Study Reason for exclusion

Gamaletsou 2014 Excluded owing to study design - case-control study. For details, see Table 4

Garnacho-Montero 2013 Excluded owing to study design - prospective cohort. For details, see Table 1

Gürcüoğlu 2010 Excluded owing to study design - retrospective cohort. For details, see Table 3

Inoue 1995 Excluded owing to study design - retrospective cohort. For details, see Table 3

Kabbani 2014 Excluded owing to study design - prospective cohort. For details, see Table 2

Karadag-Oncel 2015 Excluded owing to study design - retrospective cohort. For details, see Table 6

Karlowicz 2000 Excluded owing to study design - retrospective cohort. For details, see Table 6

Kibbler 2003 Excluded owing to study design - prospective cohort. For details, see Table 2

Kuse 2007 Excluded owing to study design - randomized clinical trial with other intervention. Catheter man-
agement not randomized. For details, see Table 1

Labelle 2008 Excluded owing to study design - retrospective cohort. For details, see Table 5

Lai 2012 Excluded owing to study design - retrospective cohort. For details, see Table 3

Launay 1998 Excluded owing to study design - retrospective cohort. For details, see Table 3

Liu 2009 Excluded owing to study design - retrospective cohort. For details, see Table 3

Luzzati 2000 Excluded owing to study design - retrospective cohort. For details, see Table 3

Marriott 2009 Excluded owing to study design - prospective cohort. For details, see Table 1

Meltem 2015 Excluded owing to study design - retrospective cohort. For details, see Table 3

Murthy 2008 Excluded owing to study design - retrospective cohort. For details, see Table 5

Nguyen 1995 Excluded owing to study design - prospective cohort. For details, see Table 2

Nucci 1998 Excluded owing to study design - prospective cohort. For details, see Table 2

Nucci 2010 Excluded owing to study design - randomized clinical trial with other intervention. Catheter man-
agement not randomized. For details, see Table 1

Pasqualotto 2007 Excluded owing to study design - retrospective cohort. For details, see Table 3

Pasqualotto 2008 Excluded owing to study design - retrospective cohort. For details, see Table 6

Patel 2005 Excluded owing to study design - prospective cohort. For details, see Table 1

Patino 2012 Excluded owing to study design - retrospective cohort. For details, see Table 3

Puig-Asensio 2014a Excluded owing to study design - prospective cohort. For details, see Table 1

Puig-Asensio 2014b Excluded owing to study design - prospective cohort. For details, see Table 2

Ridola 2004 Excluded owing to study design - retrospective cohort. For details, see Table 6
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Rodriguez 2005 Excluded owing to study design - retrospective cohort. For details, see Table 5

Rodriguez 2007 Excluded owing to study design - retrospective cohort. For details, see Table 3

San Miguel 2006 Excluded owing to study design - retrospective cohort. For details, see Table 6

Shorr 2011 Excluded owing to study design - retrospective cohort. For details, see Table 5

Stamos 1995 Excluded owing to study design - retrospective cohort. For details, see Table 6

Takakura 2004 Excluded owing to study design - retrospective cohort. For details, see Table 5

Takesue 2015 Excluded owing to study design - retrospective cohort. For details, see Table 3

Talarmin 2009 Excluded owing to study design - prospective cohort. For details, see Table 2

Tang 2014 Excluded owing to study design - retrospective cohort. For details, see Table 3

Tang 2015 Excluded owing to study design - retrospective cohort. For details, see Table 3

Taur 2010 Excluded owing to study design - retrospective cohort. For details, see Table 5

Tsai 2011 Excluded owing to study design - retrospective cohort. For details, see Table 3

Viudes 2002 Excluded owing to study design - retrospective cohort. For details, see Table 5

Vogiatzi 2013 Excluded owing to study design - retrospective cohort. For details, see Table 6

Wang 2014 Excluded owing to study design - retrospective cohort. For details, see Table 5

Weinberger 2005 Excluded owing to study design - prospective cohort. For details, see Table 2

Zaoutis 2004 Excluded owing to study design - retrospective cohort. For details, see Table 6
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A D D I T I O N A L   T A B L E S

Prospective studies – adult populations

Author Population

(study peri-
od)

Sample
size total
(CVCs)

Primary
interven-
tion

Outcome Catheter
manage-
ment in-
terven-
tion after
positive
blood cul-
ture

Analysis and
results

Overall

mortality

Results in
favour of

STROBE

compati-
bility

Comments

Chakrabar-
ti 2015

Adults with
intensive
care unit
(ICU)-ac-
quired can-
didaemia

(2011 to
2012)

913 (676) Systemat-
ic
epidemi-
ological
study on
(ICU)-ac-
quired
candi-
daemia
across In-
dia

30-Day
mortality

Catheter
removal
AND an-
tifungal
treatment

Multi-variate:

odds ratio
(OR) 0.39,
95% CI 0.18 to
0.84

P value =
0.016

0.45 Removal Yes Analysis solely of partic-
ipants subjected to both
catheter removal and anti-
fungal treatment

No participants were ex-
cluded from analysis

Nucci 2010 Adults
with can-
didaemia
and cen-
tral venous
catheter al-
ready in-
cluded in 1
of 2 clinical
trials

(2003 to
2006)

842 (842) 2-Arm
study: mi-
cafungin
at 100 mg/
d or li-
posomal
ampho-
tericin B at
3 mg/kg/
d and 3-
arm study:
micafun-
gin (100
mg dai-
ly) vs mi-
cafungin
(150 mg
daily) vs
caspofun-
gin (70 mg
followed

28- and
42-day
survival

Removal
within 48
hours

Multi-variate:

28 days: OR
1.23, 95% CI
0.85 to 1.75, P
value = 0.27

42 days: OR
1.25, 95% CI
0.88 to 1.75, P
value = 0.20

0.32 Not signif-
icant

Yes.

Limited
discussion
of bias

2 phase 3, multi-centre,
double-blind, random-
ized, controlled trials. Par-
ticipants included based
on positive blood culture
+ ≥ 1 dose of study drug

Results of 2-arm study:
finds that micafungin is
non-inferior to liposo-
mal amphotericin B (Kuse
2007)

Results of 3-arm-study:
finds that micafungin in
both doses is non-inferi-
or to caspofungin (Pappas
2007)

Table 1.   Table of excluded studies - Prospective studies of adult populations 
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4

by 50 mg
daily)

Garna-
cho-Mon-
tero 2013

Adults
with candi-
daemia

(2004 to
2009)

188 (188) Cohort Mortality Removal
within 48
hours

Multi-variate:

hazard ra-
tio (HR) 0.34,
95% CI 0.16 to
0.70, P value =
0.030

0.36 Removal Yes.

Limited
discussion
of bias

Participants were exclud-
ed from analysis if they
died before day 2 after
candidaemia diagnosis

Erard 2010 Candi-
daemic par-
ticipants
in 27 Swiss
hospitals

(2004 to
2006)

567

(567)

Cohort Crude
mortali-
ty and at-
tributable
mortality
(AM)

Catheter
removal
within 3
days

Multi-variate:

Increased AM

OR 4.07,
95%CI 1.5 to
10.6, P value
not provided

0.41 Removal No. Eligi-
bility crite-
ria not de-
fined

Participants were exclud-
ed from analysis if they
did not receive antifungal
treatment

Patel 2005 Adults
with candi-
daemia

(2002 to
2003)

119 (105) Cohort 6-Week
mortality

Removal
within 24
hours

Multi-variate:

data not pro-
vided.

Cited as non-
significant

0.32 Not signif-
icant

Yes Participants were exclud-
ed from analysis if they
died before blood cultures
became positive for Can-
dida or before antifungal
treatment was initiated

Kuse 2007 Adults
with candi-
daemia

(2003 to
2004)

392 (277) 2-Arm
study: mi-
cafungin
100 mg/
d or lipo-
somal am-
photericin
B 3 mg/
kg/d

Investiga-
tor’s as-
sessment
of overall
treatment
success

Catheter
removal

Uni-variate:

data not pro-
vided.

Cited as non-
significant

N/A Not signif-
icant

No. RCT
reporting
subsidiary
outcome
not spec-
ified in
methods

Double-blind, randomized
non-inferiority study

Removal of catheters was
recommended and was
to be done before the first
dose of study drug was ad-
ministered (constitute
part of study by Nucci
2010)

Conclusion: finds that mi-
cafungin is non-inferior to
liposomal amphotericin B

Marriott
2009

Non-neu-
tropenic
adults with

183 (199) Cohort 30-Day
mortality

Catheter
removal

Uni-variate: 0.56 Removal Yes  

Table 1.   Table of excluded studies - Prospective studies of adult populations  (Continued)

C
o
ch
ra
n
e

L
ib
ra
ry

T
ru
ste

d
 e
v
id
e
n
ce
.

In
fo
rm

e
d
 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch

ra
n
e D

a
ta

b
a
se o

f S
ystem

a
tic R

e
vie

w
s



C
e
n
tra

l v
e
n
o
u
s ca

th
e
te
r (C

V
C
) re

m
o
v
a
l fo

r p
a
tie

n
ts o

f a
ll a

g
e
s w

ith
 ca

n
d
id
a
e
m
ia
 (R

e
v
ie
w
)

C
o
p
yrig

h
t ©

 2018 T
h
e C

o
ch

ra
n
e C

o
lla

b
o
ra

tio
n
. P

u
b
lish

ed
 b

y Jo
h
n
 W

ile
y &

 S
o
n
s, Ltd

.

2
5

ICU-ac-
quired can-
didaemia

(2001 to
2004)

OR 0.41, 95%
CI 0.26 to
0.67,

P value <
0.001

Puig-Asen-
sio 2014a

Adults
with candi-
daemia in
ICU

(CAN-
DI-POP)

(2010 to
2011)

168 (159) Cohort 7- and 30-
day mor-
tality

Catheter
removal
within 48
hours

Uni-variate:

OR 0.41, 95%
CI 0.17 to
1.01,

P value =
0.054

0.47 Not signif-
icant

Yes Population-based surveil-
lance programme. No par-
ticipants were excluded
from analysis

CANDI-POP: “Estudio Poblacional prospectivo sobre candidaemia en España”; CI: confindence interval; HR: hazard ratio; ICU: intensive care unit; mg: milligrams; N/A: not
available; OR: odds ratio; STROBE: STrengthening the Reporting of OBservational studies in Epidemiology, strobe-statement.org; vs: versus

Table 1.   Table of excluded studies - Prospective studies of adult populations  (Continued)

 
 

Prospective studies – populations of all ages

Author Population

(study period)

Sam-
ple size
(CVCs)

Outcome Catheter
manage-
ment in-
terven-
tion

Analysis and re-
sults

Overall
mortality

Results in
favour of

STROBE
compati-
bility

Comments

Puig-Asen-
sio 2014b

All participants with
candidaemia + con-
sent in the Barcelona
area

(2010 to 2011)

729

(575)

Early mor-
tality (7
days + late
mortality
(8 to -30
days))

Catheter
removal
within 48
hours

Multi-variate:

early mortality (0
to 7 days):

OR 0.43, 95% CI
0.21 to 0.87,

P value = 0.019;

late mortality (8 to
30 days):

0.31 Removal

(outcome:
early mor-
tality)

Not signif-
icant

(outcome:
late mor-
tality)

Yes For early mortality, it was
decided a priori that anti-
fungal treatment and CVC
removal would remain
in the final multi-variate
analysis. No participants
were excluded from analy-
sis

Table 2.   Table of excluded studies - Prospective studies of mixed populations including both adult and paediatric cases 
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OR 0.72, 95% CI
0.43 to 1.22, P val-
ue = 0.222

Almirante
2006

All cases in 14 hospi-
tals in Barcelona

(2002 to 2003)

341

(302)

Mortality
on days 3
to -7

Catheter
removal

Multi-variate:

OR 0.3, 95% CI 0.1
to 0.9, P value =
0.04

N/A Removal Yes Participants were exclud-
ed from analysis if they
died on day 1 or 2 after di-
agnosis

Weinberg-
er 2005

All cases of candi-
daemia in 3 Israeli
hospitals

(1995 to 2000)

272

(188)

30-Day
mortality

Catheter
removal

Multi-variate:

OR 0.38, 95% CI
0.14 to 1.04, P val-
ue = 0.06

0.36 Not signif-
icant

No. Design
not clear
from title
or abstract

No participants were ex-
cluded from analysis. Tim-
ing of catheter removal
not documented

Participants in neonatal
ICU excluded owing to
outbreak

Talarmin
2009

All participants with
candidaemia in 17
hospitals in France

(2004)

186

(135)

30-Day
mortality

Catheter
removal

Multi-variate:

OR 0.24, 95% CI
0.10 to 0.57,

P value = 0.001

0.49 Removal Yes. Lim-
ited dis-
cussion of
bias

No participants were ex-
cluded from analysis

Nucci 1998 All participants with
candidaemia in 6
tertiary hospitals in
Brazil

(22 months, not
specified)

145

(117)

Mortality Catheter
retention

Multi-variate:

OR 4.81, 95% CI not
provided, P value <
0.0001

N/A Removal No. Time
period and
follow-up
not speci-
fied

No participants were ex-
cluded from analysis

Bigni 2007 Hospitalized partici-
pants with haemato-
logical malignancies
in 1 hospital in Brazil

(2001 to 2005)

77

(N/A)

Mortality Catheter
retention

Multi-variate:

adults:

OR 6.41, 95% CI
1.04 to 39.55

0.47 Removal No. Design
not clear
from title

No participants were ex-
cluded from analysis

Analysis of 47 adult cases.
Results were

non-significant for paedi-
atric cases

Kabbani
2014

Laboratory surveil-
lance programme,

3782

(84.6%)

30-Day
mortality

7 days Univariate:

adults:

0.25 Removal No. Design
not clear
from ti-

No participants were ex-
cluded from analysis

Table 2.   Table of excluded studies - Prospective studies of mixed populations including both adult and paediatric cases  (Continued)
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Georgia/Maryland,
USA

(2008 to 2013)

OR 0.25, 95% CI
0.21 to 0.3,

P value not provid-
ed

tle. Eligi-
bility cri-
teria not
defined.
Statistical
methods
vaguely
described

In paediatric cases,
catheter removal was as-
sociated with lower odds
of death (data not provid-
ed)

Nguyen
1995

Observational study
of participants re-
ceiving amphotericin
B or fluconazole in 4
university hospitals,
USA

(1990 to 1994)

427

(360)

Mortality
rate

Vascular
catheter
retention

Multi-variate:

mortality:

retention 41%,

removal 21%, 95%
CI not provided, P
value < 0.001

Microbiological
failure:

data not provided
P value = 0,05

0.42 Removal No. Lim-
ited dis-
cussion of
bias, inter-
pretation
and gener-
alizability

Conflicts
of interest
not stated

No participants were ex-
cluded from analysis

This study finds non-infe-
riority between treatment
regimens

Kibbler
2003

All participants with
candidaemia in 6
large hospitals, UK.

Surveillance pro-
gramme

(1997 to 1999)

136

(76.1%)

30-Day
mortality

Catheter
removal

No analysis:

removal: mortality
15.7%,

retention: mortali-
ty 48.8%

0.26 Not signif-
icant

Yes No participants were ex-
cluded from analysis

Fernán-
dez-Ruiz
2014

Positive blood cul-
ture for C. parapsilo-
sis (CANDI-POP)

(2010 to 2011)

194 (163) 30-Day
mortality

Catheter
removal
within 48
hours

Multi-variate:

OR 0.43,

95% CI 0.19 to
0.,96,

P value = 0.04

0.24 Removal Yes Participants who died < 72
hours were excluded from
analysis

Participants with recur-
rent infections were regis-
tered successively

Fernán-
dez-Ruiz
2015

Positive blood cul-
ture for C. tropicalis
(CANDI-POP)

59

(36)

30-Day
mortality

Catheter
removal
within 48
hours

Uni-variate:

OR 0.07,

95% CI 0.01 to 0.62,

0.18 Removal Yes  

Table 2.   Table of excluded studies - Prospective studies of mixed populations including both adult and paediatric cases  (Continued)
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(2010 to 2011) P value = 0.006

CANDI-POP: “Estudio Poblacional prospectivo sobre candidaemia en España”; CI: confidence interval; CVC: central venous catheter; ICU: intensive care unit; N/A: not avail-
able; OR: odds ratio; STROBE: STrengthening the Reporting of OBservational studies in Epidemiology, strobe-statement.org

Table 2.   Table of excluded studies - Prospective studies of mixed populations including both adult and paediatric cases  (Continued)

 
 

Retrospective studies – adult populations

Author Population

(study period)

Sam-
ple size
(CVCs)

Outcome Interven-
tion

Analysis and results Overall
mortality

Results in
favour of

STROBE Comments

Patino
2012

Adult candidaemia cas-
es with a central venous
catheter

(2008 to 2010)

1027

(1027)

Mortality Catheter
removal
within 7
days

Multi-variate:

HR 0.64,

95% CI 0.45 to 0.92, P
value not provided

N/A Removal Yes. Propensity score
model showed no
significant asso-
ciation between
catheter removal
and improved sur-
vival (HR 0.77, 95% CI
0.50 to 1.20)

Takesue
2015

Non-neutropenic par-
ticipants > 17 years old
treated with antifungals
for candidaemia.

(2011 to 2012)

608 (510) 28-Day
survival

Catheter
removal
within 24
hours of
diagnosis

Multi-variate:

OR 2.97, 95% CI 1.51
to 5.85, P value not
provided

0.27 Removal No. Design
not clear
from ti-
tle or ab-
stract. De-
mograph-
ics not de-
scribed

Participants who did
not receive antifun-
gal treatment were
excluded from analy-
sis

Anaissie
1998

Adults with malignant
disease and candi-
daemia

(1988 to 1992)

476

(364)

90-Day
mortali-
ty or non-
cure

Catheter
retention
for longer
than 0, 2
or 4 days

Multi-variate:

full exchange of
catheter:

OR 2.0, 95% CI 1.4 to
2.9, P value = 0.061.

Full exchange or
exchange over
guidewire: OR 2.2,

0.52 Not signif-
icant

Yes Study provides de-
tailed data on tim-
ing of removal and
complete exchange
vs exchange over
guidewire

Table 3.   Table of excluded studies - Retrospective cohort studies of adult populations 
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95% CI 1.6 to 3.2, P
value = 0.02

De Rosa
2015

All participants hos-
pitalized with candi-
daemia in internal med-
ical wards

(2004 to 2012)

274 (195) 28-Day
mortality

Catheter
removal <
48 hours

Multi-variate:

OR 0.14, 95% CI 0.07
to 0,30, P value not
provided

0.39 Removal Yes. Lim-
ited dis-
cussion of
bias and
generaliz-
ability

Subgroup analysis of
treated participants
renders insignificant
result: OR 0.129, 95%
CI 0.061 to 0.274, P
value not provided

Chen 2015 Adult participants with
candidaemia caused by
C. parapsilosis sensu lato

(2000 to 2012)

323 (299) 30-Day
survival

Catheter
removal

Multi-variate:

OR 0.35, 95% CI 0.19
to 0.62,

P value = 0.02

0.25 Removal No. Limi-
tations not
discussed

No participants were
excluded from analy-
sis

Includes untreated
participants

Data retrieved from
database

Gürcüoğlu
2010

Adult participants with
candidaemia

(1996 to 2007)

256

(230)

30-Day
survival

Catheter
removal
within 0 to
> 3 days
(stratified)

Multi-variate:

OR 1.98

95% CI 1.22 to 3.20. P
value = 0.006

0.5 Removal No. Limi-
tations not
discussed

No significant dif-
ference in day of re-
moval (day 0 to day
3)

Tang 2014 Admitted cancer partici-
pant with candidaemia

(2009 to 2012)

242

(182)

In-hospital
mortality

Catheter
removal

Uni-variate:

OR 0.68,

95% CI 0.38 to 1.21, P
value = 0.19

0.51 Not signif-
icant

Yes  

Bassetti
2015

All participants with can-
didaemia

(2009 to 2014)

204

(172)

30-Day
survival

Catheter
removal
within 24
hours

Multi-variate:

OR 3.77,

95% CI 1.3 to 11.76,

P value = 0.014

0.47 Removal No. Limi-
tations not
discussed

No participants were
excluded from analy-
sis

Only 168 participants
received empirical
treatment

Luzzati
2000

Adults. Participants 12
years and older with
candidaemia

(1992 to 1997)

189

(122)

30-Day
mortality

Catheter
removal

Multi-variate:

OR 0.62

0.45 Not signif-
icant

No. Limi-
tations not
discussed

 

Table 3.   Table of excluded studies - Retrospective cohort studies of adult populations  (Continued)
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95% CI 0.38 to 0.99, P
value = 0.0477

Tang 2015 Adults 65 years and old-
er with candidaemia

(2009 to 2012)

175

(NA)

Mortality N/A Uni-variate:

data not provided.
Cited as not signifi-
cant with P value =
0.059

0.50 Not signif-
icant

No. Limi-
tations not
discussed

 

Rodriguez
2007

Adult candidaemia cas-
es with a central venous
catheter

(2002 to 2004)

172

(172)

30-Day
mortality

Catheter
removal
within 2
days

Multi-variate:

risk ratio (RR): 1.0,

95% CI 0.8 to 1.3, P
value not provided

0.35 Not signif-
icant

Yes Participants were ex-
cluded from analy-
sis if they died or
were discharged be-
fore day 2 post can-
didaemia onset

Arnold
2010

Hospitalized adults with
candidaemia

(2004 to 2006)

167

(144)

Hospital
costs +
Length of
stay

Catheter
removal
within 24
hours

No analysis:

data not provided.
Cited as not signifi-
cant

0.26 Not signif-
icant

Yes Hospital costs equal
between interven-
tion and control
groups (P value =
0.97)

Meltem
2015

Adults with blood cul-
ture positive for Candida
spp

(2012 to 2014)

140 (N/A) Mortality Catheter
removal

N/A:

mortality signifi-
cantly reduced with
catheter removal, P
value = 0.046

0.53 Removal No. Statis-
tical meth-
ods not
described.
Results
insuffi-
ciently de-
scribed

 

Lai 2012 Adult cancer partici-
pants with a Port-A-Cath
and candidaemia

(2003 to 2009)

98

(98)

30-Day
mortality

Catheter
retention
(median
7 days,
range 2 to
-19 days)

Multi-variate:

OR 9.05, 95% CI 3.08
to 26.62, P value <
0.001

0.57 Removal Yes Participants were ex-
cluded from analy-
sis if they died within
72 hours of onset of
candidaemia. Partic-
ipants who retained
catheters had higher
APACHE II score and
more

Pasqualot-
to 2007

Cases of candidaemia
among adult partici-
pants

93

(93)

30-Day
mortality

Catheter
removal

Multi-variate: 0.62 Not signif-
icant

No. Data
not pro-
vided

No participants were
excluded from analy-
sis

Table 3.   Table of excluded studies - Retrospective cohort studies of adult populations  (Continued)
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(1995 to 2003) data not provided.
Cited as not signifi-
cant

Liu 2009 Adults with malignant
disease and single, non-
tunnelled CVC in place
for 24 hours before can-
didaemia diagnosis

(2004 to 2007)

92

(92)

30-Day
mortality

Catheter
retention
> 72 hours

Multi-variate:

HR 7.15, 95% CI 3.51
to 14.53, P value ≤
0.001

0.60 Removal No. Re-
sults of
uni-variate
analysis
not pro-
vided

Participants were ex-
cluded from analy-
sis if they died within
72 hours post candi-
daemia onset

Choi 2009 Adults with candidaemia
caused by C. glabra-
ta/krusei vs C. albicans

(1997 to 2006)

81

(73)

30-Day
mortality

Catheter
mainte-
nance

Multi-variate:

OR 9.14, 95% CI 1.69
to 49.53, P value =
0.01

0.54 Removal Yes Participants who re-
ceived no antifungal
therapy were exclud-
ed from the analysis

Wang 2014 Elderly participants (> 65
years) with candidaemia

(2008 to 2010)

63 (32) 30-Day
mortality

Catheter
removal

Multi-variate:

data not provided.

Cited as not signifi-
cant

0.20 Not signif-
icant

No. Data
not pro-
vided

No participants were
excluded from analy-
sis

Untreated partici-
pants in study

Tsai 2011 Non-neutropenic adults
on total parenteral nu-
trition with candidaemia

(2003 to 2005)

59

(N/A)

30-Day
mortality

Catheter
retention

Multi-variate:

HR 9.01, 95% CI 3.160
to 25.70, P value <
0.001

0.54 Removal Yes No participants were
excluded from analy-
sis

Untreated partici-
pants in study

Charles
2003

Adults with candidaemia
in ICU

(1990 to 2000)

51

(49)

Survival in
ICU

Catheter
removal
within 24
hours

Uni-variate:

HR 2.14, 95% CI 0.87
to 5.24, P value = 0.09

0.61 Not signif-
icant

Yes  

Inoue
1995

Adults with catheter-re-
lated candidaemia

(1985 to 1991)

30

(29)

30-Day
mortality

Catheter
removal

No analysis:

mortality:

removal: 6/19,

retention: 9/10

0.52 Not signif-
icant

No. Sta-
tistical
analysis
not per-
formed

 

Table 3.   Table of excluded studies - Retrospective cohort studies of adult populations  (Continued)
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Launay
1998

Human immunodefi-
ciency virus (HIV)-infect-
ed adults with nosoco-
mial candidaemia

(1990 to 1995)

13

(9)

26-Day
mortality

Catheter
removal

No analysis:

mortality:

removal: 1/7,

retention: 2/2

0.38 Not signif-
icant

No. Sta-
tistical
analysis
not per-
formed

 

APACHE: Acute Physiology and Chronic Health Evaluation; Candida spp: Candida species; CI: confidence interval; HIV: human immunodeficiency virus; HR: hazard ratio; ICU:
intensive care unit; N/A: not available; OR: odds ratio; RR: risk ratio; STROBE: STrengthening the Reporting of OBservational studies in Epidemiology, strobe-statement.org;
vs: versus

Table 3.   Table of excluded studies - Retrospective cohort studies of adult populations  (Continued)

 
 

Other adult studies (case series and case-control studies)

Author Population

(study period)

Sample size
(CVCs)

Outcome Catheter
manage-
ment inter-
vention

Analysis and results Overall
mortality

Results in
favour of

STROBE
compatibil-
ity

Clancy 2000 Adults with late recurrent candi-
daemia by the same species occur-
ring at least 1 month after complete
resolution from the initial episode

(N/A - case series)

5

(4)

Mortality N/A No analysis:

mortality:

removal: 1/2

retention: 1/2

0.4 Not signifi-
cant

No

Gamaletsou
2014

Hospitalized adult participants with
haematological malignancies.

Nested case-control study of partic-
ipants who developed candidaemia
and contemporary controls who did
not

(2009 to 2012)

40

(31)

30-Day mor-
tality

Catheter re-
moval with-
in 3 days

No analysis:

11 catheters re-
moved.

Data not provided.
Cited as not signifi-
cant.

P value = 0.073

0.45 Not signifi-
cant

No

Anaissie
1996

Adult cancer participants with
haematogenous candidiasis.

90

(78)

Clearance of
Candida

N/A No analysis:

clearance of candi-
daemia:

0.93 Not signifi-
cant

No

Table 4.   Table of excluded studies - Other retrospective studies of adult populations 
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Matched case-control study of par-
ticipants treated with fluconazole vs
amphotericin B

(1988 to 1992)

removal: 78% of 40
participants;

retention: 71% of 38
participants.

P value > 0.5

CI: confidence interval; CVC: central venous catheter; ICU: intensive care unit; N/A: not available; OR: odds ratio; STROBE: STrengthening the Reporting of OBservational
studies in Epidemiology, strobe-statement.org; vs: versus

Table 4.   Table of excluded studies - Other retrospective studies of adult populations  (Continued)

 
 

Retrospective studies – populations of all ages

Author Population

(study period)

Sam-
ple size
(CVCs)

Outcome Catheter
manage-
ment in-
terven-
tion

Analysis and re-
sults

Overall
mortality

Results in
favour of

STROBE Comments

Farmakio-
tis 2015

Cancer partici-
pants with candi-
daemia caused
by C. glabrata

(2005 to 2013)

146 (131) 28-Day
mortality

Catheter
removal <
48 hours

Multi-variate:

data not provid-
ed. Cited as non-
significant

0.40 Not signif-
icant

No. Design
not clear
from ab-
stract or ti-
tle

Significance in uni-variate
analysis.

Exclusion of participants who
died < 48 hours from outcome
analysis did not change signif-
icance

Viudes
2002

All cases of candi-
daemia, 1 hospi-
tal, Spain

(1995 to 1997)

145

(120)

Mortality Catheter
not
changed
within 5
days

Multi-variate:

OR 3.54,

95% CI 1.16 to
10.77, P value =
0.03

0.44 Removal No. Data
from uni-
variate
analysis in-
sufficient-
ly report-
ed and limi-
tations not
discussed

No participants were exclud-
ed from analysis.

Differences between adults
and children

Taur 2010 All participants
with candi-
daemia, tertiary

106

(93)

Mortality Catheter
removal

Multi-variate:

OR 1.17, 95% CI
0.40 to 3.44,

0.23 Not signif-
icant

No. Design
not clear
from ab-
stract or

Participants were excluded
from analysis if they died be-
fore the culture result be-
came positive, if no antifungal

Table 5.   Table of excluded studies - Retrospective cohort studies of mixed populations including both adult and paediatric cases 
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care hospital,
New York, USA

(2005 to 2007)

P value = 0.769 title. Out-
come insuf-
ficiently de-
fined

treatment was given or if the
participant was already re-
ceiving pre-existing systemic
antifungal therapy

Primary endpoint was time
(incubation, notification, initi-
ation of therapy)

Murthy
2008

All episodes of
candidaemia in 1
institution

(2004 to 2005)

107

(105)

90-Day
mortality

Complete
removal vs
partial ex-
change or
retention

Multi-variate:

OR 0.10, 95% CI
0.02 to 0.66, P
value = 0.017

0.20 Removal No. Design
not clear
from title

No participants were exclud-
ed from analysis

Only 84 participants, but 107
episodes

Takakura
2004

All participants
with candi-
daemia – 156
Japanese institu-
tions.

Surveillance pro-
gramme, labora-
tory

(2001 to 2002)

326

(208)

30-Day
survival

Catheter
removal
or lack of
CVC vs re-
tention of
catheter

Multi-variate:

OR 5.96, 95% CI
2.20 to 16.1, P
value < 0.001

0.31 Removal No. Limita-
tions not
discussed

Participants without an in-
dwelling central venous
catheter at diagnosis were
included in the “removal of
CVC” group because the study
authors' topic of interest was
the potential risk associated
with a retained CVC

Primary outcome of study
was factors associated with
fluconazole resistance

Labelle
2008

All participants
with candi-
daemia

Divided into hos-
pital and ICU co-
horts

(2004 to 2006)

245

(217)

Hospital
mortality

CVC reten-
tion for >
24 hours

Multi-variate:

OR 4.85, 95% CI
2.54 to 9.29, P
value = 0.015

ICU: OR 6.21, 95%
CI 3.02 to 12.77, P
value = 0.011

0.29 Removal No. Results
of uni-vari-
ate analysis
not provid-
ed

Participants who died before

receiving antifungal therapy
were excluded

Asmunds-
dottir 2005

All participants
with candi-
daemia in Iceland
Laboratory data
combined with
national registry

(1980 to 1999)

165

(130)

30-Day
mortality

Prompt re-
moval of
CVC (< 48
hours)

Multi-variate:

all participants:

OR 0.22, 95% CI
0.08 to 0.61, P
value = 0.004

0.36 Removal Yes. Limit-
ed discus-
sion of bias
and general-
izability

Improvement over time dur-
ing almost 20 years of regis-
tration

CVCs more frequently re-
moved in adult cases vs pae-
diatric cases (82% vs 49%)

Table 5.   Table of excluded studies - Retrospective cohort studies of mixed populations including both adult and paediatric cases  (Continued)
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3
5

Participants sur-
viving > 72 hours
after positive
blood culture:

OR 0.26, 95% CI
0.09 to 0.76, P
value = 0.014

Shorr 2011 All participants
in studies with
C. glabrata or C.
krusei

(N/A)

183

(N/A)

28-Day
survival

N/A Muti-variate:

removal:

OR 3.72, 95% CI
1.52 to 9.09, P
value not provid-
ed

0.31 Removal No. Results
of uni-vari-
ate analysis
not provid-
ed

Subgroups of Kuse 2007 and
Pappas 2007

Al-Tawfiq
2007

All participants
with candi-
daemia at Saudi
Aramco Hospital

(1996 to 2004)

98

(60)

7- and 30-
day mor-
tality

Removal
of CVC

Uni-variate:

RR 1.11, 95% CI
no provided,

P value = 0.,86

0.43 Not signif-
icant

No. Results
of uni-vari-
ate analysis
not provid-
ed and limi-
tations not
discussed

No participants were exclud-
ed from analysis

Consecutive episodes not in-
cluded

Chalmers
2011

All episodes of
candidaemia at
5 centres in Scot-
land/Wales

(2008)

96

(49)

30-Day
mortality

Removal
of catheter
within 48
hours

No analysis:

mortality: re-
moval: 36%, re-
tention: 29%

0.40 Not signif-
icant

No. Statis-
tical analy-
sis not per-
formed

No participants were exclud-
ed from analysis

Consecutive episodes includ-
ed if > 4 weeks after primary

Rodriguez
2005

All cases of pri-
mary candi-
daemia in partici-
pants with CVCs

(2002 to 2003)

299

(299)

30-Day
mortality

Catheter
removal
by day 3

Uni-variate analy-
sis:

mortality:

removal: 9%,

retainment: 27%,

P value < 0.01

N/A Removal No. Design
not clear
from title

No participants were exclud-
ed from analysis

AM: attributable mortality; CI: confidence interval; CVC: central venous catheter; ICU: intensive care unit; N/A: not available; OR: odds ratio; RR: risk ratio; STROBE: STrength-
ening the Reporting of OBservational studies in Epidemiology, strobe-statement.org; vs: versus

Table 5.   Table of excluded studies - Retrospective cohort studies of mixed populations including both adult and paediatric cases  (Continued)
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6

 
 

All studies – paediatric populations

Author Design Population

(study period)

Sam-
ple size
(CVCs)

Outcome Catheter
manage-
ment in-
terven-
tion

Analysis and re-
sults

Overall
mortality

Results in
favour of

STROBE Comments

Benjamin
2006

Prospec-
tive

Neonates born
at < 1000 g and
surviving > 3
days after birth,
who developed
candidaemia
during the post-
natal period

(1998 to 2001)

320

(189)

Mortality,
neurode-
velopmen-
tal impair-
ment (NDI)

Early
catheter
removal

(1 day af-
ter initi-
ation of
therapy)

Multi-variate:

OR (NDI/death):
2.69, 95% CI 1.25 to
5.79, P value = 0.01.

Death: 21% vs 37%,
P value = 0.02,

NDI 45% vs 63%, P
value = 0.08

0.32 Removal Yes Inclusion cri-
teria positive
blood culture
(n = 307), cere-
brospinal fluid
(CSF) (n = 13) or
both CSF and
blood (n = 14)

Fisher
2015

Retrospec-
tive

Cohort study
of children < 19
years with can-
didaemia

(2000 to 2012)

285

(285)

30-Day
mortality

Retention
> 1 day af-
ter posi-
tive cul-
ture

Multi-variate:

OR 2.50, 95%
CI 1.06 to 5.91, P
value not provided

0.11 Removal Yes.  

Karadag-
Oncel
2015

Retrospec-
tive

Cohort study
of children < 18
years with pos-
itive blood cul-
ture.

Subdivided in-
to participants
< 3months and
participants ≥ 3
months

(2004 to 2012)

248 (218) 30-Day
mortality

CVC re-
moval

Multi-variate:

< 3 months: OR
20.5, 95% CI 3.9 to
106, P value < 0,001

≥ 3 months: OR
23, 95% CI 7.48 to
70.77, P value <
0.001

0.29 Removal No. Results
of uni-vari-
ate analy-
sis not pro-
videdLimi-
tations not
discussed

 

Zaoutis
2004

Nested
case-con-
trol study

Cohort of hospi-
talized children
with persistent

168

(44)

Dissemi-
nated can-
didiasis at

CVC leG in
situ for > 3
days with

Multi-variate: 0.26 Removal Yes. Cases: partici-
pants with ev-
idence of dis-

Table 6.   Table of excluded studies - Studies of paediatric populations of various designs  C
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candidaemia (≥
3 days)

(1998 to 2001)

3 months
(choriore-
tinitis, en-
docarditis
or solid or-
gan)

persis-
tent candi-
daemia

increased risk of
dissemination:

OR 3.0, 95%
CI 1.2 to 7.8, P val-
ue = 0.02

seminated can-
didiasis

Controls: par-
ticipants with
no evidence of
disseminated
candidiasis

Chan 2015 Retrospec-
tive

Cohort of chil-
dren < 21 years
with candi-
daemia

(2000 to 2009)

106

(102)

Mycologi-
cal eradi-
cation < 5
days;

30-day
mortality

Catheter
removal

Multi-variate:

mycological eradi-
cation < 5 days: OR
1.28, 95% CI 0.13 to
12.1, P value = 0.83.

30-Day mortality:

OR 0.3, 95% CI
0.033 to 3.5, P val-
ue = 0.4

0.12 Not signif-
icant

Yes No participants
were excluded
from analysis

Very few CVCs
were not re-
moved (7 out of
102)

Pasqualot-
to 2008

Retrospec-
tive

All cases of can-
didaemia in
paediatric par-
ticipants

(1995 to 2003)

61

(61)

Early mor-
tality

(7 days)

Late mor-
tality

(8 to -30
days)

Catheter
removal

Multi-variate:

7 days:

OR 16.0,

95% CI 2.9 to 87.8,
P value < 0.001

8 to 30 days: data
not provided. Cited
as not significant

0.36 Removal No.
'Catheter re-
moval' not
clearly de-
fined. Not
clear which
results are
from uni-
variate and
which are
from mul-
ti-variate
analysis

No participants
were excluded
from analysis

Median time
to removal 5.0
days

Karlowicz
2000

Retro-
spective
(prospec-
tive re-
porting to
database)

Infants with
candidaemia
and CVC

(1994 to 1998)

104 (104) Case fatal-
ity:

Death <
3 days of
pos blood
culture

Autopsy
evidence

Early
catheter
removal (<
3 days)

Uni-variate:

candidaemia case
fatality 2% vs 19%
(P value = 0.008)

0.23 Removal No. Not
clearly stat-
ed whether
study is
prospec-
tive or ret-
rospective.
No attempt
to control
for poten-

Participants
were excluded
from analysis if
they died within
2 days of onset
of candidaemia

Table 6.   Table of excluded studies - Studies of paediatric populations of various designs  (Continued)
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of dissemi-
nation

Death at-
tributable
to candi-
daemic
complica-
tion (e.g.
thrombus)

tial. bias. No
discussion
of potential
bias related
to design

Stamos
1995

Retrospec-
tive

Episodes of
candidaemia in
children

(1988 to 1992)

70 (66) Mortality Catheter
removal
within 3
days

Uni-variate:

mortality:

removed: 0%,

retained: 36%, P
value < 0.0001

0.19 Removal No. Design
not clearly
stated. Def-
initions un-
clear. No
attempt to
control for
potential.
bias. No dis-
cussion of
potential
bias related
to design

Participants
were excluded
from analysis
if they died be-
fore diagnosis

San Miguel
2006

Retrospec-
tive

Cases of can-
didaemia in
children with
congenital car-
diopathy

(1988 to 2000)

52

(52)

Mortality Mainte-
nance of
catheter

Multi-variate:

OR: 6.0, 95%
CI 1.0 to 37.2,

P value = 0.05

0.385 Removal No. Design
not clear
from ab-
stract. Limi-
tations not
discussed

No participants
were excluded
from analysis

Eppes
1989

Retrospec-
tive

Hospitalized
children with
candidaemia
and a central
line treated
with ampho-
tericin B

(1978 to 1987)

21

(21)

Persis-
tent candi-
daemia

Median
duration

Subse-
quent
complica-
tions

Mortality

Removal
of catheter
within 3
days

Uni-variate:

mortality:

data not provided
Cited as not signifi-
cant

P value = 0.13

0.10 Not signif-
icant

No. Design
not clear
from ab-
stract or ti-
tle. No at-
tempt to
control for
potential.
bias. No dis-
cussion of
potential
bias related
to design

Risk of per-
sistent candi-
daemia and
median du-
ration of can-
didaemia re-
duced with ear-
ly removal.

Combined risk
of adverse out-
comes (mortal-
ity or morbidi-

Table 6.   Table of excluded studies - Studies of paediatric populations of various designs  (Continued)
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Combined
adverse
outcome

ty) significantly
increased with
late removal

Benjamin
2000

Retrospec-
tive

Children with
candidaemia in
neonatal inten-
sive care unit

(1995 to 1998)

37

(33)

Mortality

(epidemi-
ologic
study of
prognostic
factors for
and risk
factors
in candi-
daemia
vs bac-
teraemia
with
CoNS in
neonates)

N/A N/A

Data not provided
Cited as not signifi-
cant

0.38 Not signif-
icant

No. Data not
provided.
'Catheter re-
moval' not
clearly de-
fined

Cites later
catheter re-
moval in candi-
daemia caused
by C. parapsilo-
sis

Dato 1990 Retrospec-
tive

Children < 18
years old with
CVC-related
candidaemia

(1981 to 1986)

31

(31)

Case fatal-
ity

Catheter
removal
between 1
and 7 days
(stratified)

Uni-variate:

cites later catheter
removal in fatal
cases

0.16 Not signif-
icant

No

No attempt
to control
for poten-
tial. bias
and no dis-
cussion of
potential
bias related
to design

Results not
accurately
provided

Eleven partici-
pants were ex-
cluded from
analysis owing
to sickness and
poor prognosis

Donowitz
1995

Case se-
ries

Children < 17
years with can-
didaemia

(laboratory da-
ta)

(1983 to 1990)

31

(28)

Mortality Catheter
removal

(single da-
ta on tim-
ing avail-
able

N/A

Cites increased risk
with removal, but

study is strongly
confounded

0.3 Not signif-
icant

Not rele-
vant. Case
series

Distinction be-
tween thera-
peutic regimens
(short-course
vs non-short
cause)

All deaths
among partici-

Table 6.   Table of excluded studies - Studies of paediatric populations of various designs  (Continued)
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0

pants with per-
sistent candi-
daemia

Vogiatzi
2013

Retrospec-
tive

Children in
ICU with can-
didaemia > 48
hours after ad-
mission

(2005 to 2009)

22

(22)

30-Day
mortality

Catheter
removal

No analysis

States that out-
come did not corre-
late with removal

0.18 Not signif-
icant

No. Defin-
itions un-
clear Re-
sults not
accurately
provided

Time of CVC re-
moval was not
recorded

(18 out of 22
CVCs removed)

Echave
2010

Retrospec-
tive

Children in
neonatal ICU
with candi-
daemia

(2003 to 2008)

18

(14)

Mortality Timing of
removal

Uni-variate:

survivors: catheter
removed after 1.9
days;

deceased: catheter
removed after 5.8
days,

P value = 0.02

0.28 Removal No. Design
not clear
from title

Comparison be-
tween survivors
and deceased
participants

Ridola
2004

Retrospec-
tive

Children with
a solid tumour
and candi-
daemia

(1988 to 2000)

17

(17)

Mortality Removal
of central
line

No analysis:

removal: 1/13 died;

retention: 3/4 died

0.24 Not signif-
icant

No. No
statistical
analysis per-
formed

No participants
were excluded
from analysis

Three children
with retained
catheters died <
72 hours

Devrim
2014

Retrospec-
tive

Children with a
port receiving
chemotherapy,
who had posi-
tive blood cul-
ture for C. para-
psilosis

(2001 to 2012)

12(12) Time to
clearance
of C. para-
psilosis

Removal
of port

No analysis:

all ports eventually
removed;

2 fatalities

0.17 Not signif-
icant

No. Design
not clear
from title or
abstract. No
statistical
analysis per-
formed

Median recov-
ery from fever
after Port re-
moval was 4
days

Chakrabar-
ti 2003

Case-con-
trol (retro-
spective

Infants < 6
months with
complex con-

6 (6) Clearance
of candi-
daemia

Removal
of catheter

No analysis: 0.83 Not signif-
icant

Not relevant

Case series

Five out of 6
catheters even-
tually removed

Table 6.   Table of excluded studies - Studies of paediatric populations of various designs  (Continued)
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1

in terms of
CVCs)

genital heart
disease who un-
derwent car-
diac surgery
and developed
candidaemia <
2 months

(1999 to 2001)

and sur-
vival to
discharge

data not provided.
Cited as not signifi-
cant

Removed between
4 and -20 days af-
ter candidaemia
onset. All had
Candida throm-
bophlebitis

Five out of 6
children do not
survive to dis-
charge

Three out of 6
children clear
candidaemia

CI: confidence interval; CoNS: coagulase-negative staphylococci; CSF: cerebrospinal fluid; CVC: central venous catheter; g: grams; ICU: intensive care unit; n: number; N/A:
not available; NDI: neurodevelopmental impairment; OR: odds ratio; pos: positive; STROBE: STrengthening the Reporting of OBservational studies in Epidemiology, strobe-
statement.org; vs: versus

Table 6.   Table of excluded studies - Studies of paediatric populations of various designs  (Continued)
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A P P E N D I C E S

Appendix 1. Cochrane Central Register of Controlled Trials (CENTRAL) search strategy

#1 MeSH descriptor: [Candidiasis] explode all trees
#2 MeSH descriptor: [Fungemia] explode all trees
#3 (candidias* or candid?emia or fung?emia):ti,ab
#4 #1 or #2 or #3
#5 MeSH descriptor: [Central Venous Catheters] explode all trees
#6 MeSH descriptor: [Catheterization, Central Venous] explode all trees
#7 (central venous line* or catheter* or CVC)
#8 #5 or #6 or #7
#9 #4 and #8

Appendix 2. MEDLINE (Ovid SP) search strategy

1. (exp Candidiasis/ not (Candidiasis, Vulvovaginal/ or Candidiasis, Oral/ or Candidiasis, Cutaneous/ or Urinary Tract Infections/)) or candid?
emia.ti,ab. or (exp Fungemia/ not (Cryptococcosis/ or Aspergillosis/ or Zygomycosis/ or Fusarium/ or Scedosporium/ or Histoplasmosis/
or Penicillium/ or phialemonium.mp. or Geotrichum/ or Rhodotorula/ or Paecilomyces/ or Trichosporon/))

2. exp Central Venous Catheters/ or Catheterization, Central Venous/ or "Severity of Illness Index"/ or CVC.ti,ab. or ((central venous line*
or catheter* or CVC) adj5 (remov* or replace* or switch* or chang* or swap* or management or retention)).mp. or (((catheter* or CVC) adj5
(remov* or replace*)) and (impact* or eHect* or influenc* or systematic or adjunctive strategy)).mp.

3. ((randomised controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or drug therapy.fs. or randomly.ab. or
trial.ab. or groups.ab.) not (animals not (humans and animals)).sh.

4. 1 and 2 and 3

Appendix 3. EMBASE (Ovid SP) search strategy

1. (candidiasis/ not (esophagus candidiasis/ or vagina candidiasis/ or genital candidiasis/ or oropharynx candidiasis/ or thrush/ or skin
candidiasis/ or nose candidiasis/ or mucocutaneous candidiasis/ or pulmonary candidiasis/ or urinary tract infection.mp.)) or candid?
emia.ti,ab. or (fungemia/ not (cryptococcosis/ or aspergillosis/ or zygomycosis/ or Fusarium/ or Scedosporium/ or histoplasmosis/ or
Penicillium/ or phialemonium.mp. or Geotrichum/ or Rhodotorula/ or Paecilomyces/ or Trichosporon/))

2. central venous catheter/ or central venous catheterization/ or catheter removal/ or "severity of illness index"/ or CVC.ti,ab. or ((central
venous line* or catheter* or CVC) adj3 (remov* or replace* or switch* or chang* or swap* or management or retention)).ti,ab. or (((catheter*
or CVC) adj3 (remov* or replace*)) and (impact* or eHect* or influenc* or systematic or adjunctive strategy)).ti,ab.

3. (randomized-controlled-trial/ or randomization/ or controlled-study/ or multicenter-study/ or phase-3-clinical-trial/ or phase-4-clinical-
trial/ or double-blind-procedure/ or single-blind-procedure/ or (random* or cross?over* or multicenter* or factorial* or placebo* or
volunteer*).mp. or ((singl* or doubl* or trebl* or tripl*) adj3 (blind* or mask*)).ti,ab. or (latin adj square).mp.) not (animals not (humans
and animals)).sh.

4. 1 and 2 and 3

Appendix 4. LILACS (BIREME) search strategy

(candid$ or candidaemia or candidemia or fungemia or fungaemia or Infecção or infección$) and ((Cateter venoso central or CVC) or
((central venous line$ or catheter$ or CVC or catéter$ or línea venosa central) and (remoción or reemplazo or conmutación or cambiar or
intercambio or gestión or administración or retención)))

Appendix 5. ISI Web of Science and BIOSIS Citation Index search strategy

#1 (TS=candidiasis not TS=(candidiasis, vulvovaginal or candidiasis, oral or candidiasis, cutaneous or urinary tract infections)) or
TI=candid?emia or (TS=fungemia not TS=(cryptococcosis or aspergillosis or zygomycosis or fusarium or scedosporium or histoplasmosis
or penicillium or phialemonium.mp. or geotrichum or rhodotorula or paecilomyces or trichosporon))

# 2 TS=(central venous SAME catheter*) or TI=CVC or TS=((central venous line* or catheter* or cvc) SAME (remov* or replace* or switch* or
chang* or swap* or management or retention)) or TS=(((catheter* or cvc) SAME (remov* or replace*)) and (impact* or eHect* or influenc*
or systematic or adjunctive strategy))

#3 #1 and #2

Central venous catheter (CVC) removal for patients of all ages with candidaemia (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

42



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Appendix 6. SCOPUS search strategy

(TITLE-ABS-KEY ( candid?emia OR fung?emia OR candidiasis)) AND (ABS ((central venous catheter* OR cvc OR central venous line* OR
catheter* ) AND ( remov* OR replace* OR switch* OR chang* OR swap* OR management OR retention )))

Appendix 7. Cochrane Anaesthesia, Critical and Emergency Care Group - Data extraction form

Study selection, quality assessment and data extraction form

 

First author Journal/Conference proceedings, etc Year

     

 

 
Study eligibility

 

RCT/Quasi/CCT (delete as appropriate) Relevant participants Relevant interventions Relevant outcomes

Yes/No/Unclear Yes/No/Unclear Yes/No/Unclear Yes/No*/Unclear

 

 
* Issue relates to selective reporting – when study authors may have taken measurements for particular outcomes, but did not
report these within the paper(s). Reviewers should contact trialists for information on possible non-reported outcomes and reasons
for exclusion from publication. Study should be listed in ‘Studies awaiting assessment’ until clarified. If no clarification is received
aMer three attempts, study should then be excluded

 

Do not proceed if any of the above answers are ‘No’. If study is to be included in ‘Excluded studies’ section of the review, record below
the information to be inserted into ‘Table of excluded studies’

 

 

 
Participants and trial characteristics

 

Participant characteristics

  Further details

Age (mean, median, range, etc)  

Sex of participants (numbers/%, etc)  

Disease status/type, etc (if applicable)  

Other  

 

 
Methodological quality
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Adequate sequence generation

State here method used to generate allocation and reasons
for grading

Grade (circle)

Adequate (random) (YES)

Inadequate (e.g. alternate) (NO)

 

Unclear

 

 
 

Allocation concealment

Process used to prevent foreknowledge of group assignment in an RCT, which should be seen as distinct from blinding

State here method used to conceal allocation and reasons for grading Grade (circle)

Adequate (YES)

Inadequate (NO)

 

Unclear

 

 
 

Blinding

Person responsible for participant's care Yes/No

Participant Yes/No

Outcome assessor Yes/No

Other (please specify) Yes/No

Intention-to-treat

An intention-to-treat analysis is one in which all participants in a trial are analysed according to the intervention to which they were
allocated, whether they received it or not

All participants entering trial  

15% or fewer excluded  

More than 15% excluded  

Not analysed as ‘intention-to-treat’  

Unclear  

 

Central venous catheter (CVC) removal for patients of all ages with candidaemia (Review)

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

44



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 
Were withdrawals described? Yes/No/Not clear

Discuss if appropriate…………………………………………………………………………………………

…………………………………………………………………………………………………………

 

Incomplete outcome data addressed?

Completeness of outcome data including attritions and exclusions Grade (circle)

Adequate (YES)

Inadequate (NO)

 

Unclear

Free of selective reporting?

Possibility of selective outcome reporting Grade (circle)

Adequate (YES)

Inadequate (NO)

 

Unclear

 

 
 

Free of other bias?

(bias not addressed in the other domains)

State here method used to conceal allocation and reasons for grading Grade (circle)

Adequate (YES)

Inadequate (NO)

 

Unclear

 

 
Data extraction

 

Outcomes relevant to your review

Copy and paste from ‘Types of outcome measures’

  Reported in paper (circle)

Overall mortality Yes/No
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Overall 28-day mortality (30 days M included) Yes/No

Time required for clearance of blood culture for Candida species Yes/No

Frequency of persistent candidaemia

(positive culture after 3 days of effective antifungal therapy)

Yes/No

Complications probably related to candidaemia (e.g. metastatic foci, endocarditis, endophthalmi-
tis, hepatosplenic candidosis)

Yes/No

Complications probably related to the intervention (e.g. pneumothorax, arterial puncture, bleed-
ing requiring blood transfusion, local suppurative complications)

Yes/No

Complications during in-patient stay not specific to trial intervention (e.g. pneumonia, congestive
heart failure, respiratory failure, renal failure)

Yes/No

Duration of mechanical ventilation Yes/No

Ventilator-free days Yes/No

Mean length of stay in hospital Yes/No

Mean length of stay in intensive care unit (ICU) Yes/No

Species-related mortality Yes/No

  (Continued)
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For continuous data

Intervention group Control group Details if out-
come only de-
scribed in text

Code of pa-
per

Outcomes (rename) Unit of mea-
surement

n Mean (SD) n Mean (SD)  

A, etc. Time required for clearance of blood culture for
Candida species

           

  Duration of mechanical ventilation            

  Ventilator-free days            

  Mean length of stay in hospital            
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For dichotomous data

Code of paper Outcomes (rename) Intervention
group (n)

n = number of
participants, not
number of events

Control group (n)

n = number of
participants, not
number of events

A Overall mortality    

  Overall mortality (28 days)    

  Persistent candidaemia

(positive culture after 3 days of effective antifungal therapy)

   

  Complications probably related to candidaemia (e.g. metasta-
tic foci, endocarditis, endophthalmitis, hepatosplenic candido-
sis)

   

  Complications probably related to the intervention (e.g. pneu-
mothorax, arterial puncture, bleeding requiring blood transfu-
sion, local suppurative complications)

   

  Complications during in-patient stay not specific to trial inter-
vention (e.g. pneumonia, congestive heart failure, respiratory
failure, renal failure)

   

 

 
 

Other information that you believe is relevant to the results

Indicate if any data were obtained from the primary author; if results were estimated from graphs, etc. or were calculated by you us-
ing a formula (this should be stated and the formula given). In general, if results not reported in paper(s) are obtained, this should be
made clear here to be cited in the review

 

 

 
 

Freehand space for writing actions such as contact with study authors and changes

 

 
References to other trials

 

Did this report include any references to published reports of potentially eligible trials not already identified for this review?

First study author Journal/Conference Year of publication
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Did this report include any references to unpublished data from potentially eligible trials not already identified for this review? If yes,
give contact names and details

 

  (Continued)

 
 

Trial characteristics

  Further details

Single-centre/Multi-centre  

Country/Countries  

How was participant eligibility defined?  

How many people were randomized?  

Number of participants in each intervention group  

Number of participants who received intended treatment  

Number of participants who were analysed  

Drug treatment(s) used  

Dose/Frequency of administration  

Duration of treatment (state weeks/months, etc.; if cross-over trial, give length of time in each arm)  

Median (range) length of follow-up reported in this paper (state weeks, months or years, or if not
stated)

 

Time points when measurements were taken during the study  

Time points reported in the study  

Time points you are using in RevMan  

Trial design (e.g. parallel/cross-over*)  

Other  

 

 

Appendix 8. Assessment of risk of bias in included studies

Random sequence generation

• Assessment of randomization: suHiciency of the method in producing 2 comparable groups before intervention.
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• Grading.
◦ 'Low risk’ (a truly random process, e.g. random computer number generator, coin tossing, throwing dice).

◦ 'High risk’ (any non-random process, e.g. date of birth, date of admission by hospital, clinic record number, availability of the
intervention).

◦ 'Unclear risk'.

Allocation concealment

• Allocation method prevented investigators or participants from foreseeing assignment.

• Grading.
◦ 'Low risk’ (central allocation or sealed envelopes).

◦ 'High risk’ (using open allocation schedule or other unconcealed procedure).

◦ 'Unclear risk’.

Blinding of participants and personnel

• Assessment of appropriate blinding of investigation team and participants: person responsible for participants’ care, participants and
eventual others

• Grading.
◦ 'Low risk': We consider blinding as adequate if participants and personnel are kept unaware of intervention allocations aGer inclusion

of participants in the study, and if the method of blinding involves placebo or an intervention disguised in the same manner as a
placebo, because mortality is an objective outcome.

◦ 'High risk’: not double-blinded; categorized as an open-label study or without use of placebo or an intervention disguised in the
same manner as a placebo.

◦ 'Unclear': blinding not described.

Blinding of outcome assessor

• Assessment of appropriate blinding of outcome assessor.

• Grading.
◦ 'Low risk’: We consider blinding as adequate if outcome assessors are kept unaware of intervention allocations aGer inclusion of

participants in the study, and if the method of blinding involves placebo or an intervention disguised in the same manner as a
placebo, because mortality is an objective outcome.

◦ 'High risk’: not double-blinded; categorized as an open-label study or without use of placebo or an intervention disguised in the
same manner as a placebo.

◦ 'Unclear risk’: blinding not described.

Incomplete outcome data

• Completeness of outcome data including attrition and exclusions.

• Grading.
◦ 'Low risk’: if numbers and reasons for dropouts and withdrawals in the intervention groups are described, or if it is specified that

no dropouts or withdrawals occurred.

◦ 'High risk': if no description of dropouts and withdrawals is provided).

◦ 'Unclear risk’: if the report gives the impression that no dropouts or withdrawals occurred, but this is not specifically stated.

Selective reporting

• Possibility of selective outcome reporting.

• Grading.
◦ 'Low risk’: if reported outcomes are those pre-specified in an available study protocol or oHicial trial registration; if this is not

available, published report includes all expected outcomes.

◦ 'High risk': if not all pre-specified outcomes have been reported, or if they have been reported using non-pre-specified subscales or
have been reported incompletely or if report fails to include a key outcome that would have been expected to have been reported
for such a study).

◦ 'Unclear risk'.

Other bias

• Assessment of any possible sources of bias not addressed in the first five domains.
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• Grading.
◦ 'Low risk’: if the report appears to be free of such bias.

◦ 'High risk’: if at least 1 important bias related to study design is present, or early stopping owing to some data-dependent process,
extreme baseline imbalance, claimed fraudulence or other problems).

◦ 'Unclear risk’: insuHicient information or evidence that an identified problem will introduce bias.

With reference to the domains above, we planned to assess the likely magnitude and direction of bias and whether we could consider it
likely that it would have an impact on our findings. We planned to assess the impact of bias in the sensitivity analyses
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We made the following changes to the protocol (Janum 2014).

1. BIOSIS Citation Index was not searched.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Candidemia;  *Central Venous Catheters;  *Device Removal;  Infant, Premature;  Observational Studies as Topic;  Publication Bias

MeSH check words

Adult; Child; Humans; Infant, Newborn
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